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Foreword

  In 1980, the founding editor of  Contemporary OB/GYN,
Dr. John Queenan, assembled 67 chapters by 73 authors 
from the pages of  Contemporary OB/GYN  to create the fi rst 
edition of the textbook, Management of High - Risk Pregnancy . 
This work became a classic. The fi fth edition added 
two eminent co - editors, Dr. Catherine Y. Spong and Dr. 
Charles J. Lockwood, whose clinical and research experi-
ence further enhanced the publication ’ s national reputa-
tion. The addition of Dr. Charles Lockwood, then and 
now the editor of Contemporary OB/GYN , cemented the 
close relationship between the evolution of this textbook 
and the journal. Credit for the success of this book most 
deservedly goes to Dr. John Queenan, whose vision and 
unique personal qualities make it diffi cult for most leaders 
in the fi eld to say no to him! 

 As in past editions, this book focuses on factors affect-
ing pregnancy, genetics, and fetal monitoring. These sec-
tions are followed by a review of maternal diseases in 
pregnancy, obstetric complications, intrapartum compli-
cations, a section on diagnostic and therapeutic proce-
dures, perinatal asphyxia and neonatal considerations. 
The sixth edition includes important new chapters on 
maternal diseases  –  discussing iron defi ciency anemia, 
malaria and placenta accreta. These additional chapters 
are timely and needed, as progress in maternal care in 
recent decades has lagged behind advances in fetal and 
neonatal care. In my opinion, we need to focus renewed 
resources and attention on coordinating care for mothers 
with complex medical and surgical complications, though 
focus should never be removed from enhancing fetal and 
neonatal care. 

 This edition also includes new chapters on induction of 
labor, operative vaginal delivery and patient safety on 
labor and delivery. These chapters are extremely valuable 
as the climate towards patient safety has changed: labor 

is more frequently induced in many hospitals; fewer 
obstetricians are being trained to perform operative 
vaginal deliveries; and the national attention on patient 
safety has led to higher expectations for successful out-
comes on labor fl oors. Finally, this edition includes a new 
chapter on screening for congenital heart disease. As 
screening protocols for Down syndrome and neural tube 
defects have become standard, there is a need to focus on 
better national programs to screen for the most common, 
but perhaps the most diffi cult to diagnose condition, con-
genital heart disease. 

 The last 30 years have witnessed extraordinary 
advances in prenatal screening and diagnosis. Prenatal 
diagnosis of the majority of abnormalities is now possi-
ble. Severe Rh disease has been virtually eliminated and 
fetal surgery has been demonstrated to improve out-
comes for some fetuses diagnosed with neural tube 
defects. The incidence of stillbirth and neonatal death has 
declined signifi cantly, due to a combination of better ante-
natal and invasive care in our neonatal units. These 
advances have been beautifully and fi nely addressed in 
previous editions of this text. The sixth edition upholds 
the textbook ’ s place as a classic, outlining a practical 
approach to management for physicians and trainees. 
I offer my congratulations to the editors for their ability 
to sustain excellence, and my humility for my small 
contribution.

    Mary E. D ’ Alton, M.D.  
  Willard C. Rappleye Professor of Obstetrics 

and Gynecology 
  Chair, Department of Obstetrics and Gynecology  

  Director, Obstetric and Gynecologic Services  
  Columbia University College of Physicians  &  Surgeons  

  New York, NY, USA         

xi



www.manaraa.com

Preface

  The sixth edition of  Queenan ’ s Management of High - Risk 
Pregnancy , like its predecessors, is directed to all health 
professionals involved in the care of women with high -
 risk pregnancies. A series of articles appearing in 
Contemporary OB/GYN  was the inspiration for the fi rst 
edition in 1980. The predominantly clinical articles pro-
vided a comprehensive perspective on diagnosis and 
treatment of complicated problems in pregnancy. The 
book contains clear, concise, practical material presented 
in an evidence - based manner. Each chapter is followed by 
an illustrative case report to help put the subject in 
perspective.

 The major challenge has been to select the subjects most 
critical to providing good care, and then to invite the 
outstanding authorities on the subjects to write the arti-
cles. This dynamic process requires adding new chapters 
as the evidence dictates and eliminating others so that the 
reader is presented with clinically useful contemporary 
information. The addition of two editors for the fi fth 
edition enhanced our ability to bring our readers the criti-
cal information: Catherine Y. Spong, MD, is Chief of the 
Pregnancy and Perinatology Branch at the National 
Institute of Child Health and Human Development. 
Charles J. Lockwood, MD, is Anita O ’ Keeffe Young 
Professor of Obstetrics, Gynecology, and Reproductive 

Services, Yale University School of Medicine. They are 
outstanding experts in research and patient care. 

 We now present the sixth edition at a time when the 
setting for health care is rapidly changing. We have 
emphasized evidence - based information and clinical 
practicality and included chapters on timely topics such 
as safety, operative vaginal delivery, postpartum hemor-
rhage, and pregnancies in women with disabilities. In 
response to concern for health professionals in develop-
ing countries we have added chapters including maternal 
anemia, malaria, and HIV infection. 

 We are committed to bringing the reader the best pos-
sible clinical information. As a reader if you fi nd an area 
that needs correction or modifi cation, or have comments 
to improve this effort, please contact me at:  JTQMD@aol.
com . 

   John T. Queenan, MD 
 Professor and Chairman Emeritus 

of Obstetrics and Gynecology 
 Georgetown University School of Medicine 

 Washington, DC 
 Deputy Editor  Obstetrics  &  Gynecology
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molecules
 dDAVP     deamino arginine vasopressin 
 DES     diethylstilbestrol 
 DHEAS     dehydroepiandrosterone sulfate 
 DIC     disseminated intravascular coagulation 
 DM     diabetes mellitus 
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 DVT     deep venous thrombosis 
 ECG     electrocardiogram 
 ECM     extracellular matrix 
 ECMO     extracorporeal membrane oxygenation 
 ECV     external cephalic version 
 EDD     estimated date of delivery 
 EF     ejection fraction 
 EFM     electronic fetal monitoring 
 EFW     estimated fetal weight 
 EI     erythema infectiosum 
 EIA     enzyme immunoassay 
 ELISA     enzyme - linked immunosorbent assay 
 eNO     exhaled nitric oxide 
 EP     erythropoietin 
 EPCR     endothelial cell protein C receptor 
 ER -  β      estrogen receptor -  β
 FAS     fetal alcohol syndrome 
 FDA     Food and Drug Administration 
 FDP     fi brin degradation products 
 FEV 1      forced expiratory volume in 1 sec 
 fFN     fetal fi bronectin 
 FFP     fresh frozen plasma 
 FHT     fetal heart rate tracing 
 FIGS     fetal intervention guided by sonography 
 FiO 2      fraction of inspired oxygen 
 FL     femur length/fetal loss 
 FLM     fetal lung maturity 
 FMF     frontomaxillary facial 
 FMH     fetomaternal hemorrhage 
 FSI     Foam Stability Index 
 fT 4      free thyroxine 
 FVL     factor V Leiden 
 GBS     group B streptococci 
 GCT     glucose challenge test 
 GDM     gestational diabetes mellitus 
 GFR     glomerular fi ltration rate 
 GP     glycoprotein 
 GPL     anticardiolipin antibody of IgG isotype 
 GTCS     generalized tonic - clonic seizures 
 GTP     gestational thrombocytopenia 
 GTT     glucose tolerance testing/gestational 

transient thyrotoxicosis 
 HAART     highly active antiretroviral therapy 
 Hb     hemoglobin 
 HBV     hepatitis B 
 HBC     hepatitis C 
 HC     head circumference/homocysteine 
 hCG     human chorionic gonadotropin 
 Hct     hematocrit 
 HDFN     hemolytic disease of the fetus and 

newborn
 HELLP     hemolysis, elevated liver enzymes, and 

low platelet count 
 HFUPR     hourly fetal urine production rate 
 HIE     hypoxic ischemic encephalopathy 

 HIT     hemorrhage, infection, toxemia 
 HL     humeral length 
 HLA     human leukocyte antigen 
 HPA     human platelet antigen/

hypothalamic– pituitary – adrenal 
 HPV     human papillomavirus 
 HSV     herpes simplex virus 
 IAI     intraamniotic infection 
 ICD     implantable cardioverter - defi brillator 
 ICH     intracranial hemorrhage 
 IFA     immunofl uorescent assay 
 Ig     immunoglobulin 
 IGFBP     insulin - like growth factor - binding 

protein 
 IL     interleukin 
 IM     intramuscular/intramembranous 
 INR     international normalized ratio 
 IOM     Institute of Medicine 
 IT     intracranial translucency 
 ITP     idiopathic thrombocytopenic purpura 
 IU     international unit 
 IUD     intrauterine device 
 IUFD     intrauterine fetal death 
 IUGR     intrauterine growth restriction 
 IUT     intrauterine transfusion 
 IV     intravenous 
 IVF      in vitro  fertilization 
 IVH     intraventricular hemorrhage 
 IVIG     intravenous immunoglobulin 
 IVT     intravascular transfusion 
 KIR     killer cell immunoglobulin - like receptor 
 LAC     lupus anticoagulant 
 LBC     lamellar body count 
 LBW     low birthweight 
 LDA     low - dose aspirin 
 LDH     lactate dehydrogenase 
 LEEP     loop electrosurgical excision procedure 
 LFT     liver function test 
 LGA     large for gestational age 
 LMWH     low molecular weight heparin 
 LPS     lipopolysaccharide 
 LOS     length of stay 
 LR     likelihood ratio 
 LRD     limb reduction defect 
 L:S     lecithin:sphingomyelin ratio 
 LTG     lamotrigine 
 LUS     lower uterine segment 
 MCA     middle cerebral artery 
 MCD     minimal change disease 
 MCM     major congenital malformation 
 MCV     mean corpuscular volume 
 MFMU     Maternal - Fetal Medicine Unit 
 MMC     myelomeningocele 
 MMP     matrix metalloproteinase 
 MoM     multiples of the median 
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 MOMS     Management of Myelomeningocele 
Study

 MPL     anticardiolipin antibody of IgM isotype  
 MPR     multifetal pregnancy reduction 
 MR     magnetic resonance/mass restricted 
 MRI     magnetic resonance imaging 
 MS     multiple sclerosis 
 MSAFP     maternal serum  α  - fetoprotein 
 MSD     mean sac diameter 
 NAEPP     National Asthma Education and 

Prevention Program 
 NAIT     neonatal alloimmune thrombocytopenia 
 NCHS     National Center for Health Statistics 
 NEC     necrotizing enterocolitis 
 NICHD     National Institute of Child Health and 

Human Development 
 NICU     neonatal intensive care unit 
 NIH     National Institutes of Health 
 NK     natural killer 
 NLE     neonatal lupus erythematosus 
 NNRTI     nonnucleoside reverse transcriptase 

inhibitor
 NOTSS     nontechnical surgical skills 
 NRTI     nucleoside analog reverse transcriptase 

inhibitor
 NST     nonstress test 
 NT     nuchal translucency 
 NTD     neural tube defects 
 NYHA     New York Heart Association 
 OGTT     oral glucose tolerance test 
 OR     odds ratio 
 PAI     plasminogen activator inhibitor 
 PAMG     placental  α  - microglobulin 
 PAMP     pathogen - associated molecular pattern 
 PaPP - A     pregnancy - associated plasma protein A 
 PAR     protease - activated receptor 
 PB     phenobarbital 
 PC     protein C 
 PCA     patient - controlled analgesia 
 PCB     polychlorinated biphenyl 
 PCEA     patient - controlled epidural analgesia 
 PCOS     polycystic ovarian syndrome 
 PCR     polymerase chain reaction 
 PDA     patent ductus arteriosus 
 PE     pulmonary embolism 
 PEFR     peak expiratory fl ow rate 
 PG     phosphatidylglycerol/prostaglandin 
 PGDH     15 - hydroxy - prostaglandin 

dehydrogenase 
 PGM     prothrombin G20210A gene mutation 
 PGS     preimplantation genetic screening 
 PHT     phenytoin 
 PI     protease inhibitor 
 PICC     peripherally inserted central catheter 
 PKA     protein kinase A 

 PKC     protein kinase C 
 PMC     placenta - mediated complications 
 PNV     prenatal vitamins 
 PPCM     peripartum cardiomyopathy 
 PPH     postpartum hemorrhage 
 PPROM     preterm premature rupture of 

membranes
 PR     progesterone receptor 
 PRBC     packed red blood cell 
 PROM     premature rupture of membranes 
 PS     protein S 
 PT     prothrombin time 
 PTB     preterm birth 
 PTD     preterm delivery 
 PTH     parathyroid hormone 
 PTL     preterm labor 
 PTSD     posttraumatic stress disorder 
 PTT     partial thromboplastin time 
 PTU     propylthiouracil 
 PZ     protein Z 
 RA     rheumatoid arthritis 
 RAGE     receptor for advanced glycation 

end - products 
 RBC     red blood cell 
 RCA     root cause analysis 
 RDA     recommended dietary 

allowance
 RDI     recommended daily intake 
 RDS     respiratory distress syndrome 
 RE     retinol equivalent 
 RFA     radiofrequency ablation 
 Rh     rhesus 
 RhIG     rhesus immunoglobulin 
 RIBA     recombinant immunoblot assay 
 RPF     renal plasma fl ow 
 RPR     rapid plasma reagin 
 RR     relative risk 
 SAB     spontaneous abortion 
 SAR     surfactant:albumin ratio 
 SB     spina bifi da 
 SBE     systemic bacterial endocarditis 
 SCD     sickle cell disease 
 SCI     spinal cord injury 
 SCT     sacrococcygeal teratomas 
 S:D     systolic:diastolic 
 SDP     single deepest pocket 
 SELDI - TOF     surface - enhanced laser desorption 

ionization time - of - fl ight 
 SERPIN     serine protease inhibitor 
 SGA     small for gestational age 
 SLE     systemic lupus erythematosus 
 SMA     spinal muscular atrophy 
 SNP     single nucleotide polymorphism 
 ST     selective termination 
 SVT     supraventricular tachycardia 
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 TAFI     thrombin - activatable fi brinolysis 
inhibitor

 TAT     thrombin – antithrombin 
 TEC     trauma, embolism, cardiac 
 TEE     transesophageal echocardiography 
 TF     tissue factor 
 TFPI     tissue factor pathway inhibitor 
 TLR     Toll - like receptor 
 TNF     tumor necrosis factor 
 TOGV     transposition of the great vessels 
 TOL     trial of labor 
 tPA     tissue - type plasminogen activator 
 TRAP     twin reversed arterial perfusion 
 TSH     thyroid - stimulating hormone 
 TTTS     twin – twin transfusion syndrome 
 TVU     transvaginal ultrasound 
 TWR     tubular water reabsorption 
 TXA 2      thromboxane A 2
 UA     umbilical artery 
 UDS     urinary drug screen 
 uE3     unconjugated estriol 

 UFH     unfractionated heparin 
 uPA     urokinase - type plasminogen activator 
 UPD     uniparental disomy 
 UTI     urinary tract infection 
 VAS     vibroacoustic stimulation 
 VBAC     vaginal birth after cesarean 
 VDRL     Venereal Disease Research Laboratory 
 VOC     vasoocclusion 
 VPA     valproic acid 
 V/Q     ventilation/perfusion 
 VSD     ventricular septal defect 
 VTE     venous thromboembolism 
 VUS     venous ultrasonography 
 vWF     von Willebrand factor 
 VZV     varicella zoster virus 
 WB     Western blot 
 WHO     World Health Organization 
 WWE     women with epilepsy 
 ZDV     zidovudine 
 ZPI     protein Z - related protease inhibitor  
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Plate 6.1     (A) Two - dimensional image of the aortic arch demonstrating head and neck vessels. The aortic arch has a candy cane shape. 
(B) Same image with color Doppler demonstrating forward fl ow through the aortic arch ( blue ). (C) Two - dimensional image of the ductal 
arch which has the shape of a hockey stick. (D) Color fl ow mapping of the ductal arch showing normal antegrade fl ow ( blue ).  

(A)

(B)

(C)

(D)
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Plate 6.2     (A) Color Doppler demonstrating forward fl ow from the atria to the ventricles across the atrioventricular valves ( red ). The 
atrioventricular valves are open and the interventricular septum appears to be intact. (B) Long - axis view of the left ventricular outfl ow 
tract demonstrating normal antegrade fl ow across the aortic valve ( blue ). (C) Color fl ow mapping showing forward fl ow in the right 
ventricular outfl ow tract ( blue ). Note that the main pulmonary artery crosses over the ascending aorta as it exits the right ventricle.  

(A) (C)(B)

Plate 6.3     (A) Four - chamber view suspicious for an apical muscular ventricular septal defect (VSD) based on an echogenic spot on the 
interventricular septum ( arrow ). (B) Muscular VSD confi rmed on color Doppler which demonstrated right - to - left fl ow during systole 
(blue ;  arrow ).  

(A) (B)
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Plate 7.1     Septated cystic hygroma at 11 weeks ’  gestation: 
midsagittal view demonstrating increased NT space extending 
along the entire length of the fetus. The ductus venosus shows 
positive a - wave. Chorionic villus sampling revealed normal male 
karyotype. The pregnancy proceeded to full term with the 
delivery of a healthy infant.  

Plate 7.2     Ductus venosus fl ow velocity waveform with reversed 
a - wave. The Doppler gate is placed in the ductus venosus 
between the umbilical venous sinus and the inferior vena cava. 
Subsequent CVS confi rmed a fetus affected by trisomy 21.  
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Plate 19.1     (A) Frontal view of the newborn presenting ptosis of 
the left eyelid, upper cleft lip, hypertelorism, and micrognathia. 
(B) Lateral view of the newborn with microtia with the absence 
of the external auditory duct.  Reproduced from Perez - Aytes  et al
[18] with permission from Wiley - Blackwell.   

(A)

(B)



www.manaraa.com

Chapter 1 
Overview of High -Risk Pregnancy 

  John T.     Queenan   1 ,     Catherine Y.     Spong   2  and     Charles J.     Lockwood   3
1 Department of Obstetrics and Gynecology, Georgetown University School Medicine, Washington, DC, USA  
2 Bethesda, MD, USA  
3 Department of Obstetrics, Gynecology and Reproductive Sciences, Yale University School of Medicine, New Haven, CT, 
USA       

     With the changing demographics of the United States 
population, including increasing maternal age and weight 
during pregnancy, higher rates of pregnancies conceived 
by artifi cial reproductive technologies and increasing 
numbers of cesarean deliveries, complicated pregnancies 
have risen. Although most pregnancies are low risk with 
favorable outcomes, high - risk pregnancies  –  the subject 
of this book  –  may have potentially serious occurrences. 
We classify any pregnancy in which there is a maternal 
or fetal factor that may adversely affect the outcome as 
high risk. In these cases, the likelihood of a positive 
outcome is signifi cantly reduced. In order to improve the 
outcome of a high - risk pregnancy, we must identify risk 
factors and attempt to mitigate problems in pregnancy 
and labor. 

 Many conditions lend themselves to identifi cation and 
intervention before or early in the perinatal period. When 
diagnosed through an appropriate work - up before preg-
nancy, conditions such as rhesus (Rh) immunization, dia-
betes, and epilepsy can be managed to minimize the risks 
of mortality and morbidity to both mother and baby. It is 
not possible, however, to predict other conditions, such 
as multiple pregnancies, preeclampsia, and premature 
rupture of membranes prior to pregnancy. To detect and 
manage these challenging situations, the obstetrician 
must maintain constant vigilance once pregnancy is 
established.

 Although much progress has been made since the 
1950s, there is still much to accomplish. Fifty years ago, 
the delivering physician and the nursing staff were 
responsible for newborn care. The incidence of perinatal 
mortality and morbidity was high. Pediatricians and 
pediatric nurses began appearing in the newborn nursery 
in the 1950s, taking responsibility for the infant at the 
moment of birth. This decade of neonatal awareness 
ushered in advances that greatly improved neonatal 
outcome.

 Many scientifi c breakthroughs directed toward evalua-
tion of fetal health and disease occurred in the 1960s, 
which is considered the decade of fetal medicine. Early in 
that decade, the identifi cation of patients with the risk 
factor of Rh immunization led to the prototype for the 
high - risk pregnancy clinic. Rh - negative patients were 
screened for antibodies, and if none were detected, these 
women were managed as normal or  “ low - risk ”  cases. 
Those who developed antibodies were enrolled in a high -
 risk pregnancy clinic, where they could be carefully fol-
lowed by specialists with expertise in Rh immunization. 
With the advent of scientifi c advances such as amniotic 
fl uid bilirubin analysis, intrauterine transfusion, and, 
fi nally, Rh immune prophylaxis, these often perilous 
high - risk pregnancies generally became success stories. 

 A note of caution is in order. The creation of special Rh 
clinics for Rh - immunized mothers in the early 1960s was 
a logical strategy since the Rh - immunized mother with 
an Rh - positive fetus had a 50% chance of losing her baby 
either in utero  or in the nursery. With increasing techno-
logic and scientifi c advances physicians achieved mark-
edly better outcomes. We are sensitive to the use of the 
term  “ high - risk pregnancy ”  and believe it should be 
avoided in patient counseling as it can cause unnecessary 
anxiety for the parents. 

 During the 1970s, the decade of perinatal medicine, 
pediatricians and obstetricians combined forces to con-
tinue improving perinatal survival. Some of the most sig-
nifi cant perinatal advances are listed in Box  1.1 . Also 
included are the approximate dates of these milestones 
and (where appropriate) the names of investigators who 
are associated with the advances.   

 Among the advances in perinatal medicine that 
occurred during the 1980s were the development of com-
prehensive evaluation of fetal condition with the biophys-
ical profi le, the introduction of cordocentesis for diagnosis 
and therapy, the development of neonatal surfactant 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
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Box 1.1 Milestones in perinatology 

Before 1950s 

Neonatal care by obstetricians and nurses 

1950s: decade of neonatal awareness 

Pediatricians entered the nursery 
1950 Allen and Diamond Exchange transfusions 
1953 du Vigneaud Oxytocin synthesis 
1954 Patz Limitation of O 2 to prevent toxicity 
1955 Mann Neonatal hypothermia 
1956 Tjio and Levan Demonstration of 46 human 

chromosomes 
1956 Bevis Amniocentesis for bilirubin in Rh 

immunization
1958 Donald Obstetric use of ultrasound 
1958 Hon Electronic fetal heart rate evaluation 
1959 Burns, Hodgman, 

and Cass 

Gray baby syndrome 

1960s: decade of fetal medicine

Prototype of the high -risk pregnancy clinic 
1960 Eisen and Hellman Lumbar epidural anesthesia 
1962 Saling Fetal scalp blood sampling 
1963 Liley First intrauterine transfusion for 

Rh immunization 
1964 Wallgren Neonatal blood pressure 
1965 Steele and Breg Culture of amniotic fl uid cells 
1965 Mizrahi, Blanc, and 

Silverman

Necrotizing enterocolitis 

1966 Parkman and Myer Rubella immunization 
1967 Neonatal blood gases 
1967 Neonatal transport 
1967 Jacobsen Diagnosis of cytogenetic disorders 

in utero
1968 Dudrick Hyperalimentation
1968 Nadler Diagnosis of inborn errors of 

metabolism in utero
1968 Stern NICU effectiveness 
1968 Freda  et al Rh prophylaxis 

1970s: decade of perinatal medicine

Refi nement of NICU 
Regionalization of high -risk perinatal care 
1971 Gluck L:S ratio and respiratory distress 

syndrome 
1972 Brock and Sutcliffe α-Fetoprotein and neural tube defects 

1972

Liggins and Howie Betamethasone for induction of fetal 

lung maturity 

1972 Neonatal temperature control with 

radiant heat 
1972 Quilligan Fetal heart rate monitoring 
1972 Dawes Fetal breathing movements 
1972 Ray and Freeman Oxytocin challenge test 

1972 ABOG Maternal -Fetal Medicine Boards 
1973 Sadovsky Fetal movement 
1973 Real-time ultrasound 
1973 Hobbins and Rodeck Clinical fetoscopy 
1975 ABP Neonatology Boards 
1976 Schifrin Nonstress test 
1977 March of Dimes Towards Improving the Outcome of 

Pregnancy I 
1977 Kaback Heterozygote identifi cation (Tay –Sachs

disease)
1978 Bowman Antepartum Rh prophylaxis 
1978 Steptoe and Edwards * In vitro fertilization 
1979 Boehm Maternal transport 

1980s: decade of progress 

Technologic progress 
1980 Bartlett ECMO
1980 Manning and Platt Biophysical profi le 
1981 Fujiwara, Morley, and Jobe Neonatal surfactant therapy 
1982 Harrison and Golbus Vesicoamniotic shunt for fetal 

hydronephrosis 
Bang, Brock and Toll First fetal transfusion under 

ultrasound guidance 
1983 Kazy, Ward, and Brambati Chorionic villus sampling 
1985 Daffos, Hobbins Cordocentesis 
1986 DNA analysis 
1986 NICHD MFMU network established 
1986 Michaels et al Cervical ultrasound and 

preterm delivery 

1990s: decade of managed care 

Managed care alters practice patterns 
1991 Lockwood et al Fetal fi bronectin and preterm delivery 
1993 March of Dimes Towards Improving the Outcome of 

Pregnancy II 
Fetal therapy 
Preimplantation genetics 
Stem cell research 

1994 NIH Consensus 

Conference 

Antenatal corticosteroids 

2000s: decade of evidence-based perinatology

2000 Mari Middle cerebral artery monitoring for Rh disease 
2002 CDC Group B streptococcus guidelines 

MFMU Antibiotics for PPROM 
2003 MFMU Progesterone to prevent recurrent prematurity 
2006 Merck Immunization against human papillomavirus 
2008 MFMU Magnesium for prevention of cerebral palsy 
2009 MFMU Gestational diabetes trial 

2010s: current  decade

2010 NIH Consensus conference on VBAC 
2011 MOMS Fetal surgery improves outcome for 

myelomeningocele

ABOG, American Board of Obstetrics and Gynecology; ABP, American Board of Pediatrics; CDC, Centers for Disease Control; ECMO, extracorporeal 

membrane oxygenation; L:S, lecithin:sphingomyelin ratio; MFMU, Maternal -Fetal Medicine Units; MOMS, Management of Myelomeningocele Study: 

NICU, neonatal intensive care unit; NICHD, National Institute of Child Health and Human Development; NIH, National Institutes of Health; PPROM, 

preterm premature rupture of membranes; VBAC, vaginal birth after cesarean. 

*Recipient of the 2010 Nobel Prize in Medicine. 
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conditions will be possible during labor in high - risk preg-
nancies. Look for the new advances to be made in immu-
nology and genetics. Immunization against group B 
streptococcus and eventually human immunodefi ciency 
virus will become available. Preimplantation genetics will 
continue to provide new ways to prevent disease. Alas, 
prematurity and preeclampsia with their many multiple 
etiologies may be the last to be conquered. 

 New technology will increase the demand for trained 
workers in the healthcare industry. The perinatal pro-
fessional team will expand to emphasize the impor-
tance of social workers, nutritionists, child development 
specialists, and psychologists. New developments will 
create special ethical issues. Finally, education and 
enlightened attitudes toward reproductive awareness 
and family planning will help to prevent unwanted 
pregnancies.        

therapy, antenatal steroids and major advances in genet-
ics and assisted reproduction. These technologic advances 
foreshadowed the  “ high - tech ”  developments of the 1990s. 
Clearly, the specialty has come to realize that  “ high tech ”  
must be accompanied by  “ high touch ”  to ensure the emo-
tional and developmental well - being of the baby and the 
parents. This decade was one of adjusting to the chal-
lenges of managed care under the control of  “ for profi t ”  
insurance companies. 

 The new millennium brought the decade of evidence -
 based perinatology. Clinicians became aware of the value 
of systematic reviews of the Cochrane Database. Major 
perinatal research projects by the Maternal - Fetal Medicine 
Units network of the Eunice Kennedy Shriver National 
Institute of Child Health and Human Development 
answered many clinical questions. 

 The future will bring better methods of determining 
fetal jeopardy and health. Continuous readout of fetal 
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Chapter 2 
Maternal Nutrition 

  Edward R.     Newton  
  Department of Obstetrics and Gynecology, East Carolina University, Brody School of Medicine, Greenville, NC, USA       

     The medical profession and the lay public associate 
maternal nutrition with fetal development and subse-
quent pregnancy outcome. Classic studies from Holland 
and Leningrad during World War II  [1]  suggest that when 
maternal caloric intake fell acutely to below 800   kcal/day, 
birthweights were reduced 535   g in Leningrad and 250   g 
in Holland, the difference perhaps related to the better 
nutritional status of the Dutch women prior to the famine 
and the shorter duration of their famine. Exposure to 
famine conditions during the second half of pregnancy 
had the greatest adverse effect on birthweight and placen-
tal weight and to a lesser extent, birth length, head cir-
cumference, and maternal postpartum weight  [2 – 5] . 

 While these studies are used as  prima facie  evidence of 
a link between maternal nutrition and fetal development, 
a more discerning examination reveals many confound-
ing variables that are common to the investigation of 
maternal nutrition and fetal development. While the 
onset of rationing was distinct and the birthweight and 
other anthropomorphic measurements were recorded 
reliably, other confounders were not identifi ed. For 
example, menstrual data were notoriously unreliable, and 
the problem of poor determination of gestational dates 
was exacerbated by the disruption and stress of war. 

 In 2011, many of the most vulnerable mothers have 
little or no prenatal care (10 – 30%), often with unreliable 
menstrual data (15 – 35%). In Holland and Leningrad, the 
stress of war may have been associated with both preterm 
delivery and reduced birthweight. In a modern context, 
the urban war produces a similar stress through lack of 
social supports, domestic violence, and drugs. The content 
of the individual ’ s diet in wartime Europe or the diet of 
underprivileged women in the United States in 2011 
remains largely speculation; perhaps it is not the total 
number of kilocalories or protein content but an issue of 
overall quality that leads to decreased birthweights. In 
2011, as in 1944 – 5, the link between maternal nutrition 
and pregnancy outcome relies on a relatively weak proxy 

for a woman ’ s nutritional status: Body Mass Index (BMI). 
A prospective, longitudinal study that follows a suffi -
ciently large cohort of women from preconception 
through each trimester and into the puerperium (with 
and without breastfeeding), measures the quality and 
quantity of women ’ s diet, and correlates the diet with 
maternal and fetal and neonatal outcomes has not yet 
been performed. 

 The purpose of this chapter is to review the associations 
between maternal nutrition and perinatal outcome. It 
briefl y summarizes the basic concepts of fetal growth, the 
multiple predictors of fetal growth, the use of maternal 
weight gain as a measure of maternal nutrition, adverse 
pregnancy outcomes as they relate to extremes in mater-
nal weight gain, and the importance or controversy 
related to specifi c components of the diet (i.e. iron, 
calcium, sodium, and prenatal vitamins).  

Fetal growth

 Linear growth of the fetus is continuous, whereas the 
velocity of growth varies. Multiple researchers have 
studied linear fetal growth by examining birthweights or 
estimated fetal weights as determined by ultrasound, and 
found it to be nearly a straight line until approximately 
35 weeks when the fetus grows 200 – 225   g/wk (Fig.  2.1 ). 
Thereafter, the curve falls such that by 40 weeks, the 
weight gain is 135   g/wk  [6] .   

 Twin pregnancies have a proportionately lower rate of 
growth, reaching a maximum at 34 – 35 weeks (monocho-
rionic placentation, 140 – 160   g/wk; dichorionic placenta-
tion, 180 – 200   g/wk)  [7] . Thereafter, the growth rate slows 
to 25 – 30   g/wk in both types of placentation. In 20 – 30% of 
term twin pregnancies, one or the other twin, or both, will 
have a birthweight less than the 10th percentile based on 
singleton growth charts. There is controversy as to 
whether singleton or separate twin charts should be the 
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fetal weight refl ect a more physiologic environment. 
Unfortunately, the comparison of coincidental estimated 
fetal weight and birthweight reveals a relatively large 
error; 20% of estimated fetal weights will differ from the 
actual weight by one standard deviation or more, 400 –
 600   g at term.   

 The velocity of fetal growth is more instructive regard-
ing the mechanisms of fetal growth restriction  [9] . Length 
peaks earlier than weight, as the fetus stores fat and 
hepatic glycogen (increasing abdominal circumference) in 
the third trimester. When an insult occurs early, such as 
with alcohol exposure, severe starvation, smoking, peri-
natal infection (cytomegalovirus infection or toxoplasmo-
sis), chromosomal or developmental disorders, or chronic 
vasculopathies (diabetes, autoimmune disease, chronic 
hypertension), the result is a symmetrically growth -
 restricted fetus with similarly reduced growth of its 
length, head circumference, and abdominal circumfer-
ence. This pattern is often referred to as  dysgenic growth 
restriction  and these infants often have persistent handi-
caps (mental retardation, infectious retinopathy, i.e. toxo-
plasmosis infection)  [10] . 

 When the insult occurs after the peak in the velocity of 
length growth, the result is a disproportionately reduced 
body- length ratio (ponderal index), with a larger head 
circumference relative to abdominal circumference. This 
pattern is often referred to as  nutritional growth restriction
and usually is the result of developing vasculopathy (pla-
cental thrombosis/infarcts, preeclampsia) or a reduction 
of the absorptive capacity of the placenta (postdate preg-
nancy). The obstetrician uses the ultrasonographically 
defi ned ratio of head circumference to abdominal circum-
ference as it compares to established nomograms. The 
pediatrician uses the ponderal index (birthweight [kg]/
height [cm 3 ]) in a similar fashion.  Abnormality  is defi ned 
statistically (i.e. two standard deviations from the mean) 
rather than as it relates to adverse clinical outcomes. 
While the risk of adverse outcomes may be considerably 
higher, most small for gestational age babies (less than the 
10th percentile) who are delivered at term have few sig-
nifi cant problems. Likewise, the vast majority of term 
infants whose size is more than the 90th percentile at birth 
have few perinatal challenges. 

 Fetal growth requires the transfer of nutriments as 
building blocks and the transfer of enough oxygen to fuel 
the machinery to build the fetus. Maternal nutritional and 
cardiac physiology is changed through placental hor-
mones (i.e. human placental lactogen) to accommodate 
the fetal - placental needs. The central role of the placenta 
in the production of pregnancy hormones, the transfer of 
nutriments, and fetal respiration is demonstrated by the 
fact that 20% of the oxygen supplied to the fetus is 
diverted to the metabolic activities of the placenta and 
placental oxygen consumption at term is about 25% 
higher than the amount consumed by the fetus as a whole. 

comparison resource in an individual pregnancy. Given 
the rapidly increasing incidence of twin and triplet preg-
nancies through assisted reproductive technologies, there 
is a need to resolve this controversy. 

 Fetal growth curves are based on two sources for fetal 
weight: birthweight  [8]  and estimated fetal weight based 
on ultrasound fi ndings (Fig.  2.2 ). Birthweight sources 
encompass the pathophysiology that led to the preterm 
birth. Twenty to 25% of preterm births occur as the result 
of medical intervention in the setting of maternal pathol-
ogy such as preeclampsia. In these cases, the effects of 
maternal nutrition (BMI) are muted signifi cantly. Fetal 
growth curves derived by ultrasonographic estimation of 

Figure 2.1     Fetal weight gain in grams among singleton and twin 
pregnancies.  
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Figure 2.2     Fetal growth curves by method of estimation: 
ultrasound or birthweight. EFW, mean estimated fetal weight.  
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blood fl ow, placental transfer, placental blood fl ow, and 
appropriate distribution and handling of nutriments and 
oxygen by the fetus. Additionally, genetics and uterine 
volume characteristics can greatly affect fetal size in the 
presence of normal physiology; birth size more closely 
refl ects maternal rather than paternal morphometrics, 
and contractions of uterine volume (i.e. m ü llerian duct 
abnormalities or large uterine myomas) are associated 
with decreased birth size. 

 Ultimately, any evaluation of the effect of nutrition on 
fetal outcome must control for these confounders in the 

The absorptive surface area of the placenta is strongly 
associated with fetal growth; the chorionic villus surface 
area grows from about 5   m 2  at 28 – 30 weeks to 10   m 2  by 
term.

 The measured energy requirement of pregnancy totals 
55,000   kcal for an 11,800   g weight gain  [11]  or 4.7   kcal/g of 
weight gain. This value is considerably less than the 
8.0   kcal/g required for weight gain in the nonpregnant 
woman. This discrepancy is likely due to the poorly 
understood relationship between pregnancy hormones 
(i.e. human placental lactogen, corticosteroids, sex ster-
oids) and the pattern of nutriment distribution. Table  2.1  
describes the work as measured by weight that must 
occur to produce a well - grown fetus at term.   

 Weight gain is essentially linear throughout pregnancy 
 [12] . The mean total weight gain (15th to 85th percentile) 
for white, non - Hispanic, married mothers delivering live 
infants was 13.8 (8.6 – 18.2) kg for small women (BMI 
below 19.8), 13.8 (7.7 – 18.6) kg for average women (BMI 
19.8 – 26.0), 12.4 (6.4 – 17.3) kg for large women (BMI 26.1 –
 29.0), and 8.7 (0.5 – 16.4) kg for obese women (BMI over 
29)  [11] . In general, average weight gains (15th to 85th 
percentile) per week are 0.15 – 0.69   kg for gestational ages 
13 – 20 weeks, 0.31 – 0.65   kg for gestational ages 20 – 30 
weeks, and 0.18 – 0.61   kg for gestational ages 30 – 36 weeks. 
The practical clinical rule of thumb is that a normal -
 weight woman with a normal pregnancy should gain 
about 4.5   kg (10 lb) in the fi rst 20 weeks and 9.1   kg (20 lb) 
in the second 20 weeks of pregnancy. High - risk thresh-
olds are weight gains less than 6.8   kg (15 lb) and more 
than 20.5   kg (45 lb)  [12] . 

 Many factors affect the transfer of nutriments and 
oxygen to the fetus. Table  2.2  lists factors and clinical 
examples where abnormalities change fetal growth.   

 Obstetric history reveals a strong tendency to repeat 
gestational age and birthweight as the result of shared 
genetic and environmental factors. Bakketeig  et al  ana-
lyzed almost 500,000 consecutive births in Norway over 
a 7 - year period  [13] . Table  2.3  depicts the results of their 
analysis.

 In summary, fetal growth is affected by the quantity 
and quality of maternal diet, the ability of the mother to 
appropriately absorb and distribute digested micronu-
triments, maternal cardiorespiratory function, uterine 

Table 2.1    Weight gain in pregnancy 

Maternal gains Fetal gains 

Blood volume 2kg (4.4 lb) Fetus 3.5kg (7.7 lb) 
Uterine size 1kg (2.2 lb) Placenta 0.6kg (0.7 lb) 
Breast size 1kg (2.2 lb) Amniotic fl uid 1.2kg (2.6 lb) 
Fat increase 3kg (6.6 lb) 
Total weight gain 12.3kg (27 lb) 

Table 2.2    Factors affecting fetal growth 

Factors Clinical examples 

Genetics Parental size 
Chromosomal disease 

Uterine volume Müllerian duct abnormalities 
Leiomyomata uteri 

Maternal intake Starvation
Fad diets 
Iron defi ciency anemia 
Neural tube defects (folic acid) 

Maternal absorption Infl ammatory bowel disease 
Gastric bypass 

Maternal hypermetabolic states Hyperthyroidism
Adolescent pregnancy 
Extreme exercise 

Maternal cardiorespiratory 
function

Maternal cardiac disease 
Sarcoidosis
Asthma

Uterine blood fl ow Hypertension/preeclampsia
β-Adrenergic blockers 
Diabetic vasculopathy 
Autoimmune vasculopathy 
Smoking (nicotine) 
Chronic environmental stress 

Placental transfer Infant of a diabetic mother 
Smoking (carbon monoxide) 

Placental absorption Placental infarcts or thrombosis 

Fetal blood fl ow Congenital heart disease 
Increased placental resistance 
Polycythemia

Fetal metabolic state Drug effects (amphetamines) 
Genetic metabolic disease 

Reduced fetal cell numbers Alcohol abuse 
Chromosomal disease 
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Body Mass Index, weight gain, and 
adverse pregnancy outcomes

 Regardless of their imprecise measurement, weight gain 
and BMI have powerful associations with birthweight and 
pregnancy outcome. Naeye examined the association 
between weight gain and pregnancy outcome data 
obtained during the National Collaborative Perinatal 
Project (1959 – 65)  [14] . In this project about 56,000 American 
women were followed from prenatal enrollment through 
birth. The infants were followed through the age of 7 
years. The National Collaborative Perinatal Project dem-
onstrated that progressive increases in prepregnancy 
weight or weight gain, or both, were signifi cantly associ-
ated with increases in birthweight. Prepregnancy weight 
and weight gain appear to act independently of each other 
and their effects are additive. Increasing prepregnancy 
weight diminishes the infl uences of weight gain on birth-
weight. Among nonsmokers, the difference in birthweight 
across weight gains (less than 7.3 kg (16 lb) versus more 
than 15.9   kg (35 lb) in weight gain) was 556   g (19% differ-
ence) for underweight women, 509   g (16.4% difference) for 
normal - weight women, and 335   g (10% difference) for 
overweight women. Similarly, among smokers, the differ-
ence in birthweight was 683   g (27%) for underweight 
women, 480   g (16.4%) for normal - weight women, and 
261   g (8%) for overweight women  [14] . 

 Perinatal mortality rates in underweight women (less 
than 90% of expected pregnancy weight in the Metropolitan 
weight - for - height charts) are strongly affected by weight 
gain (Fig.  2.3 ). Poor weight gain in underweight women 
is associated with a fi vefold increase in perinatal 

analysis. The presence of multiple variables requires 
large numbers of subjects to be included in the model for 
the study of main effects alone. As many variables (i.e. 
parity and preeclampsia) are interactive, the sample size 
necessarily increases geometrically by the analysis of sec-
ondary or higher interactive variables. The resultant 
complexity and diffi culty in obtaining quality data on 
large numbers of pregnant women have led to purpose-
ful exclusion of certain cohorts of women. Exclusions 
may include women with hypertension or diabetes, 
poorly dated gestations, late prenatal care, or middle -  
and upper - class white Anglo - Americans who seek care 
from private practitioners. The use of imprecise proxies 
to control for population differences in nutritional risk, 
such as educational and socio - economic level, age, parity 
or ethnicity adds to the variance. Likewise, determina-
tion of the quality and quantity of the maternal diet is 
severely limited by the time, personnel, and education 
required to obtain a valid measurement of that diet. As a 
consequence, most studies of maternal nutrition use the 
BMI (weight [kg]/(height in meters) 2  ) or maternal weight 
gain during pregnancy as a proxy for maternal nutrition; 
the quality and quantity of maternal diet are rarely meas-
ured. There is added imprecision with the measurement 
of weight gain. Most studies rely on reported prepreg-
nancy weight, the accuracy of which is suspect. 
Additionally, the use of total weight gain in most studies 
does not account for the variance in the weight of the 
fetus, amniotic fl uid or placenta. The use of net weight 
gain (total weight gain  –  birthweight) is used to reduce 
the resultant variance.  

Table 2.3    Obstetric history and birthweight 

Incidence of adverse outcome in 

First birth Second birth Subsequent birth 
(relative risk *)

Term AGA – 1.4% (1.0) 
Preterm low BW – 13.1% (4.5) 
Term SGA – 8.2% (5.5) 
BW > 4500g – 22.6% (9.0) 
Post term – 5.3% (2.2) 
Term AGA Term AGA 1.5% (0.5) 
Preterm low BW Preterm low BW 19.7% (6.8) 
Term SGA Term SGA 29% (19.3) 
BW > 4500g BW > 4500g 45.5% (18.2) 
Post term Post term 33.3% (13.9) 

AGA, appropriate for gestational age; SGA, small for gestational age 
(2500g); LGA, large for gestational age (4500 g); preterm, 36 weeks 
and 2500 g; post term, 44 weeks. 
*The relative risk is the ratio of incidence of “poor” outcomes in the 
target cohort divided by the incidence of “poor” outcomes in the 
lowest risk cohort, women in whom all births were normal. 
Source: Bakketeig [13].

Figure 2.3     Perinatal mortality rates by prepregnancy weight and 
height (Metropolitan Life Insurance tables) and the percent of 
optimal weight gain.  Reproduced from Naeye  [14]  with 
permission from Elsevier.   
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relationship between net weight gain per week, BMI, and 
preterm birth. More recently, a maternal prepregnancy 
weight less than 100 lb has been analyzed as a risk factor 
for preterm birth; low BMI appears to be a stronger pre-
dictor (primipara: odds ratio [OR] 2.31, 95% CI 1.37 – 3.92; 
multipara: OR 1.76, 95% CI 1.19 – 2.61) than race, social 
environment, or paying job during pregnancy, but less 
than prior preterm birth in multiparous women  [17] . 

 An important caveat for any analysis using gestational 
age as a co - variate is the inaccuracy of gestational age 
estimates. As many as 15 – 35% of women seeking prenatal 
care have poor documentation of the fi rst day of their last 
menstrual period. If ultrasound dating is used (now in 
90% or more of pregnancies), early growth restriction 
may be obscured; all fetuses are standardized to the size 
of fetus in the 50th percentile for that gestational age. The 
actual error in gestational age may be as high as 1 week 
by a fi rst - trimester ultrasound scan, 2 weeks by a second -
 trimester ultrasound, and 3 weeks or more by a third -
 trimester ultrasound. At term, this systematic error may 
translate into an 800 – 1000   g (2 – 3 lb) discrepancy between 
estimated fetal weight and actual birthweight. Large epi-
demiologic studies have not had standard methods of 
defi ning gestational age. When patients with poor dates 
are eliminated, then the size of the group most vulnerable 
for nutritionally related fetal growth restriction is reduced 
signifi cantly. 

 Many early studies that examined the relationship 
between prepregnancy BMI and preterm birth did not ade-
quately control for the decreased exposure necessarily found 
in a pregnancy of shortened duration  [18 – 21] . However, 
they found a consistent association in women whose total 
weight gain was lower and the incidence of preterm birth. 
The magnitude of the risk varied between a 50% and a 400% 
increase in preterm births. This variance might be explained 
by differences in study design. The lower threshold for 
weight gain varies considerably, by 11 – 20 lb of total weight 
gain. Some studies defi ned the preterm birth as any birth-
weight below 2500   g, which included many term, small - for -
 gestational - age (SGA) neonates. 

 The confounding nature of decreased exposure, preterm 
birth, is illustrated in the analysis of the data from the 
1980 National Natality Study  [16] . If total weight gain is 

mortality. Autopsies of fetuses and neonates in the same 
cohort demonstrated that body and organ size could be 
predicted by prepregnancy weight and weight gain  [15] . 
Prior to 33 weeks, the relationship is less dramatic and is 
associated with a smaller liver and adrenals due to a 
reduction in cell numbers in underweight women with 
poor weight gain. After 33 weeks, when fetal weight gain 
is expected to be highest, the reduction in organ weights 
occurs in most organs with a reduction in cell size and 
numbers.

 The Dutch famine during World War II  [2 – 5] , during 
which acute rationing was less than 800   kcal/day, resulted 
in different reductions in neonatal measurements depend-
ing on the gestational age when the rationing was insti-
tuted. The greatest adverse effects were seen when the 
rationing occurred in the last trimester, the parameters 
most affected being placental weight and birthweight 
and, to a lesser extent, birth length, head circumference, 
and maternal postpartum weight. With the progressive 
loss of calories, maternal weight absorbed the challenge 
until a critical threshold was met. Then maternal weight 
loss stabilized and the placental and then fetal weights 
were reduced. After the rationing was discontinued and 
intake was increased, maternal weight was the fi rst to 
recover, followed by placental weight and fi nally 
birthweight.

 The most representative data on total weight gain in 
the US population are from the 1980 National Natality 
Survey  [16] . A probability sample of all livebirths to US 
women in 1980 was employed. BMI and weight gain were 
related to the incidence of term growth - restricted infants 
(less than 2500   g and more than 37 weeks ’  gestation) 
 [16] . The analysis was adjusted for maternal age, parity, 
height, cigarette smoking, and education level. The rela-
tive risk (95% confi dence interval [CI]) of delivering a 
term growth - restricted infant after a total weight gain of 
less than the 25th percentile was 2.4 (1.5 – 4.0) for small 
women (BMI below 19.8), 3.1 (2.2 – 4.5) for average women 
(BMI of 19.8 to 26.0), and 1.3 (0.6 – 2.8) for large women 
(BMI over 26). The effect of low weight gain in large 
women was not signifi cant. Clinically, the expectation 
that an obese woman or large woman who is diagnosed 
with gestational diabetes should gain 11.4 – 13.6   kg (25 – 
30 lb) is contrary to the later information. With documen-
tation of a high - quality diet, these large women should 
gain 4.5 – 6.8   kg (10 – 15 lb). The Institute of Medicine has 
recently recommended guidelines on total weight gain 
during pregnancy (Table  2.4 ).   

 The interaction between weight gain, BMI, and the inci-
dence of preterm delivery (weight less than 2500   g and 
before 37 weeks) is less clear; women who deliver pre-
maturely have less opportunity to gain weight. The use 
of total weight gain or net weight gain is inappropriate. 
Net gain per week of gestation controls for the duration 
confounder. Subsequent analysis does not defi ne a 

Table 2.4    Recommended total weight gain during pregnancy  [29]  

Prepregnancy BMI (kg/m 2) Recommended total weight 
gain (kg/lb) 

Underweight (BMI < 18.5) 12.7–18.2kg (28 –40 lb) 
Normal (BMI 18.5 –24.9) 11.4–15.4kg (25 –35 lb) 
Overweight (BMI 25.0 –29.9) 6.8–11.4kg (15 –25 lb) 
Obese – all classes a (BMI ≥ 30) 5.0–9.1kg (11 –20 lb) 

BMI, Body Mass Index. 
aClass I: BMI 30 –34.9, Class II: BMI 35 –39.9, Class III: BMI ≥ 40
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variable fails to account for the effect of nutrition on 
outcome. Perhaps poor nutrition has an interactive effect 
by increasing the likelihood of a positive fetal fi bronectin 
fi nding or a shortened cervix. The study only examined 
main effect variables and not interactive variables. 

 Examination of the effects of nutrition on other adverse 
pregnancy outcomes is complicated by a paucity of 
quality research. Nutrition in Western women does not 
seem to be associated with fi rst -  or second - trimester abor-
tion, congenital abnormalities or lactational performance. 
Weight gain during pregnancy can be associated with 
preeclampsia or diabetes. Very high levels of total weight 
gain or late - occurring increases in net weight gain per 
week are quite common in primiparous pregnancies com-
plicated by preeclampsia. If there were any effect from 
preeclampsia, one would expect a higher rate of fetal 
growth restriction and spontaneous preterm birth in 
women who gain excessive weight. The meager amount 
of existing data seems to support an association, but more 
research is needed.  

Specifi c  maternal conditions

Nutritional assessment
 The strong associations between extremes in prepreg-
nancy BMI, extremes in weight gain, and adverse preg-
nancy outcome dictate that a basic, patient - centered, 
individualized nutritional assessment and plan be incor-
porated in the primary care of women from preconcep-
tion, throughout pregnancy, and during the postpartum 
period, with special attention for breastfeeding. The 
nutritional assessment relies on the patient ’ s medical 
record, history, and physical examination. The main areas 
of focus are sociodemographic risk (age less than 2 years 
after menarche, high parity [ > 4], low socio - economic 
status, culture, previous nutritional challenge), obstetric 
history (SGA and large - for - gestational - age infants, 
preterm birth), medical history (bowel disease, diabetes, 
chronic hypertension, hyperthyroid, chronic infection 
such as tuberculosis or human immunodefi ciency virus 
infection, allergies, autoimmune disease, renal failure), 
behavioral risks (substance abuse, excessive exercise), 
nutritional risks (eating disorders, pica, fad diets, strict 
vegetarian diet, medications), and current diet (devia-
tions in quantity or quality). 

 In the 24 - h recall method, the patient is asked to recall 
the type and amount of food and beverages she con-
sumed during the previous day. This technique gives 
clues to eating behavior rather than providing a quantita-
tive measurement. There is considerable day - to - day vari-
ation that relates to issues of memory, lack of knowledge 
concerning the content of food (i.e. what goes into a beef 
stew), and inability to estimate correct portion sizes  [24 –
 27] . Practical ways to improve reporting include 3 days 

used, the odds ratio (95% CI) for delivering a preterm 
infant according to prepregnancy BMI shows a signifi cant 
relationship between preterm birth and poor weight gain 
(less than 11   kg): small women, 4.0 (2.7 – 6.0); average 
women, 2.8 (2.0 – 4.0); and large women, 1.6 (0.8 – 3.2)  [16] . 
However, when the effect of pregnancy duration is con-
trolled by measuring net weight gain per week, the rela-
tionship between prepregnancy BMI, poor weight gain, 
and preterm birth disappears: small women, 1.2 (0.8 – 1.9); 
average women, 1.0 (0.7 – 1.5); and large women, 1.0 (0.5 –
 1.9)  [16] . In contrast, two recent studies demonstrated a 
signifi cant risk of preterm birth when weight gain per 
week was less than 0.23   kg (less than 0.5 lb/wk) or less 
than 0.27   kg (0.6 lb/wk)  [22,23] . They demonstrated a 
40 – 60% increase in preterm births. 

 Two recent epidemiologic studies detailed the associa-
tion between prepregnancy BMI and net weight gain per 
week, and adverse pregnancy outcomes. Cnattingius  et al
 [22]  examined the municipal birth records of 204,555 
infants born in Sweden, Denmark, Norway, Finland, and 
Iceland from 1992 to 1993. The fi nal population included 
167,750 women with singleton births for whom prepreg-
nancy BMI data were available. The results were adjusted 
for maternal age, parity, maternal education, cigarette 
smoking, and whether the mother was living with the 
father. Prepregnancy BMI of 20 or greater was associated 
with a decrease in the incidence of SGA infants (adjusted 
OR 0.5 – 0.7; 95% CI 0.4 – 0.8). Weight gain of less than 
0.25   kg/wk was associated with an adjusted OR of 3.0 
(95% CI 2.5 – 3.5) for the incidence of SGA infants. Among 
low -  and normal - weight women, there was no association 
with late fetal death or preterm delivery. Overweight 
(BMI above 24.9 and less than 30.0) and obese (BMI over 
29.9) women were shown to have a risk of late fetal death 
(after 28 weeks ’  completed gestation). The adjusted ORs 
(95% CI) for fetal death were 1.7 (1.1 – 2.4) for overweight 
women and 2.7 (1.8 – 4.1) for obese women. In addition, 
large women have a 2 – 4 - fold increase in diabetes 
(10 – 15%). 

 The failure of prepregnancy BMI to predict preterm 
birth was confi rmed in a 1992 – 4 study supported by the 
NICHD- MFMU network  [23] . A cohort of 2929 pregnan-
cies from 11 centers was followed longitudinally through 
pregnancy. Subjects were examined at 22 – 24 weeks and 
biologic variables including cervical length, fetal fi bronec-
tin, bacterial vaginosis, contraction frequency, and the 
presence of vaginal bleeding were assessed. A positive 
fetal fi bronectin fi nding and a cervical length below 
2.5   cm were associated with spontaneous birth at less than 
32, 35, and 37 weeks (adjusted OR 2.5 – 10.0). In multipa-
rous women, a history of preterm birth was also associ-
ated with preterm birth (adjusted OR 2.6 – 5.0). Low 
prepregnancy BMI was associated with neither early nor 
late preterm birth. A cautionary note is warranted. The 
exclusion of net weight gain per week as an intercurrent 
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many diet analysis computer programs available  [28] . 
When personnel resources are limited, a standardized 
survey is useful as a screening tool for all pregnant 
women. The Institute of Medicine developed a standard 
nutritional survey and weight gain guidelines  [29]  (Fig. 
 2.4 ). If a high - risk individual is identifi ed by the survey, 
a more detailed nutritional analysis and intervention are 
appropriate. 

 Obstetric care providers and nutritionists would appre-
ciate a memory chip placed in the mouth which could 
automatically record the type and volume of the con-
sumed food and drink: this will not happen any time 
soon! We have to rely on simultaneous written records or 

or a week of written record on type and amount of food 
and drinks consumed, discussion with the individual 
who prepares the food in order to understand the content 
of mixed food (stew), and education of the patient about 
portion size. For example, a cup is roughly equal in 
volume to a clenched fi st and a 3 oz piece of fi sh or meat 
is roughly the size and thickness of the palm of the hand. 

 Another method uses a standardized survey to identify 
the usual frequency or dietary history. The accuracy of the 
survey is improved when portion estimates are included. 
A major advantage of the survey is the speed with which 
an assessment can be performed. The precise nature of 
the data lends itself to population analysis using one of 

Figure 2.4     Sample of a standard nutrition 
survey from the Institute of Medicine  [12] .  
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(300 – 600   mg). Likewise, lactating women who take one 
tablet daily of prenatal multivitamins and who are not 
supplementing the infant with formula and solids require 
the same micronutriments in similar amounts. The reader 
must keep in mind that the  “ usual ”  daily intake that the 
American medical environment emphasizes includes a 
higher intake of protein and dairy products during preg-
nancy and lactation. Recent focus on the fat content of 
dairy products will lead many women to reduce milk 
intake. If the liquid need is supplanted by beverages con-
taining caffeine or phosphoric acid (carbonated sodas), 
the total intake of calcium or protein or both may be 
reduced.    

Obesity
 Obesity remains a major health issue for developed coun-
tries. United States data collected by the Centers for 
Disease Control (CDC) through 2009 suggests that the 
prevalence of obesity (BMI  > 30) rose from 19.8% in 2000 
to 23.9% in 2005 and 26.7% in 2009  [32] . Obese women 
have many more adverse pregnancy outcomes. In addi-
tion to more gestational diabetes, hypertension, and 

patient recall. Unfortunately, the accuracy of both the 24 - h 
recall and the nutritional survey depends on the accuracy 
of the patient ’ s memory. In general, the accuracy is poor 
and may refl ect what the provider wishes rather what 
was consumed  [24 – 28] . The rather large variations in 
intake, yet the relative lack of demonstrable variation in 
adverse outcome, except in the extremes, raises concern 
about the practicality of obtaining a detailed dietary 
history from every pregnant woman. Because the extremes 
are important, more detailed nutritional assessment and 
counseling are needed for populations at high risk for 
poor dietary practices as defi ned by 24 - h recall or the 
standardized survey. Table  2.4  describes the recom-
mended weight gain, stratifi ed by pregnancy BMI  [29] . 

 Tables  2.5  (pregnant) and 2.6 (nonsupplemented breast-
feeding) compare the average daily intake of nutriments 
with and without prenatal multivitamins to the 2011 
Dietary Reference Intakes  [30,31] . The analysis reveals 
that the average American woman who is pregnant 
and taking one tablet daily of the prenatal multivitamins 
with 0.4 – 1.0   mg of folic acid requires only extra energy 
(500 – 600   kcal/day), magnesium (125   mg), and calcium 

Nutriment RDI Usual intake PNV Intake plus PNV 

Total carbohydrates (g/day) 2500 1900–2100a None 2000b

Total protein (g/d) 60 68–91 None 80
Total fi ber (g/d) 28

Fat-soluble vitamins 
A ( μg of RE) 770 1000–1400 450 1650
D (IU) 600* 40–60a 100 150
E (mg) 15 3.4–12.0a 22 30
K ( μg) 90 300–500 None 465

Water-soluble vitamins 
Folate ( μg) 600 168–245 a 1000 1207
Thiamine (mg) 1.4 1.2–1.9 a 3 8.5
Ribofl avin (mg) 1.4 1.7–3.4 3.4 6.0
Pyridoxine (mg) 1.9 0.8–2.2a 10 26
Niacin (mg) 18 17–280 20 42
C (mg) 85 48–1440 100 298
B12 ( μg) 2.6 2.6–5.70 12 16.5

Minerals
Calcium (mg) 1000 668–1195a 250 1182
Magnesium (mg) 350 191–269b 25 255b

Iron (mg) 27 11.2–17.2a 60 74
Zinc (mg) 11 06.0–12.0a 25 34
Iodine ( μg) 220 170a 150 320
Selenium ( μg) 60 70 None 70

PNV, prenatal vitamins; RDI, recommended daily intake. 
aDefi cient without prenatal vitamins or supplement. 
bDefi cient after daily multivitamins. 
#Institute of Medicine (2009): www.iom.edu.
*Institute of Medicine (2010): www.iom.edu.

Table 2.5    Dietary reference intakes  #  , usual 
dietary intake, and prenatal vitamins in 
pregnant women 
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pregnancy obese, preconception counseling, and limiting 
excess gestational weight gain  [38] . 

 Early population - based outcome studies reveal inter-
esting risks and benefi ts of the public health focus on 
obesity studies. For example, two papers came from 
Germany looking at about 820,000 births between 2000 
and 2007. In the fi rst  [39] , the prevalence of various 
adverse perinatal outcomes was measured among normal 
weight, overweight, and obese women who gained the 
recommended IOM amount of weight (Table  2.7 ). In a 
subset of the same population, the benefi ts and concerns 
for failure to gain weight in pregnancy are demonstrated. 
While hypertension and nonelective cesarean section 
were reduced in the overweight and class I obese women 
(30 – 34.9   kg/m 2 ) (RR 0.65, 95% CI 0.51 – 0.83), the risk of 
SGA neonates was increased (RR 1.68, 95% CI 1.37 – 2.06) 
 [40] . No differences were demonstrated when weight loss 
occurred in class II – III obesity ( > 35   kg/m 2 ). 

 Retained weight postpartum plays a role in chronic 
morbidities. In general, while women with average 

wound infections  [33] , overweight and obese women are 
more likely to have preterm birth or SGA neonates (rela-
tive risk [RR]1.24, 95% CI 1.18 – 1.37)  [34]  and more still-
births (RR 2.07, 95% CI 1.59 – 2.74). A recent meta - analysis 
of the risks of obesity and birth defects revealed more 
neural tube defects (RR 1.87, 95% CI 1.62 – 2.15), more 
congenital heart defects (RR 1.30, 95% CI 1.12 – 1.51), 
more cleft lip and palate (RR 1.20, 95% CI 1.03 – 1.40), and 
more limb reduction defects (RR 1.34, 95% CI 1.03 – 0.73) 
among neonates of obese women. Interestingly, gastro-
schisis was less common (RR 0.17, 95% CI 0.1 – 0.3) among 
neonates of obese women  [35,36] . 

 The consequence of the concerns for obesity and 
adverse pregnancy outcomes were incorporated in the 
1990 Institute of Medicine (IOM) guidelines for weight 
gain in pregnancy and their modifi cation of the guide-
lines in 2009 (see Table  2.4 ). The guidelines and recom-
mendations are in recent reviews  [37,38] . An area ripe for 
outcomes study is to evaluate the impact of education and 
interventions to reduce the number of women entering 

Nutriment RDI Usual intake PNV Intake plus PNV 

Total carbohydrates (g) 175 600 None 600
Total protein (g) 71 78–115 None 97
Total fi ber (g) 29

Fat-soluble vitamins 
A ( μg of RE) 1300 1000–1200a 450 1550
D (IU) 600 136a 100 236b

E (mg) 19 4.5a 22 26.5
K ( μg) 90 NR None NR

Water-soluble vitamins 
Folate ( μg) 500 169–340a 1000 1255
Thiamine (mg) 1.4 1.39–2.1a 3 3.79
Ribofl avin (mg) 1.6 1.87–2.8 3.4 5.7
Pyridoxine (mg) 2.8 1.11–1.69a 10 11
Niacin (mg) 17 16.3–70 20 63
C (mg) 120 108–199 100 253
B12 ( μg) 2.8 2.88–7.96 12 17b

Minerals
Calcium (mg) 1000 1004–1304a 250 1300
Magnesium (mg) 320 221a 25 227b

Iron (mg) 9 12.2–16.2a 60 74
Zinc (mg) 12 09.4–12.2a 25 36
Iodine ( μg) 290 NR 150 150b

Selenium ( μg) 70 84–870 None 85
Phosphorus (mg) 700 1350–20,050 None 1700

NR, not reported; PNV, prenatal vitamins; RDI, recommended daily intake. 
aDefi cient without prenatal vitamins or supplement. 
bDefi cient after daily multivitamins. 
#Institute of Medicine (2009): www.iom.edu.
*Institute of Medicine (2010): www.iom.edu.

Table 2.6    Recommended dietary intakes  #  , 
usual dietary intake, and prenatal vitamins 
in lactating women 
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42 – 50   Kcal/kg (underweight), 30 – 35   Kcal/kg (over-
weight); 2500   gm calcium/day; Vitamin D 1000 IU/day; 
and Vitamin C 1000 mg/day. The nutritional recommen-
dations for 3 +  fetal pregnancies are speculation, perhaps 
an additional 10% per fetus  [43] .   

Nutritional interventions

 Nutritional intervention beyond prenatal multivitamins is 
not needed for most pregnant or lactating women who live 
in the United States. The critical issue is to identify the 
extremes in amounts: dietary restriction, nonfood competi-
tion (pica) or excess metabolic needs (see Table  2.2 , Fig.  2.4 ). 
It must be remembered that nutritional supplementation 
most often uses mixed foods (nutritional drink supplying 
energy, protein, and micronutriments). Mixed food sup-
plementation obscures the benefi t of a specifi c nutriment. 
The following section provides a summary of the data 
concerning interventions related to nutriments. 

Multivitamins
 Prenatal multivitamins with at least 400    μ g of folic acid 
are recommended for pregnant women in the United 
States. In developing countries, the use of multiple micro-
nutriment supplements (prenatal vitamins) has been 
compared to supplements containing only folic acid and 
iron, with random assignment of treatment groups  [44,45] . 
The results suggest an increase in birthweight of 50 – 100   g, 
less than the reduced birthweight with each pack of ciga-
rettes smoked. Each pack of cigarettes smoked reduces 
birthweight by 100 – 150   g. The effect on other adverse out-
comes, i.e. SGA neonates, prematurity, perinatal mortal-
ity, is less consistent and less clear. A more recent 
meta - analysis suggests benefi ts in undernourished popu-
lations: low birthweight (RR 0.83, 95% CI 0.71 – 0.91), SGA 
(RR 0.92, 95% CI 0.86 – 0.99), and anemia (RR 0.6, 95% 
CI 0.52 – 0.71) when used in populations of developing 

gestational weight gains retain about 1   kg (2.2 lb) postpar-
tum, African - American women tend to retain more 
weight postpartum regardless of the prepregnancy BMI 
or prenatal weight gain  [12,41,42] . African - American 
women with a normal prepregnancy BMI were twice as 
likely to retain more than 20 lb than were white women 
of the same build. Women with high weight gain tend to 
retain more weight. Researchers have reported that reten-
tion of more than 2.5   kg (5.5 lb) between the fi rst and 
second pregnancy was associated with higher weight 
gain in the last half of pregnancy, 10 – 20   kg (22 – 26 lb)  [12] . 
In the 1959 to 1965 Collaborative Perinatal Project, women 
who gained 16.4 – 18.2   kg (36 – 40 lb) or gained more than 
18.2   kg (more than 40 lb) retained 5   kg (10.9 lb) and 8.0   kg 
(17.7 lb), respectively. The years when the latter two 
studies were performed suggest caution in the interpreta-
tion of the data. In 2011, more women gain high amounts 
of weight during pregnancy; the incidence of excessive 
weight retention must be higher.  

Multifetal pregnancy
 Multifetal pregnancy would be expected to increase the 
nutritional demand for the mother. Unfortunately, the 
confounders found in singleton pregnancies are more 
pronounced in multifetal pregnancy, and the nutritional 
component of adverse pregnancy outcomes is much 
harder to delineate. Multifetal pregnancies are associated 
with higher rates of preterm birth (40 – 50%), fetal growth 
restriction (20 – 40%), more perinatal deaths (fourfold to 
sixfold), more preeclampsia, more diabetes, and more fre-
quent cesarean delivery. The analysis is complicated 
further by different fetal growth rates related to differ-
ences between like - sex and mixed - sex pregnancies or 
the differences between monozygotic and heterozygotic 
gestations. There has been limited study of the risks 
and concerns for weight gain in multifetal pregnancies. 
Goodnight et al  diet recommendations include the follow-
ing for twin pregnancies: 40 – 45   Kcal/kg (normal weight), 

Underweight Normal weight Overweight Obese

Number 29,317 442,885 137,388 19,987
Preeclampsia 0.6% 0.88% 1.7% 4.9%
Gestational diabetes 0.6% 0.92% 2.3% 4.5%
Nonelective cesarean 9.3 % 10,6% 11.6% 14.3%
SGA 12.1% 8.4% 8.3% 7.3%
LGA 3.9% 7.1% 9.4% 13.9%
Preterm birth 5.2% 5.3% 8.1% 8.6%
Stillbirth 0.14% 0.16% 0.34% 0.51%
Early neonatal death 0.6% 0.04% 0.04% 0.21%

LGA, large for gestational age; SGA, small for gestational age. 
Adapted from Beyerlein et al [39].

Table 2.7    The prevalence of adverse 
pregnancy outcomes associated with 
meeting Institute of Medicine targets 
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of 250   mg. Blood loss at cesarean delivery is twofold to 
threefold higher than blood loss after a vaginal delivery 
without an episiotomy, an important consideration as 
32% of American women have cesarean births. As a fully 
lactating woman less than 6 months after delivery is 
usually not menstruating, her needs are considerably 
lower, at 0.3   mg/day (men require 0.9   mg/day). 

 Luckily, 80% of American women receive daily prenatal 
multivitamins that contain 30 – 60   mg of iron, and iron 
absorption is doubled or tripled among pregnant women 
as opposed to nonpregnant women  [52] . The absorption 
of iron is affected by many factors. The type of iron sup-
plement is important; the absorption of iron sulfate is 
20%, iron gluconate 12%, and iron fumarate 32%. Meat 
sources of iron absorb better than do plant sources (whole 
grains, legumes) by interaction with phytates, tannins, 
polyphenols, and plant calcium and phosphate moieties. 
Between- meal dosing will maximize the absorption of 
therapeutic iron because of the reduced number of 
binding compounds in the gastrointestinal tract. There 
appears to be a threshold for iron absorption; once the 
dose is increased to above 120   mg/day, the percentage 
absorption falls and the incidence of side - effects increases 
 [53 – 55] . Orange juice or vitamin C (more than 200   mg) 
taken with the iron supplement will increase absorption 
twofold. On the other hand, excessive coffee or tea reduces 
iron absorption by one half. 

 The prevalence of iron defi ciency anemia among non-
pregnant women of child - bearing age was examined in 
the Second National Health and Nutrition Survey (1978 –
 80) (NHANES2)  [56] . The diagnosis of iron defi ciency 
anemia was based on criteria defi ned by a mean corpus-
cular volume (MCV), iron/total iron binding capacity, 
and erythropoietin (EP) evaluation. The overall baseline 
incidence of iron defi ciency anemia was 2% in middle -  to 
upper - class non - Hispanic white women. The risk of iron 
defi ciency anemia appears to be greater among the poor 
(7.8%), those with less than 12 years of education (13.2%), 
Mexican- Americans (11.2%), African - Americans (5.0%), 
and adolescents (4.9%), and in women who have given 
birth to three or four children (11.5%). Multiple preg-
nancy, maternal bowel disease, chronic infection (tuber-
culosis, human immunodefi ciency virus), chronic aspirin 
use (0.2 – 2.0   mg iron loss/day), and persistent vaginal or 
rectal bleeding (second -  and third - trimester bleeding, pla-
centa previa, hemorrhoids) will increase the likelihood of 
anemia. In these populations prophylactic iron therapy 
(30   mg/day) is warranted. 

 Clinically, the diagnosis is based on the laboratory fi nd-
ings of anemia with hemoglobin below 10.5   g/dL, a low 
MCV, and a serum ferritin level below 12    μ g/dL. Most 
studies using random assignment of subjects demon-
strated that daily doses from 30 – 120   mg are equally effec-
tive in raising the hemoglobin 0.4 – 1.7   g/dL by 35 – 40 
weeks ’  gestation  [12] . The latest metaanalysis (2007) 

countries  [45] . In developed countries there appears to be 
a reduction in birth defects (other than neural tube 
defects) with the use of multivitamins (RR 0.53 – 0.84)  [46] . 
The use of prenatal vitamins in developed countries has 
not been shown to reduce adverse pregnancy outcomes 
or increase birthweight. 

Energy and protein supplementation
 Multiple comparative trials have addressed undernour-
ished (less than 1500   kcal/day) populations in developing 
countries. When energy (200 – 800   kcal) and protein (40 –
 60   g) are supplemented in undernourished women, there 
is a consistent increase in birthweight (100 – 400   g) and 
maternal weight gain (0.8 – 0.9   kg/month). Improvement 
in infant outcome is less clear; some studies showed a 
reduction in low birthweight and preterm birth, whereas 
others did not  [12] . Among undernourished pregnant 
Gambian women, prenatal energy, protein, and micronu-
triment supplementation resulted in a decrease in the 
incidence of low birthweight from 23% in the control to 
7.5% in the supplemented population  [12] . 

 In developing and industrialized countries where the 
nutrition is better (1600 – 2100   kcal/day), mixed food sup-
plementation does not result in signifi cant maternal 
weight gain or increases in birthweight. Few studies have 
demonstrated differences in perinatal outcomes between 
supplemented and unsupplemented pregnant women if 
their intake exceeds 2100 – 2300   kcal/day. These observa-
tions are supported by a systematic review of randomized 
trials  [47,48] .  

Iron supplementation
 Worldwide, iron defi ciency anemia complicates the lives 
of nonpregnant (35%) and pregnant (51%) women. 
Among nonpregnant (2%) and pregnant (5 – 10%) women, 
industrialized countries have much lower incidences of 
iron defi ciency anemia when defi ned by a low serum fer-
ritin concentration (less than 12    μ g/L) and a hemoglobin 
below 11.0, 10.5, and 11.0   g/dL in the fi rst, second, and 
third trimesters, respectively (CDC defi nition). Adverse 
pregnancy outcomes, such as low birthweight, preterm 
birth, and increased perinatal mortality, are associated 
with a hemoglobin below 10.4   g/dL before 24 weeks of 
gestation  [49 – 51] . Both the latter study and the National 
Collaborative Perinatal Project  [12]  demonstrated a 
U - shaped curve when adverse pregnancy outcomes are 
plotted against hemoglobin concentration. The incidence 
of poor outcome rises progressively when the hemo-
globin falls below 10.4   g/dL or rises above 13.2   g/dL. 

 The pregnant woman has an additional need for 
absorbed, elemental iron (3.0   mg/day) above that of a 
nonpregnant reproductive - age woman (1.3   mg/day). Her 
extra needs arise from the 350   mg needed for fetal/
placental growth, 250   mg for blood loss at delivery, 450   mg 
for increases in maternal red cell mass, and a baseline loss 
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supplemental calcium. The discrepancy between the 
studies is likely to be related to patient selection and the 
handling of the analysis when compliance is an issue. A 
more recent metaanalysis has been more optimistic: 
calcium supplementation greater than 1   g/day resulted in 
a reduction in preeclampsia (RR 0.45, 95% CI 0.31 – 0.67), 
preterm birth (RR 0.76, 95% CI 0.6 – 0.9), and a composite 
of maternal death or serious morbidity (RR 0.8, 95% CI 
0.65 – 0.97)  [64] . 

 Similarly, there does not seem to be a benefi t from 
reduced salt diet in the prevention of preeclampsia  [65,66] . 

 At this point, there is no support for the routine sup-
plementation of calcium (2000   mg/day) for all pregnant 
women. Pregnant women who have a diet defi cient in 
calcium (less than 600   mg/day), prepregnancy hyperten-
sion, calcium - losing renal disease, a strong family or per-
sonal history of preeclampsia, or chronic use of certain 
medications (heparin, steroids) may benefi t with little risk 
of toxicity from daily supplemental calcium (2000   mg of 
elemental calcium or 5000   mg of calcium carbonate). 
Young women (less than 25 years old) and those with 
mild dietary calcium defi ciency (600 – 1200   mg/day) may 
be treated by extra servings of dairy products  –  8o z of 
milk or 1 oz of hard cheese, which supplies 300   mg of 
calcium per serving, or supplemental calcium, 600   mg 
(carbonate).

 Calcium metabolism is more complex than the simple 
precepts outlined earlier indicated  [67] . PTH is associated 
with increased calcium absorption from the intestine and 
increased bone absorption; a high level in late pregnancy 
would be expected. Unexpectedly, the biologically active 
form of PTH is associated with a 40% decrease during 
pregnancy. Calcitonin acts as a biologic balance to PTH, 
and as serum calcium levels are maintained within a tight 
range, higher levels of calcitonin would be expected. The 
studies that evaluated calcitonin levels during pregnancy 
had inconsistent results.  

Magnesium
 Magnesium is essential for the release of PTH from the 
parathyroid and the action of PTH on the intestines, 
bones, and kidneys. The fetus absorbs 6   mg of magnesium 
each day. Maternal magnesium levels remain constant 
during pregnancy despite inadequate intake (see Table 
 2.5 ). On the other hand, Spatling and Spatling performed 
a double - blind, placebo - controlled trial in which preg-
nant women (at less than 16 weeks) were assigned ran-
domly to receive magnesium supplementation (360   mg/
day) or placebo  [68] . Of patients who reported compli-
ance, the magnesium supplement group had 30% fewer 
hospitalizations, 50% fewer preterm births, and 25% more 
perinatal hemorrhages compared to the placebo supple-
ment women. The outcomes were not analyzed on an 
intention- to - treat basis. A recent metaanalysis suggests 
that magnesium supplementation (350 – 450   mg/day) 

demonstrated that routine iron supplementation reduced 
anemia at delivery (RR 0.38, 95% CI 0.26 – 0.55)  [57] . 
Unfortunately, the data on improvement in the incidence 
of adverse pregnancy outcomes are either not reported or 
obscured by small sample sizes  [58] .  

Calcium
 Approximately 99% of calcium and magnesium in preg-
nant women and their fetuses or infants is located in 
their bones and teeth. Pregnancy and lactation are associ-
ated with increased bone turnover in order to meet fetal 
or infant needs for calcium (50   mg/day at 20 weeks, 
330   mg/day at 35 weeks, and 300   mg/day during lacta-
tion) and increased urinary excretion of calcium (200   mg/
day). The fetus actively transports calcium, and fetal 
levels are higher than maternal calcium levels. The total 
fetal accretion of calcium is 30   g. The body maintains the 
serum ionized calcium level within a tight range (4.4 –
 5.2   mg/dL) and if dietary defi ciencies occur, maternal 
bone will supply its calcium to the fetus. While bone 
turnover is high in pregnant or lactating women, meas-
ures of net bone loss during pregnancy and lactation 
among women in developed countries are inconsistent 
(24% to 12%)  [12] . One explanation for the varied results 
is increased absorption of dietary calcium related to 
pregnancy or lactation. Increased absorption is corre-
lated with the highest fetal needs (nonpregnant, 27%; 
5 – 6 months, 54%; and at term, 42%)  [12] . Increased 
absorption is in part due to progressive increases in 
1,25 - dihydroxycholecalciferol (the active moiety of 
vitamin D). On the other hand, a diet high in plant 
phytates, phosphoric acid (carbonated sodas), aluminum -
 based antacids or over - the - counter medications contain-
ing bismuth reduces calcium absorption. 

 Increased calcium is associated with smooth muscle 
relaxation, and parathyroid hormone (PTH) has a stimu-
latory effect on angiotensin II - mediated secretion of 
aldosterone. Animal and human studies demonstrated a 
consistent reduction in blood pressure in nonpregnant 
animals or humans when their dietary calcium is 
increased. Hypocalciuria is a useful diagnostic tool in the 
differentiation of preeclampsia from other forms of hyper-
tension in pregnancy  [59] . These observations have led to 
controlled, clinical trials to test the hypothesis that calcium 
supplements during pregnancy reduce the incidence of 
pregnancy - induced hypertension (and perhaps preterm 
birth)  [60 – 64] . In these studies, pregnant women were 
randomly assigned to receive 1500 – 2000   mg daily of 
calcium or no calcium. The effect on the incidence of 
pregnancy - induced hypertension has been mixed. The 
studies that reported a benefi t demonstrated a dose –
 response effect and a reduction of vascular sensitivity to 
angiotensin II injection. There seemed to be a trend 
toward a reduction in the incidence of preterm birth. At 
least two other studies did not demonstrate a benefi t from 
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 Folate defi ciency works with multiple factors to cause 
birth defects  [71] . Genetic factors appear to be a strong 
co- factor. The population rates of neural tube defects 
vary considerably: 1 per 1000 births in the United States, 
6 per 1000 births in Ireland, and 10 per 1000 births in 
northern China. Women with a previous child with a 
neural tube defect have a 1.6 – 6.0% risk of recurrent 
neural tube defects. The level of risk is predicted by the 
frequency of occurrence of neural tube defects in the 
immediate family. Environmental exposures seem to be 
an additional co - factor. Preconceptual diabetes or fi rst -
 trimester hyperglycemia is associated with a multiple -
 fold increase in the incidence of neural tube defects. 
Drugs such as valproic acid, carbamazepine, folate antag-
onists, and thalidomide are associated with a 1 – 4% risk 
of neural tube defects. 

 Folate is an essential nutriment for humans, as we 
cannot manufacture folates and must rely on dietary 
intake and absorption. Folates are present in leafy green 
vegetables, fruit, fortifi ed breads and cereals, egg yolks, 
and yeast. Many multivitamins and fortifi ed cereals 
contain 350 – 400   mg of folate. Prescription prenatal multi-
vitamins contain 0.8 – 1.0   mg of folic acid. Eighty percent 
of folate intake in the United States is derived from poly-
glutamate forms of folate. The absorption of polygluta-
mate forms is about 60%; the absorption of monoglutamate 
forms is about 90%. Multivitamins contain the monogluta-
mate forms. 

 The recommended dietary allowance (RDA) of folate 
is 3   g per kilogram of bodyweight for nonpregnant and 
nonlactating women. Given a 60 – 70% absorption rate 
from their diet, pregnant women should acquire an extra 
0.4   mg in their daily diet. Lactating women need an extra 
0.2   mg/day. The average daily intake of folate in the 
United States is 0.20 – 0.25   mg despite the fact that 20% of 
American women consume multivitamins containing 
0.36   mg or more of folic acid. Dietary defi ciency of folic 
acid is a major public health issue. Public and individual 
interventions to increase folate intake raise awareness 
(62 – 72%), knowledge (21 – 45%), and consumption (14 –
 23%)  [72] . 

 There is a progressive pattern of the pathophysiology 
of folate defi ciency with increasing duration and intensity 
of folate defi ciency. At 3 weeks, low serum folate levels 
(below 3   ng/mL) are manifest. At 5 weeks, neutrophils 
develop hypersegmentation (more than 3.5 lobes). At 7 
weeks, the bone marrow demonstrates megaloblastic 
changes. At 17 weeks, the erythrocyte folate level is low 
(below 140   ng/mL). At 20 weeks, a generalized megalob-
lastic anemia (MCV above 105) is present. 

 Most interventions with folic acid have focused on the 
prevention of neural tube defects. In women with a previ-
ous history of a child with a neural tube defect, numerous 
studies involving randomized assignment demonstrated 
a 75% reduction in the frequency of recurrent neural tube 

reduces preterm birth (RR 0.73, 95% CI 0.57 – 0.93), SGA 
(RR 0.70, 95% CI 0.53 – 0.93), and postpartum hemorrhage 
(RR 0.38, 95% CI 0.16 – 0.9)  [69] .  

Vitamin D
 Vitamin D is critical in the absorption, distribution, and 
storage of calcium. Sunlight is the major source of vitamin 
D, 1,25 - hydroxycholecalciferol. Sunlight (ultraviolet light) 
converts 7 - dehydroxycalciferol within the skin to vitamin 
D. Vitamin D is converted to 25 - hydroxycholecalciferol 
(marker for adequate vitamin D) in the liver and 
subsequently to 1,25 - hydroxycholecalciferol (active form) 
in the kidney. In latitudes higher than 40 °  North, 
especially where clouds obscure sunlight during the 
winter, the conversion of 7 - dehydroxycholecalciferol to 
1,25 - hydroxycholecalciferol is insuffi cient to maintain 
adequate levels of vitamin D. For example, the serum 
levels of 25 - hydroxycholecalciferol vary considerably 
between fall and spring: from 25   ng/dL in the fall to 
17   ng/dL in the spring in England; from 18   ng/dL in the 
fall to 11   ng/dL in the spring in Finland. While few cases 
of vitamin D defi ciency (less than 5   mg/dL) are encoun-
tered in England or the US, Finland records an incidence 
of 47% in the spring and 33% in the fall  [12] . 

 Relatively few foods are good sources of vitamin D. 
Vitamin D - fortifi ed milk is the major dietary source in the 
United States. Eight ounces of fortifi ed milk contains 
about 150 IU of vitamin D and 120 IU of vitamin A. 
Although vitamin D defi ciency is very rare in the United 
States because of its latitude, propensity toward more 
exposure of bare skin, and the almost uniform vitamin D 
fortifi cation of milk, selected populations may be at risk 
for low 25 - hydroxycholecalciferol levels. These popula-
tions include culturally prescribed full clothing, the 
home- bound, or institutionalized patients who cannot 
(lactose intolerant) or will not drink milk. In these popula-
tions, intervention with vitamin D supplementation (600 
IU/day) may be benefi cial. No controlled trials have 
used vitamin D to correct a defi ciency and subsequently 
demonstrate a change in its physiologic actions. In 
summary, uniform vitamin D supplementation is not 
recommended  [70] .  

Folate
 Folate participates in many bodily processes, especially 
rapidly growing tissue. It functions as a co - enzyme in the 
transfer of single carbon units from one compound to 
another. This step is essential to the synthesis of nucleic 
acids and the metabolism of amino acids. As the mother 
and fetus are rapidly developing new tissue, perturbation 
in folate intake might be expected to result in adverse 
pregnancy outcomes. In the last 10 years a clear and con-
sistent relationship between low folate intake and fetal 
neural tube defects and, possibly, cleft lip and palate has 
been identifi ed. 
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clinical defi ciency states and many of the important out-
comes (preterm birth, perinatal mortality, fetal growth 
restriction) have other predictors to obscure the relation-
ship between nutrition and adverse pregnancy outcomes. 
Despite the latter observations, nutriments whose sup-
plementation may benefi t defi ciency states include zinc, 
selenium, chromium (diabetes), fl uoride, magnesium, 
vitamin A (less than 5000 retinol equivalent [RE]), vitamin 
B6 , and vitamin C.  

Vitamin toxicity
 The clinician is occasionally confronted with a woman 
who is taking unorthodox amounts of vitamins or miner-
als. Many of the data on toxic risk are based on animal 
studies and anecdotal cases, especially those concerning 
the ingestion of more obscure vitamins and minerals. The 
tragedy of thalidomide, fetal anomalies, and the lack of 
animal toxicity should caution interpretation of results of 
animal studies. Luckily, most water - soluble vitamins 
appear relatively safe for the mother and fetus; excess 
intake is readily excreted in the urine. Vitamin C taken in 
an amount greater than 6 – 8   g/day may cause loose stool. 
Vitamin B 6  intake greater than 500   mg/day is associated 
with a reversible peripheral neuropathy. Maternal or fetal 
toxicity has not been identifi ed with the other water -
 soluble vitamins. 

 Toxicity is more of an issue with excess intake of fat -
 soluble vitamins. Vitamin A (retinol forms) is associated 
with a dose - dependent increase in fetal defects: hydro-
cephalus, microcephalus, and cardiac lesions. The risk of 
defects seems to be related to the retinol/retinyl ester 
forms of vitamin A. Carotenoid forms do not seem to 
have the same risks. The threshold intake where risk 
appears excessive has not been defi ned, but at doses 
lower than 10,000 RE of retinoid forms, the incidence of 
fetal abnormality is no greater than the baseline risk; with 
doses higher than 25,000 RE the risk of defects clearly 
exceeds the baseline risk. Huge doses (above 15   mg or 
600,000 IU) of vitamin D have been associated with a 
variable degree of toxic symptoms (soft tissue calcifi ca-
tion). Excess vitamin E or vitamin K use has not been 
associated consistently with adverse outcome for the 
mother or fetus. 

 Toxicity associated with excess mineral intake is associ-
ated with primarily maternal symptoms. Iron intake at 
more than 200   mg/day is associated with gastrointestinal 
symptoms (heartburn, nausea, abdominal pain, constipa-
tion) in a dose - dependent fashion (placebo 13%; 200   mg 
25%; 400   mg 40%)  [54] . Magnesium sulfate at more than 
3   g/day is associated with catharsis and reduced iron 
absorption. Iodine excess is associated with goiter and 
hyperthyroidism. Selenium at more than 30   mg/day 
results in nausea, vomiting, fatigue, and nail changes. 
Molybdenum interferes with calcium absorption. Zinc 
intake at more than 45   mg/day has associated with 

defects when 4 – 5   mg of folic acid was taken daily for 1 – 2 
months preconceptually and through the fi rst trimester 
 [12,73 – 75] . The most recent metaanalysis suggests that 
folate supplementation reduces neural tube and other 
birth defects by 72% (RR 0.28, 95% CI 0.15 – 0.52)  [75] . The 
current standard of care requires documentation that the 
benefi ts of folic acid supplementation in preventing 
recurrent neural tube defects have been explained and 
that the supplement has been prescribed to the patient. 
The recommendation is to supplement with 4   mg of folic 
acid daily from 1 to 3 months preconceptually and 
through the fi rst trimester. 

 More recently, daily multivitamins that contain 0.4 –
 0.8   mg of folic acid have been shown to decrease the inci-
dence of neural tube defects in low - risk women (no 
previous pregnancy or family history of neural tube 
defects). One study randomly assigned women to receive 
either a placebo plus trace elements or a multivitamin that 
contained 0.8   mg of folic acid  [73,74] . Of 2104 women who 
received folic acid, no neural tube defects occurred and 
in 2065 women who received the placebo, six pregnancies 
were complicated by neural tube defects (P  < 0.029).
Women who are at mild risk (distant family history of 
neural tube defect, inadequate intake, multiple pregnancy 
[undergoing assisted reproductive technology]) and who 
are attempting pregnancy should have documentation of 
adequate dietary folate consumption or daily prescription 
multivitamins that contain at least 0.8   mg of folic acid 
from 1 to 3 months preconceptually through the fi rst 
trimester.  

Antioxidants and marine oils
 Recently, antioxidant supplements, vitamin E, vitamin C 
and 3 - N fatty acids (marine oils), have been suggested to 
decrease adverse pregnancy outcomes such as preec-
lampsia and preterm birth. However, a limited number of 
trials have not demonstrated a benefi t from vitamin C or 
E in reducing preterm birth, preeclampsia, SGA neonates 
or perinatal mortality  [76 – 78] . Supplemental marine oils 
and other prostaglandin precursors may have more 
benefi t. One study suggested a reduction in preterm birth 
(RR 0.69, 95% CI 0.49 – 0.99)  [79] . Other studies suggested 
better neurodevelopmental outcome in exposed children 
 [80] . However, it is too early to recommend routine sup-
plementation with marine oils for all pregnancies; much 
more study is required.  

Other nutriments
 The benefi ts of supplementing other specifi c nutriments 
in pregnant women have not been confi rmed by blinded, 
placebo- controlled trials with random assignment of sub-
jects, or the studies that do exist have major methodologi-
cal weaknesses such as selection bias or inadequate 
sample size. An additional problem is outcome defi nition. 
Low maternal nutriment levels are very different from 
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 In the fully breast - fed infant, the volume of breast milk 
consumed determines the amount of energy, protein, vita-
mins, and minerals obtained by the infant. Therefore, a 
review of the factors that can affect breast milk volume is 
appropriate. Less than 5% of women have anatomic limits 
for adequate volumes of breast milk. These include con-
genital hypoplasia (small, tubular shape), cosmetic breast 
surgery (reduction or augmentation), severe nipple inver-
sion, and periareolar breast surgery. Pain (nipple trauma, 
injections), stress, and maternal insecurity inhibit the 
release of oxytocin and contraction of the myoepithelial 
cells surrounding the breast acini (interference with the 
letdown refl ex). Some medications (bromocryptine, 
ergotrate/methergine, combination birth control pills, or 
testosterone analogs) can reduce milk volume. 

 Analysis of levels of maternal energy intake and the 
volume of breast milk reveals little risk for American 
women. Women who are below standards for BMI and 
who consume fewer than 1500   kcal/day preconceptually, 
during pregnancy, and during lactation (severely disad-
vantaged in developing countries) show little (less than 
60   mL) difference in milk volume  [83,84] . Nutritional sup-
plementation studies in undernourished populations did 
not demonstrate an increase in milk volume. In devel-
oped countries, where the energy intake is at much higher 
levels, no reduction of milk volume is demonstrated. 
Short- term reduction in calorie intake (19 – 32%) in well -
 nourished lactating women did not reduce milk volume 
in those who restricted their intake to no less than 
1500   kcal/day. In women who restricted their intake to 
less than 1500   kcal/day, the milk volume was reduced 
by 109   mL  [84] . Gradual weight loss (2   kg/month) is asso-
ciated with normal milk volumes. Regular postpartum 
exercise, which increases oxygen consumption by 25%, 
has no effect on breast milk volume  [83,84] .  

Dietary recommendations for 
pregnancy and lactation

 In 1990 the Institute of Medicine, after an exhaustive 
review of the literature, published its recommendations: 
Nutrition During Pregnancy   [12]  (revised in 2006 and 2009, 
see  www.iom.edu ) and  Nutrition During Lactation   [84] . 
The recommendations support accurate measurement 
of BMI at the preconceptual (preferred) or initial visit 
(see Table  2.4 ), subsequent measurement of weight at 
each prenatal and postpartum visit, standardized assess-
ment of maternal diet (see Fig.  2.4 ), assessment of nutri-
tional risk factors, patient education, and nutritional 
intervention.

 One key component is different target levels of weight 
gain based on the mother ’ s prepregnancy BMI. Table  2.4  
describes the recommendations. Of equal importance, the 
amount and quality of the woman ’ s diet should be 

preterm delivery and reduced iron and copper absorp-
tion. Fluoride at doses higher than 2   mg/L (fl uoridated 
water plus supplemental fl uoride) is associated with 
dental fl uorosis of the primary teeth in the fetus.   

Lactation

 Breastfeeding and breast milk are unique gifts for 
the mother and newborn. Breast milk has nutritional 
qualities far superior to formula  [81] . Formulas do 
not contain important enzymes and hormones to aid 
digestion, active or passive immunoglobulins, activated 
immune cells or antibacterial compounds (lactoferrin). 
Breast milk promotes growth of nonpathogenic bacterial 
fl ora in the infant ’ s intestine, i.e .Bifi dobacterium  spp. 
Formula contains inappropriate fatty acid and lactose 
concentrations for optimal brain growth, and incon-
sistent amounts of essential vitamins and other 
micronutriments. 

 The unique qualities of breastfeeding and breast milk 
provide many benefi ts for the mother and infant. For the 
mother, the benefi ts include signifi cant contraception and 
child spacing (lactational amenorrhea method), better 
mother– infant bonding, less cost for nutrition and equip-
ment, fewer healthcare costs for the infant, less loss of 
work time and income to care for sick children, less post-
partum retention of weight, and reduction in the risk of 
breast cancer. For the infant, the benefi ts include fewer 
deaths from infection, less morbidity from respiratory 
and gastrointestinal infections, appropriate growth pat-
terns, less childhood obesity, less childhood cancer, better 
social interaction, higher intelligence, better orofacial 
development, and protection from allergies. 

 The documented benefi ts of breastfeeding and breast 
milk have prompted the World Health Organization 
(WHO), the US Surgeon General, and the American 
Academy of Pediatrics (AAP)  [82]  to recommend breast-
feeding rather than formula feeding. The nutritional qual-
ities of breast milk are suffi cient for infant growth until 6 
months, after which gradual introduction of food is 
appropriate. The AAP recommends breastfeeding for at 
least 12 months. 

 As breast milk is manufactured and secreted by the 
human breast, the nutritional quality and composition are 
remarkably constant regardless of the tremendous varia-
tion in maternal diet. The volume (700 – 1000   mL/day) of 
breast milk produced for the infant determines the moth-
er ’ s nutritional needs during lactation. If the fully lactat-
ing woman has an average diet and takes one prenatal 
multivitamin daily (see Table  2.6 ), her daily requirements 
for lactation are satisfi ed, except for magnesium and 
iodine. The defi ciency in magnesium and iodine is not 
manifested by a variation in breast milk concentration. 
The infant is not at risk for defi ciency.   
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Conclusion

 Maternal nutrition plays an essential role in the health 
and well - being of the fetus and newborn. The single best 
evidence of adequate nutrition is appropriate weight gain 
for the woman ’ s prepregnancy BMI: 28 – 40 lb for under-
weight, 25 – 35 lb for normal weight, 15 – 25 lb for over-
weight, and 11 – 20 lb for obese women. Dynamic weight 
gain charts and food intake surveys are clinically practical 
to allow intervention prior to term. 

 The average American woman who takes her pre-
scribed prenatal vitamins consumes enough energy, 
protein, vitamins, and minerals (except for calcium) to 
prevent major adverse outcomes related to nutrition. 
Calcium defi ciency is corrected easily by consuming 
an additional portion of dairy products each day. 
Unfortunately, many women gain much more than the 
recommended weight. Excessive nutrition can result in 
fetal macrosomia and postpartum weight retention. 
Postpartum weight retention plays a key role in the 
obesity of adult women. As a result, obese women are at 
greater risk for future obstetric complications, adult - onset 
diabetes, hypertension, atherosclerotic vascular disease, 
and early death. 

 Despite numerous dietary/nutritional interventions, 
relatively few have been shown to be helpful in ade-
quately controlled and powered trials. The benefi cial 
inventions include the following.
    •      Multiple micronutriments and protein/calorie supple-
ments appear to be helpful in severely undernourished 
women who become pregnant, i.e. in developing 
countries.
   •      Folic acid supplementation of at least 0.4 – 0.8   mg daily 
reduces the incidence of neural tube defects in low - risk 
populations. Supplemental folic acid, 4 – 5   mg/daily, 
reduces the incidence of neural tube defects in high - risk 
populations.
   •      Modest iron supplementation (30   mg of elemental 
iron daily) reduces the incidence of anemia during pre-
gnancy. The effect of iron supplementation on adverse 
pregnancy outcomes in the average American woman is 
less clear.  
   •      Calcium  >    1   g/d may reduce the incidence of hyperten-
sive diseases in pregnancy.  
   •      Marine fi sh oils may reduce adverse pregnancy out-
comes but have not been  “ proven ”  by trials with rand-
omized assignment to an intervention or placebo and 
suffi cient numbers to assure true clinical relevance.    
 Many other individual nutriments have great theoretical 
benefi t; however, the data are mixed as to their benefi t in 
low - risk patients from industrialized countries. 

 The publications of the Institute of Medicine,  Nutrition
During Pregnancy   [12]  and  Nutrition During Lactation   [84] , 
and the Institute of Medicine website,  www.iom.edu , rep-
resent a unique resource and guide for the obstetric care 

assessed in a standardized fashion (see Fig.  2.4 ). A good 
daily diet will contain seven 1 oz servings of protein - rich 
foods (meat, poultry, fi sh, eggs, legumes, nuts), three 8 oz 
servings of milk or an equivalent amount of other dairy 
products, six or more servings of grain products (each 
serving one slice of bread, 1 oz of dry cereal, half a 
cup of cooked pasta, hot cereal or rice), and six or more 
servings of fruits and vegetables (each serving half a 
cup of cooked, one cup of raw, 6 oz of juice). Pregnant 
women younger than 24 years should consume one extra 
serving of dairy products daily  [12,84] . This diet, when 
taken with one tablet of a prenatal multivitamin daily, 
will supply 2500 – 2700   kcal of energy per day and 1.3 – 1.5   g 
of protein per day as well as suffi cient vitamins and 
minerals.

 Once baseline information has been documented, the 
provider should counsel and educate the patient, con-
tinue accurate documentation of weight change, and 
intervene if necessary. Counseling and education involve 
setting a target goal (see Table  2.4 ) of weight gain for 
prepregnancy BMI. Intervention (except for routine pre-
natal vitamins) is based on the presence of nutritional risk 
factors or abnormal weight gain patterns. 

 The 1990 recommendations of the Institute of Medicine 
were evaluated using the Pregnancy Nutrition Surveillance 
System  [85] . This analysis was limited to women who 
delivered live - born, singleton infants between 37 and 41 
weeks ’  gestation. According to women, infant, children 
(WIC) clinic data, less than 32% of subjects had missing 
data concerning BMI, weight gain, birthweight or gesta-
tional age at delivery. The analysis included 220,170 
women. Only 35% of non - Hispanic white women, 33.2% 
of non - Hispanic black women, and 36.4% of Hispanic -
 only women gained weight within the Institute ’ s target 
range. Across the races, about 23% gained more than 10 
lb above the Institute ’ s recommendation. Overweight 
(38%) and obese (27.5%) women gained in excess of 10 lb 
above the recommendations; these are signifi cant differ-
ences from the percentage deviation seen in underweight 
(11%) and normal - weight women (20%). Among under-
weight women across all races, failure to gain at least the 
Institute’ s recommended weight was associated with 
adjusted odds ratios of 1.5 – 3.2 for delivery of a term 
infant weighing less than 2500   g. Excessive weight gain 
was associated with a signifi cant decrease in the incidence 
of term SGA infants. Weight gain in excess of 10 lb greater 
than the recommendations was associated with signifi -
cant adjusted odds ratios (2.2 – 10.8) for a birthweight 
higher than 4500   g regardless of race. These data generally 
support the Institute ’ s 1990 recommendations for weight 
gain based on prepregnancy BMI. The strong associations 
with adverse outcome, fetal growth restriction, and mac-
rosomia, coupled with the frequency of excessive weight 
gain, predict the challenges of nutritional counseling in 
the 21st century.  
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gain based on prepregnancy BMI, and ongoing assess-
ment of weight gain during pregnancy are standards for 
preventative or therapeutic intervention.    

provider. The assessment of maternal risk for nutritional 
risk factors, accurate measurement of weight and BMI, 
evaluation of current diet, establishment of target weight 

    A 24 - year - old gravida 1, para 1 is seen at a family plan-
ning offi ce visit 2 years after the birth of her healthy child. 
She wants to stop her birth control pills and become preg-
nant again. Her second cousin has recently delivered a 
child with spina bifi da. Your patient wishes to know what 
she can do to prevent the lesion in her fetus. Your evalu-
ation is a good dietary history, especially for folic acid 
intake, and ascertainment of any additional environmen-
tal, genetic, familial or medical risk factors for develop-
mental lesions, including neural tube defects. If her other 
risk factors are absent, her risk remains slightly increased 
for neural tube defect in her fetus. No example stands out 
more clearly than the recognition and intervention related 

to folic acid defi ciency and neural tube defects. The pre-
conceptual and fi rst - trimester intake of more than 0.4   mg 
of folic acid prevents three - fourths of devastating neural 
tube defects. In counseling your patient about her slightly 
increased risk for neural tube defects, she needs to be 
educated about foods containing folic acid, start daily 
prenatal vitamins with 1   mg folic acid immediately, and 
wait at least 3 months off hormonal contraception before 
attempting pregnancy. If your patient has a fi rst -  or 
second - degree relative with a neural tube defect, 4   mg 
folic acid daily in addition to prenatal vitamins would be 
recommended.  

CASE PRESENTATION 
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     Alcohol and substance abuse are most prevalent in repro-
ductive age adults. Among women aged 15 – 44, almost 
90% have used alcohol, approximately 44% have used 
marijuana, and at least 14% have used cocaine  [1] . 
Combined 2002 – 2007 national survey data show that 
past - month alcohol use among women aged 18 – 44 was 
highest for those who were not pregnant and did not have 
children living in the household (63%) but comparatively 
low for women in the fi rst trimester of pregnancy (19%), 
and even lower for those in the second (7.8%) or third 
trimester (6.2%); similar patterns were seen with mari-
juana, cigarette, and binge alcohol use  [2] . Even though 
cessation in alcohol, illicit drug use or cigarette smoking 
usually occurs during pregnancy, some women may not 
reduce or alter their patterns until pregnancy is confi rmed 
or well under way. 

 Care of alcohol -  or substance - using pregnant women is 
complex, diffi cult, and often demanding. Healthcare pro-
viders must be aware of their patient ’ s unique psycho-
logical and social needs and the related legal and ethical 
ramifi cations surrounding pregnancy.  

Screening for substance use

 Screening for alcohol or other substances should be 
undertaken on all women known to be or suspected of 
being pregnant. The goal of screening should be for public 
health purposes, not for criminal prosecution. Identifi cation 
of substance use most often depends on a history given 
voluntarily by the patient. Pregnant and postpartum 
women who use and abuse alcohol or other drugs are 
more stigmatized than nonpregnant women. They may 
therefore deny their drug habit and its potential harmful 
effects and not seek help. Young, poor women can 
be especially fearful of the medical and social welfare 
system because of their naivety or desire to hide their 
pregnancy. 

 Questions about alcohol, illicit substances, and ciga-
rette smoking should be routine at the initial prenatal 
visit. A history of past and present substance use should 
be taken in a nonjudgmental manner and by questioning 
about the frequency, amount, and time during gestation 
of a specifi c substance(s)  [3] . If alcohol is reported, you 
may then ask the following using the CAGE question-
naire:  “ Have you ever felt that you should cut down on 
your drinking? Have people annoyed you by criticizing 
your drinking? Have you ever felt guilty about your 
drinking? Have you ever needed an  “ eye - opener ”  drink 
when you get up in the morning? ”   [4] . 

 Testing for drugs or metabolites after obtaining 
informed consent is recommended among those pregnant 
women with multiple medical, obstetric, and behavior 
characteristics (Table  3.1 ). A positive screen can facilitate 
referral to a comprehensive care program or compliance 
requirements for treatment continuation. About half of 
women with positive urine drug screens deny any drug 
use  [3] . Random testing of all gravidas raises several legal 
issues, including the right to privacy, lack of probable 
cause, and admissibility of test results  [5] .   

 Urine is the preferred source for drug testing, because 
it is easily obtainable in large quantities. There are no 
national guidelines for urine screening, however. Except 
for chronic marijuana use, most substances or their 
metabolites are measurable in urine for less than 72 h and 
alcohol for less than 12 h. Therefore, substances may not 
be identifi ed unless urine specimens are tested frequently 
 [6] . In the evaluations for cocaine and opiate exposure, 
hair analysis of the mother or newborn infant is also effec-
tive  [5,7] .  

Effects on the fetus

 Virtually all chemicals cross the placenta easily because 
of their lipid solubility, low molecular weight, pKa not 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

23



www.manaraa.com

24    Part 1 Factors of High-Risk Pregnancy

screening scan at midgestation should include a search 
for common sites for anomalies such as the face, intracra-
nium, heart, abdominal wall, and urine collecting system. 

 Prenatal counseling about fetal effects from alcohol and 
substance abuse is often limited to case reports or small 
series and retrospective cohort studies  [11] . These reports 
are limited by the frequent use of multiple substances, 
predominant experience with fi rst - trimester exposure 
only, animal studies not reliably predicting human 
response, retrospective and uncontrolled methodology, 
patient recall often later during gestation, and selective 
acceptance by editors of only reports with positive fi nd-
ings. Large populations are required to determine the 
relative teratogenic risks. A fetal ultrasound is important 
to confi rm gestation dating and, if possible, to screen for 
any structured abnormalities. Maternal serum screening, 
chorionic villous sampling, amniocentesis, and fetal 
blood sampling have no role in determining direct fetal 
effects from alcohol or any other substance. 

 Ascribing a fetal disorder to alcohol or a specifi c sub-
stance is extremely diffi cult. Regular high alcohol intake 
during pregnancy (5 drinks/day) increases the risk of 
congenital anomalies. Lower intake levels and binge pat-
terns of drinking have been implicated in some studies 
with fetal death, congenital malformations, and abnor-
malities of development. Fetal alcohol syndrome (FAS), 
the only clearly defi ned syndrome of defects, may be as 
infrequent as 4% among heavy daily users  [11] . Subtle 
craniofacial anomalies cannot be reliably viewed on fetal 
ultrasound. In the case of illicit drugs, evidence is neither 
suffi cient nor consistent to identify with reasonable 
certainty which substance produced which effect and 
at what level. Furthermore, evidence to untangle the 

being high, and not being too protein bound. Unlike pre-
scription or nonprescription drugs, alcohol and sub-
stances of abuse may be intentionally or inadvertently 
taken at toxic doses. Consuming many drinks per occa-
sion (i.e. binge drinking, ≥ 5 drinks) may be more harmful 
to the developing fetus than the same amount spread 
over several days, because of higher peak blood alcohol 
content  [8] . Moreover, the impurity of most illicit drugs 
and the common practice of using multiple substances 
(including smoking) make it diffi cult to ascribe specifi c 
fetal effects and perinatal outcomes to a certain drug. 
Accurate evaluation of dosage and timing of exposure are 
encouraged but usually inaccurate. 

 Teratogenic effects on the fetus depend on the develop-
mental stage: from fertilization to implantation (abor-
tion), from second through eighth weeks (anomalies), and 
from ninth week to birth (shortened gestation, restricted 
growth, neurobehavior impairment). Maternal alcohol 
and substance use places the fetus at risk for spontaneous 
abortion, low birthweight, small head circumference, pre-
maturity, and a variety of developmental complications. 
Furthermore, alcohol consumption is the most widely rec-
ognized cause of severe mental and developmental delay 
in the baby. Table  3.2  lists effects in the human fetus/
infant from  in utero  exposure to specifi c substances. This 
list was compiled using data from two or more reports in 
humans  [9] . Although the table serves as a guideline, 
counseling about absolute risk is unreasonable. The risk 
of structural anomalies is not increased in most cases of 
substance exposure, although the background risk of 
major structural malformations at birth is 3% and another 
3% by age 5, with 8 – 10% of persons having one or more 
functional abnormalities by age 18  [10] . For this reason, a 

Table 3.1    Examples of obstetric, behavior, and medical patterns in pregnant women suggestive of alcohol and substance use disorders 

Obstetric Behavioral and personal Medical

Abruptio placentae Alcohol- or drug -abusing partner Anemia
Birth outside hospital Bizarre or inappropriate behavior Arrhythmias
Congenital anomalies Child abuse or neglect Bacterial endocarditis 
Fetal alcohol spectrum disorder Chronic unemployment Cellulitis or phlebitis 
Fetal distress Diffi culty concentrating Cerebrovascular accident 
Fetal growth restriction Domestic violence Drug overdose or endocarditis 
Neonatal abstinence syndrome Family history of substance abuse Hepatitis B and C 
Prenatal care – none, sporadic, or late prenatal care Frequent emergency department visits HIV seropositivity 
Preterm labor and delivery Incarceration Lymphedema
Preterm rupture of the membranes Noncompliance with appointments Myocardial ischemia or infarction 
Spontaneous abortion Poor historian Pancreatitis
Stillbirth Prostitution Poor dental hygiene 
Sudden infant death syndrome Psychiatric history (depression, anxiety, 

posttraumatic stress) 
Poor nutritional status 

Restless, agitation, demanding Septicemia
Slurred speech or staggering gait Sexually transmitted infections 

Tuberculosis
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Table 3.2    Impact of  in utero  exposure of specifi c substances on the fetus and newborn infant and on obstetric complications  *   

Complications Fetal/neonatal effects Obstetric complications 

Alcohol Microcephaly; growth defi ciency; CNS dysfunction including mental 
retardation and behavioral abnormalities; craniofacial 
abnormalities (i.e. short palpebral fi ssures, hypoplastic philtrum, 
fl attened maxilla); behavioral abnormalities 

Spontaneous abortion 

Cigarettes No anomalies; reduced birthweight (200 g lighter); facial clefting (?); 
attention defi cit hyperactivity disorder (?) 

Spontaneous abortion 
Preterm birth 
Placenta previa 
Placental abruption 
Reduced risk of preeclampsia 

Cannabis
Marijuana
THC
Hashish

No anomalies; corresponding decrease in birthweight; subtle 
behavioral alterations (reduced executive functioning) 

Reduction of gestation 0.8 weeks 

CNS sedatives 
Barbiturates
Diazepam
Flurazepam
Meprobamate
Methaqualone

No pattern of anomalies; depression of interactive behavior; 
impaired “executive function ” behavioral (?) 

CNS stimulants 
Antiobesity drugs 
Cocaine
Methylphenidate
Methamphetamines
Phenmetrazine

No clear association with malformations; excess activity in utero;
congenital anomalies (heart?, biliary atresia?); depression of 
interactive behavior; urinary tract defects; symmetric growth 
restriction; placental abruption; cerebral infarction; brain lesions; 
fetal death; neonatal necrotizing enterocolitis 

Spontaneous abortion 
Premature birth 
Placental abruption 

Hallucinogens
LSD
Ketamine
Mescaline
Dimethyltryptamine
Phencyclidine (PCP) 

No anomalies; chromosomal breakage (?) (LSD); dysmorphic face; 
behavioral problems 

Spontaneous abortions 

Opiates
Codeine
Heroin
Hydromorphone
Hydrocodone
Meperidine
Methadone
Morphine
Opium
Pentazocine ( & tripelennamine) 

No anomalies; intrauterine withdrawal with increased fetal activity; 
depressed breathing movements; fetal growth restriction; 
perinatal mortality; neonatal withdrawal 

Preterm delivery 
Preterm rupture of the membranes 
Meconium-stained amniotic fl uid 

Inhalants
Gasoline
Glue
Hairspray
Paint

Similar to the fetal alcohol and fetal hydantoin syndromes (?); 
growth restriction; increased risk of leukemia in children (?); 
impaired heme synthesis 

Preterm labor 

*≥Two investigations in humans as reported in reference [9].
CNS, central nervous system; THC, tetrahydrocannabinol. 
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These techniques require reinforcement from others, such 
as spouses or boyfriends, other family members, employ-
ers, or healthcare providers. Individuals admitting to a 
relapse of substance use or having positive urine drug 
screening are subject to negative consequences. A system-
atic review by Terplan and Liu found that contingency 
management is effective in improving retention of preg-
nant women in illicit drug treatment programs but with 
minimal effects on their abstaining from illicit drugs  [17] . 
They found that motivational interviewing over 3 – 6 
sessions may, if anything, lead to poorer retention in 
treatment. 

 Women with alcohol or other substance abuse present 
with higher prevalence rates of psychiatric co - morbidities 
than do men, making psychiatric assessment and treat-
ment crucial to women to overcome barriers  [18] . Psy-
chiatric disorders such as depression or anxiety among 
substance users are so common that it is diffi cult to ascer-
tain whether they contributed to or resulted from the 
substance use. In many instances, abstinence from sub-
stance use results in an amelioration of those conditions. 
Specifi c psychosocial interventions or pharmacotherapy 
may result in resolution of both the psychiatric disorder 
and the substance use among women whose psychiatric 
disorder either antedated the substance use or co - existed 
with the addiction process  [14,15] .  

Pharmacotherapy
 There is a need for high - quality research to determine the 
effectiveness of pharmacologic intervention in pregnant 
women enrolled in illicit drug or alcohol treatment pro-
grams, since select drug therapy with extensive coun-
seling is an important modality  [15] . Unfortunately, drug 
therapy is often metabolized and eliminated more rapidly 
during pregnancy, so a higher daily dose is often required. 

 A prime example of pharmacotherapy during preg-
nancy is methadone, which has been prescribed for years 
in treating opiate dependence during pregnancy. 
Methadone maintenance (usually 60 – 120   mg daily) 
reduces the risk of relapse, enhances retention in treat-
ment and prenatal programs, and improves perinatal out-
comes  [18,19] . We do permit breastfeeding during 
methadone maintenance therapy. 

 Buprenorphine is another medication prescribed for 
opiate addiction, especially for those with no access to 
methadone treatment programs. Its effectiveness during 
pregnancy has not been proven, although preliminary 
reports suggest that it may lead to less neonatal with-
drawal  [20] . Subutex, rather than suboxone (buprenor-
phine with naloxone), may be prescribed by physicians 
who have taken special coursework for those who decline 
methadone for mild - to - moderate withdrawal. 

 Minozzi and colleagues searched for randomized con-
trolled trials enrolling opiate - dependent pregnant women 
 [21] . They found three trials with 96 pregnant women: 

environmental factors (such as poverty and the corre-
sponding poor nutrition and lack of easy access to prena-
tal care) from alcohol -  and substance abuse - related factors 
is limited, confl icting, or nonexistent. 

 The long - term impact of prenatal alcohol and other 
substances on infant and child development presents 
other challenges. Although animal studies have shown 
that alcohol and drugs reduce the density of cortical 
neurons and change dendritic connections, the signifi -
cance to human development is unclear  [12] . Studies of 
behaviors in animals have shown long - term changes, and 
abnormal neurobehavioral fi ndings in the newborn raise 
concerns about how those conditions may affect subse-
quent development. It has been suggested that consump-
tion of less than one alcoholic drink per day early in the 
pregnancy does not impair cognitive abilities when meas-
ured in offspring at age 14 years  [13] . Another considera-
tion about effects on the human fetus is the number of 
drinks consumed per occasion by the mother, not just the 
number of drinks per day or week. Maternal binge drink-
ing may lead to the eventual childhood fi nding of more 
social disinhibition and defects in numerical and lan-
guage skills  [14] .  

Specifi c  therapy for pregnancy

 Psychological and pharmacological treatments are inter-
twined in managing pregnant patients with a chemical 
dependency. Support includes individual counseling, 
group therapy, exercise, lifestyle change training, and 
self - help groups such as Alcoholics Anonymous and 
Cocaine Anonymous. Relapse prevention methods, which 
utilize peer support and learning principles, are directed 
toward avoiding situations that elicit conditioned crav-
ings for alcohol or other substances and toward develop-
ing better coping skills. Under supervision, mothers can 
become drug free, learn effective parenting skills, and 
experience improved relationships with their children. 
This reunifi cation model with the family also unburdens 
foster care systems by assuring the safety of the child(ren) 
in a therapeutic milieu. 

Psychosocial intervention
 Our ability to determine the best psychosocial interven-
tion for reducing alcohol consumption before and during 
pregnancy is limited by the paucity of studies, number of 
participants, high risk of bias, and complexity of interven-
tions  [15,16] . Nevertheless, forms of behavioral therapy 
include self - management procedures, motivational inter-
viewing, relaxation training, contingency contracting, 
and skills training. Contingency contracting involves 
rearranging the individual ’ s environment so that positive 
consequences follow desired behavior, while either nega-
tive or neutral consequences follow undesired behaviors. 
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two compared methadone with buprenorphine and one 
methadone with oral slow morphine. No signifi cant dif-
ferences were observed between the drugs compared 
both for mother and for child outcomes. However, the 
trials were too few and the sample size too small to make 
fi rm conclusions about the superiority of one treatment 
over another. 

 Cocaine dependence remains a major public health 
problem because of the high relapse rates and poor treat-
ment responses. Drug trials for cocaine addiction (tricy-
clic antidepressants, dopamine agonists, lithium, amino 
acids, and vitamins) have not been conducted during ges-
tation and are not universally effective. Cocaine blocks 
the uptake of neurotransmitters, leading to their deple-
tion. Further research is needed to determine whether 
dopamine agonists (bromocriptine, amantadine), used to 
replenish neurotransmitters from cocaine exposure, are 
effective and safe. 

 Other forms of maintenance therapy for alcohol or 
other substance use are not customarily prescribed during 
pregnancy  [16] . Benzodiazepines and phenobarbital are 
used to withdraw pregnant women who abuse alcohol, 
with antidepressants after withdrawal. Disulfi ram, nal-
trexone, and acamprosate are used in more severe preg-
nancy cases to decrease cravings and maintain abstinence 
 [16] .There is no conclusive evidence about the effects 
of long - term consequences of these drugs during 
pregnancy  [16] .  

Alcohol and smoking education
 While alcohol and cigarette smoking are the most com-
monly used substances before and shortly after concep-
tion, a paucity of women report heavy use after pregnancy 
recognition  [22] . The obstetrician can approach the preg-
nant woman who smokes in a stepwise manner. A patient 
who smokes should be advised to stop by providing clear, 
strong advice to quit with personalized messages about 
the benefi ts of quitting and about the harmful impact of 
continued smoking on the fetus and newborn and on 
herself. Her willingness to attempt to quit smoking should 
be assessed within the next 30 days  [23] . 

 Smoking interventions have demonstrated a greater 
likelihood of smoking cessation by late pregnancy and 
less low birthweight and preterm delivery  [23] . Patients 
interested in quitting should be assisted by providing 
pregnancy - specifi c, self - help smoking cessation materi-
als. Regular follow - up visits are encouraged to track the 
progress of the patients who attempt to quit smoking. 
Daytime delivery of nicotine through gum or transdermal 
patches should be considered for use during pregnancy 
only when nonpharmacologic treatments (e.g. coun-
seling) have failed, and if the increased likelihood of 
smoking cessation, with its potential benefi ts, outweighs 
the unknown risk of nicotine replacement and potential 
concomitant smoking  [23] .   

Comprehensive prenatal care

 Care should be taken by professionals with training and 
expertise in the area of substance use. The most common 
complaint by healthcare professionals is the feeling of 
ineffectiveness, because their patients are generally 
unmotivated, noncompliant, and diffi cult to retain in 
treatment programs  [3,24] . Professionals willing to work 
with this population must tackle the many issues associ-
ated with alcoholism or substance use: poverty, lack of 
education and job training, poor parenting skills, domes-
tic violence in the form of physical and sexual abuse, child 
abuse, family and other personal relations, communicable 
disease, child development, and such psychiatric disor-
ders as depression, anxiety, bipolar disorders, posttrau-
matic stress disorder, and psychosis  [24,25] . 

 The most important aspect of this comprehensive pre-
ventive care is to encourage a woman to take an active 
role in reaching her ultimate goal: a drug - free environ-
ment for herself and especially the fetus. This aspect is 
important, especially when realizing that prenatal care is 
occasionally sought late  [25] . Engaging patients with 
treatment of their substance use is not a guarantee that 
they will seek prenatal care. Some women have either 
 “ kicked the habit ”  or feel that their habit is too infrequent 
for time - consuming multidisciplinary care using other 
drug therapy that may not benefi t them. 

 Several reports of substance use treatment in multidis-
ciplinary prenatal settings suggest that even minimal 
drug interventions (such as methadone maintenance) and 
counseling, combined with prenatal care, can lead to 
better pregnancy and infant outcomes  [23,26] . Although 
comprehensive interventions such as this show promise 
for reducing substance use and harm to the fetus, few 
clinics are dedicated to assessing and treating pregnant 
addicts  [24,27] . 

 Favorable outcomes relate directly to the time dedi-
cated by an experienced multidisciplinary team  [24,25] . 
Providers need to be sensitive to the feelings and cultural 
background of pregnant alcoholic or substance - using 
women and offer care in an environment that is sup-
portive, nurturing, and nonjudgmental  [28] . As the patient 
becomes more involved, a strong and more positive rela-
tionship often develops with the staff. The ability of pro-
viders to be fl exible and to provide an environment that 
is safe and fosters self - esteem and interpersonal growth 
is essential. 

 By way of example, organization of primary/preventive 
care, laboratory, and behavioral services at our speci-
alized prenatal clinic is shown in Table  3.3   [29] . This 
comprehensive program serves not only pregnant and 
postpartum women who are chemically dependent, but 
also their infants. Our goal is not only to promote cessa-
tion of alcohol, tobacco, and other substance use, but also 
to effect lifestyle changes since addiction disorders in a 



www.manaraa.com

28    Part 1 Factors of High-Risk Pregnancy

Table 3.3    Guidelines for organization of preventive/prenatal care, laboratory, and behavioral counseling services in a comprehensive 
prenatal care program 

Visit Preventive/prenatal care Labs/studies Behavioral counseling 

New OB Discuss proper nutrition and 
supplements

Focus on any poor obstetric history 
(IUFD, repeated 

losses, anomalies, preterm deliveries, 
LBW)

Smoke cessation, alcohol avoidance 

Thorough drug use history (past 
and present) 

Thorough physical exam (signs of 
current/recent use) 

New OB labs, HIV (need consent); 
UDM; urine C &S

Place Tbc skin test and order 
hepatitis panel, LFTs 

Dating ultrasound and fi rst -
trimester screen 

Assess patient ’s willingness/attempt to quit 
Encourage attendance at Milagro counseling 

sessions/methadone group 
Identify barriers to quitting and help identify 

solutions
Counsel patient regarding potential anomalies, 

fetal effects, and high -risk problems 
(preterm labor, abruption, preeclampsia) that 
could occur with the particular drug being 
abused

Discuss/treat co -morbid disorders (depression, 
anxiety)

15–19wks Examine oral cavity; review oral hygiene 
Discuss elements of prenatal care; 

avoid frequent emergency visits 
Review STD labs 

Maternal serum quadruple screen 
(need consent) 

Check UDM 
Consider 20 –22 week ultrasound 

to r/o anomalies 

Motivational counseling for successes/failures 
Encourage continued attendance at counseling 

sessions/groups
Educate and answer questions regarding 

effects of particular drug on 
fetus at this stage 

20–24wks Encourage compliance with 
appointments

Fitness counseling; smoke cessation 
Discuss asthma and URIs 

Observe for signs of withdrawal/overdose 
Inquire about job satisfaction 
Discuss any issues relating to prostitution or 

incarceration

25–28wks Examine skin (cellulitis, abscesses, 
phlebitis, acne, lymphedema, 
dermatitis)

Discuss signs and symptoms of 
hepatitis, pancreatitis 

Explain about preterm labor/PPROM 
precautions

1 h glucola and Hct 
Check UDM 
Rhogam (if Rh neg) 

Encourage continued attendance at counseling 
sessions/groups

Educate regarding effects of particular drug on 
fetus at this stage and on neonatal 
withdrawal symptoms and complications 

29–30wks Use of safety belts; fi rearms 
Discuss about urinary tract infections 
Postpartum contraception counseling 

Consent for any tubal Observe for signs of overdose/withdrawal 
Focus on any psychiatric history 

31–32wks Discuss headaches 
Encourage childbirth classes 
Discuss safe sex 

Begin daily fetal movement 
charting

Encourage attendance of counseling sessions 
Ask about current drug use 
Discuss domestic violence 

33–34wks Review vaccination history (rubella, 
tetanus, travel immunizations, 
infl uenza, pneumococcal) 

Encourage childbirth classes 
Discuss asthma and upper airway 

problems

Repeat hepatitis panel, LFTs 
(if Hep C +)

Repeat RPR and HIV 
Check UDM 

Motivational counseling for successes/failures 
Observe for signs of overdose/withdrawal 
Discuss/make plans for ongoing counseling/

drug treatment PP 

35–36wks Discuss breastfeeding issues related to 
particular drug being abused 

Discuss breast conditioning and 
disorders

Consider ultrasound for fetal 
growth

GC/chlamydia/GBS cultures 
Maternal viral load (if Hep C +)

Inquire about support at home 
Educate about potential neonatal withdrawal 

symptoms and complications 
Discuss future employment 
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Visit Preventive/prenatal care Labs/studies Behavioral counseling 

37wks Rediscuss labor precautions 
Confi rm pediatrician/family physician 
Review plans for postpartum 

contraception

Check UDM Motivational counseling for successes/failures 
Encourage continued attendance at counseling 

sessions/groups
Ask about current drug use 
Review social work support (Los Pasos) and 

ongoing counseling/drug treatment 

≥38wks Explain about postpartum “blues” and 
anatomic changes 

Educate about analgesic options during labor 
Educate about potential neonatal withdrawal 

symptoms and complications 

6wk PP Provide birth control counseling and 
prescriptions

Review written information about 
general health care/annual exam 

Pap; GC/C Ask about current drug use 
Screen for depression 
Encourage continued attendance at counseling 

sessions/groups
Discuss employment plans 

C&S, culture and sensitivity; GBS, group B streptococcus; GC/C, gonorrhea/chlamydia; Hct, hematocrit; IUFD, intrauterine fetal death; LBW, low 
birthweight; LFT, liver function test; maternal serum α-fetoprotein; OB, obstetric; Pap, Papanicolaou test; PP, postpartum; PPROM, preterm 
rupture of the membranes; Rh, Rhesus; r/o, risk of/rule out; RPR, rapid plasma reagin test; STD, sexually transmitted disease; Tbc, tuberculosis; 
UDM, urine drug and metabolites; URI, upper respiratory infection. 

Table 3.3 (Continued)

holistic sense also involve the family and whole 
community.   

 Each patient receives prenatal care using a protocol 
established for chemically dependent women. This pro-
tocol includes more frequent prenatal visits (bimonthly 
until 32 weeks, then weekly), ultrasound to monitor fetal 
growth and to promote maternal bonding, proper dating 
of the pregnancy, and a 24 - h on - call staff. Patients are 
often screened twice during pregnancy for hepatitis B and 
C, HIV, chlamydia, gonorrhea, and syphilis. Tuberculosis 
skin testing is performed at the initial visit. Routine coun-
seling about healthy pregnancies includes nutrition coun-
seling, childbirth classes, tours of the inpatient obstetrics 
and newborn facilities, analgesia/anesthesia classes 
(including regional, IV, and local anesthesia), and breast-
feeding. We check constantly for signs of substance over-
dose and withdrawal. We observe for unusual behavior, 
agitation, dilated or constricted pupils, elevated or 
decreased blood pressure, rapid or slow heart rate or 
respiratory rate, and altered refl exes. These can be con-
fused with the physiologic adaptive changes of preg-
nancy but are essential to document as a means of 
assessing the adequacy of therapy.  

Hospital and postpartum care

 Ideally, the same physicians or midwives providing pre-
natal care will follow the patient in the hospital. 

Notifi cation of anesthesia staff about any substance use is 
recommended during early labor. In this manner, conti-
nuity of care is better maintained, and patients feel more 
secure during the transition from pregnancy to care of the 
infant.

 Many states require hospitals to report women pre-
senting for delivery who are suspected of heavy alcohol 
and other drug use to local public health authorities 
or the criminal justice system  [5,24] . This reporting 
may cause women to be even more wary of acknow-
ledging their problem and seeking prenatal care and 
hospital delivery, particularly if they have other children 
who are in the custody of Child Protective Services (CPS) 
or who are living with relatives. In many states, pro-
tective services, foster care placements, and review 
boards base their decisions on the length of time for 
which the child is away from the mother. These decisions 
also serve as deterrents to women seeking effective 
long - term substance abuse treatment if childcare is 
unavailable.

 A low pain threshold is often observed during labor. 
Relief is better provided with epidural analgesia, with 
spinal blocks being preferred during a cesarean. Higher 
doses of oral narcotics or postoperative patient - controlled 
analgesia are often required after delivery. Neonatal signs 
of substance use withdrawal during the fi rst 72   h may 
present as irritability, tremors, seizure - like action, a high -
 pitched cry, abnormal muscle tone, poor feeding, vomit-
ing or diarrhea, and impaired temperature maintenance. 
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 Contraception is the primary prevention of pregnancy -
 related problems resulting from alcohol or other sub-
stance abuse. Screening for sexually transmitted disease 
is especially important with intrauterine devices, while 
assessing liver function is important when offering hor-
monal contraception to those with alcohol abuse or 
hepatitis.

 It is the moral responsibility of a substance use program 
not to let these patients become lost to follow - up. Once 
this happens, the patient is set up for failure and often 
reverts back to substance use. Health professionals need 
to continue monitoring pregnant women after delivery 
for signs and symptoms of substance use. These nonpuni-
tive monitoring efforts are intended to motivate behav-
iors in adults to enhance attention to their children and 
to identify early developmental delays in children in 
order to begin early intervention services. Home visits 
after birth increase the engagement of these women in 
drug treatment programs, but data are insuffi cient to say 
whether such visits improve the health of the babies and 
mother  [27] .    

These signs, as well as unexplained fetal growth restric-
tion and placental abruption, are valid reasons for 
newborn urine screening or meconium testing (more sen-
sitive but not timely results). 

 In general, breastfeeding should be encouraged unless 
the new mother is either HIV positive or hepatitis C posi-
tive with bleeding from her nipples  [29] . Alcohol and 
illicit substances are excreted in small amounts of breast 
milk. Contradictions to breastfeeding are either theore-
tical or focused on case reports. Offering a consultation 
with a lactation consultant is a reasonable option. 

 National survey data suggest that substance use 
increases following childbirth. For example, marijuana 
use was higher for recent mothers with children under 
3 months old in the household (3.8%) than for women 
in the third trimester of pregnancy (1.4%), suggesting 
resumption of use among mothers in the fi rst 3 months 
after childbirth  [2] . Many chemically dependent women 
lose interest in the clinics once the baby has been born. If 
the neonate is healthy, the new mother may feel that her 
drug use is not that dangerous. 

    A 26 - year - old G3P1021 was seen for a postpartum exam 
after scant prenatal care. Four weeks ago, she delivered 
vaginally a 34w 2d fetus weighing 4 lb 5 oz after preterm 
ruptured membranes and labor. The nonanomalous 
infant was discharged from the intensive care nursery 2 
weeks later and is now being cared for by the grand-
mother. The patient declined to breastfeed. 

 She admitted to using methamphetamines and crack 
cocaine occasionally during the pregnancy but has not 
been using for 3 months. She has a history of poor family 
relationships, sexual and physical abuse, depression, 
housing and transportation diffi culties, and limited pros-
titution. She was charged with drug possession once and 
with parole violations three times. Her prenatal labora-
tory tests were positive for hepatitis C, ASCUS (atypical 
cells of undetermined signifi cance) on Pap test, and 
hematocrit 34% (microcytic hypochromic anemia). 

 Her pelvic examination today revealed normal repara-
tive changes. A Pap test and cultures were obtained. She 

states that she is not currently sexually active, and the 
baby ’ s father remains in jail. Our plan was to arrange for 
an intrauterine device (IUD) insertion following discus-
sion about various methods of contraception. If an 
ASCUS result persists on cervical cytology, then human 
papillomavirus (HPV) testing will be useful to detect 
high - risk (16 or 18) serotypes and, if positive, immediate 
colposcopy. 

 The patient is currently living at a shelter. Our social 
work staff continues to assist on housing, possible 
employment, and legal issues. Counseling has already 
helped her in overcoming her drug - seeking behavior 
and in developing a more stable family relationships. 
Precautions were explained about hepatitis C trans-
mission. She is aware that there is effective long - term 
antiviral treatment for hepatitis C which could be con-
sidered after her childcare support is certain and con-
tinued drug rehabilitation shows signs of improvement.  

CASE PRESENTATION 
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Chapter 4 
Environmental Agents and 
Reproductive Risk 

  Laura     Goetzl  
  Department of Obstetrics and Gynecology, Medical University of South Carolina, Charleston, SC, USA       

     Obstetricians are frequently asked about the reproduc-
tive risks of specifi c environmental, work - related, or 
dietary exposures. While few exposures have been asso-
ciated with a measurable increase in risk of congenital 
anomaly, fetal death, or growth impairment, ongoing 
research continues to identify new areas of concern. 
Research linking low levels of environmental exposures 
is hampered by the cost and diffi culty of prospective 
cohort studies with accurate ascertainment of exposure 
to specifi c agents at various gestational periods. In this 
chapter, we discuss the principles concerning the evalu-
ation of the developmental toxicity of occupational and 
environmental exposures in general, and review selected 
agents that have been associated with reproductive 
toxicity.  

Background incidence of 
adverse outcome

 Increased attributable risk of an individual environmen-
tal agent must be placed in the context of the background 
incidence of adverse pregnancy outcome in the general 
population. Approximately 30% of recognized pregnan-
cies result in miscarriage and 3% result in children with 
major malformations, defi ned as a malformation requir-
ing medical or surgical attention, or resulting in func-
tional or cosmetic impairment. This high background risk 
introduces statistical problems in the identifi cation of tox-
icity. If the increase in adverse outcome is relatively small, 
it is likely to go undetected unless the study sample size 
is quite large.  

Biologic evidence of toxicity

 Two types of evidence are generally employed when 
evaluating agents for evidence of reproductive toxicity: 

animal studies and epidemiologic studies in human 
populations.

 Studies with experimental animals offer the advantage 
of studying varying levels of exposure (from minimal to 
substantial) at specifi c key developmental time periods. 
In addition, outcomes are standardized and typically 
include measures of fertility, fetal weight, viability, and 
presence and patterns of malformations. If low doses of 
a compound produce an increase in malformations, a role 
for the agent in disrupting embryo development is pos-
sible. Limitations of animal testing include species varia-
tions in toxicity (i.e. compounds may be toxic to human 
embryos but not to various animal embryos, and vice 
versa). Further, evaluation of functional attributes such as 
behavior or immunocompetence is not a part of standard 
testing schemes. Therefore, absence of toxicity in animal 
protocols provides only limited information on possible 
adverse effects on human development. 

 Human epidemiologic studies can be subdivided, in 
increasing order of scientifi c merit, into case reports, case –
 control studies, retrospective cohort studies, and well -
 designed prospective cohort studies. Often, case reports 
of malformations or pregnancy loss will emerge fi rst, 
raising hypotheses that lead to further study. However, 
case reports alone are insuffi cient evidence on which to 
establish the presence or degree of risk. The evaluation of 
toxicity requires comprehensive assessment of both expo-
sures and outcomes. Accurate occupational and environ-
mental exposures are diffi cult to measure in humans and 
it is even more diffi cult to pinpoint precise exposure at a 
specifi c gestational age. Outcome assessment can also be 
diffi cult because the identifi cation of abnormalities in 
children is affected by the age of the child and the thor-
oughness with which abnormalities are sought. Relying 
on birth certifi cates or obstetrician reports, for example, 
will yield a lower rate of identifi cation of abnormalities 
than will examination by a trained dysmorphologist 
using a standardized assessment protocol.  

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.
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Specifi c  agents

 Research demonstrating adverse reproductive effects of 
various chemical and environmental agents is continu-
ously evolving. In this section we present a snapshot of 
the current knowledge. Computerized databases are 
available and can provide access to regularly updated 
summaries of chemical exposures (Table  4.1 ).   

Lead
 Lead can cross the placenta readily  [3,4] . In women with 
signifi cant occupational lead exposure (pottery glazes, 
batteries), rates of stillbirth and miscarriage are increased 
 [5]  as well as rates of premature rupture of membranes 
and premature birth  [6 – 8] . Over time, with the reduction 
in lead alkyl additives in gasoline and the use of lead -
 based paints, lead levels in women of reproductive age 
have declined. Surveillance from the 1980s suggested that 
9% of white women and 20% of African - American women 
exceeded blood lead levels of 10    μ g/dL  [9] . More recently, 
overall percentages have declined to 0.5%  [10] . 

 While signifi cant occupational exposures are rare in 
the USA, lower levels of perinatal lead exposure have 
been linked to adverse reproductive outcomes. Even 
mild elevations in maternal lead levels have been associ-
ated with an increased risk of miscarriage (5 – 9    μ g/dL, 
odds ratio [OR] 2.8; 10 – 14    μ g/dL, OR 5.4;  > 15    μ g/dL, OR 
12.2)  [11] . Increased maternal bone and blood lead levels 
have also been associated with a minor - to - moderate 
increased risk of pregnancy - induced hypertension  [12,13] . 
Cord blood concentrations less than 30    μ g/dL, and 
perhaps as low as 10    μ g/dL  [14,15] , have been linked to 
measurable defi cits in early cognitive development. 
Although the results are not consistent, elevated mater-
nal lead levels during pregnancy have been associated 
with lower IQ scores at age 8  [16]  and tests of attention 
and visuoconstruction at ages 15 – 17  [17] . There is some 
suggestion that male fetuses may be more susceptible to 
adverse in utero  effects of lead exposure on subsequent 

General principles

 Principles of reproductive toxicity apply to environmen-
tal agents just as they do to pharmaceuticals and these 
principles are summarized here. These ideas were popu-
larized by Wilson  [1]  in the 1950s based on his work with 
experimental animals, but they remain applicable decades 
later in a discussion of human risk.
    •      A large proportion of adverse outcomes are unrelated 
to exposures. Only 5% of congenital malformations are 
estimated to be attributable to exposure to a chemical 
agent or pharmaceutical  [2] .  
   •      A specifi c agent may be nontoxic at low doses but 
toxic at higher doses. For example, x - ray exposures of 
> 50 rad during pregnancy have been associated with 
microcephaly and mental retardation, but x - ray expo-
sures in the range of most diagnostic procedures ( < 1 rad) 
are not associated with an increase in adverse pregnancy 
outcome.
   •      Each fetus will respond differently to a given exposure 
based on their genetic susceptibility and other factors. 
For a given toxic exposure, responses can range from 
unaffected to signifi cantly affected.  
   •      The timing of exposure during pregnancy will infl u-
ence the response. Target tissues will have different sen-
sitivities to toxicity at different times during gestation. 
Although the fi rst trimester is typically the most sensitive 
time period for many congenital malformations (e.g. limb 
and heart defects), there are a number of examples of 
severe toxicity from exposures at other times in preg-
nancy. For example, agents that affect fetal growth and 
neurologic development, such as mercury and ethanol, 
will continue to be toxic throughout the second and third 
trimesters.
   •      Toxicity must occur via a biologically plausible 
mechanism. Therefore, chemicals that cannot cross the 
placenta or agents such as microwaves that cannot 
penetrate into the uterus are unlikely causes of reproduc-
tive toxicity.     

Table 4.1    Reproductive toxicology sources 

Individual source Web address Practitioner cost 2010 

Reprotox www.reprotox.org $199/year
Teris http://depts.washington.edu/terisweb/teris/ $150/year
Reprorisk www.micromedex.com/products/reprorisk/ $765/year
OTIS www.otispregnancy.org/

Limited number of fact sheets for download 
Free

Toxnet http://toxnet.nlm.nih.gov/ Free
DART (Developmental and Reproductive Toxicology) 

database
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?DARTETIC Free
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studies have addressed the effects of low levels of  in utero
mercury exposure from maternal fi sh consumption on 
neuropsychologic development. Studies from the Faroe 
Islands ( > 1000 mother – infant pairs) and New Zealand 
(237 pairs)  [33,34]  found subtle defi cits in language, atten-
tion, intelligence, and memory in school - aged children. 
Another, more recent study from the Seychelles (779 
mother– infant pairs) did not fi nd an association between 
in utero  mercury exposure and outcome at 9 years; 
however, the fi nal power to detect these outcomes was 
only 50%  [35] . In 2001, based on these fi ndings and a 2000 
report from the National Research Council (NRC)  [36] , 
the Environmental Protection Agency (EPA) issued advice 
urging pregnant women to limit consumption of fi sh high 
in mercury (Box  4.1 ). A benchmark blood level of  < 5.8    μ g/L 
was recommended by the NRC; exposure above this level 
was associated with a doubling in the risk of adverse 
neurologic outcomes. Among women of child - bearing 
age in the United States between 1999 and 2002, 4 – 8% 
exceeded this benchmark level  [37] . More recent 

neurodevelopment  [18] . Although isolated studies have 
linked maternal lead exposure to an increased fetal risk 
of neural tube defects  [19]  and total anomalous pulmo-
nary venous return  [20] , these fi ndings have not been 
consistent. One potential mechanism through which lead 
may result in adverse developmental effects is the inverse 
relationship between maternal lead levels and fetal DNA 
methylation  [21] . 

 Sources of lead exposure include lead solders, pipes, 
storage batteries, construction materials (e.g. lead - based 
paints), dyes, and wood preservatives. A validated ques-
tionnaire for screening pregnant women is not available. 
Risk factors for maternal lead levels that exceed 10    μ g/mL 
include occupational exposures and house remodeling; 
however, screening high - risk women still fails to identify 
approximately 30% of cases  [22] . Women at risk of lead 
exposure should be evaluated prior to pregnancy. If the 
blood level is higher than 30    μ g/dL, chelation therapy 
should be considered prior to conception. There is no 
agreement on how to manage women with lower levels 
of blood lead, although our preference at the time of 
writing would be to use chelation therapy to reduce blood 
lead concentrations to 10    μ g/dL or less. Pregnancy itself 
may lead to a mobilization of bone stores of lead, with 
increased exposure  [23 – 25] . Calcium treatment (1000 –
 1200   mg/day) decreases bone mobilization during preg-
nancy and may provide modest reduction of maternal 
blood lead levels during pregnancy ( − 1    μ g/dL)  [23,26,27] . 
Current pregnancy is a relative contraindication to chela-
tion therapy as ethylenediaminetetra - acetic acid (EDTA) 
may chelate other key minerals necessary for develop-
ment and has been linked to malformations in animal 
models  [28] . Chelation therapy during pregnancy should 
be individualized based on the maternal serum lead level 
and the gestational age.  

Mercury
 Methyl mercury, a byproduct of such industries as incin-
eration of solid waste and fossil fuel combustion facilities, 
pollutes our oceans and waterways. Methyl mercury 
crosses the placenta freely and accumulates in fetal tissues 
at concentrations exceeding maternal levels  [29,30] . At 
high levels, methyl mercury can result in fetal neurotoxic-
ity with microcephaly, cerebral palsy, deafness, and blind-
ness (Minimata Bay, Japan  [31,32] ), but is not reproducibly 
associated with congenital malformations. However, 
most exposure to mercury occurs at low levels from 
fi sh consumption (methyl mercury), dental amalgams 
(mercury vapor), or the vaccine preservative thimerosal 
(ethyl mercury). Thimerosal has been removed from most 
vaccines in the USA and is therefore an unlikely potential 
source of exposure. 

 Fish consumption remains a modifi able source of fetal 
and childhood mercury exposure. Several large cohort 

Box 4.1 Commercial fi sh and levels of mercury 

High levels: avoid in pregnancy 

• Swordfi sh 

• Shark

• King mackerel 

• Tile fi sh 

Moderate levels: limit consumption to 6 oz/week

• Canned albacore tuna 

• Fresh tuna 

• Orange roughy 

• Halibut

• Grouper 

• Sea bass 

• Local fi sh if no specifi c information is available 

Low levels: current  recommendation is to limit consumption
to 12 oz/week but higher consumption may be benefi cial  if
risks and benefi ts  considered 

• Shrimp

• Canned light tuna 

• Salmon

• Pollack

• Catfi sh 

• Haddock

• Scallops

• Tilapia 

www.cfsan.fda.gov/ ∼frf/sea-mehg.html provides mercury levels in 

commercially bought fi sh 
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Safety and Health Administration [OSHA] limits of 
0.05   mg/m 3 ).  

Pesticides and herbicides
 A diverse group of agents is used to control pests such 
as insects and unwanted plants. While most exposures 
are agricultural, signifi cant household exposure can 
occur, especially in the inner city  [44] . The majority of 
pesticides cross the placenta readily  [44] . Methodologically, 
it is diffi cult to isolate a single agent in epidemiologic 
studies; exposure to pesticides has been estimated by 
maternal recall, proximity to agricultural pesticide use, 
or maternal pesticide levels. Of concern, several pesti-
cides act as endocrine disruptors; serum levels of hex-
achlorobenzene, a fungicide used to treat seed, have been 
associated with an increased risk of hypospadias in male 
offspring  [45] . Several studies have linked occupational 
exposure to pesticides with an increased risk of miscar-
riage  [46,47]  and birth defects such as musculoskeletal 
 [48,49]  and limb reduction abnormalities  [50] . No associa-
tion or weak associations have been found between 
parental pesticide exposure and adverse pregnancy out-
comes including low birthweight  [51] , preterm delivery, 
or early neurodevelopmental outcomes  [52] . While 
several maternal recall case – control studies have linked 
household pesticide use with an increased risk of child-
hood cancer  [53,54] , no association was found when 
exposure was estimated by proximity to agricultural pes-
ticide use  [55] . 

 Minimizing occupational pesticide exposure through 
the use of protective clothing, adequate ventilation, res-
piratory masks, and hand washing is recommended. 
Limiting everyday exposure by minimizing household 
pesticide use (especially aerosolized pesticides), washing 
fruits and vegetables or buying organic produce is of 
uncertain benefi t, but is easily accomplished.  

Polychlorinated biphenyls
 Polychlorinated biphenyls (PCBs) are a heterogeneous 
group of more than 200 lipid - soluble chemicals that were 
used extensively in industry until 1979, particularly in the 
manufacture of electrical transformers. Low - level mater-
nal exposure is largely related to meat, dairy, and fi sh 
consumption, particularly fi sh from contaminated areas 
such as the Great Lakes. PCBs cross the placenta easily 
(fetal to maternal serum ratios of 0.6:1.1) and also accu-
mulate in human breastmilk (breastmilk to maternal 
ratios of 0.6:1.8), contributing to postnatal exposure  [56] . 
The overall effect on birthweight appears to be modest 
(290   g difference between  < 10th and  > 90th percentile 
exposure)  [57]  in some studies and insignifi cant in others 
 [58] . 

 Studies of  in utero  exposure to low levels of PCBs and 
subsequent neurodevelopment have produced various 

iterations of this advice balance concerns over mercury 
exposure with the known benefi ts of fi sh consumption 
( www.epa.gov/ost/fi shadvice/factsheet.html ). Moderate 
intake of relatively safer fi sh should not be discouraged, 
as increasing fi sh consumption has been linked with 
higher measures of infant cognition  [38,39] . The 2004 EPA 
and FDA recommendations are as follows.
    •      Do not eat shark, swordfi sh, king mackerel, or tilefi sh 
because they contain high levels of mercury.    
   •      Eat up to 12 ounces (two average meals) a week of a 
variety of fi sh and shellfi sh that are lower in mercury.  
   •      Five of the most commonly eaten fi sh that are low in 
mercury are shrimp, canned light tuna, salmon, pollock, 
and catfi sh.  
   •      Another commonly eaten fi sh, albacore ( “ white ” ) tuna, 
has more mercury than canned light tuna. So, when 
choosing your two meals of fi sh and shellfi sh, you may 
eat up to 6 ounces (one average meal) of albacore tuna 
per week.  
   •      Check local advisories about the safety of fi sh caught 
by family and friends in your local lakes, rivers, and 
coastal areas. If no advice is available, eat up to 6 ounces 
(one average meal) per week of fi sh you catch from local 
waters, but don ’ t consume any other fi sh during that 
week.    
 In 2009, the FDA released a draft of a summary of its 
updated position which weighed the risks and benefi ts of 
fi sh consumption during pregnancy on fetal neurodevel-
opmental outcome  [40] . The overall conclusion of its risk/
benefi t assessment was that consumption of fi sh with low 
mercury levels has a signifi cantly greater probability of 
resulting in net benefi t as measured by verbal develop-
ment, although the maximum benefi t was modest. The 
FDA solicited commentary prior to moving forward with 
a fi nal draft. The EPA responded with an extensive com-
mentary expressing concerns about various aspects of the 
scientifi c method used but supporting a comprehensive 
analysis of risks and benefi ts of fi sh consumption and 
urging consideration of agents in addition to mercury 
 [41] . Updated joint recommendations have not yet been 
updated.

 Mercury exposure from dental amalgams is usually at 
low level and is not easily modifi ed. Both placement and 
removal of dental amalgams are associated with transient 
increased levels of mercury exposure and should be 
avoided during pregnancy  [42,43] . Dental personnel may 
also be exposed to inorganic mercury in vapors released 
from dental amalgams. Although evidence of docu-
mented harm in dental personnel is limited, current 
studies lack the power to detect subtle neurodevelop-
mental defi cits. Safe levels of mercury during pregnancy 
have not been established although suggested guidelines 
are that environments have a mercury vapor concen-
tration less than 0.01   mg/m 3  (one - fi fth of Occupational 
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Video display terminals
 Initial concerns regarding the reproductive risks of video 
display terminals (VDTs) centered on early reports linking 
occupational exposure with an increased risk of sponta-
neous pregnancy loss  [72] . However, subsequent well -
 designed studies suggested no increased risk  [73,74] . 
Therefore patients can be reassured that there are no 
known fetal risks associated with working at VDTs.  

Bisphenol A
 There has been recent attention focused on the possible 
adverse affects of bisphenol A (BPA) on pregnancy and 
childhood development. BPA is a hormone disrupter with 
estrogenic effects that is commonly found in hard plastic 
items such as food storage containers, bottled water, in 
the lining of some canned goods, in thermal coatings of 
cash register receipts, and some dental sealants. In general, 
plastics that are marked with recycle codes 1, 2, 4, 5, and 
6 are very unlikely to contain BPA. Some, but not all, 
plastics that are marked with recycle codes 3 or 7 may 
contain BPA. 

 In 2008 the National Toxicology Program released an 
expert report and a monograph on the potential adverse 
effects of BPA on humans and outlined the critical missing 
data  [75,76] . The potential adverse effects of BPA on the 
fetus, largely identifi ed in animal models, include effects 
on the brain, especially related to sex - related differences, 
developing endocrine and reproductive organs such as 
the prostate and breast tissue, and detrimental neurobe-
havioral effects. There is scant human data regarding 
maternal blood levels of BPA in the US. In one study of 
40 Michigan mothers, blood levels of BPA ranged from 
0.5 to 23   ng/mL  [77] . In  ex vivo  placental perfusion 
models, BPA has been found to cross the human placenta 
in its active form even when present in low levels  [78] . 
In one study, third - trimester maternal urine BPA levels 
were not correlated with birthweight  [79] . In a pro-
spective study of 249 mother – infant pairs, maternal 
urine BPA levels at  ≤ 16 weeks were associated with 
increased aggressive (externalizing) behaviour in 2 - year -
 old girls  [80] . 

 In January of 2010, the FDA stated that while standard-
ized toxicity tests support the safety of current low levels 
of human exposure to BPA, subtle human effects were 
possible  [81] . Therefore, at this time, it is reasonable for 
pregnant women to avoid the use of products that contain 
BPA where possible. Fact sheets for pregnant women 
(  www.niehs.nih.gov/health/docs/bisphenol -  a  -
 factsheet.pdf ) and new parents ( www.hhs.gov/safety/
bpa/ ) are available.     

results. Several studies have shown no relationship 
between maternal serum levels of PCBs and mental and 
motor development in infancy/early childhood  [59]  and 
at school age  [60,61] . Other studies have suggested minor 
defi cits in attention, memory, and motor skills in vulner-
able populations of children; defi cits were not observed 
in children in more advantageous circumstances or in 
those who were breastfed  [62,63] . PCBs can also act as 
endocrine disruptors. 

 While levels of individual PCB compounds are not 
signifi cant, total PCB load  > 2.0    μ g/L has been linked 
to increased risks of hypospadias  [64] . Local fi sh adviso-
ries should be consulted to determine which fi sh should 
not be eaten during pregnancy ( http://water.epa.gov/
scitech/swguidance/fishshellfish/fishadvisories/
states.cfm).

Organic solvents
 Many women work in industries where they may be 
exposed to organic solvents, including dry cleaning and 
manufacturing using solvent - based adhesives, paints, or 
lacquers. Common organic solvents include toluene, 
benzene, and xylene. Signifi cant occupational exposure 
has been associated with small (160   g) reductions in birth-
weight and an increased risk of major malformations 
(relative risk [RR] 13.0, 95% confi dence interval [CI] 
1.8 – 99.5)  [65] . The risk of any major malformation was 
10% and the overwhelming majority of malformations 
occurred in women with symptomatic exposure. Maternal 
occupational exposure to solvents is also associated with 
an increase in major malformations (oral clefts, urinary 
malformations, and male genital malformations)  [66] , 
increased rates of hyperactivity  [67]  and subtle decreases 
in visual acuity and abnormalities in red/green color 
vision  [68] . An increase in childhood acute lymphoblastic 
leukemia has also been associated with self - reported 
occupational exposure to solvents and petroleum in the 
UK  [69] . Purposeful maternal solvent abuse (sniffi ng) has 
been associated with a fetal syndrome similar to fetal 
alcohol syndrome in 12.5% of cases, as well as major 
malformations (16.1%) and neonatal hearing loss 
(10.7%)  [70] . 

 Occupational exposure to solvents should be identi-
fi ed and minimized; similarly, women should avoid 
exposure to solvents at home, especially in poorly ven-
tilated areas. Regarding non - occupational exposures 
to paint fumes, the Danish National Birth Cohort 
Study found an inverse relationship between exposure 
to paint fumes and low birthweight in a cohort of 19,000 
mothers  [71] .  
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CASE PRESENTATION 

Figure 4.1     Fish consumption advisories 
by state (2006 data, from the 
Environmental Protection Agency). 
Please note that states may have a 
different counting method for fi sh 
advisories from the national method, so 
advisory in the fi gure may be slightly 
different from those reported by 
individual states.  
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    A 38 - year - old G1 presents at 8 weeks ’  gestation for her 
fi rst prenatal visit. She reports that her husband is an avid 
fi sherman and she is concerned about the risks of mercury 
and other toxins to her pregnancy from eating fi sh that 
he has caught. On the other hand, she does not want to 
offend him by spurning his fi sh if the risks are low. 

 Adequately counseling this patient requires knowledge 
both of the amount of fi sh that she is consuming and local 
fi sh advisories. Local fi sh advisories are common (Fig. 
 4.1 ). Possible fi sh contaminants triggering a local advi-
sory include mercury, PCBs, chlordane, dioxins, and 
DDT. Patients should be advised not to consume any 
locally caught fi sh covered by a fi sh advisory during 
pregnancy. If no advisory is found, the patient may be 

counseled that she can eat up to 6   oz (one average meal) 
per week of fi sh her husband catches from local waters. 
However, she should not consume any other fi sh during 
that week. At the same time, the potential health benefi ts 
to her fetus of fi sh consumption during pregnancy should 
be reviewed. Ideally, fi sh consumption should continue 
during pregnancy, but should be limited to fi sh and shell-
fi sh with relatively low levels of contaminants, especially 
mercury. Locally caught fi sh may not be ideal for this 
purpose, especially in the Great Lakes area. More recently, 
there are unknown health effects of the Gulf oil spill. 
Links to the latest local fi sh advisories can be found at 
 http://water.epa.gov/scitech/swguidance/fi shshellfi sh
/fi shadvisories/states.cfm .    
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Chapter 5 
Genetic Screening for Mendelian 
Disorders

  Deborah A.     Driscoll  
  Department of Obstetrics and Gynecology, Perelman School of Medicine at the University of Pennsylvania, Philadelphia, 
PA, USA       

     Genetic screening to identify couples at risk for having 
offspring with inherited conditions such as Tay – Sachs 
disease, sickle cell disease, and cystic fi brosis has been 
integrated into obstetric practice. The number of genetic 
conditions for which carrier screening and genetic testing 
is available has increased as a result of the Human 
Genome Project and advances in technology. Further, the 
demand for genetic screening and testing has increased. 
The decision to offer population - based genetic screening 
is complex. Factors to consider include disease prevalence 
and carrier frequency; nature and severity of the disorder; 
options for treatment; intervention and prevention; avail-
ability of a sensitive and specifi c screening and diagnostic 
test; positive predictive value of the test; and cost  [1] . Care 
must be taken to avoid the potential for psychological 
harm to the patient and the misuse of genetic information 
and possible discrimination. Successful implementation 
of genetic screening programs requires adequate educa-
tional materials for providers and patients and genetic 
counseling services. This chapter reviews mendelian 
inheritance, indications for genetic screening, and the 
current carrier screening guidelines for common genetic 
disorders. 

Family history

 Genetic screening begins with an accurate family history, 
which should be a routine part of a patient ’ s complete 
evaluation. It is useful to summarize this information in 
a pedigree to demonstrate the family relationships and 
which relatives are affected. The family history should 
include three generations; the sex and state of health 
should be noted. Stillbirths and miscarriage should be 
recorded. A history of the more common genetic diseases, 
chromosomal abnormalities, and congenital malforma-
tions such as cardiac defects, cleft lip and palate, and 
neural tube defects should be routinely sought. The 

history should also include cognitive and behavioral dis-
orders such as mental retardation, autism, developmental 
delay, and psychiatric disorders. Cancer and age at diag-
nosis should be noted. Genetic diagnoses should be con-
fi rmed by review of the medical records whenever 
possible. Pedigree analysis is important in determining 
the type of inheritance of a given mendelian disorder, and 
is important in providing accurate risk estimate.  

Mendelian inheritance

 Mendelian inheritance refers to genetic disorders that 
arise as a result of transmission of a mutation in a single 
gene. Most single - gene disorders are uncommon, usually 
occurring in 1 in 10,000 – 50,000 births. Over 11,000 single -
 gene disorders or traits have been described and 
can be found in the Online Mendelian Inheritance 
in Man (OMIM) (www3.ncbi.nlm.nih.gov/omim/)  [2] . 
Obstetricians should be familiar with the inheritance pat-
terns and some of the common disorders for which carrier 
screening is available. 

 There are three basic patterns of mendelian 
inheritance:
    •      autosomal dominant  
   •      autosomal recessive  
   •      X - linked.    
 Genes occur in pairs; one copy is present on each one of 
a pair of chromosomes. If the effects of an abnormal gene 
are evident when the gene is present in a single dose, then 
the gene is said to be dominant. A carrier of an autosomal 
dominant disorder has a 50% chance of transmitting the 
disorder to his or her offspring. In general, pedigree anal-
ysis shows the disease in every generation with some 
exceptions. In some families, the disorder may not be 
expressed in every individual who inherits the gene. This 
is referred to as incomplete or reduced penetrance. 
Affected relatives may have a variable phenotype as a 
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several neurologic disorders such as Huntington disease 
and myotonic dystrophy  [4] .  

Carrier screening

 Carrier screening refers to the identifi cation of an indi-
vidual who is heterozygous or has a mutation in one of 
two copies of the gene. The screening test may identify 
an individual with two mutations who is so mildly 
affected it has escaped medical attention. Ideally, carrier 
screening should be offered to patients and their partners 
prior to conception to provide them with an accurate 
assessment of their risk of having an affected child and a 
full range of reproductive options. Most screening takes 
place during pregnancy and should be performed as early 
as possible to allow couples an opportunity to have pre-
natal diagnostic testing. When both parents are carriers, 
genetic counseling is recommended and they are informed 
of the availability of prenatal diagnostic testing, preim-
plantation genetic diagnosis, donor gametes (eggs or 
sperm), and adoption to avoid the risk for having an 
affected child. It is helpful to explore their attitudes 
towards prenatal testing and termination of pregnancy. In 
addition, they may consider contacting their relatives at 
risk and informing them of the availability of carrier 
screening. 

 In the USA, preconception or prenatal genetic screen-
ing tests are available for many inherited conditions. The 
decision to offer testing is based on family history, or 
ethnic or racial heritage associated with an increased risk 
for a specifi c condition. Information about specifi c genetic 
disorders and testing can be found at  www.genetests.org . 
Screening should be voluntary and informed consent is 
desirable. Patients should be provided with information 
about the disorder, the prevalence, severity, and treatment 
options. Test information including detection rates and 
limitations should be reviewed with the patient. When 
the detection rate is less than 100%, it is important for the 
patient to understand that a negative screening test 
reduces the likelihood that an individual is a carrier and 
at risk for having an affected offspring but does not elimi-
nate the possibility. For some patients, genetic counseling 
may assist with the decision - making process. Patients 
should also be assured that their test results are 
confi dential. 

 Guidelines for carrier screening for the hemoglobin-
opathies  [5] , cystic fi brosis  [6] , and genetic diseases more 
commonly found among individuals of Eastern European 
Jewish heritage  [7]  have been developed by the American 
College of Obstetricians and Gynecologists (ACOG). 
These disorders are briefl y described below and in Table 
 5.1 . DNA - based tests to assess an individual ’ s carrier 
status for other inherited conditions such as spinal mus-
cular atrophy, fragile X mental retardation or Huntington 

result of differences in expression. Modifying genes and/
or the environment can infl uence the phenotype and 
hence it may be diffi cult to predict the outcome accu-
rately. Autosomal dominant disorders may also arise as a 
result of a sporadic or  de novo  mutation. If this occurs then 
a couple does not have a 50% risk of having a subsequent 
affected child unless germline mosaicism exists. Germline 
mosaicism refers to the existence of a population of cells 
with the mutation in the testes or ovary. 

 For an autosomal recessive disorder to be expressed, 
both copies of the gene must be abnormal. Carriers of 
autosomal recessive disorders are detected either through 
carrier screening or after the birth of an affected child or 
relative. Pedigree analysis typically shows only siblings 
to be affected. In general, carriers are healthy although at 
the cellular level they may demonstrate reduced enzyme 
levels; this is not suffi cient to cause disease. For example, 
Tay – Sachs carriers have a reduced level of hexosamini-
dase A. When both parents are carriers there is a 25% 
chance of having an affected child in each pregnancy. 
There is a two - thirds likelihood that their offspring is a 
carrier. 

 X - linked diseases such as Duchenne muscular dystro-
phy or hemophilia primarily affect males because they 
have a single X chromosome. In contrast, female carriers 
are less likely to be affected because of the presence of 
two X chromosomes. A female carrier may show mani-
festations of the disease because of unfavorable lyoniza-
tion or inactivation of the X chromosome with the normal 
copy of the gene. A female who carries a gene causing 
an X - linked recessive condition has a 50% chance of 
transmitting the gene in each pregnancy; 50% of the male 
fetuses will be affected and 50% of the females will be 
carriers. X - linked disorders can also occur as a result of 
a de novo  mutation. The mother of a child with an 
X - linked condition is not necessarily a carrier. Similar to 
autosomal dominant disorders, germline mosaicism 
must also be considered. A male with an X - linked disor-
der will pass the abnormal gene on his X chromosome 
to all of his daughters who will be carriers; his sons 
receive his Y chromosome and hence will be unaffected. 
X - linked dominant disorders such as incontinentia pig-
menti are rare and affect females; they tend to be lethal 
in males. 

 It is now recognized that some genetic conditions do 
not follow simple mendelian inheritance. Some genes 
contain a region of trinucleotide repeats (i.e. (CCG) n ) that 
are unstable and may expand during transmission from 
parent to offspring. When the number of repeats reaches 
a critical level, the gene becomes methylated and is no 
longer expressed (e.g. fragile X syndrome). Testing is 
available to determine if an individual with a positive 
family history of mental retardation carries a premuta-
tion, which may expand to a full mutation in their off-
spring  [3] . Trinucleotide repeats are also implicated in 
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 Carrier screening tests may be helpful when a particu-
lar diagnosis is suspected based on ultrasound fi ndings 
in the pregnancy. The antenatal evaluation of a fetus with 
a congenital malformation typically includes a thorough 
ultrasound examination and fetal echocardiogram to 
look for associated anomalies, as well as a fetal karyo-
type. Single - gene disorders are often considered in the 
differential diagnosis but until recently were not amena-
ble to prenatal testing. Now that the molecular basis of 
many of these disorders has been elucidated, either 
carrier screening of the parents or diagnostic testing of 
the pregnancy is possible when a particular diagnosis is 
suspected. For example, carrier screening for Fanconi 
anemia type C may be considered as part of the evalua-
tion of a fetus with absent radius  [10] , particularly if the 
couple are of Eastern European Jewish ancestry, because 
the carrier frequency is 1 in 90 in this population and a 
single mutation accounts for 99% of the disease - causing 
mutations. Testing the parents to determine their carrier 
status can help establish or exclude a diagnosis in the 
fetus with an anomaly. 

 Carrier testing may be carried out on request because 
of heightened anxiety and concern. It is not uncommon 
for patients to request a test based on a personal experi-
ence, recent newspaper article, or television show. In 
these instances, it is important for them to understand 
their individual risk of being a carrier and having an 
affected child, as well as the risks, benefi ts, and limita-
tions of testing. Pre -  and posttest counseling is very 
important. For most rare disorders, this is not a very 

disease are available but in general are only offered if an 
individual is at an increased risk to be a carrier based on 
family history, or at the patient ’ s request.   

 When a family history suggests that a patient or her 
partner may be at increased risk to be a carrier or to have 
a child with an inherited condition, the fi rst step is to 
determine if the gene for that disorder has been identi-
fi ed. If the gene is known, the optimal strategy is to test 
the affected relative. Many disorders are caused by muta-
tions unique to a family, and DNA sequencing is required 
to identify the disease - causing mutation. Once a muta-
tion is confi rmed in the affected individual, testing rela-
tives at risk to be carriers is possible. In some cases, DNA 
sequencing can be used as a carrier screening test but it 
is expensive and less reliable than testing the affected 
person. Testing for disorders that are the result of one or 
more common mutations can be utilized for carrier 
testing provided that the diagnosis in the affected relative 
is correct. For example, a carrier test has been developed 
for spinal muscular atrophy (SMA), a common auto-
somal recessive disorder caused by a deletion in exon 7 
of the SMN1 gene  [8] . This is a highly accurate carrier 
test because the vast majority of cases are caused by this 
deletion and carrier screening is recommended for indi-
viduals with a family history of SMA or SMA - like disease. 
The ACOG has been cautious about recommending 
population- based screening in the absence of appropriate 
genetic counseling since the severity and life expectancy 
are highly variable and diffi cult to predict based on the 
genetic test results  [9] . 

Table 5.1    Mendelian disorders frequent among individuals of Eastern European Jewish ancestry 

Disorder Carrier rate Clinical features 

Tay–Sachs disease 1 in 30 Hypotonia, developmental delay, loss of developmental milestones, mental retardation beginning 
at 5 –6 months, loss of sight at 12 –18 months, usually fatal by age 6 

Canavan disease 1 in 40 Hypotonia, developmental delay, seizures, blindness, large head, gastrointestinal refl ux 
Familial dysautonomia 1 in 32 Abnormal suck, feeding diffi culties, episodic vomiting, abnormal sweating, pain and temperature 

instability, labile blood pressure, absent tearing, scoliosis 
Cystic fi brosis 1 in 24 Chronic pulmonary infections, malabsorption, failure to thrive, pancreatitis, male infertility 

because of congenital absence of the vas deferens 
Fanconi anemia type C 1 in 89 Limb, cardiac, and genitourinary anomalies, microcephaly, mental retardation, developmental 

delay, anemia, pancytopenia, and increased risk for leukemia 
Niemann–Pick type A 1 in 90 Jaundice and ascites caused by liver disease, pulmonary disease, developmental delay and 

psychomotor retardation, progressive decline in cognitive ability and speech, dysphagia, 
seizures, hypotonia, abnormal gait 

Bloom syndrome 1 in 100 Prenatal and postnatal growth defi ciency, predisposition to malignancies, facial telangiectasias, 
abnormal skin pigmentation, learning diffi culties, mental retardation 

Mucolipidosis IV 1 in 127 Growth and severe psychomotor retardation, corneal clouding, progressive retinal degeneration, 
strabismus

Gaucher disease 1 in 15 Chronic fatigue, anemia, easy bruising, nosebleeds, bleeding gums, menorrhagia, 
hepatosplenomegaly, osteoporosis, bone and joint pain 

Note: carrier rates apply to individuals of Eastern European Jewish ancestry; clinical features may vary in presentation, severity, and age of 
onset.
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at risk. Individuals with low MCV ( < 80  μ L 3 ) should 
undergo hemoglobin electrophoresis;  β  - thalassemia carri-
ers have an elevated HbA 2  ( > 3.5%). Diagnosis of  α  -
 thalassemia trait is by exclusion of iron defi ciency and 
molecular detection of α  - globin gene deletions.  

Cystic fi brosis 

 In 2001, the ACOG and the American College of Medical 
Genetics (ACMG) recommended that carrier screening 
for cystic fi brosis, an autosomal recessive disorder that 
primarily affects the pulmonary and gastrointestinal 
system, be offered to non - Hispanic Caucasian patients 
planning a pregnancy or currently pregnant  [6] . Cystic 
fi brosis screening is available to any patient; however, the 
prevalence and carrier rates are lower in other popula-
tions and the detection rates are also reduced, resulting 
in a less effective screening test. The ACMG recommends 
that a panel of 23 panethnic mutations be used for screen-
ing the general population  [11] . For individuals with a 
family history of cystic fi brosis, screening with an 
expanded panel of mutations or complete analysis of the 
CFTR gene by sequencing may be indicated, if the muta-
tion has not been previously identifi ed in the affected 
relative. Patients with a reproductive partner with cystic 
fi brosis or congenital absence of the vas deferens may 
benefi t from this approach to screening. Genetic coun-
seling in these situations is usually benefi cial. Cystic 
fi brosis carrier screening may also identify individuals 
with two mutations who have not been previously diag-
nosed as having cystic fi brosis. These individuals may 
have a milder form of the disease and should be referred 
to a specialist for further evaluation.  

Jewish genetic diseases

 There are a number of autosomal recessive conditions 
that are more common in individuals of Eastern European 
Jewish (Ashkenazi) descent. Several of these conditions 
are lethal or associated with signifi cant morbidity. Tay –
 Sachs was the fi rst disorder amenable to carrier screening 
based on the measurement of serum or leukocyte hex-
osaminidase A levels  [12] . Today, similar detection rates 
can be achieved with mutation testing  [13] . With the iden-
tifi cation of the genes and disease - causing mutations for 
other disorders, carrier screening became feasible. The 
ACOG recommends that in addition to Tay – Sachs, carrier 
testing for Canavan disease, familial dysautonomia, and 
cystic fi brosis be offered when one or both parents are of 
Eastern European Jewish descent  [7] . These disorders 
share similar prevalence and carrier rates (see Table  5.1 ). 
The sensitivity of these tests is also very high (95% or 
higher) and thus, a negative result indicates that the risk 

cost- conscious approach but with the availability of high -
 throughput molecular technology, testing is becoming 
more affordable. Direct to consumer marketing, advocacy 
organizations and laboratories offer genetic screening 
regardless of family or medical history, and although it 
has become feasible to perform these tests, our ability to 
predict outcome and future risks associated with carrier 
status is sometimes limited. In many cases, longitudinal 
studies of carriers will be needed to better defi ne the risks 
and benefi ts of testing.  

Hemoglobinopathies

 The hemoglobinopathies include structural hemoglobin 
variants and the thalassemias. Sickle cell disease, a severe 
form of anemia, is an autosomal recessive disorder 
common among individuals of African origin but also 
found in Mediterranean, Arab, southern Iranian, and 
Asian Indian populations. Approximately 1 in 12 African -
 Americans is a carrier or has sickle cell trait (Hb AS). The 
underlying abnormality is a single nucleotide substitu-
tion (GAG to GTG) in the sixth codon of the β  - globin 
gene. This mutation leads to the substitution of the amino 
acid valine for glutamic acid. Sickle cell disorders 
also include other structural variants of  β  - hemoglobin. 
Screening is best accomplished by complete blood count 
(CBC) with red blood cell (RBC) indices and a hemo-
globin electrophoresis. 

 The thalassemias are a heterogeneous group of heredi-
tary anemias brought about by reduced synthesis of 
globin chains. α  - Thalassemia results from the deletion of 
2 – 4 copies of the  α  - globin gene. The disorder is most 
common among individuals of South East Asian descent. 
If one or two of the genes are deleted, the individual will 
have α  - thalassemia minor, which is usually asympto-
matic. Deletion of three genes results in hemoglobin H 
disease, which is a more severe anemia, and a fetus with 
deletions of all four α  - chain genes can only make an 
unstable hemoglobin (Bart hemoglobin) that causes lethal 
hydrops fetalis and is associated with preeclampsia.  α  -
 Thalassemia is also common among individuals of 
African descent but typically does not result in hydrops. 

 The  β  - thalassemias are caused by mutations in the  β  -
 globin gene that result in defective or absent  β  - chain syn-
thesis. β  - Thalassemia is more common in Mediterranean 
countries, the Middle East, South East Asia, and parts 
of India and Pakistan. The heterozygous carrier ( β  -
 thalassemia minor) is not usually associated with clinical 
disability, except in periods of stress. Individuals who are 
homozygous ( β  - thalassemia major or Cooley anemia) 
have severe anemia, failure to thrive, hepatosplenomeg-
aly, growth retardation, and bony changes secondary to 
marrow hypertrophy. The mean corpuscular volume 
(MCV) is performed as an initial screening test for patients 
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amniocentesis after 15 weeks ’  gestation. It is critical that 
the laboratory perform maternal cell contamination 
studies to ensure the accuracy of the test results.  

Newborn screening

 Carriers of mendelian disorders may also be identifi ed 
through state newborn screening programs. Newborn 
screening was designed to identify newborns with inher-
ited metabolic disorders who would benefi t from early 
detection and treatment. However, advances in genetics 
and technology have led to expanded screening programs 
which include testing for hemoglobinopathies, endocrine 
disorders, hearing loss, and infectious diseases. Newborn 
screening for most mendelian disorders is performed by 
collecting capillary blood from a heel puncture onto a 
fi lter paper. Specimens are then sent to a reference labora-
tory where they are assayed for the specifi ed diseases. 
Confi rmatory testing is necessary because of the high 
false - positive rate on the initial screen. In addition to the 
appropriate referral of the infant for treatment, genetic 
counseling of the couple is recommended to review the 
recurrence risk and reproductive options.    

of having a child with the disorder is very low. Carrier 
testing is also available for less common conditions such 
as Fanconi anemia, Bloom syndrome, mucolipidosis type 
IV, Niemann – Pick type A and Gaucher disease, which is 
a less severe and treatable condition. However, it is 
important to recognize that, with the exception of Tay –
 Sachs and cystic fi brosis, the prevalence and the nature of 
the gene mutations in the non - Jewish population are 
unknown and hence carrier screening of a non - Jewish 
individual is of limited value. 

 Table  5.1  lists the disorders for which carrier testing is 
available and provides a brief list of the clinical features. 
Many of these disorders are less frequent and therefore 
the decision to pursue screening is left to the patient. 

Prenatal diagnosis

 Invasive prenatal diagnostic testing is available for 
patients identifi ed through carrier screening to be at 
increased risk for having an affected offspring (see 
Chapter  54 ). Molecular testing for the specifi c gene muta-
tions can be performed on cells obtained through chori-
onic villus sampling (CVS) at 10 – 12 weeks ’  gestation or 

    A 26 - year - old healthy primigravida presents for prenatal 
care at 8 weeks ’  gestation. There is no family history of 
congenital malformations, genetic disorders, mental 
retardation, neurologic or psychiatric conditions. The 
patient’ s ancestors are Eastern European Jewish. Her 
partner is Caucasian and his ancestors are Northern 
European. She denies any medication use and has been 
taking multivitamins. 

 Based on the patient ’ s Eastern European Jewish ances-
try, the obstetrician discusses the availability of carrier 
screening tests to determine if she is a carrier of Tay – Sachs 
disease, Canavan disease, familial dysautonomia, and 
cystic fi brosis as well as less common or less severe condi-
tions such as Fanconi anemia, Bloom syndrome, mucoli-
pidosis type IV, Niemann – Pick type A and Gaucher 
disease. The patient is provided with a pamphlet contain-
ing information about the disorders, the prevalence and 
carrier rate, risk of an affected child, test sensitivity, limi-
tations, and possible outcomes. If the test is negative then 
her risk of being a carrier is markedly reduced and it is 
highly improbable that she will have a child with one of 
these disorders. If the test indicates that she is a carrier 
then her partner should be counseled and offered screen-
ing. The obstetrician informs the patient that the decision 
to proceed with carrier screening is hers and testing is 
voluntary. 

 The patient is informed of the following risks to be a 
carrier: about 1 in 30 for Tay – Sachs and familial dysau-
tonomia, 1 in 24 for cystic fi brosis, and 1 in 40 for Canavan 
disease. The screening tests, performed on a sample of 
blood from the patient, analyze her DNA for the common 
mutations that cause each of these disorders. The detec-
tion rates are greater than 95%. Because the patient is 
pregnant, serum hexosaminidase A levels are unreliable; 
in lieu of DNA testing, leukocyte testing can be performed 
and has a high detection rate (98%). The patient inquires 
if there are other disorders she should be worried about. 
Her obstetrician informs her that carrier testing is avail-
able for a number of other inherited conditions that are 
common among individuals of Eastern European Jewish 
ancestry (see Table  5.1 ). With the exception of Gaucher 
disease, which can be mild and is treatable, the other 
disorders occur less frequently and the chance that she is 
a carrier is approximately 1 in 90 or higher. 

 The patient asks if her partner should be tested. The 
obstetrician informs the patient that most of these disor-
ders are less common among non - Jewish individuals and 
the detection rate is unknown. Therefore, carrier screen-
ing is not recommended for her partner unless the test 
indicates that she is a carrier. Cystic fi brosis is an excep-
tion; the carrier rate among Caucasians of Northern 
European ancestry is similar and the test detection rates 
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are high. She may ask her partner to have cystic fi brosis 
carrier screening so that if they are both carriers she 
would learn early in the pregnancy and have the option 
of CVS if she desires prenatal diagnostic testing. 

 The patient elects to have the carrier screening per-
formed for Tay – Sachs, Canavan, familial dysautonomia, 
and cystic fi brosis. Her obstetrician calls to inform her 
that the test results indicate that she is not a carrier of one 
of the common mutations that cause Tay – Sachs, Canavan, 
or familial dysautonomia and therefore she is unlikely to 
have an affected child. However, she is a carrier of  Δ F508, 
the most common cystic fi brosis mutation found in 
approximately 70% of cystic fi brosis patients. The obste-

trician recommends screening for cystic fi brosis in her 
partner and offers genetic counseling to obtain additional 
information. The partner agrees and the screening test 
demonstrates that he does not have any of the 23 common 
mutations that cause cystic fi brosis. Therefore, based on 
the partner ’ s ethnicity and the test sensitivity, his risk of 
being a carrier has been reduced to approximately 1 in 
208 and the risk that this couple will have an affected 
child is 1 in 832 (1    ×    1/208    ×    1/4). Prenatal testing is not 
recommended. The obstetrician informs the patient that 
she inherited the mutation from one of her parents so her 
siblings may also be carriers, and recommends that she 
share this information with them.  
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Chapter 6 
Screening for Congenital Heart Disease 

  Lynn L.     Simpson  
  Department of Obstetrics and Gynecology, Columbia University Medical Center, New York, NY, USA       

     Obstetric ultrasound completed after the fi rst trimester 
requires an assessment of fetal anatomy and both the 
American Institute of Ultrasound in Medicine (AIUM) 
and the American College of Obstetricians and Gyn-
ecologists (ACOG) recommend that the four - chamber 
view of the fetal heart and the ventricular outfl ow tracts 
be routinely evaluated on all patients  [1,2] . As outlined in 
a joint guideline from the AIUM, the ACOG, the Society 
for Maternal - Fetal Medicine, and the American College of 
Radiology, fetal echocardiography with multiple cardiac 
views and specialized assessments is indicated for 
patients at high risk for congenital heart disease  [3] .  

Screening low-risk populations

 Congenital heart disease is a common condition that war-
rants prenatal screening of all pregnancies. With a preva-
lence of 6 per 1000 livebirths, it is estimated that 10 of 
every 1000 fetuses scanned in the second trimester will 
have a heart anomaly and half of these will be major with 
serious consequences  [4,5] . Intrauterine fetal death occurs 
in 20 – 30% of cases, neonatal death in 40 – 60%, and long -
 term survival rates are low, ranging from 15% to 40%  [6] . 
The presence of extracardiac anomalies and chromosomal 
abnormalities contributes to the poor outlook. Overall, 
25 – 45% of fetuses with congenital heart disease have 
other malformations and 15 – 50% have abnormal karyo-
types  [7 – 9] . Other poor prognostic signs include associ-
ated fetal arrhythmias, hemodynamic abnormalities, and 
the presence of hydrops.  

Benefi ts of  cardiac screening

 Early prenatal diagnosis of major heart defects is impor-
tant for counseling patients about pregnancy options, 

therapeutic interventions, changes in obstetric care, and 
alternative plans for delivery. Studies have shown that 
when major congenital heart disease is diagnosed in the 
second trimester of pregnancy, many patients opt for ter-
mination  [10] . In one survey of 65 women who previously 
had borne a child with congenital heart disease, 58% 
said they would elect to terminate a subsequent affected 
pregnancy  [11] . 

 Without universal screening, the prenatal diagnosis of 
congenital heart disease is often made late in gestation 
when options are limited. With early screening and detec-
tion of congenital heart disease, patients and their fami-
lies have time to consider the implications of the condition 
and to make choices that are best for them. Therapeutic 
interventions and improved neonatal survival are possi-
ble when particular heart malformations are detected 
prenatally and the timing, mode, and location of delivery 
can be planned  [12] . Referral to a tertiary care center 
where immediate therapeutic and palliative interventions 
are available can be life saving. Prompt infusion of pros-
taglandin E 1  or balloon atrial septostomy can signifi cantly 
improve prognosis for newborns with certain cardiac 
defects that require postnatal maintenance of fetal fl ow 
pathways. Immediate institution of extracorporeal mem-
brane oxygenation can make the difference between life 
and death in complex cardiac anomalies, particularly 
when associated with other structural defects such as con-
genital diaphragmatic hernia. Experienced neonatolo-
gists, pediatric cardiologists, and cardiac surgeons may 
have a signifi cant impact of an infant ’ s condition and 
ultimate outcome. 

 Universal screening for major cardiac anomalies in the 
general population is essential to reduce the long - term 
morbidity and mortality of this disease. In experienced 
centers, routine screening can reassure patients that the 
fetal heart is normal or identify those patients in need of 
fetal echocardiography.  

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
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High-risk populations for fetal
echocardiography

 The conventional strategy for the prenatal detection of 
congenital heart disease has been to refer patients iden-
tifi ed to be at risk for fetal echocardiography  [3] . 
Unfortunately, it is estimated that over half of prenatal 
detected heart anomalies are found in patients with no 
preexisting risk factors and that most cardiac malforma-
tions would be missed if fetal echocardiography were 
done based on these factors alone  [13,14] . Despite the 
initial enthusiasm for nuchal translucency as a screening 
tool for congenital heart disease, its performance in large 
studies of unselected and low - risk populations has been 
disappointing  [15,16] . However, it is a reasonable marker 
or risk factor for major heart anomalies and warrants 
referral for fetal echocardiography. 

 Interestingly, the factor most predictive of congenital 
heart disease is an abnormal cardiac examination at the 
time of prenatal ultrasonography. In one study of fetal 
echocardiography, only 4% of patients were referred 
because of an abnormal cardiac screen, yet defects were 
detected at a rate of 68% in this group, far in excess of the 
rate for all other risk factors combined  [13] . In many 
centers, an abnormal cardiac screen during routine obstet-
ric ultrasonography has become the most common reason 
for referral for fetal echocardiography with a high yield 
for heart defects  [14,17] . 

 See Box  6.1 .    

Normal fetal heart anatomy

 Normal fetal heart anatomy can be visualized with con-
fi dence as early as 13 – 14 weeks gestation by the trans-
vaginal approach in highly specialized centers  [6] . While 
patients at risk may benefi t from early echocardiography, 
screening for normal fetal heart anatomy at 20 weeks ’  
gestation seems ideal for the low - risk patient  [1,2] . For 
low - risk populations, the four - chamber view and views 
of the ventricular outfl ow tracts comprise a reasonable 
cardiac screen. Fetal echocardiography is an extended 
examination with multiple views using additional 
imaging modalities for patients identifi ed as being at 
increased risk for congenital heart disease, including 
those with an abnormal cardiac screen at the time of 
routine ultrasound  [3] .  

Technique

Two-dimensional cross-sectional imaging
 The transabdominal approach is most often used for fetal 
cardiac screening performed beyond the fi rst trimester of 
pregnancy. The determination of fetal lie and presentation 
in the uterus is critical for the evaluation of cardiac and 

Box 6.1 Reasons to refer for fetal echocardiography  [3]

Maternal  indications

• Autoimmune antibodies (e.g. SSA/SSB) 

• Familial inherited disorders (e.g. Marfan syndrome) 

• First-degree relative with congenital heart disease 

• In vitro fertilization 

• Metabolic diseases (e.g. diabetes mellitus) 

• Teratogen exposure (e.g. retinoids) 

Fetal indications

• Abnormal cardiac screen 

• Abnormal fetal heart rate or rhythm 

• Fetal chromosomal abnormality 

• Extracardiac anomalies 

• Hydrops 

• Increased nuchal translucency 

• Monochorionic twins 

• Unexplained polyhydramnios 

abdominal situs. A transverse sweep through the fetus 
can quickly confi rm normal situs with the stomach and 
apex of the heart on the left side of the fetus (Fig.  6.1 ). 
During this sweep, the cardiac position in the fetal chest, 
cardiac axis, and size of the heart can be subjectively 
evaluated. On transverse imaging of the fetal abdomen, 
the inferior vena cava can be seen to the right of the fetal 
spine and the descending aorta to the left and anterior to 
the fetal spine. 

Four-chamber view
 The most important image of the fetal heart is obtained 
on a cross - sectional transverse view 

 through the fetal chest and heart. The horizontal posi-
tion of the heart in the chest during fetal life makes this 
plane easy to obtain in most instances. While the appear-
ance of the four - chamber view will vary depending on 
fetal lie and presentation, the landmarks remain the same. 
A transverse view of the fetal chest will be circular with 
the bony vertebral body posteriorly, the sternum anteri-
orly, and complete ribs laterally. A simple approach to the 
four - chamber view includes an evaluation of size, posi-
tion, anatomy, and function of the fetal heart. 

 The four - chamber view is obtained on a transverse 
image of the fetal thorax just above the diaphragm (Fig. 
 6.2 ). In this transverse plane, the fetal heart occupies 
about one - third of the area of the fetal chest with an axis 
about 45   to the left. The atrial and ventricular chambers, 
interventricular septum, foramen ovale, and atrioven-
tricular valves can all be assessed on the four - chamber 
view. The two atria and two ventricles should be similar 
in size, with the left atrium closest to the spine and the 
right ventricle closest to the sternum. In this transverse 
cross - sectional plane, the pulmonary veins may be seen 
entering the left atrium and the aorta descending between 
the left atrium and the spine (Fig.  6.3 ). The fl ap of the 
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foramen ovale should project into the left atrium through 
a patent foramen ovale. The internal surface of the left 
ventricle is smooth compared with the trabeculated right 
ventricle containing the moderator band. The two atriov-
entricular valves meet at the junction of the interatrial and 
interventricular septa to form the crux of the heart. The 
mitral and tricuspid valves should move freely, with the 
tricuspid valve attached slightly more towards the apex 
than the mitral valve on the interventricular septum. 
Ventricular systolic function can be assessed subjectively 
by observing the ventricular wall movement during 
systole. The presence of a pericardial effusion also can be 
identifi ed on the four - chamber view. Systematic evalua-
tion of the four - chamber view can easily be incorporated 
into a routine 30 - min screening midtrimester ultrasound 
with adequate visualization in over 95% of fetuses  [18]     

Figure 6.1     (A) Transverse two - dimensional ultrasound of the abdomen of a fetus in breech presentation with normal left - sided stomach
(arrow ). (B) Transverse view of the chest of the same fetus demonstrating normal left axis of fetal heart ( arrow ).  

(A) (B)

Figure 6.2     (A) A transverse view through the fetal chest demonstrating the four - chamber view. The most anterior chamber is the 
trabeculated right ventricle (RV) and the most posterior chamber adjacent to the spine is the left atrium (LA). The interventricular
septum appears intact and the patent foramen ovale can be seen between the two atria. The atrioventricular valves are closed. 
(B) Long - axis view of the left ventricular outfl ow tract (LVOT) ( arrow ). Note the continuity between the interventricular septum and 
the aorta. (C) Short - axis view of the right ventricular outfl ow tract (RVOT) ( arrow ) wrapping around the aorta as it exits the heart.  

(A) (C)(B)

Ventricular outfl ow  tracts
 A major limitation of cardiac screening with the four -
 chamber view alone is that conotruncal anomalies can 
easily be missed. Normal four - chamber screening can 
occur with transposition of the great arteries, tetralogy 
of Fallot, double - outlet right ventricle, pulmonary and 
aortic stenosis, and coarctation of the aorta  [10] . It is esti-
mated that defects of the great vessels are only associated 
with an abnormal four - chamber view in about 30% of 
cases  [19] . Consequently, both the AIUM and ACOG now 
recommend that views of the aortic and pulmonary 
outfl ow tracts be included with an evaluation of the 
four - chamber view when screening for congenital heart 
disease  [1,2] . 

 With adequate training and experience, it is possible to 
visualize the four - chamber view and outfl ow tracts in 
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connections (see Fig.  6.2 ). The aortic and pulmonary 
outfl ow tracts are approximately equal in size in the 
midtrimester and should be seen to cross as they arise 
from their respective ventricles during real - time imaging. 
The aorta arises from the posterior ventricle and has 
branches originating from its arch that supply the head 
and upper extremities. The pulmonary artery arises from 
the anterior ventricle and branches into the ductus arte-
riosus and pulmonary arteries. The two semilunar valves 
should be seen to open and close with the pulmonary 
valve anterior and cranial to the aortic valve. 

 Experts in fetal echocardiography extend the examina-
tion of the fetal heart beyond the four - chamber view and 
proximal ventricular outfl ow tracts. A simple stepwise 
approach to the fetal heart may help to standardize two -
 dimensional fetal echocardiography  [21] . This approach 
begins with a complete assessment of the four - chamber 
view followed by serial cephalad transverse planes to 
assess the great arteries and their connections, the three -
 vessel view, and the aortic arch (Fig.  6.4 ). Sweeping 
cephalad from the four - chamber view displays the fi ve -
 chamber view, demonstrating the aorta arising from the 

90% of pregnant women  [20] . The long - axis view of 
the left ventricular outfl ow tract and the short - axis 
view of the right ventricular outfl ow tract are common 
images used to evaluate the proximal ventriculoarterial 

Figure 6.4     A simple stepwise approach to the fetal heart can help to standardize two - dimensional imaging of the fetal heart during 
routine obstetric ultrasound. This approach begins with a complete assessment of the four - chamber view followed by serial cephalad
transverse planes to assess the left ventricular outfl ow tract (LVOT), right ventricular outfl ow tract (RVOT), their connections, and the 
three - vessel view.  

Figure 6.3     Pulmonary veins (PV) entering the posterior left 
atrium ( arrows ). At least one pulmonary artery from each lung 
should be identifi ed during a screening fetal echocardiogram.  
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confi rming normal blood fl ow patterns, it can identify 
structures that can be diffi cult to visualize by two -
 dimensional ultrasound alone. For example, the small 
pulmonary veins are often best demonstrated with the 
use of color fl ow mapping. Color Doppler can also be 
used to identify defects that might be missed on two -
 dimensional imaging (Plate  6.3 ). Some ventricular septal 
defects may only be visible when color Doppler is applied 
with the ultrasound beam perpendicular to the interven-
tricualar septum. Color fl ow mapping can also identify 
abnormal fl ow patterns associated with complex heart 
defects, valvular stenosis, coarctation, and hemodynamic 
compromise such as regurgitation and poor contractility. 
For example, the retrograde aortic fl ow in hypoplastic left 
heart syndrome and the reversed ductal fl ow with pul-
monary atresia are easily identifi ed with the use of color 
Doppler. Turbulent fl ow or aliasing on color Doppler may 
be indicative of valvular stenosis or coarctation. In 
general, color Doppler should be obtained when the 
ultrasound beam is parallel to the interrogated vessel 
with less than 20   angle correction. 

 The addition of color Doppler is now considered an 
important component of a cardiac screening exam in 
many centers. Normal fl ow patterns determined by color 
fl ow mapping provide further reassurance to patients and 
their families that their offspring has no evidence of major 
structural or functional heart disease. 

Expectations from cardiac screening

 See Table  6.1 .   

Four-chamber view
 The four - chamber view was introduced as a screening 
tool for the prenatal detection of heart anomalies in 
the 1980s  [22,23] . Initial reports suggested that the 

Figure 6.5     Transverse three - vessel view of the fetal heart 
demonstrating the anterior pulmonary artery (P), aorta (A), and 
posterior superior vena cava (SVC). The diameter of the aorta 
and pulmonary artery should be similar in size in this view.  

Figure 6.6     The superior vena cava (SVC) and inferior vena cava 
(IVC) seen entering the right atrium (RA).  

left ventricle towards the right shoulder of the fetus. 
Cross - sectional transverse imaging just cephalad to this 
view shows the pulmonary artery arising from the ante-
rior right ventricle directed posteriorly to the fetal spine. 
During this sweep towards the fetal head, the left and 
right ventricular outfl ow tracts can be observed to cross 
at their origins with the aortic root located posterior to 
the main pulmonary trunk. The traditional three - vessel 
view of the superior vena cava, aorta, and pulmonary 
artery lies in a transverse plane just above the origins of 
the great arteries and the transverse aortic arch lies just 
superior to the three - vessel view (Fig.  6.5 ).   

 While the transverse views of the fetal heart are often 
suffi cient to evaluate the normal cardiac anatomy and 
screen for major anomalies, long - axis and oblique views 
of the heart may be useful when transverse views are 
diffi cult to obtain or when a cardiac defect is suspected. 
These images may include the short - axis view of the right 
ventricle and its outfl ow tract, the long - axis view of the 
left ventricle and its outfl ow tract, views of the ductal arch 
and aortic arch, and the inferior vena cava and superior 
vena cava entering the right atrium (Plate  6.1 , Fig.  6.6 ). 
These additional two - dimensional views complete the 
cross - sectional assessment of the major anatomic struc-
tures of the fetal heart and can be used to confi rm normal 
venoatrial infl ows, atrioventricular connections, and ven-
triculoarterial outfl ows.    

Color Doppler imaging
 Color fl ow mapping of the fetal heart is utilized by those 
trained to perform basic cardiac screening as well as those 
experienced in advanced fetal echocardiography. In 
general, the cardiac examination is repeated briefl y using 
color Doppler to demonstrate normal directional blood 
fl ow through the fetal heart (Plate  6.2 ). In addition to 
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ovale and patent ductus arteriosus is precluded by their 
normal patency in utero . The superior aspect of the inter-
ventricular septum tends to be thin, particularly in the 
apical view, and can be incorrectly diagnosed as a subaor-
tic ventricular septal defect. Small muscular ventricular 
septal defects are the defects most commonly missed on 
prenatal ultrasonography. Certain cardiac malformations, 
such as transposition of the great vessels, double - outlet 
right ventricle, and tetralogy of Fallot, can be associated 
with a normal four - chamber view. 

 Although most congenital heart defects occur during 
the period of organogenesis, some defects are known to 
evolve over the course of gestation and may be missed at 
the time of midtrimester screening. Flow abnormalities 
such as valvular pulmonic stenosis, aortic stenosis, and 
coarctation of the aorta are not easy to detect on the 
four - chamber view. Ventricular hypoplasia has been 
observed to develop as pregnancy advances and may not 
be evident on cardiac imaging in the second trimester 
 [28] . Abnormalities of the distal pulmonary arteries and 
pulmonary veins are not commonly appreciated prena-
tally due to limited fl ow and fi lling of these vessels 
in utero . Even under optimal conditions, some defects will 
not be detected at a midtrimester scan by the four - chamber 
view. 

 When used as a screening tool in the general popula-
tion, the four - chamber view can be expected to detect 
40 – 50% of cases of congenital heart disease  [23,29] . The 
four - chamber view should be considered abnormal if 
there is ventricular or atrial disproportion, myocardial 
hypertrophy, dilation or hypoplasia of the chambers, 
septal defects apart from the foramen ovale, or abnor-
malities of the atrioventricular valves. Congenital heart 
disease may also be associated with abnormal positioning 
of the heart in the fetal chest and with axis deviation. 
Defects expected to be associated with an abnormal four -
 chamber view include hypoplasia of the right or left ven-
tricle, atrioventricular septal defect, double - inlet ventricle, 
Ebstein anomaly, single ventricle, and large ventricle 
septal defect. Screening with the four - chamber view may 
also identify dextrocardia, situs inversus, ectopia cordis, 
cardiomyopathies, pericardial effusion, cardiac tumors, 
valvular atresia, stenosis, and insuffi ciency. Hypoplastic 
ventricles and atrioventricular septal defects are the 
defects most often detected prenatally by the four -
 chamber view  [10,27,29] .  

Addition of outfl ow  tract views
 Overall, the prenatal detection of cardiac anomalies can 
be increased from 40 – 50% with the four - chamber view 
alone to 60 – 80% when the ventricular outfl ow tracts 
are also assessed  [7,30,31] . Although the best detection 
rates of congenital heart disease have been reported in 
high - risk populations screened at referral centers, a sen-
sitivity of 66% was observed in a study of primarily low -
 risk patients screened with views of the four - chamber and 

four - chamber view could detect 80 – 90% of fetuses with 
congenital heart disease  [23,24] . However, the sensitivity 
of the four - chamber view in detecting cardiac anomalies 
varied widely in subsequent studies. For example, only 
16% of fetuses with heart defects were detected using the 
four - chamber view in the highly publicized Routine 
Antenatal Diagnostic Imaging with Ultrasound (RADIUS) 
trial of prenatal ultrasonographic screening, and no 
cardiac malformations were detected before 24 weeks ’  
gestation in facilities other than tertiary - level referral 
centers  [25] . 

 There are many possible explanations for the inconsist-
ent performance of the four - chamber view in screening 
for congenital heart disease. Different ultrasonographers 
with varying levels of skill use the four - chamber view 
under a variety of conditions in clinical practice. 
Performance is also signifi cantly infl uenced by factors 
such as a community setting versus a tertiary care center, 
high- risk versus low - risk patients, level of ascertainment, 
and availability of outcome information. Screening by 
skilled sonographers, experienced perinatologists, and 
expert pediatric cardiologists at teaching hospitals and 
tertiary reference centers is expected to be superior to that 
performed in the community. This is refl ected in the poor 
detection rate reported in nontertiary care centers in the 
RADIUS study  [25] . The sensitivity of any screening test 
also depends on the prevalence of disease in the popula-
tion being studied. Tertiary care hospitals will see more 
affected fetuses because they are the facilities to which 
women with abnormal serum screening, advanced mater-
nal age, and high - risk factors for congenital heart disease 
are referred for evaluation. The prevalence of congenital 
heart disease in many tertiary care centers is twice that 
expected in the general population  [26] . 

 The ability to image the fetal heart is also infl uenced by 
gestational age, fetal position, amniotic fl uid volume, pre-
vious abdominal surgery, and maternal body habitus. 
Even when the four - chamber view is achieved, it is unrea-
sonable to expect that it will identify all cases of congeni-
tal heart disease. Certain defects are easily missed on the 
four - chamber view, such as ventricular septal defects, 
atrial septal defects, coarctation, tetralogy of Fallot, trans-
position of the great arteries, double - outlet right ventricle, 
truncus arteriosus, and total anomalous pulmonary 
venous return  [27] . Prenatal diagnosis of patent foramen 

Table 6.1    Detection of major congenital heart disease 

Screening tool Prenatal detection rate 

Preexisting risk factors <10%
Nuchal translucency 15–50%
Four-chamber view 40–50%
Four-chamber view and ventricular 

outfl ow tracts 
60–80%

Fetal echocardiography >85%
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detected prenatally  [12,34] . One explanation is that most 
infants with heart anomalies are born to low - risk women. 
Universal routine screening of all patients utilizing a 
standard approach has the potential to signifi cantly 
improve the prenatal diagnosis of congenital heart 
disease  [21] . Another explanation for the low antenatal 
detection rate is that the performance of cardiac screen-
ing falls well below expectations. The four - chamber view 
should detect 40 – 50% of defects and the addition of ven-
tricular outfl ow views should increase detection to 60 –
 80%. Recent studies have shown that an abnormal cardiac 
screen at the time of routine obstetric ultrasound has 
become the most common indication for fetal echocardi-
ography. With detection rates consistently over 85% in 
experienced centers, it might be optimal for all patients 
to undergo screening fetal echocardiography  [35] . 
However, with limited resources, a major goal for provid-
ers of obstetric ultrasound must be to improve the quality 
of cardiac screening so that abnormal fetal hearts are 
promptly recognized and referred to those skilled in fetal 
echocardiography.    

outfl ow tracts  [29] . It is clear that multiple cardiac views 
are crucial for midtrimester screening for many serious 
congenital heart defects and that the 20 – 30% increase in 
detection rate that results from including the outfl ow 
tracts along with the four - chamber view can be of clinical 
importance. Inclusion of the three - vessel view, which 
includes the pulmonary artery, aorta, and superior vena 
cava, along with color fl ow mapping has been reported 
to increase the detection rate of outfl ow tract abnormali-
ties in low - risk populations  [32,33] . Universal screening 
with the four - chamber and ventricular outfl ow tract 
views, utilizing two - dimensional ultrasound with color 
fl ow mapping, may be optimal for midtrimester cardiac 
assessment of low - risk populations.   

Conclusion

 Despite the widespread use of obstetric ultrasound, only 
a third of infants with congenital heart disease born in 
the United States since the turn of the century have been 

    A 26 - year - old gravid 3 para 2 presents at 18 weeks ’  gesta-
tion for an ultrasound examination. During the fetal 
survey, the four - chamber view of the fetal heart appears 
to be normal but the outfl ow tracts are not well seen. She 
reports that there was some concern at the time of the 
fi rst - trimester risk assessment about fl uid at the back of 
the fetal neck but that she was told the likelihood of Down 
syndrome was low based on the fi nal results. She has no 
other known risk factors for congenital heart disease. She 
returns 4 weeks later for a follow - up ultrasound examina-
tion and again the outfl ow tracts are diffi cult to image but 
they appear to arise in a parallel fashion from the heart. 
Upon further evaluation, transposition of the great arter-
ies is diagnosed with the pulmonary artery arising from 
the posterior left ventricle and the aorta arising from the 
anterior right ventricle. She is distraught at this news and 
asks why this was not detected earlier and what should 
be done now. 

 The majority of infants with cardiac malformations are 
born to women with normal pregnancies and no identifi -
able risk factors for congenital heart disease. However, 
fetal echocardiography is now recommended when the 
nuchal translucency is increased at the time of fi rst -
 trimester screening for aneuploidy. Different cut - off 
values are used in different centers but an absolute nuchal 
translucency measurement of  ≥ 3 – 3.5   mm between 11 – 13 
weeks’  gestation is a reasonable threshold to fl ag patients 
for referral for fetal echocardiography. 

 Transposition of the great arteries is often associated 
with a normal four - chamber view and can easily be 

missed if views of the outfl ow tracts are not routinely 
evaluated and seen at the time of the second - trimester 
anatomic survey of the fetus. One of the clues to this 
diagnosis is the fact that the outfl ow tracts do not cross 
normally as they exit their respective ventricles. A repeat 
ultrasound or referral for fetal echocardiography is indi-
cated if the fetal heart cannot be adequately visualized as 
congenital heart disease is the most common of the major 
anomalies adversely affecting survival. Fortunately, 
simple transposition of the great vessels has a favorable 
prognosis but certain steps should be taken when this 
diagnosis is made. First, a careful examination for addi-
tional cardiac and extracardiac anomalies should be per-
formed. The interventricular septum should be carefully 
examined as those cases with an intact septum should 
have a timed delivery in a center capable of performing 
an emergency atrial septostomy. Genetic counseling 
should be offered and fetal karyotyping considered, par-
ticularly if extracardiac anomalies are identifi ed. However, 
the risk for aneuploidy is low in cases of isolated trans-
position of the great arteries. 

 A multidisciplinary team including the obstetrician, 
maternal- fetal medicine specialist, geneticist, pediatric 
cardiologist, pediatric cardiothoracic surgeon, and neona-
tologist should be involved in the counseling of the 
patient and her family about this condition and its impli-
cations. It is only then that the patient can fully under-
stand the diagnosis, her options, and the plan for 
management, delivery, and neonatal care.  

CASE PRESENTATION 
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     Prenatal screening for Down syndrome and other aneu-
ploidies, such as trisomies 13 and 18, has advanced sig-
nifi cantly since its advent in the 1980s. Historically, 
women 35 years or older were offered prenatal genetic 
counseling and the option of a diagnostic test such as 
chorionic villus sampling or amniocentesis. With this 
screening approach, only 20% of the fetal Down syn-
drome population are detected antenatally. Sonographic 
and biochemical markers are now employed to screen for 
aneuploidies and neural tube defects in the fi rst and 
second trimester. Maternal serum screening for Down 
syndrome in the second trimester started in the mid -
 1980s, with low levels of the analyte  α  - fetoprotein (AFP) 
associated with an increased risk of fetal Down syndrome. 
Today, an increased nuchal translucency in the fi rst tri-
mester and/or a thickened nuchal fold in the second tri-
mester are highly specifi c sonographic markers in trisomy 
21 fetuses. Prenatal diagnosis should be made available, 
if requested, after appropriate counseling, including risks 
and benefi ts, to all pregnant women, regardless of mater-
nal age.  

First-trimester sonographic screening

 The single most powerful discriminator of Down syn-
drome from euploid fetuses is fi rst - trimester sonographic 
measurement of the nuchal translucency space, generally 
performed between 11 0/7 and 13 6/7 weeks ’  gestation, 
corresponding with a fetal crown – rump length between 
45 and 84   mm  [1] . Nuchal translucency (NT) refers to a 
clearly demarcated fl uid - fi lled or sonolucent space behind 
the fetal neck. It is present in all fetuses (Fig.  7.1 ). An 
increased NT measurement is signifi cantly associated 
with fetal aneuploidy, structural malformations, and 
adverse pregnancy outcome.   

 Because the average NT measurement is only 0.5 –
 1.5   mm in thickness, it is absolutely essential that sono-
graphic technique be meticulous, follows an agreed 
protocol, and is performed only by those with adequate 
training and experience. An error of only a millimeter can 
have a signifi cant impact on the Down syndrome risk 
quoted to an individual patient. Critical components of 
good NT sonographic technique are demonstrated in 
Figure  7.1 , and include imaging the fetus in a neutral 
position in the midsagittal plane, including visualization 
of the palate, mesencephalon and nasal bone, adequate 
magnifi cation to focus only on the fetal head and upper 
thorax, discrimination between the nuchal skin and amni-
otic membrane, and caliper placement on the inner 
borders of the echolucent space. NT sonography is a more 
powerful discriminator of Down syndrome fetuses from 
euploid fetuses at 11 weeks, rather than 13 weeks, and 
therefore this form of screening should be performed as 
close to 11 weeks as possible  [1] . 

 Several large prospective population screening studies 
have now been completed in the US and Europe, and each 
has confi rmed that NT sonography, when performed by 
trained and experienced sonographers, is an effective 
screening tool for fetal aneuploidy  [1 – 5] . At a 5% false -
 positive rate, NT sonography (combined with maternal 
age) detects 70% of cases of Down syndrome at 11 weeks, 
but decreases to 64% detection at 13 weeks ’  gestation  [1] . 
In general, NT measurement has limited usefulness as a 
stand - alone test because of the increased sensitivity and 
improved positive predictive value achieved with incor-
poration of other sonographic and maternal serum 
markers.

 Credentialing programs, provided by the US Nuchal 
Translucency Quality Review Program or the UK Fetal 
Medicine Foundation, ensure that clinicians are ade-
quately trained and certifi ed in obtaining reproducible 
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vena cava. A normal fi rst - trimester ductus venosus 
Doppler waveform is triphasic in appearance, with con-
stant forward fl ow (Plate  7.1 ). Reversed fl ow in the ductus 
venosus (Plate  7.2 ) has been associated with both fetal 
aneupoidy and congenital heart disease  [9] . However, the 
reproducibility of this measurement has been questioned 
and, like nasal bone sonography, it is likely that this form 
of fi rst - trimester sonography will remain a second - line 
screening tool at select expert centers  [10] . 

 The presence of signifi cant tricuspid regurgitation at 
the time of NT sonography is also a useful marker for 
fetal Down syndrome  [11] . A study by Falcon  et al
 [12]  identifi ed tricuspid regurgitation as an independent 
risk factor for fetal aneupoidy. However, further popula-
tion screening studies are still needed to validate the 
role of fi rst - trimester tricuspid regurgitation for this 
indication.

 Finally, measurement of the facial angle has been sug-
gested to improve fi rst - trimester screening for Down syn-
drome. The frontomaxillary facial (FMF) angle describes 
the relative position of the maxilla to the forehead between 
the upper surface of the palate and the frontal bone in a 
midsagittal view of the fetal face (Fig.  7.2 ). A prospective 
study of 782 euploid and 108 trisomy 21 fetuses found 
that 69% of those affected by trisomy 21 had a FMF angle 
over 85 °  and suggested that this novel sign was an inde-
pendent marker for trisomy 21  [13] . Accurate assessment 
and reproducibility, however, are highly dependent on a 
sonographer ’ s skills and experience in fi rst - trimester 
ultrasound scanning; therefore, it is unlikely that this 
measurement will be incorporated into routine fi rst -
 trimester screening in all cases at this time.   

NT measurements. These programs are highly important 
for ongoing quality review and evaluation of provider 
profi ciency. 

 Other sonographic tools that are available for fi rst -
 trimester screening for fetal aneuploidy include nasal 
bone sonography and facial angle, ductus venosus 
Doppler waveform analysis, and tricuspid regurgitation. 

 The use of nasal bone sonography in the fi rst trimester 
for general population screening is controversial. A large 
prospective observational study in a high - risk population 
 [6]  described the absence of nasal bone ossifi cation in 73% 
of fetuses affected by trisomy 21 versus 0.5% in euploid 
fetuses. It was estimated that 85% and 93% of trisomy 21 
cases would be detected at false - positive rates of 1% and 
4%, respectively. The authors concluded that the visuali-
zation of the fetal nasal bone would result in a major 
reduction in the need for invasive testing and a substan-
tial increase in sensitivity. The same investigators sug-
gested a 97% detection rate for Down syndrome with a 
5% false - positive rate when combining nasal bone meas-
urements with nuchal translucency and serum markers 
 [7] . In contrast, the FASTER trial  [8]  did not fi nd that nasal 
bone assessment is useful in general population screening 
for Down syndrome as nine of 11 fetuses with trisomy 21 
had nasal bones present. Signifi cant variability has been 
observed in nasal bone assessment, posing some limita-
tions to its usefulness. Until such time as nasal bone 
evaluation is subjected to the same rigorous standardiza-
tion process as nuchal translucency, its application as a 
screening tool will be likely confi ned to a second - line 
assessment once a pregnancy has already been deemed 
to be at high risk. 

 The ductus venosus is a fetal blood vessel that carries 
oxygenated blood from the umbilical vein to the inferior 

Figure 7.1     Sonographic examination at 12 weeks and 4 days ’  
gestation demonstrating measurement of the fetal nuchal 
translucency (NT).  

Figure 7.2     Measurement of the FMF angle. The angle is defi ned 
by a line along the upper surface of the palate and a line from 
the upper corner of the anterior aspect of the maxilla extending 
to the external surface of the frontal bone.  
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as PAPP - A and NT sonography. When the combination 
of fi rst - trimester NT, PAPP - A, and f β hCG is compared 
with the combination of NT, PAPP - A, and total hCG, their 
performance is actually very similar, with Down syn-
drome detection rates of 83% and 80%, respectively, for a 
5% false - positive rate  [3] . Therefore, for clinicians in prac-
tice, if f β hCG is not available at their local laboratory it 
would still be possible to achieve similar Down syndrome 
screening performance using the more widely available 
total hCG. 

 Cross - trimester repeated measures testing  [14]  evalu-
ated maternal serum samples from the same patient in the 
fi rst and second trimester (f β hCG, unconjugated estriol 
[uE3], PAPP - A). Maternal blood samples were obtained 
at 11 – 13 and 15 – 18 weeks ’  gestation. The most promising 
marker for repeated measures was PAPP - A, with 
increased detection rates and reduced false - positive 
rates for Down syndrome, but only when the fi rst -
 trimester sample was collected before 13 weeks ’  gesta-
tion. This benefi t decreased with increased gestational 
age at the time of the fi rst sample. There was no evidence 
of improvement in screening performance for uE3 or 
hCG. Until the potential benefi ts of repeated measure-
ments of PAPP - A with samples from early in the fi rst 
trimester are confi rmed in a prospective study, these 
promising results should be interpreted with caution.  

First-trimester cystic hygroma

 It has now become clear that there is a subgroup of 
fetuses with enlarged NT measurements which are at suf-
fi ciently high risk for aneuploidy and other adverse out-
comes that delaying invasive diagnostic testing until 
serum markers are available is not necessary. The fi nding 
of an increased NT space, extending along the entire 
length of the fetus, and in which septations are clearly 
visible, is referred to as septated cystic hygroma, and 
is an easily identifi able feature during fi rst - trimester 
sonography (see Plate  7.1 ). Septated cystic hygroma will 
be encountered in approximately 1 in every 300 fi rst -
 trimester sonographic evaluations  [15] . Once this diagno-
sis is made, patients should be counseled regarding a 
50% incidence of fetal aneuploidy, with the most common 
abnormalities being Down syndrome, followed by Turner 
syndrome and trisomy 18  [15] . Of the remaining euploid 
fetuses, half will have major structural malformations 
such as congenital heart defects, diaphragmatic hernias, 
skeletal dysplasias, and a variety of genetic syndromes. 
Less than 20% of such pregnancies will result in a healthy 
liveborn infant at term. 

 The American College of Medical Genetics states that 
women carrying a fetus with an NT over 4   mm or where 
a septated cystic hygroma is present should be offered 
immediate invasive diagnosis using chorionic villus 

 When considering newer forms of ultrasound evalua-
tion for fetal Down syndrome, a balance needs to be 
struck between exciting new modalities and robust sono-
graphic techniques that can be easily implemented at a 
general population level. Just because a new technique 
may perform well in select expert hands when evaluating 
high- risk patients does not imply that it will be a useful 
addition to general population screening. 

Combined fi rst -trimester serum and 
sonographic screening

 In Down syndrome pregnancies, fi rst - trimester serum 
levels of pregnancy - associated plasma protein A (PAPP -
 A) are decreased compared with euploid pregnancies, 
and human chorionic gonadotropin (hCG) levels are 
increased. Because these two serum markers are relatively 
independent of each other, and of both maternal age and 
NT measurements, improvements in Down syndrome 
risk assessment can be achieved by a combined serum 
and sonographic screening approach. Several large popu-
lation studies have now confi rmed that such combined 
fi rst - trimester screening is signifi cantly better than screen-
ing for Down syndrome based on NT sonography alone 
 [1,3] . At a 5% false - positive rate, such combined fi rst -
 trimester screening detects 87% of cases of Down syn-
drome at 11 weeks, decreasing to 82% at 13 weeks ’  
gestation (compared with 70% and 64% detection rates, 
respectively, for NT alone)  [1] . Looked at differently, to 
achieve an 85% Down syndrome detection rate at 11 
weeks ’  gestation, screening using NT sonography alone 
would yield a false - positive rate of 20%, while combined 
fi rst - trimester screening would have a false - positive rate 
of only 3.8%  [1] . 

 It is now clear that fi rst - trimester screening for fetal 
Down syndrome should be provided using the combina-
tion of NT sonography with appropriate serum markers. 
The only exception to this may be the presence of a mul-
tiple gestation where it can be very diffi cult to interpret 
the relative contributions of different placentas to mater-
nal serum marker levels. In this latter situation, it is rea-
sonable to provide a Down syndrome risk assessment 
based on NT sonography alone. 

 Another practical problem for the implementation of 
fi rst - trimester combined screening in the US is limited 
access to assays for the free  β  - subunit of hCG (f β hCG). 
Both total hCG and f β hCG are very effective discrimina-
tors of Down syndrome and euploid pregnancies, but 
when evaluated as univariate markers, f β hCG is more 
powerful (15% versus 28% detection rates, respectively, 
for a 5% false - positive rate at 11 weeks)  [3] . However, in 
actual clinical practice f β hCG is never used on its own to 
screen for fetal Down syndrome, but instead will always 
be used in combination with other serum markers, such 
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echogenic intracardiac focus, clinodactyly, sandal gap toe, 
and widened iliac angle  [18] . The minor markers that are 
associated with trisomy 18 include nuchal fold thicken-
ing, mild ventriculomegaly, short femur or humerus, 
echogenic bowel, enlarged cisterna magna, choroid plexus 
cysts, micrognathia, single umbilical artery, clenched 
hands, and fetal growth restriction. It should be noted 
that almost all data supporting the role of second - trimester 
sonography for minor markers for aneuploidy are derived 
from high - risk populations, such as patients of advanced 
maternal age or with abnormal maternal serum screening 
results. It is still unclear what the relative contribution of 
screening for such minor markers will be in lower risk 
patients from the general population.   

 To objectively counsel patients following the prenatal 
diagnosis of a minor sonographic marker, likelihood 
ratios can be used to create a more precise risk assessment 
for the patient that her fetus might be affected with Down 
syndrome. Their use in clinical practice is simply to mul-
tiply the relevant likelihood ratio by the  a priori  risk. Table 
 7.1  summarizes the likelihood ratios that can be used to 
modify a patient ’ s risk for Down syndrome, depending 
on which minor marker is detected. If no markers are 
present, the patient ’ s  a priori  risk can be multiplied by 0.4, 
effectively reducing her chances of carrying a fetus with 
Down syndrome by 60%  [18] . The likelihood ratio values 
listed for each marker assume that the marker is an iso-
lated fi nding. By contrast, when more than one minor 
marker is noted in the same fetus, different likelihood 
ratios must be used, with the risk for Down syndrome 
being increased by a factor of 10 when two minor markers 
are detected and by a factor of 115 when three or more 
minor markers are found  [18] . It should also be noted that 
the 95% confi dence interval (CI) values for each marker ’ s 

sampling (CVS) as the addition of serum markers would 
not signifi cantly alter the risk for Down syndrome  [16] . 
Results from the FASTER trial showed that a NT measure-
ment of 3   mm or greater yields a minimum risk of aneu-
ploidy of 1 in 6, so invasive testing should be offered at 
this cut - off. Given the association with congenital malfor-
mations, fetuses with increased NT or fi rst - trimester 
cystic hygroma should undergo targeted sonography 
and/or echocardiogram at 18 – 20 weeks ’  gestation.  

Second-trimester sonographic
screening

 The mainstay for antenatal Down syndrome screening for 
over 20 years has been second - trimester sonographic 
evaluation of fetal anatomy, also frequently referred to as 
the genetic sonogram. Two general approaches have been 
used in the second trimester: sonographic detection of 
major structural fetal malformations, and sonographic 
detection of minor markers for Down syndrome. 

 The detection of certain major structural malformations 
that are known to be associated with aneuploidy should 
prompt an immediate consideration of genetic amniocen-
tesis. The major structural malformations that are associ-
ated with Down syndrome include cardiac malformations 
(atrioventricular [AV] canal defect, ventricular septal 
defect, tetralogy of Fallot), duodenal atresia, cystic 
hygroma, and hydrops fetalis. The major malformations 
associated with trisomy 18 include cardiac malformations 
(AV canal defect, ventricular septal defect, double - outlet 
right ventricle), meningomyelocele, omphalocele, esopha-
geal atresia, rocker - bottom feet, cleft lip or palate, cystic 
hygroma, and hydrops fetalis. While the genetic sono-
gram can be performed at any time during the second and 
third trimesters, the optimal time is likely to be at 17 – 18 
weeks ’  gestation, which is late enough to maximize fetal 
anatomic evaluation yet early enough to allow for amnio-
centesis results to be obtained. When a major structural 
malformation is found, such as an AV canal defect or a 
double- bubble suggestive of duodenal atresia, the risk of 
Down syndrome in that pregnancy can be increased by 
approximately 20 – 30 - fold  [17] . For almost all patients, 
such an increase in their background risk for aneuploidy 
will be suffi ciently high to justify immediate genetic 
amniocentesis.

 Second - trimester sonography can also detect a range 
of minor markers for aneuploidy. The latter are not con-
sidered structural abnormalities of the fetus  per se  but, 
when noted, may be associated with an increased pro-
bability that the fetus is aneuploid. The minor markers 
that have been commonly linked to Down syndrome 
include nuchal fold thickening (Fig.  7.3 ), nasal bone 
absence or hypoplasia, mild ventriculomegaly, short 
femur or humerus, echogenic bowel, renal pyelectasis, 

Figure 7.3     Second - trimester sonographic measurement of the 
fetal nuchal fold (NF) at 15 5/7 weeks ’  gestation. The 
measurement is taken in the axial plane at the level of the 
posterior fossa, with calipers placed from the outer skull edge to 
the outer skin edge.  
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inhibin- A is added to this test, commonly known as the 
quad screen, the Down syndrome detection rate increases 
to 81%, for a 5% false - positive rate  [1,3] . 

 Performance of serum screening tests can be maxi-
mized by accurate ascertainment of gestational age and, 
wherever possible, sonographic dating should be used 
instead of menstrual dating. It is optimal to provide 
serum screening between 15 and 16 weeks ’  gestation, 
thereby allowing the results to be available at the time of 
second- trimester sonographic evaluation. Subsequently, 
if the genetic sonogram reveals any minor markers, the 
Down syndrome risk quoted from serum screening 
should be used with the appropriate likelihood ratio (as 
summarized in Table  7.1 ) to determine the fi nal Down 
syndrome risk.  

Combined fi rst - and  second-
trimester screening

 It is now clear that both fi rst -  and second - trimester 
approaches to screening for Down syndrome are highly 
effective, with fi rst - trimester combined screening being 
superior to second - trimester serum quad screening only 
when performed as early as 11 weeks ’  gestation  [1] . 
However, rather than restricting patients to one or another 
screening option, it is now possible to improve screening 
performance even further by combining screening tests 
across both trimesters. There are currently three 
approaches to this: integrated screening, sequential 
screening, and contingent screening. 

Integrated screening
 Integrated screening is a two - step screening protocol, 
with results not being released until all screening steps 
are completed. Sonographic measurement of NT, together 
with serum assay for PAPP - A, are obtained between 10 
and 13 weeks ’  gestation, followed by a second serum 
assay for AFP, hCG, uE3, and inhibin - A obtained between 
15 and 16 weeks ’  gestation. A single risk assessment is 
then calculated at 16 weeks ’  gestation. This  “ fully inte-
grated ”  test has a Down syndrome detection rate of 95%, 
for a 5% false - positive rate  [1,3] . A variant of this approach, 
referred to as the  “ serum integrated ”  test, involves blood 
tests only, including PAPP - A in the fi rst trimester, fol-
lowed by AFP, hCG, uE3, and inhibin - A in the second 
trimester. This latter test, which does not require an NT 
ultrasound assessment, has a Down syndrome detection 
rate of 86%, for a 5% false - positive rate  [1,3] . 

 For some patients who are anxious to receive rapid 
screening results, or for those who might wish to have a 
fi rst - trimester CVS, it is possible that such integrated 
screening tests might not be acceptable, as a delay 
inevitably exists between the time of fi rst - trimester 
screening measurements and release of results in the 

likelihood ratios are rather wide. These values should 
therefore be used only as a general guide for counseling 
patients, and care should be exercised to avoid implying 
too much precision in the fi nal risk estimates. Accuracy 
of risk estimates, however, can be maximized by using 
the best available a priori  risk value for a particular patient, 
such as the results of maternal serum marker screening 
or fi rst - trimester combined screening, rather than mater-
nal age, when available. 

 The role of second - trimester genetic sonography after 
Down syndrome screening has been evaluated in a study 
of 7842 pregnancies, including 59 with trisomy 21  [19] . 
For a 5% false - positive rate, genetic sonography increased 
detection rates substantially for combined and quadruple 
tests, from 81% to 90%, respectively and for the integrated 
test from 93% to 98%. Detection rates for sequential pro-
tocols were only modestly improved with the genetic 
sonogram: from 97% to 98% with the stepwise test and 
from 95% to 97% with the contingent test.  

Second-trimester serum screening

 Maternal serum levels of AFP and uE3 are both approxi-
mately 25% lower in pregnancies complicated by Down 
syndrome compared with euploid pregnancies  [20] . By 
contrast, levels of hCG and inhibin - A are approximately 
twice as high in pregnancies complicated by Down syn-
drome  [20] . Maternal serum levels of AFP, uE3, and hCG 
all tend to be decreased in pregnancies complicated by 
trisomy 18. The combination of AFP, uE3, and hCG, com-
monly known as the triple screen, can detect 69% of cases 
of Down syndrome, for a 5% false - positive rate  [1] . When 

Table 7.1    Likelihood ratios for Down syndrome when an 
isolated minor sonographic marker is detected  *   

Minor marker Likelihood ratio 95% Confi dence 
interval

Nuchal fold >5mm 11 6–22
Echogenic bowel 6.7 3–17
Short humerus 5.1 2–17
Short femur 1.5 0.8–3
Echogenic intracardiac focus 1.8 1–3
Pyelectasis 1.5 0.6–4
Any two minor markers 10 6.6–14
Any three or more minor 115 58–229

markers
No markers 0.4 0.3–0.5

*The patient ’s a priori risk is multiplied by the appropriate positive 
likelihood ratio to yield an individualized posttest risk for fetal Down 
syndrome.
Reproduced from Nyberg et al [18] with permission from the 
American Institute of Ultrasound in Medicine. 
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 The FASTER trial evaluated 32,269 unaffected and 86 
Down syndrome pregnancies and found a 91% detection 
rate for contingent screening, coupled with a 4.5% false -
 positive rate. Therefore, contingent screening is com-
parable with stepwise and integrated screening and 
substantially reduces the number of patients needing to 
return for second - trimester testing  [22] . While this appears 
to be an exciting approach that may be quite cost - effective, 
it still requires validation by actual population trials 
before it can be endorsed for clinical application.   

Screening in multiple gestations

 Combined fi rst - trimester serum screening for multifetal 
gestations is less sensitive than in singleton pregnancies. 
Nuchal translucency measurement in dichorionic twin 
gestations has comparable detection rates to those in 
singleton pregnancies  [23] . NT measurement in mono-
chorionic gestations is less reliable, however, given the 
recognition of increased or discordant NT as an early sign 
for twin - to - twin transfusion syndrome. Maternal serum 
screening has not been widely utilized in the setting of 
multiple gestations because of the potential for discor-
dancy between twins and the impact of different placen-
tas on the various analytes. Options for fi rst - trimester 
screening for Down syndrome therefore include a fetus -
 specifi c risk based on NT alone, or providing an overall 
pregnancy risk based on combined serum and sono-
graphic markers. In a series of 448 twin pregnancies, NT 
alone yielded an 88% detection rate for a 7% false - positive 
rate  [24] . Another series of 206 twin pregnancies included 
maternal serum markers and reported a 75% detection 
rate for a 5% false - positive rate  [25] . 

 Currently, the method of choice for screening in multi-
ple gestations is debatable but avoiding serum markers 
and providing a fetus - specifi c risk based on NT alone is 
a reasonable strategy. Sonographic evaluation of each 
individual fetus in the second trimester for major struc-
tural malformations or minor markers will allow for the 
calculation of fetus - specifi c risks for aneuploidy.  

Screening for neural tube defects

 Screening tests to identify patients at risk for fetal open 
neural tube defects (NTD) utilize both maternal biochem-
ical markers and ultrasonography to achieve highest 
detection rates. While second - trimester serum screening 
has been available over the past two decades, fi rst -
 trimester tests are now available to allow for earlier diag-
nosis and optimized management options to be offered 
to the patient, including pregnancy termination. Between 
75% and 90% of open NTDs and over 95% of anencephaly 
can be detected by elevated maternal serum AFP (MSAFP). 

second trimester. However, for patients who may not be 
interested in, or have access to, fi rst - trimester CVS, the 
effi ciency of being provided with a single Down syn-
drome risk assessment result, which maximizes detection 
and minimizes false positives, may make such integrated 
screening tests appear attractive. 

Sequential screening
 In contrast to integrated screening, stepwise sequential 
screening refers to multiple different Down syndrome 
screening tests being performed, with risk estimates being 
provided to patients upon completion of each step. A key 
concept in performing stepwise screening is to ensure that 
each subsequent screening test that is performed uses the 
Down syndrome risk from the preceding test as the new 
a priori  risk for later screening, or includes all previous 
marker results in risk calculation. If sequential screening 
tests are performed independently for Down syndrome 
without any modifi cation being made for earlier screen-
ing results, the positive predictive value of the later tests 
will inevitably deteriorate, and it is likely that the overall 
false - positive rate will increase  [21] . 

 A potential advantage of stepwise screening over inte-
grated screening is that it allows patients in the fi rst tri-
mester to avail themselves of an immediate CVS, should 
their risk estimate justify this test, without having to wait 
until 16 – 18 weeks when the integrated screening results 
are provided. Patients could therefore achieve the benefi t 
of early diagnosis associated with fi rst - trimester screen-
ing, as well as the higher detection rate for Down syn-
drome associated with integration of both fi rst -  and 
second- trimester screening tests.  

Contingent screening
 Finally, one of the major disadvantages of providing all 
possible fi rst -  and second - trimester screening tests for 
patients is the cost involved and the patient anxiety 
inherent with prolongation of the screening process over 
several months. A possible solution to this is to utilize 
contingent screening, in which patients have fi rst -
 trimester screening with NT, PAPP - A, and f β hCG, and 
only those patients with extremely high - risk results (e.g. 
greater than 1 in 30) are offered CVS. Patients with 
extremely low - risk results that are unlikely to be signifi -
cantly changed by additional later tests (e.g. less than 1 
in 1500) are reassured and are not offered additional 
Down syndrome screening tests. Finally, borderline risk 
patients (e.g. with risks between 1 in 30 and 1 in 1500) 
return at 15 weeks for quad serum markers and these are 
combined with the earlier fi rst - trimester markers to 
provide a fi nal Down syndrome risk. The advantage 
of this approach is that it may focus the benefi ts of 
CVS with the highest risk patients, while signifi cantly 
reducing the number of second - trimester screening tests 
performed.
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MSAFP also detects 85% of abdominal wall defects. 
Screening for NTD can be performed between 15 and 22 
weeks ’  and optimally between 16 and 18 weeks ’  gesta-
tion. Factors infl uencing MSAFP are multiple gestations, 
maternal ethnicity, insulin - dependent diabetes mellitus, 
and a positive family history of open NTD. Cut - off levels 
for NTD screening are 2.0 – 2.5 multiples of the median 
(MoM) in singleton pregnancies and 4.0 – 5.0   MoM in 
twin gestations. These cut - off levels may be laboratory 
specifi c  [16] . 

 In pregnancies with elevated MSAFP, a targeted ultra-
sound examination is recommended. If optimal views of 
spine, abdominal wall, and intracranial anatomy are not 
obtained at a targeted ultrasound, consideration may be 
given to amniocentesis to evaluate for amniotic fl uid AFP 
and acetylcholinesterase levels. Given the association of 
NTDs with trisomy 18, amniotic fl uid should also be sent 

    A 32 - year - old para 1 is referred from the early pregnancy 
assessment unit with an increased NT. She attends the 
prenatal diagnosis clinic at 11 0/7 weeks ’  gestation and a 
septated cystic hygroma is identifi ed (see Plate  7.1 ). 
Following careful counseling regarding the associated 
risks of aneuploidy and congenital structural abnormali-
ties, the patient agrees to proceed with a transabdominal 
CVS. Genetic evaluation reveals a normal male karyo-

type. She attends again at 18 0/7 and 23 4/7 weeks ’  gesta-
tion. The fi rst - trimester cystic hygroma has entirely 
resolved and genetic sonography and echocardiogram 
reveal no abnormalities. Her pregnancy progresses 
without complications and she delivers a healthy male 
infant by vacuum delivery at 40 5/7 weeks ’  gestation, 
weighing 4500   g.  

CASE PRESENTATION 2 

    A healthy 35 - year - old primigravida presents at 11 weeks ’  
gestation requesting reassurance regarding the possibility 
of fetal Down syndrome. After appropriate pretest coun-
seling, in which the various screening tests and the rela-
tive advantages and disadvantages of screening versus 
invasive diagnostic tests are discussed, the patient agrees 
to proceed with combined fi rst - trimester screening. NT 
sonography is performed by a sonographer experienced 
in this technique, and the fetal crown – rump length (CRL) 
is measured at 45   mm, while the NT space is measured at 
1.6   mm. A maternal blood sample is obtained and sent to 
a prenatal screening laboratory for assay of PAPP - A and 
fβ hCG, together with the sonographer ’ s credentialing ID 
number (to facilitate an NT quality assurance scheme) 
and the fetal CRL and NT data. Four days later, a labora-
tory report confi rms that the patient ’ s  a priori  age - related 
risk for Down syndrome is 1 in 270, and that this has been 

reduced to 1 in 1500 by combined fi rst - trimester screen-
ing. The patient is informed of this result, feels reassured, 
and declines CVS. 

 Subsequently, the patient has a detailed sonographic 
fetal anatomic survey performed at 18 weeks ’  gestation 
and no major malformations are found. The fetus is noted 
to have a single echogenic intracardiac focus in the left 
ventricle, but no other minor markers are seen. The 
patient is informed of this fi nding and its possible associa-
tion with Down syndrome. The physician knows that this 
marker has a likelihood ratio of 1.8 for Down syndrome 
and calculates that the fi nal risk of Down syndrome in 
this patient ’ s case is 1 in 830 ([1/1500]    ×    1.8). The patient 
is again reassured and declines genetic amniocentesis. 
Approximately 5 months later, she delivers a healthy 
female infant at term.  

CASE PRESENTATION 1 

for genetic evaluation. Sonographic markers observed in 
most fetuses with NTDs in the second trimester include 
scalloping of the frontal bones ( “ lemon ”  sign) and caudal 
displacement of the cerebellum ( “ banana ”  sign) due to 
Chiari malformation  [26] . Often those fetuses have a 
small biparietal diameter (BPD) early in the second tri-
mester  [27] . Spina bifi da can be indicated in the fi rst tri-
mester, between 11 and 13 weeks ’  gestation, by the 
absence of the intracranial translucency (IT)  [28] . The IT 
represents the fourth cerebral ventricle which can be visu-
alized on the same midsagittal plane of the fetal face as 
for measurement of NT and assessment of the nasal bone. 
The two lines that defi ne the IT are the posterior border 
of the brainstem anteriorly and the choroid plexus of the 
fourth ventricle posteriorly. It is unclear, however, what 
the precise sensitivity and specifi city for this marker will 
be, if used in clinical practice. 
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Pregnancy dating

 Accurate pregnancy dating is a critical component of 
prenatal management. Precise knowledge of gestational 
age is essential for the management of high - risk pregnan-
cies and in particular fetal growth restriction. Although 
uterine size, as measured by the fundal height, provides 
a subjective assessment of the fetal size, ultrasound has a 
far more precise role in confi rming gestational age  [1] . 

 Overestimation of gestational age based on menstrual 
dates is responsible for a preponderance of misdated 
pregnancies and results from delayed ovulation in the 
conception cycle. Overestimation of true gestational age 
by the menstrual history results in an underestimate of 
the rate of preterm delivery  [2]  and an overestimate of the 
postdates pregnancies. In a retrospective review of a rou-
tinely scan - dated population, Gardosi  et al   [3]  found that 
72% of inductions carried out for postterm pregnancy 
(> 294 days) according to menstrual dates were not actu-
ally post term according to ultrasound dating. 

 Ultrasound has an integral role in confi rming gesta-
tional age, with a high accuracy when performed in the 
fi rst or second trimesters. A study involving  in vitro  ferti-
lization (IVF) pregnancy has shown that ultrasound has 
an accuracy in pregnancy dating of 3 – 4 days when per-
formed between 14 and 22 weeks ’  gestation  [1] . Dating 
during the third trimester is less predictive because of 
heterogeneity in individual fetal growth rates, and should 
be avoided. 

First trimester
 Dating by ultrasound in the fi rst half of pregnancy has 
become a routine part of antenatal care in many institu-
tions around the world. Before 6 weeks ’  gestation, dating 
can be carried out by measurement and observation of 
the gestational sac  [4] . The gestational sac is visible as 
early as 4 weeks, and should always be visible by 5 weeks. 
The size of the gestational sac can be correlated with 

gestational age  [5] . Because the mean sac diameter (MSD) 
grows at a rate of 1   mm/day, gestational age can be esti-
mated by the formula:

Gestational age days  MSD mm( ) ( ) [ ]= 30 6

 Among all fetal biometry measurements, determina-
tion of the maximum embryonic length (crown – rump 
length [CRL]) up to 14 weeks ’  gestation is the most accu-
rate for determining gestational age. The random error is 
in the range of 4 – 8 days at the 95th percentile  [7 – 12] .  

Second and third trimesters
 When the CRL is above 60   mm, other biometric para-
meters are more useful for dating the pregnancy  [13] . 
Standardized measurements include the biparietal 
diameter (BPD), head circumference (HC), femur length 
(FL), humeral length (HL), and abdominal circumference 
(AC). These grow in a predictable way and so can be 
correlated with gestational age. Virtually any other bone 
or organ can be measured and compared with gestational 
age.

 In a study that involved pregnancies conceived with 
IVF, the HC was the most predictive parameter of gesta-
tional age between 14 and 22 weeks ’  gestation as it pre-
dicts gestational age within 3.4 days  [1] . Other parameters 
such as the BPD, AC, and FL also have good accuracy. 
Combining various biometric parameters improves the 
prediction of gestational age slightly over the use of HC 
alone  [1] . 

 The AC is a measure of fetal girth. It includes soft 
tissues of the abdominal wall as well as a measure of 
internal organs, primarily the liver. Unlike other com-
monly used fetal measurements, it is not infl uenced by 
bone growth or morphology. At term, 95% of newborns 
are found to be within 20% of an expected length of 20   cm, 
whereas infant weight may vary by 100% or more. 
Therefore, differences in weight must be explained 
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hypoxemia or malnutrition. Nevertheless, in actual day -
 to - day practice, the terms SGA and IUGR are frequently 
used interchangeably. 

 Dynamic evaluation of fetal growth with serial ultra-
sound examinations is more important than a single 
examination when fetal measurements are below the 10th 
percentile. This is true independent of methods used, 
including cross - sectional or longitudinal growth charts, 
customized growth charts, or predicted fetal growth. The 
optimal measurement interval in small fetuses that com-
bines acceptable technical variability with useful clinical 
data while minimizing intra -  and interobserver variabili-
ties appears to be approximately 10 days  [29] . However, 
longer time intervals will refl ect fetal growth in low - risk 
patients more accurately  [30] . 

 Several defi nitions exist in the literature for the diagno-
sis of IUGR. The defi nition that is most commonly used 
in clinical practice is an estimated fetal weight at less than 
the 10th percentile for gestational age. At this diagnostic 
threshold, approximately 70% of  “ affected ”  fetuses will 
be constitutionally small and have no increase in perina-
tal morbidity or mortality  [31] . Using the 5th percentile 
as a cut - off for the diagnosis of IUGR may be more 
clinically applicable, given that perinatal morbidity and 
mortality have been shown to increase beyond this 
threshold  [32] . 

 Of all the ultrasound - derived biometric parameters, the 
AC is the most sensitive indicator for growth restriction 
in the fetus. An AC of less than the 2.5th percentile for 
gestational age carries a sensitivity of greater than 95% 
for the diagnosis of IUGR  [33,34] . The growth profi le of 
the AC should therefore be monitored closely in fetuses 
at risk for growth abnormalities. Furthermore, when esti-
mating fetal weights by ultrasound, the appropriate 
growth curves should be used. Curves generated at high 
altitudes will underestimate IUGR by approximately 50% 
for sea - level population  [35] . 

 Customized growth curves, which take into account 
genetic factors which affect fetal growth such as maternal 
height, maternal weight, parity, ethnic origin, and fetal 
gender, have been developed. Studies suggest that such 
customized curves are better than population - derived 
curves at correlating growth restriction with low Apgar 
scores, stillbirth, and neonatal death and at differentiating 
between physiologically and pathologically small new-
borns  [36] . In addition, some studies have shown an 
ability to decrease antenatal testing and improve the cor-
relation of SGA with adverse outcome when customized 
growth curves are used for the diagnosis of IUGR  [36 – 38] . 
However, customized growth curves have not attained 
wide application in clinical practice primarily due to the 
complexity of this approach. Furthermore, customized 
growth curves that are currently available do not refer-
ence the Hispanic population, which accounts for about 
24% of deliveries in the United States  [36,39] .  

primarily by variations in girth and, not surprisingly, the 
AC is among the least predictive measures of fetal age but 
the most predictive of fetal growth  [14 – 16] .  

Estimation of fetal weight
 The best overall measure of fetal size is obtained by esti-
mating fetal weight. Numerous formulas for estimating 
fetal weight have been described and utilized  [17 – 19] . 
Using standard biometry, some formulas use head meas-
urements and AC, others use long bone measurements 
and AC, and others use all these measurements. The AC 
is included in all commonly used formulas of estimated 
fetal weight, and it also strongly infl uences fetal weight 
estimates  [20] . Weight estimates based on AC alone have 
also been reported  [21,22] . 

 Hadlock  [17] , Dudley  [18] , Coombs  et al   [19] , Rose and 
McCallum  [23] , and Medchill  et al   [24]  estimations of 
weight formulas, which include BPD, HC, AC, and FL, 
result in a mean absolute error of approximately 10% 
 [25,26] . Some formulas for estimating fetal weight are 
volume based and would be expected to be more accurate 
in predicting fetal weight; however, these volume - based 
equations have not been shown to be consistently more 
accurate and some studies have resulted in large system-
atic errors  [27] . 

 In experienced hands, nearly 80% of estimated weights 
are within 10% of the actual birthweights and most of 
the remaining are within 20% of birthweights. However, 
accuracy decreases when less experienced sonographers 
perform exams  [28] . A number of studies have docu-
mented that prediction of fetal weight by ultrasound is 
limited. In one study, Baum  et al   [28]  found that sono-
graphic estimation of fetal weight was no better than 
clinical or patient estimates at term.   

Intrauterine growth restriction

Defi nition 
 The term  “ small for gestational age ”  (SGA) is commonly 
used to describe all fetuses that are small. SGA fetuses 
represent a heterogeneous group of both constitutionally 
small but  “ normal ”  and pathologically growth - restricted 
fetuses.

 It should be clear that estimated weights and weight 
percentiles only evaluate fetal size. This approach cannot 
distinguish growth - restricted potentially compromised 
fetuses from otherwise healthy fetuses that are simply 
constitutionally small for gestational age. Therefore, it is 
important to correlate estimates of fetal size with other 
correlates of fetal health, including amniotic fl uid, Doppler 
fl ow studies, and fetal activity. For this reason, use of the 
term  “ intrauterine growth restriction ”  (IUGR) should be 
limited to fetuses who are SGA and who show other evi-
dence of reduced uteroplacental blood fl ow, chronic 
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of major chromosome abnormalities, particularly triso-
mies 18 and 13, and triploidy  [49,50] .   

 Among other variables, smaller fetal size tends to 
refl ect both maternal and paternal birth weights. Magnus 
et al   [51]  found the mean maternal birthweight was sig-
nifi cantly less among those who had experienced two 
SGA births compared with those with no SGA births 
(3127    ±    54   g versus 3424    ±    22   g). Interestingly, the mean 
paternal birthweight was also lower (3497    ±    88   g versus 
3665    ±    24   g) from affected pregnancies with two previous 
SGA births.  

Outcome
 Failure to recognize fetal growth restriction may result in 
a 50% rate of unexplained term stillbirths  [52] . In addition 
to an increased risk of perinatal mortality, when com-
pared with appropriately grown fetuses matched for 
gestational age, IUGR fetuses have an increased risk of 
perinatal morbidity  [53] . Long - term follow - up studies 
have shown an increased incidence of physical handicap 
and neurodevelopmental delay in growth - restricted fetu-
ses  [54,55] . The presence of chronic metabolic acidemia 

Symmetric versus asymmetric
  ” Symmetric ”  IUGR has been used to describe the growth 
pattern when all biometric measurements appear affected 
to the same degree, whereas  “ asymmetric ”  IUGR has 
been used to characterize a smaller AC compared with 
other growth parameters. Asymmetric IUGR would then 
show abnormal ratios such as the HC:AC or FL:AC 
ratio  [40] . 

 When fi rst introduced, symmetric IUGR was suggested 
as more likely to refl ect underlying fetal condition includ-
ing aneuploidy, whereas asymmetric IUGR supposedly 
refl ected underlying uterine – placental vascular dysfunc-
tion. However, these assumptions have proved to be 
largely false. Asymmetric IUGR was more likely to be 
associated with a major fetal anomaly in one study  [41] , 
may also be seen with aneuploidy (e.g. triploidy), and 
severe uteroplacental vascular insuffi ciency can initially 
present as symmetric IUGR  [42] . Fetuses with symmetric 
and asymmetric IUGR also show a similar degree of acid –
 base impairment  [43] . The FL:AC ratio has also been 
found to be useful for prediction of IUGR  [44] .  

Risk factors
 Causes of and associations with IUGR are shown in Box 
 8.1 . The most common associations are with maternal 
hypertension and/or a history of IUGR in previous preg-
nancies. Conversely, a history of a prior SGA fetus is a 
risk factor for preeclampsia  [45] .   

 Underlying uterine – placental dysfunction is a com-
monly cited cause for otherwise unexplained IUGR. 
Uterine– placental dysfunction has been correlated with 
a range of pathologic fi ndings including failure of phy-
siologic transformation of uterine spiral arteries by 
endovascular trophoblast, smaller placentas, increase in 
the thickness of tertiary stem villi vessel wall, and decrease 
in lumen circumference of spiral arterioles. Also, confi ned 
placental mosaicism has been found to carry a higher risk 
of IUGR and adverse outcome, including fetal death  [46] . 
Uterine– placental dysfunction produces fetal hypoxemia 
which results in subnormal growth, oligohydramnios, 
and alterations in blood fl ow  [47] . 

 Various chromosome abnormalities including those 
confi ned to the placenta (confi ned placental mosaicism) 
may exhibit delayed growth as a prominent feature. 
Abnormal growth and development have also been asso-
ciated with disturbed genomic imprinting (expression of 
genes depending on whether they are located on the 
maternal or the paternal chromosome). This has led to the 
suggestion that genomic imprinting has evolved as a 
mechanism to regulate embryonic and fetal growth  [48] . 

 Many fetuses with chromosomal anomalies or other 
genetic syndromes may exhibit growth delay as a domi-
nant feature (Box  8.2 ). It may be the primary or in some 
cases the only sonographic evidence of underlying fetal 
anomalies. Early - onset IUGR is a common manifestation 

Box 8.1 Causes of and associations with intrauterine

growth  restriction

Maternal 

• Pregnancy -induced hypertension/preeclampsia 

• Severe chronic hypertension 

• Severe maternal diabetes mellitus 

• Collagen vascular disease 

• Heart disease 

• Smoking

• Poor nutrition 

• Renal disease 

• Lung disease/hypoxia 

• Environmental agents 

• Endocrine disorders 

• Previous history of IUGR 

Uterine–placental

• Uterine–placental dysfunction 

• Placental infarct 

• Chronic abruption 

• Multiple gestation/twin transfusion syndrome 

• Confi ned placental mosaicism 

Fetal

• Chromosome abnormalities 

• Anomalies

• Skeletal dysplasias 

• Multiple anomaly syndromes (see Box  8.2)

• Infection

• Teratogens 
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fetal surveillance  [60 – 62] . Therefore, in pregnancies with 
growth - restricted fetuses, timing of the delivery is the 
most critical step in clinical management. Balancing the 
risk of prematurity with the risk of long - term neurode-
velopmental delay is a serious challenge facing physi-
cians involved in the care of these pregnancies. In addition, 
IUGR fetuses may face long - term adverse adult health 
outcomes including accelerated atherosclerotic vascular 
disease, hypertension, and diabetes.  

Management
 Traditionally, the management of pregnancies with fetal 
growth restriction relied on cardiotocography for fetal 
surveillance. During cardiotocography, the physician 
looks for heart rate variability as a sign of fetal well - being. 

in utero , rather than actual birthweight, appears to be the 
best predictor of long - term neurodevelopmental delay 
 [56] . Progression of fetal hypoxemia to acidemia is an 
important antecedent to adverse short -  and long - term 
outcomes. Therefore, antenatal surveillance aims to detect 
fetal responses that accompany such deterioration  [57] . In 
contrast, early delivery can result in signifi cant neonatal 
complications secondary to prematurity  [58] . 

 Results of both randomized and observational studies 
suggest that gestational age remains the major contribu-
tor to adverse perinatal outcome in fetuses delivered 
prior to 32 – 34 weeks ’  gestation  [58,59] . While there is 
evidence of increased morbidity with late preterm birth, 
it should be noted that these fi ndings may not be appli-
cable to fetuses with suboptimal growth and abnormal 

Box 8.2 Genetic syndromes that  include intrauterine growth  restriction

• Aarskog syndrome. X -linked. Associated with brachydactyly, shawl 

scrotum, hypertelorism, vertebral anomalies, and moderate short 

stature. DNA testing is available 

• Ataxia-telangiectasia syndrome. Autosomal recessive. Associated 

with growth defi ciency sometimes evident prenatally, ataxia, tel-

angiectasias, and immunodefi ciency. DNA testing is available 

• Bloom syndrome. Autosomal recessive. More common in Ashkenazi 

Jewish population. Associated with prenatal growth defi ciency, but-

terfl y telangiectasia of the face, microcephaly, mild mental retardation 

in some cases, and occasional syndactyly and/or polydactyly. DNA 

analysis is available 

• Cornelia de Lange/Brachman syndrome . Autosomal dominant, 

often de novo. Associated with prenatal growth defi ciency, microme-

lia, mental retardation, and synophrys. DNA testing is available 

• CHARGE syndrome, characterized by coloboma, heart disease, 

choanal atresia, retarded growth (typically postnatal onset) or devel-

opment, CNS abnormalities, genital anomalies, and ear anomalies 

and/or deafness. DNA testing is available 

• Coffi n –Siris syndrome. Autosomal recessive. Characterized by pre-

natal growth defi ciency, mental retardation, coarse facies, absence of 

terminal phalanges, and hypoplastic to absent fi ngernails and toe-

nails. DNA testing is not currently available 

• Dubowitz syndrome . Autosomal recessive. Characterized by micro-

cephaly, prenatal growth defi ciency, mental retardation, dysmorphic 

facies, 2,3 toe syndactyly, and eczema. DNA testing is not currently 

available

• Fanconi anemia. Autosomal recessive. Characterized by radial ray 

defects including aplasia of the thumbs or supernumerary thumbs, 

short stature often of prenatal onset, pancytopenia, renal or other 

urinary tract abnormalities, cardiac defects, and gastrointestinal 

abnormalities. DNA testing is available 

• Johanson–Blizzard syndrome. Autosomal recessive. Rare syndrome 

associated with prenatal growth defi ciency, hypoplastic alae nasi, 

mental retardation, microcephaly, hydronephrosis, and pancreatic 

insuffi ciency. DNA testing is not currently available 

• Neu–Laxova syndrome. Autosomal recessive. Rare syndrome asso-

ciated with severe prenatal growth defi ciency, microcephaly, exoph-

thalmos, subcutaneous edema, micrognathia, sloping forehead, 

syndactyly, contractures, often with pterygia, polyhydramnios, small 

placenta, and short umbilical cord. Majority of patients are stillborn. 

DNA testing is not available 

• Noonan syndrome. Autosomal dominant. Associated with pulmonic 

stenosis, other congenital heart defects, webbed neck/increased 

nuchal translucency, short stature typically of postnatal onset, dys-

morphic facies, pectus excavatum, and vertebral anomalies. DNA 

analysis is available 

• Pena–Shokier phenotype . Autosomal recessive in some families. 

Characterized by prenatal growth defi ciency, arthrogryposis, clubfoot, 

rocker -bottom feet, micrognathia, pulmonary hypoplasia, polyhy-

dramnios, abnormal placenta, and short umbilical cord. DNA testing 

is not available 

• Roberts syndrome/Roberts phocomelia. Autosomal recessive with 

variable expression. Characterized by thalidomide -type limb reduction 

defects often more severe in the upper limbs, microcephaly, severe 

prenatal growth defi ciency, mental retardation, cleft lip and/or palate. 

DNA testing is not available 

• Seckel syndrome . Autosomal recessive. Characterized by severe 

prenatal growth defi ciency, mental retardation, microcephaly, pro-

minent nose, micrognathia, and missing ribs. DNA analysis is not 

available

• Silver–Russell syndrome. Typically sporadic but has been associated 

with maternal uniparental disomy of chromosome 7 in about 10% 

of cases. Characterized by prenatal growth defi ciency, asymmetry of 

the limbs, triangular facies, relative microcephaly, and small and/or 

curved fi fth fi nger. Uniparental disomy testing is available 

• Smith–Lemli–Opitz syndrome . Autosomal recessive. Characterized 

by failure to thrive, microcephaly, 2,3 toe syndactyly, genital abnor-

malities, polydactyly, and congenital heart defects. Affected fetuses 

may have low unconjugated estriol MoM on maternal serum screen-

ing. Diagnostic testing available 

• Williams syndrome. Autosomal dominant microdeletion syndrome 

caused by a deletion of 7p11.23. Characterized by mild prenatal 

growth defi ciency, congenital heart defect particularly supravalvular 

aortic stenosis, mental retardation, dysmorphic features, contractures, 

abnormal curvature of the spine, and renal anomalies. Diagnostic 

testing available by fl uorescence  in situ hybridization analysis 
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the umbilical arterial Doppler waveforms until absent 
and then reverse fl ow during diastole is noted (Fig.  8.2 ) 
 [79] . Reversed diastolic fl ow in the umbilical arterial cir-
culation represents an advanced stage of placental com-
promise and is associated with obliteration of more than 
70% of placental tertiary villi arteries  [80,81] . The pres-
ence of absent or reversed end - diastolic fl ow in the umbil-
ical artery is commonly associated with severe IUGR and 
oligohydramnios  [82] .   

Heart rate variability is the fi nal result of the rhythmic 
integrated activity of autonomic neurons generated by 
organized cardiorespiratory refl exes  [63] . In growth -
 restricted fetuses, higher baseline rates, decreased long -  
and short - term variability, and delayed maturation of 
reactivity are seen in heart rate tracings  [64,65] . These 
studies have relied on computer - generated analyses of 
fetal heart rate tracings in their evaluation. Unaided 
visual analyses of fetal heart rate records have been 
shown to have limited reliability and reproducibility 
 [66,67] . Furthermore, overtly abnormal patterns of fetal 
heart rate tracings represent late signs of fetal deteriora-
tion  [68,69] . 

 Doppler ultrasound has been shown to improve 
outcome in high - risk pregnancies  [70] . The use of Doppler 
ultrasound in the management of pregnancies with fetal 
growth restriction has received signifi cant attention in the 
literature. Several cross - sectional and longitudinal studies 
have highlighted the fetal cardiovascular adaptation to 
hypoxemia and the progressive stages of such adaptation 
 [71 – 76] . Findings from these studies and the use of 
Doppler ultrasound in the management of the growth -
 restricted fetus are discussed in the following section. 

  Fetal  a rterial Doppler 

  Umbilical  c irculation 
 The umbilical arterial circulation is normally a low -
 impedance circulation, with an increase in the amount of 
end - diastolic fl ow with advancing gestation (Fig.  8.1 )  [77] . 
Umbilical arterial Doppler waveforms refl ect the status of 
the placental circulation, and the increase in end - diastolic 
fl ow that is seen with advancing gestation is a direct 
result of an increase in the number of tertiary stem villi 
with placental maturation  [78] . Diseases that obliterate 
small muscular arteries in placental tertiary stem villi 
result in a progressive decrease in end - diastolic fl ow in 

Figure 8.1     Normal Doppler waveforms 
obtained from the umbilical artery in the 
third trimester. In the third trimester of 
pregnancy, the umbilical circulation is a 
low - impedance circulation. Note the 
increased amount of fl ow at end diastole 
(white arrow ).  Reproduced from Abuhamad 
  [104]  with permission from Thieme 
Medical Publishing.  

Figure 8.2     Reversed end - diastolic velocity is noted in the 
umbilical circulation when downstream impedance is increased. 
These Doppler waveforms are associated with signifi cant fetal 
compromise.  Reproduced from Abuhamad   [104]  with permission 
from Thieme Medical Publishing.  
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portion of the vessel, immediately after its origin from the 
circle of Willis, have shown the best reproducibility  [87] .    

  Arterial Doppler and  f etal  g rowth  r estriction 
 Central redistribution of blood fl ow to the brain, known 
as the brain - sparing refl ex, represents an early stage in 
fetal adaptation to hypoxemia  [73 – 76] , and follows the lag 
in fetal growth  [88] . At this early stage, the brain - sparing 
refl ex is clinically evident by increased end - diastolic fl ow 
in the middle cerebral artery (lower middle cerebral 
artery pulsatility or resistance index) and decreased end -
 diastolic fl ow in the umbilical artery (higher umbilical 
artery resistance index or S:D ratio). The cerebroplacental 
ratio, derived by dividing the cerebral resistance index by 
the umbilical resistance index, defi nes the brain - sparing 
refl ex and has been shown to predict outcome in IUGR 
fetuses at less than 34 weeks ’  gestation. This ratio is a 
better predictor of a constitutionally small fetus than the 
umbilical artery or middle cerebral artery pulsatility 
index alone  [71,89 – 91] . 

 In the presence of IUGR, Doppler changes in the umbil-
ical artery precede the decrease in cerebroplacental ratio 
and middle cerebral artery pulsatility or resistance index 
 [73,88] . However, middle cerebral artery Doppler wave-
forms are of clinical value in differentiating a growth -
 restricted/hypoxemic fetus from a constitutionally small/
normoxemic fetus. In the clinical setting of a constitution-
ally small fetus, the presence of normal middle cerebral 
artery Doppler waveforms, obtained at less than 32 
weeks ’  gestation, has a 97% negative predictive value for 
major adverse perinatal outcomes  [92] . 

 Several studies have shown that this early stage of arte-
rial redistribution is not associated with the presence of 
fetal metabolic acidemia  [73 – 76] . It is therefore inferred 
that infants delivered at this early stage of fetal adapta-
tion are expected to have no adverse long - term neurode-
velopmental complications. However, several recent 
studies challenge these inferences. Controversy now 
exists as to whether cerebral vasodilation, brain sparing, 
is merely protective or on the contrary may be an indica-
tor of future poor neurological development. In fact, the 
ability to diagnose the SGA fetus, defi ned by IUGR and 
normal umbilical artery Doppler studies, from the truly 
growth - restricted fetus has been called into question. 
Full - term SGA fetuses, as previously defi ned, have been 
shown to have poorer neonatal - behavioral - assessment 
scores in all areas, a higher incidence of suboptimal neu-
rodevelopmental outcome with lower communication 
and problem - solving skills  [93,94] . Larger studies with 
longer neonatal and infant follow - up will be required to 
solve this controversy.   

  Venous Doppler and  f etal  g rowth  r estriction 
 Chronic fetal hypoxemia results in decreased preload, 
decreased cardiac compliance, and elevated end - diastolic 

 Doppler waveforms of the umbilical arteries can be 
obtained from any segment along the umbilical cord. 
Waveforms obtained from the placental end of the cord 
show more end - diastolic fl ow than those obtained from 
the abdominal cord insertion  [83] . Differences in Dopp-
ler indices of arterial waveforms obtained from diffe-
rent anatomic locations of the same umbilical cord are 
generally minor and have no signifi cance in clinical 
practice  [77] .  

  Middle  c erebral  c irculation 
 The cerebral circulation is normally a high - impedance 
circulation with continuous forward fl ow throughout the 
cardiac cycle  [84] . The middle cerebral artery is the cere-
bral vessel most accessible to ultrasound imaging in the 
fetus and it carries more than 80% of cerebral blood fl ow 
 [85] . In the presence of fetal hypoxemia, central redistri-
bution of blood fl ow occurs, resulting in an increased 
blood fl ow to the brain, heart, and adrenals, and a reduc-
tion in fl ow to the peripheral and placental circulations. 
This blood fl ow redistribution is known as the brain -
 sparing refl ex and has a major role in fetal adaptation to 
oxygen deprivation  [84,86] . 

 The right and left middle cerebral arteries represent 
major branches of the circle of Willis in the fetal brain. The 
circle of Willis, which is supplied by the internal carotids 
and vertebral arteries, can be imaged with color fl ow 
Doppler ultrasound in a transverse plane of the fetal head 
obtained at the base of the skull. In this transverse plane, 
the proximal and distal middle cerebral arteries are seen 
in their longitudinal view, with their course almost para-
llel to the ultrasound beam (Fig.  8.3 ). Middle cerebral 
artery Doppler waveforms, obtained from the proximal 

Figure 8.3     Axial view of the fetal head in the second trimester 
with color Doppler showing the circulation at the level of the 
circle of Willis. Note the course of the middle cerebral arteries, 
almost parallel to the ultrasound beam.  Reproduced from 
Abuhamad   [104]  with permission from Thieme Medical 
Publishing.
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redistribution may not be helpful for the timing of 
delivery  [99 – 101] . On the other hand, the presence of 
reversed diastolic fl ow in the umbilical arteries is a sign 
of advanced fetal compromise, and strong consideration 
should be given to delivery except in cases of extreme 
prematurity. Cesarean delivery following a course of 
corticosteroids, when appropriate, should be given pre-
ference in this setting as labor may cause further fetal 
compromise. 

 The current literature suggests that venous Doppler 
abnormalities in the inferior vena cava and ductus 
venosus and abnormal fetal heart rate monitoring follow 
arterial Doppler abnormalities and are thus associated 
with a more advanced stage of fetal compromise  [73 –
 76,102] . Furthermore, in the majority of severely growth -
 restricted fetuses, sequential deterioration of arterial and 
venous Doppler precedes biophysical profi le score dete-
rioration  [74] . At least one - third of fetuses will show early 
signs of circulatory decompensation 1 week before bio-
physical profi le deterioration and, in most cases, Doppler 
deterioration precedes deterioration of biophysical profi le 
scores by 1 day  [74] . 

 The occurrence of such abnormal late - stage changes 
of vascular adaptation in the IUGR fetus appears to 

pressure in the right ventricle  [72,95 – 98] . These changes 
are evident by an elevated central venous pressure in the 
chronically hypoxemic fetus, which is manifested by an 
increased reverse fl ow in Doppler waveforms of the 
ductus venosus (Fig.  8.4 ) and the inferior vena cava (Fig. 
 8.5 ) during late diastole. Changes in the fetal central 
venous circulation are associated with an advanced stage 
of fetal hypoxemia. At this late stage of fetal adaptation 
to hypoxemia, cardiac decompensation is often noted 
with myocardial dysfunction  [97] . Furthermore, fetal 
metabolic acidemia is often present in association with 
Doppler waveform abnormalities of the inferior vena 
cava and ductus venosus  [68,72,73] .    

  Clinical  a pplication 
 In clinical practice, Doppler ultrasound provides impor-
tant information on the extent of fetal compromise and 
thus may aid in the timing of delivery for IUGR fetuses. 
Arterial Doppler abnormalities, at the level of the umbili-
cal and middle cerebral arteries (brain - sparing refl ex), 
confi rm the presence of hypoxemia in the growth -
 restricted fetus and present early warning signs. Once 
arterial centralization occurs, however, no clear trend is 
noted in the observational period and thus arterial 

Figure 8.4     Doppler velocity waveforms of the ductus venosus in a normal fetus (A) and a severely compromised fetus (B) in the third 
trimester of pregnancy. Note the presence of reverse fl ow during late diastole in the severely compromised fetus (B).  Reproduced from 
Abuhamad  [104]  with permission from Thieme Medical Publishing.   

(A) (B)
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recent studies have highlighted the presence of signi-
fi cant variation in fetal adaptation to hypoxemia. The 
pattern of incremental deterioration of arterial Doppler 
abnormalities, followed by venous Doppler abnormali-
ties, then followed by fetal heart tracings and biophysi-
cal profi le abnormalities is not seen in approximately 
20% of preterm IUGR fetuses  [73] . Furthermore, only 
70% of IUGR fetuses showed signifi cant deterioration of 
all vascular beds by the time they were delivered and 
approximately 10% showed no signifi cant circulatory 
change by delivery time  [74] . In a prospective observa-
tional study, more than 50% of IUGR fetuses delivered 
because of abnormal fetal heart rate tracings did not 
have venous Doppler abnormalities  [76] . In view of 
these fi ndings, the universal introduction of venous 
Doppler in the clinical management of the growth -
 restricted fetus should await the results of randomized 
trials on this subject. 

be the best predictor of perinatal death, independent 
of gestational age and weight  [76] . In a longitudinal 
study on Doppler and IUGR fetuses, all intrauterine 
deaths and all neonatal deaths, with the exception of one 
case, had late Doppler changes at the time of delivery, 
whereas only a few of the surviving fetuses showed such 
changes  [76] . 

 This sequential deterioration of the hypoxemic, growth -
 restricted fetus is rarely seen at gestations beyond 34 
weeks  [88,37] . Indeed, normal umbilical artery Doppler 
is common in growth - restricted fetuses in late gestation 
and cerebroplacental ratios have poor correlation with 
outcome of IUGR fetuses at more than 34 weeks ’  gesta-
tion  [71] . Caution should therefore be exercised when 
umbilical artery Doppler is used in the clinical manage-
ment of IUGR fetuses beyond 34 weeks ’  gestation. 

 The natural history and pathophysiology of fetal 
growth restriction have not been fully elucidated as 

Figure 8.5     Doppler velocity waveforms of the inferior vena cava (IVC) in a normal fetus (A) and a severely compromised fetus (B) in the 
third trimester of pregnancy. The IVC Doppler waveforms have reverse fl ow during late diastole (atrial kick) in the normal fetus. Note 
the increase in reverse fl ow during late diastole in the severely compromised fetus (B) ( white arrowhead ).  (A) Reproduced from 
Abuhamad  [105]  with permission from Elsevier; (B)  Reproduced from Abuhamad  [104]  with permission from Thieme Medical 
Publishing.

(A) (B)
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later stages, commonly associated with fetal cardiovas-
cular collapse. It is hoped that future studies will shed 
more light on the pathophysiology of this disease and 
on the various interactions of diagnostic tools in fetal 
surveillance.

 It is currently evident that fetal growth restriction is a 
complex disorder involving multiple fetal organs and 
systems  [103] . While fetal biometry and arterial Doppler 
provide information on the early compensatory phase of 
this disorder, venous Doppler, fetal heart rate analysis, 
and the biophysical profi le provide information on the 

    The patient is a 40 - year - old G3 P2002 with a pregnancy 
resulting from assisted reproduction with IVF. She pre-
sented to her obstetrician at 29 weeks ’  gestation for a 
routine prenatal visit. Prenatal care thus far had been 
uneventful except for abnormal quad screen with ele-
vated maternal serum AFP and hCG. Detailed ultrasound 
examination at 19 weeks showed normal fetal anatomy. 

 Fundal height measured 26   cm and the patient was 
referred for an obstetric ultrasound examination. The 
patient reported good fetal movements, and vital signs 
were within normal limits with no proteinuria. Ultrasound 
examination revealed the following.
    •      Cephalic presentation.  
   •      Normal amniotic fl uid volume.  
   •      BPD and HC at the 26th percentile for gestational 

age.
   •      AC at the 5th percentile for gestational age.  
   •      Estimated fetal weight at the 7th percentile for gesta-

tional age.    
 When the biometric data were reported to the obstetri-
cian, Doppler studies were ordered. Doppler studies 
revealed the following.
    •      Umbilical artery S:D    =    8.0 (abnormal for 29 weeks).  
   •      Middle cerebral artery pulsatility index    =    1.50 (abnor-

mal for gestational age).  
   •      Forward fl ow in the ductus venosus during the entire 

cardiac cycle (normal). 
 In view of the presence of IUGR with abnormal arterial 
Doppler waveforms, the patient was sent to Labor and 
Delivery where a course of steroids was initiated and a 
nonstress test (NST) showed reactive fetal heart rate. The 
patient was discharged home with the following plan.

    •      Modifi ed bedrest.  
   •      Home nurse visitation in 24   h to complete the steroid 

course.
   •      Twice - weekly NSTs, including amniotic fl uid 

assessment.
   •      Weekly Doppler studies to include the umbilical artery, 

the middle cerebral artery, and the ductus venosus.  
   •      Follow - up fetal growth in 3 weeks.    
 At 31 weeks ’  gestation, 3 weeks from diagnosis, absent 
end- diastolic velocity in the umbilical artery was noted. 
The patient was admitted to the hospital for daily testing, 
a second course of steroids, and twice - weekly Doppler 
studies. Fetal biometry showed estimated fetal weight at 
the 4th percentile with decreased amniotic fl uid volume. 
The patient reported normal fetal activity. Fetal surveil-
lance studies on admission showed the following.
    •      Absent end - diastolic velocity with intermittent reversed 

end- diastolic velocity noted in the umbilical artery.  
   •      Middle cerebral artery pulsatility index    =    1.35.  
   •      Absent fl ow in late diastole in the ductus venosus.  
   •      NST with normal reactivity.    
 On the second day of hospitalization, the patient reported 
decreased fetal movements, NST showed spontaneous 
decelerations, and Doppler studies showed persistent 
reversed end - diastolic velocity in the umbilical artery 
with persistent reversed fl ow during late diastole (atrial 
kick) in the ductus venosus. Biophysical profi le scored 
4/8. The patient had a cesarean delivery of a male infant, 
weighing 1150   g with Apgar scores of 4 and 7 at 1 and 
5   min, respectively. Arterial pH was 7.10 with base excess 
of − 11. Both infant and mother did well with no major 
complications.

CASE PRESENTATION 

References

     1.       Chervenak   FA  ,   Skupski   DW  ,   Romero   R   et al.  How accurate is 
fetal biometry in the assessment of fetal age?   Am J Obstet 
Gynecol  1998 ; 178 ; 228  –  237 .  

     2.       Goldenberg   RL  ,   Davis   RO  ,   Cutter   GR   et al.  Prematurity, post-
dates, and growth retardation: the infl uence of use of ultra-
sonography on reported gestational age .  Am J Obstet Gynecol  
 1989 ; 160 : 462  –  470 .  

     3.       Gardosi   J  ,   Vanner   T  ,   Francis   A  .  Gestational age and induction 
of labour for prolonged pregnancy .  Br J Obstet Gynaecol  
 1997 ; 104 : 792  –  797 .  

     4.       Warren   WB  ,   Peisner   DB  ,   Raju   S  ,   Rosen   MG  .  Dating the early 
pregnancy by sequential appearance of embryonic structures . 
 Am J Obstet Gynecol   1989 ; 161 : 747 .  

     5.       Daya   S  .  Accuracy of gestational age estimation by means of 
fetal crown – rump length measurement .  Am J Obstet Gynecol  
 1987 ; 168 : 903  –  908 .  

     6.       Nyberg   DA  ,   Mack   LA  ,   Laing   FC  ,   Patten   RM  .  Distinguishing 
normal from abnormal gestational sac growth in early preg-
nancy .  J Ultrasound Med   1987 ; 6 : 23  –  27 .  

     7.       Robinson   HP  ,   Fleming   JE  .  A critical evaluation of sonar 
 “ crown – rump length ”  measurement .  Br J Obstet Gynaecol  
 1975 ; 82 : 702  –  710 .  



www.manaraa.com

72    Part 3 Monitoring: Biochemical and Biophysical

formulas targeted to large - , appropriate - , and small - for -
 gestational - age fetuses .  Am J Obstet Gynecol   1989 ; 160 :
 854  –  862 .  

     27.       Edwards   A  ,   Goff   J  ,   Baker   L  .  Accuracy and modifying factors 
of the sonographic estimation of fetal weight 26 :  Aust N Z J 
Obstet Gynaecol   2001 ; 41 : 187  –  190 .  

     28.       Baum   JD  ,   Gussman   D  ,   Wirth   JC   3rd  .  Clinical and patient 
estimation of fetal weight vs. ultrasound estimation .  J Reprod 
Med   2002 ; 47 : 194  –  198 .  

     29.       Divon   M  ,   Chamberlain   P  ,   Sipos   L  ,   Manning   F  ,   Platt   L  . 
 Identifi cation of the small for gestational age independent 
indices of fetal growth .  Am J Obstet Gynecol   1986 ; 155 :
 1197  –  2003 .  

     30.       Owen   P  ,   Maharaj   S  ,   Khan   KS  ,   Howie   PW  .  Interval between 
fetal measurements in predicting growth restriction .  Obstet 
Gynecol   2001 ; 97 : 499  –  504 .  

     31.       Ott   WJ  .  The diagnosis of altered fetal growth .  Obstet Gynecol 
Clin North Am   1988 ; 15 ;  237  –  263 .  

     32.       Manning   FA  .  Intrauterine growth restriction. Diagnosis, 
prognostication, and management based on ultrasound 
methods . In:   Manning   FA  , ed.  Fetal Medicine: Principles and 
Practice.  Norwalk, CT :  Appleton and Lange ,  1995 .  

     33.       Hadlock   FP  ,   Deter   RL  ,   Harrist   RB  ,   Roecker   E  ,   Park   SK  .  A 
date - independent predictor of intrauterine growth retarda-
tion: femur length/abdominal circumference ration .  Am J 
Roentgenol   1993 ; 141 : 979  –  984 .  

     34.       Brown   HL  ,   Miller   JM   Jr  ,   Gabert   HA  ,   Kissling   G  .  Ultrasonic 
recognition of the small - for - gestational - age fetus .  Obstet 
Gynecol   1987 ; 69 : 631  –  635 .  

     35.       Creasy   RK  ,   Resnick   R  .  Intrauterine growth retardation . In: 
  Creasy   RK  ,   Resnick   R  , eds.  Maternal Fetal Medicine: Principles 
and Practice .  Philadelphia :  Saunders ,  1984 .  

     36.       Powell   K  ,   Sanderson   M  ,   Chauhan   SP  .  Inadequate identifi ca-
tion of small for gestational age: experience at urban teaching 
hospital .  Int J Obstet Gynecol   2010 ; 109 : 140  –  143 .  

     37.       Hecher   K  ,   Campbell   S  ,   Doyle   P  ,   Harrington   K  ,   Nicolaides   K  . 
 Assessment of fetal compromise by Doppler ultrasound 
investigation of the fetal circulation. Arterial, intracardiac, 
and venous blood fl ow velocity studies .  Circulation   1995 ;
 91 : 129  –  138 .  

     38.       Gardosi   J  ,   Francis   A  .  Adverse pregnancy outcome and asso-
ciation with small for gestational age birthweight by custom-
ized and population - based percentiles .  Am J Obstet Gynecol  
 2009 ; 201 ( 1 ): 28 .  

     39.      American College of Obstetricians and Gynecologists . 
 Intrauterine Growth Restriction. ACOG Practice Bulletin No. 
12 .  Washington, DC :  American College of Obstetricians and 
Gynecologists ,  2000 .  

     40.       David   C  ,   Gabrielli   S  ,   Pilu   G  ,   Bovicelli   L  .  The head - to - 
abdomen circumference ratio: a reappraisal .  Ultrasound 
Obstet Gynecol   1995 ; 5 : 256  –  259 .  

     41.       Dashe   JS  ,   McIntire   DD  ,   Lucas   MJ  ,   Leveno   KJ  .  Effects of sym-
metric and asymmetric fetal growth on pregnancy outcomes . 
 Obstet Gynecol   2000 ; 96 : 321  –  327 .  

     42.       Vik   T  ,   Vatten   L  ,   Jacobsen   G  ,   Bakketeig   LS  .  Prenatal growth in 
symmetric and asymmetric small - for - gestational - age infants . 
 Early Hum Dev   1997 ; 48 : 167  –  176 .  

     43.       Blackwell   SC  ,   Moldenhauer   J  ,   Redman   M  ,   Hassan   SS  ,   Wolfe  
 HM  ,   Berry   SM  .  Relationship between the sonographic pattern 
of intrauterine growth restriction and acid – base status at the 

     8.       Drumm   JE  ,   Clinch   J  ,   McKenzie   G  .  The ultrasonic measure-
ment of fetal crown rump length as a method of assessing 
gestational age .  Br J Obstet Gynaecol   1976 ; 83 : 417  –  421 .  

     9.       Daya   S  ,   Woods   S  ,   Ward   S  ,   Lappainen   R  ,   Caco   C  .  Early preg-
nancy assessment with transvaginal ultrasound scanning .
 Can Med Assoc J   1991 ; 144 : 441  –  446 .  

     10.       Lasser   DM  ,   Peisner   DB  ,   Wollenbergh   J  ,   Timor - Trisch   I  .  First 
trimester fetal biometry using transvaginal sonography . 
 Ultrasound Obstet Gynecol   1993 ; 3 : 104  –  108 .  

     11.       McGregor   SN  ,   Tamura   RK  ,   Sabbagha   RE  ,   Minogue   JP  ,   Gibson  
 ME  ,   Hoffman   DI  .  Underestimation of gestational age by con-
ventional crown rump length dating curves .  Am J Obstet 
Gynecol  1987 ; 70 : 344  –  348 .  

     12.       Wisser   J  ,   Dirscheld   P  .  Estimation of gestational age by trans-
vaginal sonographic measurement of greatest embryonic 
length in dated human embryos .  Ultrasound Obstet Gynecol  
 1994 ; 4 : 457  –  462 .  

     13.       Hadlock   FP  .  Sonographic estimation of fetal age and weight . 
 Radiol Clin North Am   1990 ; 28 : 39  –  50 .  

     14.       Kurjak   A  ,   Kirkinen   P  ,   Latin   V  .  Biometric and dynamic ultra-
sound assessment of small - for - dates infants: report of 260 
cases .  Obstet Gynecol   1980 ; 56 : 281  –  284 .  

     15.       Landon   MB  ,   Mintz   MC  ,   Gabbe   SG  .  Sonographic evaluation 
of fetal abdominal growth: predictor of the large for gesta-
tional age infant in pregnancies complicated by diabetes mel-
litus .  Am J Obstet Gynecol   1989 ; 160 : 115  –  121 .  

     16.       Basel   D  ,   Lederer   R  ,   Diamant   YZ  .  Longitudinal ultrasonic 
biometry of various parameters in fetuses with abnormal 
growth rate .  Acta Obstet Gynecol Scand   1987 ; 66 : 143  –  149 .  

     17.       Hadlock   FP  .  Ultrasound evaluation of fetal growth . In:   Callen  
 PW  , ed.  Ultrasonography in Obstetrics and Gynecology . 
 Philadelphia :  WB Saunders ,  1994 , pp. 129  –  143 .  

     18.       Dudley   NJ  .  Selection of appropriate ultrasound methods for 
estimation of fetal weight .  Br J Radiol   1995 ; 68 : 385  –  388 .  

     19.       Coombs   CA  ,   Jaekle   RK  ,   Rosenn   B  ,   Pope   M  ,   Miodovnik   M  , 
  Siddiqi   TA  .  Sonographic estimation of fetal weight based 
on a model of fetal volume .  Obstet Gynecol   1993 ; 82 :
 365  –  370 .  

     20.       Hadlock   FP  ,   Harrist   RB  ,   Carpenter   RJ  ,   Deter   RL  ,   Park   SK  . 
 Sonographic estimation of fetal weight .  Radiology   1984 ; 150 :
 535  –  540 .  

     21.       Smith   GCS  ,   Smith   MFS  ,   McNay   MB  ,   Flemming   JEE  .  The 
relation between fetal abdominal circumference and birth-
weight: fi ndings in 3512 pregnancies .  Br J Obstet Gynaecol  
 1997 ; 104 : 186  –  190 .  

     22.       Gore   D  ,   Williams   M  ,   O ’ Brien   W  ,   Gilby   J  .      Fetal abdominal 
circumference for prediction of intrauterine growth restric-
tion .  Obstet Gynecol   2000 ; 95 (Suppl  1 ): S78  –  79 .  

     23.       Rose   BI  ,   McCallum   WD  .  A simplifi ed method for estimating 
fetal weight using ultrasound measurements .  Obstet Gynecol  
 1987 ; 69 : 671  –  675 .  

     24.       Medchill   MT  ,   Peterson   CM  ,   Garbaciak   J  .  Prediction of esti-
mated fetal weight in extremely low birth weight neonates 
(500 – 1000     g) .  Obstet Gynecol   1991 ; 78 : 286  –  290 .  

     25.       Robson   SC  ,   Gallivan   S  ,   Walkinshaw   SA  ,   Vaughan   J  ,   Rodeck  
 CH  .  Ultrasonic estimation of fetal weight: use of targeted 
formulas in small for gestational age fetuses .  Obstet Gynecol  
 1993 ; 82 : 359  –  364 .  

     26.       Sabbagha   RE  ,   Minogue   J  ,   Tamura   RK  ,   Hungerford   SA  . 
 Estimation of birth weight by use of ultrasonographic 



www.manaraa.com

Chapter 8 Sonographic Dating and Standard Fetal Biometry    73

     61.       Lubow   JM  ,   How   HY  ,   Habli   M  ,   Maxwell   R  ,   Sibai   BM  . 
 Indications for delivery and short - term neonatal outcomes in 
late preterm as compared with term births .  Am J Obstet 
Gynecol   2009 ; 200 ( 5 ): e30  –  33 .  

     62.       Cheng   YW  ,   Nicholson   JM  ,   Nakagawa   S  ,   Bruckner   TA  , 
  Washington   AE  ,   Caughey   AB  .  Perinatal outcomes in low - risk 
term pregnancies: do they differ by week of gestation?   Am J 
Obstet Gynecol   2008 ; 199 ( 4 ): 370 .  

     63.       Hanna   BD  ,   Nelson   MN  ,   White - Traut   RC   et al.  Heart rate vari-
ability in preterm brain - injured and very - low - birth - weight 
infants .  Biol Neonate   2000 ; 77 : 147  –  155 .  

     64.       Nijhuis   IJ  ,   ten Hof   J  ,   Mulder   EJ   et al.  Fetal heart rate in relation 
to its variation in normal and growth retarded fetuses .  Eur J 
Obstet Gynecol Reprod Biol   2000 ; 89 : 27  –  33 .  

     65.       Vindla   S  ,   James   D  ,   Sahota   D  .  Computerised analysis of 
unstimulated and stimulated behaviour in fetuses with intra-
uterine growth restriction .  Eur J Obstet Gynecol Reprod Biol  
 199 ; 83 : 37  –  45 .  

     66.       Devoe   L  ,   Golde   S  ,   Kilman   Y  ,   Morton   D  ,   Shea   K  ,   Waller   J  .  A 
comparison of visual analyses of intrapartum fetal heart rate 
tracings according to the new National Institute of Child 
Health and Human Development guidelines with computer 
analyses by an automated fetal heart rate monitoring system .
 Am J Obstet Gynecol   2000 ; 183 : 361  –  366 .  

     67.       Bracero   LA  ,   Roshanfekr   D  ,   Byrne   DW  .  Analysis of ante-
partum fetal heart rate tracing by physician and computer .  J 
Matern Fetal Med   2000 ; 9 : 181  –  185 .  

     68.       Hecher   K  ,   Hackeler   B  .  Cardiotocogram compared to Doppler 
investigation of the fetal circulation in the premature growth -
 retarded fetus: longitudinal observations .  Ultrasound Obstet 
Gynecol   1997 ; 9 : 152  –  160 .  

     69.       Ribbert   LS  ,   Visser   GH  ,   Mulder   EJ  ,   Zonneveld   MF  ,   Morssink  
 LP  .  Changes with time in fetal heart rate variation, movement 
incidences and haemodynamics in intrauterine growth 
retarded fetuses: a longitudinal approach to the assessment 
of fetal well being .  Early Hum Dev   1993 ; 31 : 195  –  208 .  

     70.       Zarko   A  ,   Neilson   JP  .  Doppler ultrasonography in high - risk 
pregnancies: systematic review with meta - analysis .  Am J 
Obstet Gynecol   1995 ; 172 : 1379  –  1387 .  

     71.       Bahado - Singh   RO  ,   Kovanci   E  ,   Jeffres   A   et al.  The Doppler 
cerebroplacental ratio and perinatal outcome in intrauterine 
growth restriction .  Am J Obstet Gynecol   1999 ; 180 : 750  –  756 .  

     72.       Rizzo   G  ,   Capponi   A  ,   Talone   PE  ,   Arduini   D  ,   Romanini   C  . 
 Doppler indices from inferior vena cava and ductus venosus 
in predicting pH and oxygen tension in umbilical blood at 
cordocentesis in growth - retarded fetuses .  Ultrasound Obstet 
Gynecol   1996 ; 7 : 401  –  410 .  

     73.       Baschat   AA  ,   Gembruch   U  ,   Reiss   I  ,   Gortner   L  ,   Weiner   CP  , 
  Harman   CR  .  Relationship between arterial and venous 
Doppler and perinatal outcome in fetal growth restriction . 
 Ultrasound Obstet Gynecol   2000 ; 16 : 407  –  413 .  

     74.       Baschat   AA  ,   Gembruch   U  ,   Harman   CR  .  The sequence of 
changes in Doppler and biophysical parameters as severe 
fetal growth restriction worsens .  Ultrasound Obstet Gynecol  
 2001 ; 18 : 571  –  577 .  

     75.       Hecher   K  ,   Bilardo   CM  ,   Stigter   RH   et al.  Monitoring of fetuses 
with intrauterine growth restriction: a longitudinal study . 
 Ultrasound Obstet Gynecol   2001 ; 18 : 564  –  570 .  

     76.       Ferrazzi   E  ,   Bozzo   M  ,   Rigano   S   et al.  Temporal sequence of 
abnormal Doppler changes in the peripheral and central 

time of cordocentensis .  Arch Gynecol Obstet   2001 ; 264 :
 191  –  193 .  

     44.       Benson   CB  ,   Doubilet   PM  ,   Saltzman   DH  ,   Jones   TB  .  FL/AC 
ratio: poor predictor of intrauterine growth retardation . 
 Invest Radiol   1985 ; 20 : 727  –  730 .  

     45.       Rasmussen   S  ,   Irgens   LM  ,   Albrechtsen   S  ,   Dalaker   K  .  Predicting 
preeclampsia in the second pregnancy from low birth weight 
in the fi rst pregnancy .  Obstet Gynecol   2000 ; 96 : 696  –  700 .  

     46.       Stipoljev   F  ,   Latin   V  ,   Kos   M  ,   Miskovic   B  ,   Kurjak   A  .  Correlation 
of confi ned placental mosaicism with fetal intrauterine 
growth retardation: a case – control study of placentas at deliv-
ery .  Fetal Diagn Ther   2001 ; 16 : 4  –  9 .  

     47.       Mitra   SC  ,   Seshan   SV  ,   Riachi   LE  .  Placental vessel morpho-
metry in growth retardation and increased resistance of the 
umbilical artery Doppler fl ow .  J Matern Fetal Med   2000 ; 9 :
 282  –  286 .  

     48.       Devriendt   K  .  Genetic control of intra - uterine growth .  Eur J 
Obstet Gynecol Reprod Biol   2000 ; 92 : 29  –  34 .  

     49.       Snijders   RJ  ,   Sherrod   C  ,   Gosden   CM  ,   Nicolaides   KH  . 
 Fetal growth retardation: associated malformations and 
chromosomal abnormalities .  Am J Obstet Gynecol   1993 ;
 168 : 547  –  555 .  

     50.       Dicke   JM  ,   Crane   JP  .  Sonographic recognition of major malfor-
mations and aberrant fetal growth in trisomic fetuses .  J 
Ultrasound Med   1991 ; 10 : 433  –  438 .  

     51.       Magnus   P  ,   Bakketeig   LS  ,   Hoffman   H  .  Birth weight of relatives 
by maternal tendency to repeat small - for - gestational - age 
(SGA) births in successive pregnancies .  Acta Obstet Gynecol 
Scand   1997 ; 165 (Suppl): 35  –  38 .  

     52.       Pedersen   NG  ,   Figueras   F  ,   Wojdemann   KR  ,   Tabor   A  ,   Gardosi  
 J  .  Early fetal size and growth as predictors of adverse outcome . 
 Obstet Gynecol   2008 ; 112 ( 4 ): 765  –  771 .  

     53.       Bernstein   IM  ,   Horbar   JD  ,   Badger   GJ  ,   Ohlsson   A  ,   Golan   A  . 
 Morbidity and mortality among very - low - birth weight 
neonates with intrauterine growth restriction .  Am J Obstet 
Gynecol  2000 ; 182 : 198  –  202 .  

     54.       Kok   JH  ,   den   Ouden   AL  ,   Verloove - Vanhorick   SP  ,   Brand   R  . 
 Outcome of very preterm small for gestational age infants: 
the fi rst nine years of life .  Br J Obstet Gynaecol   1998 ; 105 :
 162  –  168 .  

     55.       Fattal - Valevski   A  ,   Leitner   Y  ,   Kutai   M   et al.  Neurodevelopmental 
outcome in children with intrauterine growth retardation: 
a 3 - year follow - up [Abstract ].  J Child Neurol   1999 ; 14 : 724  – 
 727 .  

     56.       Soothill   PW  ,   Ajayi   RA  ,   Campbell   S   et al.  Relationship between 
fetal academia at cordocentesis and subsequent neurodevel-
opment .  Ultrasound Obstet Gynecol   1992 ; 2 : 80  –  83 .  

     57.       Froen   JF  ,   Gardosi   JO  ,   Thurmann   A  ,   Francis   A  ,   Stray - Pedersen  
 B  .  Restricted fetal growth in sudden intrauterine unexplained 
death .  Acta Obstet Gynecol Scand   2004 ; 83 ( 9 ): 801  –  807 .  

     58.       Turan   S  ,   Miller   J  ,   Baschat   AA  .  Integrated testing and manage-
ment in fetal growth restriction .  Semin Perinatol   2008 ;
 32 ( 3 ): 194  –  200 .  

     59.      GRIT Study Group .  A randomised trial of timed delivery for 
the compromised preterm fetus: short term outcomes and 
Bayesian interpretation .  Br J Obstet Gynaecol   2003 ; 110 ( 1 ):
 27  –  32 .  

     60.       Baschat   AA  ,   Cosmi   E  ,   Bilardo   CM   et al  Predictors of neonatal 
outcome in early - onset placental dysfunction .  Obstet Gynecol  
 2007 ; 109 : 253  –  261 .  



www.manaraa.com

74    Part 3 Monitoring: Biochemical and Biophysical

measurements obtained from different fetal vessels .  J Perinat 
Med   1992 ; 20 : 29  –  38 .  

     92.       Fong   KW  ,   Ohlsson   A  ,   Hannah   ME   et al.  Prediction of perina-
tal outcomes in fetuses suspected to have intrauterine growth 
restriction: Doppler US study of fetal cerebral, renal and 
umbilical arteries .  Radiology   1999 ; 213 : 681  –  689 .  

     93.       Cruz - Martinez   R  ,   Figueras   F  ,   Oros   D   et al.  Cerebral blood 
perfusion and neurobehavioral performance in full - term 
small - for - gestational - age fetuses .  Am J Obstet Gynecol  
 2009 ; 201 : 474 .  

     94.       Eixarch   E  ,   Meler   E  ,   Iraola   A   et al.  Neurodevelopmental 
outcome in 2 - year - old infants who were small - for - gestatioinal -
 age term fetuses with cerebral blood fl ow redistribution . 
 Ultrasound Obstet Gynecol   2008 ; 32 : 894  –  899 .  

     95.       Rizzo   G  ,   Arduini   D  .  Fetal cardiac function in intrauterine 
growth retardation .  Am J Obstet Gynecol   1991 ; 165 : 876  –  882 .  

     96.       Chang   CH  ,   Chang   FM  ,   Yu   CH  ,   Liang   RI  ,   Ko   HC  ,   Chen   HY  . 
 Systemic assessment of fetal hemodynamics by Doppler 
ultrasound .  Ultrasound Med Biol   2000 ; 26 : 777  –  785 .  

     97.       M ä kikallio   K  ,   Vuolteenaho   O  ,   Jouppila   P  ,   R ä s ä nen   J  . 
 Ultrasonographic and biochemical markers of human fetal 
cardiac dysfunction in placental insuffi ciency .  Circulation  
 2002 ; 105 : 2058  –  2062 .  

     98.       Tsyvian   P  ,   Malkin   K  ,   Wladimiroff   JY  .  Assessment of mitral 
a - wave transit time to cardiac outfl ow tract and isovolumic 
relaxation time of left ventricle in the appropriate and small -
 for - gestational - age human fetus .  Ultrasound Med Biol  
 1997 ; 23 : 187  –  190 .  

     99.       Baschat   AA  ,   Gembruch   U  ,   Gortner   L   et al.  Coronary artery 
blood fl ow visualization signifi es hemodynamic deteriora-
tion in growth restricted fetuses .  Ultrasound Obstet Gynecol  
 2000 ; 16 : 425  –  431 .  

  100.       Senat   MV  ,   Schwarzler   P  ,   Alcais   A   et al.  Longitudinal changes 
in the ductus venosus, cerebral transverse sinus and cardioto-
cogram in fetal growth restriction .  Ultrasound Obstet Gynecol  
 2000 ; 16 : 19  –  24 .  

  101.       Baschat   AA  ,   Gembruch   U  ,   Weiner   CP   et al.  Longitudinal 
changes of arterial and venous Doppler in fetuses with intra-
uterine growth restriction [Abstract ].  Am J Obstet Gynecol  
 2001 ; 184 : 103 .  

  102.       Pardi   G  ,   Cetin   I  ,   Marconi   AM   et al.  Diagnostic value of blood 
sampling in fetuses with growth retardation .  N Engl J Med  
 1993 ; 328 : 692  –  696 .  

  103.       Romero   R  ,   Kalache   KD  ,   Kadar   N  .  Timing the delivery of the 
preterm severely growth - restricted fetus: venous Doppler, 
cardiotocography or the biophysical profi le?   Ultrasound 
Obstet Gynecol   2002 ; 19 : 118  –  121 .  

  104.       Abuhamad   A  .  Uterine size less than dates: a clinical dilemma . 
In:   Bluth   EI  ,   Benson   CB  ,   Ralls   PW  ,   Siegel   MJ  , eds.  Ultrasound: 
Practical Approach to Clinical Problems ,  2nd edn .  New York : 
 Thieme Medical Publishing ,  2006 , pp. 56  –  60 .  

  105.       Abuhamad   A  .  Doppler ultrasound in obstetrics .  Ultrasound 
Clin   2006 ; 6 : 293  –  301 .   

circulatory systems of the severely growth - restricted fetus . 
 Ultrasound Obstet Gynecol   2002 ; 19 : 140  –  146 .  

     77.       Fleischer   A  ,   Schulman   H  ,   Farmakides   G  ,   Bracero   L  ,   Blattner  
 P  ,   Randolph   G  .  Umbilical artery waveforms and intrau-
terine growth retardation .  Am J Obstet Gynecol   1985 ; 151 :
 502  –  505 .  

     78.       Giles   WB  ,   Trudinger   BJ  ,   Baird   PJ  .  Fetal umbilical artery fl ow 
velocity waveforms and placental resistance: pathological 
correlation .  Br J Obstet Gynaecol   1987 ; 157 : 900  –  902 .  

     79.       Trudinger   BJ  ,   Stevens   D  ,   Connelly   A   et al.  Umbilical artery 
fl ow velocity waveforms and placental resistance: the effect 
of embolizations of the umbilical circulation .  Am J Obstet 
Gynecol  1987 ; 157 : 1443  –  1448 .  

     80.       Kingdom   JC  ,   Burrell   SJ  ,   Kaufmann   P  .  Pathology and clinical 
implications of abnormal umbilical artery Doppler wave-
forms .  Ultrasound Obstet Gynecol   1997 ; 9 : 271  –  286 .  

     81.       Morrow   RJ  ,   Adamson   SL  ,   Bull   SB  ,   Ritchie   JW  .  Effect of 
placental embolization on the umbilical arterial velocity 
waveform in fetal sheep .  Am J Obstet Gynecol   1989 ; 161 :
 1055  –  1060 .  

     82.       Copel   JA  ,   Reed   KL  .  Doppler Ultrasound in Obstetrics and 
Gynecology .  New York :  Raven Press ,  1995 , pp. 187  –  198 .  

     83.       Trudinger   BJ  .  Doppler ultrasonography and fetal well being . 
In:   Reece   EA  ,   Hobbins   JC  ,   Mahoney   M  ,   Petrie   RH  , eds. 
 Medicine of the Fetus and Mother .  Philadelphia :  JB Lippincott , 
 1992 .  

     84.       Mari   G  ,   Deter   RL  .  Middle cerebral artery fl ow velocity wave-
forms in normal and small - for - gestational age fetuses .  Am J 
Obstet Gynecol   1992 ; 166 : 1262  –  1270 .  

     85.       Veille   JC  ,   Hanson   R  ,   Tatum   K  .  Longitudinal quantitation of 
middle cerebral artery blood fl ow in normal human fetuses . 
 Am J Obstet Gynecol   1993 ; 169 : 1393  –  1398 .  

     86.       Berman   RE  ,   Less   MH  ,   Peterson   EN  ,   Delannoy   CW  . 
 Distribution of the circulation in the normal and asphyxiated 
fetal primate .  Am J Obstet Gynecol   1970 ; 108 : 956  –  969 .  

     87.       Mari   G  ,   Abuhamad   AZ  ,   Brumfi eld   J  ,   Ferguson   JE   III  .  Doppler 
ultrasonography of the middle cerebral artery peak systolic 
velocity in the fetus: reproducibility of measurement .  Am J 
Obstet Gynecol   2001 ; 185 :Abstract 669.  

     88.       Harrington   K  ,   Thompson   MO  ,   Carpenter   RG   et al.  Doppler 
fetal circulation in pregnancies complicated by pre - eclampsia 
or delivery of a small for gestational age baby: 2. Longitudinal 
analysis .  Br J Obstet Gynaecol   1999 ; 106 : 453  –  466 .  

     89.       Wladimoroff   JW  ,   van den   Wijingaard   JAGN  ,   Degani   S  , 
  Noordam   MJ  ,   van   Eyck   J  ,   Tonge   HM  .  Cerebral and umbilical 
arterial blood fl ow velocity waveforms in normal and growth 
retarded pregnancies: a comparative study .  Obstet Gynecol  
 1987 ; 69 : 705  –  709 .  

     90.       Gramellini   D  ,   Folli   MC  ,   Raboni   S  ,   Vadora   E  ,   Marialdi   A  . 
 Cerebral – umbilical Doppler ratio as a predictor of adverse 
perinatal outcome .  Obstet Gynecol   1992 ; 74 : 416  –  420 .  

     91.       Arduini   D  ,   Rizzo   G  .  Prediction of fetal outcome in 
small for gestational age fetuses: comparison of Doppler 



www.manaraa.com

Chapter 9 
Fetal Lung Maturity 

  Alessandro     Ghidini   and     Sarah H.     Poggi  
  Department of Obstetrics and Gynecology, Georgetown University Hospital, Washington, DC, and Perinatal Diagnostic 
Center, Inova Alexandria Hospital, Alexandria, VA, USA       

     Fetal lung maturity tests are performed on amniotic fl uid 
and they evaluate fetal lung maturation either by quanti-
fying components of pulmonary surfactant (e.g. lecithin, 
phosphatidylglycerol, or lamellar bodies) or by measur-
ing the surface active effects of the phospholipids in the 
surfactant.

Indications for assessment of fetal
pulmonary maturity

 Fetal pulmonic maturity should be documented before 
scheduled delivery at less than 39 weeks ’  gestation  [1] . 
Examples of clinical scenarios that may suggest the need 
to assess for fetal lung maturity include preterm labor (as 
tocolysis is generally contraindicated in the presence of 
mature fetal lungs), iatrogenic preterm delivery (although 
fetal lung maturity test is contraindicated when delivery 
is required for fetal or maternal indications), or presence 
of unsure dates. Testing is not recommended before 32 
weeks given the high likelihood of respiratory distress 
syndrome even in the presence of results suggestive of 
mature fetal lungs  [2] .  

Techniques for obtaining
amniotic fl uid 

Amniocentesis
 Amniocentesis performed under ultrasonographic guid-
ance in experienced hands is associated with low rates of 
failure or of bloody fl uid collection, and a lower than 1% 
risk of complications, such as emergency delivery  [3] .  

Vaginal pool collection
 Tests for fetal pulmonary maturity can be performed on 
fl uid obtained from vaginal pool specimens in the pres-
ence of premature rupture of membranes. Vaginally free - 

fl owing collected fl uid can be evaluated for determination 
of lecithin:sphingomyelin (L:S) ratio, surfactant:albumin 
ratio (SAR), phosphatidylglycerol (PG), and lamellar 
body counts (LBC), yielding results similar to those 
observed with samples obtained with amniocentesis. 

Specifi c  tests for lung maturity

Lecithin:sphingomyelin ratio
 The concentrations of these two substances are approxi-
mately equal until about 32 weeks, when the concentra-
tion of pulmonary lecithin increases signifi cantly while 
the nonpulmonary sphingomyelin concentration remains 
unchanged. Determination of the ratio involves thin - layer 
chromatography after centrifugation to remove the cel-
lular component and organic solvent extraction. The tech-
nique is expensive, time consuming and requires highly 
trained personnel. 

 An L:S ratio of 2.0 or greater predicts absence of respira-
tory distress syndrome (RDS) in 98% of neonates. With a 
ratio of 1.5 – 1.9, approximately 50% of infants will develop 
RDS  [4] . Maternal serum has a L:S ratio ranging from 1.3 
to 1.9; thus, blood - tinged samples can falsely lower a 
result (but a mature test can reliably predict pulmonary 
maturity). The presence of meconium can interfere with 
test interpretation, increasing the L:S ratio by 0.1 – 0.5, thus 
leading to an increase in falsely mature results.  

Phosphatidylglycerol
 Phosphatidylglycerol (PG) is a minor constituent of sur-
factant that becomes evident in amniotic fl uid several 
weeks after the rise in lecithin  [5] . Its presence indicates 
a more advanced state of fetal lung development and 
function, as PG enhances the spread of phospholipids on 
the alveoli. 

 Phosphatidylglycerol testing can be performed by 
thin - layer chromatography (which requires time and 
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FSI as the highest well in which a rim of stable foam 
persists at meniscus. RDS has been reported to be unlikely 
with an FSI of 47% or higher; however, a negative test 
often occurs in the presence of a mature lung. The FSI 
cannot be derived from an amniotic fl uid specimen con-
taminated by blood or meconium  [11] .   

Multiple tests or cascade?

 Faced with different assays for fetal lung maturity, some 
laboratories perform multiple tests simultaneously, 
leaving the clinician with the possibility of results both 
indicative and not of pulmonary maturity from the same 
amniotic fl uid specimen. In general, any  “ mature ”  test 
result is indicative of fetal pulmonic maturity given the 
high predictive value of any single test (5% or less of false 
mature rates). Conversely, the use of a  “ cascade ”  approach 
has been proposed to minimize the costs. In this approach, 
a rapid and inexpensive test is performed fi rst, with 
follow - up tests performed only in the face of immaturity 
of the initial test (e.g. LBC or TDx - FLM as the initial test 
and L:S ratio as the fi nal test).  

Clinical conditions affecting risk
of respiratory distress syndrome
and predictive value of pulmonary
maturity tests

 Although optimal cut - offs for prediction of fetal lung 
maturity are available for each test, several variables 
affect the risk of RDS and modify the predictive value of 
pulmonary maturity tests, including gestational age, eth-
nicity, maternal conditions (e.g. poorly controlled diabe-
tes or red blood cell isoimmunization), fetal gender, and 
mode of delivery  [12 – 16] . In African - Americans, lung 
maturity is achieved at lower gestational ages and at 
lower L:S ratios (1.2 or greater) than in white people. 
Female gender is associated with acceleration of lung 
maturation. In contrast, poorly controlled maternal dia-
betes and red blood cell isoimmunization are associated 
with a delay in fetal lung maturation. Some authors have 
recommended the use of higher thresholds of L:S ratio 
(e.g. a cut - off ratio of 3) to establish pulmonic maturity 
in these conditions  [17] . Presence of PG is commonly 
considered as the gold standard for documentation of 
fetal lung maturity with diabetes or red blood cell 
isoimmunization.

 In twin gestations with discordant gender or discord-
ant weight, it is commonly recommended that the sac of 
the male twin or the larger twin be sampled at amniocen-
tesis  [18] . The reasoning is that if the sampled twin has 
mature pulmonic results, the other twin is even more 
likely to be mature.  

expertise) or slide agglutination (AmnioStat FLM), which 
is quicker and cheaper. PG determination is not generally 
affected by blood, meconium or vaginal secretion. The 
results are typically reported qualitatively as positive or 
negative, where positive represents an exceedingly low 
risk of RDS. Due to its late appearance in pregnancy, there 
is a high falsely immature rate (i.e. negative PG results in 
neonates without RDS). 

Surfactant:albumin ratio (TDx test)
 The fl uorescence polarization assay uses polarized light 
to evaluate the competitive binding of a probe to both 
albumin and surfactant in amniotic fl uid. The SAR is 
determined, with amniotic fl uid albumin used as an inter-
nal reference. The TDx test requires 1   mL amniotic fl uid 
and can be run in less than 1   h. 

 A recent commercial modifi cation of the assay (TDx -
 FlxFLM II) allows simple, automated, and rapid results. 
A SAR of 55   mg/g has been proposed as the optimal 
threshold to indicate maturity  [6] . Values of 35 – 55 are 
considered  “ borderline. ”  The test is affected by blood con-
tamination, as red blood cell phospholipids may falsely 
lower the TDx - FLM result, but a mature test can reliably 
predict pulmonary maturity.  

Lamellar body counts
 Lamellar bodies, the storage form of surfactant, are 
released into the amniotic fl uid by fetal type II pneumo-
cytes. Because they are the same size as platelets, the 
amniotic fl uid concentration of lamellar bodies may be 
determined using a commercial cell counter. The test 
requires less than 1   mL amniotic fl uid and takes only 
15   min to perform. Although initial studies employed cen-
trifugation, it is now agreed that the sample should be 
processed without spinning as centrifugation reduces the 
number of lamellar bodies. 

 Values of 40,000 – 50,000/ μ L generally indicate pulmo-
nary maturity, while a count below 15,000/ μ L suggests a 
signifi cant risk for RDS  [7] . However, ideally, laboratories 
should develop their own reference standards  [8] . The test 
compares favorably with L:S for diagnostic ability (sensi-
tivity and false mature test results) in predicting RDS 
 [9,10] . Meconium does not affect LBC results, whereas 
bloody fl uid can increase the count because the platelets 
are counted as lamellar bodies.  

Foam Stability Index 
 The Foam Stability Index (FSI) is derived from the shake 
test, an assay of surfactant function that evaluates the 
ability of pulmonary surfactant to generate stable foam in 
the presence of ethanol. The commercially prepared test 
kit contains wells with a predispensed volume of ethanol. 
Adding amniotic fl uid to each test well produces fi nal 
ethanol concentrations ranging from 44% to 50%. After 
shaking the amniotic fl uid – ethanol mixture, one reads the 
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maturation. Similarly, in pregnancies complicated by dia-
betes mellitus, excellent maternal glucose control through 
self - monitoring of blood glucose levels and therapy, com-
bined with intensive antepartum fetal surveillance, has 
reduced the need for induction of labor at 39 weeks or 
less, making amniocentesis to establish fetal lung matu-
rity unnecessary.    

Less need for testing?

 Recent changes in clinical practice have, in many cases, 
reduced the need for determining fetal lung maturity. 
More obstetricians are scheduling ultrasound examina-
tions early in pregnancy, thereby establishing gestational 
age more accurately. The result is that elective deliveries 
at term can be scheduled without determining fetal lung 

    A 32 - year - old white, G3P2002 patient has a known com-
plete previa in the setting of poorly controlled gestational 
diabetes and is carrying a male fetus. She is at 35 – 37 
weeks, with the uncertainty a result of her late entry to 
prenatal care and the possibility of a large for gestational 
age (LGA) baby because of her diabetes. An amniocente-
sis for lung maturity is recommended to aid with delivery 
planning.

 The lamellar count comes back within the hour at 
42,000. Because of concern that this is not over the thresh-
old value of 50,000 recommended for diabetic mothers 

and because results may be falsely increased, at least ini-
tially, by blood contamination, the decision is made to 
wait for L:S and PG results before delivery (a cascade 
approach). 

 Later that day, the L:S ratio is noted to be 1.9 and the 
PG is negative. The decision is made to defer delivery and 
continue antepartum testing. Assuming no bleeding from 
the previa or fetal issues that would prompt delivery 
regardless of fetal lung maturity status, the amniocentesis 
will be repeated in 1 week.  

CASE PRESENTATION 
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Chapter 10 
Antepartum Fetal Monitoring 

  Brian L.     Shaffer   and     Julian T.     Parer  
  Department of Obstetrics, Gynecology and Reproductive Sciences, University of California, San Francisco, CA, USA       

     The goal of antenatal surveillance is to prevent fetal injury 
and death. Antenatal testing should improve long - term 
neurologic outcome through optimal timing of delivery 
while avoiding unnecessary intervention, such as cesar-
ean or preterm delivery. 

 The US National Center for Health Statistics (NCHS) 
defi nes intrauterine fetal death (IUFD) as death prior to 
birth, 20 or more weeks in gestation, without evidence of 
life such as neonatal breathing, pulsation of the umbilical 
cord, a heartbeat, and without voluntary movements. 
However, gasping, fl eeting movements, transient cardiac 
contractions, and respiratory gasps are not considered 
signs of life  [1] . 

 To assist in reaching the Healthy People 2010 goal of an 
IUFD incidence of 4.1/1000  [2] , the etiology of IUFD must 
be clarifi ed. Several approaches based on the timing of 
the event, gestational age, and specifying the abnormal 
 “ compartment ”  (i.e. maternal, fetal, or placental) have 
been proposed  [3] . 

 The most common etiologies in those less than 27 
weeks include infection, abruption, and lethal congenital 
anomalies. In comparison, the most frequent causes of 
stillbirth at more than 28 weeks are growth restriction and 
abruption. However, unexplained deaths account for 
27 – 50% of cases of IUFD after 20 weeks  [3 – 5] . 

 Those mothers who are at increased risk for IUFD are 
often referred for some type of antenatal surveillance. 
Despite performing antepartum testing for several 
decades, unequivocal evidence does not clearly illustrate 
for whom, at what gestational age, how frequently, and 
which specifi c test should be employed to improve peri-
natal outcomes. The standard should be determined by 
the performance of each specifi c test —  in this case the 
sensitivity and specifi city, compared with the rate of still-
birth and the week - specifi c mortality rate. 

 There are several antepartum testing modalities from 
which to choose, including fetal movement or  “ kick 
counts,”  the nonstress test (NST), the Amniotic Fluid 

Index (AFI) combined with the NST (modifi ed biophysi-
cal profi le), the contraction stress test (CST), the biophy-
sical profi le (BPP), and use of Doppler velocimetry. Our 
aim is to present a reasonable guide to answer the 
 “ who, what, when, where and why ”  of antepartum fetal 
monitoring.

Fetal movement or “kick counts”

 Decreased fetal movement may precede fetal death by 
several days  [6] . Because up to 50% of those with IUFD 
have no risk factors and thus undergo no formal antepar-
tum surveillance, some have recommended kick counts 
for all patients  [6,7] . One study of intervention after 
decreased movements 

 has been associated with decreasing the IUFD rate  [7] . 
Defi ning what constitutes  “ decreased movement ”  varies, 
and regardless of the method, once decreased fetal move-
ment has been diagnosed, a back - up test is employed. 
One evaluation of maternal perception of kick counts 
used 10 movements in 2   h. After implementing formal 
fetal movement counts, the authors found a decreased 
stillbirth rate from 8.7/1000 to 2.1/1000  [7] . However, 
Grant et al   [8]  found no difference in mortality in those 
who presented after decreased fetal movement. The 
authors reported that women with decreased movement 
presented earlier with stillborns, whereas those in routine 
care were diagnosed at the next visit. The authors asserted 
that fetal death was predictable but not preventable and 
large amounts of provider and maternal time were neces-
sary to prevent a single IUFD. Specifi cally, 1250 women 
would have to perform movement counts to prevent a 
single stillbirth  [8] . In contrast, Froen  [9] , in a meta -
 analysis, highlights the shortcomings of the Grant  et al
study and asserts that vigilance toward maternal percep-
tion of fetal movements signifi cantly reduces avoidable 
stillbirth rates in those with risk factors and is nearly 
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reactive NST, there is no need for intervention  [16] . 
However, three or more variable decelerations in 20   min 
have been associated with increased cesarean rates for 
nonreassuring FHT  [17,18] . Decelerations lasting more 
than 60   sec have been associated with IUFD and cesarean 
for nonreassuring FHT  [19 – 21] . 

 A nonreactive NST over a 40 - min testing period may 
indicate fetal compromise, but there is a considerable 
false - positive rate and gestational age must be considered 
because in one study 50% of healthy fetuses between 24 
and 28 weeks had a nonreactive NST  [22] . At 28 – 32 weeks, 
only 15% of normal fetuses were not reactive  [23] . 

 Vibroacoustic stimulation (VAS) can be used without 
compromising the detection of the impaired fetus while 
shortening the time to produce a reactive test  [24 – 27] . 
Often, VAS is used after a period of nonreactive FHT. The 
provider gives a 1 - sec stimulation and may repeat after 
60   sec if no fetal acceleration occurs. A third stimulation 
may be administered for up to 3   sec in duration if no 
acceleration occurs after previous attempts. Using VAS 
may not actually decrease the duration of testing, pro-
ducing prolonged accelerations in approximately one -
 third of cases  [28] . Despite common assumptions, manual 
stimulation and maternal administration of a glucose -
 containing drink do not improve the reactivity of the 
NST  [29] . 

 The nonreactive NST has a false - positive rate (fetal 
survival > 1 week after a nonreactive NST) of up to 50%, 
requiring back - up testing (e.g. CST/BPP). Adverse 
outcome (e.g. perinatal death, low 5 - min Apgar score, late 
decelerations during labor) occurs only in 20% of cases 
with a nonreactive NST. In the largest series of patients 
(n    =    5861) undergoing antepartum surveillance with the 
NST, the false - negative (i.e. fetal death  < 1 week after a 
reactive NST) rate was 3.1/1000, while others have found 
similar results (1.9 – 5/1000) (Table  10.1 )  [30 – 34] . However, 
the use of the NST is  “ widely integrated into clinical 
practice”   [35]  and despite the lack of defi nitive evidence 
of a benefi cial effect on fetal mortality, it will probably 
continue to be utilized liberally in modern obstetric prac-
tice  [36]  (see Table  10.1 ).   

statistically lower in women without risk factors while 
 “ costing ”  only an additional antenatal visit in 2 – 3% of 
pregnancies. With few patients returning for unscheduled 
visits, this low  “ false alarm ”  rate seems acceptable as fetal 
movement monitoring may reduce fetal deaths in women 
with and without risk factors for fetal death. 

Nonstress test

 The NST is a recording of fetal heart rate and uterine 
activity and is performed with the patient in the semi -
 Fowler position with left lateral tilt. The fetal heart rate 
transducer and tocodynamometer are placed on the 
maternal abdomen. A  “ reactive ”  or normal test is one in 
which there is a normal fetal heart rate tracing (FHT) 
baseline (110 – 160 beats per minute [beats/min]), with 
moderate variability (6 – 25 beats/min), and two accelera-
tions (FHT peaks 15 beats/min above the baseline for 
≥ 15   sec). A reactive NST is associated with survival for 7 
days in 99% of cases  [10] . The duration of an NST is nor-
mally 20   min but an additional 20   min may be added if 
needed.

 The variability and baseline of the FHT are governed 
by a functioning cortex, brainstem, and cardiac conduc-
tion system. However, a reactive NST does not necessar-
ily refl ect an entirely normal central nervous system, as a 
fetus affected by holoprosencephaly may still have a reac-
tive NST  [11] . 

 The value of the NST relies on several assumptions, 
which can be made after a few characteristics are observed. 
In the presence of a normal baseline rate, variability, and 
accelerations, the fetus is presumed to be nonacidemic 
and nonhypoxic. The acceleration is a response to fetal 
movement. Adequate accelerations have been associated 
with sonographically detected fetal movement in 99% of 
cases  [12] . Several factors have been identifi ed as modula-
tors of accelerations, including sympathetic discharge, 
fetal circadian rhythm, gestational age, and maternal 
medication or illicit drug exposure. Maternal smoking 
has been associated with decreased FHT reactivity  [13,14] . 
Similarly, assumptions can be made about the fetal status 
when accelerations are absent during an NST. Fetal sleep 
cycles usually last 20 – 40   min but may be longer. Fetal 
movement and accelerations are less likely to occur 
during sleep. Also, non - REM sleep is associated with 
reduced FHT variability  [15] . Thus, extending the NST 
duration to 40   min allows for variation in sleep – wake 
cycle. Lack of accelerations, however, may indicate a fetal 
state of hypoxemia or acidemia, central nervous system 
(CNS) depression, or congenital anomalies. 

 Variable decelerations during an NST are not infre-
quent and may occur in up to 50% of those undergoing 
testing. If variable decelerations are nonrepetitive, lasting 
less than 30   sec, and occur in the setting of an otherwise 

Table 10.1    False - negative and false - positive rates for antenatal 
testing modalities 

Test False negative * False positive †

Nonstress test 1.9–5 [30–34] 50% [31]
Modifi ed biophysical profi le 0–0.8 [24,25,38,39] 60% [25]
Contraction stress test 0.4 [31,45,46] 40% [48]
Biophysical profi le 0.6 [43] 40% [43]

*Risk of fetal mortality (per 1000 livebirths) <1 week after a negative 
test result. 
†Fetal survival >1 week after a positive test result. 
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fetal hypoxia. The BPP has fi ve separate variables: the 
NST, fetal breathing, movement, tone, and the AFI (Table 
 10.2 ). The AFI is the chronic marker while the other four 
components refl ect potential acute hypoxia. Each compo-
nent scores either 0 or 2 points. Each component score is 
tallied and a composite score is given, yet not all measures 
are equal. Indeed, low AFI is independently associated 
with increased risk of acidemia  [41] . The BPP can be 
employed for primary antepartum surveillance, follow -
 up of nonreactive NST, or for further information after 
positive or suspicious CST.   

 The management of the BPP is as shown in Table  10.3 . 
Eight and 10 out of 10 are normal and repeat testing 
should be performed as typically scheduled. However, if 
points are lost for oligohydramnios, this may confer fetal 
jeopardy and delivery should be considered if the gesta-
tional age permits. Alternatively, more frequent surveil-
lance, including assessment of fetal growth, should be 
performed.

 A score of 6/10 is equivocal and should be repeated 
within 12 – 24   h if less than 34 weeks. However, if the fetus 
is 34 or more weeks, delivery should be considered. If 
oligohydramnios is noted, delivery should be considered, 
as the test is likely a true positive if the fetus loses points 
for nonreactive NST or breathing movements. In contrast, 
the test is more likely a false positive if the fetus has 
normal fl uid and loses points for nonreactive NST and 
another parameter  [42] . 

 A score of 4/10 requires immediate evaluation and 
intervention and may warrant delivery unless the fetus is 
very premature (i.e.  < 28 weeks). If delivery is not carried 
out, repeat assessments are needed every 12 – 24   h. 

 On the other hand, a score of 2/10 generally requires 
delivery, particularly if the score persists after extending 

Modifi ed  biophysical profi le ( nonstress test/
Amniotic Fluid Index) 
 The risk of short - term hypoxemia is addressed with the 
NST. Measuring the AFI is a surrogate for fetal renal per-
fusion and refl ects long - term placental function via the 
amniotic fl uid status. The AFI acts as a measure of redis-
tribution of fetal blood fl ow as hypoxemia can lead to 
decreased renal perfusion, urine output, and oligohy-
dramnios  [24,37] . The modifi ed BPP has a lower false -
 negative rate than the NST alone, 0 – 0.8/1000, but the 
false - positive rate (i.e. a normal fetus despite a positive 
test result) remains 60%  [24,25,38,39] . When utilizing the 
modifi ed BPP, a back - up test must be performed for any 
of the following: nonreactive NST, signifi cant variable or 
late decelerations, or AFI  < 5. 

 Intervention based on surveillance with the modifi ed 
BPP may not be without consequence as its use in one 
study was associated with a higher rate of cesarean (rela-
tive risk [RR] 2.09; 95% confi dence interval [CI], 1.69 –
 2.57). Further, intervention in those with a false - positive 
test led to iatrogenic premature delivery in 1.5% of women 
tested  [25] . However, it appears that the modifi ed BPP is 
similar in its incidence of adverse outcomes following a 
negative result (risk of fetal mortality after a negative test 
result) compared with the CST, with a risk of IUFD of 
approximately 1 in 1000 in both tests. The modifi ed BPP 
is probably currently the primary means of antenatal 
surveillance  [39,40] .   

Biophysical profi le 

 The BPP consists of an NST with ultrasound observation 
of the fetus for up to 30   min, and refl ects acute and chronic 

Table 10.2    Scoring for biophysical profi le 

Variable Normal (score = 2 for 1 –5) Abnormal (score = 0 for 1 –5)

1 Fetal breathing movement (FBM) ≥1 episode of FBMs of ≥30sec in duration <30sec of sustained FBMs 

2 Fetal movement ≥3 discrete body/limb movements (simultaneous 
limb and trunk movements are counted as a 
single movement) 

≤2 movements 

3 Fetal tone ≥1 episode of active extension with rapid return Either slow extension with return to partial fl exion or 
movement of limb in full trunk, or hand extension, 
or absent fetal movement 

4 Fetal heart rate tracing (FHT) 
over 20 min

≥2 accelerations of ≥15 beats/min, peak 
amplitude lasting ≥15sec from the baseline 
with moderate variability in 20 min

<2 accelerations or accelerations <15 beats/min peak 
amplitude or accelerations <15sec duration in 
20min

Variability less than moderate 

5 Amniotic Fluid Index (AFI) 
For twins, deepest vertical pocket 

(DVP) in each sac 

≥5.0cm
≥2.0cm

<5.0cm
<2.0cm
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an adequate CST  [44] . Contraindications to the CST 
include preterm labor, preterm premature rupture 
of the membranes (PPROM), abnormal vaginal bleed-
ing and contraindications for vaginal delivery (e.g. pla-
centa previa, prior classic cesarean, extensive uterine 
surgery). 

 The CST test result is  “ negative ”  if there are no late 
decelerations or signifi cant variable decelerations in the 
setting of a normal baseline fetal heart rate. If three ade-
quate contractions occur in 10   min, a negative and reac-
tive CST has a false - negative rate of 0.4 – 1/1000 and more 
than 99% survival over a week  [45 – 47] . A CST is deemed 
positive if more than 50% of uterine contractions have 
associated late decelerations. A positive CST is associated 
with a 50% rate of poor perinatal outcome, including 
perinatal death, increased cesarean for nonreassuring 
fetal status and low 5 - min Apgar score. 

 While a positive CST is associated with adverse out-
comes, the fetus may tolerate labor and therefore a trial 
of labor induction is recommended, unless there is an 
obstetric contraindication to vaginal delivery  [48] . A reac-
tive, positive CST is one with normal FHT variability and 
baseline but late decelerations after more than 50% of 
contractions. This generally calls for delivery, continuous 
or close follow - up surveillance at a very early gestational 
age. A test deemed equivocal or suspicious is one in 
which there are 50% or fewer late decelerations, variable 
decelerations (i.e. possibly indicating IUGR, oligohy-
dramnnios), or an abnormal fetal heart rate baseline. 
These can be managed by delivery or more frequent 
testing, depending on gestational age. 

 If there are fi ve or more uterine contractions in 10   min 
or contractions lasting more than 90   sec in the setting of 

testing for 120   min  [43] . As with the above, the fi nal deci-
sion depends on the actual fetal diagnosis, gestational 
age, and possibly betamethasone window for acceleration 
of fetal lung maturity.  

Contraction stress test

 The CST is a measure of fetal response to stress. The 
uterus contracts and the spiral arteries are occluded, 
decreasing fl ow to the intervillous space and resulting in 
decreased oxygenation of the fetus. In the suboptimally 
oxygenated fetus, the baseline oxygen defi cit will be 
worsened and late decelerations on FHT may be appar-
ent. The advantage of the CST is that subtle hypoxia prior 
to acidosis is more easily detected when compared with 
the BPP/NST, and the CST is helpful in predicting toler-
ance of labor. 

 The CST is performed with the patient in the lateral 
recumbent position. An adequate test is assessment of the 
FHT and uterine contractions with three contractions in 
10   min, each lasting at least 40   sec in duration. Oxytocin 
can be employed for uterine contractions (0.5   mU/min, 
increased every 20   min to a maximum of 10   mU/min) or 
manual stimulation of the maternal nipple may be used. 
This is done by rubbing one nipple through clothing for 
2   min or until a contraction begins. If no contractions are 
observed after 2   min, a second stimulation is performed 
after 5   min. An alternative technique is to apply warm 
packs to the breasts for a maximum of 2   min followed by 
a 5 - min break prior to restimulation. 

 Nipple stimulation was approximately 50% faster than 
intravenous oxytocin in one evaluation of the time to 

Table 10.3    Biophysical profi le scoring and management 

Score Risk of hypoxia Management Perinatal mortality *

10/10
8/10 (AFI nl) 

Nearly zero Follow as clinical course dictates <1/1000

8/10 (Oligo) Chronic hypoxia likely If normal urinary tract, no ROM; consider delivery 
after corticosteroids 

20–30/1000

6/10 (AFI nl) 
6/10 (Oligo) 

Hypoxia not excluded 
Chronic hypoxia likely 

Repeat testing. If persistent 6/10, deliver at >37
weeks; if immature repeat within 24h; if less 
than 6/10 delivery 

50/1000
>50/1000

4/10 Acute likely, if oligohydramnios, risk 
of acute and chronic increases 

Delivery, continuous FHT 115/1000
>115/1000 (if oligo) 

2/10 Acute with chronic hypoxia likely Delivery, typically via cesarean 220/1000

0/10 Nearly certain Deliver immediately 550/1000

AFI, Amniotic Fluid Index; FHT fetal heart rate tracing; ROM, rupture of membranes. 
*Risk of fetal mortality per 1000 livebirths within 1 week without any fetal intervention [64].
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Table 10.4    Follow - up for contraction stress test 

CST result Follow-up

Reactive –negative Repeat, 7 days 

Nonreactive – negative Repeat, 24 h
Evaluation for nonreactivity 
Fetus <28 weeks, normal 
variability, repeat in 7 days 

Reactive – equivocal Repeat, 24 h

Nonreactive – equivocal Repeat, 24 h

Reactive – positive Gestational age >37 weeks, trial 
of induction 
Preterm: further evaluation 

Nonreactive – positive Term: delivery via cesarean 
Preterm: further evaluation 

fetal heart rate decelerations then the CST is equivocal  –  
tachysystole. Finally, a tracing is considered unsatisfac-
tory if there are fewer than three contractions or the FHT 
is of poor quality (see Table  10.4  for management of CST 
results).    

Doppler velocimetry

 Doppler velocimetry is used as an adjunct to other testing 
modalities and is particularly useful in the growth -
 restricted fetus  [49] . It is not generally used as a primary 
means of surveillance, nor for screening in a low - risk 
population. The fetal umbilical artery is used to assess 
the hemodynamic components of placental vascular 
impedance. In some fetuses with IUGR, there is increased 
systolic:diastolic (S:D) ratio (above 3) blood fl ow velocity 
in the umbilical artery signifying increased umbilical vas-
cular impedance. In severe IUGR, with high placental 
impedance, there may be absent or reversed diastolic 
fl ow in the umbilical artery  [50 – 52] . Fetal mortality is 
increased with reversed or absent end - diastolic fl ow  [53]  
and asphyxia in SGA fetuses is associated with absent 
end - diastolic fl ow in the umbilical artery  [54] . The use 
of Doppler velocimetry in high - risk pregnancies was 
associated with decreases in induction of labor, and 
antepartum admission, and may result in decreased peri-
natal morta lity (adjusted odds ratio [OR] 0.71, 95% CI 
0.50 – 1.01)  [55] . 

 An increased S:D ratio in pregnancies at risk was more 
likely to have  “ abnormal ”  perinatal outcome than those 
with values of less than 3.0 (2.3 – 2.9); however, gestational 

age - specifi c tables exist. The S:D ratio was a better predic-
tor of poor outcome than suboptimal fetal growth  [56] . 
The best predictor of poor long - term outcomes may be in 
those with IUGR and associated with umbilical cord S:D 
ratio abnormalities  [57] . 

 Poorer neurodevelopmental outcome in children aged 
5 – 12 years was associated with reversed end - diastolic 
fl ow compared with normal and absent fl ow  [57] . Other 
adverse outcomes have been associated with absent and 
reversed end - diastolic fl ow in the umbilical artery: mor-
tality (28 – 45%), neonatal intensive care unit (ICU) admis-
sion (84 – 98%), and cesarean section (73%) for fetal distress 
 [53,58] . 

 Abnormal Doppler indices alone should not dictate 
intervention, but rather indicate the level of antenatal 
surveillance needed. For instance, a growth - restricted 
fetus less than 32 weeks ’  gestation, with absent end -
 diastolic fl ow in the umbilical artery, continuous FHT and 
a reassuring BPP, may allow for maternal and fetal evalu-
ation, corticosteroid administration, magnesium for neu-
roprophylaxis, and preparation for delivery. In the setting 
of IUGR, absent end - diastolic fl ow should trigger con-
tinuous fetal surveillance with prolongation of the preg-
nancy dictated only by a reassuring BPP score, NST, and 
early gestational age. 

 In normal fetuses, impedance of the vessels in the brain 
is relatively higher than in the umbilical artery (UA) and 
S:D ratios average above 5; however, gestational age -
 specifi c tables exist. In the fetus with IUGR, and especially 
in those with asymmetric IUGR, the impedance decreases, 
further refl ecting an increased perfusion and presumably 
oxygen delivery. This increase in the UA S:D ratio, and 
decrease in the middle cerebral artery (MCA) S:D ratio, 
can be used as an index of the fetal compensatory mecha-
nisms, and indicates a more severe response to IUGR 
 [59 – 61] . 

 Venous Doppler, specifi cally the ductus venosus wave-
form, may be helpful when cardiac dysfunction is sus-
pected (e.g. in the setting of IUGR due to increased 
placental resistance). The ductus venosus has the most 
rapidly moving blood in the fetus and thus is easy to 
identify. Abnormal fl ow in the ductus venosus has been 
shown to be one of the fi nal markers of fetal decline; its 
utility lies in strong specifi city and positive predictive 
values for stillbirth. Absence or reversal of the a - wave 
(absence or reversal of forward blood fl ow during atrial 
systole) is ominous and most commonly indicates growth 
restriction due to placental insuffi ciency, metabolic dis-
turbance leading to poor cardiac contractility, or redistri-
bution of hepatic fl ow and injury. Regardless of the 
etiology, this fi nding is considered worrisome, and in the 
setting of abnormal UA waveforms, the greatest risk of 
fetal death. Prompt intervention, as suggested above, is 
warranted.  [62,63] .  
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maternal or fetal situations may dictate daily testing 
(e.g. unstable hypertension, poorly controlled diabetes) 
 [41] . The specifi cs of many recommendations are often 
based on sparse evidence while others are opinion based 
and quite controversial. Table  10.5  shows the antenatal 
testing guidelines for the University of California, San 
Francisco.

Specifi c  indications and onset
of testing

 The appropriate initiation and frequency of testing are 
determined by the indication for the test as well as gesta-
tional age. Typically, testing is begun at 32 weeks and is 
performed on a weekly to twice - weekly basis. However, 

Table 10.5    Fetal surveillance: diagnostic conditions and frequency. The basic formal testing scheme is  NST / AFI    (modifi ed BPP)   

Indications GA of initiation Frequency

Post dates 40½ wks (earlier if EDD 
unsure)

Twice weekly 

Hypertensive diseases: 
Preeclampsia (including r/o preeclampsia) 
Chronic hypertension 
Chronic hypertension with IUGR 

At Dx 
32wks
See IUGR 

Twice weekly (or more frequently 
depending on severity) 

Weekly
See IUGR 

Diabetes mellitus 
GDM
On diet & exercise (A1)  – good control (FBG 

<95mg/dL, PPBG <140mg/dL)
On insulin or oral agent (A2) – good or poor 

control
Pregestational (type I, type II) 
W/out complications – good control 
W/out complications – poor control 
W/complications (e.g. poor growth, vascular 

disease)

Kick counts only 
32wks
32wks
28wks
28wks or when complications 

arise

Twice weekly 
Twice weekly 
Twice weekly 
Twice weekly 

Advanced maternal age 
>40 years 
35–39 years 

32wks
36wks

Weekly
Weekly

Severe maternal conditions (e.g. cardiac, 
pulmonary, severe asthma, sickle cell) 

32wks Weekly or more frequently 

Active drug/ETOH abuse or methadone use 32wks Weekly

SLE or antiphospholipid syndrome 32wks (earlier if 
microvascular disease) 

Weekly or more frequently 

Thyroid disease 
Uncontrolled
Maternal Graves disease 
w/TSI >130%

32wks
36wks

Twice weekly 
Weekly

Cholestasis At Dx (begin before bile acid 
results)

Twice weekly 

Herpes gestationis At Dx Weekly

HIV (on combination therapy) 32wks Weekly

Seizure disorder (poorly controlled) 28wks Weekly

IVF 36wks
40wks

Weekly
Twice weekly 
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Indications GA of initiation Frequency

History abruption previous pregnancy 2wks prior to GA of previous 
abruption

Weekly

Abnormal maternal serum screening: 
AFP >2.5MoM, 2nd trimester hCG >2MoM,

estriol <0.15MoM, inhibin >2MoM,
PAPP-A <1st % ( <0.23MoM)

32wks Weekly

Decreased fetal movement When occurs May only require single test 

Oligohydramnios At Dx As indicated 

Polyhydramnios At Dx Weekly

IUGR ( <10th percentile) or r/o IUGR (sono 
pending)

At Dx Twice weekly 

Twins:
di/di w/normal growth 
and normal AFV 
mono/di w/normal growth and concordant/

normal AFV 
di/di w/IUGR and/or discordant growth ( >20%)

and/or abnormal AFV 
mono/di w/IUGR and/or discordant growth 

(>20%) and/or discordant AFV 
mono/mono

32wks
36wks
28wks
32wks
At Dx 
At Dx 
At GA of intervention 

Weekly
Twice weekly 
Weekly
Twice weekly 
Twice weekly 
Twice weekly 
Daily

NST/Deepest pocket 
in each sac 

Triplets Same as mono/di twins Same as mono/di twins 

Hx previous IUFD 32wks or if previous demise 
<32wks, then begin 2 wks
prior to date of previous 
demise

Weekly

Fetuses with certain abnormalities (e.g. CDH, 
persistent echogenic bowel, increased NT 
[>3.0mm])

32wks Weekly

Fetal gastroschisis 28wks Twice weekly 

Fetal arrhythmia (i.e. SVT, PACs, etc.) At Dx Weekly (BPP if unable to obtain 
FHR strip) 

Fetal heart block At Dx ( >28wks ) Weekly BPP 

Fetal blood disorders (e.g. Rh 
alloimmunization, parvovirus, NAIT) 

>28wks or at onset of 
disease

Weekly or more frequently 

AFI, Amiotic Fluid Index; BPP, biophysical profi le; CDH, congenital diaphragmatic hernia; di, dichorionic; Dx, diagnosis; EDD, estimated date of 
delivery; ETOH, alcohol abuse; FBG, fasting blood glucose; FHR, fetal heart rate; GA, gestational age; GDM, gestational diabetes mellitus; 
Hx, history; IUGR, intrauterine growth restriction; IVF, in vitro fertilization; mono, monochorionic, monoamniotic; MSAFP, maternal serum 
α-fetoprotein; MSHCG, maternal serum human chorionic gonadotropin; NAIT, neonatal alloimmune thrombocytopenia; NST, nonstress test;
NT, nuchal translucency; PAC, premature atrial contractions; PAPP -A, pregnancy -associated plasma protein A; PPBG, postprandial blood glucose; 
r/o, rule out; Rh, rhesus; SLE, systemic lupus erythematosus; SVT, supraventricular tachycardia; TSI, thyroid stimulating immunoglobin.

Table 10.5 (Continued)

�
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    A 36 - year - old white gravida 1, para 0 had chronic hyper-
tension. She initiated prenatal care at 8 weeks and was 
maintained on labetalol, 400   mg twice daily. Baseline 
urine analysis revealed 213   mg protein and a serum cre-
atinine of 0.9   mg/dL. At 16 weeks an amniocentesis was 
performed for increased risk of Down syndrome on inte-
grated screening, revealing a chromosomally normal 
male fetus. 

 Serial sonograms were performed for fetal growth, 
beginning at 26 weeks. At 28 weeks, antenatal testing was 
initiated with twice - weekly modifi ed BPP. The initial NST 
result was nonreactive despite acoustic stimulation after 
20   min. The AFI was 11.0. 

 Although the NST result may have been nonreactive as 
a result of the prematurity of the fetus, other etiologic 
factors were explored. The patient was questioned about 
her eating and drug habits; she had a normal breakfast 
prior to the test and denied any illicit drug use. A BPP 
was performed to follow up the nonreactive NST, with a 
score of 8/10 (loss of 2 points for NST result). With a reas-
suring BPP, the nonreactive tracing was attributed to the 
fetal prematurity. 

 At 29 weeks, there was a reactive NST result and an AFI 
of 9.7. However, blood pressure was 167/105   mmHg and 
the fundal height was 26   cm. She was hospitalized, and 
biometry revealed that the fetus was 820   g ( < 5%), and a 
presumptive diagnosis of IUGR was made. Umbilical 
artery Doppler velocimetry was performed which 
revealed an increased S:D ratio of 5.3 – 6.0, with forward 
end- diastolic fl ow present. In addition, the MCA S:D ratio 
measured 3.0 – 3.8. 

 During her hospitalization, she experienced a severe 
exacerbation of hypertension, the labetalol was increased 

and a second agent, nifedipine, was begun. On admis-
sion, the complete blood cell count (CBC), liver function 
test (LFT), and urine protein values were normal. An NST 
on the day of admission was reactive; the AFI was 5.0. 
Owing to the severity of the hypertension and abnormal 
cord Doppler indices, twice - daily NST testing was initi-
ated and a course of betamethasone was given for accel-
eration of fetal pulmonary maturity. 

 A plan for weekly Doppler velocimetry was devised. 
Three days later, the NST result was nonreactive and the 
AFI was 4.0. A BPP was performed, with an equivocal 
score of 6/10 (loss of 2 points for nonreactive NST and 
oligohydramnios). Repeat testing was scheduled for the 
next morning (12   h later). On hospital day 5, she com-
plained of midepigastric pain. Laboratory tests revealed 
a hematocrit of 42%, platelet count of 102,000    ×    10 9 /L, 
and serum aspartate transaminase and alanine transami-
nase levels of 960   U/L and 1020   U/L, respectively. 

 The repeat BPP score was 4/10 with the additional loss 
of fetal breathing. Preparations for induction of labor 
were made because of the deteriorating fetal and mater-
nal conditions, and a male infant weighing 875   g was 
delivered vaginally. Apgar scores were 5 at 1   min and 8 at 
5   min. Cord umbilical artery (CUA) and vein (CUV) blood 
gas values were obtained: CUA pH 7.27, PCO 2  48   mmHg, 
PO2  33   mmHg, base excess  − 4.4 and CUV pH 7.30, PCO 2
42   mmHg, PO 2  39   mmHg, base excess  − 3.4. 

 The newborn required intubation for 48   h, was weaned 
from all oxygen support by day 12 of life, and discharged 
on day 46 of life. The mother was treated with magnesium 
sulfate for 48   h postpartum, her abnormal laboratory 
values were normal by day 5 postpartum, and she was 
discharged.  

CASE PRESENTATION 
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     Over the past 30 years, electronic fetal heart rate monitor-
ing (EFM) has become an accepted means of assessing 
fetal status during labor. More than 85% of livebirths in 
the USA are so monitored despite a frequent lack of agree-
ment on strip interpretation and management decisions 
 [1] . This has resulted in an increased rate of cesarean 
delivery in patients monitored with EFM accompanied by 
a lack of clear evidence of effi cacy. EFM is unquestionably 
a labor - saving device for nurses and is unlikely to be 
displaced from what is an accepted standard obstetric 
practice. Further, monitoring of the fetal heart rate (FHR) 
is a highly reliable modality in identifying the well -
 oxgenated fetus. This is because the brain controls the 
heart rate and changes in both cerebral blood fl ow and 
blood oxygenation in turn affect the FHR. Certain pat-
terns in the heart rate of the fetus can be used to deter-
mine oxygen status with excellent concordance between 
normal fetal oxygenation and the presence of normal 
baseline FHR accompanied by FHR accelerations. While 
the concordance between normal oxygenation and the 
presence of FHR accelerations provides clinical reassur-
ance, the absence of accelerations does not necessarily 
predict abnormality in fetal oxygenation. In fact, the cor-
relation between abnormalities of the FHR (e.g. late or 
variable decelerations, elevated baseline) and adverse 
neonatal outcomes is at best tenuous  [2] . That is to say, 
the positive predictive value of an abnormal FHR pattern 
to predict adverse outcome is very poor. Consequently, 
EFM should be understood and employed cautiously and 
used only as a diagnostic tool in the management of a 
woman ’ s labor. It is only with the correct interpretation 
of the information provided from such a modality that 
appropriate management decisions can be made.  

Interpretation guidelines for electronic
fetal heart rate monitoring

 In order to understand the FHR and communicate inter-
pretation accurately among healthcare providers, there 

needs to be an appreciation of certain aspects of the FHR. 
These include baseline rate, variability, accelerations, and 
decelerations. The overall pattern appearance, changes 
over time, and response to certain clinical interventions 
must also be considered. In 2008, the National Institute 
of Child Health and Human Development, the American 
College of Obstetricians and Gynecologists (ACOG) 
and the Society for Maternal - Fetal Medicine collaborated 
on updating both defi nitions and interpretations of 
electronic fetal monitoring  [3] . In 2009, a new ACOG 
Practice Bulletin was published in support of this col-
laboration  [4] . Agreement was reached that efforts at 
classifi cation of fetal heart rate tracings should fall into 
three categories. Category I tracings are normal, category 
II tracings are indeterminate, and category III tracings 
are abnormal.  

Evaluation frequency

 Assessment of FHR should occur frequently during 
active labor. For women with complicated pregnancies, 
such evaluations using auscultation should be every 
15   min in the fi rst stage of labor and every 5   min in the 
second stage  [5] . The recommended evaluation fre-
quency for laboring women without complications is 
auscultation every 30   min in the fi rst stage of labor 
and every 15   min in the second stage. Similarly, when 
using EFM, the frequency of tracing review would 
apply. Unfortunately, at times there is lack of concord-
ance in the FHR strip interpretation among physicians 
and nurses. While there is generally excellent agree-
ment when a strip is category I, for those FHR pat-
terns in category II there is poor agreement regarding 
interpretation and management. Such interpretation is 
further challenged by clinically important confounders 
including gestational age, parity, maternal vital signs, 
medications, and progress in labor. Category III pat-
terns are expected to be consistently interpreted 
correctly.  
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Category I fetal heart rate
 Category I FHR tracings have a normal baseline, moder-
ate variability, no early, variable or late decelerations, and 
accelerations may be present or absent. The most reliable 
marker of adequate fetal oxygenation and normal acid –
 base status is the presence of FHR accelerations. An addi-
tional marker of reassurance is the presence of normal 
FHR variability. Caution must be employed in the 
interpretation of EFM when variability is present when 
accompanied by concerning characteristics of the FHR 
such as persistent decelerations  [6] . It is very rare for 
an entire FHR to remain category I throughout labor and 
delivery.  

Category II and  III fetal heart rate
 Category II FHR tracings include all FHR tracings not 
categorized as category I or category III. Category III FHR 
tracings include absent baseline variability and recurrent 
late decelerations, recurrent variable decelerations, and/
or bradycardia. A sinusoidal FHR pattern is considered 
category III. The absence of accelerations in the FHR, 
particularly when accompanied by persistent decelera-
tions, may be a concerning fi nding in the EFM. The pres-
ence of recurrent late, variable, or prolonged decelerations 
with absent FHR variability is a pattern which requires 
close attention by the healthcare providers. Possible 
causes of such decelerations and their remedies should 
be considered. Treatment options include cervical exami-
nation to determine dilation and assess for umbilical 
cord prolapse. Repositioning the patient to the left 
or right lateral recumbent position is recommended. 
Discontinuation or diminishing of Pitocin or other uterine 
stimulants and consideration of treatment with a tocolytic 
agent are additionally recommended. Employing one or 
more of these treatments will often result in rapid 
improvement of the concerning FHR. 

 Further assessment of such FHR patterns should 
include ancillary tests of the fetal status. The most com-
monly used modalities are scalp stimulation or vibroa-
coustic stimulation of the fetus with observation for the 
occurrence of an immediate acceleration of the FHR. This 
modality does not have any value in a prolonged decel-
eration. However, appropriate fetal response indicates the 
presence of a normal fetal pH. Specifi cally, if there is an 
acceleration of the FHR accompanying either direct digital 
scalp or vibroacoustic stimulation, fetal acidosis (pH 
≥ 7.21) is excluded at that point in time  [7] . This allows for 
the continuation of labor in a patient with nonreassuring 
FHR changes. In the absence of accelerations of the FHR 
with such stimulation, there is the possibility of an abnor-
mal fetal pH. Traditionally, obtaining a sample of fetal 
blood from the scalp has been utilized as a means to 
determine the fetal pH. However, this technique is cur-
rently rarely employed and for most practitioners is 
not even available. Further, there is poor sensitivity and 

Fetal heart rate pattern defi nitions 

Baseline
 The baseline FHR is the mean rate rounded in increments 
of 5 beats per min (bpm) over a minimum of 10 - min seg-
ments, excluding periodic or episodic changes, periods of 
marked variability or when segments of tracing reveal 
difference of baseline of more than 23   bpm. Normal is 
110 – 160   bpm. Bradycardia is when the baseline is less 
than 110   bpm and tachycardia is when the baseline is 
greater than 160   bpm.  

Variability
 Irregular fl uctuations in the baseline FHR of two or more 
cycles per minute that are irregular in amplitude and 
frequency describe variability. FHR variability is either 
absent, minimal (amplitude range ≤ 5   bpm), moderate 
(amplitude range > 5 – 25   bpm), or marked (amplitude 
range > 25   bpm). Of note, the sinusoidal heart rate has a 
smooth sine wave - like pattern of regular amplitude and 
frequency with a cycle frequency of 3 – 5 per min and 
persists for at least 20   min. The sinusoidal pattern is 
excluded from the FHR variability defi nition.  

Accelerations
 An abrupt increase from baseline FHR to peak within 
30   sec of at least 15   bpm lasting at least 15   sec but less than 
2   min from onset to return is termed an acceleration. 
Gestational age has a role in this defi nition, with fetuses 
less than 32 weeks having accelerations defi ned as 
increases at least 10   bpm above baseline lasting at least 
10   sec.  

Decelerations
     •      Late deceleration :      a gradual and visually apparent 
decrease of baseline FHR lasting at least 30   sec with return 
to baseline associated with a uterine contraction. Late 
decelerations are delayed in onset with the nadir of decel-
eration occurring after the contraction peak. Early decel-
eration is defi ned as a gradual and visually apparent 
decrease and return to baseline of the FHR coincident 
with a contraction.  
   •      Early deceleration :      a gradual and visually apparent 
decrease and return to baseline of the FHR associated 
with contraction. An early deceleration has its nadir 
occurring with the peak of the uterine contraction and 
mirrors the onset, peak, and ending of the contraction. 
   •      Variable deceleration :      a sudden, rapid decrease of the 
FHR to its nadir in less than 30   sec. The decrease must be 
at least 15   bpm lasting at least 15   sec with return to base-
line in less than 2   min.  
   •      Prolonged deceleration :      a decrease in the FHR of at least 
15   bpm lasting for longer than 2   min but less than 10   min 
before return to baseline. If a deceleration lasts 10   min or 
longer, it is a baseline change.     
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with rapid intravenous infusion of fl uids. Not surpris-
ingly, such interventions have not been shown to be effi -
cacious but nonetheless are widely employed. What has 
been shown to have effi cacy is the use of various forms 
of tocolytic therapy  [8] . These most commonly include 
β  - agonists such as terbutaline and ritodrine although 
other agents such as magnesium sulfate or calcium 
channel blockers can be considered. However, while 
improvement of the FHR commonly occurs following 
such therapy, there is no evidence to suggest overall 
improvement in newborn or neonatal outcome. Addi-
tionally, use of amnio - infusion in patients experiencing 
recurrent variable decelerations of the FHR has been 
shown to reduce the frequency and severity of variable 
decelerations as well as the need for cesarean delivery for 
fetal intolerance to labor  [9] . This is a simple technique 
which is readily available in most labor and delivery 
units.    

specifi city of a scalp pH less than 7.21 predicting umbili-
cal artery acidosis (pH <    7.0) or adverse neonatal neuro-
logic outcome. Consequently, direct assessment of fetal 
blood pH levels no longer occurs in most centers. 

Fetal resuscitation

 Management of category III FHR patterns is often limited 
to immediate delivery, commonly by cesarean section. 
However, use of various ancillary techniques should be 
considered and frequently result in improved FHR 
tracing. The association of maternal hypotension and 
concerning changes in the FHR is commonly seen. 
Correction of such hypotension with maternal position 
change or ephedrine infusion (following epidural) is 
encouraged. Perhaps the most common technique is the 
administration of oxygen to the laboring patient along 

    The patient is a 32 - year - old gravida 3, para 2002, at 39 
weeks’  gestation in active labor. Cervical examination 
reveals 5   cm dilation with vertex well applied to the 
cervix. Artifi cial rupture of the membranes is performed 
with return of clear amniotic fl uid. Within minutes, the 
FHR changes from a normal pattern without deceleration 
to one of persistent variable decelerations, a category II 
pattern (Fig.  11.1 , panel 1). Through the previously placed 
intrauterine pressure catheter, amnio - infusion of normal 
saline is begun at 10   mL/min for 1   h. The subsequent 

FHR reveals marked change in the FHR to a category I 
pattern (Fig.  11.1 , panels 2, 3). The patient subsequently 
has a vaginal delivery of a healthy newborn with Apgars 
of 8 and 9 at 1 and 5   min, respectively.   

 This case demonstrates the potential value of amnio -
 infusion in patients experiencing recurrent variable decel-
erations. Although the exact mechanism of action is 
unknown, it is thought that the infused fl uid relieves 
compression of the umbilical cord which is the etiology 
of the FHR decelerations. 

CASE PRESENTATION 

Figure 11.1     Fetal heart rate 
measurements.  

Panel 1

Panel 2

Panel 3
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     Sickle cell disease is a member of a family of genetic dis-
orders involving abnormal hemoglobin. Each hemoglobin 
molecule is made up of two α  - globin (141 amino acids) 
and two β  - globin chains (146 amino acids). These chains 
conform to facilitate solubility, oxygen affi nity and trans-
port, and a stable biconcave structure in the red blood cell 
(RBC). Solubility and reversible oxygen binding are the 
key properties which are deranged in hemoglobinopa-
thies. Sickle hemoglobin (S) results from the substitution 
of glutamic acid by valine in the β  - globin chain at position 
6, and hemoglobin C from substitution of the same amino 
acid but by lysine. The β  - globin genes are expressed co -
 dominantly so that homozygous SS or the compound 
heterozygote SC must be expressed for clinical morbidity 
to be signifi cant. In contrast, the  β  - thalassemia variant of 
the β  - globin gene causes the production of normal hemo-
globin A to be absent or reduced. 

 The most prevalent hemoglobinopathy is sickle cell 
anemia resulting from the homozygous SS genotype. One 
of every 12 African - Americans is a carrier for the hemo-
globin S gene and hence (1/12    ×    1/12    ×    1/4    =    1/576) 
approximately 1 in 600 African - American newborns has 
sickle cell anemia  [1] . The overall rate of sickle cell disor-
ders at birth for African - Americans is 1 in 300  [2] . The 
prevalence of the hemoglobin C allele is approximately 1 
in 40 and the β  - thalassemia gene approximately 1 in 40 to 
1 in 50 in this population. These disorders are associated 
with increased maternal and perinatal morbidity and 
mortality. 

 Red blood cells with hemoglobin S undergo sickling 
under conditions of decreased oxygen tension. This 
results in hemolysis, increased viscosity, and vasoocclu-
sion (VOC), and leads to further decreased oxygenation. 
This VOC leads to local infarction in all major organ 
systems, and all surviving adults with sickle cell anemia 
have undergone autosplenectomy after multiple epi-
sodes of VOC and infarction. The bone pain, so typical 
of sickle cell crises, represents VOC in the bone marrow. 

Other chronic and acute changes from sickling include 
bony abnormalities such as osteonecrosis of the femoral 
and humeral heads, renal medullary damage, hepatome-
galy, ventricular hypertrophy, pulmonary infarctions, 
pulmonary hypertension, cerebrovascular accidents, leg 
ulcers, and a susceptibility to infection and sepsis 
 [3 – 5] . 

 Because of hemolysis of defective RBCs, most patients 
with sickle cell anemia have hemoglobin values of 
approximately 7 – 8   g/dL. Iron therapy will not treat their 
anemia and may worsen their condition due to iron over-
load. Folic acid requirements, however, are considerable 
as there is intense hematopoiesis occurring to compensate 
for the markedly shortened RBC lifespan. Patients with 
SC disease are usually less anemic, with hemoglobin 
levels near 10   g/dL, and painful crises occur less fre-
quently. Manifestations of S/ β  - thalassemia disease are 
quite variable, but can present similarly to severe SS 
disease. In either SC disease or S/ β  - thalassemia, iron 
studies should be performed and iron supplemented if 
indicated.

 Pregnancy is a serious burden to women with sickle 
hemoglobinopathies, especially those with hemoglobin 
SS disease. Pregnancy usually results in an increased fre-
quency of sickle cell crises. Infections and pulmonary 
complications are common. Maternal mortality has 
decreased dramatically over the years because of improve-
ments in medical care, but remains high. According to the 
Nationwide Inpatient Sample from the Healthcare Cost 
and Utilization Project of the Agency for Healthcare 
Research and Quality, for the years 2000 – 2003, the mater-
nal mortality rate was 72.4 deaths per 100,000 deliveries 
in women with sickle cell disease (SCD), compared with 
a mortality rate of 12.7 deaths per 100,000 deliveries for 
women without SCD  [6 – 8] . Signifi cant maternal risks are 
faced by women with SCD during pregnancy (Table  12.1 ). 
Although women with SCD comprise 0.1% of the deliver-
ing population, they account for 1% of maternal deaths 
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 Perinatal mortality is higher in SC disease (75 in 1000) 
than in the general population, but not as high as with SS 
disease (175 in 1000) (Table  12.3 ).    

Hemoglobin S/β-thalassemia disease

 This heterozygous condition usually is much milder than 
either SS or SC disease. Variable amounts of hemoglobin 
A are produced depending on the variant of the  β  -
 thalassemia allele inherited. Hemoglobin F is made in 
abundance with extramedullary hematopoiesis to make 
up for abnormally low hemoglobin A. In its most usual 
form, a level of A2 above 3.5% on hemoglobin elec-
trophoresis is diagnostic. In the most severe form of 
S/β  - thalassemia disease, no hemoglobin F is made 
and the resulting phenotypic expression is of severe SS 
disease.

 Either of the above sickle cell variants can have symp-
toms as bad as or worse than any particular SS patient. 
Particularly unnerving and dangerous is the previously 
asymptomatic SC or S/ β  - thalassemia patient who 
presents with acute chest syndrome in pregnancy.  

Management during pregnancy

 Close observation of these patients is mandatory during 
pregnancy. They are at increased risk for infection, which 
in turn can aggravate sickling crises. With the increased 
RBC mass typically required during pregnancy, folate 
supplementation is important. Any strain that impairs 
erythropoiesis or increases RBC destruction aggravates 
the anemia. Clinical presentations that cause anemia and 
pain may be overlooked (e.g. placental abruption, ectopic 
pregnancy, appendicitis, and pyelonephritis). The diag-
nosis of sickle cell crisis should be reserved until other 
possible causes are ruled out. 

 Covert bacteriuria and acute pyelonephritis are 
increased in these patients. Frequent (monthly or every 
trimester) screening urine cultures should be employed 
to discover asymptomatic bacteriuria and treat before 
it becomes symptomatic. Acute pyelonephritis can 
result in the release of endotoxin which lyses sickle 
cells and suppresses hematopoiesis, resulting in severe 
anemia and sickle crises. Pneumonia is common, 
caused by Streptococcus pneumoniae , and the polyvalent 

Table 12.1    Increased rates for maternal complications in 
pregnancies complicated by sickle cell syndromes  [6]  

Complications OR P-value

Preexisting medical disorders

Cardiomyopathy 3.7 <0.001
Pulmonary hypertension 6.3 <0.001
Renal failure 3.5 0.9

Pregnancy complications

Cerebral vein thrombosis 4.9 <0.001
Pneumonia 9.8 <0.001
Pyelonephritis 1.3 0.5
Deep venous thrombosis 2.5 <0.001
Pulmonary embolism 1.7 0.08
Sepsis syndrome 6.8 <0.001

Delivery complications

Gestational hypertension/preeclampsia 1.2 0.01
Eclampsia 3.2 <0.001
Placental abruption 1.6 <0.001
Preterm delivery 1.4 <0.001
Fetal growth restriction 2.2 <0.001

OR, odds ratio. 

Table 12.2    Demographic and obstetric outcomes in  SCD  2002 – 2004  [9]  

Number SCD Age %AA Renal failure PROM LOS OR Hosp No. Hosp Cesarean delivery 

14,000,000 4352 25.3 89.4 0.5% 4.4% 5.3 days 5.56 11,928 1936

AA, African American; LOS, length of stay; OR, odds ratio; PROM, premature rupture of membranes; SCD, sickle cell disease. 

 [6] . Some overall statistical demographics from the 
National Inpatient Sample are listed in Table  12.2   [9] .    

Hemoglobin SC disease

 In nonpregnant women, morbidity and mortality from 
sickle cell/hemoglobin C disease are much lower than 
those seen with SS homozygous disease. Fewer than half 
of the women with SC disease have ever been sympto-
matic prior to pregnancy. However, during pregnancy 
and the puerperium, attacks of severe bone pain and epi-
sodes of pulmonary infarction and embolization become 
more common  [10] . A particularly worrisome complica-
tion is acute chest syndrome seen in both SS and SC 
disease related to embolization of necrotic fat and cellular 
bone marrow, and VOC sickling, with resultant respira-
tory insuffi ciency. This syndrome is characterized by a 
noninfectious pulmonary infi ltrate with fever, leading to 
hypoxemia and acidosis, and, infrequently, death. Acute 
chest syndrome is the leading cause of death among 
patients with sickle cell disease  [11] . 
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transfusion is exceedingly low with modern pretransfu-
sion blood screening techniques. The highest rate is from 
hepatitis B at 1 in 100,000 and that from hepatitis C and 
HIV at approximately 1 in 2,000,000  [16] . The rate of 
alloimmunization has been reported at 3% per unit in the 
sickle disease population  [17] . Because of the concern for 
the aforementioned and the usual need for repeated 
transfusions in this population, all blood should be typed 
and crossed and leukocyte reduced. There is no reported 
benefi t in maternal or perinatal mortality from the use of 
prophylactic transfusions  [18] . 

 Much of the decrease in perinatal and maternal mor-
bidity and mortality is ascribed to improved perinatal 
care in the sickle disease population. Managing without 
prophylactic transfusions, however, can involve multiple 
long and painful hospitalizations  [10,18] . 

 In our institution, SCD patients are managed conserva-
tively, reserving prophylactic blood transfusions, if at all, 
for unique situations in which perinatal morbidity seems 
to be the highest: low hemoglobin F concentration, fre-
quent pain crises, history of acute chest syndrome or 
severe anemia. Worsening anemia, painful crisis or chest 
syndrome may benefi t from exchange transfusion  [19] .  

Fetal assessment
 Pregnancies in women with sickle cell disease are at 
increased risk for spontaneous abortion, preterm labor, 
fetal growth restriction, and stillbirth  [20] . Frequent 
assessment for the detection of fetal growth restriction, 
oligohydramnios, and assurance of fetal activity is impor-
tant. Formal antepartum surveillance may be used to 
augment fetal assessment (e.g. biophysical profi le, umbil-
ical artery Doppler in the presence of fetal growth restric-
tion). Published data concerning antepartum surveillance 
in pregnancies complicated by sickle cell disease are 
limited.

Labor and delivery
 Management should take into account the degree of 
underlying cardiac dysfunction. Preparatory consultation 
with an anesthesiologist is helpful. Route of delivery oth-
erwise should be based solely on obstetric indications. 
Epidural anesthesia is ideal and will keep the patient 
comfortable during a long labor process. If a diffi cult 
vaginal or cesarean delivery is foreseen, and the patient ’ s 
hematocrit is less than 20%, packed RBCs should be 
administered. Blood should be typed and crossed and 
readily available. Fluid administration should be con-
servative to avoid circulatory overload and pulmonary 
edema.

Genetic evaluation
 Prenatal genetic evaluation is possible for the sickle 
hemoglobinopathies. Maternal and paternal electro-
phoresis will elucidate the potential genotypes. When 

pneumococcal vaccine is recommended. Annual inac-
tivated infl uenza vaccine should be administered. 
Hepatitis B vaccination is recommended. For patients 
who have undergone autosplenectomy, vaccination 
against Haemophilus infl uenzae  type B is recommended. 

 Crises are hallmarked by intense pain, usually from 
involved bone marrow. As many as 40% of sickle cell 
patients have acute chest syndrome  [9] . Episodes can 
develop acutely and do so more often late in pregnancy. 
Intravenous hydration along with opioid analgesics 
should be given. Oxygen by nasal cannula will decrease 
the sickling at the capillary level and improve symptoms. 
Any focus of infection should be discovered and treated 
as it may be responsible for the crisis. The risks of low 
birthweight, fetal growth restriction, preterm delivery, 
and preeclampsia are increased. Cardiac dysfunction is 
prevalent in sickle cell disease. After years of pulmonary 
infarction, restrictive airway disease can lead to ventricu-
lar hypertrophy and pulmonary hypertension  [12] . There 
is increased preload and decreased afterload with a 
normal ejection fraction. This condition is augmented by 
the increasing volume of pregnancy. Chronic hyperten-
sion can aggravate the preexisting cardiac dysfunction. 
Severe preeclampsia, sepsis or secondary pulmonary 
hypertension can lead to heart failure. A multidisciplinary 
approach should be used involving obstetricians, hema-
tologists, and anesthesiologists  [13] . 

Prophylactic red blood cell transfusions
 Some institutions utilize prophylactic RBC transfusions. 
Managed correctly, sickle crises can be held to a minimum. 
Hematocrit and hemoglobin electrophoresis are moni-
tored monthly and transfusion effected to keep the hema-
tocrit between 25% and 30% and the S fraction of 
hemoglobin no greater than 60%. Prophylactic transfu-
sions will not modify an existing sickle crisis. However, 
exchange transfusion in the face of crisis, acute chest syn-
drome, stroke, and infection can be valuable. 

 Transfusion is not without its complications. 
Transfusion - related lung injury occurs in approximately 
1 in 5000 units of blood products transfused  [14] . Delayed 
hemolytic transfusion reactions are reported in as many 
as 10% of patients  [15] . The rate of viral infection from 

Table 12.3    Pregnancy outcomes reported since 1956 for women 
with sickle cell anemia and hemoglobin  SC  disease  [6,7,22 – 29]  

Sickle cell 
disease (SS) 

Hemoglobin
SC disease 

Women 1213 351
Pregnancies 2214 798
Maternal deaths (per 100,000) ∼2500 ∼2300
Perinatal mortality (per 1000) ∼175 ∼75
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abnormal fetal genotypes. Most couples with foreknow-
ledge of an SS fetus will opt to carry the pregnancy 
forward  [21] , but some will not.     

there is reasonable suspicion and probability, amnio-
centesis or chorionic villus sampling should be offered 
and polymerase chain reaction (PCR) utilized to detect 

    The patient is a 28 - year - old, gravida 1, para 0, Nigerian 
woman with SS disease. She was fi rst seen at 15 – 16 weeks 
with painful sickle crisis involving her extremities, and 
pleuritic chest pain. She was found to have a hematocrit 
of 28.5% and was transfused previously during the preg-
nancy; electrophoresis now had S 60% and A 40%. She 
was alloimmunized with anti - c and anti - E antibodies, 
titers too low to report. Ultrasound showed diamnionic/
dichorionic twins. Baseline renal function showed 24 - h 
urine protein of 122   mg and urine culture was negative. 
Chest x - ray revealed left retrocardiac opacity which was 
stable in appearance from a previous chest x - ray 1 year 
previously and probably represented old pulmonary inf-
arction. Cardiomegaly and a small calcifi ed spleen were 
noted on computed tomography (CT) scan from 1 year 
before. Infl uenza vaccination was given. Pneumococcal 
vaccine had been given previously. Signifi cant pathology 
(e.g. appendicitis, acute chest syndrome) was ruled out. 
Her crisis was managed with intravenous hydration, 
opioid analgesics, and oxygen by nasal cannula. She 
remained hospitalized for the next 2 weeks and was dis-
charged on 4   mg/day folate. 

 She was seen in the clinic thereafter every 2 weeks. At 
20, 26, and 30 weeks, ultrasound evaluation revealed 
size less than dates with 4%, 8%, and 14% discordance, 
respectively, between twins. The father of the babies was 
unavailable for zygosity testing concerning maternal 
antibodies, and fortunately anti - c and anti - E titers were 
never signifi cantly elevated. From 18 weeks onward the 
patient was transfused approximately every month to 
achieve a hematocrit of at least 25% with hemoglobin 
S percentages less than 60%. She presented to the hos-
pital three more times during gestation for painful VOC, 
one of which was complicated by a hemoglobin S 
fraction of 78% with a hematocrit of 23.6%. However, 
because of subsequent and continued adequate hemat-

ocrit and hemoglobin A versus S fractions and absence 
of objective morbidity, exchange transfusion was not 
performed.

 Her last admission occurred at 32 – 33 weeks. At this 
time she had mildly elevated blood pressures and a 
hematocrit of 22.7%. With limited intravenous (IV) access, 
the patient had a peripherally inserted central catheter 
(PICC) line placed and received transfusion to a hemat-
ocrit of 30%. Her 24 - h urine protein was 3.8   g. She was 
managed with ward rest and maternal fetal surveillance. 
At 33 – 34 weeks, her hypertension increased and the deci-
sion was made to deliver for severe preeclampsia. A low 
transverse cesarean was performed per hospital protocol 
and seizure prophylaxis was instituted until 24   h postpar-
tum. She recovered unremarkably, without further crises 
or transfusions during the puerperal period. Both babies 
did well in the special care nursery and went home within 
2 weeks. 

 We note the lack of apparent benefi t in this patient with 
prophylactic transfusions on signifi cantly decreasing the 
number of painful crises she endured. We believe that this 
patient ’ s management was complicated by opioid toler-
ance and/or dependence. She was never pain free begin-
ning with her fi rst admission at 15 – 16 weeks, and was 
managed as an outpatient with oral hydromorphone 
between admissions. Diffi culties were also encountered 
in achieving IV access in this patient who had received 
multiple transfusions in her lifetime. Although premature 
and complicated by preeclampsia, both maternal and 
perinatal outcome were good. 

 We believe this case highlights some of the signifi cant 
and not atypical problems with SS disease in pregnancy. 
It should be emphasized that some of the worst morbidity 
occurs in SC and S/ β  - thalassemia disease, and that evalu-
ation and management should be similar to those of the 
SS patient. 

CASE PRESENTATION 
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Chapter 13 
Anemia
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  Department of Obstetrics and Gynecology, Georgetown University Hospital, Washington, DC, and Perinatal Diagnostic 
Center Inova Alexandria Hospital, Alexandria, VA, USA       

     A comprehensive review of all causes of anemia is often 
intimidating for the general obstetrician. Moreover, most 
algorithms are not targeted to conditions highly prevalent 
in obstetric populations consisting mainly of healthy 
young women. The current chapter proposes an initial 
evaluation of anemia, which will allow the identifi cation 
and appropriate therapy of the majority of cases encoun-
tered in a pregnant population. The few cases which defy 
the initial evaluation are probably better managed in con-
sultation with a hematologist.  

Defi nition 

 The fall in hemoglobin (Hb) level seen in healthy normal 
pregnant women, also known as physiologic or dilutional 
anemia of pregnancy, is caused by a relatively greater 
expansion of plasma volume (50%) compared with the 
red blood cell (RBC) volume (25%). The fall in hematocrit 
(Hct) reaches a nadir during the late second to early 
third trimester, when normal values in pregnancy range 
from 33% to 44%. The Centers for Disease Control and 
Prevention (CDC) defi ne anemia as a Hb or Hct level 
below the 5th centile for a healthy, iron - supplemented 
population, i.e. a Hb < 11   g/dL or a Hct  < 33% in the 
fi rst trimester, and Hb  < 10.5 or Hct  < 32% afterwards  [1] . 
Severe anemia is usually defi ned as Hb level at or below 
8.5   mg/dL. The two most common causes of anemia 
during pregnancy and the puerperium are iron defi ciency 
and acute blood loss. 

Consequences

 According to the World Health Organization (WHO), 
severe anemia contributes to 40% of maternal deaths in 
underdeveloped countries  [2] . In developed countries, 
severe anemia has been associated with increased risk of 

preterm birth, preterm premature rupture of membranes, 
infections, and fetal growth restriction  [3 – 6] . The symp-
toms of mild anemia are often indistinguishable from 
those related to pregnancy, and include fatigue, breath-
lessness, palpitations, diffi culty in concentration, and 
lower intellectual and productive capacity.  

Diagnostic work-up and treatment

 Traditionally, evaluation of anemia starts with mean cor-
puscular volume (MCV), based on which anemias are 
defi ned as microcytic ( < 80   fL), normocytic (80 – 100   fL) or 
macrocytic ( > 100   fL). However, mixed nutritional defi -
ciencies (folate and iron) often lead to normocytic anemia, 
and most anemias at the beginning are normocytic. The 
red cell distribution width (RDW) is a useful indicator of 
anemias due to nutritional defi ciencies (i.e. it increases 
above 15% in the presence of iron, folate or vitamin B 12

defi ciencies). 

Macrocytic anemia
 Appropriate work - up of macrocytic anemia (MCV 
> 100   fL) should begin with assessment of serum folate 
and vitamin B 12  levels. 

Vitamin B 12  defi ciency  is rare, as most healthy indivi-
duals have 2 – 3 years ’  storage available in the liver. 
However, vitamin B 12  defi ciency can be encountered in 
individuals who have undergone bariatric surgery and 
are not compliant with the recommended vitamin B 12

supplementation (350    μ g/day sublingually plus 1000    μ g 
intramuscularly (IM) every 3 months if needed). It 
also occurs in individuals with pernicious anemia, an 
extremely uncommon autoimmune disease in women 
of reproductive age which is diagnosed by the presence 
of serum intrinsic factor antibodies, and in those with 
malabsorption (e.g. Crohn disease or ileal resection). 
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marrow biopsy, 66% had inadequate iron stores  [8] . For 
the above reasons, and because gastrointestinal side -
 effects of oral iron supplementation, which include 
constipation, nausea and diarrhea, are negligible with 
doses less than 45 – 60   mg, in the US supplementation 
with elemental iron (30   mg/day) is recommended for 
all pregnant nonanemic women  [7] . This prophylaxis 
should be continued until 3 months postpartum in 
areas with high prevalence of anemia. Despite such 
recommendations, a large study has shown that 50% 
of women develop iron defi ciency anemia by 26 weeks ’  
gestation  [9] . 

 A review of randomized clinical trials generally per-
formed in Western countries shows that routine supple-
mentation in nonanemic women results in higher maternal 
Hb levels at term and 1 month postpartum, higher serum 
ferritin levels, lower rates of anemia at term (relative risk 
[RR] 0.27, 95% confi dence interval [CI] 0.17 – 0.42) and of 
iron defi ciency anemia in particular (RR 0.33, 95% CI 
0.16 – 0.69), and higher serum ferritin levels in the infants 
 [10] . However no differences are noted in most clinical 
outcomes, such as preterm delivery, preeclampsia, or 
need for transfusion, birthweight, small for gestational 
age, perinatal mortality or need for neonatal intensive 
care unit (NICU) admissions  [10] .  

Treatment of iron defi ciency  anemia
 Higher doses of iron are required for therapy of anemia 
than for prophylaxis (up to 120 – 150   mg/day). 

Oral iron : Table  13.1  lists the most commonly available 
formulations of oral iron. Enteric - coated forms should be 
avoided because they are poorly absorbed; absorption is 
increased by intake of iron on an empty stomach and with 
concomitant ingestion of vitamin C or orange juice. 
Although several trials have been conducted to compare 
types of iron, it is not possible to assess the effi cacy of the 
treatments due to the use of different drugs, doses, and 
routes  [11] . Gut absorption of iron decreases with increas-
ing doses of iron: divide the total daily dose into 2 – 3 
doses. A relationship is present between dose of oral iron 
and gastrointestinal side - effects. Occurrence of such side -
 effects leads to discontinuation of therapy in 50% of 
women  [12] . To ensure patient compliance, it is thus 
important to minimize the side - effects. Suggested strate-
gies include:
    •      prescribe ferric iron, which seems to have fewer side -
 effects than ferrous fumarate or ferrous sulfate  [12]     
   •      increase doses of iron gradually  
   •      instruct the patient to take the large doses at bedtime.    
 Stool softeners may be needed to prevent constipation. 
Serum reticulocyte count can be checked after 7 – 10 days 
of therapy to document appropriate response. The rate of 
increase of Hct is typically 1% per week. To replenish iron 
stores, oral therapy should be continued for 3 months 
after the anemia has been corrected. 

Folate defi ciency  is less common nowadays given US 
fortifi cation of grains with folate. In addition to macro-
cytic anemia, folate defi ciency often also causes thrombo-
cytopenia. Recommended folate requirements are 400    μ g/
day during the pregnant state and 500    μ g/day for lactat-
ing women  [7] . However, higher dosages are recom-
mended in the presence of multiple gestations, hemolytic 
disorders (such as sickle cell anemia or thalassemia), and 
in patients taking antiepileptic therapies or sulfa -
 containing drugs (e.g. sulfasalazine). If a diagnosis of 
folate defi ciency is made or the woman previously had 
an infant with a neural tube defect, the recommended 
dose of folic acid is 4   mg/day. By 4 – 7 days after beginning 
treatment, the reticulocyte count should be increased. In 
the case of macrocytic anemia with normal folate and 
vitamin B 12  levels, a consultation with a hematologist is 
indicated for bone marrow biopsy.  

Normocytic anemia
 The pertinent laboratory work - up of normocytic anemia 
(MCV between 80 and 100   fL) should start with a reticu-
locyte count. A high reticulocyte count suggests recent 
blood loss due to hemolysis (e.g. drug induced or immune 
based, as witnessed by a positive direct Coombs test) or 
hemorrhage. 

 Low reticulocyte count is usually seen in the early stage 
of iron defi ciency, and it should prompt assessment of a 
serum ferritin level. Serum ferritin is the most sensitive 
screening test for iron defi ciency, with a level  < 16   ng/mL 
indicating depleted iron stores. Normal or high serum 
ferritin levels can be seen in the presence of hypothy-
roidism or chronic disorders (such as infl ammatory bowel 
disease, systemic lupus erythematosus or rheumatoid 
arthritis). Hematology consultation for further assess-
ment is indicated in these circumstances. 

Microcytic anemia
 Because most cases of microcytic anemia (MCV  < 80   fL) 
in pregnancy are due to iron defi ciency and because 
serum ferritin is an excellent indicator of body iron stores, 
the initial step should be assessment of serum ferritin 
levels. Low serum ferritin would diagnose iron defi ciency. 
A high or normal serum ferritin level should indicate 
a hemoglobin electrophoresis, which would allow identi-
fi cation of heterozygous thalassemia (characterized by 
high percentage levels of Hb A 2  and F). Normal hemo-
globin A 2  and F should prompt DNA probes for  α  -
 thalassemia and a request for hematology consultation.  

Prophylaxis of iron defi ciency 
 In a typical singleton gestation, maternal iron require-
ments, related to the expansion of the maternal RBC mass, 
fetal and placental requirements, average 1   g over the 
course of pregnancy. In a landmark study of healthy, non-
anemic, menstruating young women who agreed to bone 
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IV iron dose mg blood volume dL
Hb deficit g/dL

( ) ( )
( ) .

= ×
× 3 3

 in which the blood volume can be estimated as 
65   mL    ×    weight/100, the Hb defi cit is the difference 
between the observed and desired Hb level (usually 
12   g/dL), and 3.3 refl ects the amount of iron in each gram 
of Hb. 

Erythropoietin  is not indicated in the treatment of iron 
defi ciency anemia unless the anemia is caused by chronic 
renal failure or other chronic conditions, such as those 
outlined above among causes of normocytic anemias with 
low reticulocyte count and normal or high serum ferritin 
levels. Erythropoietin is an expensive medication with 
risk of side - effects, ranging from fl u - like illness to pure 
red cell aplasia. 

Blood transfusion  is indicated only for anemia associated 
with hypovolemia from blood loss or in preparation for 
a cesarean delivery in the presence of severe anemia.      

Intravenous iron  is more effective than oral therapy at 
improving hematological indices, with higher maternal 
Hb levels at 4 weeks of therapy and lower rates of gas-
trointestinal side - effects  [11] . However, randomized trials 
have not shown signifi cant differences in need for mater-
nal blood transfusion, neonatal birthweight, or neonatal 
anemia. Therefore,intravenous (IV) therapy is indicated 
only in cases of severe anemia with intolerance to oral 
therapy or malabsorption  [13] . Different formulations of 
IV iron are available: dextran iron (INFeD ® ) should not 
be used because it is associated with side - effects in 8.7% 
of cases, including delayed serum sickness reactions, 
fever, urticaria, and anaphylactic reactions leading to 
maternal death. Ferric gluconate (Ferrlecit ® ) is safer, with 
only a 2% rate of side - effects and no recorded cases of 
anaphylaxis. Iron sucrose (Venofer ® ) has also been 
recently introduced onto the market. 

 The required dose of IV iron can be calculated accord-
ing to the formula:

    A 28 - year - old woman, gravida 6, para 3023, presented at 
35 weeks with a long history of severe anemia and poor 
attendance to prenatal visits. She had been prescribed 
iron prophylaxis during pregnancy, but she had been 
noncompliant with it. Initial laboratory evaluation 
revealed Hb 7.9   g/dL, Hct 23.9%, and MCV 85, suggest-
ing a diagnosis of normocytic anemia. Reticulocyte count 
was low, at 1.9%, thus prompting assessment of serum 
ferritin, which was < 15, thus establishing a diagnosis of 
iron defi ciency anemia. There was no co - existent defi -

ciency of folate (RBC folate 16.6, normal values 3 – 18) or 
vitamin B 12  (342, normal values 248 – 894). Given the docu-
mented lack of compliance, it was decided to implement 
replacement therapy with IV iron. It was calculated that 
the iron defi cit was 400   mg. IV ferric gluconate (Ferrlecit ® ) 
125   mg elemental iron was administered daily for 3 days. 
After 3 days, the reticulocyte count had increased appro-
priately to 2.6%, and at delivery 4 weeks later the Hct had 
appropriately increased to 28%.  

CASE PRESENTATION 

Type of iron Elemental iron (mg) Brand

Ferrous fumarate 64–200 Femiron, Feostat, Ferrets, Fumasorb, 
Hemocyte, Ircon, Nephro -Fer, Vitron -C

Ferrous sulfate 40–65 Chem-Sol, Fe50, Feosol, Fergensol, 
Ferinsol, Ferogradumet, Ferosul, 
Ferratab, FerraTD, Ferrobob, 
Ferrospace, Ferrotime, Moliron, 
Slowfe, Yieronia 

Ferrous gluconate 38 Fergon, Ferralet, Simron 
Ferrous fumarate and 

ferrous asparto -glycinate
81 Replica 21/7 

Ferric 5 0–150 Ferrimin, Fe -Tinic, Hytinic, Niferex, 
Nu-iron

Table 13.1    Oral preparations for therapy of 
iron defi ciency anemia 
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Chapter 14 
Thrombocytopenia

  Robert M.     Silver  
  Department of Obstetrics and Gynecology, University of Utah School of Medicine, Salt Lake City, UT, USA       

     The antepartum diagnosis of maternal thrombocytopenia 
has become more common because platelet counts are 
now routinely obtained as part of prenatal screening. 
Although thrombocytopenia is classically defi ned as a 
platelet count of less than 150,000/ μ L, there is a physio-
logic drop in platelet count during pregnancy of 10 – 30% 
secondary to hemodilution and increased consumption. 
The most common causes of maternal thrombocytopenia 
include gestational thrombocytopenia, preeclampsia/
HELLP (hemolysis, elevated liver enzymes, and low 
platelet count) syndrome, and autoimmune thrombocy-
topenia. These conditions have implications for both 
mother and fetus. Thus, it is important to consider both 
maternal and fetal thrombocytopenia. 

Maternal thrombocytopenia

Gestational thrombocytopenia  (GTP), also termed inciden-
tal thrombocytopenia of pregnancy, describes a mild 
(usually more than 70,000/ μ L platelet count), common 
(up to 5%), asymptomatic thrombocytopenia that occurs 
during pregnancy  [1,2] . This accounts for more than 
70% of thrombocytopenias in pregnant women  [2,3] . 
The cause of thrombocytopenia in these women is 
unclear, but may be an acceleration of the physiologic 
pattern of increased platelet destruction  [1] . Women 
with this diagnosis are healthy, not at risk for fetal 
thrombocytopenia or bleeding complications, and have 
no history of autoimmune thrombocytopenia. Platelet 
counts return to normal after delivery. It can be diffi cult 
to distinguish GTP from autoimmune thrombocyto-
penia. If thrombocytopenia is found late in pregnancy 
and counts are more than 70,000/ μ L, GTP is the most 
likely diagnosis. However, other causes of thrombocy-
topenia, including preeclampsia, should be excluded. 
Women with GTP do not require additional testing or 
specialized care. 

Autoimmune thrombocytopenia , also termed idiopathic 
thrombocytopenic purpura (ITP), is a syndrome charac-
terized by immunologically mediated thrombocytopenia. 
The disorder is caused primarily by autoantibodies to 
platelet membrane glycoproteins, leading to increased 
platelet destruction. In adults, ITP is typically a chronic 
disorder. It can be diffi cult to distinguish from other 
causes of thrombocytopenia and is a diagnosis of exclu-
sion. The most common signs and symptoms include 
petechiae, ecchymoses, easy bruising, epistaxis, gingival 
bleeding, and menorrhagia. Serious spontaneous bleed-
ing complications are rare, even in severely thrombocytic 
individuals with platelet counts of less than 10,000/ μ L 
 [4] . When thrombocytopenia is profound and detected 
early in pregnancy, suspicion is high that the diagnosis is 
ITP. It often co - exists with pregnancy because the disease 
usually presents in the second to third decades of life and 
has a female preponderance of 3:1 in the mid - adult years 
(30 – 60 years)  [5] . 

 Few diagnostic tests are useful in the evaluation of ITP. 
A complete blood count (CBC) and peripheral blood 
smear are helpful to exclude other causes of thrombocy-
topenia (e.g. pancytopenia, leukemias). The peripheral 
smear may show an increased proportion of slightly 
enlarged platelets. Bone marrow biopsy is sometimes 
helpful to clarify the diagnosis as increased numbers of 
immature megakaryocytes may be seen and inadequate 
platelet production may be excluded. Although anti-
platelet antibodies are present in most individuals with 
ITP, they are very nonspecifi c and testing is not recom-
mended for the routine evaluation of maternal thrombo-
cytopenia  [6] . 

 The focus of maternal therapy is to avoid bleeding 
complications associated with severe thrombocytopenia. 
Because labor and delivery pose a substantial risk for 
bleeding, most authorities recommend more aggressive 
medical therapy for women in the late second or third 
trimesters. Current recommendations about maternal 
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disseminated intravascular coagulation (DIC) may be 
rare but potentially severe complications of anti - D admin-
istration  [14] . In general, anti - D antibodies appear to be 
safe for both mother and fetus  [11,13] . The use of anti - D 
is attractive because it is less expensive and has a shorter 
infusion time than IVIG. 

 Splenectomy was the fi rst therapy recognized to be 
effective for ITP and induces complete remission in 
approximately 80% of patients. The postsplenectomy 
platelet counts increase rapidly and are often normal 
within 1 – 2 weeks. The procedure is usually avoided 
during pregnancy but can be safely accomplished, 
although preferably in the second trimester. Splenectomy 
during pregnancy is reserved for women with platelet 
counts of less than 10,000/ μ L who are bleeding and who 
fail to respond to steroids and IVIG  [6] . The procedure 
is not recommended for asymptomatic women with 
platelet counts of more than 10,000/ μ L. 

 There are few data regarding the use of other medical 
therapies for ITP during pregnancy. One approach in 
refractory cases is to combine treatment with IVIG and 
steroids. Azathioprine and cyclosporine may be reason-
able choices in extremely refractory cases  [7] . 

 Platelet transfusions should be used only as a tem-
porary measure to prepare a patient for splenectomy or 
surgery, or for life - threatening hemorrhage. However, the 
usual elevation in platelet counts of approximately 
10,000/μ L per unit of platelet concentrate transfused is 
not achieved in patients with ITP because antiplatelet 
antibodies also bind to donor platelets. Thus, 6 – 10   units 
of platelet concentrate should be transfused. The ITP 
practice guideline panel recommends platelet transfu-
sions before delivery in women with platelet counts of 
less than 10,000/ μ L undergoing planned cesarean deliv-
ery or with mucous membrane bleeding and anticipated 
vaginal delivery  [6] . 

 Mothers with ITP require little specialized care beyond 
attention to platelet count. These patients should be 
instructed to avoid salicylates, nonsteroidal antiinfl am-
matory agents, and trauma. Regardless of route of deliv-
ery, platelets, fresh frozen plasma (FFP), and IVIG should 
be readily available. 

Other causes
 Other causes of thrombocytopenia during pregnancy 
include preeclampsia/HELLP syndrome, systemic lupus 
erythematosus, antiphospholipid syndrome, human 
immunodefi ciency virus (HIV) infection, hepatitis C virus 
(HCV) infection, DIC, drug - induced thrombocytopenia, 
thrombotic thrombocytopenic purpura, hemolytic uremic 
syndrome, and pseudothrombocytopenia as a result of 
laboratory artefact. These disorders can be excluded with 
an appropriate history, physical examination, assessment 
of blood pressure, HIV and HCV serology, and laboratory 
studies (e.g. liver function tests). 

therapy for ITP are derived largely from expert opinion. 
Pregnant women who are asymptomatic and who have 
platelet counts of over 50,000/ μ L do not require treat-
ment. In the fi rst and second trimesters, asymptomatic 
women with platelet counts of 30,000 – 50,000/ μ L also 
do not require treatment. Treatment is considered appro-
priate  [7] :
    •      for women with platelet counts of less than 20,000/ μ L 
at any gestational age  
   •      for women with mucocutaneous bleeding and throm-
bocytopenia at any gestational age  
   •      to produce an increase in platelet count to a level 
considered safe for procedures. This is controversial but 
is considered to be 50,000/ μ L for cesarean delivery and 
75,000/μ L for regional anesthesia. Thus, more aggressive 
treatment is often considered during the third trimester 
in anticipation of delivery.    
 Glucocorticoids are standard fi rst - line treatment in both 
pregnant and nonpregnant adults. Prednisone is initiated 
at a dosage of 1 – 2   mg/kg/day and is typically continued 
for 2 – 3 weeks. If platelet counts reach acceptable levels, 
the drug is tapered by 10 – 20% per week until the lowest 
dosage required to maintain the platelet count at an 
acceptable level is achieved. Some increase in platelet 
count occurs in approximately 70% of patients, and com-
plete remission has been reported in up to 25% of cases 
 [8] . A response to glucocorticoids is usually apparent in 
3 – 7 days and will reach a maximum in 2 – 3 weeks  [5] . The 
benefi ts of steroids appear to outweigh the risks in women 
requiring treatment for ITP. 

 Intravenous immunoglobulin (IVIG) is an appropriate 
initial treatment for pregnant women with platelet 
counts of:
    •      less than 10,000/ μ L in the third trimester  
   •      10,000 – 30,000/ μ L who are bleeding.    
 Intravenous immunoglobulin is also used in cases 
refractory to treatment with glucocorticoids. The optimal 
dose for treatment is uncertain. IVIG 400   mg/kg/day 
given for 2 – 5 consecutive days is the most widely used 
regimen, although similar results have been obtained 
using higher doses for a shorter duration. This dose of 
IVIG will substantially increase the platelet count in 75% 
of patients and will restore normal platelet counts in 
50% of patients  [6,9] . However, in 70% of cases, the plate-
let count will return to pretreatment levels within 1 month 
after treatment  [6,9] . Mild side - effects of IVIG are common, 
but serious side - effects are rare. The most substantial 
drawback of IVIG therapy may be expense. It should 
therefore be used in cases of severe thrombocytopenia, 
hemorrhage or nonresponse to steroids. 

 Intravenous anti - D immunoglobulin has been used to 
successfully and safely treat ITP in rhesus (Rh) - positive 
individuals  [10 – 13] . There is a theoretical risk of causing 
fetal anemia by administering high doses to pregnant 
women with Rh - positive fetuses. Acute hemolysis and 
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women with ITP should not be discouraged from breast-
feeding  [23] .  

Alloimmune thrombocytopenia
 Fetal and neonatal alloimmune thrombocytopenia (NAIT) 
is a serious and potentially life - threatening disorder that 
affects 1 in 1000 – 2000 live infants  [24 – 27] . The condition 
is analogous to Rh isoimmunization, except that maternal 
IgG alloantibodies are directed against fetal platelet 
antigens. Several polymorphic, diallelic platelet antigen 
systems are responsible for this condition. Uniform 
nomenclature has been adopted describing these antigen 
systems as human platelet antigens (e.g. HPA - 1, HPA - 2), 
with alleles designated as  “ a ”  or  “ b. ”  The most frequent 
cause of severe NAIT in white people is the HPA - 1a 
antigen. Although approximately 1 in 42 pregnancies are 
incompatible for HPA - 1a, NAIT develops in only about 
10% of these cases  [28] . This may be because the disorder 
is subclinical in some cases, and it may also be because, 
in addition to antigen exposure, an immunologic suscep-
tibility (possibly related to HLA type DRB3 * 0101) is 
necessary. 

 In contrast to Rh isoimmunization, NAIT can occur 
during a fi rst pregnancy without prior exposure to the 
offending antigen. It is usually diagnosed after birth 
when an infant is found to have thrombocytopenia, 
petechiae, or ecchymoses. Affected infants are often 
severely thrombocytopenic, and 10 – 20% have ICH  [29,30] . 
The rate of ICH is considerably lower in cases detected 
by routine screening rather than based on thrombocyto-
penic infants  [28] . Fetal ICH can occur  in utero  and a 
signifi cant number of cases can be diagnosed by antenatal 
ultrasound. The recurrence risk is substantial and has 
been estimated to be up to 100% in cases of HPA - 1a 
incompatibility, depending upon paternal zygosity for 
HPA - 1a  [25,31] . Thrombocytopenia tends to worsen as 
pregnancy progresses in untreated fetuses. 

 The goal of the obstetric management of pregnancies 
at risk of NAIT is to prevent ICH and its associated com-
plications. In contrast to ITP, the dramatically higher fre-
quency of ICH associated with NAIT justifi es more 
aggressive interventions. Also, therapy must be initiated 
antenatally because of the risk of in utero  ICH. Possible 
NAIT should be suspected in cases of otherwise unex-
plained fetal or neonatal thrombocytopenia, ICH, or 
porencephaly. In most cases, the diagnosis of NAIT can 
be determined by testing the parents; testing fetal or 
neonatal blood is confi rmatory and occasionally helpful. 
Appropriate assays include serologic confi rmation of 
maternal antiplatelet antibodies that are specifi c for pater-
nal or fetal/neonatal platelets. In addition, individuals 
should undergo platelet typing with paternal zygosity 
testing. This can be determined serologically or with 
DNA - based tests. It is unnecessary to repeat testing in a 

Fetal thrombocytopenia

Autoimmune thrombocytopenia
 Fetal thrombocytopenia and, rarely, bleeding com-
plications may occur with ITP because maternal 
immunoglobulin- G (IgG) antiplatelet antibodies are 
actively transported across the placenta. Avoidance of 
fetal hemorrhagic complications is the central issue in 
the obstetric management of these women. Occasionally, 
minor clinical bleeding such as purpura, ecchymoses, 
hematuria, or melena is observed. Rarely, fetal throm-
bocytopenia can lead to intracranial hemorrhage (ICH) 
which can result in severe neurologic impairment or 
even death. It is important to emphasize that the risk 
of serious fetal bleeding with maternal ITP is very 
low  [3] . 

 Strategies intended to minimize or avoid fetal bleeding 
complications include corticosteroids, IVIG, and splenec-
tomy. Currently, no maternal treatment has been found to 
be consistently effective in the prevention of fetal/
neonatal thrombocytopenia or to improve fetal outcome 
 [15 – 18] . The risk of neonatal bleeding is inversely pro-
portional to the platelet count and bleeding complications 
are rare with platelet counts over 50,000/ μ L  [3,17] . 
Attempts have been made to determine which fetuses 
are severely thrombocytopenic and at higher risk for 
ICH. Unfortunately, no maternal factor has been iden-
tifi ed that can predict fetal thrombocytopenia in all cases 
and current evidence does not support the routine use 
of fetal scalp sampling and cordocentesis in women with 
ITP  [19,20] . 

 Route of delivery was once considered critical to 
neonatal outcome in women with ITP. Passage through 
the birth canal was proposed as the reason for bleed-
ing in thrombocytopenic fetuses and this together with 
anecdotal reports and case series led to recommen-
dations for delivery by cesarean section  [21] . However, 
vaginal delivery has never been proven to cause 
ICH and several studies have shown no association 
between route of delivery and neonatal bleeding com-
plications  [3,17,22] . At this time, it seems prudent to 
deliver by cesarean section for the usual obstetric indi-
cations without determination of the fetal platelet 
count in most women. However, the matter remains 
controversial. 

 In all cases of possible fetal thrombocytopenia, whether 
secondary to ITP or alloimmune thrombocytopenia, a 
neonatologist or other clinician familiar with the con-
dition should be present to care for potential bleeding 
complications and the anticipated decrease in neonatal 
platelet count during the fi rst several days after birth. 
The use of scalp electrodes, forceps, and vacuum extrac-
tors should be avoided in these patients. Although there 
is a theoretical risk of neonatal thrombocytopenia, 
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platelet counts. The effi cacy of high - dose steroids is 
uncertain. IVIG administered directly to the fetus has had 
inconsistent results. Platelet transfusions are effective but 
the short half - life of transfused platelets requires weekly 
procedures. The potential risks involved with multiple 
transfusions as well as the potential for increased sensiti-
zation limit the attractiveness of this treatment. Platelet 
transfusions are likely best reserved for severe cases 
refractory to other therapies. Administration of IVIG to 
the mother appears to be the most consistently effective 
antenatal therapy for NAIT. Weekly infusions of 1   g/kg 
maternal weight of IVIG will often stabilize or increase 
the fetal platelet count  [30,39,40] . ICH is extremely rare in 
pregnancies treated with IVIG  [30] . 

 Berkowitz  et al  and Bussel  et al  further refi ned the 
optimal therapy for NAIT during pregnancy (HPA - 1a 
sensitization and antigen - positive fetus) in several 
recent clinical trials  [38,41 – 43] . They advise the 
following.
    •      Initiate treatment with IVIG at 12 weeks ’  gestation in 
women with prior infants with ICH. The dose should be 
1 or 2   g/kg/week of IVIG unless the previous ICH 
occurred prior to 28 weeks ’  gestation. In that case 2   g/kg/
wk is advised. 
   •      If there was no ICH in a prior pregnancy, treat with 
IVIG at 1   g/kg/week and prednisone 0.5   mg/kg/day 
starting at 20 – 26 weeks ’  gestation.  
   •      Cordocentesis can be done at 32 weeks ’  gestation 
with an increase in the dose of IVIG if the fetus 
has a platelet count < 30,000/ μ L. Alternatively, the 
dose can be empirically increased without doing a 
cordocentesis. 
   •      Another option (in patients whose prior infant did not 
have ICH) is to start treatment with 2   g/kg/week of IVIG 
and use prednisone as salvage therapy.    
 Most authorities recommend cesarean delivery for fetuses 
with platelet counts less than 50,000/ μ L. As discussed in 
the section on ITP, vaginal delivery has never been shown 
to cause ICH and cesarean delivery has never been shown 
to prevent it. Nonetheless, the substantial rate of ICH 
probably justifi es cesarean delivery in pregnancies with 
severe NAIT. Cordocentesis at about 37 weeks ’  gestation 
is used to document a safe platelet count for vaginal 
delivery. It is reasonable to consider a platelet count 
> 100,000/ μ L at 32 weeks to be an adequate threshold for 
allowing a trial of labor. 

 There are no compelling data to support population -
 wide screening for HPA incompatibility. Studies are 
ongoing to address the effi cacy and cost - effectiveness of 
such programs and the issue remains controversial  [44] . 
Screening relatives of affected women also remains of 
unproven benefi t.     

family with a previously confi rmed case of NAIT. 
Antibody titers are poorly predictive of risk to the current 
pregnancy and need not be obtained once the diagnosis 
is made. If the father is heterozygous for the offending 
antigen, fetal HPA typing can be accomplished with cho-
rionic villi or amniocytes, or using free fetal DNA in 
maternal blood. Fetal genotyping avoids additional 
expensive and risky interventions in approximately 50% 
of such cases. 

 If the fetus is determined to be at risk, cordocentesis 
may be considered to determine the fetal platelet count. 
This strategy avoids treatment of fetuses that have 
normal platelet counts and provides feedback about 
treatment response in cases of thrombocytopenia. 
However, the risk of hemorrhagic complications with 
cordocentesis is increased in pregnancies affected by 
NAIT  [32] . The overall perinatal loss rate for cordocen-
tesis has been reported to be 2.7%  [33]  and is likely 
higher in the setting of severe fetal thrombocytopenia. 
Even with prophylactic transfusion of maternal platelets 
at the time of cordocentesis, the percentage of bleeding 
complications may be unchanged  [34] . The risk of bleed-
ing at the site of cordocentesis has prompted some 
clinicians to empirically treat pregnancies at risk for 
NAIT without determining the fetal platelet count. 
This strategy is usually reserved for cases of HPA - 1a 
sensitization with a known antigen - positive fetus and 
is strongly recommended in cases with severely 
affected siblings  [35] . Disadvantages include the poten-
tial for unnecessary and expensive treatment and the 
inability to assess treatment effi cacy or to institute 
salvage therapy in cases of treatment failure. The 
benefi ts of cordocen tesis may outweigh the risks in 
some cases, but the matter remains controversial. The 
number of cordocenteses should be minimized, espe-
cially in early gestation when the consequence of hemor-
rhage is greatest. 

 The optimal timing of the initial cordocentesis also is 
uncertain. ICH can occur early in gestation, but such 
cases are rare  [36,37] . Active transport of IgG is limited 
until the late second and third trimesters. It is therefore 
likely that in most instances fetal blood sampling and 
treatment can be delayed until viability or even until the 
third trimester  [38] . It seems prudent to individualize 
management of these cases depending on the antigen 
involved and the severity of NAIT during previously 
affected pregnancies. 

 Proposed therapies to increase fetal platelet counts and 
prevent ICH include maternal treatment with steroids 
and IVIG, fetal treatment with IVIG, and fetal platelet 
transfusions. No therapy is effective in all cases. Low -
 dose maternal steroids do not appear to improve fetal 
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    A 26 - year - old gravida 2, para 1001 presents for prenatal 
care at 8 weeks ’  gestation. Her prior pregnancy was 
uncomplicated, resulting in vaginal birth of a healthy 
infant at 39 weeks ’  gestation. However, her infant had 
petechiae and neonatal platelet count was determined to 
be 22,000/ μ L. There was no evidence of sepsis, preec-
lampsia, or other explanation for the thrombocytopenia. 
The platelet count increased after platelet transfusion and 
the child has had no medical problems or persistent 
thrombocytopenia. The couple asks whether the current 
fetus is at risk for thrombocytopenia and if anything can 
be done to prevent it. 

 The clinician should consider a diagnosis of NAIT in 
any case of current or prior unexplained fetal or neonatal 
thrombocytopenia. Both parents should be tested for 
platelet antigen type and zygosity, and the mother should 
be tested for specifi c antiplatelet antibodies against pater-
nal platelet antigens. Testing is best accomplished in a 
specialized laboratory with expertise in NAIT; testing for 

generic antiplatelet antibodies in the mother is not clini-
cally useful. 

 In this case, the mother is HPA - 1b homozygous and the 
father is HPA - 1a/HPA - 1b heterozygous. The mother has 
specifi c antibodies against HPA - 1a. The couple should be 
advised that there is a 50% chance that the fetus carries 
the HPA - 1a gene and is at risk for NAIT. Amniocentesis 
for fetal platelet antigen genotyping should be offered. If 
the fetus is HPA - 1b, no further evaluation is required. If 
the fetus is HPA - 1a, consideration should be given to 
treatment with IVIG and possible assessment of the fetal 
platelet count. The couple should be referred for consulta-
tion with a maternal - fetal medicine specialist to discuss 
the risks and benefi ts of specifi c management options. 
Trial of labor should only be allowed in cases wherein 
fetal platelet count is documented to be more than 
50,000/μ L and delivery should occur in a setting with 
neonatal expertise in NAIT.  

CASE PRESENTATION 2 

    A healthy 34 - year - old gravida 3, para 2002, at 36 weeks ’  
gestation, presents for evaluation of regular contractions. 
The cervix is 3   cm dilated and 50% effaced. Routine CBC 
is notable for a platelet count of 94,000/ μ L. Her blood 
pressure is 116/72   mmHg. She denies headache, visual 
changes, abdominal pain, or bleeding of any type. Prenatal 
HIV serology is negative, and hematocrit, liver enzymes, 
and creatinine are normal. A platelet antibody test is posi-
tive. The clinician is concerned about possible ITP and 
wonders about the need for treatment. 

 When a clinician evaluates a mother with thrombocy-
topenia, a careful history should be obtained with empha-
sis on discovering a history of underlying bleeding 
diathesis, medication use, and medical conditions associ-
ated with thrombocytopenia. A physical examination 

should be performed to look for petechiae or ecchymoses. 
A peripheral smear should be considered to evaluate 
platelet morphology and to exclude platelet clumping. 
Although antiplatelet antibodies are present in most indi-
viduals with ITP, tests for these antibodies are nonspe-
cifi c, poorly standardized, and subject to a large degree 
of interlaboratory variation. Antiplatelet antibody tests 
cannot distinguish between GTP and ITP and are not 
recommended for the routine evaluation of maternal 
thrombocytopenia. 

 In this case, there is no evidence of preeclampsia or 
other medical conditions associated with thrombocyto-
penia. Gestational thrombocytopenia is the most likely 
diagnosis and no additional testing or treatment is 
warranted.

CASE PRESENTATION 1 
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     Thrombophilias present an evolving, controversial story. 
Predominant thrombophilic mutations include the factor 
V Leiden (FVL) mutation, prothrombin G20210A gene 
mutation (PGM), and defi ciencies of the natural antico-
agulants proteins C (PC) and S (PS), and antithrombin 
(AT). Prospective cohort studies have provided an 
accurate assessment of the risk for placenta - mediated 
complications (PMC) posed by common inherited throm-
bophilic conditions. Acquired thrombophilic conditions 
consist of the antiphospholipid antibody syndrome 
(APAS) and hyperhomocysteinemia. Well - conducted, 
placebo- controlled, randomized trials have demonstrated 
no benefi t of anticoagulation in women with recurrent 
pregnancy loss and inherited thrombophilia. The routine 
use of anticoagulation to prevent other PMC in the setting 
of inherited thrombophilia should be considered experi-
mental until the results of adequate clinical trials are 
available. Heparin and antiplatelet therapy are the cor-
nerstones of treatment of APAS in pregnancy.  

Hemostatic changes in pregnancy

 Pregnancy is associated with signifi cant elevations of a 
number of clotting factors. Fibrinogen concentration is 
doubled, factors VII, VIII, IX, X, and XII increase 20 –
 1000%, and von Willebrand factor (vWF) increases 20 –
 1000%, with maximum levels reached at term  [1] . 
Prothrombin and factor V levels remain unchanged 
while levels of factors XIII and XI decline modestly. The 
overall effect of these changes is to increase thrombin 
generating potential. Coagulation activation markers 
are elevated in uncomplicated pregnancy, as evidenced 
by increased thrombin activity, increased soluble 
fi brin levels (9.2 – 13.4   nmol/L), increased thrombin –
 antithrombin (TAT) complexes (3.1 – 7.1    μ g/L), and 
increased levels of fi brin D - dimer (91 – 198    μ g/L)  [2] . Fifty 

percent of women had elevated TAT levels (11/22) and 
36% of women had elevated levels of D - dimers (9/25) in 
the fi rst trimester. 

 During pregnancy there are signifi cant changes in the 
natural anticoagulant and fi brinolytic systems. Protein S 
levels signifi cantly decrease. Mean free PS antigen levels 
have been reported to be 38.9    ±    10.3% and 31.2    ±    7.4% in 
the second and third trimesters, respectively  [3] . The PS 
carrier molecule, complement 4B - binding protein, is 
increased in pregnancy, and is one explanation for the 
diminished PS levels in pregnancy. Levels of plasmino-
gen activator inhibitor - 1 (PAI - 1) increase three -  to four-
fold during pregnancy; plasma PAI - 2 values are low 
prior to pregnancy and reach concentrations of 160    μ g/L 
at term. Table  15.1  summarizes the relevant pregnancy -
 associated changes in the hemostatic system. These 
prothrombotic hemostatic changes are exacerbated by 
pregnancy - associated venous stasis in the lower extre-
mities resulting from compression of the inferior vena 
cava and pelvic veins (left greater than right) by the 
enlarging uterus, as well as a hormone - mediated increase 
in deep vein capacitance secondary to increased circulat-
ing levels of estrogen and local production of prostacyc-
lin and nitric oxide.   

 Substantial changes must occur in local decidual and 
systemic coagulation, anticoagulant, and fi brinolytic 
systems to meet the hemostatic challenges of pregnancy, 
including avoidance of hemorrhage at implantation, pla-
centation, and third stage of labor. In addition to the sys-
temic prothrombotic, anticoagulant, and fi brinolytic 
changes, there are potent local hemostatic effectors in the 
decidua  [4,5] . Progesterone augments perivascular decid-
ual cell tissue factor (TF) and PAI - 1 expression. Decidual 
TF is critical in maintaining hemostasis, as evidenced 
by experiments with transgenic TF knockout mice 
which have a signifi cant risk of fatal postpartum hemo-
rrhage  [6] .  
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Factor V Leiden  mutation
 Interest in thrombophilia grew following the discovery of 
this relatively common genetic predisposition to clotting. 
In 1994, Dahlback  [11]  reported an association between a 
mutation in the factor V gene and increased thrombotic 
risk, termed the FVL mutation. It results from a substitu-
tion of adenine for guanine at the 1691 position of the 10th 
exon of the factor V gene, causing an amino switch of 
glutamine for arginine at position 506 in the factor V 
polypeptide (FV Q506). Factor V then is rendered resist-
ant to cleavage by activated protein C. The frequency of 

Inherited thrombophilias

 In 1965, Egberg, a Norwegian physician, reported a family 
with a partial AT defi ciency, and in his classic article sug-
gested the term thrombophilia, referring to hereditary or 
acquired conditions that predispose individuals to throm-
boembolic events  [7] . After the description of AT defi -
ciency, defi ciencies of proteins C and S were described 
in the 1980s  [8,9] . Table  15.2  describes the association 
between inherited thrombophilias and venous throm-
boembolism (VTE)  [10] .   

Table 15.1    Hemostatic changes in pregnancy 

Variables (mean ± SD) 1st trimester * 2nd trimester * 3rd trimester * Normal range 

Platelet ( ×109/L) 275 ± 64 256 ± 49 244 ± 52 150–400
Fibrinogen (g/L) 3.7 ± 0.6 4.4 ± 1.2 5.4 ± 0.8 2.1–4.2
Prothrombin complex (%) 120 ± 27 140 ± 27 130 ± 27 70–30
Antithrombin (U/mL) 1.02 ± 0.10 1.07 ± 0.14 1.07 ± 0.11 0.85–1.25
Protein C (U/mL) 0.92 ± 0.13 1.06 ± 0.17 0.94 ± 0.2 0.68–1.25
Protein S, total (U/mL) 0.83 ± 0.11 0.73 ± 0.11 0.77 ± 0.10 0.70–1.70
Protein S, free (U/mL) 0.26 ± 0.07 0.17 ± 0.04 0.14 ± 0.04 0.20–0.50
Soluble fi brin (nmol/L) 9.2 ± 8.6 11.8 ± 7.7 13.4 ± 5.2 <15
Thrombin-antithrombin ( μg/L) 3.1 ± 1.4 5.9 ± 2.6 7.1 ± 2.4 <2.7
D-dimers ( μg/L) 91 ± 24 128 ± 49 198 ± 59 <80
Plasminogen activator inhibitor -1 (AU/mL) 7.4 ± 4.9 14.9 ± 5.2 37.8 ± 19.4 <15
Plasminogen activator inhibitor -2 ( μg/L) 31 ± 14 84 ± 16 160 ± 31 <5
Cardiolipin antibodies positive 2/25 2/25 3/23 0
Protein Z ( μg/mL)† 2.01 ± 0.76 1.47 ± 0.45 1.55 ± 0.48
Protein S (%) † 34.4 ± 11.8 27.5 ± 8.4

*1st trimester, weeks 12 –15; 2nd trimester, week 24; 3rd trimester, week 35. 
†First trimester, 0 –14 weeks; second trimester, 14 –27 weeks; third trimester ≥27 weeks. 
Source: Bremme [1], Paidas et al [3].

Table 15.2    Inherited thrombophilias and their association with venous thromboembolism 

Ratio thrombophilia life -time Inheritance Prevalence in European pop. 
(from large cohort studies) 

Prevalence in patients 
with VTE (range) 

Relative risk or odds 
VTE (95% CI) 

FVL (homozy.) AD 0.07%* <1%* 80 (22 –289)
FVL (heterozy.) AD 5.3% 6.6–50% 2.7 (1.3 –5.6)
PGM (homozy.) AD 0.02%* <1% >80-fold*
PGM (heterozy.) AD 2.9% 7.5% 3.8 (3.0 –4.9)
FVL/PGM (compound heterozy.) AD 0.17%* 2.0% 20.0 (11.1 –36.1)
Hyperhomocysteinemia AR 5% <5% 3.3 (1.1 –10.0)†
Antithrombin def ( <60% activity) AD 0.2% 1–8% 17.5 (9.1 –33.8)
Protein S def Heerlen S460P mutation or free 

S antigen <55%
AD 0.2% 3.1% 2.4 (0.8 –7.9)

Protein C ( <60% activity) AD 0.2% 3–5% 11.3 (5.7 –22.3)

AD, autosomal dominant; AR, autosomal recessive; CI, confi dence interval; FVL, factor V Leiden; PGM, prothrombin gene mutation G20210A; 
VTE, venous thromboembolism. 
*Calculated based on a Hardy –Weinberg equilibrium. 
†Odds ratio (OR) adjusted for renal disease, folate and vitamin B 12 defi ciency, while OR are adjusted for these confounders. 
Source: American College of Obstetricians and Gynecologists [10].
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approximately 6 – 8   h. Circulating PS exists in both free 
(40%) and bound (60%) forms. Plasma PS is reversibly 
bound (60%) to C4b - binding protein (C4BP), which serves 
as a carrier protein for protein S. Protein S also has an 
APC - independent anticoagulant function in the direct 
inhibition of the prothrombinase complex. Protein S also 
inhibits the antifi brinolytic protein, thrombin activatable 
fi brinolysis inhibitor (TAFI)  [22] . Protein S defi ciency 
occurs in 0.03 – 1.3% of the population, and inheritance is 
autosomal dominant  [23] . Protein S defi ciency presents 
with one of three phenotypes: type I, marked by reduced 
total and free forms; type II, characterized by normal free 
PS levels but reduced APC co - factor activity; and type III, 
in which there are normal total but reduced free PS levels. 
Of note, different mutations have highly variable proco-
agulant sequelae, making it extremely diffi cult to predict 
which patients with PS defi ciencies will develop throm-
botic sequelae. 

 Pregnancy is associated with decreased levels of PS 
activity and free PS antigen in most patients  [24] . Most 
normal pregnancies acquire some degree of resistance to 
APC when measured by the fi rst - generation global assays 
and tests that measure endogenous thrombin potential 
 [25,26] . Factor X ’ s activation to factor Xa and its involve-
ment in the activation of prothrombin is a central element 
in the generation of thrombin. 

 Paidas  et al   [3]  compared second and third trimester PS 
levels in 51 healthy women with a normal pregnancy 
outcome with 51 healthy women with a poor pregnancy 
outcome. Protein S levels were signifi cantly lower in the 
second and third trimesters among patients with adverse 
pregnancy outcome (APO). A small case – control study 
performed in subjects from a larger, multicenter, prospec-
tive study also found lower levels of PS activity and free 
antigen in the second and third trimesters  [17] .  

Protein C defi ciency 
 Protein C is a vitamin K - dependent 62   kDa molecular 
weight glycoprotein substrate that is a precursor to a 
serine protease, APC  [27] . Protein C is activated to APC 
by thrombin in the presence of thrombomodulin (TM) on 
the surface of endothelial cells. APC, with PS and factor 
V as co - factors, inactivates factors Va and VIIIa, which 
decreases the generation of thrombin. Defi ciencies of PC 
result from numerous mutations, although two primary 
types are recognized: type I, in which both immunoreac-
tive and functionally active PC levels are reduced; and 
type II, where immunoreactive levels are normal but 
activity is reduced  [28] . The prevalence of PC defi ciency 
is 0.2 – 0.5%, and its inheritance is autosomal dominant. 

 The reported pregnancy and puerperal risk of VTE 
with PC and PS defi ciencies appears modest, ranging 
from 5 – 20%, and may be overstated because of ascertain-
ment biases  [28] . Preston  et al   [29]  have reported that the 

FVL varies among different ethnic groups: 5.2% of US 
Caucasians, 1.2% of African - Americans  [12] , and 5 – 9% of 
Europeans, while it is rare in Asian and African popula-
tions  [13] . FVL is primarily inherited in an autosomal 
dominant fashion  [14] . 

 Heterozygosity of FVL confers a 5 – 10 - fold increased 
risk of VTE, while homozygosity confers a greater than 
25 - fold increased risk of VTE  [15] . Although FVL is 
present in 40% of pregnant patients with VTE, given the 
low incidence of thrombosis in pregnancy (1 in 1400) and 
the high incidence of the mutation in European - derived 
populations, the estimated risk of VTE among hetero-
zygous pregnant patients without personal or family 
history of thrombosis is only 1.5%. However, retrospec-
tive studies suggest the risk may be up to 17% among 
pregnant women with a personal or strong family VTE 
history  [16] . In contrast, a multicenter prospective obser-
vational National Institute of Child Health and Human 
Development (NICHD) - sponsored study identifi ed 134 
FVL carriers among 4885 gravidas (2.7%)  [17] . In this 
study, no thromboembolic events occurred among the 
FVL carriers (0%, 95% confi dence interval [CI] 0 – 2.7%), 
while three pulmonary emboli (PE) and one deep venous 
thrombosis occurred (0.08%, 95% CI 0.02 – 0.21%) among 
noncarriers. In this study, maternal FVL carriage was not 
associated with increased fetal loss (FL), preeclampsia, 
placental abruption, or small for gestational age (SGA) 
births.

Prothrombin gene mutation 20210 A
 A mutation in the prothrombin gene discovered in 1996 
was associated with a signifi cantly increased risk of 
thrombosis  [18] . The prothrombin G20210 A polymor-
phism (PGM) is a point mutation causing a guanine to 
adenine switch at nucleotide position 20210 in the 
3 ’  - untranslated region of the gene  [19] . This nucleotide 
switch results in increased translation and increased cir-
culating levels of prothrombin. The prevalence of PGM 
heterozygosity ranges from 2% to 3% of Europeans and 
increases circulating levels of prothrombin 150 – 200%  [13] . 
It accounted for 17% of thromboembolism in pregnancy 
in one large case – control study  [20] . The actual risk of 
clotting in an asymptomatic pregnant carrier is approxi-
mately 1 in 200 or 0.5%. Rare, PGM homozygosity like-
wise confers a high risk of thrombosis, equal to that of 
homozygosity for FVL  [13] .  

Protein S defi ciency 
 Protein S is a vitamin K - dependent 69   kDa molecular 
weight glycoprotein which has several anticoagulant 
functions including its activity as a nonenzymatic co -
 factor to the anticoagulant serine protease activated 
protein C (APC)  [21] . Protein S has a plasma half - life 
of 42   h, longer than protein C whose half - life is 
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critical for regulation of factor Xa activity in addition to TF 
pathway inhibitor  [37 – 39] . It increases rapidly during the 
fi rst months of life followed by slow increases during 
childhood, with adult levels reached during puberty 
 [40,41] . Protein Z defi ciency infl uences the prothrombotic 
phenotype in FVL patients, and low plasma PZ levels have 
been reported in patients with antiphospholipid antibodies 
(APA)  [42,43] . There is a high prevalence of PZ defi ciency 
in patients with unexplained early fetal loss (10th – 19th 
weeks)  [44] . Gris  et al   [45]  found an increased risk of fetal 
loss associated with PZ defi ciency (OR 6.7, 95% CI 3.1 – 14.8, 
P    <    0.001), and noted that the patients with late fetal loss 
and recurrent miscarriages had lower PZ levels. 

 Paidas  et al   [3]  found that there was a signifi cant 
decrease in the PZ levels in patients (n    =    51) with a variety 
of APO, including SGA, preeclampsia, preterm delivery, 
and bleeding in pregnancy, compared with women 
(n    =    51) with normal pregnancy outcomes (second tri-
mester 1.5    ±    0.4 versus 2.0    ±    0.5    μ g/mL, P    <    0.0001; third 
trimester 1.6    ±    0.5 versus 1.9    ±    0.5    μ g/mL, P    <    0.0002)  [3] . 

 Protein Z levels at the 20th percentile (1.30    μ g/mL) 
were associated with an increased risk of APO (OR 4.25, 
95% CI 1.5 – 11.8), with a sensitivity of 93% and specifi city 
of 32%. Mean fi rst - trimester PZ level was signifi cantly 
lower among patients with APO compared with pregnant 
controls (1.81    ±    0.7 versus 2.21    ±    0.8    μ g/mL, respectively; 
P <    0.001). Gris  et al   [45]  carried out a prospective, rand-
omized trial comparing the low molecular weight heparin 
(LMWH) enoxaparin (40   mg/day) with low - dose aspirin 
(LDA) (100   mg/day), in 160 women with one unexplained 
fetal loss ( ≥ 10th week of gestation) and FVL, PGM, or PS 
defi ciency. The livebirth rate was 86% in the enoxaparin -
 treated women versus 29% in the aspirin - treated group 
(OR for livebirth with LMWH 15.5, 95% CI 7 – 34). 
Birthweights were higher and there were fewer SGA 
infants in the enoxaparin group. Gris  et al   [45]  found that 
PZ defi ciency or PZ antibodies was more frequently 
present in cases of treatment failures (P    =    0.20 and 0.019, 
respectively) as was the complex of PZ defi ciency positive 
anti - PZ antibodies (P    =    0.004); 15 of the 20 cases led to 
pregnancy failure, nine being treated with aspirin and 
six with enoxaparin. Both groups of patients received 
5   mg/day folic acid, in addition to LDA or heparin 
therapy.  

Elevated levels of type 1 plasminogen
activator inhibitor
 Plasminogen activator inhibitors are serine protease 
inhibitors, often referred to as serpins (serine protease 
inhibitors), with diverse functions, including blood coag-
ulation, fi brinolysis, and cell migration  [46,47] . The PAI - 1 
and PAI - 2 molecules inhibit tissue - type and urokinase -
 type plasminogen activators (tPA and uPA, respectively). 
The tPA and uPA molecules promote fi brin degradation 

risk of stillbirth is modestly increased with an adjusted 
odds ratio (OR) of 2.3 (95% CI 0.6 – 8.3). The risk of miscar-
riage appears to be minimal with PC defi ciencies (OR 1.4, 
95% CI 0.9 – 2.2)] or not increased  [28,30] .  

Antithrombin defi ciency 
 Antithrombin, a vitamin K - independent glycoprotein, is 
a pivotal component of the natural anticoagulant system, 
acting as a major inhibitor of thrombin and other serine 
proteases. The anticoagulant effect of heparin occurs via 
an increase in AT ’ s thrombin inhibitory activity. Defi ciency 
of AT is the most thrombogenic of the inherited throm-
bophilia, with a 70 – 90% lifetime risk of VTE  [28] . In addi-
tion to its thrombin inhibitory properties, AT can also 
inactivate factors Xa, IXa, VIIa, and plasmin. The antico-
agulant activity of AT is increased 5000 – 40,000 - fold by 
heparin binding. Defi ciencies in AT result from numerous 
point mutations, deletions, and insertions, and are usually 
inherited in an autosomal dominant fashion  [26] . The two 
classes of AT defi ciency are: type I, the most common 
defi ciency, characterized by concomitant reductions in 
both antigenic protein levels and activity; and type II, 
which is characterized by normal antigenic AT levels but 
decreased activity. Type II defi ciency is further classifi ed 
by the site of the mutation (e.g. RS, reactive site; HBS, 
heparin binding site; PE, pleiotropic functional defects). 
The type II - HBS variant appears to have the least clinical 
signifi cance. 

 Because the prevalence of AT defi ciency is low, at 1 in 
1000 to 1 in 5000, it is only present in 1% of patients with 
VTE. The risk of thrombosis among affected patients is as 
high as 60% during pregnancy and 33% during the puer-
perium  [28] . With no previous history of VTE, 31% of 
patients with hereditary AT will develop thrombosis 
during pregnancy, and if there is a history of previous 
VTE, the recurrence rate is 49%  [32] . Preston  et al   [29]  
reported adjusted ORs of 1.7 (95% CI 1.0 – 2.8) and 5.2 (95% 
CI 1.5 – 18.1) for miscarriage and stillbirth, respectively. 
However, because of its low prevalence compared with 
that of fetal loss, preeclampsia, SGA, and abruption, AT 
defi ciency is rarely the cause of these disorders  [31] . 

 Polymorphisms of the thrombomodulin gene are 
associated with an increased risk of thrombosis, but the 
pregnancy implications are unclear at this time  [33] . 
Interestingly, pregnant patients with thrombophilia and 
subsequent APO have been demonstrated to exhibit 
a decreased fi rst - trimester response to thrombomodulin 
in an activated partial thromboplastin time (APTT) 
system  [34] .  

Protein Z defi ciency 
 Protein Z (PZ) is a 62   kDa vitamin K - dependent plasma 
protein that serves as a co - factor for a protein Z - dependent 
protease inhibitor (ZPI) of factor Xa  [35,36] . Protein Z is 
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There are confl icting data on the link between hyperho-
mocysteinemia and recurrent spontaneous abortion  [54 –
 56] . An older metaanalysis of the association between 
hyperhomocysteinemia and fetal loss prior to 16 weeks 
suggested a weak association with an OR of 1.4 (95% CI 
1.0 – 2.0)  [57] . The natural history of the MTHFR mutation 
in pregnancy has not been well documented. The metaa-
nalysis by Rey  [30]  concluded that MTHFR was not asso-
ciated with an increased risk of fetal loss. A subsequent 
metaanalysis concluded that MTHFR C677T mutation 
was not associated with early fetal loss  [58] .  

Inherited thrombophilia and pregnancy
complications
 Inherited thrombophilic conditions have been evaluated 
in a variety of obstetric complications, including pree-
clampsia and related conditions, early and late fetal loss, 
intrauterine growth restriction (IUGR), and abruption. 

  Preeclampsia 
 A systematic review and metaanalysis, encompassing 10 
prospective cohort studies  [17,56,59 – 66]  and evaluating 
the association of FVL, PGM and PMC in prospective 
cohort studies, demonstrated no signifi cant association 
between FVL and preeclampsia (OR 1.23, 95% CI 0.89 –
 1.70) or between PGM and preeclampsia (OR 1.25, 95% 
CI 0.79 – 1.99)  [67] .  

  Intrauterine  g rowth  r estriction 
 Infante - Rivard  et al   [68]  found rates of 4.5% and 2.5% for 
FVL and PGM, respectively, when IUGR was defi ned as 
< 10 th  percentile. In a systematic review, FVL and PGM 
were associated with an increased risk of IUGR (OR 2.7, 
95% CI 1.3 – 5.5, and OR 2.5, 95% CI 1.3 – 5.0), respectively, 
in 10 case – control studies  [69] . However, in fi ve cohort 
studies (three prospective, two retrospective), the relative 
risk (RR) was 0.99 (95% CI 0.5 – 1.9)  [56,59,70 – 72] . Howley 
et al  concluded that both FVL and PG confer an increased 
risk of giving birth to an IUGR infant, although this may 
be driven by small, poor - quality studies that demon-
strated extreme associations. Rodger  et al  demonstrated 
no signifi cant association between FVL and SGA (OR 1.0, 
95% CI 0.80 – 1.25) or PGM and SGA (OR 1.25, 95% CI 
0.92 – 1.70)  [67] . Prevalence rates of 11 – 23% have been 
reported for PS defi ciency  [73 – 75] .  

  Abruptio  p lacentae  
 The determination of the relationship between throm-
bophilia and abruption has been challenging because of 
the limited number of studies and confounding variables, 
including chronic hypertension, and cigarette and cocaine 
use  [76,77] . De Vries  [74]  found that 9/31 (29%) patients 
with abruption had a PS defi ciency, compared with their 
general population prevalence of 0.2 – 2%. The prevalence 

by converting plasminogen to plasmin, and are also 
involved in the remodeling of extracellular matrix  [48] . 
PAI - 1 and PAI - 2 are found in the blood of women with 
normal pregnancies, and their levels tend to rise with 
advancing gestation  [49] . In preeclamptic patients, the 
vascular endothelium is responsible for the majority of 
the elevated PAI - 1 plasma levels, with platelets account-
ing for a smaller proportion  [50] . Unlike PAI - 1, which is 
found in a variety of nonpregnant disease states, PAI - 2 
expression has been identifi ed in a limited number of 
cells, principally placental trophoblasts, macrophages, 
and various malignant cell lines  [50,51] . 

 Higher levels of PAI - 1 are noted in cases of pree-
clampsia and SGA (either during manifestations of the 
disease process or shortly prior to their manifestation). 
Homozygosity for the 4G/4G mutation in the PAI - 1 gene 
leads to a three -  to fi vefold increased level of circulating 
PAI - 1. The signifi cance of the 4G/4G PAI - 1 mutation is 
uncertain. Its contribution to VTE events has been called 
into question, as evidenced by the review by Francis  [52] .  

Hyperhomocysteinemia and MTHFR C677T
and MTHFR A1298C
 Homocysteine (HC) is generated from the metabolism 
of the amino acid methionine. It normally circulates in 
the plasma at concentrations of 5 – 16    μ mol/L. Defi ciencies 
in vitamins B 6 , B 12 , and folic acid can result in elevated 
levels of HC in the setting of inherited hyperhomo-
cysteinemia. Homocysteine levels can vary with diet, 
however, and normal levels in pregnancy are slightly 
lower than nonpregnant values. Hyperhomocysteinemia 
can be diagnosed by measuring fasting HC levels by gas 
chromatography mass spectrometry or other sensitive 
biochemical means. The disorder is classifi ed into three 
categories according to the extent of the fasting HC eleva-
tion: severe ( > 100    μ mol/L), moderate (25 – 100    μ mol/L), or 
mild (16 – 24    μ mol/L). Methionine loading can improve 
diagnostic sensitivity. Severe hyperhomocysteinemia 
results from an autosomal recessive homozygous defi -
ciency in cystathionine β  - synthase (CBS) (prevalence of 
1 in 200,000). Clinical manifestations of hyperhomo-
cysteinemia include neurologic abnormalities, premature 
atherosclerosis, and recurrent thromboembolism. 

 The mild and moderate forms can result from auto-
somal dominant (heterozygote) defi ciencies in CBS (0.3 –
 1.4% of population) or from homozygosity for the 667C - T 
MTHFR thermolabile mutant, present in 11% of white 
European populations  [28] . Hyperhomocysteinemia can 
also result from the presence of combined heterozygous-
ity for the MTHFR C677T and another common missense 
mutation at base pair 1298, which converts a glutamate 
to an alanine residue, and is termed MTHFR A1298C  [53] . 
Patients with mild or moderate hyperhomocysteinemia 
are at risk for atherosclerosis, thromboembolism, fetal 
neural tube defects, and possibly recurrent abortion. 
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fetal loss associated with FVL. Five of the seven prospec-
tive studies demonstrated no signifi cant association 
 [17,60,61,63,64]  while two found a signifi cant association 
 [56,65] . Prior metaanalysis and systematic reviews evalu-
ating the PGM have found a statistically signifi cant link 
with ORs of 2.49 (95% CI 1.24 – 5)  [85]  and 2.3 (95% CI 
1.1 – 4.8)  [30] . However, the four prospective cohort 
studies  [60,63,65,66]  included in the latest metaanalysis 
demonstated no association between PGM and fetal 
loss  [67] . 

 Fewer data exist for the rarer inherited defi ciencies of 
PS, PC, and AT. The metaanalysis by Rey  et al  reported an 
association between PS defi ciency and recurrent late ( > 22 
weeks or < 25 weeks) FL (OR 14.7, 95% CI 1.0 – 218.0) as 
well as nonrecurrent FL at  > 22 weeks (OR 7.4, 95% CI 
1.3 – 43)  [30] . This relationship was strengthened by the 
metaanalysis of Alfi revic, which found that PS defi ciency 
was associated with an increased risk of stillbirth (OR 
16.2, 95% CI 5.0 – 52.3)  [31] . Saade and McLintock reported 
an association between PS defi ciency and late FL, with 
adjusted OR 41 (95% CI 4.8 – 359)  [86] . In a systematic 
review, PS defi ciency was associated with late FL, with 
OR 20.1 (95% CI 3.7 – 109)  [85] . Regarding PC defi ciency, 
Preston  et al  have reported that the risk of stillbirth is 
modestly increased (adjusted OR 2.3, 95% CI 0.6 – 8.3), but 
not miscarriage (OR 1.4, 95% CI 0.9 – 2.2)  [29] . However, 
Alfi revic found no association between PC defi ciency and 
stillbirth  [31] . A relative paucity of data exists concerning 
obstetric complications and the rare condition of heredi-
tary AT defi ciency. In the largest retrospective cohort 
study, AT was associated with a signifi cant increased risk 
of stillbirth at > 28 weeks (OR 5.2, 95% CI 1.5 – 18.1) but a 
more modest association with FL  < 28 weeks (OR 1.7, 95% 
CI 1.0 – 2.8)  [29] . 

 For patients who have had a prior adverse pregnancy 
outcome and harbor an inherited thrombophilic condi-
tion such as FVL, PGM, or PS defi ciency, the rate of recur-
rence is still being defi ned. According to the metaanalysis 
by Rey et al   [30] , the presence of PGM was associated with 
recurrent fetal loss before 25 weeks (n    =    690 women; OR 
2.56, 95% CI 1.04 – 6.29) and with nonrecurrent fetal loss 
after 20 weeks (fi ve studies, n    =    1299; OR 2.3, 95% CI 
1.09 – 4.87). Rey  et al  also found that late fetal loss was 
associated with FVL mutation (n    =    1888; OR 3.26, 95% CI 
1.82 – 5.83), PGM (n    =    1299; OR 2.30, 95% CI 1.09 – 4.87), PS 
defi ciency (n    =    878; OR 7.39, 95% CI 1.28 – 42.83) but not 
MTHFR, PC defi ciency, or AT defi ciency. 

 Recent larger prospective studies have suggested lower 
rates of recurrence. For example, women who suffered a 
fi rst fetal loss and who were selected from two family 
cohorts of fi rst - degree relatives of probands with FVL or 
PGM and a history of documented VTE or premature 
atherosclerosis were prospectively followed in a second 
pregnancy  [87] . Their risk of loss of the subsequent preg-
nancy was higher than in women with a successful fi rst 

of FVL, PGM, and PS defi ciency was in the ranges 22 –
 30%, 18 – 20%, and 0 – 29%, respectively  [1,78] . 

 In the multicenter prospective observational Maternal -
 Fetal Medicine Units Network report from 2005, nested 
carrier– control analysis revealed no difference between 
FVL carriers and noncarriers in development of abruption 
 [17] . Rodger  et al  demonstrated no signifi cant association 
between FVL and abruption (OR 1.85, 95% CI 0.92 – 3.70) 
or PGM and abruption (OR 2.02, 95% CI 0.81 – 5.02) 
 [67] . Regarding MTHFR and hyperhomocysteinemia, in 
a case – control study from the New Jersey Placental 
Abruption Group, homozygosity for neither the C677CT 
(OR 0.60, 95% CI 0.33 – 1.18) nor the A1298C (OR 2.28, 95% 
CI 0.82 – 6.35) variants in MTHFR was associated with 
abruption  [79] .  

  Fetal  l oss 
 Several studies have found strong associations between 
FVL and second/third - trimester fetal loss, but not with 
early fi rst - trimester fetal loss. The gaseous milieu of the 
uteroplacental circulation during early pregnancy is one 
containing low oxygen levels, with intervillous oxygen 
pressures at 8 – 10 weeks of 17    ±    6.9   mmHg, and rising to 
60.7    ±    8.5   mmHg by13 weeks  [80] . The hypoxic environ-
ment may result from trophoblast plugging of the spiral 
arteries and low Doppler fl ow in the uterine vasculature, 
and allows for undetectable levels of the damaging super-
oxide dismutase in trophoblasts prior to 10 weeks  [81,82] . 
This same effect, at a later gestational age, would have a 
contrasting effect to the larger embryo or fetus, providing 
biologic plausibility for the association with fetal loss at 
later gestations in the following studies. A large retrospec-
tive cohort study comparing 843 women with throm-
bophilia, of whom 571 had 1524 pregnancies, versus 541 
control women, of whom 395 had 1019 pregnancies, noted 
a statistically signifi cant association with stillbirth (OR 
3.6, 95% CI 1.4 – 9.4) but not spontaneous abortion (OR 
1.27, 95% CI 0.94 – 1.71)  [29] . 

 Rey  et al  found that FVL was signifi cantly linked to 
both recurrent loss prior to 13 weeks (OR 2.01, 95% CI 
1.13 – 3.58) and nonrecurrent FL (OR 1.73, 95% CI 1.18 –
 2.54)  [30] . One retrospective case – control study of over 
2000 women with recurrent FL showed a striking associa-
tion between FVL and stillbirth  > 22 weeks with an OR of 
4.51 (95% CI 1.81 – 11.23)  [83] . This fi nding was confi rmed 
in a more contemporary prospective case – control trial of 
5000 women in which stillbirth was defi ned as intrauter-
ine demise of fetuses > 500   g  [84] . This study showed a 
signifi cant association with FVL (OR 10.9, 95% CI 2.07 –
 56.94). Rodger  et al  demonstrated a signifi cant association 
between FVL and fetal loss (OR 1.52, 95% CI 1.06 – 2.19), 
but not between PGM and fetal loss (OR 1.13, 95% CI 
0.64 – 2.01)  [67] . Of note, the absolute risk of fetal loss in 
women with FVL was 4.2% as compared with 3.2% for 
FVL - negative women, representing a 52% higher risk of 
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or beyond the 10th week of gestation, or at least one 
premature birth before the 34th week as a sequela 
of preeclampsia or uteroplacental insuffi ciency, or at 
least three unexplained consecutive spontaneous abor-
tions at or before the 10th week. The APA must be present 
on two occasions at least 12 weeks apart. The APA are 
immunoglobulins directed against proteins bound to 
negatively charged surfaces, usually anionic phospho-
lipids  [95] . The APA can be detected by screening for 
antibodies that:
    •      directly bind these protein epitopes (e.g. anti -  β 2 -
 glycoprotein - 1, prothrombin, annexin V, APC, protein S, 
protein Z, protein Z - related protease inhibitor (ZPI), high 
and low molecular weight kininogens, tPA, factors VII(a) 
and XII, the complement cascade constituents C4 and 
CH, and oxidized low - density lipoproteins antibodies    
   •      are bound to proteins present in an anionic phospholi-
pid matrix (e.g. anticardiolipin and phosphatidylserine 
antibodies

pregnancy (25% versus 12%, RR 2.0, 95% CI 1.4 – 3.0]. The 
livebirth rate of the second pregnancy after an early fi rst 
loss (  <  12 weeks of gestation) was 77% (95% CI 62 – 87) for 
carriers and 76% (95% CI 57 – 89) for noncarriers (RR 1.0, 
95% CI 0.8 – 1.3). After a late fi rst loss ( > 12 weeks), the 
livebirth rates were 68% (95% CI 46 – 85) and 80% (95% CI 
49 – 94) for carriers and noncarriers, respectively (RR 0.9, 
95% CI 0.5 – 1.3). In another prospective cohort study of 
2480 patients with recurrent pregnancy loss, patients with 
FVL who had    ≥    fetal loss had a favorable 98% livebirth 
rate in subsequent pregnancy  [88] .   

Summary of inherited thrombophilias
 While retrospective case – control and cohort studies 
suggest a link between inherited thrombophilias and 
placenta- mediated complications, large multicenter pro-
spective studies have consistently failed to display such 
an association. Several factors affect studies concerning 
thrombophilia and PCMs, including the heterogeneity of 
the populations studied, small sample size, rarity of the 
endpoint evaluated, number of thrombophilias assayed 
for, detection methods employed, lack of consistent 
assessment of fetal thrombophilic status, as well as poten-
tial ascertainment biases  [58,89] . These limitations have 
been confi rmed in two independent studies on fetal geno-
type  [90,91] . Other confounding factors are past preg-
nancy history and the severity of the pregnancy 
complication, which signifi cantly affect the recurrence 
and occurrence of pregnancy complications in subse-
quent pregnancy, without considering thrombophilia 
 [92] . 

 The risk of composite pregnancy complications has also 
been assessed in prospective studies, and results have 
been mostly negative. One prospective cohort study of 
nulliparous women (n    =    2034) demonstrated that the pro-
thrombin gene mutation was associated with an increased 
risk of a composite of APO (OR 3.58, 95% CI 1.20 – 10.61) 
 [65]  but the majority of the remaining prospective cohort 
studies have not found such an association for FVL or 
PGM. The latest systematic review and metaanalysis 
comprising four prospective cohort studies demonstrated 
no signifi cant association between FVL (OR 1.08, 95% CI 
0.87 – 1.35) or PGM (OR 1.27, 95% CI 0.94 – 1.71) and a com-
posite of PCMs  [67] .   

Acquired thrombophilia

 The well - characterized APAS has been defi ned by the 
combination of VTE, obstetric complications, and 
antiphospholipid antibodies (APA), commonly termed 
the Sapporo criteria for APAS  [93] . Since 2005, revised 
criteria for the classifi cation of APAS have been in place 
and are summarized in Box  15.1   [94] . Current accepted 
obstetric complications include at least one fetal death at 

Box 15.1 Diagnosis of antiphospholipid antibody syndrome 

Clinical criteria

Obstetric

History of three unexplained consecutive spontaneous abortions  ≤10

weeks gestational age (GA), or History of one unexplained fetal death 

≥10 weeks GA (morphologically and karyotypically normal), or History 

of preterm delivery  <34 weeks GA, as a sequela of preeclampsia or 

uteroplacental insuffi ciency, including the following:

• Non-reassuring fetal testing indicative of fetal hypoxemia (e.g. 

abnormal Doppler fl ow) 

• Oligohydramnios (Amniotic Fluid Index less than or equal to 5 cm)

• Intrauterine growth restriction less than the 10th percentile 

• Placental abruption 

Nonobstetric

Arterial thrombosis, including cerebrovascular accidents, transient 

ischemic attacks, myocardial infarction, amaurosis fugax Venous 

thromboembolism (VTE), including deep venous thrombosis (DVT), 

pulmonary emboli (PE), or small vessel thrombosis 

Laboratory criteria

Should be present on two occasions,  >12 weeks apart, and no more 

than 5 years prior to clinical manifestation.

• Anticardiolipin antibody 

• IgG or IgM isotype, present in medium or high titers (i.e. 40 GPL or 

MPL, or >99th percentile), or anti -β2GPI antibody 

• IgG or IgM isotype ( >99th percentile), or lupus anticoagulant in 

plasma, utilizing one of the following tests: 

– Dilute Russell viper venom time (dRVVT) 

– Lupus anticoagulant 

GPL, anticardiolipin antibody of IgG isotype; MPL. anticardiolipin anti-

body of IgM isotype. 

Source: Miyakis et al [94].
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gestation, abruption, severe preeclampsia, and intrauter-
ine growth restriction (IUGR). For LAC - associated fetal 
loss, reported OR range from 3.0 to 4.8 while ACA display 
a wider range of reported OR of 0.86 – 20.0  [95] . It is unclear 
whether APA are also associated with recurrent (three 
or more) early spontaneous abortions in the absence of 
stillbirth. Fifty percent or more of pregnancy losses in 
APA patients occur after the 10th week  [103] . Patients 
with APA more often display initial fetal cardiac activity 
compared with patients with unexplained fi rst - trimester 
spontaneous abortions without APA (86% versus 43%; 
P<    0.01)  [104] . APA have been commonly found in the 
general obstetric population, with one survey demon-
strating that 2.2% of such patients have either immu-
noglobulin M (IgM) or IgG ACA, with most such women 
having relatively uncomplicated preg nancies  [105] . 

 Other factors may have a role in the pathogenesis of 
APA. Potential mechanism(s) by which APA induce arte-
rial and venous thrombosis as well as APO include APA -
 mediated impairment of endothelial thrombomodulin and 
APC - mediated anticoagulation; induction of endothelial 
tissue factor expression; impairment of fi brinolysis and AT 
activity; augmented platelet activation and/or adhesion; 
impairment of the anticoagulant effects of the anionic 
phospholipid binding proteins  β 2 - glycoprotein - I and 
annexin V  [106,107] . In the murine model, complement 
activation, namely C5 complement split product C5a, has 
been required for tissue factor expression of APA treated 
mice  [108] . A specifi c anti - C5a monoclonal antibody was 
able to reverse the thrombogenicity of APA  [109] . Heparin ’ s 
inhibition of aberrant complement activation may explain 
its protective effects  [110] . However, heparin does not com-
pletely prevent all APA - related obstetric complications, as 
has been demonstrated in clinical studies. One explanation 
may be that APA limit trophoblast migration by down-
regulating interleukin - 6 secretion and signal transducer 
and activator of transcription 3 (STAT 3), and heparin does 
not prevent these effects  [111] . 

Prevention of adverse pregnancy
outcomes in the setting of 
thrombophilia

 Gris  et al   [45]  compared administration of low - dose 
aspirin (LDA), 100   mg/day, with 40   mg/day enoxaparin 
from the 8th week of gestation in a cohort of patients with 
prior fetal loss after 10 weeks and the presence of hetero-
zygous FVL, PGM, or PS defi ciency. The authors found 
that 23/80 patients treated with LDA and 69/80 patients 
treated with enoxaparin had a successful pregnancy (OR 
15.5, 95% CI 7 – 34; P  < 0.0001). Birthweights were higher 
and there were fewer SGA infants in the enoxaparin 
group. The study has been criticized for its randomization 
strategy  [112] . 

   •      exert downstream effects on prothrombin activation in 
a phospholipid milieu (i.e. lupus anticoagulants)  [96] .    
 Venous thrombotic events associated with APA include 
deep venous thrombosis (DVT) with or without acute 
pulmonary embolism (APE), while the most common 
arterial events include cerebral vascular accidents and 
transient ischemic attacks. At least half of patients with 
APA have systemic lupus erythematosus (SLE). The APA 
were associated with an OR of 2.17 (95% CI 1.51 – 3.11; 14 
studies) for any thrombosis, OR 2.50 (95% CI 1.51 – 4.14) 
for DVT and APE, and OR 3.91 (95% CI 1.14 – 13.38) for 
recurrent VTE  [97] . Patients with SLE and lupus antico-
agulants (LAC) were at a sixfold greater risk for VTE 
compared with SLE patients without LAC, while SLE 
patients with APA had a twofold greater risk of VTE com-
pared with SLE patients without these antibodies. The 
lifetime prevalence of arterial or venous thrombosis in 
affected patients with APA is approximately 30%, with an 
event rate of 1% per year  [96] . These antibodies are present 
in up to 20% of individuals with VTE  [98] . 

 A review of 25 prospective, cohort, and case – control 
studies involving more than 7000 patients observed an 
OR range for arterial and venous thromboses in patients 
with LAC of 8.65 – 10.84 and 4.09 – 16.2, respectively, and 
1 – 18 and 1 – 2.51 for APA  [96] . Antiphosphatidylserine -
 dependent antiprothrombin IgG antibodies have been 
linked to second - trimester fetal loss  [99] . However, data 
on clinical association of antiprothrombin antibodies, 
which include antibodies against prothrombin alone 
(aPT - A) and antibodies to the phosphatidylserine –
 prothrombin complex (aPS/PT), are not yet included in 
the classifi cation criteria for APAS  [94] . In a large, pro-
spective cohort of 1155 women in whom a panel of APA 
was evaluated in the fi rst trimester to determine their 
relationship to APO, the combinations of antiphosphati-
dylethanolamine IgG antibody plus ACA IgG (OR 17.5, 
95% CI 4.7 – 66.7) or antiphosphatidylethanolamine IgG 
antibody plus LAC (OR 22.2, 95% CI 5.4 – 909) predicted 
severe preeclampsia with 30.8% sensitivity and 99.2% 
specifi city  [100] . 

 There is a 5% risk of VTE during pregnancy and the 
puerperium among patients with APA despite treatment 
 [101] . Recurrence risks of up to 30% have been reported 
in APA - positive patients with a prior VTE; thus, long -
 term prophylaxis is required in these patients. A severe 
form of APAS is termed catastrophic APS (CAPS), which 
is defi ned by potential life - threatening variant with 
multiple vessel thromboses leading to multiorgan 
failure  [102] . In the Euro - Phospholipid Project Group 
(13 countries included), DVT, thrombocytopenia, stroke, 
pulmonary embolism, and transient ischemic attacks 
were found in 31.7%, 21.9%, 13.1%, 9.0%, and 7.0%, 
respectively. 

 The APA are associated with obstetric complications in 
approximately 15 – 20%, including fetal loss after 9 weeks ’  
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or more consecutive previous fetal losses  [118] . Participants 
(n    =    294) presenting for initial antenatal care at fewer than 
7 weeks ’  gestation with history of two or more consecu-
tive previous fetal losses at 24 or fewer weeks ’  gestation 
and no evidence of anatomic, endocrine, chromosomal, 
or immunologic abnormality were randomly assigned to 
receive either enoxaparin 40   mg subcutaneously and LDA 
75   mg orally once daily along with intense pregnancy sur-
veillance or intense pregnancy surveillance alone from 
random assignment until 36 weeks ’  gestation. All patients 
were advised to take folic acid 400  μ g daily, beginning 
before conception and continuing until 10 weeks of gesta-
tion. Of the 147 participants receiving pharmacologic 
intervention, 32 (22%) fetal losses occurred, compared 
with 29 losses (20%) in the 147 subjects receiving intensive 
surveillance alone, giving an OR of 0.91 (95% CI 0.52 –
 1.59) of having a successful pregnancy with pharmaco-
logic intervention. These investigators observed no 
reduction in fetal loss rate with antithrombotic interven-
tion in pregnant women with two or more consecutive 
previous fetal losses. Collectively, the results of these two 
studies confi rm the need for well - conducted randomized 
trials in determining the optimal approach to the preven-
tion of placenta - mediated complications. 

 In conclusion, these recent, well - conducted studies 
suggest that large - scale prospective association studies 
and clinical trials will provide the most robust evidence 
to guide practice patterns. Clinicians should await results 
of such studies before routinely obtaining inherited 
thrombophilic evaluations and placing patients on anti-
coagulation prophylaxis regimens solely to prevent 
placenta- mediated complications. The components of 
thrombophilia screening, when deemed indicated, are 
listed in Box  15.2 .    

 A recent Cochrane review based upon an extensive 
literature search from 1966 – 2004 found only two trials 
involving either recurrent early pregnancy loss or fetal 
demise, and presence of inherited thrombophilia  [113] .  
The other study besides the Gris trial was the trial reported 
by Tulppala  et al   [114]  which involved 82 patients, and 
compared 50   mg LDA with placebo starting at the time of 
positive urine pregnancy test, in women with three or 
more unexplained consecutive losses. No differences 
were noted in the aspirin compared with the placebo 
group (RR 1.00 [0.78 – 1.29]). 

 Heparin and aspirin administration is the best strategy 
for the treatment of recurrent pregnancy loss associated 
with APAS, according to the Cochrane review of 2002 
 [115] . This approach has been associated with a 54% 
reduction in pregnancy loss and is better than aspirin 
alone. Steroid administration is associated with an exces-
sive risk of prematurity, and therefore is not recom-
mended as a fi rst - line prevention strategy. However, the 
most recent evidence suggests that while unfractionated 
heparin and aspirin confers a signifi cant benefi t in live-
births in APAS, the effi cacy of LMWH plus aspirin 
remains unproven, highlighting the urgent need for a 
large controlled trial  [116] . 

 Regarding prevention of recurrent fetal loss, two rand-
omized, placebo - controlled trials have recently been com-
pleted. Kaandorp and colleagues conducted a randomized 
trial, in which these investigators enrolled 364 women 
between the ages of 18 and 42 years who had a history of 
unexplained recurrent miscarriage and were attempting 
to conceive or were less than 6 weeks pregnant  [117] . 
Patients were randomly assigned to receive daily LDA 
80   mg plus open - label subcutaneous nadroparin (at a 
dose of 2850 IU, starting as soon as a viable pregnancy 
was demonstrated), LDA 80   mg alone, or placebo. 
Livebirth rates did not differ signifi cantly among the 
three study groups. The proportions of women who gave 
birth to a live infant were 54.5% in the group receiving 
LDA plus nadroparin (combination therapy group), 
50.8% in the LDA - only group, and 57.0% in the placebo 
group (absolute difference in livebirth rate: combination 
therapy versus placebo, − 2.6 percentage points; 95% CI 
− 15.0 to 9.9; aspirin only versus placebo,  − 6.2 percentage 
points, 95% CI − 18.8 to 6.4). Neither aspirin combined 
with nadroparin nor LDA alone improved the livebirth 
rate, as compared with placebo, among women with 
unexplained recurrent miscarriage, irrespective of throm-
bophilic status. 

 Clark and colleagues conducted a multicenter, rand-
omized controlled trial in the United Kingdom and New 
Zealand to determine whether treatment with enoxaparin 
and LDA, along with intensive pregnancy surveillance, 
reduced rate of fetal loss compared with intensive preg-
nancy surveillance alone in women with history of two 

Box 15.2 Screening for  inherited and acquired  thrombophilia 

• Protein C (activity) 

• Protein S (free antigen) 

• Antithrombin (activity) 

• Factor V Leiden (PCR) 

• Prothrombin gene mutation 20210A (PCR) 

• Homocysteine, fasting 

• Platelet count 

• Lupus anticoagulant 

• Anticardiolipin antibody IgG, IgM, IgA 

• β2-glycoprotein I IgG, IgM, IgA 

PCR, polymerase chain reaction. 
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     Complicating 1 in 1000 to 1 in 2000 pregnancies, venous 
thromboembolism (VTE) is a leading cause of maternal 
morbidity and mortality  [1 – 9] . Moreover, despite this 
seemingly low prevalence, pregnancy confers a nearly 
6 – 10 - fold increased risk of VTE in women of comparable 
child- bearing age. In one large retrospective cohort study, 
94 of 127 (74.8%) pregnant women with documented 
deep venous thrombosis (DVT) developed their clot 
during the antepartum period, with half detected before 
15 weeks and fewer than 30% diagnosed after 20 weeks 
 [10] . In contrast, most cases of pulmonary embolism (PE) 
developed during the postpartum period (23 of 38; 60.5%) 
and PE was strongly associated with cesarean delivery. 
However, the  per diem  risk of VTE is approximately 3 – 8 -
 fold higher in the puerperium than during an equivalent 
antepartum interval  [9] . Pulmonary embolism is the 
leading cause of maternal mortality in the US, contribut-
ing to 19.6% of such deaths, and translating into 2.3 
pregnancy - related deaths per 100,000 livebirths  [11] . An 
untreated DVT presents a 25% risk of PE, with a mortality 
rate of approximately 15% if undetected and untreated 
 [12] . On the other hand, if a DVT is promptly diagnosed 
and treated, the risk of PE is less than 5% and the risk of 
maternal mortality is less than 1%  [13] . 

 The increased risk of pregnancy - associated VTE refl ects 
local and systemic mechanisms that mitigate the risk of 
hemorrhage during placentation and the third stage of 
labor. Appreciation of the thrombotic risk of pregnancy 
demands knowledge of the sophisticated systems of 
coagulation and fi brinolysis and their inhibitors.  

Physiology of hemostasis

Platelet plug formation
 Vasoconstriction and platelet aggregation are the initial 
constraints on hemorrhage following vascular disruption, 
particularly in arteries. Vasoconstriction limits total blood 

fl ow to promote platelet plug formation. It also limits the 
size of the plug required to obstruct blood fl ow through 
the vascular defect. Platelet adhesion is initially mediated 
through von Willebrand factor (vWF), which is synthe-
sized by megakaryocytes and endothelial cells. It is con-
stitutively secreted but the most active forms are stored 
in endothelial Weibel - Palade bodies or platelet  α  - granules 
where the molecule is released upon activation  [14] . Upon 
vascular wall disruption and after binding to subendo-
thelial collagen, vWF undergoes a conformational change. 
This change permits it to also bind to the platelet glyco-
protein (GP) Ib/IX/V receptor to establish a hemostatic 
bridge between collagen in the damaged vessel wall 
and the platelet. The resultant GPIb/IX/V - vWF - collagen 
interaction facilitates platelet adhesion in the high - fl ow 
(shear stress) state induced by vasoconstriction. A second 
platelet – collagen interaction is mediated by the binding 
of collagen I and IV to the platelet GPIa/IIa (integrin 
α 2 β 1) receptor in the low - fl ow settings created by the 
expanding platelet plug. 

 Following collagen - mediated attachment, a second 
platelet receptor, GPIIb/IIIa (integrin  α  - IIb/ β  - 3), is now 
positioned to serve as an alternative extracellular matrix 
adhering site on platelet cell membranes, permitting 
attachment to subendothelial laminin, thrombospondin, 
fi bronectin, vitronectin, and possibly also vWF. Moreover, 
GPIIb/IIIa- mediated platelet adhesion then triggers 
calcium- dependent protein kinase C (PKC) activation that 
induces thromboxane A 2  (TXA 2 ) synthesis and platelet 
granule release. Beside vWF, platelet  α  - granules also 
contain various other clotting factors while dense -
 granules contain adenosine diphosphate (ADP) and 
serotonin, which combine with TXA 2  to potentiate vaso-
constriction and further promote platelet activation. 
Platelets can also be activated by thrombin, epinephrine, 
arachidonic acid, and platelet - activating factor. Platelet 
activation, in turn, releases more platelet surface GPIIb/
IIIa receptors that promote aggregation by forming 
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cells where it is positioned to promote perinatal hemo-
stasis  [17] .   

 The high levels of TF in the decidua also account for 
the intense thrombin generation and DIC accompanying 
decidual hemorrhage (i.e. abruption)  [18] . It is also 
present in high levels in the amniotic fl uid, perhaps 
accounting for the coagulopathy observed in amniotic 
fl uid embolism  [19] . Following vascular injury, perivas-
cular TF binds circulating factor VII which attaches 
to negatively charged phospholipids via divalent 
calcium ions. Factor VII is autoactivated after binding to 
TF and can be externally activated by thrombin, 
factors IXa, Xa, or XIIa  [20] . (The activated form of clotting 
factors is denoted by the letter  “ a ”  after the Roman 
numeral.) The TF/VIIa complex can directly activate 
factor X (see Fig.  16.1 ) or indirectly activate Xa by 
activating factor IX (IXa) which then complexes with 
its co - factor, VIIIa, to activate factor X. In either case, 
factor Xa next complexes with its co - factor, Va, to convert 
prothrombin (factor II) to thrombin (factor IIa), which 
converts fi brinogen to fi brin, and actives platelets (see 
above). The co - factors V and VIII are activated by either 
thrombin or factor Xa. Thrombin, kallikrein - kininogen, 
and plasmin can each activate factor XII on the surface of 
platelets (see Fig.  16.1 ). Factor XIIa can activate factor XI, 
providing another route of factor IX activation. All of 
these reactions occur on negatively charged phospholip-
ids and require ionized calcium. Ultimately, thrombin 
cleaves fi brinogen to fi brin monomers which self -
 polymerize and are cross - linked via thrombin - activated 
factor XIIIa. 

Endogenous anticoagulants
 There is evidence that the clotting system  “ idles ”  (i.e. is 
active at a low level) to optimize the immediate response 

interplatelet fi brinogen, fi bronectin, and vitronectin 
bridges  [15] . Platelet aggregation in the setting of intact 
endothelium is prevented by active blood fl ow and pros-
tacyclin, nitric oxide, and ADPase. 

 During the platelet activation process, anionic (nega-
tively charged) phospholipids are exteriorized on the cell 
membrane, creating an ideal clotting surface (see below). 
Platelet and endothelial cell activation also induces release 
of P - selectins from platelet  α  - granules and endothelial 
Weibel - Palade bodies which embed in the cell walls to 
further promote platelet and enhance monocyte adher-
ence. P - selectin binding also induces expression of the 
potent procoagulant, tissue factor (TF), on monocytes to 
further enhance clotting (see below). These steps under-
score the critical role played by platelets, monocytes, and 
endothelial cells in promoting the classic coagulation 
cascade.

The coagulation cascade
 Platelet plug aggregation in the absence of fi brin genera-
tion is inadequate to control the hemorrhage following 
signifi cant vascular injury. Thus, adequate hemostasis 
also requires fi brin plug formation which follows expo-
sure of circulating factor VII to perivascular TF (Fig.  16.1 ). 
The TF molecule is a cell membrane - bound glycoprotein, 
constitutively expressed by most nonendothelial extravas-
cular cells and present in the blood in an encrypted 
(nonclotting) form  [16] . This distribution reduces the like-
lihood of inappropriate activation of the clotting cascade 
in physiologic states, though obstetric sepsis can induce 
TF expression on monocytes and endothelial cells to 
generate thrombosis and disseminated intravascular 
coagulation (DIC)  [16] . It is also highly induced by proge-
sterone in perivascular decidualized endometrial stromal 
cells, fi rst - trimester decidual cells, and term decidual 

Figure 16.1     An outline of the mechanisms 
defi ning the careful balance of thrombosis and 
hemostasis versus anticoagulation and 
fi brinolysis. APC, activated protein C; FDP, fi brin 
degradation products; PAI - 1, plasminogen 
activator inhibitor 1; TAFI, thrombin activatable 
fi brinolysis inhibitor; TF, tissue factor; TFPI, tissue 
factor pathway inhibitor; Vn, vitronectin; ZPI, 
protein Z - dependent protease inhibitor.  
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partially degraded fi brin. This in turn blocks tPA -
 mediated cleavage of plasminogen by preventing the for-
mation of the tPA/plasminogen/fi brin complex. Thus, 
TAFI renders fi brin resistant to inactivation by plasmin 
 [31] . Like activation of protein C, activation of TAFI by 
thrombin is greatly enhance by thrombin binding to 
thrombomodulin. 

Pathophysiology of and risk factors for 
thrombosis in pregnancy

 Risk factors for thrombosis not unique to pregnancy 
include age over 35 years, obesity, immobility, infection, 
smoking, nephrotic syndrome, hyperviscosity syndromes, 
malignancies, trauma, surgery, orthopedic procedures, 
and a prior history of VTE  [32] . Pregnancy - specifi c risk 
factors include increased parity, endomyometritis, and 
cesarean and operative vaginal delivery. 

 All three components of Virchow ’ s triad  –  vascular 
stasis, hypercoagulability, and vascular injury  –  are 
present in pregnancy. Stasis results from increases in 
deep vein capacitance secondary to increased circulating 
levels of estrogen and endothelial production of pro-
stacyclin and nitric oxide, coupled with compression of 
the inferior vena cava and pelvic veins by the enlarging 
uterus  [33 – 35] . Interestingly, over 85% of DVT cases in 
pregnancy are left - sided, likely due to compression of 
the left iliac vein by the right iliac artery and the gravid 
uterus  [10,36] . 

 Pregnancy - associated hypercoagulability results from 
changes in decidual and systemic hemostatic factors that 
likely meet the hemorrhagic challenges posed by vascular 
injury occurring in implantation, placentation, the third 
stage of labor and particularly cesarean delivery. Decidual 
TF and PAI - 1 expression is increased in response to pro-
gesterone, and levels of placental PAI - 2, which are negli-
gible prior to pregnancy, increase until term  [17,29,30] . By 
term, circulating levels of fi brinogen double and levels of 
factors VII, VIII, IX, X, XII, and vWF increase 20 – 1000% 
 [37,38] . Additionally, levels of free protein S antigen and 
activity decrease by approximately 40% due to hormonal 
induction of C4b - binding protein, conferring overall 
resistance to APC  [38] . Further reductions in free protein 
S concentrations are seen after cesarean delivery and in 
the context of infection, both of which augment C4b -
 binding protein levels, helping to explain the ninefold 
higher incidence of VTE after cesarean compared with 
vaginal delivery and why 80% of fatal PE episodes in 
pregnancy follow cesarean delivery  [39,40] . In general, 
normalization of these coagulation parameters occurs 
by 6 weeks postpartum. While these mechanisms 
generally prevent puerperal hemorrhage, they predispose 
to thrombosis, a tendency aggravated by maternal 
thrombophilias. 

to vascular injury  [20] . This chronic basal level of thrombin 
activation underscores the critical role of the endogenous 
anticoagulant system in preventing thrombosis (see 
Fig.  16.1 ). The TF pathway inhibitor (TFPI) is the fi rst 
agent in this system and acts on the factor Xa/TF/VIIa 
complex to inhibit TF - mediated clotting. The TFPI mole-
cule is synthesized by endothelial cells and uses protein 
S as a co - factor (see below)  [21] . Most TFPI (80%) is associ-
ated with the vessel wall, while the remainder circulates 
in plasma at a concentration of approximately 2.5 nM. 
However, factor XIa can bypass this TFPI - induced coagu-
lation block and sustain clotting on the surface of acti-
vated platelets for some time. As a result, additional 
endogenous anti coagulant molecules are required to 
avoid thrombosis, including activated protein C, protein 
S, and protein Z. 

 Thrombin binds thrombomodulin on perturbed endo-
thelial cell membranes, producing a conformational 
change that allows activation of protein C  [22] . Activated 
protein C (APC) binds to anionic endothelial cell mem-
brane phospholipids or to the endothelial cell protein C 
receptor (EPCR) to inactivate factors Va and VIIIa  [23] . In 
addition to its potentiation role in the TFPI pathway, 
protein S also serves as a co - factor for both Va and VIIIa 
inactivation by APC. More than half of the total protein 
S exists in a high - affi nity complex with C4b - binding 
protein, with the remainder circulating freely  [24] . 
Protein Z - dependent protease inhibitor (ZPI) can also 
impede factor Xa activity. When bound to its co - factor, 
protein Z, the inhibitory activity of ZPI, is increased 
1000 - fold  [25] . 

 Serine protease inhibitors (SERPINs), which include 
heparin co - factor II,  α 2 - macroglobulin and antithrombin, 
account for most of the thrombin inhibitory activity of 
plasma (see Fig.  16.1 ). Antithrombin alone accounts for 
80% of plasma antithrombin activity and also inactivates 
factors IXa, Xa, and XIa  [26] . Heparins and circulating 
vitronectin bind to SERPINs and together augment anti-
coagulant activity 1000 - fold  [27,28] .  

Fibrinolysis
 Fibrinolysis is initiated by tissue - type plasminogen acti-
vator (tPA), embedded in fi brin, which cleaves plasmino-
gen to generate plasmin. Plasmin, in turn, cleaves fi brin 
into fi brin degradation products (FDPs), which are often 
used clinically as indirect measures of fi brinolysis. These 
FDPs can also inhibit thrombin action, a salutary result 
when limited but when generated in excess can contrib-
ute to DIC. Inhibitors of fi brinolysis include  α 2 - plasmin 
inhibitor and type 1 and 2 plasminogen activator inhibi-
tors (PAI - 1 and PAI - 2) which inactivate tPA. The endothe-
lium and uterine decidua are primary sources of PAI - 1 
while the placenta produces PAI - 2  [29,30] . The thrombin -
 activatable fi brinolysis inhibitor (TAFI) modifi es fi brin by 
cleaving carboxy - terminal lysine (Lys) residues from 
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to the higher rate of false - positive results. For this reason, 
we suggest that it may have a role in the initial triage of 
patients with suspected DVT for ruling out  disease.  

  Venous  i maging 
 Intravenous contrast venography is no longer used for 
the diagnosis of DVT in pregnancy since it has no greater 
diagnostic effi cacy than VUS and is associated with 
appreciable radiation exposure (Table  16.1 ). Compression 
venous ultrasonography with or without color Doppler 
has emerged as the preferred initial imaging modality. It 
requires sonographic imaging of the common femoral 
vein at the inguinal ligament, and then assessment of 
the other major venous systems of the leg, including 
the greater saphenous, the superfi cial femoral, and the 
popliteal veins to the deep veins of the calf. Pressure is 
applied to the transducer to determine the compressi-
bility of the vein lumen under duplex and color fl ow 
Doppler imaging  [43] . The overall sensitivity and specifi -
city of VUS approach 100% for proximal vein thromboses 
 [44]  with slightly less effi cacy for detecting isolated calf 
vein DVT (sensitivity 92.5%, specifi city 98.7%, and accu-
racy 97.2%)  [45] .   

 A metaanalysis of 14 studies comparing the effi cacy of 
magnetic resonance (MR) venography with a reference 
standard in nonpregnant patients with suspected DVT 
showed a pooled sensitivity of 91.5% and a pooled spe-
cifi city of 94.8%, with a higher sensitivity for proximal 
than distal DVT  [46] . Thus, MR has equivalent sensitivity 
and specifi city to VUS for the diagnosis of DVT. It may, 
however, be useful for detecting iliofemoral/pelvic vein 
thromboses which are poorly visualized by VUS and 

Diagnosis of venous thromboembolism

Deep venous thrombosis

  Clinical  p resentation 
 Chan and colleagues conducted a cross - sectional study 
over 7 years at fi ve university - affi liated, tertiary care 
centers in Canada of 194 pregnant women with suspected 
DVT  [41] . The prevalence of the disorder was 8.8% and 
the three most predictive clinical variables were left leg 
symptoms (adjusted odds ratio [adj OR] 44.3, 95% confi -
dence interval [CI] 3.2 – 609.7), calf circumference differ-
ence of 2   cm or more (adj OR 26.9, 95% CI 6.1 – 118.5), and 
onset of presentation in the fi rst trimester (adj OR 53.4, 
95% CI 7.1 – 401). Among patients with a subsequently 
confi rmed DVT, all had at least one variable, and 82.4% 
had two variables. Among patients without a confi rmed 
DVT, half had no variables and only 5.7% had two or 
more variables. Conversely, none of the pregnant patients 
with suspected DVT who failed to manifest any of the 
three variables had subsequent documentation of a DVT, 
whereas when one or more variables were present, DVT 
was diagnosed in 16.4% and when two or three variables 
were present, DVT was diagnosed in 58.3% of cases (95% 
CI 35.8 – 75.5%).  

   D  -  d imer  a ssays 
 D - dimer assays are useful, as in nonpregnant patients, as 
both screening tools and initial tests for DVT. The D - dimer 
is the product of degradation of fi brin by plasmin, and 
levels can be elevated in the setting of thrombosis. 
D - dimer testing employs monoclonal antibodies to 
D - dimer fragments with the most accurate and reliable 
tests being two rapid enzyme - linked immunosorbent 
assays (ELISAs) (Instant - IA D - dimer, Stago, Asni é res, 
France and VIDAS DD, bioM é rieux, Marcy - l ’ Etoile, 
France) and a rapid whole - blood assay (SimpliRED 
D - dimer, Agen Biomedical, Brisbane, Australia). 

 Chan and associates evaluated the sensitivity and spe-
cifi city of D - dimer measurements using the SimpliRED 
assay for diagnosing DVT in 149 at - risk pregnant women 
 [42] . They tested whole blood for D - dimer elevations at 
initial presentation, and the results were correlated with 
compression venous ultrasonography (VUS). The preva-
lence of DVT was 8.7% and the sensitivity of the D - dimer 
assay was 100% (95% CI 77 – 100%) with a specifi city of 
60% (95% CI 52 – 68%), and a negative predictive value 
of 100% (95% CI 95 – 100%). Of note, pregnancy itself is 
associated with progressive elevations in D - dimer gen-
eration. Chan et al  noted that the SimpliRED assay was 
 “ falsely ”  positive in 0% (95% CI 0 – 60%), 24% (95% CI 
14 – 37%), and 51% (95% CI 40 – 61%) of women in the fi rst, 
second, and third trimesters, respectively. Thus, D - dimer 
testing in pregnancy appears to have a higher negative 
predictive value than in the nonpregnant state, likely due 

Table 16.1    Fetal radiation exposure of various ionizing 
modalities

Radiological modality Fetal radiation exposure (rad) 

Chest X -ray 0.01

Venography
Limited, shielded 0.05
Full (unilateral), unshielded 0.31

Pulmonary angiography 
Brachial vein 0.05
Femoral vein 0.22–0.37

V/Q scan 
Ventilation scan 0.001–0.019
Perfusion scan 0.006–0.012

CTPA 0.013

CTPA, computed tomography pulmonary angiography; V/Q, 
ventilation/perfusion.
Source: Toglia and Weg [6].
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PaO2  less than 65   mmHg (RR 2.8, 95% CI 1.4 – 5.8), but 
neither was suffi ciently predictive of PE to be useful clini-
cally (positive likelihood ratios of < 3). Presyncope and 
syncope are rare, although these symptoms may indicate 
a massive and potentially fatal PE  [49] .  

  Nonspecifi c  s tudies 
 Nonspecifi c studies sometimes employed in the evalua-
tion of patients with suspected PE include electrocardio-
gram (ECG), chest x - ray (CXR), and echocardiography. 
An abnormal ECG is present in 70 – 90% of nonpregnant 
patients with proven PE who do not have underlying 
cardiopulmonary disease, but these fi ndings are generally 
nonspecifi c  [50,51] . The classic ECG changes associated 
with PE are S1, Q3, and inverted T3, but other fi ndings 
such as atrial fi brillation, nonspecifi c ST changes, right 
bundle branch block, or right axis deviation may also be 
present. These latter two fi ndings are usually associated 
with cor pulmonale and right heart strain or overload, 
refl ective of more serious cardiopulmonary compromise. 
The Urokinase Pulmonary Embolism Trial found that 
26 – 32% of patients with a massive PE had the above ECG 
changes  [50] . However, a lack of ECG changes should not 
reassure the physician when there is the clinical suspicion 
of PE. 

 Traditional CXR fi ndings of pulmonary infarction, such 
as a wedge - shaped infi ltrate ( “ Hampton hump ” ) or 
decreased vascularity ( “ Westermark sign ” ), are rare  [52] . 
The CXR may be valuable in ruling out other causes of 
hypoxemia, such as pulmonary edema or pneumonia. 
Thus, while a normal CXR in the setting of dyspnea, 
tachypnea, and hypoxemia in a patient without pre-
existent pulmonary or cardiovascular disease is sug-
gestive of PE, a chest radiograph cannot confi rm the 
diagnosis  [52] . 

 Large PE can create changes consistent with cor pulmo-
nale and right heart strain, potentially identifi able on 
echocardiography. Abnormalities of right ventricular size 
or function on echocardiogram are seen in 30 – 80% of 
patients with PE although similar changes can be seen in 
exacerbations of chronic obstructive pulmonary disease 
 [53 – 55] . Typical echocardiographic fi ndings include a 
dilated and hypokinetic right ventricle or tricuspid regur-
gitation, in the absence of preexisting pulmonary arterial 
or left heart pathology. These fi ndings indicate a large 
embolus and poor prognosis. Transesophageal echocar-
diography (TEE) improves the sensitivity of diagnosing 
main or right pulmonary artery emboli  [56] .  

  Pulmonary  a rteriography 
 Intravenous contrast pulmonary arteriography or angiog-
raphy has been abandoned in the work - up of PE since it 
has a relative low sensitivity for smaller peripheral lesions 
 [52,57,58] , and is highly invasive, with a 0.5% mortality 
risk and a 3% complication rate, primarily as a result of 

account for 11% of DVT in pregnancy, compared with just 
1% in the nonpregnant state  [47] .  

  Diagnostic  a lgorithm for  s uspected  d eep 
 v enous  t hrombosis 
 Based on the available data, we propose the diagnostic 
algorithm in Figure  16.2  that allows the diagnosis of DVT 
with highest sensitivity and specifi city. We suggest the 
initial use of a D - dimer assessment and VUS. If the patient 
has a negative D - dimer and VUS, the presence of a clini-
cally signifi cant DVT is remote and therapy is withheld. 
If such a patient is considered at very high risk because 
of a prior VTE, thrombophilia, the presence of all three 
characteristic clinical fi ndings, or if the VUS is negative 
and the D - dimer is positive, consideration should be 
given to either repeating the evaluation in 3 and 7 days 
or carrying out MR interrogation of the leg and pelvic 
veins. If the VUS or MR is positive, initiate anticoagula-
tion with low molecular weight heparin. 

Pulmonary embolus

  Clinical  p resentation 
 Gherman and colleagues analyzed the presenting signs 
and symptoms of pregnant women with confi rmed PE 
and observed that 62% had shortness of breath, 55.3% had 
pleuritic chest pain, 23.7% cough, 18.4% diaphoresis, 7.9% 
hemoptysis, and 5.3% syncope  [10] . In a retrospective 
cohort study of 304 pregnant and puerperal women con-
secutively evaluated for the clinical suspicion of PE, the 
most common signs and symptoms were dyspnea (60%), 
followed by tachycardia (54%) and desaturation to less 
than 95% (40%)  [48] . However, none of these variables 
was signifi cantly associated with subsequent documenta-
tion of a PE (i.e. all relative risks were nonsignifi cant). 
Factors signifi cantly linked to a diagnosed PE included 
chest pain (relative risk [RR] 1.7, 95% CI 1.1 – 2.6) and a 

Figure 16.2     Diagnostic algorithm for the diagnosis of deep 
venous thrombosis in pregnant women. D/C, discharge; MRI, 
magnetic resonance imaging; VUS, venous ultrasonography.  
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signs and symptoms, such as pneumonia or pulmonary 
edema.

 Comparisons of spiral CT with V/Q scanning for 
patients with suspected PE indicate that when the CXR is 
normal, V/Q scanning is more accurate. In a retrospective 
cohort study, Cahill and associates evaluated 304 con-
secutive women who were either pregnant or within 6 
weeks postpartum, with a clinical suspicion of PE  [48] . Of 
these, 108 (35.1%) underwent initial CTPA and 196 (64.9%) 
initial V/Q/ scanning. In the subgroup of women with a 
normal CXR, CTPA was signifi cantly more likely to 
produce a nondiagnostic result than V/Q scanning, even 
after adjusting for relevant confounding effects (30.0% 
compared with 5.6%; adj OR 5.4, 95% CI 1.4 – 20.1). In a 
smaller study, Ridge and associates compared the diag-
nostic accuracy of CTPA and V/Q scans in 28 and 25 
pregnant patients with suspected PE, respectively  [63] . 
They also found CTPA less reliable than V/Q scanning 
(inadequate diagnosis rate of 35.7% for CTPA versus 
4% for V/Q scans, P  < 0.001). The authors also compared 
the relative effi ciency of CTPA in pregnant versus 
nonpregnant women and noted that CTPA had a higher 
diagnostic inadequacy rate among pregnant compared 
with nonpregnant women (35.7% versus 2.1%) (P  <    0.001). 
This was ascribed to more frequent interruption of 
contrast material by unopacifi ed blood from the inferior 
vena cava in pregnancy, likely due to increased plasma 
volume.

 Several other studies have also demonstrated that the 
quality of CTPA is lower in pregnancy. Andreou and col-
leagues compared contrast enhancement in 16 pregnant 
and 16 nonpregnant women and found signifi cantly less 
pulmonary artery enhancement in the pregnancy group 
 [64] . Similarly, U - King - Im and associates compared CTPA 
studies between 40 pregnant and 40 nonpregnant women 
and observed that pregnant women had more than triple 
the proportion of suboptimal studies (27.5% versus 7.5%, 
P=    0.015)  [65] . Similar fi ndings were noted by Litmanovich 
and colleagues  [66] . Taken together, these studies strongly 
indicate that VQ is the preferred test in pregnant women 
with suspected PE when the CXR is normal and that 
CTPA should be reserved for at - risk pregnant women 
with abnormal CXRs. 

 In addition to its higher diagnostic accuracy, V/Q 
scanning also results in substantially lower breast and 
lung irradiation. It has been estimated that CTPA exposes 
the mother ’ s breasts to about 150 times more radiation 
than V/Q scans  [40] . This is particularly concerning given 
the increased glandularity and proliferative state of the 
gravid breast. Among women, the typical CT coronary 
angiogram delivers 50 – 80 mSV to the breast and 48 – 91 
mSV to the lung, resulting in an increased lifetime attri-
butable risk of all cancers in a 20 - year - old woman of 
1/114 and a lifetime attributable risk of breast cancer 
of 0.7%  [67] . Breast shields and weight - based dose 

the risks of contrast injection and catheter placement, 
including respiratory failure (0.4%), renal failure (0.3%), 
cardiac perforation (1%), and groin hematoma requiring 
transfusion (0.2%)  [49,57,59,60] .  

   D  -  d imer  a ssays 
 Despite their utility in pregnant women as a  “ rule - out ”  
test for DVT, there are reported false - negative D - dimer 
results in pregnant women with documented PE  [61] . 
In a retrospective evaluation of 37 pregnant women 
with suspected PE undergoing both ventilation/
perfusion (V/Q) scans and D - dimer testing, 13 women 
with low - probability V/Q scans were found to have 
D - dimer levels ranging from 0.25 to 2.2   mg/L, while 24 
women with moderate - to - high probability V/Q results 
had D - dimer levels ranging from 0.31 to 1.74   mg/L  [62] . 
The sensitivity and specifi city of D - dimer as a test for 
suspected PE in pregnancy were 73% and 15%, respec-
tively. Thus, D - dimer testing appears to be associated 
with an unacceptable false - negative rate in pregnancy 
and should not be used. The explanation for the para-
doxical fi nding that D - dimer assays are less sensitive in 
pregnancy than in the nonpregnant state may be the 
combination of the small relative clot size compared 
with that found with lower - extremity DVT coupled 
with the 40% expansion in plasma volume found in 
pregnancy.  

  Ventilation/ p erfusion  s canning  v ersus  s piral 
 c omputed  t omographic  p ulmonary  a ngiography 
 Ventilation/perfusion scintigraphy (V/Q scan) involves 
comparative imaging of the pulmonary vascular bed 
and airspaces using intravenous and aerosolized radio-
labeled markers  [43] . The comparison of the resultant 
two images allows for differential diagnostic probabilities 
(high, intermediate, low, or normal). The Prospective 
Investigation of Pulmonary Embolism Diagnosis (PIO-
PED) study evaluated the accuracy of V/Q scanning in 
nearly 1000 nonpregnant adults with suspected PE  [51] . 
Overall, high - probability V/Q scans correlated with PE 
in 87.2% of cases; however, only 41% of patients with PE 
had high - probability scans, yielding a sensitivity of 
41% and a specifi city of 97%. However, in young healthy 
pregnant women, without severe asthma or chronic lung 
disease, the diagnostic accuracy of V/Q scanning is 
expected to be optimal. 

 Computed tomographic pulmonary angiography 
(CTPA) scanning uses intravenous contrast injection to 
visualize the pulmonary vasculature during scanning 
with highly sensitive multidetector - row CT technology 
 [52] . Sensitivity of this testing is high for large vessel 
emboli, but more limited for small subsegmental vessels 
or vessels oriented horizontally (e.g. in the right middle 
lobe). Given its broad diagnostic capabilities, CT can be 
helpful in detecting nonembolic etiologies for the patient ’ s 
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 If the CXR is negative, proceed to V/Q scan. If positive 
(high or moderate probability), treat the patient with 
anticoagulation. If negative or low probability in a low -
 risk patient (i.e. no prior VTE, no thrombophilia, no 
affected fi rst - degree relative and no major clinical risk 
factors), anticoagulation can be withheld. If a low -
 probability V/Q result occurs in a high - risk patient, con-
sider serial VUS or MR angiography with contrast. 
Though gadolinium crosses the placenta and enters the 
amniotic fl uid after intravenous administration, the 
majority of animal studies suggest no carcinogenic, tera-
togenic or mutagenic effects and it is considered category 
C by the FDA. 

 In patients who are hypoxemic or displaying hemody-
namic instability with signs and symptoms of PE, the 
protocol outlined in Figure  16.4  should be followed. 
Thus, anticoagulation is promptly initiated and a CXR 
obtained. The remainder of the work - up parallels that 
described above, except if no PE is documented by V/Q 
scan, consideration should be given to CTPA for further 
confi rmation and to exclude other pulmonary, cardiac, 
and chest wall pathologies. Alternative causes of the 
hypoxia and/or hemodynamic instability must be 
excluded (e.g. sepsis with adult respiratory distress syn-
drome, pneumothorax, cardiomyopathy with pulmonary 
edema). Consideration should be given to performing a 
bedside echocardiogram (transthoracic or transesopha-
geal, as appropriate) in very unstable patients as this is 
more likely to be diagnostic in this setting and avoids 
transporting a critically ill patient.      

adjustment regimens may signifi cantly lower this dose 
and should be considered when CTPA is chosen as the 
diagnostic modality. 

 By contrast, CTPA generates only slightly less fetal 
irradiation than V/Q scanning (see Table  16.1 ). Winer -
 Muram and associates calculated that the maximal fetal 
irradiation attributable to CTPA compared with V/Q 
scans was 131    μ Gy versus 370    μ Gy  [68] . To put this dose 
in perspective, in utero  radiation exposures of up to 
50,000    μ Gy result in negligible increased childhood 
cancer risk, and fetal doses resulting from both CTPA 
and V/Q scanning are substantially less than the fetus 
receives from background radiation (1150 – 2550    μ Gy) 
 [69] . Furthermore, lower dose perfusion scans without 
concomitant ventilation scans appear to have compara-
ble diagnostic effi cacy and can further lower reduce fetal 
radiation exposure.  

  Lower  e xtremity  v enous  u ltrasonography 
 e valuation 
 Reports in nonpregnant patients indicate that the preva-
lence of DVT among those with a documented PE ranges 
from 58% to 82%  [70 – 72] . Metaanalysis suggests that in 
nonpregnant adults, the prevalence of DVT in those with 
suspected PE is 18%  [73] . Le Gal and associates observed 
that VUS had a sensitivity of 39% and a specifi city of 99% 
in nonpregnant patients with confi rmed PE  [74] . While it 
is uncertain whether comparable rates and diagnostic 
accuracy exist for pregnant women with co - existing 
DVT and PE, it seems reasonable to use this test fi rst in 
stable patients with symptoms of both DVT and PE, as a 
positive VUS result would mandate the same treatment 
as a documented PE and would avoid breast and/or fetal 
irradiation.

  Work -  u p of  p atients with  s uspected  p ulmonary 
 e mbolism 
 Evaluation of patients with suspected PE should begin 
with assessment of their cardio - respiratory status. For 
stable patients with oxygen saturation levels above 80% 
and no hemodynamic instability, the assessment out-
lined in Figure  16.3  begins with an assessment of pos-
sible signs and symptoms of lower extremity thrombosis. 
The presence of left leg symptoms, calf circumference 
difference of 2   cm or more, and/or onset of presentation 
in the fi rst trimester should prompt VUS, and if positive, 
anticoagulation should commence. If the VUS is negative 
or the patient has no suggestive leg symptoms, proceed 
to a CXR. If this is positive, CTPA should be the defi ni-
tive test. If the CTPA is positive for PE, treatment is 
begun. If the CTPA is negative for PE, assess the patient 
for other pathologies that could be generating the 
signs and symptoms. These are often also discernible by 
chest CT.   

Figure 16.3     Diagnostic algorithm for the diagnosis of pulmonary 
embolism in hemodynamically stable pregnant women. CTPA, 
computed tomographic pulmonary angiography; CXR, chest 
x - ray; D/C, discharge; Dx, diagnostic; V/Q, ventilation/
perfusion; VUS, venous ultrasonography.  
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Conclusion

 Avoidance of hemorrhage and thrombosis presents para-
doxical challenges to the pregnant patient. Processes pro-
moting hemostasis and endogenous anticoagulation are 
held in delicate equipoise, and the adaptations to and 
conditions of pregnancy predispose the gravid woman to 
increased risk of thromboembolic disease. Careful evalu-
ation of risk of thromboembolic disease and elicitation of 
signs and symptoms are critical to making the diagnosis. 
The combination of VUS and D - dimer testing is a simple 
and effective strategy for ruling out DVT. Lower extrem-
ity VUS and/or the combination of CXR with either V/Q 
scan or CTPA are the mainstays of diagnosing PE in pre-
gnancy and the puerperium. 

    A 27 - year - old gravida 2, para 1 at 27 weeks ’  gestation 
complains of left calf pain which she believes began fol-
lowing the development of a painful muscle cramp which 
awoke her the night before. She is seen in her physician ’ s 
offi ce and has an unremarkable exam except for bilateral 
trace lower extremity edema. She is quite healthy, exer-

cises regularly, and has no personal or family history of 
thrombosis. A D - dimer and VUS are ordered which return 
negative. She is given instructions to call if the pain 
worsens or she develops unilateral lower extremity swell-
ing, or dyspnea. 

CASE PRESENTATION 2 

    A 42 - year - old gravida 1, para 0 infertility patient is status 
postovulation induction, in vitro  fertilization, and transfer 
of three embryos resulting in a triplet gestation. Following 
several admissions for recurrent severe nausea and vom-
iting with weight loss, she has been resting at home for 
the past 4 days heavily sedated by her antiemetic regimen. 
She awakens late at night with left calf and thigh pain. 

She is seen in her physician ’ s offi ce the following morning. 
She denies dyspnea but notes mild calf and posterior 
thigh tenderness to palpation, and has no other signs or 
symptoms of DVT. A VUS is ordered and she is found to 
have thrombosis involving the proximal thigh and calf 
veins. She is begun on therapeutic doses of low molecular 
weight heparin. 

CASE PRESENTATION 1 

Figure 16.4     Diagnostic algorithm for the diagnosis of pulmonary 
embolism in unstable pregnant women. CTPA, computed 
tomographic pulmonary angiography; CXR, chest x - ray; V/Q, 
ventilation/perfusion.
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     Advances in diagnosis and treatment of congenital cardiac 
lesions have led to dramatically improved survival rates. 
Consequently, the predominant form of cardiac disease 
encountered during pregnancy has shifted from rheu-
matic to congenital heart disease  [1,2] . During the mid -
 1950s, rheumatic heart disease during pregnancy was 16 
times more common than congenital disease. By 1967, this 
ratio had reversed to 3:1 (congenital versus acquired) 
 [1,2] . According to the National Center for Health 
Statistics, in 2004, the number of women postponing child 
bearing beyond age 40 had grown, thereby increasing the 
likelihood of other co - morbid conditions, including 
cardiac disease. 

 Despite complicating only 4% of all pregnancies in the 
United States, a disproportionate number of maternal 
deaths (34%) can be attributed to cardiac disease  [3] . 
Approximately 15% of maternal intensive care unit (ICU) 
admissions are attributable to cardiac disease, but it 
accounts for up to 50% of all maternal deaths in the ICU 
 [4] . Assessment of the pregnant patient with cardiac 
disease can be challenging, as many common complaints 
of normal pregnancy, such as dyspnea, fatigue, palpita-
tions, orthopnea, and pedal edema, mimic symptoms of 
worsening cardiac disease. Obstetric patients with cardiac 
disease are susceptible to a number of potential complica-
tions resulting from signifi cant physiologic changes asso-
ciated with pregnancy and delivery. This chapter outlines 
the expected hemodynamic and physiologic changes 
occurring in pregnancy and reviews prognosis and man-
agement recommendations for obstetric patients with 
congenital and acquired cardiac lesions. 

Physiologic changes

 The adaptations that occur during pregnancy place 
substantial demands on maternal cardiac function. 
Table  17.1   [5,6]  summarizes hemodynamic changes in 

pregnancy. The greatest impact on a compromised cardio-
vascular system results from four fundamental altera-
tions: increased intravascular volume, increased cardiac 
output, decreased systemic vascular resistance, and 
hypercoagulability.   

 During pregnancy total blood and plasma volume 
increases by approximately 50%. However, red cell mass 
increases by only 33%, ultimately resulting in a decreased 
hemoglobin and hematocrit, as demonstrated in Figures 
 17.1  and  17.2 . The heart is able to accommodate this 
increase in volume primarily because of decreased sys-
temic vascular resistance. Consequently, systolic and 
diastolic blood pressures drop during pregnancy, reach-
ing a nadir between 24 and 32 weeks ’  gestation. Cardiac 
output increases by 30 – 50% above prepregnant levels by 
the end of the third trimester and may increase by an 
additional 50% in the second stage of labor  [5] . Strikingly, 
half of the increase in cardiac output occurs by 8 weeks ’  
gestation  [7] . Profound alterations in the coagulation 
cascade also occur, including increases in fi brinogen and 
factor VIII levels, resulting in a thrombophilic state that 
predisposes patients to the development of thromboem-
bolic complications (Box  17.1 ). These changes will also 
affect the fi ndings on various cardiovascular tests as out-
lined in Table  17.2   [8] .       

Counseling the patient
 Functional status for patients with cardiac disease is com-
monly classifi ed according to the New York Heart 
Association (NYHA) classifi cation system as outlined in 
Box  17.2 . The utility of this classifi cation system during 
pregnancy is limited because it does not address specifi c 
lesions. However, as expected, patients with NYHA class 
I or II have less risk of complications compared with those 
in class III or IV. In the 1987 edition of  Critical Care 
Obstetrics , a guideline was introduced that classifi ed 
various cardiac abnormalities according to maternal 
death risk estimates (Box  17.3 )  [9] . Disorders associated 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
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Table 17.1    Expected cardiovascular changes in pregnancy  

Measurement Normal value % Change in 
pregnancy

Heart rate (beats/min) 71 ± 10 10–20%
Stroke volume (mL) 73.3 ± 9 30%
Cardiac output (L/min) 4.3 ± 0.9 30–50%
Blood volume (L) 5 20–50%
Systemic vascular resistance 

(dyne/cm/s)
1530 ± 520 –20%

Mean arterial pressure (mmHg) 86.4 ± 7.5 Not signifi cant 
Oxygen consumption (mL/min) 250 20–30%

Source: Clark et al [5] and Elkayam and Gleicher  [6].

Figure 17.1     Alterations in stroke volume and heart rate during 
pregnancy. BPM, beats per minute.  
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Figure 17.2     Changes in plasma volume, red cell volume, and 
hematocrit during pregnancy.  
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Table 17.2    Changes in cardiovascular tests during pregnancy 

Cardiovascular exam Findings in pregnancy 

Chest x -ray Cardiomegaly

Enlarged left atrium 

Increased lung markings 

Small pleural effusions early postpartum 

Electrocardiography Left axis deviation by 15 °
Right bundle branch block 
Q waves in lead III and aVF 
T wave inversion in leads III, V2, and V3 
Shortening of PR and QT intervals 

Echocardiography Mild tricuspid regurgitation 
Pulmonary regurgitation 
Increased left atrial size by up to 14% 
Increased left ventricular end -diastolic

dimensions by 6 –10%
Mitral regurgitation 
Pericardial effusion 

Box 17.2 New York Heart Association ( NYHA) functional

classifi cation 

Class I : no limitations of physical activity. Ordinary physical activity 

does not precipitate cardiovascular symptoms such as dyspnea, 

angina, fatigue, or palpitations 

Class II : slight limitation of physical activity. Ordinary physical activity 

does precipitate cardiovascular symptoms. Patients are comfortable 

at rest 

Class III : less than ordinary physical activity precipitates cardiovascular 

symptoms. Patients are comfortable at rest 

Class IV : unable to carry out physical activity without discomfort. 

Symptoms of cardiac insuffi ciency or angina are present at rest 

Box 17.1 Clotting factor changes in pregnancy 

Factor II (prothrombin) Unchanged
Factors VII –X, XII Increased 
Fibrinogen Increased 
Platelets Unchanged

with less than a 1% risk of death were considered minimal 
risk, moderate risk disorders carried a 5 – 15% risk of mor-
tality, and major risk disorders were considered to have 
a mortality risk in excess of 25%. This classifi cation system 
certainly provided more information with which to 
counsel patients; however, the patient ’ s particular history 
is not taken into consideration. 

 In 1997, Siu  et al   [10]  identifi ed several independent risk 
factors for cardiac complications such as congestive heart 
failure, stroke, or arrhythmia, based on a series of 252 
pregnant patients with a variety of cardiac diseases. The 
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most signifi cant risk factors for complications include 
NYHA class III or IV, cyanosis, history of an arrhythmia, 
pulmonary vascular disease, ejection fraction of less than 
40%, or signifi cant mitral or aortic valve obstruction. 

 More recently, in the CARPREG study, Siu  et al   [11]  
prospectively evaluated 617 pregnancies complicated by 
maternal cardiac disease and identifi ed four predictors of 
maternal complications.
    •      History of heart failure, transient ischemic attack, 
stroke, or arrhythmia. 
   •      Prepregnancy NYHA class II – IV or cyanosis.  
   •      Left heart obstruction (mitral valve area  <    2   cm 2 , 
aortic valve area  <    1.5   cm 2 , peak left outfl ow gradient 
>    30   mmHg).  
   •      Ejection fraction less than 40%.    
 The risk of maternal complications was directly propor-
tional to the number of risk factors identifi ed. Five percent 
of patients with none of the four predictors developed a 

Table 17.3    Predicting adverse cardiac events during pregnancy 

Number of risk factors Risk of adverse event (%) 

0 5
1 27
2 or more 75

Risk factors: 
History of heart failure, transient ischemic attack, stroke or 
arrhythmia
Prepregnancy NYHA class II –IV or cyanosis 
Left heart obstruction (mitral or aortic valve stenosis) 
Ejection fraction <40%
Most common adverse events: pulmonary edema, arrhythmias. 
NYHA, New York Heart Association. 
Source: Siu et al [11].

Box 17.3 Maternal  mortality associated with pregnancy 

Group 1:  mortality < 1%

• Atrial septal defect 

• Ventricular septal defect 

• Patent ductus arteriosus 

• Mitral stenosis: NYHA class I and II 

• Pulmonic/tricuspid valve disease 

• Corrected tetralogy of Fallot 

• Bioprosthetic valve 

Group 2:  mortality 5 –15%

Group 2 A

• Mitral stenosis: NYHA class III and IV 

• Aortic stenosis 

• Coarctation of aorta without valvular involvement 

• Uncorrected tetralogy of Fallot 

• Previous myocardial infarction 

• Marfan syndrome with normal aorta 

Group 2 B

• Mitral stenosis with atrial fi brillation 

• Artifi cial valve 

Group 3:  mortality 25 –50%

• Pulmonary hypertension 

– Primary

– Eisenmenger

• Coarctation of aorta with valvular involvement 

• Marfan syndrome with aortic involvement 

• Peripartum cardiomyopathy with persistent left ventricular 

dysfunction

NYHA, New York Heart Association. 

Source: Clark [9].

complication, whereas the addition of only one risk factor 
increased the adverse event rate to 27%. The incidence of 
complications increased to 75% in patients with more 
than one predictor (Table  17.3 )  [11] . Pulmonary edema 
and arrhythmias were the most commonly encountered 
complications. Route of delivery did not affect the com-
plication rate. Six patients (1%) died secondary to stroke 
or cardiac decompensation. In that same study, the strong-
est predictors for neonatal complications were NYHA 
class II or above, heparin or warfarin (Coumadin) use 
during pre gnancy, smoking, multiple gestation, and left 
heart obstruction. Twenty percent of the women in this 
study delivered small for gestational age (SGA) infants or 
delivered prematurely.   

 In a subsequent study, the same authors prospectively 
compared 300 pregnant women with cardiac disease 
against controls, primarily to evaluate neonatal and 
cardiac outcomes  [12] . In this group of patients, 64% had 
congenital lesions, 28% had acquired lesions, and the 
remaining 8% had dysrhythmias. Forty - one percent of the 
gravidas had undergone previous surgical interventions. 
As expected, miscarriage and neonatal complications 
such as intraventricular hemorrhage, delivery before 34 
weeks ’  gestation, and neonatal death occurred more com-
monly in gravidas with cardiac disease compared with 
controls. However, the addition of risk factors such as 
smoking, anticoagulant use, and multiple gestations in a 
patient with cardiac disease escalated the risk of neonatal 
complications to twice that of the control group. In this 
study, 17% of patients with cardiac disease had a cardiac 
complication, 94% of which were caused by cardiac 
failure or dysrhythmias. Moreover, delivery by cesarean 
section occurred more commonly in patients with cardiac 
disease (29% versus 23%), but preeclampsia and hemor-
rhage developed with equal frequency in study and 
control patients. 

 Signifi cant congenital cardiac disease poses particular 
maternal and fetal risks. In a study of pregnant women 
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intravenous drug use is not uncommon. During preg-
nancy, most morbidity and mortality from these lesions 
is associated with dysrhythmias and congestive failure. 
The degree of risk for these complications depends on the 
specifi c lesion, number of valves involved, and the degree 
of valvular obstruction, particularly of the mitral and 
aortic valves. However, pregnancy does not appear to 
adversely affect long - term sequelae for women with 
rheumatic heart disease who survive the pregnancy. The 
American Heart Association 2007 recommendations do 
not recommend systemic bacterial endocarditis (SBE) pre-
vention for vaginal delivery nor cesarean delivery unless 
infection is present, in which case the underlying infec-
tion should be treated  [19] . If the cardiac condition 
is deemed severe enough, as listed in Box  17.4 , then 
SBE therapy should be initiated. Box  17.5   [19]  outlines 
the current antibiotic regimens for prevention of SBE in 
pregnant patients. Each valvular lesion will be addressed 
in the sections that follow. Table  17.5   [20]  presents a 
summary of relative maternal and fetal risks in patients 
with valvular abnormalities. 

with substantial congenital cardiac disease (repaired and 
unrepaired), 20% of patients experienced serious adverse 
cardiac events including death, congestive heart failure, 
myocardial infarction, stroke, urgent cardiac intervention, 
or arrhythmia. The majority of cardiac events (76%) 
occurred in the 6 weeks postpartum. In fact, in this group 
of patients, antepartum admission for a maternal cardiac 
indication was less common than admission for an obstet-
ric reason such as preterm labor. Patients with intracar-
diac shunt physiology or conotruncal defects were at 
greatest risk. Obstetric complications developed in 45% 
of pregnancies and included preterm birth, fetal demise, 
growth restriction, and neonatal intensive care unit 
(NICU) admission  [13] . 

 Considering the patient ’ s prior history of cardiac events 
and evaluation of functional status is important for accu-
rate counseling regarding maternal and fetal risks. 
However, coronary artery disease, pulmonary hyperten-
sion, endocarditis, cardiomyopathy, and arrhythmias 
hold the greatest risk for maternal mortality  [14] .  

Risk of fetal cardiac abnormalities
 Patients with congenital cardiac abnormalities should 
also be counseled regarding the increased risk of fetal 
structural cardiac anomalies, which is estimated to be 
between 8.8% and 14.2%, versus the general population ’ s 
risk of 0.08% of live births  [15] . Paternal cardiac abnor-
malities also increase the risk of congenital cardiac disease; 
however, maternal disease poses the greatest risk by a 
factor of 3.5. Patients with aortic stenosis and ventricular 
septal defect appear to be at greatest risk for transmission; 
however, the lesion which develops may differ from that 
of the parent  [16,17] . Therefore, fetal echocardiography is 
recommended for all patients with a congenital cardiac 
abnormality. Table  17.4   [18]  outlines the risks of congeni-
tal cardiac disease by maternal disorder.     

Valvular heart disease

 Acquired valvular lesions are typically sequelae of 
rheumatic fever, yet valvular endocarditis secondary to 

Table 17.4    Risk of fetal congenital cardiac defects (%) 

Cardiac lesion Prior affected 
sibling

Father
affected

Mother
affected

Tetralogy of Fallot 2.5 1.5 2.6
Aortic coarctation 14.1
Atrial septal defect 2.5 1.5 4.6–11
Ventricular septal defect 3 2 90.5–15.6
Pulmonary stenosis 2 2 6.5
Aortic stenosis 2 3 15–17.9

Source: Lupton et al [18].

Box 17.5 American College of Obstetricians and Gynecologists 

recommendations for antibiotic regimens for bacterial endocarditis 

Regimen ( administered 30 –60min prior to procedure) 

• Ampicillin 2 g IV 

• Cefazolin 1 g IV *

• Ceftriazone 1 g IV *

• Clindamycin 600 mg IV *

• Amoxicillin 2 g PO 

*Does not cover enterococcus; for coverage vancomycin should be 

used.

IV, intravenous; PO, per os. 

Source: American College of Obstetricians and Gynecologists [19].

Box 17.4 Cardiac  lesions requiring SBE prophylaxis when  delivery is 

associated with infection, based on the American Heart Association 

(AHA) and American College of Cardiology ( ACC) Task Force 

recommendations

• Prosthetic cardiac valve or prosthetic material used for valve repair 

• History of infective endocarditis 

• Congenital heart diseases (CHD) listed below: 

– Unrepaired cyanotic CHD (includes palliative shunts, conduits) 

– Completely repaired CHD with prosthetic materials if repair  <6

months old 

– Repaired CHD with residual defects 

SBE, systemic bacterial endocarditis. 

Source: American College of Obstetricians and Gynecologists [19].
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(valve area less than 1.5   cm 2 ) and 67% of patients with 
severe mitral stenosis (valve area less than 1   cm 2 ) experi-
enced a cardiac event. Even patients with mild stenosis 
experienced complications in 11% of cases. The most 
common maternal complications were pulmonary edema 
and arrhythmias, primarily atrial fi brillation and 
supraventricular tachycardia. A history of prior cardiac 
events and moderate or severe stenosis were the strongest 
independent predictors of maternal complications. Sixty 
percent of patients experienced an initial episode of 
pulmonary edema during the antepartum period (mean 
gestational age of 30 weeks), and the most common 
neonatal complication was prematurity  [26] . 

 Management of patients with mitral stenosis should 
focus on prevention of tachycardia and maintenance of 
left ventricular fi lling (preload). As the heart rate increases, 
less time is allowed for the left atrium to adequately 
empty and fi ll the left ventricle during diastole. As a 
result, the left atrium may become overdistended, result-
ing in dysrhythmias (primarily atrial fi brillation, which 
increases the risk of thromboembolic complications), pul-
monary edema, or both. Tachycardia is likely to develop 
as a result of pain, exertion, or anxiety or after administra-
tion of β  - agonists such as terbutaline. Cardiac output can 
fall dramatically and lead to hypotension and/or sudden 
onset of pulmonary edema. Tachycardia can be avoided 
by aggressive pain management and avoidance of exer-
tion during labor. Some patients may require therapy 
with β  - blockers to maintain a heart rate below 90 – 100 
beats/min. During labor, short - acting intravenous  β  -
 blockers, such as esmolol, are recommended in place of 
longer acting oral agents. 

 The second major consideration for patients with mitral 
valve stenosis is maintaining left ventricular fi lling (ade-
quate preload). Overcoming the obstruction to left ven-
tricular fi lling depends on high fl uid volumes to maintain 
forward fl ow. Therefore, diuretics should be used cau-
tiously to avoid inadvertent decreases in left ventricular 
fi lling and therefore decreases in cardiac output. Unlike 
in aortic stenosis, the utility of pulmonary artery cathe-
terization to monitor left ventricular preload is limited, as 
pulmonary capillary wedge pressure may refl ect a false 
increase in mean wedge pressure in the setting of mitral 
stenosis. Epidural anesthetic use is appropriate during 
labor to minimize tachycardia caused by pain or anxiety 
and therefore control fl uctuations in cardiac output. Care 
should be taken to avoid sudden decreases in preload 
caused by abrupt sympathetic blockade from local anes-
thetics. Often intrathecal opioids are used, or an epidural 
will contain higher doses of opioids and lower concentra-
tions of local anesthetics. 

 Medical management of the pregnant patient with 
mitral stenosis involves avoiding tachycardia with activ-
ity restriction or  β  - blockers, appropriate treatment of dys-
rhythmias if present, and careful diuretic use. The section 

Mitral stenosis
 As mentioned above, rheumatic heart disease accounts 
for the majority of mitral valve disease. In fact, mitral 
stenosis is the most common rheumatic valvular lesion 
encountered in pregnancy  [21] . The normal mitral valve 
area is 4 – 5   cm 2 . As the mitral valve orifi ce narrows, fi lling 
of the left ventricle during diastole becomes progres-
sively limited and cardiac output becomes fi xed. The 
nonpregnant patient remains asymptomatic until the 
valve area falls below 2   cm 2 . Moderate mitral stenosis is 
defi ned as a valve area measuring between 1 and 1.5   cm 2 ; 
less than 1   cm 2  valve area defi nes severe mitral stenosis 
 [22] . Patients with moderate - to - severe limitations of the 
valve area may not tolerate the normal pregnancy 
increases in cardiac output, blood volume, and heart rate, 
and they should ideally have the valve repaired prior to 
pregnancy. Patients who remain symptomatic despite 
conservative management may be candidates for surgical 
intervention during pregnancy. Case reports of over 100 
women suggest that percutaneous balloon mitral valvu-
loplasty is a safe and effective procedure during pre-
gnancy  [23 – 25] . Mitral stenosis may be undiagnosed 
prior to pregnancy, becoming apparent only when chal-
lenged by normal physiologic changes of pregnancy. 
These patients may present with atrial fi brillation and/
or pulmonary edema. 

 In a series of 80 pregnancies complicated by mitral 
stenosis, 38% of patients with moderate mitral stenosis 

Table 17.5    Classifi cation of valvular heart lesions according to 
maternal and fetal risks 

Low maternal and/or fetal risks High maternal and/or fetal risks 

Asymptomatic AS with a low 
mean outfl ow gradient and 
normal LV systolic function 
(EF >50%)

Severe AS with or without 
symptoms

NYHA III -IV and AR 

NYHA I or II AR and normal LV 
systolic function 

NYHA II -IV and MS 

NYHA I or II MR and normal LV 
systolic function 

NYHA III -IV and MR 

MVP with no MR (if mild to 
moderate MR normal LV 
systolic function) 

Marfan syndrome with or 
without AR 

Mild MS without pulmonary 
hypertension

Aortic and/or mitral disease 
with pulmonary hypertension 
or LV systolic dysfunction 
(EF <40%)

Mild to moderate pulmonary 
stenosis

Mechanical prosthetic valve 
requiring anticoagulation 

AR, aortic regurgitation; AS, aortic stenosis; EF, ejection fraction; LV, 
left ventricle; MR, mitral regurgitation; MS, mitral stenosis; MVP, 
mitral valve prolapse; NYHA, New York Heart Association. 
Adapted from ACC/AHA 2006 valvular guidelines [20].
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Aortic stenosis
 Aortic stenosis (AS) can develop as a consequence of 
rheumatic fever, in which case it usually involves other 
valvular abnormalities. However, congenital aortic steno-
sis is not uncommon, and when identifi ed in younger 
patients, it is usually associated with a bicuspid aortic 
valve  [22] . The hypervolemia and increased cardiac 
output of pregnancy are well tolerated by patients with 
mild disease (valve area  >    1.5   cm 2 , peak pressure gradient 
<    50   mmHg). However, as the orifi ce becomes progres-
sively more stenotic, fl ow across the valve becomes pro-
gressively limited and the velocity of fl ow increases. This 
resistance serves as an impediment to increasing cardiac 
output but is not considered hemodynamically signifi cant 
until the valve opening is decreased to one - quarter the 
normal diameter of 3 – 4   cm 2 . These patients may be unable 
to maintain coronary or cerebral perfusion and can 
develop angina, myocardial infarction, syncope, or 
sudden death. A recent literature review of pregnant 
women greater than 20 weeks ’  gestation with congenital 
AS, repaired or unrepaired, reported the following mater-
nal complications: arrhythmias, heart failure, and cardio-
vascular events such as myocardial infarction, stroke, and 
mortality from cardiovascular disease  [31] . Patients with 
valve areas of less than 1   cm 2 , mean gradients exceeding 
40   mmHg, or ejection fractions below 40% have severe 
disease and should be evaluated for surgical correction, 
preferably prior to conception  [22] . 

 Complications arise in pregnant patients with AS pri-
marily as a result of the inability to maintain cardiac 
output. The typical 40 – 50% increase in cardiac output is 
unlikely to result in pulmonary edema unless mitral valve 
disease co - exists. Labor and delivery or pregnancy termi-
nation is a particularly risky time. Pulmonary edema can 
result from the inability to increase cardiac output in 
response to increasing physical demands of delivery or 
termination. For this reason, judicious use of intravenous 
fl uids is recommended. Any factor leading to diminished 
venous return (preload) will cause an increase in the val-
vular gradient, diffi culty overcoming the obstruction, and 
ultimately diminished cardiac output. Diminished venous 
return may result from many common obstetric anes-
thetic complications including hypotension from blood 
loss or intravascular volume depletion, ganglionic block-
ade from regional anesthesia, or supine vena caval occlu-
sion by the pregnant uterus. Exertion may place additional 
demands on cardiac output and may lead to coronary 
artery ischemia or inadequate cerebral perfusion which 
will manifest as angina, myocardial infarction, syncope, 
or sudden death. Limitation of physical activity is recom-
mended for patients with severe disease. Because hypo-
volemia and decreased venous return present much 
higher risks for life - threatening complications to the 
patient than pulmonary edema, pulmonary artery cath-
eterization may be indicated in patients with signifi cant 

on arrhythmias below addresses anticoagulation issues in 
patients with atrial fi brillation.  

Pulmonic and tricuspid lesions
 Pulmonary valve stenosis is a congenital lesion which, 
along with tricuspid valvular lesions, is more commonly 
caused by valvular endocarditis from intravenous drug 
use than by rheumatic heart disease in the adult popula-
tion. The physiologic changes of pregnancy are tolerated 
well by patients with pulmonic or tricuspid valvular 
abnormalities. Patients with severe pulmonic obstruc-
tion (transvalvular pressure peak gradient exceeding 
60   mmHg) are at highest risk for complications such as 
right heart failure. If symptomatic, pregnant women may 
be candidates for percutaneous valvuloplasty. Overall, 
most series indicate that maternal and fetal risks are 
minimal  [27] .  

Mitral and aortic regurgitation
 Mitral regurgitation is most commonly seen secondary 
to mitral valve prolapse in pregnant women  [22]  whereas 
aortic regurgitation is usually rheumatic in origin. The 
increased heart rate and decreased systemic vascular 
resistance that occur normally in pregnancy favor 
forward fl ow of blood; therefore both lesions are toler-
ated quite well in pregnancy. Patients with long - standing 
mitral or aortic insuffi ciency may have left ventricular 
dysfunction resulting from chronic ventricular dilation 
and thus are at increased risk for complications  [28] . The 
decreased systemic vascular resistance that occurs fol-
lowing epidural placement is generally not problematic, 
but epidural placement should be undertaken with 
caution as one death has been reported  [29] . Chronic 
mitral regurgitation may also lead to signifi cant left atrial 
enlargement, which increases the risk for the develop-
ment of atrial fi brillation. If this occurs, antiarrhythmic 
therapy is indicated and anticoagulation should be 
considered.  

Mitral valve prolapse
 Mitral valve prolapse is present in up to 3% of the general 
population but may be present in up to 17% of young 
women, making it one of the most common cardiac issues 
during pregnancy  [30] . Because most women are asymp-
tomatic, the diagnosis is generally made incidentally. The 
increased blood volume and decreased systemic vascular 
resistance of pregnancy improve the mitral valve func-
tion, so patients can be expected to tolerate pregnancy 
well. Occasionally palpitations will prompt therapy, 
usually with β  - blockers. The incidence of antepartum and 
postpartum complications is no different from the general 
population, so no special precautions need to be taken 
during pregnancy or labor and delivery. Antibiotic proph-
ylaxis for systemic bacterial endocarditis is not recom-
mended for mitral valve prolapse  [19] .  



www.manaraa.com

Chapter 17 Cardiac Disease    137

taken in the fi rst trimester and continued throughout ges-
tation  [34] . 

 While warfarin is not effective at preventing all throm-
boembolic complications in pregnant patients with 
mechanical heart valves, studies with older generation 
heart valves have shown a lower risk of thromboembolic 
events when warfarin is used compared to addition of 
UFH use in the fi rst trimester (3.9% versus 9.2%). 
Adjusted- dose UFH without warfarin use is associated 
with an even greater risk of maternal adverse outcomes: 
25% risk of thromboembolic events and 6.7% risk of death 
 [34] . Even when high - dose UFH is used in the fi rst trimes-
ter, thromboembolic events remained higher in the UFH 
group (5% compared to 0.3%)  [35] . 

 Low molecular weight heparin is a third alternative for 
anticoagulation which, like UFH, does not cross the pla-
centa. Advantages of using LMWH include potentially 
lower risk for osteoporosis, decreased risk of heparin -
 induced thrombocytopenia, and longer half - life  [36] . In 
2002 the manufacturer of one LMWH, Lovenox (enoxa-
parin sodium), issued a warning statement against the 
use of Lovenox for thromboprophylaxis in pregnant 
patients with prosthetic valves  [37] . This statement was 
issued after two maternal and fetal deaths occurred in 
patients receiving Lovenox, 80   mg, twice daily as part of 
a clinical research trial. According to a recent review 
article, anti - Xa levels were monitored but not used 
to adjust dosage; the authors suggest that insuffi -
cient Lovenox dosing may have contributed to throm-
boses  [38] . 

 The ability to judge the effectiveness of UFH and 
LMWH at preventing thromboembolic phenomena is 
complicated by altered pharmacodynamics of these medi-
cations in the pregnant patient as a result of increased 
volume of distribution and alterations in the coagulation 
cascade  [39] . These data suggest that monitoring of 
anticoagulant effect of UFH and LMWH should be 
accomplished with peak and/or trough anti - Xa measure-
ments instead of utilizing the activated partial thrombo-
plastin time (for UFH) or weight - based regimens (for 
LMWH).

 In 2008, a focused update of the American College 
of Cardiology/American Heart Association Task Force 
on Practice Guidelines through the Committee on 
Management of Patients with Valvular Heart Disease 
addressed recommendations for the management of anti-
coagulation in pregnant patients with mechanical heart 
valves, as summarized in Box  17.6   [22] . It is imperative 
that patients with mechanical heart valves are restarted 
on their anticoagulation therapy approximately 4 – 6   h 
after delivery. If urgent cesarean delivery is necessary in 
a patient on anticoagulation, one must compare the risk 
of hemorrhage to that of thromboembolism. In doing so, 
it is important to know if the patient is therapeutically 
anticoagulated and decide if reversal of anticoagulation 

AS to estimate intravascular volume accurately, and to 
maintain pulmonary artery wedge pressures mildly ele-
vated in the range of 15 – 17   mmHg. 

 The risk of death in pregnant patients with AS has been 
reported to be as high as 17%. Fortunately, more recent 
data indicate that patients with AS, but without coronary 
artery disease, who receive adequate care have a minimal 
risk of dying  [27] . In a series of 49 pregnancies compli-
cated by congenital AS, cardiac complications occurred in 
6% with severe disease, including one patient who 
required percutaneous valvuloplasty at 12 weeks ’  gesta-
tion. Prematurity and birth of SGA babies complicated 
10% of pregnancies. Fifty percent of patients with severe 
AS required cardiac surgery in the fi rst 4 years after deliv-
ery; however, it remains unclear whether the pregnancy 
intensifi ed the need for surgical intervention  [32] . In a 
series of 1000 pregnant women with cardiac disease, by 
contrast, 65% of those with moderate or severe AS expe-
rienced cardiac complications, including one maternal 
death  [33] . In pregnant women with AS, severe AS (as 
defi ned above), with or without symptoms, and an ejec-
tion fraction less than 40% are the two greatest risk factors 
for maternal and/or fetal risk  [22] .  

Mechanical heart valves
 All patients with mechanical heart valves require life - long 
anticoagulation to decrease the risk of thromboembolic 
complications. In the nonpregnant population, warfarin 
is the recommended agent, with the therapeutic goal 
being to maintain an international normalized ratio (INR) 
between 2.0 and 3.5, depending on the type and location 
of the valve. Patients with biologic valves do not require 
anticoagulation beyond the initial 3 months post replace-
ment unless they also have additional risk factors for 
thromboembolic disease, such as atrial fi brillation  [22] . 

 Recommendations for anticoagulation in pregnant 
women with mechanical heart valves are among the most 
controversial and challenging problems in obstetrics. The 
overall risk of maternal death reported in a 2000 meta-
analysis of mothers treated with oral, subcutaneous, or a 
combination of the two anticoagulation therapies through-
out pregnancy was 2.9%  [34] . The three currently availa-
ble medications are warfarin, unfractionated heparin 
(UFH), and low molecular weight heparin (LMWH). 
Warfarin crosses the placenta and can result in fetal mal-
formations, including an embryopathy consisting of 
nasal/limb hypoplasia and epiphyseal stippling. The risk 
of anomalies appears to be greatest when exposure occurs 
between 6 and 12 weeks ’  gestation. Intracranial hemor-
rhage is also a concern if warfarin is taken during the 
second and third trimesters and is postulated to be the 
cause of rare central nervous abnormalities  [35] . 
Spontaneous abortion rates and pregnancy loss rates are 
more common if warfarin is taken during the pregnancy 
and are highest (21% and 30%, respectively) if warfarin is 
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regimen should be made after detailed discussion with 
the patient regarding the risks and benefi ts of each 
regimen to both the patient and the fetus. 

 Careful consideration of the timing of neuraxial needle 
placement for anesthesia purposes is important in the 
anticoagulated pregnant patient. With regard to the 
heparinized patient, it is recommended to stop UFH 4   h 
prior to insertion/removal of a neuraxial needle. Once the 
needle has been placed or removed, wait at least 1   h prior 
to the next dose of UFH. Patients on LMWH should 
receive their last dose 12   h prior to needle insertion if they 
are prophylactically dosed versus 24   h if they are thera-
peutically dosed. With either form of LMWH dosing, 
once neuraxial needle placement or removal has been 
performed, one should wait a minimum of 4   h before 
resuming the LMWH  [43] . When using LMWH for post-
operative thromboprophylaxis, it is recommended to 
wait at least 24   h postoperatively to administer the fi rst 
dose if the patient will be dosed twice a day versus 6 – 8   h 
postoperatively if she will be dosed once a day. It is 

is necessary  [40] . Box  17.7  reviews management of anti-
coagulated patients requiring urgent delivery.   

 Heparin resistance, defi ned as the need for greater than 
35,000 units of heparin in a 24h time period to reach a 
therapeutic partial thromboplastin time (PTT) value, is 
attributable to pregnancy - induced changes in the coagu-
lation cascade, specifi cally elevation of factor VIII  [39] . 
Therefore, anti - Xa is often used in pregnancy to monitor 
anticoagulation status because it is less affected by physi-
ologic alterations of maternal clotting factors in gestation. 
The appropriate interval for checking anti - Xa levels is not 
known, but a review of expert opinion  [38]  recommended 
weekly anti - Xa levels during the fi rst month of therapy 
to maintain anti - Xa between 0.5 and 1.0 units/mL. This 
range is generally accepted when LMWH is being used, 
with an anti - Xa range for the use of heparin being between 
0.3 and 0.7 units/mL  [41] . Of relevance to dosing, 
UFH made in the United States after 2009 is 10% less 
potent than before, given new reference standards  [42] . 
Ultimately, the decision regarding an anticoagulation 

Box 17.7 Management of anticoagulated patients in need of 

urgent delivery

General recommendations

• Full reversal of anticoagulation is not necessary for either vaginal or 

cesarean delivery 

• Partial reversal may be indicated (target INR of approximately 2.0) 

if the patient is supratherapeutic 

• Full reversal is warranted in patients with life -threatening maternal 

hemorrhage

If patient on UFH or  LMWH

• If time allows, discontinue therapy and delay delivery 4 –6h without 

protamine 

• Vaginal delivery is preferred unless there are obstetric indications 

for cesarean delivery 

• Consider protamine for emergency delivery (will only partially 

reverse the anticoagulant effects of LMWH) 

If patient on warfarin with an elevated INR ( therapeutic/
supratherapeutic) at the time of an urgent delivery

• Prefer cesarean delivery to reduce risks of fetal trauma/hemorrhage 

as fetus is also therapeutically anticoagulated 

• If time allows, delay and/or administer small doses of vitamin K with 

goal INR of 2.0 

• Administer FFP prior to emergency cesarean delivery to reach a 

target INR of 2.0 

• If anticoagulation fully reversed at time of delivery, newborn may 

receive FFP and vitamin K 

FFP, fresh frozen plasma; INR, international normalized ratio; LMWH, 

low molecular weight heparin; UFH, unfractionated heparin.

Adapted from Butchart  et al [40].

Box 17.6 American Heart Association ( AHA) and American College 

of Cardiology ( ACC) recommendations for the management of 

anticoagulation in pregnant  women with mechanical valve

prostheses 

First trimester

• Dose-adjusted LMWH or UFH 

12–36 weeks

• Warfarin (goal INR 2.5 –3.5)

• Continuous IV UFH 

• Dose-adjusted SQ UFH (goal of APTT at least twice control) 

• Dose-adjusted SQ LMWH (twice daily to keep anti -Xa between 0.7 

and 1.2 U/mL 4 h after administration) 

At 36 weeks

• If on warfarin, change to dose -adjusted LMWH or UFH 

Prior to delivery

• If on LMWH and planning IOL, change to IV UFH at least 36 h prior 

to IOL 

• UFH should be stopped 4 –6h prior to delivery 

Postpartum

• UFH and LMWH can be restarted 4 –6h after delivery 

• Warfarin can be restarted the same day 

APTT, activated partial thromboplastin time; INR, international nor-

malized ratio; IOL, induction of labor; IV, intravenous; LMWH, low 

molecular weight heparin; SQ, subcutaneous; UFH, unfractionated 

heparin.

Adpated from Bonow  et al [22].
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signifi cant coarctation (58% versus 11%). The presence of 
hypertension in this group strongly suggested the pres-
ence of a signifi cant coarctation. Delivery was accom-
plished by cesarean section in 36% of patients, primarily 
for perceived maternal cardiovascular risk. No difference 
was seen in maternal and neonatal outcomes between 
patients with repaired versus native coarctation in this 
cohort.

 Concerns about the risk of aortic or intracranial aneu-
rysm rupture and aortic dissection have prompted some 
physicians to recommend elective cesarean delivery. 
Coarctation of the aorta is associated with inherent abnor-
malities of the aorta which predispose patients to rupture, 
dilation, and dissection  [50] . Other risk factors for rupture 
or dissection include Turner syndrome, bicuspid aortic 
valve, and aortic dilation  [51] . Most patients will be able 
to have a successful vaginal delivery with careful man-
agement of pain using epidural anesthesia, control of 
blood pressure fl uctuations, maintenance of adequate 
cardiac preload, and minimization of Valsalva efforts at 
delivery.  

Ventricular septal defect
 Although isolated ventricular septal defects (VSDs) 
account for approximately 15 – 20% of congenital cardiac 
abnormalities, most will close spontaneously in the fi rst 
2 years of life, making it an uncommonly encountered 
lesion in the pregnant patient  [52] . Moderate to large -
 sized defects that remain patent or persist to adulthood 
may result in secondary pulmonary hypertension or con-
gestive heart failure. Although blood fl ow across the 
shunt is usually left to right, reversal may occur and result 
in Eisenmenger syndrome, which is addressed in a later 
section. Isolated VSDs and corrected VSDs do not appear 
to increase the risk of adverse outcomes during preg-
nancy. However, echocardiography should be considered 
in a patient with a history of a VSD, repaired or unre-
paired, to exclude underlying pulmonary hypertension 
which would substantially increase the risk of life -
 threatening complications  [53] .  

Atrial septal defect
 Atrial septal defects (ASDs) do not appear to pose sub-
stantial risk to the pregnant patient and are usually well 
tolerated  [54] . Even if the defect is not repaired, complica-
tions such as arrhythmias and pulmonary hypertension 
generally do not occur during the child - bearing years 
 [55] . Paradoxical embolism, presenting as a stroke, has 
been described during pregnancy and is possible in any 
patient with an intracardiac shunt  [56] .  

Patent ductus arteriosus
 Patent ductus arteriosus (PDA) is a commonly encoun-
tered lesion in neonates, particularly preterm neonates. 
PDA is generally repaired in childhood and is, therefore, 

recommended that any indwelling catheter be removed 
in these patients prior to starting LMWH. However, if the 
catheter is maintained, the fi rst dose of LMWH should be 
delayed until 2   h after catheter removal. Although the 
anti - Xa level can be used to monitor anticoagulation 
status, it does not predict the risk of bleeding for patients 
receiving neuraxial needle placement  [44] .   

Congenital cardiac abnormalities

Aortic coarctation
 Aortic coarctation is a narrowing of the caliber of the 
aorta, usually distal to the left subclavian artery, which 
occurs in 6 – 8% of patients with congenital heart disease 
 [45] . The presence of a signifi cant blood pressure gradient 
between the upper and lower extremities ( > 20   mmHg) 
usually prompts evaluation for repair, which is accom-
plished surgically or with balloon angioplasty. Long - term 
survival following repair of aortic coarctation is quite 
good; however, the risks of recoarctation, aortic aneu-
rysm, dissection, and rupture persist. Occasionally, 
patients will remain undiagnosed into adulthood (native 
coarctation). 

 While early reports of pregnancy in women with coarc-
tation indicated mortality rates of 9.5%, more recent data 
suggest that pregnancy in women with a corrected or 
native coarctation is likely to be more successful  [46] . 
Associated cardiac defects commonly co - exist with coarc-
tation and may include bicuspid aortic valve, congenital 
aortic valvular stenosis, septal defects, and patent ductus 
arteriosus  [47] . Intracranial aneurysms also occur with 
greater frequency in patients with aortic coarctation, com-
pared with the general population (10% versus 2%). 
Preeclampsia is reported to complicate 2 – 22% of pregnan-
cies in patients with coarctation  [47,48] . 

 In a large series studying pregnancy following coarcta-
tion repair, 98 pregnancies in 54 women ended in live 
birth without signifi cant maternal complications. The 
cesarean delivery rate was 6%, with only one cesarean 
performed for a perceived maternal cardiovascular risk. 
Data on arm – leg blood pressure gradients or echocardio-
graphic measurements were not available. Interestingly, 
the median gestational age at delivery was 40 weeks  [47] . 
In a series of 118 pregnancies in women with repaired and 
native coarctation, one maternal death (patient with 
Turner syndrome who conceived twins through  in vitro
fertilization) resulting from aortic dissection was reported 
 [49] . During pregnancy this patient had no evidence of 
hypertension, but expired suddenly at 36 weeks ’  gesta-
tion from an acute aortic dissection at a site apart from 
the previous repair. The remaining patients tolerated 
pregnancy well with good neonatal outcomes. Patients 
with signifi cant coarctation were more likely to be hyper-
tensive during pregnancy compared to those without 



www.manaraa.com

140    Part 4 Maternal Disease

mortality include operative delivery and severe pulmo-
nary hypertension. In both large series, the route of deliv-
ery did not appear to affect mortality rates. 

 Because of high maternal mortality rates, patients with 
Eisenmenger syndrome should be counseled to avoid 
pregnancy, and if pregnant, to consider termination. In 
ongoing pregnancies, therapies should be directed at 
minimizing cardiac demands, maximizing oxygenation, 
and avoiding excessive declines in systemic vascular 
resistance. Patients should be hospitalized at the end of 
the second trimester, prophylactically anticoagulated, 
and given supplemental oxygen. More recently, studies 
have utilized selective pulmonary artery vasodilators 
such as inhaled nitric oxide and IV epoprostenol (prosta-
cyclin) during pregnancy with favorable results. Regional 
anesthetics must be used cautiously to avoid decreases in 
systemic vascular resistance and ventricular fi lling that 
may precipitate reversal of shunt fl ow and cyanosis. 
However, studies suggest that the cautious use of slow -
 onset epidural anesthetics may be associated with lower 
mortality rates than general anesthesia for cesarean 
section delivery  [59] . 

 In a recent retrospective review, nine patients with pul-
monary hypertension all received epidural or combined 
spinal and epidural for anesthesia without complication 
 [61] . This method of anesthesia was chosen given the 
adverse effects of intubation on positive pressure ventila-
tion as well as pulmonary artery pressure. Avoidance of 
hypotensive events at any time during gestation, particu-
larly during labor and delivery, is extremely important. 

 Accurate assessment of pulmonary artery pressure 
may be a challenge in many patients. Echocardiographic 
assessment of pulmonary artery pressures has been 
shown to be less accurate in the pregnant patient and 
pulmonary artery catheters have been associated with 
higher complication rates in the setting of Eisenmenger 
syndrome  [62] .  

Ebstein anomaly
 Ebstein anomaly is a congenital cardiac defect character-
ized by an apical displacement of the septal leafl et of the 
tricuspid valve. Tricuspid regurgitation is always present, 
leading to right atrial dilation. Right outfl ow tract obstruc-
tion can occur secondary to a fi xed anterior leafl et of the 
tricuspid valve. ASD or patent foramen ovale co - exists in 
50% of cases. Twenty - fi ve percent will have an accessory 
conduction pathway such as Wolff – Parkinson – White syn-
drome  [63] . Because it accounts for only 1% of all congeni-
tal cardiac disease, Ebstein anomaly is uncommonly 
encountered during pregnancy. Pregnancy appears to be 
well tolerated in patients with this lesion. In a series of 44 
patients with 111 pregnancies, the live birth rate was 76% 
with no maternal complications reported  [64] . In the 
neonates, prematurity (21%) and congenital cardiac 
abnormalities (6%) were noted.  

very unusual during pregnancy. Pregnancy outcome fol-
lowing repair does not appear to be negatively affected 
 [57] . However, patients with large unrepaired PDAs may 
develop secondary pulmonary hypertension, not unlike 
Eisenmenger syndrome.  

Eisenmenger syndrome
 Unrepaired congenital intracardiac shunts such as a VSD, 
ASD, or PDA lead to chronic overperfusion of the pulmo-
nary vasculature. Over time, pulmonary hypertension 
results and may become signifi cant enough to reverse the 
direction of fl ow across the shunt. This reversal of shunt 
fl ow to a right - to - left direction defi nes Eisenmenger syn-
drome. Correction of the septal defect or patent ductus 
before the development of pulmonary hypertension pre-
vents the syndrome. Once the syndrome is established, 
the only surgical option is a heart - lung transplantation. 
Thirty- two percent of heart - lung transplants are per-
formed for pulmonary hypertension secondary to con-
genital cardiac defects, making it the leading indication 
for this type of surgery  [58] . 

 Death is usually due to worsening hypoxia as a result 
of physiologic changes induced by pregnancy. For 
example, increased blood volume and lower right ven-
tricular fi lling pressures that result from decreased sys-
temic vascular resistance place increased demands on the 
right ventricle and may precipitate right heart failure if 
there is inability to overcome the elevated pulmonary 
pressures. Also, decreased systemic vascular resistance in 
pregnancy lowers the peripheral resistance relative to the 
pulmonary resistance, increasing the likelihood of shunt 
reversal and worsening hypoxia and cyanosis. Hypoxia, 
in turn, leads to pulmonary vasoconstriction and further 
increases in pulmonary artery pressures. The throm-
bophilic state induced by pregnancy also predisposes 
patients to thromboembolic phenomena, another common 
cause of death in Eisenmenger syndrome. 

 Although Eisenmenger syndrome may be a common 
cause of pulmonary hypertension in young women, it 
remains a rare complication of pregnancy. Therefore, data 
regarding outcomes, optimal route of delivery, and anes-
thetic risks are limited. The maternal mortality rate in 
Eisenmenger syndrome is estimated at 30 – 50%. In the 
most recent review, of 73 patients with pulmonary arterial 
hypertension from 1997 to 2007, overall mortality was 
25%  [59] , a decrease from 38% mortality in a systematic 
review of similar patients from 1978 to 1996  [60] . 
Furthermore, a decrease in mortality for women with con-
genital heart disease associated pulmonary arterial hyper-
tension was noted (36% versus 28%). Of the 18 patients 
who died, 83% died in the postpartum period, with the 
majority of deaths being within the fi rst 6 days post-
partum. Patients diagnosed or admitted to the hospital at 
later gestational ages were at much greater risk of death. 
Other factors historically associated with increased 
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 Four population - based studies have been published 
which include a total of 107 women followed through 274 
pregnancies  [71 – 74] . The overall live birth rate was 80%, 
with 3.3% of patients experiencing an aortic dissection. 
One percent of patients died as a result of dissection. The 
degree of aortic dilation appears to correlate directly with 
risk for aortic dissection and rupture. Patients with an 
aortic root diameter more than 4.5   cm appear to be at 
greatest risk for aortic dissection and rupture. However, 
the exact threshold at which pregnancy termination 
should be advised is unclear. European and recently 
updated American College of Cardiology/American 
Heart Association guidelines recommend discouraging 
pregnancy if the aortic root is  ≥ 4.0   cm whereas the 
Canadian guidelines recommend  ≥ 4.5   cm as the threshold 
 [22] . Elective valve replacement should be considered for 
patients with an aortic root diameter  ≥ 4.7   cm, and updated 
2010 guidelines state that prophylactic replacement is 
warranted if the patient is considering pregnancy  [75] . 

 It is important to assess the aortic root diameter pre-
conception, if possible, to provide the patient with infor-
mation regarding pregnancy risks. Echocardiography 
should be performed monthly or bimonthly to assess for 
worsening aortic dilation  [75] .  β  - Blockers have been 
shown to improve long - term outcomes and should be 
continued throughout gestation  [76] . Vaginal delivery is 
acceptable in patients with an aortic root  <    4.0   cm and no 
signs of heart failure if pain is adequately managed with 
epidural anesthesia and Valsalva maneuvers are avoided. 
Cesarean delivery has been recommended in patients 
with severe aortic regurgitation, aortic distension, or an 
aortic root  ≥    4.0   cm  [75] .   

Peripartum cardiomyopathy

 Peripartum cardiomyopathy (PPCM) is defi ned as the 
development of heart failure in the last month of pre-
gnancy or within 5 months of delivery, in the absence 
of an identifi able cause or preexisting heart disease. 
Additional criteria for diagnosing PPCM include evi-
dence of left ventricular systolic dysfunction, as demon-
strated by classic echocardiographic criteria: ejection 
fraction less than 45%, shortening fraction less than 30%, 
and left ventricular end - diastolic dimension more than 
2.7   cm/m 2  body surface area  [77] . Box  17.8  summarizes 
these diagnostic criteria. 

 The exact incidence of PPCM remains unknown; fortu-
nately, it is relatively rare, occurring in only 1 in 5000 
births  [77] . Mortality rates have been reported to be as 
high as 56%; however, more recent studies suggest that 
mortality rates may be closer to 9%  [78,79] . Despite this, 
PPCM accounts for 8% of all maternal deaths and is one 
of the few causes of maternal mortality that is rising  [78] . 
Forty - eight percent of patients who succumb to PPCM 

Transposition of the great vessels
 Complete transposition of the great vessels (TOGV) is 
uncommon in pregnant women. If it is uncorrected at 
birth, mortality rates approach 90% in the fi rst year of life. 
Long - term survival rates are also diminished, with a 
reported 70 – 80% survival at 20 – 30 years post repair  [65] . 
The most common corrective procedure for complete 
TOGV performed on patients of child - bearing age is the 
atrial switch (Mustard) procedure, in which blood is sur-
gically redirected through the atria  [63] . Right ventricular 
dysfunction and dysrhythmias such as atrial fl utter are 
commonly encountered in patients who survive into 
adulthood. The most signifi cant issue reported in a recent 
series of 28 pregnancies in 16 women with a prior Mus-
tard operation was irreversible right ventricular dysfunc-
tion despite the fact that pregnancy itself was tolerated 
well  [66]  .  

Tetralogy of Fallot 
 Tetralogy of Fallot refers to the cyanotic complex of VSD, 
over - riding aorta, right ventricular hypertrophy, and pul-
monary stenosis. Most patients with tetralogy of Fallot 
undergo surgical correction in infancy and can expect 
excellent long - term survival rates  [67] . Twenty years after 
surgical correction, approximately 10 – 15% will develop 
signifi cant complications, including pulmonary insuffi -
ciency, which lead to right - sided heart failure and arrhyth-
mias  [68] . 

 Most series report no adverse maternal events in preg-
nancy following surgical correction; however, in a recent 
literature review of 222 pregnant patients with tetralogy 
of Fallot, arrhythmia and heart failure were seen in 6.4% 
and 2.4% of patients, respectively  [31] . Those patients 
with severe pulmonary regurgitation appear to be at 
greatest risk for these complications.  

Marfan syndrome
 Marfan syndrome is an inherited connective tissue disor-
der of autosomal dominant transmission which leads to 
defective fi brillin, an important component of all connec-
tive tissues. Therefore, patients have a 50% chance of 
passing the disorder to their children. The defective fi bril-
lin results in cardiovascular, ocular, and musculoskeletal 
abnormalities, with 80% of patients having adverse 
cardiac effects  [69] . Classic Marfan syndrome is estimated 
to occur in 4 – 6 per 100,000 people. Patients with Marfan 
syndrome have a shortened life expectancy (mean of 32 
years if untreated), and more than 90% succumb to cardiac 
complications such as aortic dissection or rupture  [70] . 
The weakened aortic media allows for progressive aortic 
dilation, which predisposes the individual to aortic 
rupture. The hemodynamic changes of pregnancy place 
additional stress on the dilated, weakened aorta, thereby 
increasing the risk of rupture. 
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receptor blockers (ARBs) are a standard part of heart 
failure management in nonpregnant patients but should 
be avoided in pregnant women.  β  - Blockers reduce myo-
cardial oxygen requirements and may also be used if 
cardiac output does not improve satisfactorily with 
preload and afterload reduction. 

 Anticoagulation with UFH or LMWH should be con-
sidered to prevent thromboembolic events, especially in 
patients with dysrhythmias or markedly depressed ejec-
tion fractions. Warfarin may be used in postpartum 
patients and is compatible with breastfeeding. The risk of 
thrombus formation increases as the severity of ventricu-
lar dilation increases. Figure  17.3  outlines the approach to 
the patient with PPCM.   

 For pregnant patients diagnosed with PPCM, delivery 
poses particular concerns. In general, there is no evidence 
to suggest that cesarean delivery is benefi cial, and it 
should be reserved for the usual obstetric indications. 
With careful monitoring, regional anesthesia is acceptable 
in patients with PPCM and is important for controlling 
pain, minimizing maternal effort, and reducing cardiac 
workload. An assisted second stage should be considered 
if contractions are insuffi cient to deliver the fetus without 
maternal pushing efforts. In the immediate postpartum 
period, decompensation may occur as third - space fl uid 
reenters the intravascular space. 

 The prognosis for patients with PPCM is poor if left 
ventricular function does not normalize within 6 months 
of delivery. In this group, mortality rates approach 85% 
by 5 years  [82] . Death usually results from dysrhythmias, 
thromboembolic phenomena, or progressive heart failure. 
Recent studies suggest that recovery of left ventricular 
function can be expected in 41 – 54% of patients  [79] . 
However, predicting which patients are most likely to 
experience recovery has been challenging. Normalization 
of left ventricular function is signifi cantly more likely in 
patients with an initial ejection fraction greater than 30% 
 [79] . Other markers of ventricular size and function at 
initial diagnosis may also identify those less likely to 
recover. 

 Recurrent PPCM has been well described, even in 
patients whose left ventricular function has apparently 
returned to normal. This may be due to defi cient contrac-
tile reserve, which may be demonstrated in response to a 
dobutamine challenge  [83] . One author reported no 
adverse events in four pregnancies in patients with a 
history of PPCM  [84] . In contrast, Elkayam  et al   [85]  
detailed outcomes in 35 ongoing pregnancies in women 
with a history of PPCM. Even in patients with apparently 
normal cardiac function at the onset as measured by an 
ejection fraction more than 50%, cardiac symptoms 
occurred in 6%, and 17% exhibited deteriorating cardiac 
function during gestation. Deterioration persisted after 
delivery in 9%, but no deaths occurred. Those with 
evidence of compromised left ventricular performance 

will die in the fi rst 6 weeks postpartum. Fifty percent of 
PPCM deaths occur in the ensuing year. 

 Classic risk factors for PPCM include multiparity, 
advanced maternal age, multifetal gestation (fourfold 
increased risk), preeclampsia, hypertension, and African 
descent (sixfold increased risk)  [80] . The etiology of peri-
partum cardiomyopathy has not been determined, but 
the most current evidence suggests viral myocarditis. 
One study reported endomyocardial biopsies consistent 
with myocarditis in 76% of patients  [81] . Evidence of 
autoantibodies against cardiac tissue proteins in patients 
with PPCM also supports a role for an autoimmune 
phenomenon.

 Once PPCM is diagnosed, management is focused on 
reducing cardiac preload with diuretics (furosemide), 
reducing cardiac afterload with vasodilators (hydrala-
zine, nitroglycerin, nitroprusside), and improving cardiac 
contractility with inotropic agents (dobutamine, digoxin). 
Diuresis should be undertaken cautiously in patients who 
are still pregnant at the time of diagnosis. Overaggressive 
fl uid loss may result in decreased uterine perfusion and 
fetal compromise. Afterload reduction decreases the pres-
sure against which the heart pumps and improves cardiac 
output. Stimulating cardiac output with inotropic agents 
is often necessary and will also improve uterine per-
fusion. Dobutamine, a selective β 1 - agonist and inotropic 
vasodilator, offers the advantage of selectively decreasing 
systemic vascular resistance but is primarily used as 
short- term therapy. Digoxin is useful for prolonged ino-
tropic support but may require signifi cantly higher doses 
and more frequent dosing intervals in pregnant patients. 
Dysrhythmias such as atrial fi brillation may occur as 
cardiac chamber distension worsens. Angiotensin -
 converting enzyme (ACE) inhibitors and angiotensin 

Box 17.8 Criteria for diagnosis of peripartum cardiomyopathy 

Classic

• Development of cardiac failure in last month of pregnancy or within 

5 months postpartum 

• Absence of an identifi able cause for cardiac failure 

• Absence of recognizable heart disease prior to last month of 

pregnancy 

Additional

• Left ventricular systolic dysfunction demonstrated by classic 

echocardiographic criteria: 

– Ejection fraction <45%

– Shortening fraction <30%

– Left ventricular end -diastolic dimension >2.7cm/m2 body surface 

area 

Source: Pearson et al [77].
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transplantation compared to no patients with an ejection 
fraction > 25%. Other authors have reported similar fi nd-
ings in smaller series. Therefore, women with a history 
of PPCM and evidence of incomplete left ventricular 
recovery should be counseled to avoid pregnancy.  

Acute myocardial infarction

 Acute myocardial infarction (AMI) occurring during 
pregnancy and the puerperium is rare, affecting approxi-
mately 1 in 35,000 gravidas  [87] . The incidence can be 
expected to increase as more women postpone child-
bearing into the fourth and fi fth decades of life, when risk 
factors for coronary artery disease are more prevalent. In 
fact, a population - based study of AMI in pregnancies 
from 1991 to 2000 demonstrated an increasing incidence 
across the decade  [87] . In this study of 151 patients, the 
mortality rate of AMI during pregnancy was 7.3%, signifi -
cantly lower than reported in previous studies  [88] . The 
three strongest predictors of AMI in this study were 
chronic hypertension, advancing maternal age, and dia-
betes. Sixty - six percent of the AMIs occurred in women 
older than 30 years. Only 21% of AMIs were diagnosed 
intrapartum; the remainder were evenly divided between 
the antepartum and postpartum periods, but no deaths 
occurred postpartum. Patients diagnosed with AMI intra-
partum had the highest mortality rate and were more 
likely to have severe preeclampsia and eclampsia. 
Myocardial infarction occurring before or after labor was 
more likely to be related to diabetes, coronary artery 
disease, and lipid disorders  [87] . 

 A 2008 review summarized outcomes of 103 pregnant 
patients diagnosed with AMI  [88] . The majority of myo-
cardial infarctions occurred in women older than 30 years 
(72%), and location was most frequently found in the 
anterior wall (78%). In this review, the maternal death rate 
was 11% (twice as high if AMI was diagnosed in the peri-
partum period), and overall fetal mortality rate was 9%. 
Atherosclerotic disease was identifi ed in 40% of patients, 
coronary thrombus in 8%, and apparently normal coro-
nary arteries in 13%. 

 The acute treatment of AMI in pregnancy should 
adhere to the same management principles as for the 
nonpregnant patient: supplemental oxygen, aspirin 
(325   mg), narcotic analgesia, nitroglycerin, heparin, and 
β  - blockers. The use of fi brinolytic agents during preg-
nancy (almost exclusively for the treatment of pulmonary 
emboli) is limited but has been associated with an 
increased rate of maternal hemorrhage, premature deliv-
ery, and fetal loss  [88] . However, fi brinolytics such as 
streptokinase and reteplase are considered standard fi rst -
 line therapy in nonpregnant patients to reduce mortality 
following AMI and should be considered based on mater-
nal condition. 

(ejection fraction less than 50%) suffered signifi cant com-
plications during gestation, with cardiac symptoms 
developing in 50%, deterioration of cardiac function in 
33%, persistent decompensation in 42%, and death in 25% 
of women in this group. Habli  et al  identifi ed 70 patients 
with documented PPCM and classifi ed them into groups 
based on ejection fraction > 25% (60%) or  ≤ 25% (40%) 
 [86] . Over half (57%) of the patients with an ejection 
fraction ≤ 25% had end - stage cardiac disease requiring 

Figure 17.3     Management of peripartum cardiomyopathy. SBP, 
systolic blood pressure.  

Peripartum cardiomyopathy diagnosed 
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improved symptoms 
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DELIVERED

Improve contractility
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Persistent symptoms
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Consider prophylaxis if pregnant or recently postpartum
without above indications 

PREGNANT

Unfractionated heparin

DELIVERED
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Add positive airway pressure, may require intubation

Low molecular weight heparin,or
unfractionated heparin, or
coumadin
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namic instability that do not respond to medical manage-
ment may safely undergo electrical cardioversion  [92] .   

 Ideally, patients with preexisting arrhythmias should 
be evaluated before conception to determine whether 
therapies such as radiofrequency ablation, pacemaker 
placement, or an implantable cardioverter - defi brillator 
(ICD) are appropriate, and to review the risks of fetal 
exposure to cardiac medications during pregnancy. 
Patients with ICDs appear to tolerate pregnancy well  [93] . 
Anticoagulation should be considered for patients with 
chronic atrial fi brillation, particularly in the setting of 
rheumatic heart disease; this is reviewed elsewhere in the 
chapter.  

Pregnancy after cardiac
transplantation

 The most common causes for cardiac transplantation 
in young women include cardiomyopathy, transposi-
tion of the great vessels, viral myocarditis, idiopathic 
dilated cardiomyopathy, and postpartum cardiomyo-
pathy. Although cardiac transplantation is becoming 
more common (see Chapter  19 ), data on pregnancy after 
transplantation remain limited. Potential concerns 
regarding subsequent pregnancy consist of the ability of 
the denervated heart to respond adequately to the car-
diovascular demands of pregnancy, the effect of preg-
nancy on rejection and mortality rates, and the potential 
complications for the neonate, particularly as a result of 
the immunosuppressive medications that are necessary 
to prevent rejection. Reports suggest that the trans-
planted heart retains its ability to adjust to hemodynamic 
changes before and during pregnancy, with the under-
standing that the denervated heart will at times maintain 
a fi xed heart rate (sinus tachycardia is not uncommon 
given lack of parasympathetic innvervation) and not 
respond adequately to indirect vasopressors like ephe-
drine  [94,95] . 

 In 2003, the National Transplantation Pregnancy 
Registry (NTPR) reported results on 20 pregnancies in 13 
heart transplant recipients who underwent transplant 
before age 21. No deaths occurred during pregnancy, but 
rejection episodes developed in 57% of recipients during 
gestation. Most episodes were mild and graft outcome 
was considered  “ adequate. ”  No graft losses occurred in 
the 2 years postpartum, but three patients died within 5.5 
years of delivery. Forty - fi ve percent experienced hyper-
tension, and 11% met criteria for diagnosis of preeclamp-
sia. No neonatal deaths were described, but prematurity 
was common (46%)  [96] . This report is consistent with 
other case series published on the topic  [94,97] . The most 
commonly encountered complications included hyper-
tension, preeclampsia, preterm birth, and mild rejection 
episodes.

 Given that only 10 of the 103 pregnancies reviewed in 
the aforementioned 2008 study delivered via cesarean 
section  [88] , vaginal delivery can safely be performed in 
these patients by minimizing myocardial demands, con-
trolling heart rate, maintaining adequate blood pressure, 
and monitoring intravascular volume changes. Vaginal 
deliveries require aggressive pain management, supple-
mental oxygen, and minimization of maternal pushing 
efforts. The increased myocardial demand in labor may 
lead to cardiac decompensation in patients with a recent 
infarction. Some evidence exists suggesting that mortality 
is increased with cesarean delivery; however, the optimal 
route for delivery is controversial and should be indi-
vidualized. Oxytocin, ergonovine, and prostaglandins 
have potential to cause coronary vasospasm and should 
be used with caution. Information regarding risks in sub-
sequent pregnancies is very limited.  

Arrhythmias

 Interpretation of an electrocardiogram (ECG) in pregnant 
patients must take into account the common gestational 
changes, including increased heart rate, shortened PR and 
QT intervals, left axis deviation, and nonspecifi c ST 
changes. Asymptomatic arrhythmias occur with surpris-
ing frequency in laboring patients  [89] . However, hemo-
dynamically signifi cant abnormalities and preexisting 
arrhythmias are less common. A history of supraventricu-
lar tachycardia (SVT) increases the risk of SVT during 
pregnancy  [90] . The presence of atrial fi brillation or fl utter 
should prompt evaluation for structural cardiac disease, 
hyperthyroidism, or electrolyte disturbances, as these 
arrhythmias are rare during pregnancy in the absence of 
one of these fi ndings. Bradyarrhythmias are far less 
common in pregnancy than tachyarrhythmias and are 
generally well tolerated. Pacemakers may be placed 
safely during gestation, if necessary  [90] . 

 Pharmacologic management of arrhythmias in preg-
nancy is tailored to the specifi c diagnosis and is usually 
not altered by pregnancy. Many of these medications can 
also be used to treat fetal arrhythmias and pose minimal 
fetal risk in therapeutic doses. Table  17.6   [91]  outlines 
many commonly used cardiac medications and their 
effect on pregnancy. Commonly used medications such as 
adenosine, β  - blockers, digoxin, diltiazem, lidocaine, pro-
cainamide, and quinidine may be used safely in preg-
nancy but may require dosage adjustments to reach 
therapeutic levels as a result of increased maternal plasma 
volume, decreased protein binding, and increased renal 
excretion. Amiodarone has been associated with neonatal 
complications such as bradycardia as well as 
neurologic and thyroid abnormalities and should not be 
used during pregnancy. Patients with ventricular or 
supraventricular tachyarrhythmias resulting in hemody-



www.manaraa.com

Chapter 17 Cardiac Disease    145

Table 17.6    Cardiovascular drugs commonly used in the obstetric intensive care setting and their effects on uterine blood fl ow and 
the fetus

Drug (safety category 
in pregnancy) 

Dose Uterine blood fl ow (UBF) Fetal effects 

Inotropic agents 

Digoxin (C) Loading dose 0.5 mg IV over 5 min, then 
0.25mg IV q6 h × 2

Maintenance 0.125 –0.375mg IV/PO qday 

No change Placental transfer 
Higher maternal maintenance dose 

required for fetal effect 
Not teratogenic 

Dopamine (C) Initiate with 5 μg/kg/min and titrate by 
5–10μg/kg/min to max 50 μg/kg/min

Directly ↓ UBF 
May ↑UBF with improved 

maternal hemodynamics 

No known adverse fetal effects 

Dobutamine (B) Initiate with 1.0 μg/kg/min and titrate up to 
20μg/kg/min

Same as dopamine No known adverse fetal effects 

Epinephrine (C) Endotracheal, 0.5 –1.0mg q5 min; IV 0.5 mg
bolus and follow with 2 –10μg/kg/min infusion 

Same as dopamine Not teratogenic 

Vasodilators

Nitroprusside (C) Initiate with 0.3 μg/kg/min and titrate to 
10μg/kg/min

UBF unless signifi cant 
↓ in maternal BP 

No known adverse fetal effects 
Potential for fetal cyanide toxicity 
Avoid prolonged use 

Hydralazine (C) 5–10mg IV q15 –30min
Total dose 30 mg

Same as nitroprusside Not teratogenic 

Nitroglycerin (B) 0.4–0.8mg sublingual 1 –2 inches of dermal 
paste, IV infusion 10 μg/min, titrate up by 
10–20μg/min prn 

Same as nitroprusside Not teratogenic 

β-Blockers

Propranolol (C) 1mg IV q2 min as needed ↓ UBF by  ↑ uterine tone 
And/or ↓ maternal BP 

Not teratogenic 
Readily crosses placenta 
Fetal bradycardia, IUGR 
(D) if used in 2 nd/3rd trimester 

Labetolol (C) 10–20mg IV followed by 20 –80mg
IV q10 min to total dose of 150 mg

Same as propranolol Same as propranolol 

Atenolol (D) 5mg IV over 5 min, repeat in 5 min to a total 
dose of 15 mg

Same as propranolol Same as propranolol 

Metoprolol (C) 5mg IV over 5 min; repeat in 10 min Same as propranolol Same as propranolol 
Esmolol (C) 500μg/kg IV over 1 min with infusion rate of 

50–200μg/kg/min
Same as propranolol No known adverse fetal effects 

Rapid metabolism (half -life 11 min)
also occurs in the fetus 

Calcium channel blockers

Verapamil (C) 2.5–5mg IV bolus over 2 min, repeat in 5 min,
then q 30 min prn to a max of 20 mg

Mild ↓ UBF Not teratogenic 

Nifedipine (C) 10mg PO, repeat q6 h Same as verapamil Not teratogenic 
Diltiazem (C) 20mg IV bolus over 2 min, repeat in 15 min Same as verapamil Not teratogenic 

Vasoconstrictors

Ephedrine sulfate (C) 10–25mg slow IV bolus, repeat 
q15 min prn ×3

No effect Not teratogenic. 70% of maternal 
blood level in the fetus 

Metaraminol (C) Initiate with 0.1 mg/min and titrate to 2 mg/min Mild ↓ UBF No data available 

Antiarrhythmic agents

Lidocaine (B) 1mg/kg bolus; repeat ½ bolus at 10 min as 
needed ×4; infusion at 1 –4mg/min; total dose 
3mg/kg

No effect Not teratogenic 
Rapidly crosses placenta 

Procainamide (C) 100mg over 30 min, then 2 –6mg/min infusion 
Total dose 17 mg/kg

No effect 

Quinidine (C) 15mg/kg over 60 min, then 0.02 mg/kg/min
infusion

No effect 

(Continued)
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 Some of the commonly used immunosuppressive 
medications include corticosteroids, azathioprine 
(Imuran), cyclosporine A (Sandimmune), tacrolimus or 
FK506 (Prograf), and mycophenolate mofetil (CellCept). 
Although relatively few pregnancies in cardiac trans-
plantation recipients have been reported, abundant 
data exist on the use of these medications to prevent 
graft rejection in pregnant renal transplant recipients. 
In general, patients can be reassured that the neonatal 
risks posed by these medications are minimal. 
Azathioprine has been associated with neonatal 

    A 20 - year - old gravida 1, para 0 at 37 weeks ’  gestation, as 
determined by fi rst - trimester ultrasound, presented to the 
obstetric triage unit with shortness of breath and irregular 
uterine contractions. She had been followed during the 
pregnancy for a repaired coarctation of her aorta and a 
bicuspid aortic valve. During initial assessment, her vital 
signs were blood pressure 131/76   mmHg, pulse 78 beats/
min, oxygen saturation 99% on room air, respiratory rate 
16/min, and temperature 98.7 ° F. Cardiopulmonary 
examination demonstrated no evidence of maternal 
cardiac decompensation. Her cervix was found to be 3   cm 
dilated, 80% effaced, with the fetus in vertex presentation 
at 0 station. The fetal heart rate pattern was a reassuring 
category I tracing. 

 The patient was admitted to the hospital for further 
evaluation. Review of her medical records revealed that 

her most recent echocardiogram showed mild aortic ste-
nosis (as defi ned above), with an ejection fraction (EF) of 
65%. An echocardiogram repeated in the hospital showed 
an EF of 66%, aortic diameter of 3.3   cm 2 , and a peak gradi-
ent pressure of 11   mmHg. Subsequently, the patient expe-
rienced spontaneous rupture of membranes; oxytocin 
was initiated for labor augmentation. She received an 
epidural for pain control which was dosed slowly to 
prevent hypotension. Later that day, she developed 
chorioamnionitis. Intravenous ampicillin and gentamicin 
were started. 

 Upon achievement of complete dilation, and 3 +  fetal 
station, an assisted second stage was attempted with 
forceps. When this failed, the patient underwent cesarean 
delivery of a viable 3200   g male with Apgars of 7 and 9 at 
1 and 5   min, respectively. Clindamycin was added to 

CASE PRESENTATION 

Drug (safety category 
in pregnancy) 

Dose Uterine blood fl ow (UBF) Fetal effects 

Bretylium (C) 5mg/kg IV bolus, then 1 –2mg/min infusion ↓ UBF Unknown
Phenytoin (D) 300mg IV, then 100 mg every 5 min to a total 

of 1000 mg
No effect Teratogenic “Fetal hydantoin 

syndrome”
Amiodarone (D) 5mg/kg IV over 3 min, then 10 mg/kg/day No effect Teratogenic

Transient bradycardia 
Prolonged QT 

AV node blocking agents 

Adenosine 6mg IV bolus over 1 –3 sec, followed by 
20mL saline bolus; may repeat at 12 mg in 
1–2min × 2

↑ or  ↓ UBF No known adverse fetal effects 

Verapamil As stated above 
β-Blockers As stated above 
Digoxin As stated above 

AV, atrioventricular; BP, blood pressure; IUGR, intrauterine growth restriction; IV, intravenous; PO, per os; prn, pro re nata; q, every. 
Reproduced from Hameed and Foley [91] with permission from McGraw -Hill.

Table 17.6 (Continued)

immunosuppression when used at high doses. Current 
protocols utilize relatively lower doses of this drug, and 
adverse neonatal events have not been reported. A 
recent clinical report identifi ed seven documented cases 
of congenital anomalies (including cleft lip/palate, 
microtia, micrognathia) in mothers taking mycopheno-
late mofetil, and this drug has recently been classifi ed 
as category D  [98] . Given the high doses of immuno-
suppressive therapy and risk of rejection in the fi rst 
year after transplant, pregnancy is discouraged within 
the fi rst post - transplant year  [99] .    
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Renal Disease 

  David C.     Jones  
  Department of Obstetrics, Gynecology and Reproductive Sciences, University of Vermont College of Medicine, Burlington, 
VT, USA       

     The presence of maternal renal disease during pregnancy 
carries risks for both the fetus and the mother. However, 
over the past 30 years, an improved understanding of the 
nature of those risks and how they can be best mitigated 
has led to a change in attitude. This change was summed 
up in the editorial comment  “ Children of women with 
renal disease used to be born dangerously or not at all  –  
not at all if their doctors had their way ”   [1] . This has been 
replaced by the recognition that through careful manage-
ment, the majority of affected women with all but the 
most severe renal disease have a high likelihood of a suc-
cessful pregnancy.  

Physiological changes in renal function
during pregnancy

 Renal function, water metabolism, and sodium homeos-
tasis are among the systems undergoing physiologic 
changes during pregnancy, and it is important to under-
stand these normal changes in order to identify patho-
logic changes. The volume expansion of pregnancy is 
characterized by an increase in extracellular fl uid and 
peripheral vasodilation that begins in the fi rst trimester 
and continues until delivery. Of the 6 – 8   L of body water 
accumulated during pregnancy, the majority is held in the 
extracellular compartment with about 1200   mL accounted 
for in the plasma volume and the rest distributed to the 
interstitial space. Plasma osmolality drops as the osmo-
stat is reset from 280   mOsm/kg H 2 O to about 270   mOsm/
kg H 2 O  [2] . Although serum sodium levels subsequently 
drop by 3 – 4   mEq, there is actually an overall gain in total 
body sodium. Increases in serum progesterone and pros-
taglandins, and increases in the fi ltered load of sodium 
favor sodium excretion, while increased levels of aldos-
terone, deoxycorticosterone, and estrogen favor sodium 
reabsorption. While both sodium excretion and reabsorp-
tion are increased compared to the nonpregnant state, the 

net effect is an increase in body sodium during pregnancy 
of approximately 950   mg  [3] . 

 Vasopressin production is increased during pregnancy, 
but serum vasopressin levels remain unchanged due to a 
fourfold increase in metabolic clearance secondary to the 
placental production of vasopressinase, which rapidly 
degrades circulating vasopressin  [4] . There is no change 
in the ability to concentrate urine or excrete water during 
pregnancy. However, in rare instances, diabetes insipidus 
develops near term due to failure to fully compensate for 
vasopressin degradation or excess vasopressinase pro-
duction. The copious production of very dilute urine 
leads to hypernatremia, which can cause cerebral injury 
in the fetus or mother. While this condition occurs close 
to term when vasopressinase levels are at their peak, the 
etiology can be determined based on response to therapy. 
In the case of an inadequate central nervous system pro-
duction of vasopressin, treatment with vasopressin cor-
rects the insuffi ciency, leading to concentration of the 
urine and control of the loss of free water. In this case, 
pregnancy has unmasked a central defect, and recurrence 
in future pregnancies is likely. On the other hand, vaso-
pressin replacement will not treat diabetes insipidus 
caused by excessive placental vasopressinase. In this case, 
therapy must consist of deamino arginine vasopressin 
(dDAVP), a vasopressin analog that is not cleaved by 
vasopressinase. Treatment with dDAVP will result in a 
rapid correction of urine concentration. Because this is the 
result of high vasopressinase production by that particu-
lar placenta, the condition is transient and unlikely to 
recur in future pregnancies. 

 Other changes are also noted in renal tubular function 
with regard to other electrolytes and nonelectrolyte 
solutes during pregnancy. These alterations result in an 
increase in the fractional excretion of glucose, amino 
acids, and small peptides  [5] . It is not rare to see glyco-
suria in the face of normal serum glucose levels during 
pregnancy. Consequently, glycosuria is not a reliable 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

151



www.manaraa.com

152    Part 4 Maternal Disease

pyelonephritis complicating asymptomatic bacteriuria, 
with more infections noted on the right side, which, as 
noted, is usually more dilated than the left side.  

Renal disease in pregnancy

 Renal disease can be broadly characterized into primary 
and secondary, based on whether the disorder is inherent 
to the kidney or caused by some other systemic disease. 
This is true whether the patient is pregnant or not; 
however, pregnancy adds a number of secondary causes 
of renal disease. When assessing a pregnant patient with 
apparent renal disease, the most important questions to 
start with relate to whether there was evidence of renal 
disease prior to the pregnancy and, if not, what was the 
gestational age of the pregnancy when the fi rst signs of 
renal disease were noted? While it is possible that renal 
disease unrelated to pregnancy could coincidentally arise 
during the pregnancy, the later in the pregnancy it is seen, 
the more likely it is to be a pregnancy - related renal condi-
tion. Conversely, when renal disease is diagnosed before 
20 weeks ’  gestation, it is very rarely related to a pregnancy -
 associated condition such as preeclampsia. 

 The main markers for renal disease during pregnancy 
are the same markers identifi ed outside of pregnancy: 
proteinuria and renal insuffi ciency as manifest by an 
elevated serum creatinine. Unfortunately, in many cases, 
neither prepregnancy nor early pregnancy measurements 
of serum creatinine and proteinuria are available, since 
these are not checked routinely in early pregnancy or 
preconception. 

Proteinuria
 Proteinuria is defi ned as urinary protein excretion greater 
than 300   mg/24   h. Proteinuria is usually indicative of 
renal disease and can be characterized based on the site 
of the injury  –  glomerular or tubulointerstitial. While this 
distinction is not always critical to management of the 
disease, it can be. When the excretion is  > 2.0   g/24   h, the 
injury is usually glomerular. As the amount of proteinuria 
increases, so do symptoms. Although excretion  < 3.0   g/24   h 
is usually asymptomatic, above that level, there may be 
edema formation due to the retention of sodium and 
water. Nephrotic syndrome is defi ned as proteinuria 
> 3.0   g/24   h with a serum albumin level  < 3.0   g/dL. Edema 
can only develop in the presence of hypoalbuminemia, 
and when this is present, edema will form when the 
sodium intake exceeds the maximum capacity for sodium 
excretion. Edema formation with nephrotic syndrome can 
be profound, affecting not only the legs but also the arms 
and vulva. Edema in the carpal tunnel can cause carpal 
tunnel syndrome. Vulvar edema can make the patient 
extremely uncomfortable and may increase the likelihood 
of vaginal lacerations at the time of delivery. 

indicator of diabetes, and formal glucose tolerance 
testing or serum glucose levels are required to make the 
diagnosis. Protein excretion is also increased and can be 
double nongravid levels. Indeed, the mean 24 - h urinary 
protein in pregnancy is 117   mg, and the upper 95% 
confi dence limit is 259   mg, approaching the level of 
300   mg/24   h that defi nes proteinuria  [6] . While these 
fi ndings suggest that there is a generalized reduction in 
the reabsorption of nonelectrolyte solutes during preg-
nancy, as was noted for sodium, there is a net retention 
of 350   mEq of potassium due to increased proximal 
tubular reabsorption  [7] . 

 Increases in both the renal plasma fl ow (RPF) and 
glomerular fi ltration rate (GFR) occur during pregnancy, 
with the RPF peaking in the second trimester at about 
60 – 80% above baseline prepregnancy levels and then 
falling back to about 50 – 60% above baseline in the third 
trimester  [1,8] . The GFR increases by about 30% during 
the fi rst trimester and then to about 50% above baseline 
in the second trimester, a change that is sustained through-
out the remainder of the pregnancy. Subsequently there 
is a reliable fall in the serum creatinine from an average 
of 0.67 ±  0.2   mg/dL in the nonpregnant state to about 0.5 
±  0.1   mg/dL during pregnancy. This dramatic fall is reli-
able to the point that a level above 0.8   mg/dL raises the 
possibility of mild renal insuffi ciency  [9] . 

 Recognizing physiologic changes promotes an under-
standing of the different cut - offs used during pregnancy 
when monitoring renal function for evidence of renal 
disease and insuffi ciency. Additionally, it has been long 
recognized that pooling of fl uid in the lower extremities 
leads to a drop in urinary fi ltration  [8] . Consequently, 
during the later stages of pregnancy, if an accurate meas-
urement of the GFR is desired, the gravida should be well 
hydrated and lying on her left side during the measure-
ment period, and it has been suggested that the measure-
ments should be performed over two consecutive 1 - h 
periods to reduce the infl uence of sequestered fl uid in the 
lower extremities. 

Anatomic changes in the urinary tract
during pregnancy

 The kidney increases in size during pregnancy by about 
1 – 1.5   cm in length and about 30% in volume  [10,11] . The 
urinary collecting system also dilates, with the right side 
more affected than the left  [12,13] . The enlarging, dextro-
rotated uterus, the enlarged right ovarian vein plexuses 
and, to a lesser extent, hormonal infl uences, primarily 
from progesterone, play a role in creating the physiologic 
hydronephrosis and ureteric dilation of pregnancy. 
These anatomic changes must be borne in mind when 
interpreting imaging studies of the kidney in pregnant 
patients. Additionally, there is an increased incidence of 
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of plasma volume. Note that the reduced circulating 
plasma volume that characterizes preeclampsia generally 
precludes using diuretics in the setting of edema second-
ary to proteinuria in severe preeclampsia. It should also 
be noted that in patients with preexisting renal disease, 
the degree of proteinuria does not appear to be predictive 
of outcome  [14] .  

Renal insuffi ciency 
 Renal insuffi ciency is diagnosed based on the serum cre-
atinine. As noted previously, levels that may be consistent 
with normal function outside pregnancy suggest renal 
disease when measured during pregnancy  [9] . The sever-
ity of renal insuffi ciency during pregnancy is classifi ed 
based on the creatinine at initial presentation or a serum 
creatinine within 6 months of conception if the patient 
presents for care late in her pregnancy. Mild insuffi ciency 
is defi ned as serum creatinine  > 0.8 to  ≤ 1.4   mg/dL, moder-
ate as > 1.4 to  ≤ 2.5   mg/dL, and severe as  > 2.5   mg/dL. 

  Mild  r enal  i nsuffi ciency 
 It has been recognized for over 20 years that women with 
mild renal insuffi ciency can be expected to have relatively 
uncomplicated pregnancies. In the fi rst large series exam-
ining pregnancy complicated by mild renal insuffi ciency, 
it was shown that new - onset hypertension or exacerba-
tion of hypertension was seen in about 25% but returned 
to prepregnancy levels after delivery. Severe or signifi -
cantly increased proteinuria was seen in 47% of the 
women, with 68% of them being in the nephrotic range. 
In 63% of the women with prepregnancy urinary protein 
measurements, the proteinuria occurred for the fi rst time 
in pregnancy. Decreases in renal function were seen in 
16% but were small and generally reversible  [15] . Several 
other authors documented similar fi ndings  [16 – 18] . 
Indeed, there is no evidence that pregnancy alters the 
long - term natural course of renal disease in these cases. 
Infant survivals have been quite high, about 90% or 
higher, and are expected to be even better today given 
that most of these reports were from the 1980s. However, 
studies of women with moderate and severe disease have 
not been quite as favorable.  

  Moderate and  s evere  r enal  i nsuffi ciency 
 Early reports of pregnancies in women with moderate 
and severe renal disease suggested that pregnancy accel-
erated progression of the natural history of the renal 
disease in about 50% of cases  [19,20] . However, with 
improvements in management of hypertension, recent 
reports have been more encouraging. Two small series 
suggested that about one - third of women with moderate 
renal insuffi ciency would experience a permanent dete-
rioration in their renal function that was higher than the 
rate of deterioration they had prior to their pregnancy 
 [21,22] . The decline in renal function was further 

 While some women may enter into a pregnancy with 
nephrotic syndrome range proteinuria secondary to 
known renal disease, it may also be caused by intrinsic 
renal disease that is unmasked by the pregnancy, the most 
common being minimal change disease (MCD), also 
referred to as nil disease or lipoid nephrosis. In this 
condition, proteinuria is generally detected on routine 
urine dipstick analysis, leading to further investigation. 
Proteinuria may also result from renal disease that is sec-
ondary to a chronic systemic disease such as diabetes, and 
it may also be related to pregnancy complications. The 
most common cause for the new onset of proteinuria in 
pregnancy is preeclampsia, a condition defi ned by new -
 onset hypertension (blood pressure  > 140/90 on two occa-
sions at least 6   h apart) and a 24 - h urine protein collection 
> 300   mg. Proteinuria  > 5000   mg/24   h is one of the fi ndings 
that would classify the disease as severe preeclampsia. 

 In women with known renal disease or those with sys-
temic disease that has the potential to cause renal disease 
(e.g. diabetes, poorly controlled chronic hypertension), it 
is of value to obtain a 24 - h urine collection early in the 
pregnancy as a baseline. While baseline proteinuria can 
worsen simply due to the pregnancy itself, such baseline 
measurements are useful for comparison to collections 
later in the pregnancy when the clinician may need to 
attempt to distinguish an exacerbation of underlying 
renal disease from preeclampsia. While this may be dif-
fi cult and perhaps impossible in some cases, the pre-
sumed diagnosis affects clinical management. In 
pregnancies affected by renal disease without renal failure 
that are otherwise uncomplicated, the goal is to carry the 
pregnancy to term. In nonsevere (mild) preeclampsia, the 
goal is generally to carry to 37 weeks ’  gestation. In severe 
preeclampsia, the pregnancy is rarely carried beyond 34 
weeks ’  gestation. 

 After nephrotic syndrome has been diagnosed, man-
agement is focused on limiting edema formation. Dietary 
sodium restriction is the primary means available, and 
intake should be limited to 1.5   g sodium daily. Bedrest in 
the lateral recumbent position is helpful in promoting an 
increase in sodium excretion. While clinicians tend to 
emphasize the left lateral recumbent position, which is 
the best side for enhancing return of blood to the heart 
from the lower part of the body, the right recumbent posi-
tion also promotes blood returned compared to the supine 
position and may offer women a different position should 
lying on the left side become uncomfortable. In general, 
diuretics are best avoided during pregnancy due to the 
potential to reduce intravascular volume, decreasing 
uterine blood fl ow and subsequently decreasing per-
fusion of the placental bed. However, in cases of severe 
edema causing excessive discomfort or severe carpal 
tunnel syndrome, low doses of loop diuretics or hydro-
chlorthiazide may be used every other day, to reduce 
edema while minimizing the risk of excessive reduction 
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low for women with baseline creatinine  < 2.0   mg/dL, with 
only 2% of these women showing an accelerated decline 
in renal function. The risk of a rapid decline to end - stage 
disease was signifi cantly higher for women with baseline 
creatinine levels between 2.0 and 2.5   mg/dL, with 33% 
showing an accelerated decline related to pregnancy. 
Among women with only moderate renal insuffi ciency, 
the most common maternal complications were worsen-
ing hypertension (24%), worsening proteinuria (29%), 
preterm delivery (55%) and intrauterine growth restric-
tion (IUGR) (31%). In this setting, preeclampsia is diffi cult 
to diagnose, and no data on the frequency of that diagno-
sis were reported. In the subset of women with severe 
disease (creatinine  > 2.5   mg/dL), 33% had an accelerated 
decline in renal function and obstetric complications were 
more frequent. Hypertension was noted to worsen in 
62%, preterm delivery occurred in 73%, and IUGR 
affected 57%. 

 In the entire cohort with moderate and severe renal 
disease, infant outcomes were relatively good owing to 
advances in neonatal medicine. Despite the preterm birth 
rate of 59% and IUGR noted in 37%, perinatal mortality 
(neonatal deaths plus stillbirths) was only 7%. Another 
report that included 11 women with severe renal insuffi -
ciency found a higher rate of preterm birth (86%) and 
lower rate of IUGR (43%)  [24] . A comparison of outcomes 
for pregnancies complicated by moderate and severe 
renal disease is shown in Table  18.1 .   

 In summary, while neonatal outcomes are generally 
good for women with moderate and severe renal insuf-
fi ciency, these pregnancies carry signifi cant risks of 
obstetric and maternal complications, including a risk of 
accelerated loss of renal function, particularly for women 
with baseline creatinine levels  > 2.0   mg/dL.  

  Chronic  h ypertension with  r enal  i nsuffi ciency 
 Chronic hypertension frequently complicates renal insuf-
fi ciency. As has been noted above, exacerbations of 
chronic hypertension are common during pregnancy. 
The report of the National High Blood Pressure 
Education Working Group on High Blood Pressure in 
Pregnancy, published in 2000, noted that  “ hypertensive 
disorders during pregnancy are the second leading 
cause, after embolism, of maternal mortality in the 
United States ”  and goes on to state that these disorders 
 “ contribute signifi cantly to stillbirths and neonatal 
morbidity and mortality ”   [25] . While the treatment of 
stage 1 – 2 hypertension (140 – 160   mmHg systolic or 90 –
 109   mmHg diastolic, respectively) has not been shown 
to have a dramatic impact on the frequency of superim-
posed preeclampsia, preterm delivery, abruption or 
perinatal death compared to untreated groups, there is 
evidence that treatment prevents the exacerbation of 
chronic hypertension to severe hypertension. The authors 
suggest that as blood pressures drop in the fi rst half of 

characterized in a series of 82 pregnancies complicated by 
moderate and severe renal insuffi ciency, as shown in 
Figure  18.1   [23] . Over half (57%) of the pregnancies had 
stable renal function during the pregnancy, with 20% 
showing a reduction during the pregnancy itself and the 
remaining 23% showing a reduction in function during 
the postpartum interval. The majority of women with 
stable renal function through the 6 - week postpartum visit 
remained stable at 6 months postpartum (84%) (Fig.  18.2 ). 
The majority of women with a pregnancy - related decline 
in renal function (i.e. a decline during the pregnancy or 
within 6 weeks after delivery) had a persistent loss at 6 
months postpartum, with only 21% of those women 
recovering their renal function to prepregnancy levels.   

 Among pregnant women with moderate and severe 
renal insuffi ciency,  < 10% of the pregnancies showed a 
decline to end - stage disease within 12 months of delivery 
(see Fig.  18.2 )  [23] . Signifi cantly, the risk appeared to be 

Figure 18.1     Changes in the glomerular fi ltration rate in women 
with primary renal disease before pregnancy and after delivery. 
 Reproduced from Jones and Hayslett  [23]  with permission from 
Massachusetts Medical Society.   
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treated with diltiazem compared to no therapy, but there 
were no statistically signifi cant fi ndings. Consequently, it 
is usually most appropriate to leave a pregnant woman 
on the medication that was controlling her blood pres-
sure, with the exception of angiotensin - converting 
enzyme (ACE) inhibitors and angiotensin receptor block-
ers (ARB) since they are fetotoxic. Poorly controlled blood 
pressure has been shown to be a major factor implicated 
in the progressive decline in renal function in women 
with chronic renal disease  [27] . Given the increased vul-
nerability of the kidney during pregnancy due to renal 
vascular dilation, it is critical to maintain blood pressure 
control during pregnancy in the normal to slightly high 
normal range. 

pregnancy, medications may be tapered or discontinued 
on the basis of blood pressures; however, blood pres-
sures must be adequately controlled in women with 
renal insuffi ciency. 

 Although obstetricians have traditionally preferred to 
use α  - methyldopa as their antihypertensive of choice due 
to its long track record of safety for the fetus, other medi-
cations have been gaining in popularity, particularly labe-
tolol and, to a lesser extent, calcium channel blockers. 
Diltiazem has been proposed as an appropriate antihy-
pertensive medication to use in pregnant women with 
renal disease, as it decreases proteinuria and preserves 
renal structure and function  [26] . A small series suggested 
trends towards improved pregnancy outcomes in women 

Figure 18.2     Serum creatinine 
concentrations in women with primary 
renal disease during and after pregnancy, 
according to the concentration measured 
early in gestation.  Reproduced from Jones 
and Hayslett  [23]  with permission from 
Massachusetts Medical Society. PP, 
postpartum.   
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Table 18.1    Comparison of outcomes in pregnancies complicated by moderate and severe renal disease 

Author Antepartum renal 
decline (%) 

Perinatal
mortality (%) 

Worsening
hypertension (%) 

Worsening
proteinuria (%) 

Preeclampsia
(%)

Preterm delivery 
(%)

SGA/IUGR
(%)

Hou21* 16 56 61 37
Cunningham24† 19 15 58 30 35
Jones23† 21 7 24 29 55 31
Cunningham24‡ 10 0 64 86 43
Jones23‡ 17 0 38 15 73 57

*Study reporting on moderate renal insuffi ciency. 
†Subset from study, women presenting with serum creatinine level <2.5mg/dL.
‡Subset from study, women presenting with serum creatinine level ≥2.5mg/dL.
IUGR, intrauterine growth restriction; SGA, small for gestational age. 
Modifi ed from Jones DC. Pregnancy complicated by chronic renal disease. Clin Perinatol 1997;24:483 –496, with permission from Elsevier. 
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dialysis improves pregnancy outcomes  [31] . The authors 
followed seven pregnancies in fi ve women who were 
treated with an average dialysis time of 36   h/wk prior to 
conception and 48   h/wk during pregnancy. One preg-
nancy was terminated due to suspicion of a molar pre-
gnancy; however, all six of the others survived with a 
mean gestational age at delivery of 36 weeks. Peritoneal 
dialysis has also been described during pregnancy. 

 A recent review suggested that the overall survival 
from published reports is over 75%, and the authors pro-
posed that patients on dialysis, rather than being strictly 
counseled to avoid pregnancy, should be counseled on 
the  “ success rate, risks to the mother, demands on the 
daily life of the pregnant patient, and long - term results ”  
so that they can make an informed choice about whether 
to pursue pregnancy  [32] . These women often have 
anemia, and erythropoietin is often required. Also, since 
dialysis removes water - soluble vitamins, pregnant 
women require extra supplementation. In particular, folic 
acid intake should be increased about fourfold. 

 While the overall experience with pregnant women 
maintained on renal dialysis is very limited, it is clear that 
the numbers will be increasing in the future.  

Renal transplantation

 Successful pregnancy after renal transplantation was fi rst 
reported in 1958 and since that time, over 10,000 pregnan-
cies have been reported among women with renal trans-
plants. Those that survive the fi rst trimester are successful 
over 90% of the time. The common obstetric complica-
tions seen in women with renal disease are again increased 
in women with transplants. Hypertension is seen in about 
70% and preeclampsia in 30%  [33] . Over 50% of these 
pregnancies are delivered preterm with a mean gesta-
tional age of about 36 weeks. While about half of these 
infants weigh < 2500   g, it is not clear from the reports 
whether this represents normally grown preterm infants 
or growth - restricted infants. Urinary tract infections are 
seen in 40%. 

 Graft rejection is a problem that is unique to this popu-
lation, and it affects 2 – 4% of pregnancies in women with 
renal transplants  [34] . It does not appear that pregnancy 
decreases long - term graft survival. As might be expected, 
pregnancy outcomes are better (96% fetal survival) for 
transplant recipients with creatinine levels  ≤ 1.4   mg/dL, 
but fetal survival is about 75%, even with moderate renal 
insuffi ciency. A number of immunosuppressants are used, 
but discussion of their use is beyond the scope of this 
chapter. It is considered appropriate to avoid pregnancy 
until at least 2 years have passed since a transplant, and 
the best candidates are normotensive women who are 
otherwise in good health with no or minimal proteinuria 
and stable renal function without evidence of graft rejec-
tion on maintenance immunosuppression.  

Special cases

 The guidelines for managing renal disease in pregnancy 
are mostly independent of the etiology of the renal disease, 
with the exception of renal disease secondary to diabetes 
and lupus. In the case of diabetes, control of maternal 
blood sugar levels is critical for both pregnancy outcome 
and long - term renal function. While  “ good control ”  once 
meant serum glucose levels adequate to keep the patient 
out of the emergency room, control that merely avoids 
hypoglycemic coma and diabetic ketoacidosis has now 
been recognized as inadequate. This is particularly true in 
pregnancy, and maternal - fetal medicine specialists were 
among the fi rst to recognize this and for years found 
themselves explaining to patients why they wanted sig-
nifi cantly better control during pregnancy than a patient ’ s 
regular physician accepted outside pregnancy. The situa-
tion has improved greatly, and the value of tight control in 
and out of pregnancy is now well accepted. 

 The other form of renal disease deserving special 
mention is lupus nephritis. Pregnancy outcomes are 
clearly better when women delay pregnancy until after 
an interval of disease quiescence. A recent report of 
women with lupus compared three groups: lupus without 
renal involvement, lupus with renal involvement but at 
least 6 months ’  quiescence, and lupus with active renal 
involvement at fi rst pregnancy visit  [28] . The authors 
found a higher fetal loss rate and a higher preterm birth 
rate in the active nephritis group (35%, P    =    0.031 and 52%, 
P    =    0.007 respectively) but not the quiescent lupus group 
(25%, P    =    0.28 and 30%, P    =    0.39) compared to the group 
of women without lupus nephritis (9% and 19%). One 
recent review stated that women with lupus nephritis 
should be in remission for at least 12 – 18 months prior to 
trying to conceive, which is considerably longer than the 
6 months suggested by many other authors  [29] .  

Renal dialysis

 When renal disease has progressed to the point that dialy-
sis is required, pregnancies are far less common, but they 
can occur and be managed with both peritoneal dialysis 
and hemodialysis. In the largest series of pregnancies from 
a single center, 52 pregnancies were followed with hemo-
dialysis  [30] . Forty - seven of 54 fetuses survived (two sets 
of twins) with four stillbirths and three neonatal deaths for 
a perinatal mortality of 13%. The preterm delivery rate 
was 85% with a mean gestational age at delivery of 32.7 
weeks. The authors found that preeclampsia was diag-
nosed in 19% of pregnancies, but these pregnancies 
accounted for a disproportionate share of the other obstet-
ric complications, including 70% of the fetuses born prior 
to 30 weeks and 57% of the perinatal losses. Another small 
series reporting on women undergoing nocturnal hemo-
dialysis suggested that dramatically increasing time on 
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with an elevated serum creatinine, producing an increased 
screen positive rate  [36,37] . In these and other studies, a 
direct correlation was noted between the multiples of the 
mean of the serum human chorionic gonadotropin (hCG) 
and the maternal serum creatinine. One recent study sug-
gested that total hCG was less affected than free  β  - hCG 
 [38] . These reports suggest that it is probably better to rely 
on fi rst - trimester nuchal translucency screening alone 
than combined fi rst - trimester screening with serum and 
nuchal translucency. The other routine practice that must 
be modifi ed is the use of magnesium sulfate for seizure 
prophylaxis in preeclamptic patients. Since magnesium is 
excreted by the kidney, dosing must be modifi ed down-
ward or else toxicity may quickly ensue. However, the 
loading dose of magnesium sulfate is minimally affected, 
and a 4   g loading dose is reasonable. Patients may be 
managed on maintenance doses of 1   g/h or less, and 
dosing based on the creatinine and followed with serum 
magnesium levels is crucial.  

Conclusion

 In summary, although women with renal disease have a 
considerable chance of having a successful pregnancy, 
signifi cant risks remain for both fetus and mother, 
especially when maternal serum creatinine levels are 
> 2.0   mg/dL. Women with severe renal insuffi ciency must 
be counseled and consider such issues as whether carry-
ing a pregnancy to term is worth the risk of an accelerated 
decline to end - stage renal disease or whether it might 
make sense, in some cases, to wait until after a renal 
transplant has been carried out and her condition stabi-
lized to conceive. The best time to consider these ques-
tions is prior to conception, but frequently the pregnancy 
predates these considerations. Integrated care by a team 
of specialists can maximize the chance of a healthy infant 
at the smallest risk to the mother.   

Acknowledgment
 The author thanks Dana Damron MD for sharing two of 
the case reports provided in this chapter.   

Management of pregnancies
complicated by renal disease

 These pregnancies are followed more closely than those 
of healthy women and are ideally managed at a tertiary 
care hospital with a level III neonatal intensive care unit 
by a maternal - fetal medicine specialist and a nephrolo-
gist. Surveillance is increased starting at the fi rst visit with 
the addition of baseline labs including a 24 - h urine protein 
collection, serum creatinine, blood urea nitrogen (BUN), 
albumin, cholesterol, and creatinine clearance. The patient 
is generally seen biweekly until 32 weeks when weekly 
visits begin. The blood pressure should be checked at 
each visit, and in women with hypertension should be 
checked regularly at home. The goal is to maintain the 
blood pressure between 120/70   mmHg and 140/90   mmHg. 
Lower blood pressures are associated with an increased 
risk of IUGR while higher pressures may lead to renovas-
cular damage and abruption. Ongoing assessment of the 
renal disease includes serum creatinine and 24 - h urine 
protein measurements every 4 – 6 weeks. Nephrotic syn-
drome is a risk factor for thromboembolism due to loss of 
antithrombin, and at least one author has recommended 
routine thromboprophylaxis when proteinuria exceeds 
1   g/24   h  [35] . Urine culture to assess for possible urinary 
tract infection should be performed monthly. Monthly 
urinalysis is also performed, and if hematuria is identi-
fi ed, a microscopic urinalysis should be performed, as red 
cell casts could indicate active renal parenchymal disease. 
Anemia is common in women with renal disease, and the 
hemoglobin should be monitored to keep it above 10   g/
dL. If it falls below this level, iron supplementation 
should be initiated, and treatment with erythropoietin 
may be necessary if the level cannot be brought up. 

 Fetal surveillance consists of ultrasounds to assess fetal 
growth starting at 28 – 32 weeks and then every 4 weeks 
as well as weekly biophysical profi les, or weekly or semi -
 weekly nonstress tests, starting at 32 – 34 weeks. 

 Finally, two routine practices in pregnancies must be 
handled with caution. First, maternal serum aneuploidy 
screening has been shown to be less accurate in women 

    A 28 - year - old woman with Sj ö gren syndrome was referred 
for care during her fi rst pregnancy. She had renal tubular 
acidosis with a baseline serum creatinine that ran from 
1.5 to 1.7   mg/dL. During pregnancy, her creatinine fell to 
1.0   mg/dL. She was maintained on azathioprine and 
prednisone, which was continued during the pregnancy. 
Her fetus developed IUGR and she was followed with 
weekly biophysical profi les and umbilical artery Doppler 
studies as well as ultrasound for growth every 3 weeks. 
She was ultimately induced at 39 weeks. She had a normal 

vaginal delivery with a good outcome and an infant 
weighing 2722   g. 

 This case illustrates a good outcome despite a fetal 
complication that is typical of the patient with moderate 
renal insuffi ciency. It also shows how the serum creati-
nine drops during pregnancy to a level that would be seen 
as high - normal in the nonpregnant setting, so when 
seeing a pregnant patient with a  “ high - normal ”  creati-
nine, you must consider the possibility that she has an 
underlying renal disease.  

CASE PRESENTATION 1 



www.manaraa.com

158    Part 4 Maternal Disease

     7.       Lindheimer   MD  ,   Richardson   DA  ,   Ehrlich   EN  ,   Katz   AI  . 
 Potassium homeostasis in pregnancy .  J Reprod Med   1987 ; 32 :
 517  –  522 .  

     8.       Davison   JM  ,   Hytten   FE  .  Glomerular fi ltration during and 
after pregnancy .  J Obstet Gynaecol Br Commonw   1974 ; 81 :
 588  –  595 .  

     9.       Lindheimer   MD  ,   Katz   AI  .  Current concepts. The kidney in 
pregnancy .  N Engl J Med   1970 ; 283 : 1095  –  1097 .  

  10.       Bailey   RR  ,   Rolleston   GL  .  Kidney length and ureteric dilatation 
in the puerperium .  J Obstet Gynaecol Br Commonw  
 1971 ; 78 : 55  –  61 .  

  11.       Christensen   T  ,   Klebe   JG  ,   Bertelsen   V  ,   Hansen   HE  .  Changes in 
renal volume during normal pregnancy .  Acta Obstet Gynecol 
Scand   1989 ; 68 : 541  –  543 .  

  12.       Fried   AM  ,   Woodring   JH  ,   Thompson   DJ  .  Hydronephrosis of 
pregnancy: a prospective sequential study of the course of 
dilatation.  J Ultrasound Med   1983 ; 2 : 255  –  259 .  

  13.       Schulman   A  ,   Herlinger   H  .  Urinary tract dilatation in preg-
nancy .  Br J Radiol   1975 ; 48 : 638  –  645 .  

References

     1.      Pregnancy and renal disease .  Lancet   1975 ; 2 : 801  –  802 .  
     2.       Davison   JM  ,   Shiells   EA  ,   Philips   PR  ,   Lindheimer   MD  .  Serial 

evaluation of vasopressin release and thirst in human preg-
nancy. Role of human chorionic gonadotrophin in the osmore-
gulatory changes of gestation .  J Clin Invest   1988 ; 81 : 798  –  806 .  

     3.       Lindheimer   MD  ,   Barron   WM  ,   Durr   J  ,   Davison   JM  .  Water 
homeostasis and vasopressin release during rodent and human 
gestation.  Am J Kidney Dis   1987 ; 9 : 270  –  275 .  

     4.       Davison   JM  ,   Sheills   EA  ,   Barron   WM  ,   Robinson   AG  ,   Lindheimer  
 MD  .  Changes in the metabolic clearance of vasopressin and in 
plasma vasopressinase throughout human pregnancy .  J Clin 
Invest   1989 ; 83 : 1313  –  1318 .  

     5.       Davison   JM  ,   Hytten   FE  .  The effect of pregnancy on the renal 
handling of glucose .  Br J Obstet Gynaecol   1975 ; 82 : 374  –  381 .  

     6.       Higby   K  ,   Suiter   CR  ,   Phelps   JY  ,   Siler - Khodr   T  ,   Langer   O  . 
 Normal values of urinary albumin and total protein excretion 
during pregnancy .  Am J Obstet Gynecol   1994 ; 171 : 984  –  989 .  

    A 21 - year - old gravida 1 presented at 11 weeks ’  gestation 
with a history of chronic renal disease secondary to 
diffuse proliferative lupus nephritis. Five years before 
presentation, she developed a facial rash and arthralgias, 
and the diagnosis of lupus was made after laboratory 
testing. About 1 year prior to presentation, she became 
quite ill and was hospitalized and required ICU care. She 
developed acute renal failure, but recovered after treat-
ment with plasmapheresis. At presentation, she was 
being treated with labetolol 100   mg bid, prednisone 10   mg 
daily, and azathioprine 50   mg bid. She was begun on 
aspirin 81   mg daily. At 17 weeks ’  gestation, she was noted 
to have hypertension: 148/98 and 162/97. Upon evalua-
tion, the patient admitted she had discontinued the 

labetalol and azathioprine. Labs revealed creatinine 
4.3   mg/dL, potassium 4.8   mg/dL, urine 4 +  protein, and a 
urinary protein:creatinine ratio of 5.2. An obstetric ultra-
sound was performed, which identifi ed a fetal demise. 
She was admitted to the hospital for induction of labor 
with misoprostol. Her lupus nephritis fl are was treated 
with high - dose steroids and IV cyclophosphamide. Her 
serum creatinine peaked at 5.6   mg/dL, after which hemo-
dialysis was started. She was later discharged from the 
hospital and required maintenance with home continu-
ous ambulatory peritoneal dialysis. 

 This case illustrates the danger and unpredictability of 
a lupus fl are as well as some of the risks inherent in pur-
suing pregnancy in the face of lupus nephritis.  

CASE PRESENTATION 2 

    A 28 - year - old gravida 1 with type I diabetes since age 5 
and diabetic nephropathy presented for care in the fi rst 
trimester. She was managed with an insulin pump and in 
the fi rst trimester had a serum creatinine 1.3   mg/dL, 24 - h 
urinary protein excretion of 630   mg, and HbA 1c  8.6%. Her 
pregnancy proceeded with improved control and without 
complications until she developed preeclampsia at 36 
weeks. She was diagnosed with severe preeclampsia 
based on systolic blood pressures  ≥ 160. Her 24 °  was 3.7   g 
and her serum creatinine was 1.4   mg/dL. She was induced 
but developed an arrest of dilation and was delivered by 
cesarean section. Her infant girl weighed 2726   g and did 
well. At the time of discharge, the patient ’ s creatinine was 

1.3   mg/dL. She presented to the offi ce about 1 year later 
for a preconception visit. Her HbA 1c  was 7.8% and her 
creatinine was 1.6   mg/dL. She had developed hyperten-
sion, which was being treated with a  β  - blocker. She was 
counseled to try to improve her glycemic control prior to 
her next pregnancy. 

 This case illustrates the generally good outcomes that 
can be expected with mild renal insuffi ciency, even in the 
face of diabetes. It shows the importance of sound dia-
betic control and the mild drop in creatinine that can be 
seen between pregnancies, refl ecting the natural history 
of the underlying disease. 

CASE PRESENTATION 3 
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Pregnancy in Transplant Patients 

  James R.     Scott  
  Department of Obstetrics and Gynecology, University of Utah, Salt Lake City, UT, USA       

     Chronic renal failure or end - stage renal disease affects 
over 20 million people in the USA alone. These patients 
have only two treatment options for survival: dialysis or 
a kidney transplant. Kidney transplantation leads to a 
longer life than dialysis, restores many patients to near 
normal lifestyles, and is cost - effective for the health - care 
system. The donor kidney is surgically placed extra-
peritoneally in the recipient ’ s iliac fossa. The procedure 
is accomplished by anastomosing the donor renal artery 
to the proximal end of the divided hypogastric artery 
and the donor renal vein to the external iliac vein, as 
illustrated in Figure  19.1 A, or anastomosing the donor 
renal artery directly to the external iliac artery, as 
shown in Figure  19.1 B. The donor ureter is then attached 
to the recipient ’ s bladder by ureteroneocystostomy. 
Transplantation has also evolved as the treatment of 
choice or only option for many women of reproductive 
age with end - stage liver, heart, and lung disease.   

 It has been over 50 years since the fi rst child was born 
to a renal allograft recipient, and women with virtually 
all types of organ transplants have now had successful 
pregnancies. Nevertheless, it is clear that these are high -
 risk pregnancies that require expert obstetric care  [1] . All 
transplant patients have underlying medical disorders 
that can adversely affect pregnancy outcome. Problems 
can occur unpredictably, and each organ has its own spe-
cifi c issues. This combination of factors presents a unique 
management challenge to the obstetrician. There are no 
randomized trials that have investigated pregnancy man-
agement options for transplant patients, but a great deal 
has been learned through experience. 

Prepregnancy assessment
and counseling

 Preconception counseling is indicated for all female trans-
plant recipients at the pretransplant evaluation and before 

a pregnancy is attempted  [1,2] . Any woman contemplat-
ing pregnancy should be in good health with no evidence 
of graft rejection (Box  19.1 ). Serious medical problems 
such as diabetes mellitus, cardiovascular or pulmonary 
disease, recurrent infections, and major side - effects from 
immunosuppressive drugs may make pregnancy inadvis-
able. The ideal time for pregnancy is between 2 and 5 
years after transplantation when allograft function has 
stabilized and immunosuppressive medication has been 
reduced to moderate doses. An assessment of the patient ’ s 
family and spouse support as well as a tactful but honest 
discussion of her life expectancy and potential pregnancy 
problems are important. The medical literature and media 
tend to be overly optimistic about pregnancy outcomes 
and long - term prognosis, which can give patients unreal-
istic expectations. Long - term organ allograft survival 
rates are not 100%, and the transplant recipient may not 
live to raise her child to adulthood. 

Antepartum care

 Kidney transplantation is the prototype, but prenatal care 
is similar with essentially all other organ allografts. Early 
diagnosis of pregnancy is important, and a fi rst - trimester 
ultrasound examination is essential to establish an accu-
rate date of delivery. Antenatal management should be 
meticulous with frequent prenatal visits and serial assess-
ment of maternal allograft function and prompt diagnosis 
and treatment of infections, anemia, hypertension, and 
preeclampsia. Nausea and vomiting or hyperemesis 
gravidarum can lead to decreased absorption and inad-
equate immunosuppression. Close fetal surveillance for 
preterm labor is necessary, and the known risk for fetal 
growth restriction is monitored by serial ultrasound 
examinations.

 The incidence of intraepithelial and invasive cancer of 
the genital tract in patients taking immunosuppressive 
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needed for the rest of the pregnancy. Other bacterial and 
fungal infections associated with immunosuppression 
include endometritis, wound infections, skin abscesses, 
and pneumonia, often with unusual organisms. 

 Some patients have become Rh sensitized from the allo-
graft, and commonly acquired viral infections such as 
cytomegalovirus (CMV), herpes genitalis (HSV), HPV, 
human immunodefi ciency virus (HIV), and hepatitis B 
(HBV) and C (HCV) pose a risk for both the mother and 
her fetus. The transplanted graft is a source of CMV, and 
patients typically receive prophylaxis against CMV for 
1 – 3 months postoperatively when the risk of infection is 
highest. The greatest risk of congenital infection in the 
fetus is with primary CMV infection during pregnancy, 
but recurrent CMV infection in immunosuppressed 
women has also caused congenital CMV in the infant  [5] . 
HBV and HCV are usually acquired through dialysis and 
blood transfusions prior to transplantation. Hepatitis B 
immunoglobulin (HBIG) and HBV vaccine should be 
given to the newborn and are 90% effective in preventing 
chronic hepatitis. Acyclovir as prophylaxis or treatment 
of HSV can be used safely during pregnancy.  

Immunosuppressive agents

 Obstetricians are not usually familiar with this class of 
drugs, but it is important that they understand their 
impact on pregnancy and the potential side - effects. Most 
maintenance antirejection regimens in transplant patients 
include combinations of daily corticosteroids, azathio-
prine, cyclosporine, and, more recently, tacrolimus. 
However, new agents continually become available, and 
multiple drug regimens are common. 

 Lack of information about the teratogenic effects of 
some of these drugs is a serious practical problem for the 
obstetrician. New antimetabolites raise substantial theo-
retical concern because rapidly dividing cells in the 
embryo may be susceptible to damage by these inhibitors 
of DNA and RNA synthesis. The potential fetal risks for 
each drug as presently categorized by the US Food and 
Drug Administration are shown in Table  19.1 .   

 Prednisone is the usual maintenance corticosteroid 
used in transplant patients, and intravenous gluco-
corticoids are used to treat acute rejection reactions. 
Because prednisone is largely metabolized by placental 
11 - hydroxygenase to the relatively inactive 11 - keto form, 
the fetus is exposed to only 10% of the maternal dose of 
the active drug. Most patients are maintained on moder-
ate doses of prednisone (10 – 30   mg/day) which are rela-
tively safe with few fetal effects. 

 Azathioprine, and its more toxic metabolite 
6 - mercaptopurine, is a purine analog whose principal 
action is to decrease delayed hypersensitivity and 
cellular cytotoxicity. The primary maternal hazards of 

drugs is increased, and regular cervical cytology and 
screening for malignancies are vital components of clini-
cal care  [3] . Condyloma and human papillomavirus 
(HPV) are common in transplant patients, but if the 
patient is negative for HPV, she should receive the HPV 
vaccine. Skin cancer is the most common malignancy and 
affects the majority of patients eventually, with 30 – 70% of 
patients developing squamous cell carcinoma, melanoma, 
and basal cell carcinoma within 20 years  [4] . 

 Urinary tract infections are particularly common in 
kidney transplant patients, with up to a twofold increase 
in the incidence of pyelonephritis. Asymptomatic bacte-
riuria should be treated for 2 weeks with follow - up urine 
cultures, and suppressive doses of antibiotics may be 

Figure 19.1     The usual technique of renal transplantation. The 
renal artery is anastomosed to the hypogastric artery, and all 
branches of the iliac vein are ligated and tied. The periurethral 
tissue is left intact and the ureter is placed into the bladder 
through a tunnel.  Reproduced from Norton and Scott  [44]  with 
permission from Elsevier.   
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Box 19.1 Factors associated with optimum pregnancy  outcome in 

transplant patients. Pregnancies  outside these guidelines need to be

evaluated on a case-by-case basis

• Good general health and prognosis 

• No evidence of rejection in the past year 

• Serum creatinine  < 1.5mg/dL

• Stable immunosuppressive regimen 

• No or minimal hypertension and proteinuria 

• Spouse and family support 

• Established medical compliance 
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neurotoxicities such as headache, tremor, changes in 
motor function, mental status, or sensory function have 
also been described. Cord blood concentrations are 
approximately 50% of maternal levels. Neonatal compli-
cations reported include hyperkalemia and cardiomyopa-
thy, but there has been no proven association with 
congenital malformations  [13 – 16] . 

 Mycophenolic acid is a reversible inhibitor of isonine 
monophosphate dehydrogenase which blocks  de novo
purine synthesis that has become widespread in trans-
plantation. Maternal complications have included bone 
marrow suppression leading to leukopenia, anemia from 
pure red cell aplasia, gastrointestinal bleeding, and pro-
gressive multifocal leukoencephalopathy. A distinctive 
mycophenolate mofetil embryopathy is now recognized 
 [17,18] . The specifi c structural anomalies in these new-
borns are microtia, auditory canal atresia, cleft lip and 
palate, micrognathia, hypertelorism, ocular coloboma, 
short fi ngers and hypoplastic nails (Plate  19.1 ). The FDA 
has notifi ed physicians of an increased risk of miscarriage 
and congenital malformations with mycophenolate 
mofetil exposure  in utero , and the pregnancy category has 
been changed from C to D. Patients taking this agent 
should use two effective methods of contraception 
beginning 4 weeks before starting treatment and continue 
use for 6 weeks after the last dose. These women 
should also be switched to a less teratogenic agent 
preconceptionally. 

 New classes of immunosuppressant agents are becom-
ing available, but less is known about their teratogenic 
potential or safety during pregnancy  [15] . Sirolimus is an 
orally administered macrolide that inhibits cytokine -
 stimulated T - lymphocyte activation and proliferation. 
The major adverse effects have been hypercholestero-
lemia, hypertriglyceridemia, thrombocytopenia, and leu-
kopenia. It has been linked with small for gestational age 
(SGA) infants and delayed skeletal ossifi cation but has 
not been associated with specifi c fetal malformations. 
Basilizimab and dacliximab are genetically engineered 
 “ humanized ”  mouse IgG1 antibodies that block the IL - 2 
receptor. Lefl uomide is a pyrimidine synthesis inhibitor 
of dihydroorotate dehydrogenase which is required for 
the biosynthesis of pyrimidines, and therefore of DNA 
and RNA. It has teratogenic and fetotoxic effects in animal 
studies, and 7/90 babies from full - term pregnancies have 
been born with congenital malformations  [8,19 – 21] .  

Kidney transplant patients

 Approximately 1 in 20 women of child - bearing age with 
a functioning renal allograft becomes pregnant  [22 – 24] , 
and it is estimated that more than 15,000 pregnancies 
have now occurred (Fig.  19.2 ). Many women have now 
had more than one pregnancy, and some have 

azathioprine administration are an increased risk of infec-
tion and neoplasia. Maternal liver toxicity and bone 
marrow supression have occurred but usually resolve 
with a decrease in dosage. Between 64% and 90% of aza-
thioprine crosses the placenta in human pregnancies, but 
the majority is the inactive form thiouric acid. Classifi cation 
of azathioprine as Category D is based largely on two 
early series which reported an incidence of congenital 
anomalies of 9% and 6.4%  [6] . No specifi c pattern has 
emerged, and experience has shown that azathioprine is 
not associated with more congenital malformations than 
seen in the normal population  [7 – 12] . 

 Cyclosporine, a fungal metabolite whose major inhibi-
tory effect is on T - cell - mediated responses by preventing 
formation of interleukin (IL) - 2, is a calcineurin inhibitor. 
It became a standard component of many immunosup-
pressant regimens. The drug has a propensity for neph-
rotoxicity and hypertension. Other side - effects include 
hirsutism, tremor, gingival hyperplasia, hyperuricemia, 
viral infections, hepatotoxicity, and an increased risk for 
neoplasia such as lymphomas. Cyclosporine readily 
crosses the placenta, but there is no evidence of tera-
togenicity in humans  [7 – 12] . 

 Tacrolimus is a macrolide that is now widely used in 
solid organ transplantation, replacing some of the older 
immunosuppressant agents. There are currently over 
90,000 transplant recipients being treated with tacrolimus 
in the USA, and it is prescribed to the majority of new 
kidney and liver transplant recipients worldwide  [7 – 12] . 
There is an increase in glucose intolerance and new - onset 
diabetes mellitus among recipients treated with tac-
rolimus, but control of blood glucose levels can usually 
be achieved by decreasing the dosage. Nephrotoxicity 
and hyperkalemia develop in many patients, and 

Table 19.1    Classifi cation of fetal risk for immunosuppressive 
drugs used in transplantation 

Pregnancy category 

Corticosteroids (prednisone) B
Azathioprine (Imuran) D
Cyclosporine (Sandimmune, Neoral, 

Gengraf)
C

Tacrolimus (Prograf) C
Sirolimus (Rapamune) C
Mycophenolate mofetil (CellCept, 

Myfortic)
D

Antithymocyte globulin (ATGAM, ATG, 
thymoglobulin)

C

Muromonab-CD3 (Orthoclone OKT3) C
Basilizimab (Simulect) B
Daclizumab (Zenapax) C
Lefl unomide (Avara) X

Category A, controlled studies, no risk; Category B, no evidence of 
risk in humans; Category C, risk cannot be ruled out; Category D, 
positive evidence of risk; Category X, contraindicated in pregnancy. 
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least half of these pregnancies, and almost one - third 
develop preeclampsia. In a transplant patient with a 
blood pressure greater than 140/90   mmHg, antihyperten-
sive medications should be continued during pregnancy. 
However, angiotensin - converting enzyme (ACE) inhibi-
tors should not be used because of adverse effects on the 
fetus, including oligohydramnios, pulmonary hypopla-
sia, and long - lasting neonatal anuria. Calcium channel 
blockers are the preferred agents, and an additional ben-
efi cial effect appears to be in countering the vasoconstric-
tive effect of cyclosporine. Preeclampsia should be 
anticipated, and the management is the same as with 
nontransplant patients. 

Other organ transplant patients

Pancreas
 Whole or segmental cadaveric pancreas transplantation, 
usually combined with kidney transplantation, is now a 
treatment option for patients with juvenile - onset insulin -
 dependent (type 1) diabetes mellitus. One - year graft sur-
vival rate is approximately 80%, with a 5 - year graft 
survival rate of 60%. The 10 - year probability of insulin 
independence is approximately 90% if the patient has a 
functioning graft at 5 years  [27] . Most cases of pancreas 
transplantation are performed in patients who already 
have or will receive a kidney allograft at the same time 
they receive the pancreas (Fig.  19.3 ).   

 Although renal transplantation allows women with 
diabetes to become pregnant, immunosuppression adds 
to the complexity of management  [27,28,43] . Because 
many issues are the same, antepartum and intrapartum 
management is similar to that for kidney transplant 

successfully delivered twins and triplets. One of our 
patients has had fi ve livebirths with no deleterious effect 
on the kidney  [25] .   

 If preconception graft function is adequate, as evi-
denced by a plasma creatinine of less than 1.5   mg/dL, the 
pregnancy can be expected to progress normally until 
near term. The transplanted kidney usually functions sat-
isfactorily during gestation, but most patients do not have 
the increased glomerular fi ltration rate (GFR) seen in 
normal pregnant women. GFR instead typically decreases 
during the third trimester. Proteinuria also occurs in 40% 
of renal transplant patients in the third trimester, but this 
characteristically resolves postpartum. If there are no 
signs of preeclampsia, this proteinuria requires no specifi c 
treatment. 

 In contrast, pregnancy is almost always more com-
plicated in patients with elevated creatinine levels or 
chronic rejection episodes  [23] . Deterioration of renal 
function, rejection, and even maternal death have 
occurred. Rejection is characterized by fever, oliguria, 
deteriorating renal function, enlargement of the kidney, 
and tenderness to palpation. This diagnosis can be diffi -
cult because the fi ndings overlap with other disorders 
such as pyelonephritis, preeclampsia, and nephrotoxicity 
from immunosuppressant drugs. Nevertheless, it is 
crucial to establish the diagnosis of rejection before initiat-
ing additional antirejection therapy. Imaging studies such 
as ultrasound are useful to detect changes in the kidney 
indicative of rejection. If the diagnosis is still unclear, 
renal biopsy is sometimes necessary. 

 Chronic hypertension and preeclampsia are the most 
common complications in these patients and contribute 
to the increase in preterm births, fetal growth restriction, 
and perinatal death  [22 – 26] . Hypertension is present in at 

Figure 19.2     Renal transplant recipient 
with her fi ve children all born after her 
transplant. These pregnancies were all 
managed at the University of Utah 
Medical Center.  
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transmission is unknown. Clinical signs suggestive of 
liver rejection are fever, right upper quadrant pain, leu-
kocytosis, and elevated serum bilirubin and aminotrans-
ferase levels. Because these tests are nonspecifi c, suspected 
graft rejection needs biopsy confi rmation. Most rejection 
episodes can be managed by adjusting the drug regimen. 
Maternal complications have included elevated liver 
function tests, rejection, recurrent hepatitis, decreased 
renal function, urinary tract infection, adrenal insuffi -
ciency, and endometritis  [29,30] . There is also an increased 
rate of fetal growth restriction, preeclampsia, hemolysis, 
elevated liver enzymes, and low platelet count (HELLP) 
syndrome, premature rupture of membranes, preterm 
birth, and neonatal infections. These complications are in 
part dependent on maternal health before pregnancy, and 
management is similar to that in renal transplant patients.  

Heart
 More than 5000 women in North America have under-
gone heart transplants at a current rate of more than 500 
per year (Fig.  19.4 ). The transplanted heart must adapt to 
the physiologic changes of pregnancy. Arrhythmias may 
be present, and the denervated heart may not respond to 
some vasopressors in a predictable way. Only direct -
 acting vasoactive drugs have an effect, and the trans-
planted heart may be more sensitive to  β  - adrenergic 
agonists because of an increase in  β  - receptors  [31] .   

 One - third of patients have tricuspid regurgitation 1 
year post transplant, and it may worsen with the increased 
blood volume associated with pregnancy. Almost one -
 third of cardiac transplant patients have atherosclerotic 
coronary vessel stenosis by 3 years after the transplant 
and up to 50% have atherosclerosis at 5 years  [32] . Because 
myocardial ischemia does not cause chest pain as there is 
no afferent innervation, paroxysmal dyspnea may be the 

patients. However, the diabetogenic effects of pregnancy, 
corticosteroids, cyclosporine, and other immunosuppres-
sive drugs can all lead to or aggravate hyperglycemia, 
macrosomia, and other sequelae in pancreas transplant 
patients. Euglycemia should be achieved preconception, 
and glucose tolerance testing (GTT) is warranted prior to 
20 weeks. If hypoglycemia is present, diet and insulin 
therapy should be instituted at that time. If the GTT 
screen is normal, it should be repeated at 24 – 28 weeks as 
with any pregnant patient. Most pancreas transplant 
patients have maintained euglycemia throughout preg-
nancy and labor, but complications have included oste-
oporosis, fractures, diabetic neuropathy, chronic vascular 
insuffi ciency, maternal death, stillbirth, neonatal hypocal-
cemia, and hypoglycemia. 

Liver
 Improvements in immunosuppressant drug therapy and 
surgical techniques have resulted in longer life expect-
ancy and many pregnancies have been reported in women 
with liver allografts  [29,30] . Currently, 11% of all patients 
receiving liver transplants are women of reproductive 
age, and an additional 15% are younger patients who will 
survive beyond the child - bearing age. Of particular 
concern is HCV, because it is the most common indication 
for liver transplantation, and the rate of maternal - to - fetal 

Figure 19.4     Heart transplant recipient holding her newborn, 
delivered at the University of Utah Medical Center 6 years after 
transplant.  Reproduced from  American Journal of Transplantation
with permission from Wiley - Blackwell.   

Figure 19.3     Combined pancreas – kidney transplantation with 
duodenal segment technique.  Reproduced from Sollinger HW, 
Stegall, MD. Pancreas transplantation. In: Sabiston DC, ed. 
Textbook of Surgery, 14th edn. Philadelphia: WB Saunders, 1991, 
with permission from Elsevier.   
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glucocorticoids, and require strict asepsis and careful 
attention to hemostasis. A lower midline vertical incision 
provides the greatest exposure and avoids the region of 
the transplanted kidney. A low transverse uterine incision 
is almost always possible, but the obstetrician should be 
aware of the anatomic alterations associated with the 
transplanted kidney in order to avoid inadvertent damage 
to the blood supply, urinary drainage, or bladder damage.  

Obstetric emergencies

 Acute emergencies may arise in pregnant transplant 
patients with severe consequences that require aggressive 
management and intensive care. These are best managed 
in a tertiary setting where the transplant surgeon, obste-
trician, nephrologist, and other subspecialists and inten-
sivists can work together. Most diffi cult is severe and 
chronic rejection or allograft vasculopathy with loss of 
graft function which threatens the life of the mother and 
fetus. Renal allograft patients with deteriorating function 
may have to be placed back on dialysis therapy for the 
remainder of the pregnancy, and other organ recipients 
need a variety of supportive measures or retransplanta-
tion. Sepsis and overwhelming infections are also a con-
stant threat in these women, and patients have died of 
meningitis, pneumonia, gastroenteritis, HCV and HBV, 
and AIDS  [1,2,23,24] . With the high incidence of hyper-
tension and preeclampsia, it is not surprising that HELLP 
syndrome, stroke, and eclampsia have occurred  [1,2,23,24] . 
Other causes of morbidity that have required emergency 
surgery include rupture of renal vessel anastomosis, 

only presenting symptom. Maternal graft rejection epi-
sodes occur in 20 – 30% of pregnancies, but most are not 
clinically evident and are diagnosed by routine surveil-
lance biopsies. These biopsies are obtained from the 
right ventricle guided by either fl uoroscopy or echocar-
diography. Rejection episodes are usually successfully 
managed by increasing the immunosuppression regimen. 
The increased incidence rates of hypertension, pre-
eclampsia, prematurity, and low birthweight are similar 
to those of other transplant patients  [33,34] . It is good 
to involve an anesthesiologist to formulate a well -
 organized plan for labor and delivery because these 
patients have an increased sensitivity to hypovolemia and 
catecholamines.

Lung
 The most frequent indications for heart - lung or lung 
transplants are congenital heart disease with Eisenmenger 
syndrome, primary pulmonary hypertension, and, less 
commonly, cystic fi brosis and emphysema  [35 – 37] . One -
 year survival rate for heart - lung recipients is 63%, and 
this decreases to approximately 40% at 5 years. In addi-
tion to the management issues related to heart transplant 
patients, there are specifi c issues to be considered in the 
pregnant lung transplant recipient. Diagnosing chronic 
rejection of the lung allograft may be challenging, but one 
of the fi rst symptoms is often a mild cough with subse-
quent deterioration in pulmonary function. During the 
transplant, there is a loss of pulmonary innervation, bron-
chial arterial supply, and pulmonary lymphatics. This 
denervation leads to compromise of the cough refl ex and 
diffi culty protecting the airway. Decreased lung compli-
ance may result in a persistent alveolar – arterial oxygen 
gradient. Pulmonary edema is a defi nite possibility in 
these patients, and excess intravenous hydration should 
be avoided. Two patients have died postpartum from 
complications of obliterative bronchiolitis.   

Intrapartum management

 The timing of delivery is often dependent on events such 
as premature labor, premature ruptured membranes, or 
severe preeclampsia. The extraperitoneal location of the 
transplanted kidney in the iliac fossa usually does not 
interfere with vaginal delivery (Fig.  19.5 ). There are no 
particular contraindications to induction, labor, or vaginal 
delivery in organ graft recipients. Because of an increased 
susceptibility to infection, vaginal examinations should 
be kept to a minimum and artifi cial rupture of mem-
branes and internal monitoring performed only when 
specifi cally indicated.   

 Cesarean delivery should be based on accepted obstet-
ric indications. Operative deliveries in these patients are 
managed with prophylactic antibiotics and additional 

Figure 19.5     Transverse sonogram at 22 weeks ’  gestation below 
the level of the iliac crest showing anterior placenta (A), fetal 
trunk (B), and mild hydronephrosis of the transplanted kidney 
(C).  Reproduced from Norton PA, Scott JR. Gynecologic and 
obstetric problems in renal allograft recipients. In: Buchsbaum H, 
Schmidt J, eds. Gynecologic and Obstetric Urology, 3rd edn. 
Philadelphia: WB Saunders, 1993, with permission from Elsevier.   
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adulthood such as later development of fertility prob-
lems, autoimmune disorders, and neoplasia  [40 – 42,44] . 
Thus, it is important that all offspring exposed to these 
agents have long - term follow - up.    
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    A 26 - year - old primigravida underwent heart transplanta-
tion for idiopathic dilated cardiomyopathy and intracta-
ble congestive heart failure. When she conceived 4 years 
after the transplant, she was receiving conventional doses 
of cyclosporine, azathioprine, and prednisone. 
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 This case illustrates short -  and long - term problems that 
commonly occur in transplant patients of reproductive 
age.

CASE PRESENTATION 

mechanical obstruction of the ureter, antepartum bleed-
ing, uterine rupture, small bowel injury at cesarean deliv-
ery, severe postpartum hemorrhage, abdominal wound 
dehiscence, and pelvic abscess .  

The baby

 All immunosuppressive drugs cross the placental barrier 
and diffuse into the fetal circulation. Because there is no 
convincing evidence that prednisone, azathioprine, 
cyclosporine, or tacrolimus produces congenital abnor-
malities in the human fetus, they are the drugs of choice 
during pregnancy. Other than fetal growth restriction and 
preterm birth, most offspring born to these mothers have 
had relatively uncomplicated neonatal courses. Mothers 
are usually empirically advised against breastfeeding, but 
the dosage of immunosuppressive drugs detected in 
breastmilk and delivered to the infant is small. 
Breastfeeding in these patients should no longer be 
viewed as absolutely contraindicated  [1] . 

 Most neonates have progressed normally through 
childhood  [38,39] . Concerns have recently been raised 
about the possibility of delayed adverse effects in 
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Chapter 20 
Gestational Diabetes Mellitus 

  Deborah L.     Conway  
  Department of Obstetrics and Gynecology, University of Texas School of Medicine, San Antonio, TX, USA       

     Normal pregnancy is a state of insulin resistance. To spare 
glucose for the developing fetus, the placenta produces 
several hormones that antagonize maternal insulin, shift-
ing the principal energy source from glucose to ketones 
and free fatty acids. Most pregnant women maintain 
normal blood glucose levels despite the increased insulin 
resistance through enhanced insulin production and 
release by the pancreas, both in the basal state, and in 
response to meals. 

 Gestational diabetes mellitus (GDM) is a state of carbo-
hydrate intolerance that develops or is fi rst recognized 
during pregnancy. In some women,  β  - cell production of 
insulin cannot keep pace with the resistance to insulin 
produced by the diabetogenic hormones from the pla-
centa. The prevalence of GDM in the USA is 2 – 5%, and is 
proportional to the prevalence of type 2 diabetes in the 
population under examination, because they share a 
similar pathophysiology  [1] . The prevalence of GDM, 
along with the prevalence of type 2 diabetes, appears 
to be increasing  [2] . It is the most common medical 
complication of pregnancy and is clearly linked to 
several maternal and fetal complications including fetal 
macrosomia with operative delivery and birth trauma, 
preeclampsia and hypertensive disorders, metabolic 
complications in the neonate including hypoglycemia, 
hypocalcemia, and hyperbilirubinemia, prematurity, and 
perinatal mortality.  

Screening for diabetes in pregnancy

 Rigorous identifi cation followed by effective treatment 
of women with diabetes minimizes the occurrence of 
pregnancy complications that can result from maternal 
hyperglycemia  [3,4] . Selecting the threshold glucose 
values that warrant treatment poses a problem, as it 

appears that the frequency of complications associated 
with GDM increases with rising levels of glycemia, with 
no clear cut point  [5] . 

 With guidelines for diagnostic algorithms for GDM 
currently under review and revision, most experts agree 
that all pregnant women should undergo screening for 
GDM. However,  “ screening ”  does not necessarily involve 
universal laboratory testing for hyperglycemia. In risk 
factor - based screening, women who meet all the criteria 
listed in Box  20.1  are deemed  “ low risk ”  for GDM, and 
may forego laboratory glucose testing. In a retrospective 
comparison, over 18,000 women were screened for GDM 
with the 1 - h 50   g glucose challenge test (GCT)  [7] . If only 
those with risk factors had undergone laboratory testing, 
just 3% of women with GDM would have been unde-
tected. However, in this population, only 10% of women 
were  “ low risk ”  by all criteria, and thus able to forego the 
1 - h GCT. Therefore, in clinical settings with a high burden 
of GDM and type 2 diabetes, a risk factor - based screening 
algorithm is unlikely to be either cost or time effi cient.   

 The most commonly employed cut - off value for the 
GCT is 140   mg/dL, which results in an approximately 
15% test positive rate. By reducing the cut - off to 130   mg/
dL, the sensitivity of the test (i.e. the proportion of women 
with GDM who have a  “ positive ”  screen) improves to 
nearly 100%, at the expense of specifi city  [8] . In a low - risk 
population (i.e. one with a low burden of type 2 diabetes), 
the actual number of extra cases identifi ed with this 
increase in sensitivity is greatly outweighed by the 
number of false - positive screens between 130 and 140   mg/
dL. Conversely, in a high - risk population in which type 2 
diabetes is common, the number missed by using the 
higher cut - off may be unacceptable. Therefore, the popu-
lation characteristics should be taken into consideration 
when selecting the appropriate cut - off for gestational dia-
betes screening. 
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recommendations by the American Diabetes Association ’ s 
Fourth International Workshop Conference on Gestational 
Diabetes, the Carpenter and Coustan modifi cation of 
O ’ Sullivan and Mahan ’ s original values should be used 
 [10] . These values are more stringent than the values cited 
by the National Diabetes Data Group (NDDG) (Table 
 20.1 )  [11] .   

 The testing algorithm for GDM is expected to change 
over the next few years. These changes will be based on 
the evidence from the Hyperglycemia and Adverse 
Pregnancy Outcome Study  [5]  in combination with the 
results of two randomized clinical trials showing mater-
nal and fetal benefi ts from treating mild GDM  [3,4] . It is 
likely that the screening GCT will be eliminated in favor 
of one - step screening and diagnosis with a 2 - h, 75   g 
OGTT, with diagnostic thresholds selected to identify 
pregnancies at increased risk for excessive fetal size and 
adiposity, and fetal hyperinsulinemia  [12] .  

Therapeutic modalities in 
gestational diabetes

 Medical management of GDM aims to optimize glycemic 
control to prevent or minimize the complications associ-
ated with the disease, while avoiding ketosis and poor 
nutrition. A multidisciplinary approach (involving, for 
example, obstetricians, perinatologists, dietitians, diabe-
tes educators, internists, and endocrinologists) is very 
valuable. Diet, exercise, patient education, and, if need be, 
medical therapies should be utilized. 

 The cornerstone of care of a pregnancy complicated 
by diabetes is diet. Medical nutrition therapy for GDM 
is aimed at optimizing metabolic outcomes and improv-
ing health by encouraging healthy food choices, while 
addressing personal and cultural preferences and provid-
ing adequate energy and nutrients for optimal pregnancy 
outcomes  [13] . Elements of dietary therapy include total 
calorie allocation, calorie distribution, and nutritional 
component management. Total daily calorie intake is 
based on ideal bodyweight, with overweight and obese 
women allocated fewer kilocalories per kilogram of pre-
pregnancy bodyweight than normal and underweight 
women. For example, overweight and obese women can 
be given approximately 25   kcal/kg, up to a total of 2800 –
 3000   kcal/day. Women with normal prepregnancy Body 
Mass Index (BMI) receive approximately 30   kcal/kg, 
with a minimum intake of 1800   kcal/day. These calories 
are typically distributed between three meals and 2 – 4 
snacks during the day. Smaller, more frequent meals lead 
to better satiety, improved compliance with the diet, 
and reduced magnitude of postprandial peak glucose 
levels.

 Postprandial glucose measurements are directly infl u-
enced by the amount of carbohydrate in the consumed 

 For women at low risk for GDM, screening should 
occur between 24 and 28 weeks, because insulin resist-
ance during pregnancy increases as a function of incre-
asing gestational age until approximately 32 weeks ’  
gestation. Women who are at high risk should be tested 
upon entry to prenatal care. Women at high risk for GDM 
include those with GDM, macrosomia, stillbirth, or con-
genital anomaly in a prior pregnancy, those with a fi rst -
 degree relative with type 2 diabetes, as well as women 
with polycystic ovarian syndrome or a history of glucose 
intolerance or  “ prediabetes ”  prior to the current 
pregnancy. 

 After a positive screening test result is obtained, a diag-
nostic 3 - h oral glucose tolerance test (OGTT) should be 
performed. This test involves a 100   g oral glucose load 
after a fasting plasma glucose level is drawn. Plasma 
glucose levels are then obtained at 1, 2, and 3 h post 
glucose load. There is no difference in OGTT results with 
or without carbohydrate  “ loading ”  in the days prior to 
the test  [9] . There are two different sets of values com-
monly used that defi ne a positive result. According to the 

Table 20.1    Diagnostic thresholds for gestational diabetes using 
the 3 - h 100   g glucose tolerance test  

Time ADA/Carpenter & Coustan 
thresholds* [10] (mg/dL) 

NDDG thresholds *
[11] (mg/dL) 

Fasting 95 105
1-h 180 190
2-h 155 165
3-h 140 145

ADA, American Diabetes Association; NDDG, National Diabetes Data 
Group.
*If two or more values meet or exceed these thresholds, the 
diagnosis of gestational diabetes is made. 

Box 20.1 Criteria for avoiding laboratory screening for  gestational

diabetes*

• Age less than 25 years 

• Not a member of an ethnic group with an increased prevalence of 

type 2 DM 

• BMI of ≤ 25

• No prior history of glucose intolerance (GDM, DM, IGT, or IFG) 

• No prior history of obstetric outcomes associated with GDM (mac-

rosomia, stillbirth, malformations) 

• No known diabetes in a fi rst -degree relative 

*All criteria must be met for a patient to be considered  “low risk ”

and glucose testing avoided. 

DM, diabetes mellitus; GDM, gestational diabetes mellitus; IFG, 

impaired fasting glucose; IGT, impaired glucose tolerance. 

Source: American Diabetes Association [6].
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 The pregnant woman with diabetes demonstrates both 
insulin resistance and relative insulin defi ciency; thus, it 
is typical to require large doses of insulin to achieve ade-
quate glycemic control  [20] . It is important to remember 
that with advancing gestational age, the patient will 
become more insulin resistant and therefore insulin 
requirements will increase. The insulin dose can be 
adjusted as frequently as every 3 – 4 days and can be 
increased 10 – 20% depending on the corresponding values 
obtained from patient monitoring. 

 Another treatment option for women who are not ade-
quately controlled on diet alone is the sulfonylurea drug 
glyburide. In the past, there was concern over transpla-
cental passage of sulfonylurea drugs leading to fetal and 
neonatal hypoglycemia. Studies using human placental 
models demonstrated that the transplacental passage of 
glyburide is negligible  [21] . In a randomized trial compar-
ing insulin with glyburide in women with GDM, no dif-
ferences were found between groups in terms of mean 
maternal blood glucose, LGA infants, macrosomia (greater 
than 4000   g), lung complications, hypoglycemia, or cord 
blood insulin levels. In addition, no glyburide could be 
detected in the cord blood of infants born to women 
treated with that agent  [22] . The initial dose of glyburide 
is usually 2.5   mg, given in the morning if daytime control 
is required or at bedtime if fasting hyperglycemia is 
present. The dosage can be adjusted upward by 2.5 – 5   mg 
on a weekly basis, to a maximum of 20   mg/day (10   mg 
twice daily). Although maternal hypoglycemia is a poten-
tial complication of glyburide therapy, it occurs less often 
than in insulin - treated women  [22] . 

 Metformin has also been shown in a randomized trial 
to be a relatively effective alternative to insulin in the 
treatment of GDM  [23] . Approximately half the women 
randomized to metformin treatment required addition of 
insulin to achieve glycemic targets. In addition, it is likely 
that metformin readily crosses the placenta, and the long -
 term effects of this exposure for the infant are as yet 
unknown  [24] .  

Antenatal testing

 Documenting fetal well - being during the antepartum 
period is important for any woman whose pregnancy is 
complicated by pregestational diabetes (White class B or 
higher). However, there is no unifi ed opinion regarding 
the need for antepartum fetal assessment in women with 
well - controlled, uncomplicated preexisting and gesta-
tional diabetes  [25] . The American College of Obstetricians 
and Gynecologists (ACOG) recommends that antenatal 
testing be performed on all women with pregestational 
diabetes, GDM with poor glycemic control, or GDM with 
another pregnancy complication such as hypertension or 

food. A traditional diet for diabetics typically contains 
55 – 60% carbohydrate. Major  et al   [14]  described their 
success with a diet containing 40 – 42% carbohydrate. Mild 
carbohydrate restriction resulted in improved glycemic 
control, less need for insulin, and fewer large - for -
 gestational - age (LGA) infants. 

 Exercise is another key component in diabetes care. 
Cardiovascular exercise reduces insulin resistance  [15] . 
Fasting and postprandial glucose levels are lower in 
women with GDM who exercise, possibly avoiding the 
need for insulin treatment in some women  [16] . The phys-
iologic and anatomic constraints of pregnancy should be 
taken into consideration when counseling pregnant 
women about exercise. 

 There is no established standard as to how frequently 
glucose levels should be checked in patients with GDM. 
The goal of monitoring is to identify whether or not 
glycemic targets are being met. Commonly used targets 
include fasting values below 95   mg/dL and 2 - h post-
prandial values below 120   mg/dL Alternatively, 1 - h 
postprandial values may be used, with a target below 
130 – 140   mg/dL. Many experts recommend daily moni-
toring with a meter that has built - in memory, so that 
results can be verifi ed, analyzed, and reviewed with the 
patient during clinic visits. The benefi ts of an  “ intensi-
fi ed ”  approach to care of diabetes during pregnancy 
have been reported  [17] . One essential component of 
this regimen is frequent daily readings (seven times 
per day) that provide information on the effectiveness 
of the current treatment regimen. Using this intensifi ed 
approach, rates of macrosomia, shoulder dystocia, 
cesarean delivery, and neonatal hypoglycemia were 
reduced compared with those women monitored less 
frequently with weekly fasting and 2 - h postprandial 
readings. One randomized trial suggested that monitor-
ing postprandial glucose determinations was more 
effective than preprandial values in managing women 
with GDM on insulin  [18] . The women randomized to 
postprandial readings had signifi cantly less fetal over-
growth, fewer cesarean deliveries for cephalopelvic dis-
proportion, and less neonatal hypoglycemia, compared 
with women who checked their glucose levels before 
meals.

 Ultimately, some women with GDM will not be able to 
meet glycemic targets with diet therapy alone and will 
require medical intervention with insulin or an oral anti-
diabetic medication. This can usually be determined once 
dietary therapy has been in place for 2 weeks  [19] . Insulin 
dosage is calculated according to bodyweight, starting in 
the range of 0.7 – 1.0 units/kg of current bodyweight, 
usually given in the form of short -  and intermediate -
 acting human insulin, in split doses. Two - thirds of the 
total calculated dose is given with breakfast and one - third 
in the evening. 
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infants  [31] . The women managed expectantly had a 
similar cesarean delivery rate to those induced at 38 
weeks, although half of the expectant management group 
underwent labor induction. The most frequent indica-
tion for induction was abnormal antepartum testing. 

 Macrosomia and shoulder dystocia occur more fre-
quently in pregnancies complicated by diabetes than in 
the general obstetric population. Based on the observa-
tion that most cases of shoulder dystocia in diabetic 
women occur when birthweight is above 4000   g  [32] , we 
recommend cesarean delivery without a trial of labor to 
women with an estimated fetal weight above 4250   g who 
have diabetes. By implementing this practice, our shoul-
der dystocia rate in women with diabetes has been 
reduced by 80%, and shoulder dystocia rates among mac-
rosomic infants (birthweight over 4000   g) fell from 19% to 
7% after implementing this practice. There was a small 
but signifi cant increase in the cesarean delivery rate  [33] . 
We use a threshold of 4250   g to account for ultrasound 
error in order to minimize unnecessary operative deliv-
ery. Shoulder dystocia remains most often an unpredict-
able and unpreventable obstetric emergency. The ACOG 
recommends that planned cesarean delivery to prevent 
shoulder dystocia may be considered for suspected fetal 
macrosomia with estimated fetal weight exceeding 4500   g 
in women with diabetes  [34] .  

Postpartum considerations

 Gestational diabetes may be the fi rst signal of inherent 
insulin resistance. Women with GDM need to have 
glucose tolerance reassessed in the postpartum period. 
Use of the 2 - h OGTT permits identifi cation of both 
impaired glucose tolerance and overt diabetes. Twenty to 
thirty percent of women with GDM will have abnormal 
values when tested early in the postpartum period  [35,36] . 
The factors that increase the risk of abnormal OGTT post-
partum included diagnosis of GDM at an earlier gesta-
tional age, higher glucose values on GTT during 
pregnancy, increased age, increased parity, increased 
BMI, and increased birthweight  [36] . All these risk factors 
suggest a higher degree of insulin resistance. 

 The importance of postpartum testing cannot be over-
stated. Within 5 – 6 years after a pregnancy complicated 
with GDM, up to 50% of women will have type 2 diabetes 
 [37] . Early identifi cation of impaired glucose tolerance 
affords the opportunity to institute therapeutic measures 
such as exercise, diet, and weight control, perhaps pre-
venting progression to diabetes. Identifi cation and treat-
ment of overt diabetes early in the course of the disease 
offer the best opportunity to delay or avoid the micro -  
and macrovascular complications associated with the 
disease.

abnormal fetal growth  [26] . The method of testing (e.g. 
nonstress testing, biophysical profi le) is left to the discre-
tion of the provider, guided by local practice. In addition, 
all women with GDM should be instructed to perform 
fetal kick counts daily, beginning in the third trimester, 
and to notify their care provider promptly if fetal move-
ments are diminished.  

Delivery: when and how to deliver

 Timing of delivery is a delicate balance in a pregnancy 
complicated by diabetes. Once term has been reached, 
ongoing pregnancy exposes the fetus to the risk of still-
birth and continued in utero  growth that may make deliv-
ery more risky. On the other hand, needless intervention 
places women at risk for the complications associated 
with long labors and operative deliveries. Very few pro-
spective trials have been undertaken with regard to opti-
mizing delivery outcomes in diabetics. What has been 
consistently shown is that the cesarean delivery rate is 
higher in women with diabetes than in women without 
diabetes  [27] , even when careful antenatal care has 
achieved near normal rates of fetal overgrowth  [28] . 

 An additional consideration in the optimal timing of 
delivery is that infants of mothers with diabetes may have 
delayed pulmonary maturity and are at increased risk of 
respiratory distress syndrome (RDS). Poorly controlled 
diabetes is associated with fetal pulmonary immaturity, 
but the risk in well - controlled pregnancies parallels that 
of a nondiabetic population  [29] . Other investigators have 
found that the risk of RDS becomes equal to that of preg-
nancies without diabetes at 38.5 weeks ’  gestation  [30] . In 
one study  [29] , no cases of RDS occurred after 37 weeks ’  
gestation, despite  “ immature ”  results on the amniotic 
fl uid tests for fetal lung maturity. Lung maturity testing 
in the setting of diabetes might only be necessary if 
preterm delivery is considered, if glucose control has been 
very poor, or if gestational age is uncertain. Furthermore, 
tests for lung maturity should only be obtained in cases 
where delay in delivery is prudent even if the test sug-
gests an immature surfactant profi le. 

 Indications for delivery at any time after approximately 
38 weeks ’  gestation include inability to achieve adequate 
glucose control, poor compliance with visits or prescribed 
treatment, prior stillbirth, and presence of chronic hyper-
tension. Women with well - controlled GDM, good compli-
ance with care, and an appropriately grown fetus are 
allowed to enter spontaneous labor, until 40 – 41 weeks ’  
gestation is reached. Comparison of this approach to 
planned labor induction at 38 weeks ’  gestation in a rand-
omized trial women with class A2 and B diabetes showed 
that expectant management prolonged gestation by 1 
week, and resulted in a doubling in the rate of macrosomic 
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requires intravenous glucose infusion. 

 At the time of the postpartum visit, a 2 - h GTT is 
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mellitus, and annual screening for diabetes is suggested.  
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     As more women with diabetes are contemplating preg-
nancy and more women are delaying pregnancy, health-
care providers should expect to see more pregnant women 
with pregestational as well as gestational diabetes. 
Management of these women should follow accepted 
guidelines in order to decrease maternal and perinatal 
morbidity and mortality. To that end, the central goal is 
to decrease the risk for congenital anomalies secondary 
to preconception hyperglycemia, as well as to guide 
the pregnant woman through pregnancy in order to 
reach term without maternal complications such as preec-
lampsia or fetal complications such as uteroplacental 
insuffi ciency, fetal death, macrosomia, birth injury, and 
postnatal hypoglycemia. This can be achieved by a com-
bination of frequent glucose monitoring, dietary and 
pharmacologic interventions, diligent fetal surveillance, 
appropriate timing of delivery, and judicious choice of 
delivery route. In most cases, patients with diabetes can 
be brought to term, and perinatal mortality from still-
birth, prematurity, and birth injury can be markedly 
reduced. It is important that the obstetrician who occa-
sionally manages patients with diabetes is familiar with 
the uses and limitations of established treatments. This 
chapter concentrates on the pregestational patient with 
diabetes. For discussion of gestational diabetes, see 
Chapter  20 . 

 At present, the leading cause of perinatal mortality in 
pregnancies complicated by insulin - dependent diabetes 
mellitus is congenital malformation. The risk of major 
malformations in such pregnancies is increased 3 – 4 - fold 
over the 2 – 3% incidence noted in the general population. 
There is good evidence that these anomalies are a result 
of marked alterations in maternal glycemic control during 
the critical period of fetal embryogenesis, at 5 – 8 weeks ’  
gestation. Patients whose diabetes is poorly regulated are 
also at greater risk for a spontaneous abortion. 

 There is a direct correlation between maternal glyco-
sylated hemoglobin (hemoglobin [Hb] A 1c ) levels and the 

risk for spontaneous abortion and fetal anomalies  [1]  
(Table  21.1 ). In one study, the risks of spontaneous abor-
tion and major malformations were 12.4% and 3.0%, 
respectively, with fi rst - trimester HbA 1c   ≤ 9.3%, versus 
risks of 37.5% and 40%, respectively, with HbA 1c   > 14.4% 
 [2] . Preconception care in diabetic women is associated 
with fewer maternal hospitalizations, less use of neonatal 
intensive care, and a reduction in major congenital anom-
alies and perinatal deaths  [3] . The aim should be to main-
tain HbA 1c  less than 7%. For this reason, treatment of the 
woman with insulin - dependent diabetes who is consider-
ing a pregnancy should be initiated before conception  [4] . 
In addition, the preconception patient should be placed 
on 4   mg/day folic acid supplementation in order to 
reduce the risk for neural tube defect. Thorough evalua-
tion should be undertaken to detect evidence of maternal 
retinopathy, nephropathy, or coronary artery disease. For 
the most recent classifi cation and diagnostic criteria for 
pregestational diabetes, refer to the report of the Expert 
Committee of the American Diabetes Association  [5]  and 
the American College of Obstetricians and Gynecologists 
(ACOG) technical bulletin addressing pregestational 
diabetes  [6] .    

Initial evaluation

 For women with previously diagnosed diabetes, it is 
important to take a careful history and perform a physical 
examination as soon as pregnancy is diagnosed, paying 
special attention to the following.
    •      Careful dating of the pregnancy by history, ultrasound 
and physical signs. 
   •      Evaluation for presence of other co - morbid 
conditions.
   •      Progress and outcome of any previous pregnancies.  
   •      Careful fundoscopic examination for the presence of 
retinopathy.  

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
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hypoglycemic agents, should be individualized and 
reserved for special circumstances  [7] . Limited evidence 
suggests that pregestational women with diabetes who 
continue oral hypoglycemics when they become pregnant 
are at higher risk for complications  [8] . Generally preges-
tational women with diabetes are best switched to and 
managed with insulin during pregnancy  [9] . During 
labor, a continuous insulin infusion is best to stabilize 
maternal glucose levels and reduce neonatal hypoglyc-
emia. The goal is to maintain hourly glucose levels at less 
than 110   mg/dL. 

 Glycemic control cannot be accurately assessed by 
random blood glucose determinations or by testing urine 
specimens for glucose. The patient should be taught to 
assess her capillary glucose levels by using reagent strips 
and a blood glucose refl ectance meter. Determinations 
should be made in the fasting state and 2   h after meals. 
The goal of therapy is to maintain capillary whole - blood 
glucose levels as close to normal as possible, including a 
fasting glucose level of 95   mg/dL or less, and 2 - h post-
prandial values of 120   mg/dL or less. When using a meter, 
it is imperative to determine whether it tests whole blood, 
serum or plasma, as results may vary (plasma levels 
approximately 10   mg/dL higher than whole blood). A 
blood glucose sample drawn 80   min after breakfast cor-
relates well with the mean amplitude of glycemic excur-
sions throughout the day. Measurements made before 
lunch, dinner, and bedtime may also be helpful; these 
premeal values should be 100   mg/dL or less. Some prefer 
to monitor 1 - h postpartum glucose levels which should 
be at 140   mg/dL or less. 

 A useful parameter for assessing control over a pro-
longed period (4 – 8 weeks) is HbA 1c , a minor variant of 
HbA, produced by the addition of a single glucose moiety 
to the terminal valine of the β  - chain. This glycosylated 
hemoglobin is synthesized throughout the red blood 
cell ’ s life cycle in amounts that refl ect the degree of 
chronic hyperglycemia present. Levels correlate signifi -
cantly with mean fasting glucose, mean daily glucose, 
and highest daily glucose values. In normal pregnancy, 
glycosylated hemoglobin declines during the fi rst and 
second trimesters, returning to baseline levels at term. To 
convert the HbA 1c  level to the mean glucose level, one can 
use the  “ rule of 8s. ”  An HbA 1c  level of 8% refl ects a mean 
glucose level of 180   mg/dL in most laboratories. Each 
change of 1% in the HbA 1c  value indicates a change of 
30   mg/dL in mean glucose. There is a direct correlation 
between maternal third - trimester HbA 1c  levels and 
increased birthweight  [10] . HbA 1c  should be checked 
every trimester. 

 The insulin requirement postpartum decreases dramat-
ically (usually by 50%) and thus must be carefully moni-
tored. Patients with type 1 diabetes are at increased risk 
for postpartum thyroiditis, so a high index of suspicion 
should be maintained. 

   •      Findings of urinalysis and culture, as well as 24 - h urine 
collection for creatinine clearance and protein.  
   •      Baseline blood pressure measurement, electrocardio-
gram (ECG), and thyroid function tests.  
   •      Baseline glycosylated hemoglobin measurement.  
   •      Review of insulin dosage, nutrition, physical activity, 
and logs of home glucose monitoring. 

Regulating maternal glycemia

 Careful control of maternal glucose levels signifi cantly 
improves perinatal outcome. Except during brief periods 
after meals, glucose should normally remain below 
100   mg/dL. Maternal hyperglycemia and rapid fl uctua-
tions in blood glucose produce similar changes in the 
fetal compartment. Fetal hyperglycemia leads to  β  - cell 
hyperplasia and hyperinsulinemia. Also, there is a signifi -
cant correlation between maternal glucose levels and 
subsequent adiposity in the infant. Ketoacidosis at any 
time during pregnancy may lead to death  in utero . 
Management of diabetic ketoacidosis includes aggressive 
fl uid and electrolyte replacement, in addition to insulin 
administration.

 Maintenance of euglycemia depends not only on dili-
gent regulation of diet and insulin, but also on strict atten-
tion to physical activity and stress. Patients should eat 
three meals and three snacks each day, adding up to 30 –
 35   cal/kg of ideal bodyweight. 

 The most successful regimen of insulin administration 
usually includes two injections daily of both NPH and 
regular insulin. The amount of NPH insulin given in the 
morning generally exceeds that of regular insulin by a 2:1 
ratio. In the evening, equal amounts of NPH and regular 
insulin are given. If several fasting or postprandial glucose 
levels are not acceptable (usually more than one - third of 
values), insulin doses are increased by 20%. Several days 
are then allowed to pass before further changes are made. 
The use of other insulin types or administration routes 
(e.g. short -  or long - acting, insulin pump), as well as oral 

Table 21.1    Risk of major malformation in fetuses of women with 
insulin - dependent diabetes according to HbA 1c  levels based on a 
compilation of seven studies of 1405 women 

Moderate HbA 1c High HbA 1c Highest HbA 1c

Major malformations 2.2% 8.6% 26.6%

The studies included used various methods to measure HbA 1c,
resulting in different cut -offs. In general, comparing to current 
standards, moderate levels would correspond to less than 7, high 
would correspond to 7 –10, and highest would correspond to more 
than 10. 
Source: Kitzmiller et al [1].
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required to confi rm fetal lung maturity in women with 
diabetes. However, fetal lung maturity levels  > 70   mg/g 
are now accepted as evidence of fetal lung maturity 
 [15,16] . 

 Finally, in order to avoid birth injury from fetal macro-
somia, a liberal attitude toward cesarean delivery (CD) 
should be employed in such cases. Sonographic assess-
ment of estimated fetal weight and growth of the abdomi-
nal circumference is of value in detecting fetal macrosomia. 
If the estimated fetal weight exceeds 4500   g, delivery by 
elective CD should be considered. A macrosomic fetus, 
particularly in the presence of polyhydramnios, is usually 
an indication of poor glycemic control. These patients 
may be delivered at 38 weeks after documentation of fetal 
lung maturity  [17] .  

Management of insulin during labor

 When delivery is scheduled, the usual dose of insulin 
should be given at bedtime and the morning dose should 
be withheld  [6] . The patient should be admitted early in 
the morning and a saline infusion started. Glucose levels 
should be checked hourly, and the infusion changed to 
5% dextrose if the glucose level drops below 70   mg/dl. 
The rate of glucose infusion should be adjusted to keep 
the glucose level at about 100   mg/dl. If the glucose level 
is above 100   mg/dl on saline infusion, then infusion of 
regular insulin is needed. Regular short - acting insulin can 
be started at 1   U/h and titrated to keep the glucose level 
below 100   mg/dL. When the delivery is unscheduled, 
then the patient ’ s usual intermittent insulin doses should 
be withheld and she should be managed similar to the 
scheduled patient. If the patient is on subcutaneous 
insulin pump, she may continue her basal rate. 

 Insulin requirements decrease rapidly after delivery. 
The patient can be restarted on half of her predelivery 
insulin dose as soon as she is eating regular food. For 
postoperative patients, sliding scale insulin regimen 
may be instituted until the patient is tolerating regular 
food.

Management during pregnancy

 Major fetal malformations occur in around 5% of women 
with type 1 diabetes. Diabetes is not associated with an 
increase in the risk of fetal chromosomal abnormalities. 
During the second trimester, a careful evaluation for fetal 
malformations includes obtaining a maternal serum  α  -
 fetoprotein level at 16 weeks (helpful in detecting neural 
tube defects), a targeted ultrasound at 18 – 20 weeks, and 
fetal echocardiography at 20 weeks  [11] . In addition, the 
rate of fetal growth, development of early signs of preec-
lampsia, and incidence of infection of the urinary tract or 
other sites are closely monitored. By accurately assessing 
fetal health and maturity, clinicians can prevent intrauter-
ine deaths while safely prolonging pregnancy to avoid 
the hazards of iatrogenic prematurity. 

 At 28 weeks, daily maternal assessment of fetal activity 
is started. Twice - weekly nonstress tests (NSTs) are ordered 
at 32 weeks, or earlier if there are other maternal or fetal 
complications (e.g. hypertension, growth restriction)  [12] . 
A nonreactive NST must be followed by a biophysical 
profi le or contraction stress test. Antepartum heart rate 
testing using the twice - weekly NSTs has proved to be a 
reliable index of fetal well - being in a metabolically stable 
patient  [13] . Timing of delivery should be individualized 
and depends on glycemic control, presence of associated 
maternal complications, and fetal status  [14] . Ideally, the 
pregnant patients with diabetes should not go beyond 40 
weeks ’  gestation. In general, presence of co - morbidity 
(hypertension), complications of diabetes (vasculopathy, 
nephropathy), poor glycemic control, or fetal growth 
abnormalities would favor earlier delivery, while absence 
of any of these factors would favor expectant manage-
ment until the expected date of delivery. Presence of more 
than one of these factors would tip the balance further 
toward earlier delivery. 

 Unless indicated for obstetric (preeclampsia, abruptio) 
or fetal (nonreassuring surveillance) reasons, delivery of 
the patient with diabetes prior to 39 weeks requires con-
fi rmation of fetal lung maturity by amniocentesis. 
Traditionally, presence of phosphatidylglycerol was 

    A 30 - year - old gravida 4, para 3 was fi rst seen at 18 weeks ’  
gestation. Her past obstetric history included the vaginal 
delivery of a 4100   g baby boy, who suffered a fractured 
humerus during delivery. The patient ’ s mother had dia-
betes mellitus. Plasma glucose was obtained 1   h after a 
50   g oral glucose load and was found to be 175   mg/dL. A 
3 - h OGTT was then ordered. The results were as follows: 
fasting, 110   mg/dL; 1   h, 243   mg/dL; 2   h, 176   mg/dL; and 
3   h, 154   mg/dL. Pregestational diabetes was suspected. 

 The patient was started on a 2200 - calorie diet with strict 
avoidance of concentrated sweets. Fasting and postpran-

dial capillary glucose determinations were obtained 
daily. The fasting values ranged from 100 to 110   mg/dL, 
so she was started on split - dose insulin. Fetal growth 
was normal, and the patient remained normotensive. 
Antepartum fetal evaluation was initiated with twice -
 weekly nonstress testing initiated at 32 weeks. Her 
glucose levels remained within the acceptable range. 
At 40 weeks, the estimated fetal weight was 4600   g. A 
cesarean delivery was performed. A 2 - h OGTT performed 
at 6 weeks postpartum confi rmed type 2 diabetes.  

CASE PRESENTATION 
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Hypothyroidism and Hyperthyroidism 
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Hypothyroidism

Overview
 Hypothyroidism complicates 1 – 3 in 1000 pregnancies. 
Women with overt hypothyroidism are at increased risk 
for complications such as early pregnancy failure, preec-
lampsia, placental abruption, low birthweight, and still-
birth  [1,2] . Treatment of women with hypothyroidism has 
been associated with improved pregnancy outcomes. 
Subclinical hypothyroidism affects 2 – 3% of pregnant 
women  [3,4]  and has recently been implicated in impaired 
neurologic development in offspring  [5] , as well as an 
increase in pregnancy complications such as preterm 
birth, placental abruption, and fetal death  [4,6] . These 
fi ndings have prompted calls for routine thyroid screen-
ing during pregnancy for subclinical hypothyroidism. 
One study has even suggested that such screening would 
be cost - effective under a wide range of circumstances  [7] . 
However, there have been no randomized clinical trials 
confi rming the effi cacy of early pregnancy treatment 
and/or screening for subclinical hypothyroidism and this 
topic remains an area of controversy. 

 The most common cause of primary hypothyroidism 
in pregnancy is chronic autoimmune thyroiditis 
(Hashimoto thyroiditis). This is a painless infl ammation 
with progressive enlargement of the thyroid gland which 
is characterized by diffuse lymphocytic infi ltration, 
fi brosis, parenchymal atrophy, and eosinophilic change. 
Other important causes of primary hypothyroidism 
include endemic iodine defi ciency and a history of either 
ablative radio - iodine therapy or thyroidectomy. Secondary 
hypothyroidism is pituitary in origin. For example, 
Sheehan syndrome resulting from prior obstetric hemor-
rhage is characterized by pituitary ischemia and necrosis, 
with subsequent defi ciencies in some or all pituitary 
responsive hormones. Other etiologies of secondary 
hypothyroidism include lymphocytic hypophysitis and a 

history of a hypophysectomy. Tertiary or hypothalamic 
hypothyroidism is very rare.  

Presentation
 Clinical hypothyroidism is often characterized by vague, 
nonspecifi c signs or symptoms which are insidious in 
onset. Initial symptoms include fatigue, constipation, 
cold intolerance, and muscle cramps. These may progress 
to insomnia, weight gain, carpal tunnel syndrome, hair 
loss, voice changes, and intellectual slowness. The pres-
ence of an enlarged thyroid gland is dependent upon the 
etiology of hypothyroidism. Specifi cally, women in areas 
of endemic iodine defi ciency and those with Hashimoto 
thyroiditis are much more likely to have a goiter. Other 
signs of hypothyroidism include periorbital edema, dry 
skin, and prolonged relaxation phase of deep tendon 
refl exes. 

 The diagnosis of clinical hypothyroidism during preg-
nancy is especially diffi cult because many of the signs or 
symptoms listed above may be attributed to the preg-
nancy itself. For example, pregnancy is accompanied by 
moderate enlargement of the thyroid gland from hyper-
plasia of glandular tissue and increased vascularity. By 
defi nition, subclinical hypothyroidism occurs in asymp-
tomatic women whose thyroid - stimulating hormone 
(TSH) concentration is above the statistically defi ned 
upper limit of normal while their serum free thyroxine 
(fT4 ) concentration is within its reference range  [3] .  

Diagnosis
 The diagnosis of hypothyroidism is generally established 
by an elevated serum TSH and a low serum fT 4 . If the free 
thyroxine concentration is low in the presence of a normal 
or depressed TSH, then pituitary (central) hypothy-
roidism should be suspected. The nonpregnancy refer-
ence ranges for serum TSH and fT 4  concentration are 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
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Moreover, this practice has not been shown to be benefi -
cial and thyroid treatment is probably best guided through 
evaluation of thyroid function studies. Therefore, it is 
recommended that serum TSH be measured at least each 
trimester during pregnancy. Notably, several drugs may 
interfere with levothyroxine absorption (e.g. cholesty-
ramine, ferrous sulfate, aluminum hydroxide in antacids) 
or its metabolism (e.g. phenytoin, carbamazepine, and 
rifampin).

 Treatment of women with subclinical hypothyroidism 
is controversial. A report has linked subclinical hypothy-
roidism during pregnancy with subsequent neurodevel-
opmental complications in offspring  [5] . These fi ndings 
have led to recommendations for treatment of subclinical 
hypothyroidism to restore the TSH to the reference range 
 [15] . Importantly, however, there are no published inter-
vention trials assessing the safety or effi cacy of screening 
and treatment to improve neuropsychologic performance 
in such offspring. Currently, routine screening and treat-
ment of subclinical hypothyroidism during pregnancy 
are not recommended by the American College of 
Obstetricians and Gynecologists  [16] .  

Follow-up
 After completion of pregnancy, the levothyroxine dose 
should be restored to the prepregnancy value and a TSH 
should be checked 6 – 8 weeks postpartum. Breastfeeding 
is not contraindicated in women treated for hypothy-
roidism. Levothyroxine is excreted into breastmilk but 
levels are too low to alter thyroid function in the infant 
or to interfere with neonatal thyroid screening programs 
 [17] . Periodic monitoring of hypothyroidism with an 
annual serum TSH concentration is advised because of 
the impact of changing weight and age on thyroid func-
tion. Women with subclinical hypothyroidism, particu-
larly those with thyroid autoantibodies, are at an increased 
risk for developing clinical disease within 5 years. While 
treatment of these women is not recommended, yearly 
evaluation for the development of clinically apparent 
disease is recommended.   

Hyperthyroidism

Overview
 Hyperthyroidism complicates approximately 1 – 2 in 
1000 pregnancies. The overwhelming cause of hyper-
thyroidism during pregnancy is Graves disease or 
autoimmune thyrotoxicosis. Pregnant women with 
hyperthyroidism are at increased risk for congestive heart 
failure, thyroid storm, preterm labor, preeclampsia, fetal 
growth restriction, and perinatal mortality. Treatment of 
hyperthyroid women to achieve adequate metabolic 
control will result in improved pregnancy outcomes. 
However, overtreatment may result in maternal or fetal 

0.4 – 4.5   mIU/L and 0.7 – 1.8   ng/dL, respectively. During 
pregnancy, maternal serum chorionic gonadotropin 
(hCG) peaks at approximately 10 weeks ’  gestation and 
has some thyroid stimulating activity as a result of its 
structural homology with TSH. This results in a decrease 
in the maternal serum TSH and a modest increase in fT 4
during the fi rst trimester  [8] . 

 These physiologic changes confound the laboratory 
diagnosis of hypothyroidism during pregnancy and 
underscore the need for gestational age - specifi c TSH and 
possibly fT 4  thresholds. Such TSH thresholds have been 
established from a large population - based screening 
study of pregnant women in Dallas  [9] . From these data, 
the upper limit of the statistically defi ned normal range 
for TSH (97.5th percentile) in the fi rst half of pregnancy 
was 3.0   mU/L. A more recent study of 4000 Italian women 
has demonstrated that those with a fi rst - trimester TSH 
between 2.5 and 5.0   mIU/L were at increased risk for 
pregnancy loss  [10] . This led the authors to conclude that 
the upper limit of normal in the fi rst trimester should be 
redefi ned as 2.5   mIU/L. Similar gestational age - specifi c 
fT4  thresholds have been derived for the cohort from 
Dallas  [11] . Even though pregnancy is associated with 
signifi cant shifts in free thyroxine, overall, fT 4  levels 
remain within the nonpregnancy reference range  [8] . 

 Finally, it may be helpful to confi rm the presence of 
either antimicrosomal or antithyroglobulin antibodies in 
cases where autoimmune thyroiditis is suspected. 
Specifi cally, the presence of antithyroid antibodies may 
identify a population of women at particular risk for 
pregnancy complications or progression to symptomatic 
disease. For example, in one recent study, more than 47% 
of women who tested positive for thyroid peroxidase 
antibodies early in pregnancy developed postpartum 
thyroid dysfunction  [12] .  

Management and treatment
 The goal of treatment for pregnant women with overt 
hypothyroidism is clinical and biochemical euthyroidism. 
Levothyroxine sodium is the treatment of choice for 
routine management of hypothyroidism. Starting doses 
usually range from 1.6 to 1.8    μ g/kg/day. Serum TSH is 
then measured at 4 – 6 - week intervals and thyroxine is 
adjusted by 25 – 50    μ g increments. Women who have 
hypothyroidism at the time of conception should have a 
serum TSH evaluated at their fi rst prenatal visit. An 
increased requirement for thyroid replacement in 
hypothyroid women during pregnancy has been demon-
strated  [13] . Because of the risks for early pregnancy 
failure and the potential for neurodevelopmental impair-
ment in offspring, some have recommended that hypothy-
roid women increase levothyroxine dose by 30% when 
pregnancy is confi rmed  [13] . However, the etiology of 
hypothyroidism is very important in determining the 
timing and magnitude of these adjustments  [14] . 
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inhibits peripheral conversion of T 4  to T 3  and it crosses 
the placenta less readily than methimazole. Methimazole 
used in early pregnancy has also been associated with 
esophageal and choanal atresia as well as aplasia cutis 
 [21 – 24] . Transient leukopenia occurs in approximately 
10% of women treated with thioamides, but this does not 
require cessation of therapy. In approximately 0.2%, 
agranulocytosis develops suddenly, is not dose related, 
and, because of its acute onset, serial leukocyte counts 
during therapy are not helpful. Rather, if fever or sore 
throat develops, patients should be instructed to discon-
tinue medication immediately and report for a complete 
blood count. 

 The dose of propylthiouracil is empirical, and the 
American Thyroid Association recommends an initial 
daily dose of 100 – 600   mg for propylthiouracil or 10 – 40   mg 
for methimazole  [25] . Women with overt hyperthyroidism 
diagnosed during pregnancy may require a higher initial 
dose between 300 and 450   mg/day. The starting daily 
dose of methimazole is 20 – 40   mg. The goal of therapy is 
clinical euthyroidism with free thyroxine in the upper 
range of normal  [26] . The median time to normalization 
of thyroid function tests is 6 – 8 weeks, but TSH levels may 
remain suppressed beyond normalization of fT 4 . Once 
euthyroidism is achieved, serial measurement of TSH and 
fT4  during each trimester is recommended. 

 There is currently no convincing evidence that subclini-
cal hyperthyroidism should be treated in nonpregnant 
individuals  [18] . In fact, it should be considered contrain-
dicated during pregnancy because maternal antithyroid 
drugs cross the placenta and may cause fetal thyroid sup-
pression. There are other alternatives for treatment of 
overt hyperthyroidism which are rarely undertaken 
during pregnancy. For example, although thyroidectomy 
is typically reserved for treatment outside pregnancy, 
pregnant women who cannot adhere to medical therapy 
or in whom therapy is toxic may benefi t from surgical 
management  [27] . Ablative radio - active iodine is con-
traindicated in pregnancy as it can cause fetal thyroid 
destruction. 

  Thyroid  s torm 
 Thyroid storm and heart failure are rare and acute life -
 threatening exacerbations of thyrotoxicosis. Women with 
thyroid storm classically present with fever, tachycardia, 
nausea, diarrhea, dehydration, and delirium or coma. 
Treatment of thyrotoxic storm or heart failure is similar 
and should be carried out in an intensive care setting. 
Specifi c treatment consists of 1   g propylthiouracil (PTU) 
given orally or crushed and placed through a nasogastric 
tube. PTU is continued in 200   mg doses every 6   h. An hour 
after initial PTU dosing, iodide is given to inhibit thyroid 
release of T 3  and T 4 . It is given every 8   h intravenously as 
500 – 1000   mg sodium iodide or it can be given orally as 
fi ve drops of supersaturated solution of potassium iodide 

hypothyroidism. Gestational transient thyrotoxicosis 
(GTT) is 10 times more prevalent than Graves disease and 
may be caused by the elevated hCG values typically 
observed with hyperemesis gravidarum. Subclinical 
hyperthyroidism affects 1.7% of pregnant women and has 
only recently been introduced into clinical practice 
because of the development of extremely sensitive serum 
TSH assays. Subclinical hyperthyroidism is not associated 
with any adverse maternal pregnancy outcomes  [18] . 
Treatment of the latter two clinical entities has not been 
shown to be benefi cial. 

 Graves disease is an organ - specifi c autoimmune process 
in which thyroid - stimulating autoantibodies attach to 
and activate TSH receptors. Other less common causes 
include toxic multinodular goiter, subacute thyroiditis, 
adenoma, or iodine - induced thyrotoxicosis. Thyrotropin 
receptor activation by hCG, which has some cross -
 reactivity with TSH, explains the biochemical and occa-
sional clinical fi ndings of thyrotoxicosis in women with 
hyperemesis gravidarum and gestational trophoblastic 
decrease.  

Presentation
 As with hypothyroidism, clinical features of hyperthy-
roidism can be easily confused with physiologic symp-
toms of pregnancy. Suggestive complaints or fi ndings 
include nervousness, heat intolerance, palpitations, goiter, 
failure to gain weight or weight loss, and exophthalmos. 
GTT usually occurs in women with hyperemesis gravi-
darum. Subclinical hyperthyroidism, defi ned as a serum 
TSH concentration below the statistically defi ned lower 
limit of normal with a serum concentration of fT 4  within 
the reference range, is typically identifi ed in asympto-
matic women.  

Diagnosis
 In women with a depressed serum TSH level ( < 0.4   mIU/L), 
clinical hyperthyroidism is confi rmed by an elevation in 
fT4  ( > 1.8   ng/dL) concentration. As is true for the diagnosis 
of hypothyroidism, one must consider the impact of preg-
nancy on TSH and possibly fT 4 . Rarely, hyperthyroidism 
is caused by abnormally high serum triiodothyronine 
values (T 3  thyrotoxicosis). In women with depressed TSH 
yet normal fT 4 , evaluation of fT 3  or free T 3  index may 
explain a patient ’ s hypermetabolic symptoms. Also, eval-
uation of TSH receptor antibodies may be helpful in 
evaluation of women with Graves disease to identify 
those at risk for delivery of an infant with fetal or neonatal 
hyperthyroidism. 

Management and treatment
 Thyrotoxicosis during pregnancy can nearly always be 
controlled by thioamide drugs and treatment has been 
associated with improved pregnancy outcomes  [19,20] . 
Some clinicians prefer propylthiouracil because it 
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serum levels of thyroid autoantibodies. Women with high 
antibody titers in early pregnancy are most commonly 
affected  [32] . In clinical practice, postpartum thyroiditis 
is infrequently diagnosed because it typically develops 
months after delivery and has vague and nonspecifi c 
symptoms. These include depression, carelessness, and 
memory impairment  [33] . Risk factors other than antithy-
roid antibodies include previous thyroid dysfunction or 
a family history of thyroid or other autoimmune disease. 
For example, 25% of women with type 1 diabetes develop 
postpartum thyroid dysfunction  [34] . 

 There are two recognized clinical phases of postpartum 
thyroiditis. Between 1 and 4 months after delivery, 
approximately 4% of all women develop transient thyro-
toxicosis from excessive release of hormone caused by 
glandular disruption  [35] . The onset is abrupt, and a 
small, painless goiter is commonly found. Fatigue and 
palpitations are the most common complaints in women 
with early postpartum thyroiditis. Antithyroid medica-
tions such as thioamides are typically ineffective and 
approximately two - thirds of these women spontaneously 
return to a euthyroid state. Between 4 and 8 months post-
partum, 2 – 5% of women develop hypothyroidism  [30,35] . 
However, hypothyroidism can even develop within 1 
month of the onset of thyroiditis. Thyromegaly and other 
symptoms are common and more prominent than during 
the thyrotoxic phase. Thyroxine replacement is recom-
mended for at least 6 – 12 months. Importantly, women 
who experience either type of postpartum thyroiditis 
have an approximately 30% risk of developing permanent 
hypothyroidism  [36] .      

(SSKI) or as 10 drops of Lugol solution every 8   h. With a 
history of iodine - induced anaphylaxis, lithium carbonate, 
300   mg every 6   h, is given instead. Dexamethasone can be 
used to further block peripheral conversion of T 4  to T 3  and 
may be given intravenously as 2   mg every 6   h for a total 
of four doses. β  - Blocker therapy such as propranolol, 
labetalol, and esmolol to control tachycardia have all been 
used successfully intrapartum. 

Follow-up
 Women with Graves disease should be followed closely 
after delivery because recurrence or aggravation of symp-
toms is not uncommon in the fi rst few months postpar-
tum. Asymptomatic women should have a TSH and fT 4
performed approximately 6 weeks postpartum. Both PTU 
and methimazole are excreted in breastmilk, PTU less so 
than methimazole. PTU is largely protein bound and does 
not seem to pose a signifi cant risk to the breastfed infant. 
Methimazole has been found in breastfed infants of 
treated women in amounts suffi cient to cause thyroid 
dysfunction; however, at low doses (10 – 20   mg/day) 
methimazole does not appear to pose a major risk 
to the nursing infant  [28] . The American Academy 
of Pediatrics considers both compatible with breast-
feeding  [29] . 

  Postpartum  t hyroiditis 
 Transient autoimmune thyroiditis has been identifi ed in 
up to 10% of women during the fi rst year after childbirth 
 [30,31] . The likelihood of developing postpartum thy-
roiditis antedates pregnancy and is related to increasing 

    A 32 - year - old woman who was previously diagnosed 
with hypothyroidism and currently taking 100    μ g lev-
othyroxine presented for prenatal care at 12 weeks ’  gesta-
tion. At that time her TSH was 7.8   mU/L and her fT 4  was 
0.54   ng/dL. Her levothyroxine dose was increased to 
125    μ g and thyroid function testing was planned for 4 
weeks hence. Repeat thyroid studies were TSH 2.3   mU/L 
and fT 4  1.0   ng/dL. Normal ranges for TSH and fT 4  were 
0.4 – 4.5   mU/L and 0.7 – 1.8   ng/dL, respectively. Further 
thyroid function testing was performed at 24 weeks ’  ges-
tation (TSH 1.8   mU/L and fT 4  1.1   ng/dL) and 32 weeks ’  
gestation (TSH 2.2   mU/L and fT 4  0.9   ng/dL). No further 
change in therapy was prescribed. 

 During a routine prenatal care visit at 37 weeks ’  gesta-
tion, she was found to have a blood pressure of 
144/98  mmHg. Laboratory evaluation revealed an aspar-

tate aminotransferase (AST) of 92   U/L, a platelet count of 
236    ×    10 3 /L and 3 proteinuria. A labor induction for 
severe preeclampsia with magnesium sulfate seizure 
prophylaxis was initiated. Hydralazine was given during 
the intrapartum period for severe hypertension. A cesar-
ean delivery for fetal distress was performed. The infant 
weighed 3205   g and Apgar scores were 7 and 9 at 1 and 
5   min. There was no evidence of placental abruption. The 
postpartum course was further complicated by a postpar-
tum hemorrhage with a total estimated blood loss of 
2000   mL, for which the patient received a blood transfu-
sion. Upon discharge, she was instructed regarding the 
safety of breastfeeding while taking levothyroxine and to 
resume taking 100    μ g levothyroxine each day. Repeat 
thyroid function testing was scheduled for 6 weeks 
postpartum.

CASE PRESENTATION 
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Chapter 23 
Asthma

  Michael     Schatz  
  Department of Allergy, Kaiser Permanente Medical Center, San Diego, CA, USA       

     Recent data suggest that asthma affects 4 – 8% of pregnant 
women  [1] , making it probably the most common, poten-
tially serious medical problem to complicate pregnancy. 
Moreover, the prevalence of asthma during pregnancy 
appears to be increasing  [1,2] . Although data have been 
confl icting, the largest recent studies  [3 – 6]  have sug-
gested that maternal asthma increases the risk of perina-
tal mortality, preeclampsia, preterm birth, and 
low - birthweight infants. More severe asthma is associ-
ated with increased risks  [3,5] , while better controlled 
asthma is associated with decreased risks  [7 – 11] . The 
course of asthma may also change during pregnancy; 
some women improve while others worsen  [12] . This 
chapter reviews the defi nition and diagnosis of asthma 
and the interrelationships between asthma and preg-
nancy as a prelude to discussing the management of 
asthma in pregnant women.  

Defi nition of  asthma

 Asthma is an infl ammatory disease of the airways that is 
associated with reversible airway obstruction and airway 
hyperreactivity to a variety of stimuli. Although the cause 
of asthma is unknown, a number of clinical triggering 
factors exist, including viral infections, allergens, exercise, 
sinusitis, refl ux, weather changes, and stress. 

 Airway obstruction in asthma can be produced by 
varying degrees of mucosal edema, bronchoconstriction, 
mucus plugging, and airway remodeling. In acute 
asthma, these changes can lead to ventilation/perfusion 
imbalance and hypoxia. Although early acute asthma is 
typically associated with hyperventilation and hypocap-
nea, progressive acute asthma can cause respiratory 
failure with associated carbon dioxide retention and 
acidosis.

Effect of pregnancy on the course
of asthma

Clinical observations
 A metaanalysis of 14 studies evaluating the effect of preg-
nancy on the course of asthma, which included 1658 
patients, came to the conclusion that asthma severity 
improves in one - third of women, worsens in one - third, 
and remains unchanged in one - third  [12] . However, a 
more recent and critical review of the literature found 
only three studies of 54 women that were prospective, 
enrolled women before the third trimester, and assessed 
their patients with objective measures of asthma severity 
or validated severity scales  [13] . In a recent large prospec-
tive study of 1739 pregnant asthmatic women, severity 
classifi cation (based on symptoms, pulmonary function, 
and medication use) worsened in 30% and improved in 
23% of patients during pregnancy  [14] . Asthma appears 
to be more likely to be more severe or to worsen during 
pregnancy in women who have more severe asthma 
before becoming pregnant  [12,15] . 

 The course of asthma may vary by stage of pregnancy. 
The fi rst trimester is generally well tolerated in asthmat-
ics, with infrequent acute episodes  [16 – 18] . Increased 
symptoms and more frequent exacerbations have been 
reported to occur between weeks 17 and 36 of gestation 
 [16 – 18] . In contrast, asthmatic women in general tend to 
experience fewer symptoms and less frequent asthma 
exacerbations during weeks 37 – 40 of pregnancy than 
during any earlier 4 - week gestational period  [17,18] . 
These studies suggest that the fi rst trimester and the last 
month of pregnancy are relatively free of asthma exacer-
bations and that the second and earlier third trimester 
have more potential for increased asthma symptoms. 

 The variable effect of pregnancy on the course of asthma 
appears to be more than just random fl uctuation in the 
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natural history of the disease, because pregnancy - 
associated changes usually revert toward the prepre-
gnancy state by 3 months postpartum  [17] . It is also of 
interest that the course of asthma is often consistent in an 
individual woman during successive pregnancies  [17,19] .  

Mechanisms
 The mechanisms responsible for the altered clinical course 
of asthma during pregnancy are unknown and represent 
a fertile area for additional research. There are multiple 
biochemical and physiologic changes during pregnancy 
that could potentially ameliorate or exacerbate gesta-
tional asthma  [20] . However, it is not clear which, if any, 
of these factors are actually important in determining the 
course of asthma during pregnancy. 

 There are additional factors that may contribute to the 
clinical course of asthma during pregnancy. Pregnancy 
may be a source of stress for many women, and this stress 
can aggravate asthma. Adherence to therapy can change 
during pregnancy with a corresponding change in asthma 
control. Most commonly observed is decreased adherence 
as a result of a mother ’ s concerns about the safety of 
medications for the fetus. 

 Physician reluctance to treat may also affect the severity 
of asthma during pregnancy. A surveillance study identi-
fi ed 51 pregnant women and 500 nonpregnant women 
presenting to the emergency department with acute 
asthma  [21] . Although asthma severity appeared to be 
similar in the two groups based on peak fl ow rates, preg-
nant women were signifi cantly less likely to be treated 
with systemic steroids in the emergency department (44% 
versus 66%) and signifi cantly less likely to be discharged 
on oral steroids (38% versus 64%). Presumably related to 
this undertreatment, pregnant women were three times 
more likely than nonpregnant women to report an 
ongoing exacerbation 2 weeks later (P    =    0.02). 

 Infections during pregnancy can certainly affect the 
course of gestational asthma. Some degree of decrease in 
cell- mediated immunity may make the pregnant patient 
more susceptible to viral infections, and upper respira-
tory tract infections have been reported to be the most 
common precipitants of asthma exacerbations during 
pregnancy  [19,22] . Sinusitis, a known asthma trigger, has 
been shown to be six times more common in pregnant 
compared with nonpregnant women  [23] . In addition, 
pneumonia has been reported to be greater than fi ve 
times more common in asthmatic than nonasthmatic 
women during pregnancy  [24] . 

 Finally, changes in specifi c immunoglobulin E (IgE) or 
environmental exposure may infl uence the gestational 
asthma course. Most pregnant asthmatic patients are 
atopic. A positive correlation between levels of spe-
cifi c IgE against cockroach antigen and gestational 
asthma severity has been described in pregnant inner - city 
women  [25] .   

Effect of asthma on pregnancy

Clinical observations
 Controlled studies that have evaluated outcomes of preg-
nancy in asthmatic compared with nonasthmatic women 
were reviewed in detail  [26] , with only a few important 
relevant articles published since  [6,27 – 30] . The largest 
single comprehensive study  [4]  described the outcomes 
of pregnancy in 36,985 women identifi ed as having 
asthma in either the Swedish Medical Birth Registry and/
or the Swedish Hospital Discharge Registry. These out-
comes were compared with the total of 1.32 million 
births that occurred in the Swedish population during 
the years of the study (1984 – 95). Signifi cantly increased 
rates of preeclampsia (odds ratio [OR] 1.15), perinatal 
mortality (OR 1.21), preterm births (OR 1.15), and low -
 birthweight infants (OR 1.21), but not congenital malfor-
mations (OR 1.05), were found in the pregnancies of 
asthmatic versus control women. The risks appeared to 
be greater in patients with more severe asthma, which 
was confi rmed in a more recent Swedish Birth Registry 
report  [29] . 

 In contrast to older studies and retrospective studies, 
more recent prospective cohort studies  [27,31 – 33]  have 
not generally reported increased risks of perinatal com-
plications in the pregnancies of women with asthma, sug-
gesting either a previous ascertainment bias or that 
prospective asthma management may reduce perinatal 
risks. Two recent case – control studies have reported mar-
ginal increased risks of congenital malformations in 
infants of mothers with versus without asthma (OR 1.2, 
95% confi dence interval [CI] 1.0 – 1.3  [34] ; OR 1.1, 95% 
CI 1.0 – 1.2  [35] ) and a recent large cohort study reported 
a marginal increased risk in infants of mothers with 
asthma (defi ned as those receiving asthma medications) 
compared to infants of mothers without asthma  [36] . 
In addition to fetal morbidity and mortality, severe 
asthma during pregnancy may be a cause of maternal 
mortality  [37] .  

Mechanisms
 Defi nition of the mechanism(s) of maternal asthma ’ s 
adverse effect on pregnancy outcomes reported in some 
studies should allow institution of optimal intervention 
strategy. Mechanisms postulated to explain these 
increased perinatal risks have included:
    •      hypoxia and other physiologic consequences of poorly 
controlled asthma  
   •      medications used to treat asthma  
   •      demographic or pathogenic factors  associated with
asthma but not actually caused by the disease or its 
treatment.    
 The latter would imply that asthma and adverse 
perinatal outcomes may share the same underlying 
pathogenetic mechanism (such as a predisposition to 
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infl ammation) or demographic associations (such as 
smoking), but that inadequately controlled asthma or 
asthma treatment is not causally related to the adverse 
perinatal outcome  [25] . 

 Data supporting specifi c mechanisms for the most 
common specifi c adverse outcomes have been reviewed 
 [21,25] . The published data do not fully defi ne the 
mechanism(s) of maternal asthma ’ s potential adverse 
effects on pregnancy and the infant reported in some 
studies. Available information, however, suggests that 
inadequate asthma control, as defi ned by symptoms  [38 –
 40] , pulmonary function  [10,11] , or acute exacerbations 
 [8,9,28,40] , may be the most remedial factor and supports 
the important generalization that adequate asthma control 
during pregnancy is important in improving maternal -
 fetal outcome. Oral corticosteroids have also been associ-
ated with increased risks of preeclampsia  [41,42]  and 
prematurity  [7,38,43]  in pregnant asthmatic women. 
However, whether this represents a drug effect, an effect 
of inadequately controlled asthma, or a marker for 
common pathogenesis factors associated with more 
severe asthma is not clear from the data. 

 Maternal use of bronchodilators has been associated 
with an increased risk of infant cardiac defects  [35,44]  and 
gastroschisis  [45] . However, since women experiencing 
asthma exacerbations during the fi rst trimester of preg-
nancy have been reported to have an increased risk of 
congenital malformations in their infants compared to 
infants of asthmatic women not experiencing exacerba-
tions  [46] , the reported relationships between congenital 
malformations and bronchodilators may be confounded 
by severe asthma episodes.   

Diagnosis of asthma during pregnancy

 Many patients with asthma during pregnancy will already 
have a physician diagnosis of asthma. A new diagnosis of 
asthma is usually suspected on the basis of typical symp-
toms  —  wheezing, chest tightness, cough, and associated 
shortness of breath  —  which tend to be episodic or at least 
fl uctuating in intensity and are typically worse at night. 
Identifi cation of the characteristic triggers described 
above further supports the diagnosis. Wheezing may be 
present on auscultation of the lungs, but the absence of 
wheezing on auscultation does not exclude the diagnosis. 
The diagnosis is ideally confi rmed by spirometry which 
shows a reduced forced expiratory volume in 1   sec (FEV 1 ; 
< 80% predicted) with an increase in FEV 1  of 12% or more 
after an inhaled short - acting bronchodilator. 

 It is sometimes diffi cult to demonstrate reversible 
airway obstruction in patients with mild or intermittent 
asthma. Although methacholine challenge testing may be 
considered in nonpregnant patients with normal pulmo-
nary function to confi rm asthma, such testing is not 

recommended during pregnancy. Exhaled nitric oxide 
(eNO) is elevated in nonpregnant patients with asthma 
and has also been shown to be elevated in pregnant 
patients with asthma  [47] . If available, an elevated eNO 
(> 25   ppb) would support a diagnosis of asthma during 
pregnancy. If eNO is not available for women with sus-
pected but unconfi rmed asthma during pregnancy, thera-
peutic trials of asthma therapy should generally be used. 
Improvement with asthma therapy supports the diagno-
sis, which can then be confi rmed postpartum with addi-
tional testing if necessary. 

 The most common differential diagnosis is dyspnea of 
pregnancy, which may occur in early pregnancy in 
approximately 70% of women. This dyspnea is differenti-
ated from asthma by its lack of association with cough, 
wheezing, or airway obstruction. 

Management

 The National Asthma Education and Prevention Program 
(NAEPP) fi rst published guidelines on the management 
of asthma during pregnancy in 1993  [48] , and an update 
on pharmacologic treatment was published in 2005  [49] . 
An updated set of NAEPP guidelines for all patients with 
asthma, the Expert Panel Report 3, was published in 2007 
[59]. The guidelines describe the management of asthma 
in four categories.
    •      Assessment and monitoring  
   •      Control of factors contributing to severity  
   •      Patient education  
   •      Pharmacologic therapy    

Assessment and monitoring
 Once the diagnosis of asthma is considered confi rmed, 
the next step is assessment of severity (in patients not 
already on controller medications) or assessment of 
control (in patients already on controller medications). 
Severity is assessed in untreated patients based on the 
frequency of daytime and nighttime symptoms and pul-
monary function (ideally spirometry, minimally peak 
fl ow rate) (Table  23.1 ). Based on this severity assessment, 
controller therapy is initiated (if indicated). 

 In treated patients (either initially or with follow - up), 
it is important to determine whether their asthma is con-
trolled  [51]  (Table  23.2 ). Like severity, assessment of 
control depends on frequency of symptoms, nighttime 
awakening, inteference with normal activity, exacer-
bations and pulmonary function  [50,51] . Therapy is 
adjusted based on this assessment of control (see below). 
Patients with persistent asthma should be monitored 
monthly for asthma control. This is in part because, as 
described above, the course of asthma changes in 
approximately two - thirds of women during pregnancy. 
Home peak fl ow monitoring should be considered for 
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Table 23.1    Stepwise approach for managing asthma during pregnancy in patients not on controllers 

Clinical features 
before treatment 

Symptoms/day PEFR or FEV 1 Medications required to maintain long -term control 

Daily medications 
Symptoms/night

Severe persistent Continual ≤60% • Preferred treatment: 
– High-dose inhaled corticosteroid and
– Long-acting inhaled β2-agonist and, if needed, 
– Corticosteroid tablets or syrup long term (starting at 1 mg/kg/day, reducing 

systemic corticosteroid to lowest effective dose) 
• Alternative treatment: 

– High-dose inhaled corticosteroid and
– Sustained release theophylline to serum concentration of 5 –12μg/mL

Frequent

Moderate persistent Daily >60–<80% • Preferred treatment: 
either

– Low-dose inhaled corticosteroid and long -acting β2-agonist or
– Medium-dose inhaled corticosteroid 

If needed (particularly in patients with recurring severe exacerbations):
– Medium-dose inhaled corticosteroid and long -acting inhaled β2-agonist

• Alternative treatment: 
– Low-dose inhaled corticosteroid and either theophylline or leukotriene 

receptor antagonist. 
If needed: 
– Medium-dose inhaled corticosteroid and either theophylline or leukotriene 

receptor antagonist 

>1 night/week 

Mild persistent >2 days/week but • Preferred treatment: 
– Low-dose inhaled corticosteroid 

• Alternative treatment: leukotriene receptor antagonist or sustained -release
theophylline to serum concentration of 5 –12μg/mL

<daily >80%
>2 nights/month 

Mild intermittent ≤2 days/week ≥80% • No daily medication needed 
• Severe exacerbations may occur, separated by long periods of normal lung 
function and no symptoms 

≤2 nights/month 

FEV1, forced expiratory volume in 1 sec; PEFR, peak expiratory fl ow rate. 

Table 23.2    Assessment of asthma control in pregnant women  

Components of control Classifi cation of control a

Well controlled Not well controlled Very poorly controlled 

Symptoms ≤2 days/week >2 days/week Throughout the day 
Nighttime awakening ≤2 times/month 1–3 times/week ≥4 times/week 
Interference with normal activity None Some limitation Extremely limited 
Short-acting β2-agonist use for symptom control ≤2 days/week >2 days/week Several times per day 
FEV1 or peak fl ow >80%b 60–80%b <60%b

Exacerbations requiring systemic corticosteroids 0–1 in past 12 months ≥2 in past 12 months 

aThe level of control is based on the most severe category. Assess symptom frequency and impact by patient ’s recall of previous 2 –4 weeks. 
bPredicted or personal best. 
Reproduced from Schatz and Dombrowsk [51] with permission from Massachusetts Medical Society. 

patients with moderate - to - severe asthma, especially for 
those who have diffi culty perceiving signs of worsening 
asthma.

 Because asthma has been associated with intrauterine 
growth restriction and preterm birth in some studies, 

pregnancy dating should be established accurately by 
fi rst - trimester ultrasound where possible  [49] . All patients 
should be instructed to be attentive to fetal activity. The 
intensity of antenatal testing of fetal well - being should be 
considered on the basis of the severity and control of the 
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asthma as well as other high - risk features of the preg-
nancy that may be present  [49] . Evaluation of fetal activity 
and growth by serial ultrasounds should be considered 
for women:
    •      who have suboptimally controlled asthma  
   •      with moderate - to - severe asthma (starting at 32 
weeks)
   •      who are recovering from a severe asthma exacerba-
tion  [49] .     

Control of factors contributing to 
asthma severity
 Identifying and avoiding asthma triggers can lead to 
improved maternal well - being with less need for medica-
tions. In previously untested patients,  in vitro  tests 
(radioallergosorbent test [RAST], enzyme - linked immu-
nosorbent assay [ELISA]) should be performed to identify 
relevant allergens, such as mite, animal dander, mold, 
and cockroach, for which specifi c environmental control 
instructions can be given. Smokers must be encouraged 
to discontinue smoking, and all patients should try to 
avoid exposure to environmental tobacco smoke and 
other potential irritants as much as possible. Effective 
allergen immunotherapy can be continued during pre-
gnancy, but risk/benefi t considerations do not generally 
favor beginning immunotherapy during pregnancy  [48] . 

 Sinusitis and refl ux are relatively common co - morbid-
ities during pregnancy that may exacerbate asthma. A 
high index of suspicion should be maintained for sinusi-
tis, for which symptoms and signs during pregnancy may 
be subtle  [23] . Although refl ux is common during preg-
nancy and may not require pharmacologic treatment, 
refl ux treatment should be considered in symptomatic 
patients with diffi cult - to - control asthma during preg-
nancy or those with very troublesome refl ux symptoms.  

Patient education
 Pregnant women should have access to information about 
asthma in general as well as regarding the interrelation-
ships between asthma and pregnancy. Controlling asthma 
during pregnancy is important for the well - being of the 
fetus as well as for the mother ’ s well - being, and the preg-
nant woman must understand that it is safer to be treated 
with asthma medications than it is to have uncontrolled 
symptoms, reduced pulmonary function, or exacerba-
tions. She should also understand how she can reduce her 
exposure to or otherwise control the asthma triggers that 
contribute to her asthma severity. 

 The pregnant woman should be instructed regarding 
optimal inhaler technique, and she should be asked to 
demonstrate this technique to assure its correctness. She 
must be able to recognize symptoms of worsening asthma 
and know what to do about them. She should be given 
an individualized action plan that defi nes:

    •      maintenance medication  
   •      symptoms (and possibly peak fl ow levels) that indicate 
exacerbations
   •      rescue therapy and increases in maintenance medica-
tions in response to her level of exacerbation  
   •      how and when to contact her asthma clinician for 
uncontrolled symptoms.     

Pharmacologic therapy
 Asthma medicines are classifi ed into two types: relievers 
and long - term controllers. Relievers provide quick relief 
of bronchospasm and include short - acting  β  - agonists 
(albuterol is preferred during pregnancy, 2 – 4 puffs every 
3 – 4   h when required) and the anticholinergic bronchodi-
lator ipratropium (generally used as second - line therapy 
for acute asthma  —  see below). Long - term control medi-
cations are described in Table  23.3 . Inhaled corticosteroids 
(Table  23.4 ) are the most effective controller asthma 
medications.

  Chronic  a sthma 
 Patients with intermittent asthma do not need controller 
therapy. In patients with persistent asthma not already on 
controller therapy, it should be initiated as shown in Table 
 23.1 . Controller therapy should be progressed in steps 
(Table  23.5 ) until adequate control is achieved, as defi ned 
above. Therapy should be increased one step for patients 
whose asthma is not well controlled despite attention to 
the nonpharmacologic strategies described above. A two -
 step increase, a course of oral corticosteroids, or both 
should be recommended for women whose asthma is 
very poorly controlled. 

 Once control is achieved and sustained for several 
months, a stepdown to less intensive therapy is encour-
aged for nonpregnant patients to identify the minimum 
therapy necessary to maintain control. Although a 
similar stepdown approach can be considered for pre-
gnant patients, it should be undertaken cautiously and 
gradually to avoid compromising the patient ’ s asthma 
control  [48] . For some patients it may be prudent to 
postpone attempts to reduce therapy that is effectively 
controlling the woman ’ s asthma until after the infant ’ s 
birth  [48] . 

 Inhaled corticosteroids are the mainstay of controller 
therapy during pregnancy. Because it has the most pub-
lished reassuring human gestational safety data, budeso-
nide is considered the preferred inhaled corticosteroid for 
asthma during pregnancy. It is important to note that no 
data indicate that the other inhaled corticosteroid prepa-
rations are unsafe. Therefore, inhaled corticosteroids 
other than budesonide may be continued in patients who 
were well controlled by these agents prior to pregnancy, 
especially if it is thought that changing formulations may 
jeopardize asthma control. Based on longer duration of 
availability in the USA, salmeterol is considered the 
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Table 23.3    Long - term control medications for asthma during pregnancy 

Medication Dosage form Adult dose Use during pregnancy 

Inhaled corticosteroids See Table 23.4 First-line controller therapy 
Systemic corticosteroids Short course “burst” to achieve 

control: 40 –60mg/day as single 
or divided doses for 3 –10 days 

Burst therapy for severe acute 
symptomsMethylprednisolone 2,4,8,16,32mg tablets 

Prednisolone 5mg tablets, 5 mg/mL, 15 mg/mL

Prednisone 1, 2.5, 5, 10, 20, 50 mg tablet Maintenance therapy for severe 
asthma uncontrolled by other 
means

5mg/mL, 5 mg/5mL 7.5–60mg/day in a single dose in 
AM or qod., taper to lowest 
effective dose 

Long-acting β-agonists Add-on therapy in patients not 
controlled by low –medium-dose
inhaled corticosteroids 

Salmeterol DPI 50 μg/blister 1 blister q12 h
Formoterol DPI 12 μg/single-use capsule 1 capsule q12 h

Leukotriene receptor anagonists Alternative therapy for persistent 
asthma in patients who have 
shown good response prior to 
pregnancy

Montelukast 10mg tablets 10mg q HS 
Zafi rlukast 10 or 20 mg tablets 20mg bid 

Theophylline Liquids, sustained -release tablets, 
and capsules 

400–800mg/day to achieve serum 
concentration of 5 –12μg/mL

Alternative therapy for persistent 
asthma during pregnancy 

HS, bedtime; q, every. 
Source: National Asthma Education and Prevention Program Working Group [49].

Table 23.4    Clinically comparable doses of inhaled corticosteroids 

Drug Low daily dose ( μg) Medium daily dose ( μg) High daily dose ( μg)

[tb]Beclomethasone HFA MDI 80–240 >240–480 >480
Budesonide DPI 200–600 >600–1200 >1200
Ciclesonide HFA MDI 160–320 >320–640 >640

Flunisolide
CFC MDI 500–1000 >1000–2000 >2000
HFA MDI 320 >320–640 >640

Fluticasone
HFA MDI 88–264 >264–440 >440
DPI 100–300 >300–500 >500

Momethasone DPI 220 440 >440
Triamcinolone acetonide CFC MDI 300–750 >750–1500 >1500

CFC MDI, chlorofl uorocarbon -propelled metered dose inhaler; DPI, dry powder inhaler; HFA MDI, hydrofl uoroalkaline -propelled metered dose 
inhaler.
Source: Kelly [52].

long- acting  β  - agonist of choice during pregnancy. As 
described in Table  23.3 , theophylline (primarily because 
of increased side - effects compared with alternatives) and 
leukotriene receptor antagonists (because of the limited 
published human gestational data for these drugs) are 
considered by the NAEPP to be alternative, but not 
preferred, treatments for persistent asthma during 

pregnancy. Although oral corticosteroids have been asso-
ciated with possible increased risks during pregnancy, 
such as oral clefts  [53] , preeclampsia, and prematurity as 
described above, if needed during pregnancy, they should 
be used because these risks are less than the potential 
risks of severe uncontrolled asthma, which include mater-
nal mortality, fetal mortality, or both.  
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Table 23.5    Steps of asthma therapy during pregnancy 

Step Preferred controller 
medication

Alternative controller 
medication

1 None –
2 Low-dose ICS LTRA, theophylline 
3 Medium-dose ICS Low-dose ICS + either LABA, 

LTRA or theophylline 
4 Medium-dose ICS + LABA Medium-dose ICS + LTRA or 

theophylline
5 High-dose ICS + LABA –
6 High-dose ICS + LABA + oral

prednisone
–

ICS, inhaled corticosteroids; LABA, long -acting β-agonists;
LTRA, leukotriene receptor antagonists. 
Source: Schatz and Dombrowski [51].

  Acute  a sthma 
 A major goal of chronic asthma management is the pre-
vention of acute asthmatic episodes. When increased 
asthma does not respond to home therapy, expeditious 
acute management is necessary for the health of both the 
mother and fetus. 

 As a result of progesterone - induced hyperventilation, 
normal blood gases during pregnancy reveal a higher PO 2
(100 – 106   mmHg) and a lower PCO 2  (28 – 30   mmHg) than 
in the nonpregnant state. The changes in blood gases that 
occur secondary to acute asthma during pregnancy will 
be superimposed on the  “ normal ”  hyperventilation of 
pregnancy. Thus, a PCO 2   >    35 or a PO 2   <    70 associated 
with acute asthma will represent more severe compro-
mise during pregnancy than will similar blood gases in 
the nongravid state. 

 The recommended pharmacologic therapy of acute 
asthma during pregnancy is summarized in Box  23.1   [48] . 
Intensive fetal monitoring as well as maternal monitoring 
is essential. In addition to pharmacologic therapy, sup-
plemental oxygen (initially 3 – 4   L/min by nasal cannula) 
should be administered, adjusting fraction of inspired 
oxygen (FiO 2 ) to maintain at PO 2   ≥    70 and/or O 2  satura-
tion by pulse oximetry > 95%. Intravenous fl uids (contain-
ing glucose if the patient is not hyperglycemic) should 
also be administered, initially at a rate of at least 100   mL/h.   

 Systemic corticosteroids (approximately 1   mg/kg) are 
recommended for patients who do not respond well 
(FEV1  or peak expiratory fl ow rate [PEFR]  ≥ 70% pre-
dicted) to the fi rst  β  - agonist treatment as well as for 
patients who have recently taken systemic steroids and 
for those who present with severe exacerbations (FEV 1  or 
PEFR ≤ 50% predicted). Patients with good responses to 
emergency therapy (FEV 1  or PEFR  ≥ 70% predicted) can 
be discharged home, generally on a course of oral corti-
costeroids. Inhaled corticosteroids should also be contin-
ued or initiated upon discharge until review at medical 

Box 23.1 National Asthma Education and Prevention Program 

(NAEPP) recommendations for the pharmacologic management of 

acute asthma during pregnancy 

1 Initial therapy

A FEV1 or PEFR  ≥50% predicted or personal best 

1 Short-acting inhaled β2-agonist by metered dose inhaler or 

nebulizer, up to three doses in fi rst hour 

2 Oral systemic corticosteroid if not immediate response or if 

patient recently took oral systemic corticosteroid 

B FEV1 or PEFR  <50% predicted or personal best (severe 

exacerbation)

1 High-dose short -acting inhaled β2-agonist by nebulization every 

20min or continuously for 1 h plus inhaled ipratropium bromide 

2 Oral systemic corticosteroid 

2 Repeat assessment

A Moderate exacerbation (FEV 1 or PEFR 50 –80% predicted or per-

sonal best, moderate symptoms) 

1 Short-acting inhaled β2-agonist every 60 min

2 Oral systemic corticosteroid (if not already given) 

3 Continue treatment 1 –3h, provided there is improvement 

B Severe (FEV 1 or PEFR  <50% predicted or personal best, severe 

symptoms at rest) 

1 Short-acting inhaled β2-agonist hourly or continuously plus 

inhaled ipratropium bromide 

2 Systemic corticosteroid (if not already given) 

3 Response and disposition

A Good (FEV 1 or PEFR  ≥70% predicted or personal best, no distress, 

response sustained 60 min after last treatment). Discharge home 

B Incomplete (FEV 1 or PEFR  ≥50% predicted or personal best but 

<70%, mild or moderate symptoms). Individualize decision regard-

ing discharge home versus admit to hospital ward 

C Poor (FEV 1 or PEFR  <50% predicted or personal best, PCO 2
> 42mmHg, severe symptoms, drowsiness, confusion). Admit to 

hospital intensive care 

FEV1, forced expiratory volume in 1 sec; PEFR, peak expiratory fl ow 

rate.

Source: National Asthma Education and Prevention Program [49]. 

follow - up. Hospitalization should be considered for 
patients with an incomplete response (FEV 1  or PEFR 
≥ 50% but  < 70% predicted). Admission to an intensive care 
unit should be considered for patients with persistent 
FEV1  or PEFR  < 50% predicted, PCO 2   >    42, or sensorium 
changes.   

Management during labor and delivery
 Asthma medications should be continued during labor 
and delivery. If systemic corticosteroids have been used 
in the previous 4 weeks, then stress - dose steroids 
(e.g. 100   mg hydrocortisone every 8   h IV) should be 
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administered during labor and for the 24 - h period after 
delivery to prevent maternal adrenal crisis  [48] . 

 Prostaglandin (PG) E 2  or E 1  can be used for cervical 
ripening, the management of spontaneous or induced 
abortions, or postpartum hemorrhage  [49] . However, 
15 - methyl - PGF 2  -  α  and methylergonovine can cause bron-
chospasm  [48] . There is no contraindication to the use of 
oxytocin for postpartum hemorrhage  [48] . Magnesium 
sulfate and β  - adrenergic agents, which are bronchodila-
tors, can be used to treat preterm labor  [49] . Indomethacin 
can induce bronchospasm in the aspirin - sensitive patient 
and thus must be avoided in such patients  [49] . 

 Epidural anesthesia has the additional benefi t of 
reducing oxygen consumption and minute ventilation 
during labor  [49] . If a general anesthetic is necessary, 

preanesthetic use of atropine and glycopyrrolate may 
provide bronchodilation  [48] . Ketamine is the agent of 
choice for induction of anesthesia because it decreases 
airway resistance and can prevent bronchospasm  [48] . 
Low concentrations of halogenated anesthetics are recom-
mended as inhalation anesthetic agents in pregnant 
asthmatic patients because they also cause bronchodila-
tion  [48] .   

Conclusion

 Asthma is a common medical problem during pregnancy. 
Optimal diagnosis and management of asthma during 
pregnancy should maximize maternal and fetal health.    

    The patient is a 23 - year - old gravida 2, para 1 woman 
who is seen during her fi rst trimester for asthma. Her 
asthma was fi rst diagnosed at age 15. She has not been 
hospitalized for asthma, but did require an emergency 
department visit for asthma 6 months previously. She 
was worse during her prior pregnancy 2 years ago. She 
is currently having daily asthma symptoms, nocturnal 
symptoms twice a week, and using her albuterol inhaler 
3 – 4 times per day. She was given a steroid inhaler, but 
was afraid to use it while she was pregnant. She has 
noticed that cleaning the house triggers her asthma. She 
has had a cat at home for 1 year, has been worse over 
this time period, but does not think the cat affects her 
asthma. She has had some daily sneezing and nasal con-
gestion since childhood, which she considers mild. She 

does not smoke cigarettes, has not been previously 
evaluated for allergies, and denies any other signifi cant 
medical history. 

 Auscultation of the lungs was normal, and examination 
of the nose revealed mild mucosal edema. Spirometry 
showed an FEV 1  of 70% predicted. The diagnostic impres-
sion was moderate persistent asthma with a probable 
mite and dander allergy component and mild allergic 
rhinitis. The initial plan included education regarding 
asthma and pregnancy, an allergy evaluation ( in vitro
tests), environmental control instructions based on the 
testing, initiation of medium - dose inhaled budesonide 
with instructions on inhaler technique, provision of a 
symptom - based home action plan, and scheduled follow -
 up in 1 month.  

CASE PRESENTATION 

References

     1.       Kwon   HL  ,   Belanger   K  ,   Bracken   MB  .  Asthma prevalence among 
pregnant and childbearing - aged women in the United States: 
estimates from national health surveys .  Ann Epidemiol  
 2003 ; 13 : 317  –  324 .  

     2.       Berg   CJ  ,   MacKay   AP  ,   Qin   C  ,   Callaghan   WM.    Overview of 
maternal morbidity during hospitalization for labor and 
delivery in the United States .  Obstet Gynecol   2009 ; 113 :
 1075  –  1081 .  

     3.       Demissie   K  ,   Breckenridge   MB  ,   Rhoads   GG  .  Infant and mater-
nal outcomes in the pregnancies of asthmatic women .  Am J 
Respir Crit Care Med   1998 ; 158 : 1091  –  1095 .  

     4.       Kallen   B  ,   Rydhstroem   H  ,   Aberg   A  .  Asthma during pre-
gnancy: a population based study .  Eur J Epidemiol   2000 ;
 16 : 167  –  171 .  

     5.       Wen   SW  ,   Demissie   K  ,   Liu   S  .  Adverse outcomes in pregnancies 
of asthmatic women: results from a Canadian population .  Ann 
Epidemiol  2001 ; 11 : 7  –  12 .  

     6.       Sheiner   E  ,   Mazor   M  ,   Levy   A   et al.  Pregnancy outcome of asth-
matic patients: a population - based study .  J Mat - Fet Neonat 
Med   2005 ; 18 : 237  –  240 .  

     7.       Perlow   JH  ,   Montgomery   D  ,   Morgan   MA  ,   Towers   CV  ,   Porto   M  . 
 Severity of asthma and perinatal outcome .  Am J Obstet 
Gynecol   1992 ; 167 : 963  –  967 .  

     8.       Greenberger  ,   Patterson   R.    The outcome of pregnancy compli-
cated by severe asthma .  Allergy Proc   1988 ; 9 : 539  –  543 .  

     9.       Jana   N  ,   Vasishta   K  ,   Saha   SC  ,   Khunnu   B  .  Effect of bronchial 
asthma on the course of pregnancy, labour and perinatal 
outcome .  J Obstet Gynaecol   1995 ; 21 : 227  –  223 .  

  10.       Schatz ,  M  ,   Zeiger   RS  ,   Hoffman   CP   et al.  Intrauterine growth is 
related to gestational pulmonary function in pregnant asth-
matic women .  Chest   1990 ; 98 : 389  –  392 .  

  11.       Schatz   M  ,   Dombrowski   MP  ,   Wise   R   et al.  Spirometry is related 
to perinatal outcomes in pregnant asthmatic women .  Am J 
Obstet Gynecol   2006 ; 194 : 120  –  126 .  

  12.       Juniper   EF  ,   Newhouse   MT  .  Effect of pregnancy on asthma: a 
systematic review and meta - analysis . In:   Schatz   M  ,   Zeiger   RS  , 



www.manaraa.com

Chapter 23 Asthma    191

  Claman   HN  , eds.  Asthma and Immunological Diseases in 
Pregnancy and Early Infancy .  New York :  Marcel Dekker ,  1998 , 
pp. 401  –  427 .  

  13.       Kwon   HL  ,   Belanger   K  ,   Bracken   MB  .  Effect of pregnancy and 
stage of pregnancy on asthma severity: a systematic review . 
 Am J Obstet Gynecol   2004 ; 190 : 1201  –  1210 .  

  14.       Schatz   M  ,   Dombrowski   MP  ,   Wise   R   et al.  Asthma morbidity 
during pregnancy can be predicted by severity classifi cation . 
 J Allergy Clin Immunol   2003 ; 112 : 283  –  288 .  

  15.       Belanger   K  ,   Hellenbrand   ME  ,   Holford   TR  ,   Bracken   M  .  Effect 
of pregnancy on maternal asthma symptoms and medication 
use .  Obstet Gynecol   2010 ; 115 : 559  –  567 .  

  16.       Gluck   JC  ,   Gluck   PA  .  The effects of pregnancy on asthma: a 
prospective study .  Ann Allergy   1976 ; 37 : 164  –  168 .  

  17.       Schatz   M  ,   Harden   K  ,   Forsythe   A   et al.  The course of asthma 
during pregnancy, post - partum, and with successive pregnan-
cies: a prospective analysis .  J Allergy Clin Immunol   1988 ; 81 :
 509  –  517 .  

  18.       Stenius - Aarniala   BSM  ,   Hedman   J  ,   Teramo   KA.    Acute asthma 
during pregnancy .  Thorax   1996 ; 51 : 411  –  414 .  

  19.       Williams   DA.    Asthma and pregnancy .  Acta Allergol   1967 ; 22 :
 311  –  323 .  

  20.       Gluck   JC  ,   Gluck   PA  .  The effect of pregnancy on the course of 
asthma .  Immunol Allergy Clin North Am   2000 ; 20 : 729  –  743 .  

  21.       Cydulka   RK  ,   Emerman   CL  ,   Schreiber   D  ,   Molander   KH  , 
  Woodruff   PG  ,   Camargo   C  .  Acute asthma among pregnant 
women presenting to the emergency department .  Am J Respir 
Crit Care Med   1999 ; 160 : 887  –  892 .  

  22.       Murphy   VE  ,   Gibson   P  ,   Talbot   P  ,   Clifton   VL  .  Severe asthma 
exacerbations during pregnancy .  Obstet Gynecol   2005 ; 106 :
 1046  –  1054 .  

  23.       Sorri   M  ,   Hartikanen - Sorri   A - L  ,   Karja   J.    Rhinitis during preg-
nancy .  Rhinology   1980 ; 18 : 83  –  86 .  

  24.       Munn   MB  ,   Groome   LJ  ,   Atterbury   JL   et al.  Pneumonia as 
a complication of pregnancy .  J Matern Fetal Med   1999 ; 8 :
 151  –  154 .  

  25.       Henderson   CE  ,   Ownby   DR  ,   Trumble   A  ,   DerSimonian   R  , 
  Kellner   LH.    Predicting asthma severity from allergic sensitiv-
ity to cockroaches in pregnant inner city women .  J Reprod Med  
 2000 ; 45 : 341  –  344 .  

  26.       Murphy   VE  ,   Gibson   PG  ,   Smith   R  ,   Clifton   VL  .  Asthma during 
pregnancy: mechanisms and treatment implications .  Eur 
Respir J   2005 ; 25 : 731  –  750 .  

  27.       Tata   LJ  ,   Lewis   SA  ,   McKeever   TM   et al.  A comprehensive analy-
sis of adverse obstetric and pediatric complications in women 
with asthma .  Am J Respir Crit Care Med   2007 ; 175 : 991  –  997 .  

  28.       Enriquez   R  ,   Griffi n   MR  ,   Carroll   KN   et al.  Effect of maternal 
asthma and asthma control on pregnancy and perinatal out-
comes .  J Allergy Clin Immunol   2007 ; 120 : 625  –  630 .  

  29.       Kallen   B  ,   Olausson   PO  .  Use of anti - asthma drugs during preg-
nancy. 2. Infant characteristics excluding congenital malforma-
tions .  Eur J Clin Pharmacol   2007 ; 63 : 375  –  881 .  

  30.       Breton   M - C  ,   Beauchesne   M - F  ,   Lemiere   C   et al.  Risk of perinatal 
mortality associated with asthma during pregnancy .  Thorax  
 2009 ; 64 : 101  –  106 .  

  31.       Schatz   M  ,   Zeiger   RS  ,   Hoffman   CP   et al.  Perinatal outcomes in 
the pregnancies of asthmatic women: a prospective controlled 
analysis .  Am J Respir Crit Care Med   1995 ; 151 : 1170  –  1174 .  

  32.       Stenius - Aarniala   BSM  ,   Hedman   J  ,   Teramo   KA.    Acute asthma 
during pregnancy .  Thorax   1996 ; 51 : 411  –  414 .  

  33.       Dombrowski   MP  ,   Schatz   M  ,   Wise   R   et al.  Asthma during pre-
gnancy .  Obstet Gynecol   2004 ; 103 : 5  –  12 .  

  34.       Tamasi   L  ,   Somoskovi   A  ,   Muller   V   et al.  A population - based 
case - control study on the effect of bronchial asthma during 
pregnancy for congenital abnormalities of the offspring . 
 J Asthma   2006 ; 43 : 81  –  86 .  

  35.       Tata   LJ  ,   Lewis   SA  ,   McKeever   TM   et al.  Effect of maternal 
asthma, exacerbations and asthma medication on congenital 
malformations in offspring: a UK population - based study . 
 Thorax   2008 ; 63 : 981  –  987 .  

  36.       Kallen   B  ,   Olausson   PO  .  Use of anti - asthmatic drugs during 
pregnancy. 3. Congenital malformations .  Eur J Clin Pharmacol  
 2007 ; 63 : 383  –  388 .  

  37.       Schatz   M  ,   Dombrowski   M  .  Outcomes of pregnancy in asth-
matic women .  Immunol Allergy Clin North Am   2000 ; 20 :
 715  –  727 .  

  38.       Bracken   MB  ,   Triche   EW  ,   Belanger   K   et al.  Asthma 
symptoms, severity, and drug therapy: a prospective study 
of effects on 2205 pregnancies .  Obstet Gynecol   2003 ; 102 :
 739  –  752 .  

  39.       Triche   EW  ,   Saftlas   AF  ,   Belanger   K   et al.  Association of asthma 
diagnosis, severity, symptoms, and treatment with risk of 
preeclampsia .  Obstet Gynecol   2004 ; 104 : 585  –  593 .  

  40.       Bakhireva   LN  ,   Schatz   M  ,   Jones   KL   et al.  Asthma control 
during pregnancy and the risk of preterm delivery or impaired 
fetal growth .  Ann Allergy Asthma Immunol   2008 ; 101 :
 137  –  143 .  

  41.       Schatz   M  ,   Zeiger   RS  ,   Harden   K   et al.  The safety of asthma and 
allergy medications during pregnancy .  J Allergy Clin Immunol  
 1997 ; 100 : 301 .  

  42.       Martel   M - J  ,   Rey   E  ,   Beauchesne   M - F   et al.  Use of inhaled 
corticosteroids during pregnancy and risk of pregnancy -
 induced hypertension: nested case – control study .  BMJ   2005 ;
 330 : 230  –  235 .  

  43.       Schatz   M  ,   Dombrowski   MP  ,   Wise   R  .  The relationship of asthma 
medication use to perinatal outcomes .  J Allergy Clin Immunol  
 2004 ; 113 : 1040  –  1045 .  

  44.       Lin   S  ,   Herdt - Losavio   M  ,   Gensburg   L   et al  Maternal 
asthma, asthma medication use, and the risk of congenital 
heart defects .  Birth Defects Research (Part A)   2009 ; 85 :
 161  –  168 .  

  45.       Lin   S  ,   Munsie   JPW  ,   Herdt - Losavio   M   et al.  Maternal asthma 
medication use and the risk of gastroschisis .  Am J Epidemiol  
 2008 ; 168 : 73  –  79 .  

  46.       Blais   L  ,   Forget   A  .  Asthma exacerbations during the fi rst trimes-
ter of pregnancy and the risk of congential malformations 
among asthmatic women .  J Allergy Clin Immunol   2008 ; 121 :
 1379  –  1384   

  47.       Tamasi   L  ,   Bohacs   A  ,   Bikov   A   et al.  Exhaled nitric oxide in 
pregnant healthy and asthmatic women .  J Asthma   2009 ; 46 :
 786  –  791 .  

  48.      National Asthma Education Program   Report of the Working 
Group on Asthma and Pregnancy. Management of asthma 
during pregnancy . NIH Publication 93 - 3279A.  Bethesda, MD : 
 National Institutes of Health ,  1993 .  

  49.      National Asthma Education and Prevention Program Working 
Group Report on Managing Asthma During Pregnancy . 
 Recommendations for pharmacologic treatment . Update 2004. 
NIH Publication 05 - 5236.  Bethesda, MD :  National Institutes of 
Health ,  2005 .  



www.manaraa.com

192    Part 4 Maternal Disease

  50.      National Asthma Education and Prevention Program Expert 
Panel Report 3. Guidelines for the diagnosis and management 
of asthma. Summary Report 2007 .  J Allergy Clin Immunol  
 2007 ; 120 : S93  –  S138 .  

  51.       Schatz   M  ,   Dombrowski   MP  .  Asthma in pregnancy .  N Engl J 
Med   2009 ; 360 : 1862  –  1869 .  

  52.       Kelly   HW.    Comparison of inhaled corticosteroids: an update . 
 Ann Pharmacother   2009 ; 43 ( 3 ): 519  –  527 .  

  53.       Park - Wyllie   L  ,   Mazzotta   P  ,   Pastuszak   A   et al.  Birth defects after 
maternal exposure to corticosteroids: prospective cohort study 
and meta - analysis of epidemiological studies .  Teratology  
 2000 ; 62 : 385  –  392 .     



www.manaraa.com

Chapter 24 
Epilepsy

  Autumn M.     Klein   and     Page B.     Pennell  
  Department of Neurology, Brigham and Women ’ s Hospital and Harvard Medical School, Boston, MA, USA       

     Epilepsy is a chronic brain disorder of various etiologies 
characterized by recurrent, unprovoked seizures. A 
seizure is caused by paroxysmal abnormal cerebral neu-
ronal discharges. Clinical manifestations are stereotyped, 
episodic alterations in behavior or perception. Epilepsy 
can begin at any age of life, and two - thirds of cases are 
idiopathic. The prevalence is approximately 0.64% in the 
United States  [1] . Epilepsy is the most common neuro-
logic disorder that requires continuous treatment during 
pregnancy, and antiepileptic drugs (AEDs) are one of the 
most frequent chronic teratogen exposures  [2,3] . Over one 
million women with epilepsy in the United States are in 
their active reproductive years and give birth to over 
24,000 infants each year. However, it is estimated that the 
total number of children in the United States exposed  in
utero  to AEDs is nearly twice that amount with the emer-
gence of AED use for other illnesses including headache, 
chronic pain, and mood disorders  [4] . Many of the prin-
ciples outlined below about AED use during pregnancy 
can be extrapolated to women with any disorder treated 
with these agents. Although some of the other disorders 
may allow for discontinuation of the AED during preg-
nancy unlike most epilepsy cases, pregnancies are often 
not identifi ed until after organogenesis occurs. 

 The vast majority of women with epilepsy will have a 
normal pregnancy with a favorable outcome, but there 
are increased maternal and fetal risks compared to the 
general population. Careful management of any preg-
nancy in a woman with epilepsy is essential to minimize 
these risks, ideally beginning with preconceptional plan-
ning. The initial visit between the physician and a woman 
with epilepsy of child - bearing age should include a dis-
cussion about family planning. Topics should include 
effective birth control, the importance of planned preg-
nancies with AED optimization and folate supplementa-
tion prior to conception, obstetric complications, and 
teratogenicity of AEDs versus the risks of seizures during 
pregnancy. The goal is effective control of maternal 

seizures with the least risk to the fetus. In 2009, the 
American Academy of Neurology (AAN) and the 
American Epilepsy Society (AES) published Practice 
Parameter updates on the pregnant woman with epilepsy 
 [5 – 7] . These guidelines reviewed medications, tera-
togenicity, obstetric outcomes, vitamins, breastfeeding, 
and other management issues in the pregnant woman 
with epilepsy. These guidelines will be reviewed in this 
chapter.  

Birth control for women on 
antiepileptic drugs

 Many of the AEDs induce the hepatic cytochrome P450 
system, the primary metabolic pathway of the sex steroid 
hormones. This leads to rapid clearance of steroid hor-
mones and may allow ovulation in women taking oral 
contraceptives or other hormonal forms of birth control 
 [8,9] . The 1998 guidelines by the American Academy of 
Neurology recommend use of an estradiol dose of 50    μ g 
or its equivalent for 21 days of each cycle when using oral 
contraceptive agents with the enzyme - inducing AEDs 
 [10] . While no studies have looked at contraceptive effi -
cacy, this is still not entirely adequate protection against 
pregnancy, and a back - up barrier method is recom-
mended. Table  24.1  lists effects of the individual AEDs on 
hormonal contraceptive agents  [9,11,12] . Lamotrigine 
(LTG) is a commonly used AED, and estrogens can lower 
its serum level. Therefore, when taking estrogens with 
LTG, serum levels should be checked. The newer transder-
mal patch and vaginal ring formulations also have higher 
failure rates with these AEDs.    

Fetal anticonvulsant syndrome

 Offspring of women with epilepsy on AEDs are at 
increased risk for intrauterine growth retardation, minor 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.
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 Major congenital malformations most commonly asso-
ciated with AED exposure include congenital heart 
disease, cleft lip/palate, urogenital defects, and neural 
tube defects (Table  24.2 )  [16,17] . The congenital heart 
defects can involve almost any structural abnormality, 
and the urogenital defects commonly involve glandular 
hypospadias. The neural tube defects (NTD) are usually 
lower defects, but tend to be severe open defects fre-
quently complicated by hydrocephaly and other midline 
defects  [20] . Some studies have identifi ed spina bifi da 
aperta (an open defect with failure of the neural tube to 
close over the spinal cord) as the NTD most commonly 
associated with valproic acid (VPA) or carbamazepine 
(CBZ) exposure. The abnormal neural tube closure usually 
occurs between the third and fourth weeks of gestation. 
By the time most women realize they are pregnant, it is 
too late to make medication adjustments to avoid malfor-
mations (Table  24.3 ).    

Antiepileptic drug monotherapies
during pregnancy
 Although features of the fetal anticonvulsant syndrome 
have been described in association with virtually all of the 
AEDs, there are some notable differences in the likelihood 
of specifi c malformations with the different AEDs  [16,21] . 

 A comparison between two cohorts highlighted differ-
ences in fetal MCM with changes in prescribing practices 
over time  [20] . The older cohort (1972 – 9) had more women 
taking phenobarbital (PB), primidone, and phenytoin 

anomalies, major congenital malformations, cognitive 
dysfunction, microcephaly, and infant mortality  [13,14] . 
The term  “ fetal anticonvulsant syndrome ”  includes 
various combinations of these fi ndings and has been 
described with virtually all of the AEDs  [15,16] . 

Minor anomalies
 Minor anomalies are defi ned as structural deviations 
from the norm that do not constitute a threat to health. 
Minor anomalies affect 6 – 20% of infants born to women 
with epilepsy, an approximately 2.5 - fold increase com-
pared to the general population  [14] . Minor anomalies 
seen in infants of mothers on AEDs include distal digital 
and nail hypoplasia and midline craniofacial anomalies, 
including broad nasal bridge, ocular hypertelorism, epi-
canthal folds, short upturned nose, altered lips, and low 
hairline  [17,18] .  

Major congenital malformations
 The reported major congenital malformation (MCM) 
rates in the general population vary between 1.6% and 
3.2%  [19]  and women with a history of epilepsy but on 
no AEDs show similar MCM rates. The average MCM 
rates among all AED exposures vary between 3.1% and 
9%, or approximately 2 – 3 - fold higher than the general 
population. Reported MCM rates in monotherapy expo-
sures are 2.3 – 7.8%, while AED polytherapy exposures 
carry an average MM rate of 6.5 – 18.8%  [16] . Monotherapy 
use of AEDs is preferred to polytherapy during preg-
nancy and should be achieved during the preconception 
planning phase  [17] . The 2009 AAN/AES Practice 
Parameter updates found that there was probably an 
increased risk of MCMs with AED exposure in the fi rst 
trimester, but it could not be determined if the risk was 
from one AED or several  [6] . They determined that AED 
polytherapy probably contributes to an increased rate of 
MCMs as compared to monotherapy. Information on mal-
formations and AEDs comes from drug company and 
physician and/or patient registries based in North 
America, Europe, the United Kingdom, Australia, and 
India.

Table 24.1     AED  effects on hormonal contraceptive agents 

Lowers hormone levels No signifi cant effects 

Phenobarbital Ethosuximide
Phenytoin Valproate
Carbamazepine Gabapentin
Primidone Lamotrigine
Topiramate Tiagabine
Oxcarbazepine Levetiracetam
Rufi namide Zonisamide

Lacosamide
Pregabalin

Table 24.2    Major malformations in infants of women with 
epilepsy

General population Infants of women 
with epilepsy 

Congenital heart 0.5% 1.52%
Cleft lip/palate 0.15% 1.4%
Neural tube defect 0.06% 1–3.8% (VPA) 

0.5–1% (CBZ) 
Urogenital defects 0.7% 1.7%

CBZ, carbamazepine; VPA, valproic acid. 

Table 24.3    Relative timing and developmental pathology of 
certain malformations 

Tissues Malformations Postconceptional age 

Central nervous 
system

Neural tube defect 28 days 

Heart Ventricular septal defect 42 days 
Face Cleft lip 36 days 

Cleft maxillary palate 47–70 days 

Adapted from Yerby [71] and Moore  [82].
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 The newer generation of AEDs consists of a large 
number of structurally diverse compounds, most of 
which have demonstrated teratogenic effects in preclini-
cal animal experiments and MCM in offspring of women 
on these AEDs. With the possible exception of LTG, none 
have suffi cient human pregnancy experience to assess 
their safety or teratogenicity. The reported rates for MCM 
with LTG use during the fi rst trimester are consistently 
moderately low across several studies, varying between 
2.0% and 3.2%  [26,29,30] . The reported MCM rate for LTG 
use from the North American AED Pregnancy Registry 
was 2.7% (95% CI 1.5 – 4.3%), but a signifi cantly increa-
sed risk for nonsyndromic cleft lip/cleft palate was 
noted  [29] . 

 The 2009 AAN/AES Practice Parameter update drew 
several conclusions  [6] . Compared to CBZ, it is highly 
probable that fi rst - trimester exposure to VPA has higher 
risk of MCMs, and compared to PHT or LTG, it is possible 
that VPA has higher risk of MCMs. Compared to untreated 
women with epilepsy (WWE), it is probable that poly-
therapy that includes VPA and possible that monotherapy 
with VPA contributes to the development of MCMs. The 
authors also reported that AED polytherapy compared to 
monotherapy regimens probably contributes to the devel-
opment of MCMs. There is insuffi cient evidence to know 
if LTG or other AEDs increase the risk. Recommendations 
were to avoid VPA in monotherapy or in polytherapy in 
the fi rst trimester if possible in order to decrease the risk 
of MCMs. Since the Pratice Parameters were published, 
subsequent studies have suggested that limiting the doses 
of VPA and LTG during the fi rst trimester should be con-
sidered to decrease the risk of MCMs  [31] .   

Prenatal screening

 While there were no recommendations from the 2009 
AAN Practice Parameter updates, women on AEDs 
during pregnancy should undergo adequate prenatal 
screening to detect any fetal major congenital malfor-
mations. In addition to routine screening measures, 
ultrasonographic measurements of nuchal lucency in 
combination with levels of placenta - associated pregnancy 
protein A,  α  - fetoprotein, human chorionic gonadotropin, 
and estriol can be performed to determine risk of congeni-
tal malformations. If not routinely done, a detailed ana-
tomic ultrasound at 16 – 18 weeks can be performed to 
further evaluate for any malformations, and if there are 
any cardiac concerns, fetal echocardiography should also 
be done. Amniocentesis (with measurements of amniotic 
fl uid  α  - fetoprotein and acetylcholinesterase) is not per-
formed routinely but should be offered if any screening 
tests are equivocal, increasing the sensitivity for detection 
of neural tube defects to greater than 99%. If the patient ’ s 
weight gain and fundal growth do not appear 

(PHT); the newer cohort (1981 – 5) represented more mon-
otherapy with VPA or CBZ. The features of the older 
cohort were congenital heart defects, facial clefts, and 
minor anomalies. The MCM identifi ed most frequently 
with the newer cohort were neural tube defects and 
glandular hypospadias. The relative risk for neural tube 
defects with valproate is at least 20 times that of the 
general population  [22] . One analysis pooling data 
from fi ve prospective studies suggested that the absolute 
risk with valproate monotherapy may be as high as 
3.8% for neural tube defects, and that offspring of women 
receiving  > 1000   mg/day of valproate were especially at 
increased risk  [23] . 

 Recent prospective data from the North American AED 
Pregnancy Registry are available for PB, VPA, and LTG. 
Of 77 women receiving PB monotherapy, fi ve of the 
infants had confi rmed major malformations (6.5%; 95% 
confi dence interval [CI] 2.1 – 14.5%). Major malformations 
in exposed infants included one cleft lip and palate and 
four heart defects  [24] . In fi rst - trimester VPA mono-
therapy exposures (n  =  149), major birth defects occurred 
in 10.7% of infants, as compared with 1.6% in external 
control infants (relative risk [RR] to controls 7.3, 95% CI 
4.4 – 12.2). Birth defects included cardiac anomalies, neural 
tube defects, hypospadias, polydactyly, bilateral inguinal 
hernia, dysplastic kidney, and equinovarus club foot  [25] . 
Perhaps more relevant to the prescribing physician is the 
relative risk compared to the internal comparison group. 
The internal comparison group was the major congenital 
malformation rate (2.9%) of three other AED mono-
therapy regimens; the relative risk of VPA for malforma-
tions compared to this group was 4.0 (95% CI 2.1 – 7.4). 

 The UK Epilepsy and Pregnancy Register has collected 
prospective, full outcome data on 3607 cases  [26] . 
Comparisons between monotherapy regimens did reveal 
a statistically signifi cant increased MCM rate for preg-
nancies exposed to VPA (6.2%, 95% CI 4.6 – 8.2%) com-
pared to those exposed to CBZ (2.2%, 95% CI 1.4 – 3.4%, 
adjusted OR 2.97, P    <    0.001). Although a lower MCM rate 
was identifi ed for pregnancies exposed to LTG (3.2%, 
95% CI 2.1 – 4.9), the adjusted OR 0.59 compared to the 
VPA group was not statistically signifi cant (P    =    0.064) 
 [26] . The Australian Pregnancy Registry has enrolled 
over 800 women  [27,28] . Signifi cantly greater risk for 
MCM on VPA monotherapy was demonstrated (17.1%) 
compared to other AED monotherapy exposures (2.4%) 
and no AED exposures (2.5%). The MCM rate increased 
with increasing VPA dosage (P    <    0.05) with a MCM rate 
of > 30% for doses  > 1100   mg/day. Other MCM rates 
reported were PHT 4.7%, CBZ 4.5%, and LTG 5.6% for 
monotherapy exposures. The fi ndings of these large 
prospective pre gnancy registries scattered across differ-
ent regions of the world reveal a consistent pattern of 
amplifi ed risk for the development of MCM in pregnan-
cies exposed to VPA. 
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Mortality

 Fetal death (fetal loss at greater than 20 weeks ’  gestational 
age) may be another increased risk for women with epi-
lepsy. Previous reports showed that stillbirth rates vary 
between 1.3% and 14.0% compared to rates of 1.2 – 7.8% 
for women without epilepsy  [13] , and perinatal death 
rates were also up to twofold higher for women with 
epilepsy (1.3 – 7.8%) compared to controls (1.0 – 3.9%)  [13] . 
Based on a few studies, the AAN Practice Parameter 
update stated that WWE have no substantially increased 
risk of perinatal death  [6] . One study published since the 
guidelines showed that there is an increase in perinatal 
death from 0.3% in controls to 2.2% in WWE  [49] . Figures 
for spontaneous abortions ( < 20 weeks ’  gestational age) 
vary considerably  [10,50,51]  and the AAN guidelines con-
cluded that there was insuffi cient evidence to draw any 
conclusions  [5] .  

Potential mechanisms

 The causes of the  “ anticonvulsant embryopathy ”  are 
likely multifactorial. However, recent studies have sup-
ported the anticonvulsant drugs as the most signifi cant 
offending factor, more so than actual traits carried by 
mothers with epilepsy, environmental factors, or possibly 
even seizures during pregnancy  [52 – 54] . Teratogenicity 
by AEDs is likely mediated by several mechanisms, 
including antifolate effects and reactive intermediates of 
AEDs. Almost all AEDs are associated with folate defi -
ciency or interference with folate metabolism  [55 – 57] . 
Although the benefi cial effects of folic acid supplementa-
tion are clear for lowering the risk of neural tube defects 
in women without epilepsy  [58,59] , it is not as clear in 
women with epilepsy on AEDs. Older AEDs such as CBZ, 
PHT, PB, and primidone lower serum folic acid levels, so 
folic acid supplementation in women taking AEDs is 
encouraged. The AAN Practice Parameter updates con-
cluded that the risk of MCMs in offspring of WWE was 
possibly reduced by folic acid supplementation and they 
recommend consideration of folic acid supplementation 
in WWE  [7] . The ideal amount of folic acid supplementa-
tion needed for women taking AEDs is unknown. The 
Canadian Obstetrics and Gynecologists organization rec-
ommends 5   mg per day in WWE  [60]  and a 5   mg folic acid 
tablet is formulated in Europe and has been in use for 
many years. In the United States, to approximate 5   mg, 
epileptologists suggest 4   mg in addition to a regular pre-
natal vitamin. 

Seizures during pregnancy

 The physiologic changes and psychosocial adjustments 
that accompany pregnancy can alter seizure frequency, 

appropriate, serial sonography should be performed to 
assess fetal size and amniotic fl uid  [32] .  

Neurodevelopmental outcome

 Studies investigating cognitive outcome in children of 
women with epilepsy report an increased risk of mental 
defi ciency, affecting 1.4 – 6% of children of women with 
epilepsy, compared to 1% of controls  [13,33,34] . Verbal 
scores on neuropsychometric measures may be selec-
tively more involved  [4] . A variety of factors contribute 
to the cognitive problems of children of mothers with 
epilepsy, but AEDs appear to play a role  [4] . 

 Studies of particular AEDs have reported that the 
child’ s level of IQ is negatively correlated with  in utero
exposure to VPA  [35,36] , PRM  [37] , PB  [38] , PHT  [36,39] , 
CBZ  [36,40,41] , polytherapy  [35 – 37,42] , and seizures  [43] . 
Exposure during the last trimester may actually be the 
most detrimental  [38] . 

 Several studies have suggested a notably higher risk of 
VPA for the neurodevelopment of children exposed  in 
utero,  often with lower verbal IQ scores  [35,42,44,45] . 
Additionally, greater than fi ve convulsive seizures during 
pregnancy had a negative effect on verbal IQ  [45] . The 
AAN Practice Parameter updates recommend that avoid-
ing VPA, PHT, and PB in pregnancy should be considered 
due to the risk of poor cognitive outcomes  [6]  and similar 
to prior recommendations, monotherapy should be con-
sidered to reduce the risk of adverse cognitive outcomes. 

 Since publication of the AAN/AES Practice Parameter 
updates, results from the Neurodevelopmental Effects of 
Antiepileptic Drugs (NEAD) Study Group have further 
confi rmed these fi ndings  [46] . This study looked at cogni-
tive outcomes of offspring born to WWE taking mono-
therapy of one of four AEDs  –  CBZ, LTG, VPA, and PHT. 
When corrected for maternal IQ, maternal age, AED dose, 
gestational age at birth and preconception folate, on 
average, verbal IQ at 3 years of age was signifi cantly 
lower in the VPA group compared to each of the other 
three AEDs studied and this effect was dose related. The 
suggestion of the authors was to consider avoiding VPA 
in women of reproductive age, especially when there are 
now proven safer AED options. These fi ndings should be 
considered in light of the concern that third - trimester 
exposure may have the greatest impact on cognitive 
development, and therefore VPA, PHT, or PB should not 
be added to the patient ’ s regimen during the second or 
third trimester without consideration of the effect on fetal 
brain development. 

 Microcephaly has been associated with  in utero  AED 
exposure  [13,14]  and most often with polytherapy, PB, 
and primidone  [47] . The risk of epilepsy in children of 
WWE is higher (RR 3.2) compared to controls  [48] . 
Interestingly, this same increased risk has not been dem-
onstrated for children of fathers with epilepsy.  
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 It is not as clear what the effects of nonconvulsive sei-
zures are on the developing fetus. Many types of seizures 
can cause trauma, which can result in ruptured fetal 
membranes with an increased risk of infection, premature 
labor, and even fetal death  [18] . If the woman is still 
having seizures, restrictions on driving and climbing 
heights should be reinforced with her, with special 
emphasis on the risk to the fetus.  

Antiepileptic drug management

 Management of AEDs during pregnancy can be complex. 
Clearance of virtually all of the AEDs increases during 
pregnancy, resulting in a decrease in serum concentra-
tions (Table  24.4 )  [68] . Clearance of most of the AEDs 
normalizes gradually over the fi rst 2 – 3 postpartum 
months. Lamotrigine metabolism, however, undergoes an 
exaggerated increase throughout pregnancy, and quickly 
converts back to baseline clearance within the fi rst few 
weeks postpartum  [31,69,70] .   

 Several physiologic factors contribute to the decline in 
AED levels during pregnancy (Table  24.5 ). The greater 
extent of increased LTG clearance during pregnancy 
probably refl ects its distinctive metabolic pathway of glu-
curonidation. The changes in AED levels during preg-
nancy can vary widely and are not predictable for an 
individual. The ratio of free to bound drug may increase 
during pregnancy for many of the older AEDs, but the 
amount of free AED still usually declines  [68] . The optimal 
approach to monitoring AED levels during pregnancy is 
one that measures free levels of any AED that is highly or 
moderately protein bound  [10] . Total levels are suffi cient 
for AEDs that are minimally protein bound. The ideal 

including changes in sex hormone concentrations, 
changes in AED metabolism, sleep deprivation, and new 
stresses. Noncompliance with medications is common 
during pregnancy and is in large part due to the strong 
message that any drugs taken during pregnancy are 
harmful to the fetus. Teratogenic effects of AEDs are well 
described, but risks to the fetus are often exaggerated or 
misrepresented. Proper education about the risks of AEDs 
versus the risks of seizures can be very helpful in assuring 
compliance during pregnancy. The AAN Practice 
Parameter updates concluded that there was insuffi cient 
evidence to state whether or not there was a change in 
seizure frequency in pregnant WWE  [5] . Two studies have 
shown that if WWE are well controlled for the 9 months 
prior to conception, they have a 84 – 92% chance of remain-
ing seizure free during pregnancy  [61,62] . 

 Generalized tonic - clonic seizures (GTCS) can cause 
maternal and fetal hypoxia and acidosis  [13,63] . After a 
single GTCS, fetal intracranial hemorrhages  [64] , miscar-
riages, and stillbirths have been reported  [55] . A single 
brief tonic - clonic seizure has been shown to cause 
depression of fetal heart rate for more than 20   min  [65] , 
and longer or repetitive tonic - clonic seizures are incre-
mentally more hazardous to the fetus as well as the 
mother. 

 Status epilepticus is an uncommon complication of 
pregnancy, and older studies showed that it carried a 
high maternal and fetal mortality rate  [66]  but this is 
no longer the case with improved medical care. In the 
EURAP study, 36 of 1956 pregnancies had status, with 
only 12 convulsive. Of these, only one had stillbirth 
 [67] . No studies, however, compare the risk of status 
epilepticus in the pregnant WWE versus the nonpreg-
nant WWE.

Table 24.4    Alterations of  AED  clearance and/or concentrations during pregnancy 

AED Reported increases in clearance Reported decreases in total 
concentrations

Reported changes in free AED or metabolites 

PHT 19–150% 60–70% Free PHT clearance increased in TM3 by 25%; free 
PHT concentration decreased by 16 –40% in TM3 

CBZ −11 to +27% 0–12% No change 
PB 60% 55% Decrease in free PB concentration by 50% 
PRM Inconsistent Inconsistent Decrease in derived PB concentrations, with lower 

PB:PRM ratios 
VPA Increased by TM2 and TM3 No change in clearance of free VPA. Free fraction 

increased by TM2 and TM3 
ESX Inconsistent Inconsistent
LTG 65–230%, substantial interindividual 

variability
89% increase in clearance of free LTG 

OXC MHD & active moiety decreased 
by 36 –61%

LEV 243% 60% by TM3 

AED, antiepileptic drug; CBZ, carbamazepine; ESX, ethosuximide; LEV, levetiracetam; LTG, lamotrigine; MHD, monohydroxy derivative of 
oxcarbazepine; OXC, oxcarbazepine; PB, phenobarbital; PHT, phenytoin; PRM, primidone; TM, trimester; VPA, valproic acid. 
Source: Pennell and Hovinga [68].
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34 weeks, whereas the WWE not taking AEDs had no 
increased risk of these adverse outcomes  [72] . In a study 
using a national database, WWE were found to have 
increased rates of hospitalization during pregnancy, intra-
uterine growth restriction, and cesarean delivery but not 
increased rates of hypertension in pregnancy or prema-
ture rupture of membranes  [73] . While these studies are 
useful in guiding obstetric care, more detailed prospec-
tive studies will be needed to differentiate the extent of 
these outcomes.  

Neonatal vitamin K defi ciency 

 Many of the AEDs can inhibit vitamin K transport across 
the placenta  [13,74 – 76] . Infant mortality from this hemor-
rhagic disorder is very high at greater than 30% and is 
usually due to bleeding in the abdominal and pleural 
cavities leading to shock. Older AAN 1998 guidelines 
recommend prophylactic treatment with vitamin K 
administered orally as 10   mg to the mother during the last 
month of pregnancy and 1   mg administered intramuscu-
larly or intraveneously to the newborn at birth  [10] . The 
2009 AAN Practice Parameter updates compared studies 
looking at newborns of WWE on AEDs to newborns of 
women without epilepsy where all newborns got intra-
muscular vitamin K and the WWE did not have prentatal 
vitamin K supplementation. Their conclusion was that 
there was not enough evidence to determine if there was 
an increased risk of hemorrhagic disease of the newborn 
in WWE taking AEDs  [7] . Since all newborns are now 
given intramuscular vitamin K at birth and fewer WWE 
are on older enzyme - inducing medications, administra-
tion of vitamin K during pregnancy is no longer widely 
practiced.

Labor and delivery

 The majority of WWE will not experience seizures during 
labor and delivery. Reports of women with seizures 
during labor and the fi rst 24 h postpartum are 2%, and 
may be as high as 12.5% of women with primary general-
ized epilepsy syndromes  [77,78] . A more recent large 
study showed that 3.5% of women had seizures during 
delivery, with most of these occurring in women who had 
active epilepsy  [67] . Sleep deprivation may provoke sei-
zures and obstetric anesthesia may be used to allow for 
some rest prior to delivery if sleep deprivation has been 
prolonged. The specifi c analgesic meperidine should be 
avoided because of its potential to lower seizure 
threshold. 

 During a prolonged labor, oral absorption of AEDs may 
be erratic and any emesis will confound the problem. 
Phenobarbital, (fos)phenytoin, and VPA can be given 

AED (free) level(s) need to be established for each indi-
vidual patient prior to conception, and should be the level 
at which seizure control is the best possible for that 
patient without debilitating side - effects. Levels should be 
obtained at least at baseline prior to conception and 
repeated at the beginning of each trimester and again in 
the last 4 weeks of pregnancy  [10,32] . Some authors rec-
ommend monthly monitoring given the possibility of 
rapid and unpredictable decreases in AED levels in an 
individual patient  [68] . The 2009 AAN Practice Parameter 
update concluded that pregnancy probably reduces the 
levels of LTG, CBZ, and PHT and so recommends that 
monitoring levels of these AEDs during pregnancy should 
be considered  [7] .    

Obstetric complications

 Women with epilepsy may have an increased risk of 
certain obstetric complications such as peripartum hem-
orrhage, preterm delivery, hypertensive disorders of 
pregnancy, and cesarean delivery. The AAN Practice 
Parameter updates determined that there is probably no 
substantially increased risk (greater than two times) of 
cesarean delivery or late pregnancy bleeding and that for 
WWE who smoke as compared to those who do not, there 
is a substantially increased risk of premature contractions 
and preterm labor  [5] . They did not fi nd suffi cient 
evidence to comment on whether or not there was an 
increased risk of preeclampsia, pregnancy - induced 
hypertension, or spontaneous abortion in WWE. 

 There have since been several other studies evaluating 
obstetric outcomes. Using the Medical Birth Registry of 
Norway, only one - third of WWE were taking AEDs, and 
they had an increased risk of mild preeclampsia, gesta-
tional hypertension, vaginal bleeding, and delivery before 

Table 24.5    Physiologic changes during pregnancy: effects on 
drug disposition 

Parameter Consequences

↑ Total body water, 
extracellular fl uid 

Altered drug distribution 

↑ Fat stores ↓ Elimination of lipid -soluble drugs 
↑ Cardiac output ↑ Hepatic blood fl ow leading to  ↑

elimination
↑ Renal blood fl ow and 

glomerular fl ow rate 
↑ Renal clearance of unchanged 

drug
Altered cytochrome P450 

activity
Altered systemic absorption and 

hepatic elimination 
↓ Maternal albumin Altered free fraction; increased 

availability of drug for hepatic 
extraction

Source: Pennell [83].
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 The Neurodevelopmental Effects of Antiepileptic 
Drugs study examined potential effects of breastfeeding 
on cognitive development when the mother was on an 
AED  [81] . The mothers were on one of four AEDs in 
monotherapy (VPA, PHT, LTG, CBZ). When comparing 
breast - fed children to children who did not breastfeed, 
the IQs for breast - fed children did not differ from 
nonbreast - fed children, for all AEDs combined and for 
each AED monotherapy group. These fi ndings provide 
reassurance that women taking AEDs are not further 
harming their children ’ s development by exposing them 
to AEDs via breastmilk.  

Summary of management of epilepsy
and pregnancy

 Improving maternal and fetal outcomes for women with 
epilepsy involves effective preconceptional counseling 
and preparation. The importance of planned pregnancies 
with effective birth control should be emphasized, with 
consideration of the effects of the enzyme - inducing 
AEDs on lowering effi cacy of hormonal contraceptive 
medications.

 Before pregnancy occurs, the patient ’ s diagnosis and 
treatment regimen should be reassessed. Once the diag-
nosis of epilepsy is confi rmed, it is important to verify 
whether that individual patient continues to need medi-
cations and whether she is on the most appropriate 
AED to balance control of her seizures against tera-
togenic risks. For most women with epilepsy, with-
drawal of all AEDs prior to pregnancy is not a realistic 
option. In the vast majority of cases requiring continued 

intravenously at the same maintenance dosage. 
Convulsive seizures and repeated seizures during labor 
should be treated promptly with parenteral lorazepam 
(1 – 4   mg) or valium (5 – 10   mg)  [77] . Benzodiazepines can 
cause neonatal respiratory depression, decreased heart 
rate, and maternal apnea if given in large doses, and these 
potential side - effects need to be monitored closely. 
Administration of another, longer - acting AED is contro-
versial due to the inhibitory effects on myometrial con-
tractions  [77] . If convulsive seizures occur, oxygen should 
be administered to the patient and she should be placed 
on her left side to increase uterine blood fl ow and decrease 
the risk of maternal aspiration  [32] . Prompt cesarean 
delivery should be performed when repeated GTCS 
cannot be controlled during labor or when the mother is 
unable to cooperate during labor because of impaired 
awareness during repetitive absence or complex partial 
seizures  [77] .  

Postpartum care

 Most of the AED levels gradually increase after delivery 
and plateau by 10 weeks postpartum. AED levels may 
need to be followed closely during this postpartum 
period  [10] . Lamotrigine levels, however, increase imme-
diately and plateau within 2 – 3 weeks postpartum. In 
order to avoid toxicity, adjustments in LTG doses need 
to be made on an anticipatory basis beginning within 
the fi rst few days after delivery  [79] . One prospective 
study demonstrated a signifi cantly reduced risk for post-
partum toxicity if an empiric LTG taper over the fi rst 
10 – 14 days postpartum was followed, with return to pre-
conception dose or slightly above preconception dose (to 
provide extra protection from seizures during sleep dep-
rivation)  [31] . 

 Perinatal lethargy, irritability, and feeding diffi culties 
have been attributed to intrauterine exposure to benzodi-
azepines and barbiturates, and breastfeeding on these 
medications may prolong sedation and feeding problems. 
The 2009 AAN Practice Parameter update found no articles 
addressing symptomatic effects of AEDs on the newborn 
and acknowledged that this may lead to anxiety for the 
mother on an AED considering breastfeeding  [7] . Despite 
this, most infants of WWE can successfully breastfeed 
without complications. The concentrations of the different 
AEDs in breastmilk are considerably less than those in 
maternal serum (Table  24.6 ). The infant ’ s serum concentra-
tion is determined by this factor as well as the AED elimi-
nation half - life in neonates, which is usually more 
prolonged than that in adults  [68] . The benefi ts of breast-
feeding are believed to outweigh the small risk of adverse 
effects of AEDs  [10,80]  and parents should be advised to 
watch for signs of increased lethargy to a degree that inter-
feres with normal growth and development. 

Table 24.6    Antiepileptic drug exposure through breastmilk 

AED Breast milk/maternal 
concentration

Adult half -life Neonate half -life

CBZ 0.36–0.41 8–25 8–36
PHT 0.06–0.19 12–15 15–105
PB 0.36–0.46 75–125 100–500
ESX 0.86–1.36 32–60 32–38
PRM 0.72 4–12 7–60
VPA 0.01–0.1 6–20 30–60
LTG 0.5–0.77 30 –
ZNS 0.41–0.93 63 61–109
TPM 0.86 21 24
GBP 0.7–1.3 7–9 14
OXC 0.5–0.65 19.3 17–22
LEV 0.8–1.3 6–8 16–18

AED, antiepileptic drug; CBZ, carbamazepine; ESX, ethosuximide; 
LEV, levetiracetam; LTG, lamotrigine; OXC, oxcarbazepine; PB, 
phenobarbital; PHT, phenytoin; PRM, primidone; TPM, topiramate; 
VPA, valproic acid; ZNS, zonisamide. 
Source: Hovinga and Pennell [84].
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AED therapy, monotherapy at the lowest effective dose 
should be employed. If large daily doses are needed, 
then frequent smaller doses or extended - release formu-
lations may be helpful to avoid high peak levels. Some 
of the newest information about differential risks 
between AEDs should also be considered. The woman ’ s 
AED regimen should be optimized and folate supple-
mentation should begin prior to pregnancy. Given that 
50% of pregnancies in the United States are unplanned, 
folate supplementation should be encouraged in all 
women of child - bearing age on any AED and for any 
indication. Dosing recommendations vary between 
0.4   mg and 5   mg daily. 

 If a woman with epilepsy presents after conception on 
a single AED that is effective, her medication should 
usually not be changed. Exposing the fetus to a second 
agent during a cross - over period of AEDs only increases 

    A 32 year - old, gravida 1, para 0 right - handed Caucasian 
female suffered a closed head injury with loss of con-
sciousness in 1988 during a motor vehicle accident. Five 
years later, she developed her fi rst seizure, which pre-
sented as an aura followed by a generalized tonic - clonic 
(grand mal) seizure. Her second seizure occurred in 1994, 
with similar semiology. She was diagnosed with epilepsy 
and started on phenytoin. Two years later, because of 
interference with birth control pills, her phenytoin was 
switched to valproic acid, 500   mg PO bid of the extended -
 release formulation. She had no further grand mal sei-
zures but still had occasional auras with dizziness 
and wave - like vision, once per year. The patient 
stopped her birth control in 2005 with eager anticipa-
tion of pregnancy. She was not counseled about specifi c 
risks of her medication and was not on any vitamin 
supplementation.

 She presented to our clinic at 17 weeks ’  gestational age 
for a second opinion regarding her epilepsy management 
in the setting of recent ultrasound diagnosis of multiple 
fetal congenital malformations, including meningomye-
locele, severe hydrocephalus, and heart calcifi cations. 
Folic acid at 4   mg daily and a prenatal vitamin were pre-

scribed. She was referred to a maternal - fetal medicine 
specialist and chose to undergo therapeutic dilation and 
evacuation. She returned to the neurology clinic 6 weeks 
later with her husband and they were given information 
on specifi c reported risks of MCM for lamotrigine mono-
therapy compared to valproate monotherapy. A gradual 
cross - over of her medication from valproic acid to lamo-
trigine was prescribed. A baseline, trough lamotrigine 
serum concentration measurement 1 month after the tran-
sition to lamotrigine monotherapy was ordered. She was 
counseled to wait until 6 months after the cross - over was 
complete before trying to conceive again, to assure medi-
cation tolerability and effi cacy. 

 Following conception, monthly serum lamotrigine 
levels were obtained for therapeutic drug monitoring to 
maintain her individualized target concentration through 
dosage adjustments. She remained seizure free, and deliv-
ered a healthy 7 lb 13   oz baby boy. She breastfed her son 
until he was 1 year old. She returned to clinic the next 
year, planning for another pregnancy, and she delivered 
a full - term healthy 7   lb 10   oz baby girl following another 
uneventful seizure - free pregnancy with therapeutic drug 
monitoring of lamotrigine. 

CASE PRESENTATION 

the teratogenic risk, and seizures are more likely to occur 
with any abrupt medication changes. If a woman is on 
polytherapy, it may be possible to safely switch to 
monotherapy. Maintaining seizure control during preg-
nancy is important, and monitoring of serum AED levels 
can help achieve that goal. Seizure control prior to preg-
nancy predicts good seizure control during pregnancy. 

 Prenatal screening can detect major malformations 
in the fi rst and second trimesters. Postpartum care 
should focus on safety and medication monitoring and 
adjustment.

 Although women on AEDs for epilepsy, or for other 
indications, do have increased risks for maternal and fetal 
complications, these risks can be considerably reduced 
with effective preconceptional planning and careful 
multidisciplinary management during pregnancy and the 
postpartum period. 
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     Hypertensive disorders are one of the most serious 
complications in pregnancy because of the potential to 
cause serious maternal and perinatal morbidity and 
mortality. Although a substantial number of hyperten-
sive patients have relatively good outcomes, diffi culty in 
differentiating between various hypertensive conditions, 
inability to predict which patients are at highest risk, 
and variability in the progression of preeclampsia make 
these disorders one of the greatest medical challenges in 
obstetrics.

Diagnosis

 Chronic hypertension in pregnancy is diagnosed if there 
is a sustained elevation of arterial blood pressure of 
140/90   mmHg or greater prior to the 20th week of gesta-
tion, or if hypertension existed prior to pregnancy  [1] . 
The diagnosis of chronic hypertension in pregnancy may 
be missed because of the physiologic decline in blood 
pressure as a result of the vascular relaxation of pre-
gnancy. As a result, chronic hypertension may be 
diagnosed as gestational hypertension in the third tri-
mester. Chronic hypertension should be suspected if 
fi rst - trimester diastolic pressures of 80   mmHg or higher 
are present, especially in a multiparous patient, or in a 
patient with a family history of chronic hypertension  [2] . 
Patients who develop hypertension in more than one 
pregnancy most likely have chronic hypertension  [3,4] . 
The rates of adverse perinatal and maternal outcomes 
increase when preeclampsia develops in a patient with 
underlying hypertension  [5] . Patients with preeclampsia, 
in general, have a greater risk of cardiovascular mortality 
later in life  [6] . Associated conditions involving the 
kidneys, such as systemic lupus erythematosus and dia-
betes mellitus, help make the diagnosis of secondary 
hypertension.

Classifi cation 

 Although during pregnancy hypertension is commonly 
classifi ed as mild ( ≥ 140/90   mmHg) or severe ( ≥ 160/105 –
 110   mmHg), chronic hypertension outside pregnancy can 
be categorized as prehypertension, stage I and II hyper-
tension, depending on the absolute level of blood pres-
sure with or without evidence of end - organ damage  [7] . 
The National High Blood Pressure Working Group has 
recommended that blood pressure be taken in the sitting 
position after 10   min of rest. Diastolic measurement is the 
pressure at Korotkoff phase V, when the sound disap-
pears  [1] . If automated blood pressure monitors are used, 
the diastolic pressure will be between the fourth and fi fth 
Korotkoff sounds. To reduce inaccurate readings, an 
appropriate size cuff should be used (length 1.5 times 
upper arm circumference or a cuff with a bladder that 
encircles 80% or more of the arm). The patient should not 
use tobacco or caffeine for 30   min preceding the measure-
ment  [8] . Uterine size and compression of the inferior 
vena cava and aorta are factors (especially in the supine 
position) that alter blood pressure readings as the uterus 
enlarges.  

Preconceptional therapy guidelines

 Preconceptional counseling is important for the woman 
who has chronic hypertension. It is important to establish 
baseline data on this patient, and to teach her self - blood 
pressure monitoring prior to conception. Medication 
should be changed to one that would be acceptable during 
pregnancy. If she is taking a diuretic, the dosage should 
be diminished gradually and preferably eliminated prior 
to conception. Angiotensin - converting enzyme (ACE) 
inhibitors and angiotensin receptor blockers (ARB) are 
both associated with fetal hypocalvaria, lung hypoplasia 
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obtained in all patients with severe and/or accelerated 
hypertension to examine for illicit substance abuse, such 
as cocaine or methamphetamine. 

 If the hypertension has been present for several years, 
additional consideration should be given to ordering an 
electrocardiogram, echocardiogram, or ophthalmologic 
examination. Furthermore, the sleep apnea syndrome 
should be suspected and appropriate referral for evalu-
ation should be undertaken in obese women with hyper-
tension who snore loudly while asleep, awake with 
headache, and fall asleep inappropriately during the 
day. For patients with an elevated creatinine, a renal 
ultrasound may occasionally be useful. A young woman 
with severe hypertension (especially with no family 
history) may also require Doppler fl ow studies or mag-
netic resonance angiography to evaluate for renal artery 
stenosis, but this is generally detected before the patient 
has seen the obstetrician. Furthermore, negative results 
from renal ultrasonography do not rule out renal artery 
stenosis.

Differential diagnosis

 Preexisting hypertension should be suspected in the 
absence of proteinuria and other corroborative laboratory 
fi ndings of preeclampsia, family history of hypertension, 
obesity, multiparity, or other diseases known to affect the 
kidney. One should review medical records from prior 
healthcare visits to ascertain prepregnancy blood pres-
sure measurements. 

 Preexisting hypertension, secondary to renal disease, 
should be suspected when proteinuria is disproportion-
ate to the degree of hypertension, especially when the 
patient is multiparous or presents with hypertension 
prior to 34 weeks  [13] . 

 Forty - three percent of multiparous women presenting 
with preeclampsia had renal biopsies showing evidence 
of preexisting renal parenchymal or vascular disease  [14] . 
Of women with preeclampsia diagnosed prior to 34 
weeks, 70% had laboratory or renal biopsy evidence of 
preexisting renal disease  [15] .  

Therapy during pregnancy

 Home blood pressure monitoring permits the patient to 
be her own advocate and further reinforces the control of 
her environmental situation. Home blood pressure data 
are preferable, and correct calibration should be con-
fi rmed. Self - monitoring can reduce the use of antihyper-
tensive medication and the need for hospitalization 
 [16,17] . 

 Bedrest has been suggested as therapy for women who 
have chronic hypertensive diseases of pregnancy. Uterine 

renal anomalies, and renal failure which may not be 
reversible, which is why these medications are contrain-
dicated after the fi rst trimester  [9,10] . They are also con-
traindicated in the periconceptual period and the fi rst 
trimester, as they have been associated with cardiac and 
central nervous system (CNS) anomalies with an overall 
risk ratio of 2.7 (95% confi dence interval [CI] 1.7 – 4.3; 
actual anomaly rate 7.1% versus 2.6%)  [11] .  

Evaluation

 When hypertension is present or suspected, additional 
testing should be carried out based on clinical considera-
tions. If a practitioner has not had extensive experience 
with hypertension during pregnancy, consultative advice 
should be sought from a subspecialist (i.e. maternal - fetal 
medicine).

 Reasonable assessment for all patients may include 
urinalysis for protein and microscopic examination for 
sediment, especially if signifi cant proteinuria is detected 
by the dipstick method. Baseline assessments of complete 
blood count with platelet count, serum creatinine, liver 
function testing (aspartate aminotransferase [AST], 
alanine aminotransferase [ALT]), uric acid, lactate dehy-
drogenase (LDH) should also be performed. A 24 - h col-
lection for total protein and creatinine clearance should 
be performed early in the pregnancy for patients with 
overt or suspected chronic hypertension. We suggest 
repeating this testing around 26 – 28 weeks ’  gestation to 
defi ne a new baseline, because of the pregnancy - associated 
increase in renal blood fl ow that may physiologically 
increase proteinuria. Such an increase, if proportionate to 
increased glomerular fi ltration rate, should be interpreted 
as a physiologic change. This assists the practitioner ’ s 
management if superimposed preeclampsia develops 
later in gestation. 

 Other tests to consider are based on clinical presenta-
tion. Consideration should be given to the possibility of 
systemic lupus erythematosus in patients with proteinu-
ria disproportionate to the degree of hypertension, and 
one should check antinuclear antibodies (ANA) and 
anti - double - stranded DNA. Generally, the presence of 
diabetes mellitus is known, but in patients with pro-
teinuria this should remain a consideration. If the hyper-
tension is severe and gestation is less than 20 weeks, 
one should check serum electrolytes to evaluate for 
hyperaldosteronism or consider evaluation for a molar 
pregnancy. Cushing syndrome is rare and diffi cult to 
evaluate during pregnancy. If the patient has paroxysmal 
hypertension, frequent  “ hypertensive crises, ”  seizures, 
and/or anxiety attacks, a 24 - h collection of urine for 
vanillylmandelic acid, metanephrines, or unconjugated 
catecholamines should be performed to evaluate for 
pheochromocytoma  [12] . A toxicology screen should be 
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explain why these other β  - blockers are associated with 
intrauterine growth restriction  [21] . 

 Oral hydralazine is a mild vasodilator and may be 
associated with a lupus - like reaction. Diuretics should be 
considered only as adjuvant therapy and preferably infre-
quently used. These medications should be reserved for 
patients with excessive fl uid retention and for fl uid over-
load. We would not recommend diuretic use for extremity 
edema of pregnancy. 

 Furthermore, various antihypertensive medications 
have been used to treat severe hypertension in pregnancy. 
Magee et al , in a metaanalysis, found that hydralazine was 
associated with a trend towards less persistent severe 
hypertension than labetalol, but more severe hyperten-
sion than nifedipine or isradipine  [22] . Though there was 
signifi cant heterogeneity in outcomes and in methodo-
logical qualities, they found that hydralazine was associ-
ated with more maternal hypotension, more maternal 
oliguria, and more frequent adverse effects on the fetus. 
They concluded that the results of these studies do not 
support the use of hydralazine as the fi rst - line agent for 
treatment of severe hypertension in pregnancy. Magee 
et al  performed another metaanalysis of randomized 
control trials that showed that nifedipine appears to be a 
reasonable agent for treatment of acute severe hyperten-
sion in pregnancy  [23] . 

 All of the aforementioned drugs probably cross the 
placenta and enter the fetal circulation, but have not been 
known to cause birth defects. As mentioned above, anti-
hypertensive medications that work through the renin –
 angiotensin system (ARB and ACE inhibitors) are 
associated with various congenital anomalies and subse-
quent renal defects, oligohydramnios, and skeletal 

blood fl ow is increased when the woman is in the left 
lateral recumbent position. 

 Antihypertensive therapy should be considered when 
the blood pressure exceeds 140/90   mmHg in the offi ce or 
135/85   mmHg on home monitoring  [18] . The National 
High Blood Pressure Education Program Working Group 
on High Blood Pressure in Pregnancy recommends that 
antihypertensive therapy should be initiated or increased 
if the systolic blood pressure exceeds 150 – 160   mmHg or 
the diastolic pressure exceeds 100 – 110   mmHg. A table of 
commonly used antihypertensive medications is included 
for reference (Table  25.1 ).   

 Antihypertensive therapy has not been shown to 
improve fetal condition or to prevent preeclampsia 
 [19] . However, such therapy controls acceleration of 
blood pressure, reduces antepartum hospitalizations due 
to severe hypertension, and should help prevent maternal 
stroke from uncontrolled hypertension. While the most 
extensively studied antihypertensive agent is methyl-
dopa, it is currently rarely used in pregnant women. 
Labetalol and long - acting nifedipine, though introduced 
as second - line agents, are commonly used as fi rst - line 
agents for control of hypertension in pregnancy  [20] . 
Nifedepine is an ideal fi rst - line antihypertensive agent 
in pregnancy due to its low maternal side - effect profi le 
and steady blood pressure control with twice - daily 
extended- release dosing. The effect of calcium channel 
blockade is vasodilation and it may have a salutary effect 
on the uterine blood fl ow similar to its effect on renal 
blood fl ow. 

 Labetalol is an alternative medication that has  α  -
 adrenergic and central  β  - blocking effects. Other  β  - blocking 
medications do not have this dual effect, which may 

Table 25.1    Antihypertensive medications for chronic hypertension 

Medication Dose Important side -effects Comment

Methyldopa 250mg bid to 500 mg qid Lethargy, fever, hepatitis, hemolytic 
anemia, positive Coombs test 

Centrally acting α-agonist

Labetalol 100mg bid to 800 mg tid; 
maximum dose 2400 mg/day

Tremulousness, fl ushing, headache; 
agents may lead to decreased placental 
perfusion

β-Blocker with α-blocking activity 

Nifedipine 30mg XL qd to 90 mg XL bid; 
190mg/day. We recommend 
bid dosing 

Headache, tachycardia, orthostatic 
hypotension; avoid use in the setting 
of coronary artery disease 

Calcium channel blocker 

Thiazide diuretics 12.5–25mg/day May be harmful in volume -contracted
states such as preeclampsia; initial 
effect is to decrease plasma volume 

Limit use to fl uid overload only 

Hydralazine 5–10mg IV May cause fetal distress; fl ushing, 
headache, tachycardia, lupus syndrome 

Vasodilator used in hypertensive 
emergencies

bid, twice a day; IV, intravenous; qd, every day; tid, three times a day; XL extended release. 
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    •      Superimposed preeclampsia at term.  
   •      Severe preeclampsia or eclampsia at any gestational 
age  [26] .  
   •      Evidence of fetal compromise in the context of gesta-
tional age and administration of betamethasone for fetal 
lung maturation if indicated: low biophysical profi le, per-
sistently nonreactive nonstress testing (NST), repetitive 
late decelerations at any gestational age, absent or 
reversed end - diastolic fl ow on fetal umbilical artery 
velocimetry.  
   •      Documentation of fetal lung maturity.  
   •      Severe hypertension (diastolic blood pressures persist-
ently equal to or greater than 100   mmHg) at or beyond 37 
weeks ’  gestation.    
 Expert opinion suggests that pregnancy in patients with 
chronic hypertension should not be allowed to advance 
beyond 40 weeks. Delivery should be undertaken upon 
completion of the 38th week and no later than 39 weeks ’  
gestation. Chronic hypertension is associated with a 
doubling in the rate of abruptio placentae. The risk for 
abruption is 0.7 – 1.4% among those with mild chronic 
hypertension, but increases to 5 – 10% for women with 
severe hypertension  [19] . 

 If the patient develops preeclampsia, hospitalization 
and early delivery may be indicated. Expectant manage-
ment in selected cases of severe preeclampsia prior to 34 
weeks ’  gestation may be considered to maximize perina-
tal outcome, within the bounds of maternal safety in con-
sultation with a maternal - fetal medicine specialist. Stable 
patients may be delivered before 37 weeks after docu-
mentation of fetal lung maturity.  

Postpartum follow-up

 Women who have chronic hypertension usually do well 
during pregnancy, although 5 – 10% with severe hyperten-
sion have major catastrophic events  [19] . Many of these 
women have completed their child bearing and can be 
offered a permanent form of contraception. Oral contra-
ceptives are not contraindicated and can be prescribed 
postpartum. Other temporary contraceptive options that 
may be considered include intrauterine device (levonorg-
estrel or copper), contraceptive vaginal ring, etonogestrel 
contraceptive implant, or a barrier method. Long - term 
follow - up includes referral to an appropriate primary 
care physician who can facilitate routine monitoring 
of blood pressure, appropriate laboratory studies and 
lifestyle interventions to maximize cardiovascular 
health and decrease hypertension - related morbidity and 
mortality.    

deformities and are contraindicated immediately before 
and during pregnancy. 

 One should avoid using two antihypertensive 
medications of the same class whenever a patient needs 
more than one agent to control the hypertension. This 
is most likely to occur for agents acting on the adrener-
gic system (e.g. avoid combining methyldopa with 
labetalol).

Antepartum fetal evaluation

 Antepartum fetal evaluation should include sonography 
for the establishment of gestational age. Careful dating 
of gestation is important in the hypertensive pregnancy 
so that fetal growth may be assessed accurately and 
appropriate timing of delivery planning may be 
undertaken. Serial sonograms should be performed 
at 4 - week intervals. If interval growth is not appropriate 
or estimated fetal weight is below the 10th percentile, 
umbilical artery Doppler velocimetry should be 
assessed. Intrauterine growth restriction is usually not 
seen until after 30 – 32 weeks ’  gestation in the majority 
of patients with mild hypertension not requiring 
pharmacotherapy. 

 Even uncomplicated patients with chronic hyperten-
sion or gestational hypertension carry an increased risk 
of perinatal mortality. Therefore, we recommend twice -
 weekly antepartum fetal testing beginning at 32 weeks ’  
gestational age for all patients who carry a diagnosis of 
hypertension in pregnancy. Twice - weekly antenatal 
testing should consist of modifi ed biophysical profi le 
with either a full biophysical profi le (BPP) or a contraction 
stress test  [24] . Patients should be instructed on perform-
ing fetal movement assessment at home. It is generally 
recommended that patients assess fetal movement by 
counting the number of perceived movements that occur 
in 1   h, or the length of time required for 10 movements 
 [25] . Patients with hypertension complicated by fetal 
growth restriction, diabetes mellitus, preexisting renal 
disease, or preeclampsia comprise a higher risk patient 
population and may benefi t from antepartum testing as 
early as 24 – 26 weeks or when fetal intervention is deemed 
to be appropriate.  

Indications for delivery

 Most pregnant patients with mild chronic hypertension 
remain stable. Delivery should be considered whenever 
any of the following exist.
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    A physician must be diligent when evaluating hyperten-
sion during pregnancy. The initial steps in diagnostic 
evaluation require careful consideration of the clinical 
history of the patient. 

 A 40 - year - old gravida 3, para 2 presented to her physi-
cian in the second trimester with systolic blood pressures 
130 – 140   mmHg and diastolic measurements of 90 –
 100   mmHg. A 24 - h urine collection revealed 351   mg/24   h 
of protein and creatinine clearance of 162   mL/min. The 
remaining laboratory fi ndings were in the accepted 
normal range of reference for the laboratory. Because she 
had evidence of end - organ damage, antihypertensive 
medications were started. 

 The patient had persistent hypertension and proteinu-
ria that would suggest preeclampsia. However, she also 
had hypertension in a prior pregnancy. This should raise 
suspicion that her hypertension is related to essential 
hypertension. She subsequently presented at 37 weeks 
with an increase in her blood pressure despite antihyper-
tensive medication and 930   mg protein in 24   h. Labor was 
induced. She stopped her medication during the postpar-
tum period and 12 weeks after delivery still had blood 
pressures greater than 140/90   mmHg. She should be fol-
lowed by a primary care physician for long - term manage-
ment of hypertension and to address her cardiovascular 
health and lifestyle modifi cations.  

CASE PRESENTATION 
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     Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disorder characterized by periods of disease fl ares 
and remissions. It is a heterogeneous disorder with a 
variety of clinical and laboratory manifestations. Affected 
patients can have a relatively benign course, affecting 
only the skin and musculoskeletal system, or be affected 
by aggressive, life - threatening visceral involvement. 

 Systemic manifestations include arthralgias, rashes, 
renal abnormalities, neurologic complications, throm-
boemboli, myocarditis, and serositis  [1] . Box  26.1  outlines 
the revised diagnostic criteria put forth by the American 
College of Rheumatology  [2,3] . Patients must fulfi l at least 
four of the 11 criteria at some point in the course of their 
disease, although not necessarily concurrently. These 
criteria have been found to be 96% sensitive and 96% 
specifi c for the diagnosis of SLE  [2] .    

Epidemiology

 The prevalence of SLE varies with the population studied 
but is generally 5 – 125 per 100,000 and affects approxi-
mately 1% of pregnancies  [4] . The lifetime risk of a woman 
developing SLE is 1 in 700, with a peak incidence at age 
30  [5] . The prevalence of SLE is affected by sex, race, and 
geography. Lupus affects women 3 – 10 times as often as 
men, and disproportionately affects African - Americans, 
Afro - Caribbeans, Asians, and Hispanics  [1,5] . In addition, 
the disease appears to be more prevalent in urban popula-
tions compared to rural populations  [6] .  

Etiology

 The etiology of SLE is multifactorial and many studies 
have suggested a combination of genetic, epigenetic, 
and environmental factors. Major advances in human 
genome - wide linkage analyses have identifi ed several 

independently replicated SLE linkage regions, which may 
contribute to specifi c clinical or immunologic features of 
SLE. Key candidate genes with strong evidence for a role 
in pathogenesis of SLE include MHC, ITGAM, IRF5, BLK, 
STAT4, PTPN22, and FCGR2A  [7] . Specifi c genes on dif-
ferent chromosomes are associated with clinical subsets 
of SLE, such as nephritis (2q34), hemolytic anemia (11q14), 
or development of specifi c autoantibodies, such as anti -
 double - stranded DNA (19p13.2). Although these genetic 
factors infl uence risk of SLE, additional factors are neces-
sary to trigger onset of the disease  [8] . 

 Hormonal and environmental factors have been shown 
to contribute to the disease process. Early menarche, 
estrogen - containing contraceptive use, and hormone 
replacement therapy are associated with increased risk 
of SLE  [9] . Viral infections, ultraviolet light, and medica-
tions have also all been implicated in the disease process 
 [10,11] .  

Pathogenesis

 Pathogenesis of SLE begins with recognition of autoanti-
gens and activation of the innate immune system. 
Dysregulated response to initial cytokine signals from 
both the innate and adaptive immune systems results in 
an overactive, proinfl ammatory response to the autoanti-
gens  [7] . 

 Autoantibodies in SLE include antinuclear antibodies 
(ANA), anti - double - stranded DNA (anti - dsDNA), anti -
 Smith (anti - Sm), anti - ribonucleoprotein (anti - RNP), anti -
 Ro/SSA, and anti - La/SSB antibodies. These autoantibodies 
carry diagnostic and prognostic implications, and con-
tribute to the wide spectrum of clinical manifestations. 
ANA is the most common antibody for screening for 
autoimmune syndromes. However, 10% of asymptomatic 
pregnant women without autoimmune disease have 
ANA antibodies compared to 2% of nonpregnant controls 
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variety of scoring systems has been developed to measure 
SLE disease status and to aid the diagnosis of a fl are. In 
one retrospective study, fl ares occurred in 68% of SLE 
pregnancies, the majority of which were mild to moderate 
 [16] . Symptoms of fl ares include fatigue, fever, arthral-
gias, myalgias, weight loss, rash, renal deterioration, 
serositis, lymphadenopathy, and central nervous system 
symptoms. The titer of autoantibodies to Sm, RNP, Ro/
SSA, or La/SSB may or may not fl uctuate in parallel with 
disease fl ares. However, rising titers of anti - dsDNA (par-
ticularly in the setting of falling complement levels) may 
suggest an impending fl are of disease and thus should 
trigger closer surveillance of the patient  [17] . 

 Patients with SLE may also form antibodies to cell 
membrane phospholipids. Approximately 30% of women 
with SLE have antiphospholipid antibodies (APA), which 
increase the risk for thrombosis and adverse pregnancy 
outcomes  [18] . Antiphospholipid antibody syndrome 
(APS) will be discussed separately below. 

 [12] . Because of the high prevalence in the general popu-
lation, ANA is used mainly as a screening test for lupus. 

 Anti - dsDNA and anti - Sm are highly specifi c for lupus. 
Anti - dsDNA has been correlated with disease activity, 
particularly lupus nephritis. Renal damage is secondary 
to immune complex deposition, complement activation, 
and infl ammation and subsequent fi brosis  [1] . 

 Anti - RNP can be found in SLE, mixed connective tissue 
disease, and scleroderma, and is associated with myositis, 
Raynaud phenomenon, and less severe lupus. Anti - Ro/
SSA and anti - La/SSB are more often associated with 
Sj ö gren syndrome, but are also found in 20 – 40% of women 
with SLE. Anti - Ro/SSA and anti - La/SSB are of particular 
signifi cance in pregnancy due to the association with neo-
natal lupus syndrome  [13,14] . Lastly, antiribosomal P 
protein is associated with lupus cerebritis and neuropsy-
chiatric manifestations  [15] . 

 Lupus fl ares are diffi cult to characterize, as they repre-
sent worsening of a heterogeneous disease process. A 

Box 26.1 Criteria for diagnosis of SLE 

1 Malar rash
Fixed erythema, fl at or raised, over the malar eminences, tending to 

spare the nasolabial folds 

2 Discoid rash
Erythematous raised patches with adherent keratotic scaling and 

follicular plugging; atrophic scarring may occur in older lesions 

3 Photosensitivity
Skin rash as a result of unusual reaction to sunlight, by patient 

history or physician observation 

4 Oral ulcers
Oral or nasopharyngeal ulceration, usually painless, observed by a 

physician

5 Arthritis
Nonerosive arthritis involving two or more peripheral joints, charac-

terized by tenderness, swelling, or effusion 

6 Serositis
(a) Pleuritis: convincing history of pleuritic pain or rub heard by a 

physician or evidence of pleural effusion 

or

(b) Pericarditis: documented by ECG or rub or evidence of pericar-

dial effusion 

7 Renal disorder
Persistent proteinuria greater than 0.5 g/day or greater than 3+ 

proteinuria if quantitation is not performed 

or

Cellular casts: may be red cell, hemoglobin, granular, tubular, or 

mixed

8 Neurologic disorder
Seizures, in the absence of offending drugs or known metabolic 

derangements (e.g. uremia, ketoacidosis, or electrolyte imbalance) 

or

Psychosis, in the absence of offending drugs or known metabolic 

derangements (e.g. uremia, ketoacidosis, or electrolyte imbalance) 

9 Hematologic disorder
Hemolytic anemia, with reticulocytosis 

or

Leukopenia: less than 4000/mm 3 on 2 or more occasions 

or

Lymphopenia: less than 1500/mm 3 on 2 or more occasions 

or

Thrombocytopenia: less than 100,000/mm 3 in the absence of 

offending drugs 

10 Immunologic disorder
Anti-ds DNA antibody 

or

Anti-Sm antibody 

or

Positive fi ndings of antiphospholipid antibodies based on:

(i) Abnormal serum level of IgG or IgM anticardiolipin antibodies 

or

(ii) Positive test result for lupus anticoagulant 

or

(iii) False-positive serologic test for syphilis known to be positive for 

at least 6 months and confi rmed by  Treponema pallidum immo-

bilization or fl uorescent treponemal antibody absorption test 

11 Antinuclear antibody
An abnormal titer of antinuclear antibody by immunofl uorescence 

or an equivalent assay at any point in time and in the absence of 

drugs known to be associated with “drug-induced lupus ”

syndrome 

A person is classifi ed as having SLE if any 4 of the 11 criteria are present (serially or simultaneously) during any interval of the 
evaluation.
Adapted from Tan  et al [2] and Hochberg  [55].
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Morbidity

General morbidity and mortality
 Because of the effect of SLE on multiple organ systems, 
patients with this disease have signifi cantly increased 
morbidity and mortality. Women with SLE are more 
prone to cardiovascular disease, thromboembolic phe-
nomena, infection, and renal disease  [4] . With better 
understanding of the disease process and potential com-
plications, survival rates have improved with 5 - , 10 - , 15 - , 
and 20 - year survival rates of 93%, 85%, 79%, and 68%, 
respectively  [24] . Risk factors for mortality include renal 
damage, thrombocytopenia, lung involvement, high 
disease activity at diagnosis, and age ≥ 50 at diagnosis 
 [24] . A summary of the effects of SLE on pregnancy and 
pregnancy on SLE can be found in Table  26.1 .    

Effects of pregnancy on systemic lupus
erythematosus
 The effect of pregnancy on SLE is widely debated in the 
literature. A shift in cytokines from a type 1 helper T 
response (Th1) to a type 2 helper T response (Th2) pattern 
is seen in pregnancy, with predominance of the antiin-
fl ammatory and pro - B - cell cytokines interleukin (IL) - 4 
and IL - 10  [5] . Because the autoimmunity in SLE is largely 
humorally mediated, one might expect that this cytokine 
shift may worsen the disease process or increase the rate 
of lupus fl ares in pregnancy  [5] . 

 The reported incidence of lupus fl ares in pregnancy, 
however, ranges from 13% to 74%  [25 – 28] . The discrepan-
cies in reported rates can be attributed to variations in 
criteria for diagnosing lupus fl ares and the inherent 
heterogeneity of patients  [5] . 

 Ruiz - Irastorza  et al   [29]  found that fl are rates were 
higher in pregnancy than nonpregnant controls. When 
the pregnant women were followed for the year 

 Placentas from women with SLE demonstrate charac-
teristic changes: reduction in size, placental infarctions, 
intraplacental hemorrhage, deposition of immunoglobu-
lin and complement, and thickening of the trophoblast 
basement membrane  [19,20] . These changes appear to 
be responsible for many of the effects of SLE on preg-
nancy outlined below (e.g. increased rates of pre-
eclampsia, intrauterine growth restriction [IUGR], 
preterm delivery).  

Differential diagnosis

 The main differential diagnosis for SLE is between other 
rheumatologic and connective tissue disorders. Many of 
these autoimmune diseases share common diagnostic cri-
teria and it may take time for the varied manifestations 
of these diseases to appear for ultimate diagnosis. 
Additionally, because of the varied nature of the criteria 
for diagnosis, patients presenting with several of the cri-
teria could have other local or systemic disorders. 

 Differentiation of SLE from normal pregnancy symp-
toms can be challenging, given the frequency of vague 
musculoskeletal complaints or symptoms of fatigue in 
both processes. In addition, differentiation of SLE fl are 
from preeclampsia can be even more challenging. The 
diffi cult diagnosis results from a high rate of chronic 
hypertension and disproportionately high rate of preec-
lampsia in SLE pregnancies. In one population, chronic 
hypertension was reported in 28% of SLE patients, with 
preeclampsia developing in 23% of nonhypertensive 
pregnancies and in 32% of the hypertensive pregnan-
cies, although this was not found to be statistically 
signifi cant  [21] . 

 Lupus fl ares often feature infl ammatory arthritis, sig-
nifi cant leukopenia or thrombocytopenia, infl ammatory 
rashes, pleuritis, and fevers. Many of the manifestations 
of SLE fl are can be similar to preeclampsia (hypertension, 
proteinuria, activation of the coagulation cascade) 
although the treatment for each is very different. The 
treatment for severe preeclampsia often involves delivery, 
while lupus fl ares can be treated conservatively while 
continuing a pregnancy. A rising anti - dsDNA titer, active 
urinary sediment, and low complement levels (C3, C4, 
and CH50) suggest a lupus fl are  [17,22,23] . In general, 
complement levels rise in pregnancy and are unaffected 
by uncomplicated preeclampsia. 

 Conversely, rising uric acid levels or a greater coagu-
lopathy suggest severe preeclampsia and HELLP (hemo-
lysis, elevated liver enzymes, and low platelet count) 
syndrome. As the pregnancy approaches term, efforts at 
discriminating between the two are not likely to be worth-
while: delivery will cure preeclampsia and if the symp-
toms do not improve, treatment of lupus fl are can be 
initiated.

Table 26.1    Systemic lupus erythematosus and pregnancy 

Effect of SLE on pregnancy Effect of pregnancy on SLE 

Increased stillbirth rate (25 
times baseline) 

Worsening of renal status if 
nephropathy present 

Increased fl are rates (higher if 
active at start of pregnancy) 

Increased preeclampsia rate 
(20–30%)

Increased growth restriction 
rate (12 –32%)

Increased preterm delivery 
rate (50 –60%)

Increased PPROM rate 
Neonatal lupus (1 –2% if 

anti-SSA/SSB present) 

PPROM, preterm premature rupture of membranes. 
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medications (RR 1.8), and a severe fl are during preg-
nancy (RR 2.0)  [16] . 

 Pregnancy outcome and risk of stillbirth are related to 
the baseline disease status prior to pregnancy and do not 
appear to be affected by the presence or absence of fl ares 
in pregnancy  [38] . Fewer pregnancies among women 
with high - activity lupus ended with livebirths compared 
to those with low - activity lupus (77% versus 88%, P  =
0.063)  [39] . Stillbirth rates in women with SLE have been 
found to be 150 per 1000 births, 25 times the national 
average  [35] . Much of the effect of SLE on fetal loss rates 
has been attributed to concomitant APS  [38,40] . If initial 
diagnosis of SLE is made during pregnancy, complication 
rates and fetal loss rates are further increased. 

 Risk factors for pregnancy loss that can be identifi ed in 
the fi rst trimester include secondary APS (adjusted odds 
ratio [OR] 3.4, 95% confi dence interval [CI] 1.1 – 10.5), 
thrombocytopenia (adjusted OR 4.4, 95% CI 1.4 – 13.4), and 
hypertension (adjusted OR 3.0, 95% CI 1.1 – 8.5)  [41] . In 
women with active renal disease, stillbirth rates are as 
high as 30%, and for women with more advanced renal 
disease, fetal loss rates approach 60%. Active renal disease 
also prognosticates risks of hypertensive disorders of 
pregnancy, IUGR, and premature birth. However, women 
with stable lupus nephritis, plasma creatinine values less 
than 1.5   mg/dL, proteinuria less than 2   g/24   h, and no 
hypertension have lower risks of adverse pregnancy 
outcome  [34] . 

 Neonatal lupus erythematosus (NLE) occurs in 1 – 2% of 
women with anti - Ro/SSA or anti - La/SSB antibodies 
regardless of whether they also have SLE  [14] . The patho-
physiology is thought to be transplacental passage of 
autoantibodies that target the developing fetus with 
resulting infl ammation. The syndrome is most commonly 
characterized by fetal and neonatal congenital heart block 
(CHB), dermatologic fi ndings, and occasionally thrombo-
cytopenia, anemia, and hepatitis  [14] . 

 Approximately 50% of women whose fetuses or infants 
have CHB are asymptomatic, but more than 85% are anti -
 Ro/SSA or anti - La/SSB positive  [14,42] . Approximately 
half of these women will eventually develop symptoms 
of a rheumatic disease, most commonly Sj ö gren syn-
drome. These women should be reassured that they do 
not have SLE in the absence of other clinical features, and 
have less than 50% likelihood of developing SLE in the 
future. 

 While other manifestations are transient humorally 
mediated effects with resolution in the fi rst few months 
of life, CHB is a permanent condition. The anti - Ro/SSA 
and anti - La/SSB maternal antibodies cross the placenta 
and can damage the fetal atrioventricular conducting 
system, which results in varying degrees of heart block 
and, less often, fetal myocarditis. Fetal CHB is most com-
monly diagnosed between 18 and 24 weeks ’  gestation 
 [43] . These autoantibodies may act via apoptosis  [44]  or 

postpartum, it was found that they fl ared more frequently 
during pregnancy compared to the year following their 
deliveries. However, the fl ares during pregnancy were no 
more severe than those experienced by the nonpregnant 
controls or postpartum. Other authors have found equiv-
alent rates of fl ares in pregnancy compared with nonpreg-
nant controls  [30,31] . 

 It is generally believed that the risk for fl are in preg-
nancy is increased if women are not in remission prior to 
becoming pregnant  [5,30] . Approximately 35% of fl ares 
occur in the second trimester with another 35% occurring 
postpartum  [26,29] . The majority of fl ares are minor and 
do not require immunosuppressive therapy; however, 
serious manifestations can occur. 

 Lupus nephropathy is the end - result of autoimmune -
 mediated infl ammation and renal damage. Pregnancy 
causes a worsening in renal function in approximately 
20% of women with nephropathy but is reversible 95% of 
the time  [24] . The risk of renal deterioration is directly 
correlated with prepregnancy renal status. 

 The impact of pregnancy on postpartum damage 
accrual in SLE was reported in 2006 by Andrade  et al   [32] . 
The Systemic Lupus International Collaborating Clinics 
Damage Index (SDI) score was strongly associated 
with longer pregnancy duration (P    =    0.006), disease activ-
ity (P    =    0.001), damage prior to pregnancy (P  < 0.001), and 
total disease duration (P    =    0.039) by multivariable analy-
ses  [32] .  

Effects of systemic lupus erythematosus
on pregnancy
 Systemic lupus erythematosus in pregnancy can affect 
both the mother and offspring. Maternal and obstetric 
sequelae include hypertension, preeclampsia, worsening 
renal disease, and thrombosis. Fetal effects include still-
birth, IUGR, abnormal fetal testing, neonatal lupus ery-
thematosus (NLE), and preterm birth (both iatrogenic and 
spontaneous).

 Adverse pregnancy outcomes are seen more frequently 
in women with SLE than in controls or in women who 
later develop SLE  [33] . Preeclampsia occurs in 20 – 30% of 
women with SLE, with higher rates seen in women with 
underlying hypertension, renal disease, or APS  [20,34,35] . 
IUGR has been reported in 12 – 32% of lupus pregnancies, 
which was higher than control populations  [27,35,36] . 
Preterm birth is increased in SLE pregnancies, with rates 
as high as 50 – 60% resulting from preeclampsia, IUGR, 
abnormal fetal testing, and preterm premature rupture of 
membranes (PPROM)  [27,36,37] . Rupture of membranes 
in women with SLE is more common in preterm and 
term pregnancies when compared with controls and 
appears to be unrelated to disease status, treatment, or 
serology  [37] . Factors that were associated with prema-
ture delivery included prednisone use at conception 
(relative risk [RR] 1.8), the use of antihypertensive 
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class C), and immunosuppressive agents (pregnancy cat-
egories D and X). If APS is also present, anticoagulation 
can reduce the associated complications  [4] . 

 Prepregnancy drug regimens, if safe in pregnancy, 
should be continued in pregnancy to maintain remission. 
Nonsteroidal antiinfl ammatory agents are contraindi-
cated after 28 weeks ’  gestation because of the risk of 
closure of the fetal ductus arteriosus. Hydroxychloroquine, 
an antimalarial medication used to treat SLE, is often 
maintained during pregnancy. Glucocorticoids are also 
safe in pregnancy, although stress - dose steroids should 
be given at delivery for patients requiring chronic use. 
Azathioprine (pregnancy class D) is an immunosuppres-
sive agent that is metabolized to 6 - mercaptopurine and 
is a cytotoxic purine analog. Most investigators have 
found azathioprine to be acceptable in pregnancy 
although there is a risk of growth restriction and fetal 
immunosuppression. Other cytotoxic agents such as 
cyclophosphamide (pregnancy class D) and methotrexate 
(pregnancy class X) are contraindicated in pregnancy and 
are to be avoided. Amenorrhea and infertility may be 
present in patients with exposure to prior immunosup-
pressive therapy or chronic steroid administration. A 
summary of medications used in the management of SLE 
is given in Table  26.2 .   

 Fetal growth assessment as a measure of fetal well -
 being is performed at 4 - week intervals in the third trimes-
ter, with more frequent assessment if IUGR is suspected. 
Doppler evaluation is reserved for assessment of fetal 
well - being if estimated fetal weight is less than the 10th 
percentile. Weekly nonstress testing with assessment of 
amniotic fl uid can begin at 30 – 32 weeks. Additional sur-
veillance with mechanical P - R intervals should be initi-
ated at regular intervals if maternal anti - Ro/SSA or 
anti - La/SSB is present. 

 Making the diagnosis of lupus fl are in pregnancy 
requires excluding the other diagnoses as outlined above. 
Flares can be managed conservatively with adjustment 
of medication regimen as outlined above or addition 
of analgesics such as acetaminophen. Glucocorticoid 
therapy can be initiated for more severe fl ares  [20] . The 
exact treatment of the fl are will vary with the nature 
and severity of the fl are, and should be undertaken with 
the assistance of the rheumatology and/or nephrology 
services.

 When women are followed in an intensive multidisci-
plinary clinic with pregnancies initiated during disease 
quiescence and treatment of underlying disease, fetal out-
comes appear to be improved. Diagnosis and treatment 
of APS further decrease fetal loss rates. 

Antiphospholipid antibodies
 Antiphospholipid antibodies can be present alone or in 
conjunction with APS. APS has specifi c diagnostic crite-
ria, which was revised by an international consensus 

by direct interference with cardiac conduction through 
calcium channels  [45] . 

 The risk of CHB in women with anti - Ro/SSA antibod-
ies and no prior affected infants is 1 – 2%  [13,14]  but 
increases to 19% with a prior affected child  [42] . Although 
third - degree or  “ complete ”  CHB is permanent, there are 
some observational data that fi rst -  or second - degree 
disease can be reversed with antenatal fl uorinated steroid 
therapy, and that progression to more severe forms of 
heart block may be prevented  [46] . Additionally, steroid 
therapy has shown some reversal of hydropic features in 
fetuses with CHB and evidence of cardiac failure  [46] . At 
present, there is no evidence supporting the routine use 
of prophylactic steroid therapy in women with anti - Ro/
SSA or anti - La/SSB antibodies to prevent the onset of 
CHB  [44] .   

Management during pregnancy

 Management of SLE during pregnancy begins with pre-
conceptional counseling and a multidisciplinary approach. 
Prior to conception, maternal disease status should be 
assessed and risks of pregnancy discussed. Evaluation for 
any preexisting renal disease is performed with a 24 - h 
urine collection and serum creatinine to measure pro-
teinuria and creatinine clearance. Remission for 6 months 
prior to pregnancy reduces adverse outcomes. 

 Early pregnancy assessment should include assess-
ment of maternal disease status including 24 - h urine col-
lection, plasma creatinine, complete blood count, anti - Ro/
SSA antibody, anti - La/SSB antibody, anti - dsDNA anti-
body, C3, and C4 levels. Baseline presence of lupus anti-
coagulant (LAC), anticardiolipin antibody (ACA), and 
anti -β2  - glycoprotein - I (anti -  β2 GPI) antibody should also 
be evaluated. 

 In addition, routine obstetric management plays an 
integral role. Early ultrasound and establishment of reli-
able dating are particularly important given the risks of 
premature delivery. In patients with severe disease which 
may be affected by a pregnancy, early genetic risk assess-
ment may expedite the diagnosis of nonviable genetic 
abnormalities, for which a patient may revise her desires 
on continuation of a pregnancy. 

 Repeat anti - dsDNA, 24 - h urine collection, plasma cre-
atinine, C3, and C4 levels to monitor disease status may 
be considered each trimester. LAC, ACA, and anti -  β2 GPI 
antibody can also be repeated in the second trimester to 
screen for development of APS. 

 Medication regimens should be adjusted by rheuma-
tologists prior to conception in order to achieve optimal 
disease status with minimal teratogenicity. Medication 
classes used in the management of lupus include nonster-
oidal antiinfl ammatory drugs (pregnancy class B), anti-
malarials (pregnancy class C), glucocorticoids (pregnancy 
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Box 26.2 Criteria for the classifi cation of antiphospholipid antibody 

syndrome. Presence of at least one clinical criterion and one 

laboratory criterion necessary for the diagnosis of APAS 

Clinical criteria

1 Nonobstetric morbidity: thrombosis in any tissue, diagnosed via 

objective validated criteria, such as diagnostic imaging or his-

topathologic diagnosis. 

(a) Arterial thrombosis, including: cerebrovascular accidents, tran-

sient ischemic attacks, myocardial infarction, amaurosis fugax 

(b) Venous thromboembolism, including: deep venous throm-

bosis, pulmonary emboli, or small vessel thrombosis 

2 Obstetric morbidity 

(a) Unexplained IUFD at ≥10 weeks in a morphologically and 

karyotypically normal fetus 

(b) Three or more unexplained spontaneous abortions at  ≤10

weeks

(c) History of preterm delivery < 34 weeks, as a sequela of pre-

eclampsia or uteroplacental insuffi ciency, including the 

following:

(i) Nonreassuring fetal testing indicative of fetal hypoxemia 

(e.g. abnormal Doppler fl ow velocimetry waveform) 

(ii) Oligohydramnios

(iii) IUGR <10th percentile 

(iv) Placental abruption 

Laboratory criteria

Positive testing for APA is required on two occasions, at least 12 weeks 

apart, and no more than 5 years prior to clinical manifestations.

1 Anticardiolipin antibody (ACA): IgG or IgM isotype, present in 

moderate or high titers (i.e. >40 GPL or MPL, or >99th percentile) 

2 Anti-β2-glycoprotein -I (anti -β2GPI): IgG or IgM isotype ( >99th

percentile) 

3 Presence of lupus anticoagulant (LAC) 

APA, antiphospholipid antibody; GPL, IgG phospholipid units; Ig, 

immunoglobulin; IUFD, intrauterine fetal death; MPL, IgM phospholi-

pid units. 

Source: Miyakis et al [47].

conference in 2006  [47] . The clinical and laboratory crite-
ria are listed in Box  26.2 .   

 Clinical complications of APS include thrombosis, 
adverse pregnancy outcome (including IUGR and third -
 trimester fetal death), and recurrent pregnancy loss  [47] . 
Prospective studies of women with APS without treat-
ment have shown fetal loss rates as high as 50 – 90%  [48] . 
APA and LAC are found in 1 – 5% of asymptomatic preg-
nant women but are higher in SLE patients (12 – 30% and 
15 – 34%, respectively)  [18] . 

 The laboratory component for diagnosis of APS tests 
for ACA, LAC, and anti -β2 GPI antibody. ACA and LAC 
bind to β2 GPI, other phospholipid - associated proteins, 
or the phospholipids themselves. β2 GPI and annexin V 
are associated with phospholipids in the cell membrane 
and inhibit platelet and clotting cascade activation. Both 
molecules are found endogenously in high concentra-
tions on the endothelium and syncytiotrophoblast 
and are thought to provide a protective layer. ACA, 
LAC, and anti -β2 GPI antibodies disrupt this protective 
layer, activating the clotting cascade and allowing 
complement- mediated injury to the placental vascula-
ture to occur  [49] . 

 LAC is detected by the prolongation of various clotting 
assays with failure to normalize with the addition of 
control plasma (to exclude factor defi ciencies). One 
common test is the dilute Russell viper venom test 
(dRVVT), and is reported as present or absent. ACA are 
detected by direct  β2 GPI - dependent immunoassays and 
are reported by antibody class and low or high titer. 
Medium or high titers of IgG or IgM (i.e. > 40 GPL or MPL, 
respectively, or  > 99th percentile) are clinically relevant 
 [50] . Although LAC and ACA are frequently concordant 
and sometimes share epitope specifi city, they are distinct 
entities. The presence of LAC is more specifi c for APS 
than ACA. Anti -β2 GPI antibodies are considered positive 
if they are  > 99th percentile. 

Table 26.2    Systemic lupus erythematosus therapeutic agents 

Drug Safety in pregnancy Comments

Hydroxychloroquine Generally considered safe 
Pregnancy class C 

Antimalarial. Reduces disease fl ares 

NSAIDs Pregnancy class B Association with oligohydramnios and ductus arteriosus closure.Avoid after 28 weeks 

Glucocorticoids Safe
Pregnancy class C 

Association with growth restriction at high dose, need stress -dose steroids at delivery or for 
medical illnesses if chronic use through pregnancy. Increased risk of PPROM and preterm 
delivery

Azathioprine Pregnancy class D Risk of fetal growth restriction and immunosuppression. Use as second -line agent 

Cyclophosphamide Unsafe
Pregnancy class D 

Alkylating agent. Skeletal and palate defects, also defects in eyes and limbs 

Methotrexate Unsafe
Pregnancy class X 

Folic acid antagonist. Abortifacient and teratogen 

NSAIDs, nonsteroidal anti-infl ammatory drugs; PPROM, preterm premature rupture of membranes. 
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 Aspirin therapy can be initiated at the fi rst positive 
pregnancy test and heparin therapy can be initiated at 5 – 7 
weeks ’  gestation. As there is no maternal blood fl ow 
through the placenta prior to 5 – 7 weeks, heparin is not 
necessary before this point and may exacerbate implanta-
tion bleeding. Heparin therapy can either be therapeutic 
(i.e. 1   mg/kg enoxaparin every 12   h with maintenance of 
anti - Xa levels between 0.5 and 1.0) or prophylactic (i.e. 
40   mg/day enoxaparin). It is not our practice to follow 
anti - Xa levels in those women receiving prophylactic 
heparin treatment. Although heparin - induced thrombo-
cytopenia is a rare occurrence with LMWH, a platelet 
count should be obtained within 2 weeks of initiation of 
therapy. Because of the 1 – 2% risk of osteoporosis and 
fracture with UFH anticoagulation in pregnancy  [54] , we 
recommend daily calcium, vitamin D supplementation, 
and daily weight - bearing exercise as tolerated. Data 
suggest that LMWH anticoagulation during pregnancy 
does not signifi cantly affect bone mineral density  [55] . At 
36 weeks, aspirin can be discontinued and LMWH 
switched to UFH to facilitate anticoagulation manage-
ment at delivery. Postpartum anticoagulation (if indi-
cated) can be with either warfarin or LMWH. 

 Treatment of APS during pregnancy with active fetal 
surveillance has shown improved outcomes. Nonetheless, 
antepartum complications remain common with elevated 
rates of preeclampsia, growth restriction, and premature 
birth  [5] .     

 Treatment goals for APS include improvement of fetal 
outcomes and reduction in risk for maternal thrombosis. 
Current accepted therapies include heparin anticoagula-
tion and low - dose aspirin (LDA). Heparin has been 
shown to prevent both thromboembolic events and preg-
nancy loss. Either unfractionated heparin (UFH, preg-
nancy class C) and low molecular weight heparin (LMWH, 
pregnancy class B) can be used. Multiple mechanisms of 
action for heparin in treatment of APS have been pro-
posed. UFH potentiates the effects of antithrombin, 
increases levels of factor Xa inhibitor, and inhibits platelet 
aggregation. Heparins may also render APA inactive via 
binding  [51] . LMWH  in vitro  has been shown to counter-
act APA - induced trophoblast infl ammation. However, in 
the absence of APA, LMWH  in vitro  induces potentially 
detrimental pro - infl ammatory and anti - angiogenic profi le 
in the trophoblast. Therefore, anticoagulation should only 
be used when truly indicated  [52] .  

 A meta - analysis showed that the livebirth rate was 
improved by 54% with heparin and aspirin therapy  [53] . 
One cautionary note is that despite anticoagulation, 20 –
 30% of women with APS have fetal losses, which may be 
explained by the in vitro  effects of the medications on 
trophoblast function  [52] . Intravenous immunoglobulin 
(IVIG) has been shown to be effective, although the 
cost and side - effects currently limit it to women with 
severe APS or those who have been refractory to heparin 
therapy. 

    The patient is a 32 - year - old gravida 5, para 1 at 7 weeks ’  
gestation with a history of a term vaginal delivery 7 years 
ago of an infant with second - degree heart block. She had 
three subsequent miscarriages at approximately 10 weeks ’  
gestation. An evaluation revealed the presence of anti -
 Ro/SSA antibodies, positive ANA, positive dRVVT, as 
well as high - titer ACA IgG. She also complains of periodic 
arthralgias and has had persistent proteinuria. What is 
her diagnosis and what therapy recommendations and 
prognosis can be given for her current pregnancy? 

 The patient can be diagnosed with APS because of her 
high- titer ACA and recurrent fi rst - trimester miscarriages. 

Additionally, she meets the criteria for SLE (ANA, ACA, 
arthralgias, renal disease). She has a 19% chance of 
another child with CHB and a substantial risk of miscar-
riage given her prior losses. Additionally, she has 
increased risk for preeclampsia, IUGR, PPROM, and 
preterm delivery. She can be offered aspirin and heparin 
therapy for her APS and close fetal surveillance to monitor 
for the development of heart block or IUGR. Therapy for 
SLE should be reviewed and optimized for her preg-
nancy. Her baseline renal status should be assessed and 
a baseline cardiac evaluation including electrocardio-
graphy would not be unreasonable. 

CASE PRESENTATION 
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     Perinatal infections continue to plague pregnancies both 
in the United States and worldwide. Most perinatal infec-
tions are asymptomatic in the mother but may have dev-
astating consequences to the fetus. In the last decade, 
many advances in maternal and fetal diagnosis as well as 
treatment have occurred and will be addressed.  

Parvovirus B19

 Parvovirus B 19 , a single - stranded DNA virus, is the only 
parvovirus causing human disease (erythema infectio-
sum or fi fth disease). It is an endemic viral infection pre-
dominantly seen in preschool and school - age children; by 
adulthood only 40% of women tested are susceptible. The 
annual seroconversion rate is 1 – 2%. Though often asymp-
tomatic in the mother, parvovirus B 19  replicates in rapidly 
proliferating cells such as euthyroid progenitor cells, 
leading to severe anemia in the fetus, young child and 
adults with erythrocyte membrane abnormalities or 
chronic hemolytic anemias. 

Transmission
 Transmission of parvovirus B 19  occurs predominantly 
through respiratory droplets via person - to - person contact. 
The virus can also be transmitted parenterally through 
blood or blood product transfusion, or vertically from 
mother to fetus. Vertical transmission to the fetus occurs 
in an estimated one - third of pregnancies when the mother 
is infected  [1,2] . 

 Parvovirus B 19  infections occur sporadically or in out-
breaks in school systems during late winter and early 
spring. The incubation period is between 4 and 14 days 
(as high as 20 days in rare instances) and the secondary 
attack rate among susceptible household contacts 
approaches 50%. Patients with erythema infectiosum (EI) 
are infectious before the onset of the rash and remain 
contagious for only 1 – 2 days after the rash develops. In 

contrast, women with transient aplastic crisis are infec-
tious prior to the onset of clinical symptoms through the 
subsequent week. There is no reactivation phase for 
parvovirus.  

Clinical manifestations
 There are a number of clinical manifestations of parvovi-
rus B 19  infection, depending on age and co - morbid condi-
tions. Asymptomatic infection occurs in 20 – 30% of adult 
cases. Erythema infectiosum or fi fth disease, character-
ized by mild systemic  “ fl u - like ”  symptoms, fever and 
headache, may occur in the initial phase of symptomatic 
infection. In children, facial erythema or a  “ slapped 
cheek ”  rash then develops followed by a lacy reticular 
rash on the trunk and extremities. Adults often do not 
develop the facial rash but develop a rash on the trunk 
and extremities and frequently acute symmetric polyar-
thralgias and arthritis that may persist for several weeks. 
Myocarditis is rarely seen. 

 Chronic euthyroid hypoplasia and transient aplastic 
crisis may occur in women with immunodefi ciency or 
chronic hemolytic anemias. Occasionally this is accompa-
nied by thrombocytopenia and neutropenia. 

 Fetal infection has been associated with abortion, fetal 
death, and nonimmune hydrops  [2 – 6] . Fetal loss rates as 
high as 15% have been reported though the actual risk is 
debated. Infection < 20 weeks ’  gestation is associated with 
an overall increased risk of death as compared to late 
second-  and third - trimester infection  [7] . Parvovirus is 
the most common infectious etiology of nonimmune 
hydrops. Fetal hydrops develops in only 1.1% of infected 
women overall and frequently resolves within 4 – 6 weeks 
without intervention  [7,8] . Intrauterine transfusion for the 
severely anemic fetus may improve survival (see below). 

Diagnosis
 A pregnant woman suspected of having parvovirus B 19

because of symptoms or, more commonly, secondary to 
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 Fetal parvovirus infection should be considered if non-
immune hydrops is detected on sonography. DNA ampli-
fi cation techniques for parvovirus B 19  using amniotic fl uid 
or fetal blood samples are now the diagnostic test of 
choice, as they are more sensitive and specifi c than fetal 
serology. Fetal (and maternal) viral loads do not, however, 
predict fetal morbidity and mortality. Fetal IgM is not 
recommended for diagnosis; the fetus  < 22 weeks is rela-
tively immunocompetent and may not form a detectable 
IgM response.  

Management of parvovirus B19 in  pregnancy
 Figure  27.1  details the evaluation and management of 
human parvovirus B 19  infection in pregnancy. The vast 
majority of fetal parvovirus - associated hydrops occurs in 
the fi rst 10 weeks after infection; serial sonography should 

exposure to an infected child should have serologic 
testing performed. A serologic assay for the presence 
of immunoglobulin (Ig)G and IgM parvovirus - specifi c 
antibodies by enzyme - linked immunosorbent assay 
(ELISA) or radio - immunoassay will determine past and 
recent infection. IgM develops within days of infection 
and persists for 2 – 3 months (up to 6 months in rare 
cases)  [9,10] . IgG develops several days later. The absence 
of IgM and IgG indicates no prior infection and a sus-
ceptible individual. Early infection, prior to antibody 
formation, may also result in this combination and serol-
ogy should be repeated 1 – 2 weeks later. IgG alone indi-
cates prior infection and immunity. IgM alone indicates 
very recent infection, and IgM and IgG both present 
indicates recent infection 1 week to 6 months previously 
(Fig.  27.1 ).   

Figure 27.1     Algorithm for evaluation and 
management of parvovirus B 19  infection in 
pregnancy. CBC, complete blood count; 
HA, headache; MCA, middle cerebral 
artery Doppler measurements; PCR, 
polymerase chain reaction.  

Clinical disease 
Rash, pruritus, HA, fever, pharyngitis, 

arthralgias, myalgias, joint swelling, nausea, 
anorexia, transient aplastic crisis 

Exposure to 
parvovirus B19

Nonimmune 
hydrops fetalis 

Maternal serologic testing 
parvovirus B19 IgM and IgG

IgG (+) 
IgM (-) 

IgG (-) 
IgM (-) 

IgG (-) 
IgM (+) 

IgG (+) 
IgM (+) 

Repeat test 
in 2-4 weeks

Prior 
infection 

Immune 
No further 
evaluation 

IgG (-) 
IgM (-) 

IgG (+/-) 
IgM (+) Recent parvovirus 

B19 infection 

Not infected
No further 
evaluation Level II ultrasound  

+/- MCA every 2 
weeks for 10 weeks 

after exposure or 
infection

Sonographic evidence of fetal infection 
hydrops fetalis, hepatomegaly, 
splenomegaly, placentomegaly, elevated 
MCA peak systolic velocity  

Yes No

Cordocentesis offered for 
CBC, reticulocyte count, 
parvovirus B19 RNA (PCR) 
Consider intrauterine 
transfusion

No further evaluation 
Notify pediatric 
service at delivery  
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women. Posterior cervical, postauricular, and occipital 
lymphadenopathy is common. Rarely, thrombocytopenia 
purpura, neuritis, and encephalitis complicate maternal 
infection. Up to a third of women are asymptomatic. 

 Congenital rubella syndrome is a devastating conse-
quence of maternal infection. The risk of fetal infection 
varies depending on when in gestation maternal infec-
tion occurs. Eighty - fi ve to 90% of pregnant women 
with rubella in the fi rst trimester have a fetus with 
congenital infection. As gestation extends beyond 20 
weeks, the risk of congenital infection drops markedly. 
Congenital rubella syndrome may result in abortion and 
fetal death along with severe infant morbidity. The most 
common defects are sensorineural deafness, cataracts, 
heart defects, microcephaly, developmental delay, and 
mental retardation, though all organs may be affected. 
Congenitally infected infants shed virus from the throat 
for 6 – 12 months following birth and are infectious to 
susceptible contacts  [16] . 

 As many as a third of neonates asymptomatic at birth 
will develop late sequelae from fetal infection. Type 1 
diabetes, thyroid disease, ocular damage, and progressive 
panencephalitis all may present during the second decade 
of life  [17] .  

Diagnosis
 Though rubella can be isolated from the nasopharynx, 
urine, and cerebrospinal fl uid, the diagnosis of maternal 
rubella infection usually relies on serologic analysis. 
Detection of rubella - specifi c IgM indicates recent infec-
tion, though reexposure to rubella may induce an amnes-
tic response resulting in reappearance of low - titer IgM. 
Following a primary rubella infection, IgM can be detected 
within 5 – 7 days and may persist up to 2 months. Specifi c 
IgG develops by 2 weeks and persists for life; reexposure 
may increase IgG titers transiently. Rubella IgG avidity 
assays are now available and may be useful in determin-
ing the acuity of the infection  [18] . 

 As up to 10% of US adults are seronegative and suscep-
tible to infection, rubella immune status should be 
assessed at initiation of prenatal care. Susceptible women 
should be counseled regarding prevention strategies and 
be vaccinated postpartum. 

 Women with confi rmed maternal rubella in the fi rst 
20 weeks of pregnancy should be assessed for fetal 
infection. Sonography is not a sensitive or specifi c diag-
nostic modality. However, cerebral ventriculomegaly, 
intracranial calcifi cations, meconium peritonitis, cardiac 
malformations, hepatosplenomegaly, microcephaly, fetal 
growth restriction, and microphthalmia have all been 
found in fetuses subsequently diagnosed with congenital 
rubella. Diagnosis of fetal rubella using DNA amplifi -
cation techniques has been reported in a few small 
series but false - positive and false - negative tests have been 
noted  [19] .  

be performed every 2 weeks in women with evidence of 
recent infection. Middle cerebral artery (MCA) Doppler 
evaluation may also be used to predict fetal anemia 
 [11,12] . If evidence of fetal infection is noted, a cordo-
centesis is offered to assess the degree of anemia and 
confi rm infection via DNA or RNA amplifi cation 
techniques.

 At the time of cordocentesis and depending on gesta-
tional age, an intrauterine transfusion may be performed. 
If a transfusion is performed and the fetus survives, 94% 
will recover within 6 – 12 weeks. The overall mortality rate 
is < 10%  [8,13,14] . Most fetuses require only one transfu-
sion as fetal hematopoiesis resumes as the parvovirus 
infection resolves. Long - term neurodevelopmental out-
comes of children following intrauterine transfusion for 
parvovirus infection have been reported. No signifi cant 
delay was noted on standard neurodevelopmental testing, 
despite severe fetal anemia and intrauterine transfusion 
 [15] . However, a recent review of 25 intrauterine transfu-
sions for fetal parvovirus infection noted abnormal long -
 term neurodevelopment in 32% of survivors, attributed 
to the infection itself  [16] .   

Rubella

 Rubella, or German measles, though usually causing a 
minor maternal illness, is one of the most teratogenic 
infections known. Fortunately, since the introduction of 
the rubella vaccine, the incidence of rubella and congeni-
tal rubella syndrome has decreased substantially. The 
number of reported cases in the United States has declined 
more than 99% over the last three decades, though glo-
bally it remains a major issue. Less than 200 cases per year 
are now seen in the United States. 

Pathogenesis and transmission
 Rubella is an RNA togavirus with no extra - human reser-
voir. Following exposure to the virus via nasopharyngeal 
secretions, almost 80% of susceptible individuals become 
infected. Replication occurs in the nasopharynx and 
regional lymph nodes, with viremia developing 5 – 7 days 
after exposure. It is this viremia that results in placental 
and fetal infection. Adults are infectious during the 
viremia through 5 – 7 days of the rash. Subclinical rubella 
reinfection has been reported during outbreaks, though 
resultant fetal infection is rare. The peak incidence is in 
late winter and spring. 

Clinical manifestations
 After an incubation period of 12 – 23 days, a prodrome of 
low - grade fever and malaise, headache, arthralgias, 
arthritis, pharyngitis, and conjunctivitis may develop. A 
maculopapular rash beginning on the face and spreading 
to the trunk and extremities occurs in 50 – 80% of infected 
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increases as pregnancy advances but infection may occur 
at any gestational age. 

 Risk factors associated with maternal syphilis include 
young age, black and Hispanic ethnicity, single, low 
socio- economic status, less education, inadequate prena-
tal care and screening, prostitution, and substance abuse 
 [29 – 32] .  

Clinical manifestations
 Pregnancy has little effect on the clinical course of syphi-
lis. Syphilis, however, has a major impact on pregnancy. 
Preterm delivery, stillbirth, spontaneous abortion, neona-
tal demise, and congenital infection are all increased. The 
fetal risk is directly related to the stage of disease and 
level of maternal spirochetemia. Maternal syphilis infec-
tion is staged according to disease duration and clinical 
features. Primary syphilis is the initial stage  –  the chancre 
is the characteristic lesion. The chancre is usually painless 
with a smooth base and a red, raised fi rm border. The 
painless nature of the chancre and its location may explain 
why women often are not diagnosed until later stages. If 
untreated, it will resolve in 3 – 8 weeks and the woman will 
progress to the secondary stage. 

 Secondary syphilis is the time of systemic dissemina-
tion that involves many major organ systems. Ninety 
percent of women with secondary syphilis have derma-
tologic manifestations. A diffuse macular rash will 
develop on the trunk and proximal extremities. Plantar 
and palmar maculopapular target - like lesions commonly 
are seen. Patchy alopecia may result when hair follicles 
are involved. Mucosal lesions called mucous patches will 
develop in 35% of women. These manifest as silver - gray 
painless superfi cial erosions of the genital, anal, or oral 
mucosa. They are highly infectious, with very high spiro-
chete loads. 

 Genital tract involvement will occur in 20% of women 
at this stage. Condyloma lata (white - gray raised plaques) 
develop along with generalized lymphadenopathy. 
Constitutional symptoms are also common in secondary 
syphilis (70%), with low - grade fever, malaise, anorexia, 
headache, arthralgias, and myalgias most common. 
Finally, 40% of women will have cerebrospinal fl uid 
abnormalities, though only 1 – 2% will develop aseptic 
meningitis.

 Again, if untreated, the lesions will resolve and the 
woman will enter the latent stages of syphilis. Early latent 
syphilis is latent syphilis of less than 12 months ’  duration. 
During this stage 20 – 25% of women will relapse. Late 
latent syphilis is diagnosed after being asymptomatic for 
greater than 12 months. The woman is still infectious 
during latent stages, though the risk decreases with time. 
Eventually, 20 – 30% of untreated women will progress to 
tertiary syphilis. Tertiary syphilis, involving the integu-
ment, cardiovascular, and neurologic systems, is rarely 
seen in reproductive - age women. 

Management and prevention
 There is no treatment for rubella; supportive care should 
be offered. Droplet precautions are recommended for 7 
days after the onset of the rash. Passive immunization 
using immunoglobulin is not recommended. Primary 
prevention of rubella relies on comprehensive vaccination 
programs. The (measles, mumps, rubella) MMR vaccine 
should be offered to susceptible women of child - bearing 
age. Pregnancy should be avoided for 4 weeks after vac-
cination as the vaccine is a live - attenuated virus with a 
theoretical malformation risk of 0.5 – 1.7%. However, if 
inadvertent vaccination of a pregnant woman does occur, 
pregnancy termination is no longer recommended as the 
observed risk to the fetus is minimal. After vaccination, 
at least 95% of women will seroconvert, developing long -
 term immunity  [20] . Women delivering and who are 
rubella nonimmune should be offered MMR vaccine prior 
to discharge. Breastfeeding is safe in those women vac-
cinated postpartum. 

Syphilis

 Despite the description of syphilitic infection for more 
than 500 years and the availability of adequate therapy 
for more than 60 years, syphilis in the adult and neonate 
remains a nemesis for public health providers. In the 
United States in 2006 alone, there were 3.3 per 100,000 
new cases of syphilis reported, an increase of 13.8% from 
2005. Although pregnancy itself does not alter the clinical 
course of syphilis, it is important to diagnose syphilis in 
pregnancy to ensure prevention of congenital infection 
and adequate treatment. 

Pathogenesis and transmission
Treponema pallidum , the causative agent of syphilis, is 
acquired in women primarily by intimate contact with an 
infected partner. Minute abrasions in the vaginal mucosa 
provide a portal of entry for the spirochete. The cervical 
changes associated with pregnancy, including eversion, 
hyperemia, and friability, increase the risk of spirochete 
entry. Local replication then occurs and lymphatic dis-
semination leads to the systemic fi ndings of secondary 
syphilis. The incubation period averages 3 weeks (3 – 90 
days), depending on inoculum load and host factors  [21] . 
The early stages of syphilis, namely primary, secondary, 
and early latent, are associated with the highest spiro-
chete loads and transmission rates of 30 – 50%  [22,23] . 
Transmission rates in late - stage disease are much lower. 

 Fetal acquisition of syphilitic infection may occur by 
several means. Transplacental passage is the most 
common. T. pallidum  has been isolated in the placenta, 
umbilical cord, and amniotic fl uid  [24 – 28] . Transmission 
may also occur across the membranes or by direct contact 
with the lesions at delivery. The risk of fetal infection 
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T. pallidum  passive particle agglutination (TP - PA) test. 
Rapid  “ point of care ”  tests are currently in development 
 [33] . 

 The diagnosis of congenital syphilis prenatally is dif-
fi cult. Sonographic fi ndings may include hydrops fetalis, 
hepatomegaly, placental thickening and hydramnios, but 
often the infected fetus will have a normal sonogram. 
Polymerase chain reaction (PCR) can be performed using 
infected amniotic fl uid. Serologic testing of cord blood at 
delivery is diffi cult to interpret. Treponemal tests refl ect 
maternal infection. The nontreponemal tests need cord 
blood titers to be at least fourfold higher than maternal 
titers. A nonreactive RPR or VDRL does not exclude 
infection.

Management
 Penicillin remains the drug of choice for the treatment of 
syphilis in pregnancy. The 2006 CDC guidelines recom-
mend 2.4 million units IM of benzathine penicillin G for 
primary, secondary, and early latent syphilis (some 
experts recommend repeating this dose 1 week later). 
Late latent syphilis or syphilis of unknown duration is 
treated with benzathine penicillin G 2.4 million units IM 
weekly for three doses. No other antimicrobial agent is 
recommended in pregnancy. If a woman reports a penicil-
lin allergy, a skin test for major or minor determinant 
antigens of penicillin should be performed if possible. If 
reactive, penicillin desensitization should be performed 
orally (Table  27.1 ) or intravenously  [34] . Up to 50% of 
women treated for early - stage syphilis will have a sys-
temic reaction called the Jarisch – Herxheimer reaction. 
Though transient with only mild constitutional symp-
toms, preterm labor and fetal distress may complicate 
treatment. Treatment after 20 weeks ’  gestation should be 
preceded by an ultrasound to assess possible fetal infec-
tion. If abnormal, antepartum fetal heart rate monitoring 
should accompany treatment. In fetuses at or near term, 
delivery with treatment of the mother and infant postpar-
tum may be warranted. 

 Careful follow - up after treatment should be performed 
to determine treatment failure (rare) or reinfection. 
Nontreponemal tests should be performed every month 
during pregnancy because the consequence of a treatment 
failure or reinfection in these high - risk women is a con-
genitally infected infant. 

Toxoplasmosis

Toxoplasma gondii , a ubiquitous protozoon transmitted in 
infected cat feces, undercooked raw meat, and transpla-
centally, causes an estimated 400 – 4000 cases of congenital 
toxoplasmosis in the United States every year  [35] . Acute 
infections, in often times asymptomatic pregnant women, 
can cause severe illness in the fetus or neonate (mental 

 Congenital syphilis is rare before 18 weeks ’  gestation. 
Common fi ndings of congenital syphilis in the nursery 
include hepatosplenomegaly, rash, reticuloendothelial 
abnormalities, osteochondritis, periostitis, rhinitis, and 
central nervous system (CNS) involvement. Late congeni-
tal syphilis, presenting after 2 years of life and often in 
early adolescence, includes Hutchinson teeth, interstitial 
keratitis, and eighth nerve deafness (Hutchinson triad) as 
well as mental retardation, seizures, saddle nose deform-
ity, frontal bossing, saber shins, and cranial nerve palsies. 
Congenital syphilis is one of the sexually transmitted dis-
eases infecting a neonate that can be prevented or treated 
in utero.

Diagnosis
 Diagnosis of maternal syphilis is commonly performed 
using a nontreponemal serologic screening test with a 
treponemal serologic test used for confi rmation. Pregnant 
women should be screened at the initial visit, at 28 – 32 
weeks and again at delivery. The screening tests used are 
the rapid plasma reagin (RPR) or the Venereal Disease 
Research Laboratory (VDRL) test. They can be quanti-
tated and usually become negative with adequate therapy, 
allowing them to be used for follow - up. However, the 
false- positive rate is approximately 1%, so a positive test 
must be confi rmed using a treponemal test. The trepone-
mal tests used are the fl uorescent treponemal antibody 
absorption (FTA - Abs) test, the microhemagglutination 
assay for antibodies to T. pallidum  (MHA - TP), and the 

Table 27.1    Oral desensitization protocol for penicillin - allergic 
patients

Dose* Phenoxymethyl
penicillin
(units/mL)†

Dose
(units)

Cumulative dose 
(units)

1 1000 100 100
2 1000 200 300
3 1000 400 700
4 1000 800 1500
5 1000 1600 3100
6 1000 3200 6300
7 1000 6400 12,700
8 10,000 12,000 24,700
9 10,000 24,000 48,700
10 10,000 48,000 96,700
11 80,000 80,000 176,000
12 80,000 160,000 336,700
13 80,000 320,000 636,700
14 80,000 640,000 1,296,700

Observe for 30 min prior to parenteral benzathine penicillin G. 
*15-min intervals. 
†250mg/5mL equals 80,000 units/mL. 
Reproduced from Wendel et al [34] with permission from Lippincott 
Williams and Wilkins. 
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amplifi cation. A combination of serologic tests is now 
used to determine recent and past infection. Toxoplasma 
IgG develops within 1 – 2 weeks after acquisition, peaks 
at 1 – 2 months, and usually persists for life. Avidity 
testing may help discriminate between recent and past 
infection. IgM antibodies appear by 10 days after infec-
tion and usually become negative within a few months. 
However, occasionally IgM may be detected in chronic 
infection and persist for years. The IgM tests available 
have low specifi city and should not be used alone to 
diagnose acute toxoplasmosis. IgA and IgE antibodies are 
also used to help diagnose acute infection. IgA persist 
longer than IgE antibodies. Because of the diffi culty in 
running and interpreting serologic data, the Toxoplasma 
Serology Laboratory in Palo Alto, California, can be con-
sulted. They use a Toxoplasma Serologic Profi le (TSP) 
and provide the clinician with a detailed interpretation 
of results  [39] . 

 Prenatal diagnosis of toxoplasmosis can now be per-
formed using a number of techniques. DNA amplifi cation 
by PCR of toxoplasmosis from amniotic fl uid or blood is 
becoming a standard modality with improved sensitivity 
over standard isolation techniques  [40] . Sonographic evi-
dence of hydrocephaly and intracranial calcifi cations, pla-
cental thickening, liver calcifi cations, hyperechoic bowel, 
ascites, and growth restriction have all been reported pre-
natally. Toxoplasma - specifi c IgM and IgA may be found 
in amniotic fl uid or cordocentesis samples but their 
absence does not indicate lack of infection. When neona-
tal serology is performed, IgA and IgM may confi rm a 
diagnosis of congenital infection; however, about 20% of 
infected neonates will have nondetectable IgM at birth. 
The placenta should be evaluated in suspected cases as 
almost half will have evidence of T. gondii  cysts.  

Management and prevention
 Currently toxoplasma screening is not recommended in 
the US pregnant population (excepting immunocompro-
mised women). Prevalence rates in the US are low, and 
equivocal or false - positive tests high in this setting. Areas 
where toxoplasmosis is more common, e.g., France and 
Austria, have screening programs in place and have 
reported a decline in congenital disease. 

 Treatment of toxoplasmosis in infected pregnant 
women is variable, depending on maternal immune 
status, gestational age, and presence of fetal infection. 
Spiramycin can be obtained from the Food and 
Drug Administration (FDA) to treat laboratory - confi rmed 
acute maternal infection. If fetal infection is documented, 
a combination of pyrimethamine, folinic acid and a 
sulfonamide (usually sulfadiazine) is recommended. 
The effectiveness of prenatal treatment remains 
controversial. 

 Prevention of toxoplasmosis in pregnant women is 
paramount. Women should be counseled to avoid close 

retardation, epilepsy, and blindness). Approximately 15 –
 30% of women in the US are immune and the incidence 
of new infection ranges from 0.5 to 8.1 per 1000 in suscep-
tible pregnancies  [35,36] . 

Pathogenesis and transmission
Toxoplasma gondii  exists in three forms or stages: (1) the 
tachyzoite, which is the acute phase in which the organ-
ism invades and replicates; (2) the bradyzoite, in the 
latent phase when tissue cysts are formed; and (3) the 
oocyst sporozoite, which may survive in the environment 
for months. The cat is the defi nitive host and thus the 
main reservoir of infection. Infected cats excrete several 
million oocytes a day which then sporulate and become 
infectious. Ingestion of these sporulated oocytes is the 
predominant mode of transmission in humans. They may 
be ingested in raw or undercooked infected meat or in 
uncooked foods in contact with infected meat or soil, or 
inadvertently ingested from cat litter. 

 Transplacental passage of toxoplasmosis occurs when 
a woman becomes infected during a pregnancy. The risk 
of developing congenital toxoplasmosis increases as the 
gestation advances. The incidence of transmission is 10 –
 25% if infection occurs in the fi rst trimester and highest 
(60%) in the third trimester. Conversely, however, disease 
severity is worse if infection occurs during the fi rst tri-
mester. Infection prior to pregnancy confers immunity 
with little risk of vertical transmission. 

Clinical manifestations
 Maternal toxoplasmosis is often asymptomatic. If symp-
toms do occur, fatigue, fever, malaise, and lymphaden-
opathy (particularly posterior cervical) are usually 
reported. Photophobia, maculopapular rash, and head-
ache are less common. Most women recover within a few 
weeks without therapy or sequelae. Women who are 
immunocompromised, however, may have more severe 
disease, complicated by encephalitis, pneumonitis and 
chorioamnionitis. T. gondii  infection is one of the AIDS -
 defi ning criteria. 

 Congenital toxoplasmosis has been associated with 
spontaneous abortion, stillbirth, and intrauterine growth 
restriction. Though many infected fetuses are born with 
no evidence of toxoplasmosis, the majority (up to 80%) 
develop learning and visual disturbances later in life 
 [37,38] . Chorioretinitis is the most common clinical 
fi nding among infected newborns. Hydrocephaly, intra-
cerebral calcifi cations, cataracts, microphthalmia, glau-
coma, hepatosplenomegaly, anemia and petechiae, 
jaundice, and seizures may also manifest in the nursery 
or over time.  

Diagnosis
 The parasite is rarely detected in body fl uids or tissue; 
diagnosis is based on serologic evaluation or DNA 
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Clinical manifestations
 There are four classifi cations of clinical HSV. A  fi rst episode 
primary infection  occurs when HSV - 1 or HSV - 2 is isolated 
from a genital lesion in the absence of any HSV anti-
bodies in serum. Many women with new infections are 
asymptomatic. However, this group is the one with the 
highest likelihood of having clinical symptoms. Focal 
painful vesicles may be present or the lesions may appear 
as painful abraded areas. Inguinal lymphadenopathy, 
fever, malaise, dysuria, and vulvar pruritus are all more 
common in this group, though only noted in approxi-
mately one - third of newly acquired infections. Hepatitis, 
encephalitis, meningitis or pneumonia are uncommon. 
Viral shedding and symptomatology usually last 1 – 4 
weeks.

First episode nonprimary infection  is diagnosed when 
HSV - 2 is isolated from the genital tract in the presence of 
preexisting HSV - 1 serum antibodies. These infections 
have a shorter clinical course with less severe symptoms 
and fewer lesions. Transmission risk to a partner or fetus/
neonate is much lower in this group.  Recurrent infection  or 
reactivation  occurs when HSV - 1 or HSV - 2 is isolated from 
the genital tract in the presence of same serotype antibod-
ies. Reactivation disease has a much shorter course with 
few lesions and rare systemic symptoms. During preg-
nancy, 5 – 10% of women with a history of HSV will have 
a symptomatic recurrence. The risk of transmission is 
very low. Finally,  asymptomatic viral shedding  is the pres-
ence of HSV on the surface of the skin and mucosa in the 
absence of signs and symptoms. Most women will shed 
virus asymptomatically throughout life and the majority 
of HSV transmission occurs during a period of asympto-
matic viral shedding (up to 70%). 

 Neonatal HSV is acquired predominantly intrapartum 
when the fetus comes into contact with virus shed from 
the cervix or lower genital tract  [47] . Infants born to 
mothers with a fi rst episode of genital HSV near delivery 
have the highest risk of acquiring HSV. Neonatal infection 
may manifest as localized infection of the skin, eyes, and 
mucous membranes. Localized CNS encephalitis may 
also occur. Finally disseminated disease with involve-
ment of multiple organs, predominantly liver and 
lungs, may occur and has the highest reported mortality 
rate  [48] .  

Diagnosis
 History and clinical examination are useful in the diagno-
sis of HSV but as genital HSV often has a nonclassic 
presentation or is asymptomatic, laboratory testing 
should be performed. Viral culture is best when per-
formed early in an outbreak. The lesion should be 
unroofed and the fl uid cultured. The sensitivity drops 
markedly as the vesicular lesions ulcerate and then crust 
over. PCR is more sensitive but not yet approved by 
the FDA. 

contact with cat feces (avoid changing cat litter or wear 
gloves), cook meat to safe temperatures, wash fruits and 
vegetables thoroughly prior to eating, wear gloves when 
gardening, and wash hands after contact with soil and 
raw meats. 

Herpes simplex infection

 Genital herpes has become the most prevalent sexually 
transmitted disease with over 1.6 million new herpes 
simplex virus (HSV) infections per year in the United 
States alone. It is estimated that over 50 million adoles-
cents and adults are currently affected. Though the major-
ity of women are unaware of their status, 24.2% of women 
overall in the US are seropositive for HSV - 2, with higher 
rates reported in high - risk populations  [41 – 43] . As most 
cases of HSV are transmitted by persons unaware of 
their infection or who are asymptomatic, containing this 
worsening public health problem has become a major 
concern.

Pathogenesis and transmission
 There are two serotypes of this DNA virus: HSV - 1 and 
HSV - 2. There is a large amount of DNA sequence con-
cordance between the two viruses and prior infection 
with one type attenuates a new infection with the other 
type. Transmission occurs secondary to intimate contact 
with an infected partner or vertically to a fetus/neonate. 
The incubation period averages 3 – 6 days. 

 Following a mucocutaneous infection, the virus travels 
retrograde along sensory nerves and remains latent in 
cranial nerves or dorsal spinal ganglia. The frequency of 
mucocutaneous recurrences is variable. HSV - 1, originally 
localized to orolabial areas, now causes 5 – 30% of initial 
genital herpes. This is probably due to an increase in 
orogenital sexual practices. HSV - 2 occurs almost entirely 
in the genital region. The majority ( > 90%) of recurrent 
genital herpes is secondary to HSV - 2. Recurrences are 
most frequent in the fi rst years after infection but may 
continue for many years. 

 Neonatal infection may occur transplacentally or via 
ascending infection at any time during pregnancy, but 
over 85% of neonatal herpes results by direct contact with 
the birth canal  [44] . It occurs in 1 in 3200 to 1 in 30,000 
livebirths  [45,46] . Risk factors for neonatal HSV include 
the presence of HSV in the genital tract (often asympto-
matic shedding), the type of HSV (HSV - 1    >    HSV - 2, though 
usually skin/eye/mouth disease, not CNS infection), 
invasive obstetric procedures, and stage of maternal 
infection. Women acquiring HSV late in the third 
trimester have the highest likelihood of transmission 
to the neonate. This is due to high viral loads and the 
neonate having no protective antibodies acquired 
transplacentally.  
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trimester. Condom use is effective in preventing most, but 
not all, HSV transmission. 

Cytomegalovirus

 Cytomegalovirus (CMV) remains the most common 
cause of perinatal infection in the United States, infecting 
0.5 – 2% of all neonates  [52,53] . Fifty - fi ve percent of 
reproductive - age women in high socio - economic classes 
are seropositive, compared to 85% of women in the 
lower socio - economic classes. The risk of seroconversion 
for a susceptible pregnant woman is 1 – 4% during the 
pregnancy  –  those women acquiring primary CMV 
during pregnancy are at highest risk to transmit to the 
neonate.

Pathogenesis and transmission
 Cytomegalovirus is a ubiquitous DNA herpesvirus. As 
with other herpesviruses, it has a latent phase with peri-
odic reactivation despite antibody formation. Transmission 
occurs with contact from infected nasopharyngeal secre-
tions, urine, saliva, semen or cervical secretions (sexual 
contact), blood, or tissue. 

 Though neonates may acquire infection secondary to 
passage through the maternal genital tract or from breast-
feeding, the majority are infected transplacentally via 
hematogenous dissemination. Congenital CMV may 
occur after either primary or nonprimary maternal infec-
tion. In a series of elegant reports of CMV in pregnancy, 
Stagno and colleagues defi ned outcomes of CMV infec-
tion depending on the type of maternal infection  [52 – 55] . 
These fi ndings are summarized in Figure  27.2 .   

 Women with primary CMV infections during preg-
nancy will transmit the virus to the fetus 40% of the time. 
In contrast, of women with recurrent infection, only 0.15 –
 1% will transmit the virus to the fetus. The risk of clini-
cally apparent disease or sequelae in the neonate is higher 
in those infants infected during a primary maternal infec-
tion. As with many other congenital infections, perinatal 
transmission is more likely in the third trimester, but out-
comes are more severe the earlier in gestation transmis-
sion occurs. Recent evidence has shown that reinfection 
with a different strain of CMV can also lead to intrauter-
ine transmission  [56,57] .  

Clinical manifestations
 The majority of adults infected with CMV are asympto-
matic. Fifteen percent of infected pregnant women with 
primary CMV will develop a mononucleosis - like illness 
with malaise, headache, fever, lymphadenopathy, phar-
yngitis, and arthritis. Immunocompromised women may 
develop more severe complications such as interstitial 
pneumonitis, myocarditis, hepatitis, retinitis, gastrointes-
tinal disease, and meningoencephalitis, though these are 

 Type - specifi c serology (distinguishing HSV - 1 from 
HSV2) is now available and proves useful for screening 
and determining classifi cation of disease for counseling 
purposes. The best tests available are based on anti-
bodies formed to type - specifi c G - glycoproteins. Sensitivity 
approaches 80 – 90% and specifi city   >  96%  [33,49,50] . If 
new infection is suspected and antibody testing is nega-
tive, repeat the serologic tests in 4 – 6 weeks.  

Management and prevention
 Women with symptomatic fi rst episode HSV infection 
during pregnancy can be treated with systemic acyclovir, 
valacyclovir or famcyclovir for 7 days. Treatment will 
attenuate symptoms but not eradicate the latent virus. 
Severe recurrent disease may also benefi t from antiviral 
therapy, but mild recurrent disease will not. These antivi-
ral medications are pregnancy Category B. 

 Acyclovir or valacyclovir therapy in the latter part of 
pregnancy (36 weeks ’  gestation until delivery) has been 
shown to decrease HSV outbreaks at term, decreasing the 
need for cesarean delivery. They have also been shown to 
decrease asymptomatic HSV shedding at delivery. The 
American College of Obstetricians and Gynecologists 
(ACOG) states that prophylactic antiviral therapy should 
be considered, especially in the setting of a fi rst episode 
of HSV during the current pregnancy. 

 Upon presentation for delivery, a woman with a known 
history of HSV should be questioned regarding prodro-
mal symptoms (vulvar itching, burning) and recent HSV 
lesions. A careful examination of the vulva, vagina, and 
cervix should be performed for herpetic lesions. Suspicious 
lesions should be cultured. Women with any evidence of 
prodromal or active HSV should be offered a cesarean 
delivery. Of note, 10 – 15% of infants with HSV are born to 
women undergoing a cesarean delivery  –  counseling 
should refl ect a decreased risk of HSV transmission with 
a cesarean delivery but not a negative risk. A nongenital 
lesion should be covered and vaginal delivery allowed. If 
a woman presents at term with an HSV lesion and rup-
tured membranes, regardless of rupture duration, a cesar-
ean delivery should be effected. If the infant is preterm, 
expectant management should be offered as the risk of 
prematurity outweighs the unknown benefi t of delivery. 
If, at the time of labor, the lesion has resolved, vaginal 
delivery is allowed. 

 Women with active HSV may breastfeed as long as 
there is no HSV lesion on the breast. Strict handwashing 
should be performed before contact with the neonate. 
Acyclovir may be used in the postpartum period as excre-
tion into breastmilk is low. 

 Though screening for HSV is not recommended at this 
time, a woman known to be HSV seropositive at her fi rst 
prenatal visit should be counseled regarding safe sexual 
practices  [51] . Avoid intercourse with a partner known to 
have or suspected of having HSV, particularly in the third 
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indicates acute infection. CMV viral culture remains the 
gold standard for diagnosis though a minimum of 21 
days is required for a culture to be reported as negative. 
Avidity testing is now available to determine disease 
acuity  [33] . 

 Perinatal infection may be suspected when certain fi nd-
ings on ultrasound are noted. Though nonspecifi c, fetal 
hydrops, intrauterine growth restriction, microcephaly, 
ventriculomegaly, hepatomegaly, cerebral calcifi cations, 
hyperechoic bowel, and amniotic fl uid abnormalities 
have all been described. If suspected, amniotic fl uid for 
DNA amplifi cation testing has become the gold standard, 
though a negative result does not exclude fetal infection 
 [58,59] . Finally, amniotic fl uid for CMV culture may be 
useful but requires a long incubation period.  

Management and prevention
 The management of an immunocompetent pregnant 
woman with primary or recurrent CMV is limited. There 
are no current treatment regimens available for these 
women beyond symptomatic treatment. If recent primary 
infection is diagnosed, invasive testing can be offered to 
identify infected fetuses. Counseling then is performed 

uncommon. Reactivation episodes with CMV are usually 
asymptomatic, though viral shedding is common. 

 Congenital CMV infection may present with hepat-
osplenomegaly, thrombocytopenia, jaundice, and 
petechiae ( “ blueberry muffi n ” ). Low birthweight, micro-
cephaly, intracranial calcifi cations, chorioretinitis, hearing 
defi cits, pneumonitis, microphthalmia, and seizures are 
also not uncommon. Though the majority of infected 
infants are asymptomatic at birth, some will develop late -
 onset sequelae. These commonly include psychomotor 
retardation, hearing loss, neurologic defi cits, chorioretini-
tis, and learning disabilities. 

Diagnosis
 Primary maternal CMV infection, if symptomatic, often 
presents similarly to Epstein – Barr virus. However, heter-
ophile antibody testing will be negative. CMV IgM is 
detected within a few days of infection but is only found 
in 75 – 90% of women with acute infection  [55] . CMV IgM 
may remain positive for 4 – 8 months and reemerge with 
recurrent infection, making it problematic for diagnosis 
of acute disease. CMV IgG testing is more reliable  –  a 
fourfold rise in paired acute and convalescent sera 

Figure 27.2     Characteristics of CMV infection in pregnancy.  Reproduced from Stagno and Whitley  [54]  with permission from the 
Massachusetts Medical Society.   
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Clinical manifestations
 Varicella or chicken pox often presents in an adult with a 
1 – 2 - day prodrome of fever, malaise, headache, and myal-
gias. Lesions then appear initially as papules, rapidly 
progressing to superfi cial clear vesicles surrounded by a 
halo of erythema. The head and trunk are affected fi rst, 
spreading then sporadically to the lower abdomen and 
extremities. The vesicles are intensely pruritic and appear 
in crops over 3 – 7 days. The lesions begin to crust during 
the outbreak. A typical varicella outbreak has at any one 
time all stages of lesions. Once all the lesions have crusted, 
the patient is no longer considered infectious. 

 The risk of varicella pneumonia is increased in adults 
and may be increased again by pregnancy. In a reported 
series of varicella in pregnancy  [60] , 5.2% of women with 
varicella were diagnosed as having pneumonia. Risk 
factors for developing pneumonia included current 
smoking and   >  100 skin lesions. The mortality, reportedly 
as high as 40% in early series, has now decreased to  < 2% 
with aggressive antiviral use and intensive care facilities. 
Pneumonia usually develops 2 – 4 days after the onset of 
rash, and may present with minimal symptoms (often 
only a mild cough). A chest x - ray should be performed 
on all pregnant women presenting with varicella. 

 Congenital varicella, usually following maternal infec-
tion between 12 – 20 weeks, often presents with limb 
abnormalities such as cutaneous scarring, limb hypopla-
sia, and muscle atrophy. Microphthalmia, chorioretinitis, 
microcephaly, seizures, cortical atrophy, and mental retar-
dation may also occur. Neonatal varicella, occurring sec-
ondary to exposure near or around delivery, carries a 
25 – 50% attack rate and mortality rate near 25%. Clinical 
manifestations include pneumonia, disseminated muco-
cutaneous lesions, and visceral infection. 

 Herpes zoster infection, or shingles, occurs upon reac-
tivation of the VZV virus in 1 – 3 sensory nerve der-
matomes. Pain along the infected dermatome heralds the 
appearance of papules and then vesicles. These vesicles 
may coalesce, rupture, and then crust over. Systemic 
symptoms are uncommon.  

Diagnosis
 The diagnosis of varicella is usually made clinically. The 
characteristic rash in susceptible individuals allows for 
accurate diagnosis in the majority of cases. If the diagno-
sis is not readily apparent, VZV can be isolated by scrap-
ing the base of the vesicles during the acute phase of the 
infection. Tzanck smear, tissue culture, and direct fl uores-
cent antibody testing (DFA) are all available to test the 
vesicle specimen. DNA amplifi cation techniques of body 
fl uid or tissue are very sensitive and are rapidly becoming 
the gold standard. Seroconversion can be documented by 
antibody assay using acute and convalescent sera. VZV 
IgM develops rapidly and will remain positive for 4 – 5 
weeks and may be useful in the acute setting. 

regarding the stage of infection and gestational age, 
understanding that the majority of fetuses develop nor-
mally. Pregnancy termination may be an option in rare 
cases.

 Routine serologic screening for CMV is not recom-
mended. Preventive measures including handwashing 
and minimizing exposure to CMV from high - risk areas 
such as day - care centers and nurseries are the mainstays 
of preventing primary CMV infection. A CMV vaccine is 
not available currently for use in pregnancy.   

Varicella zoster virus

 Varicella zoster virus (VZV) is the most contagious viral 
infection complicating pregnancy. Fortunately, more than 
95% of adults have serologic evidence of immunity with 
only 0.1 – 0.4 cases per 1000 pregnant women occurring 
each year in the United States. Though it is uncommon in 
the pregnant population, if infected, the morbidity for an 
adult is much greater than that for an infected child. 

Pathogenesis and transmission
 Varicella zoster virus is a double - stranded DNA herpes-
virus that causes clinical infection only in humans. The 
primary infection, varicella or chicken pox, presents pre-
dominantly as a rash with systemic symptoms (see 
Clinical manifestations, below). The virus then becomes 
latent, with occasional reactivation (herpes zoster or shin-
gles) occurring in certain individuals. Both primary and 
reactivation diseases are infectious, though viral shed-
ding is less with reactivation. In temperate climates, vari-
cella occurs predominantly in late winter and early spring. 

 Transmission of VZV occurs primarily by direct contact 
with an infected individual, though transmission also 
may occur by inhalation of virus from respiratory drop-
lets or airborne virus particles from skin lesions (pre-
dominantly with zoster). The virus usually enters the 
mucosa of the upper respiratory tract or the conjunctiva. 
Transplacental passage of the virus may occur, causing 
congenital varicella in up to 2% of maternal varicella 
infections prior to 20 weeks ’  gestation (highest risk 13 – 20 
weeks). Neonatal infection occurs secondary to exposure 
of the fetus or newborn 5 days prior to delivery to 2 
days postpartum before protective maternal antibodies 
develop.

 A susceptible individual has a 60 – 95% risk of becoming 
infected after exposure. The incubation period is 10 – 21 
days with a mean of 15 days. An infected person is then 
contagious from one day before the onset of the rash until 
lesions are crusted over. Once infected, lifelong immunity 
to reinfection develops in the immunocompetent indi-
vidual, though subclinical reinfections have been reported. 
Reactivation disease (shingles) occurs sporadically with 
an often unknown inciting event. 
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from other susceptible individuals. An exposed pregnant 
woman should be evaluated as to past disease  –  if no 
history of varicella infection, an IgG titer can be rapidly 
performed. At least 70% of individuals without reported 
history of VZV actually have VZV IgG. An exposed preg-
nant woman who is deemed susceptible may be given 
passive immunity using varicella zoster immune globulin 
(VariZIG). This is a human globulin fraction produced in 
Canada and available under an expanded access protocol. 
Contact information is at  www.cdc.gov   [62] . VariZIG 
should be given within 96   h of exposure to maximize the 
effect. As VariZIG is limited in quantity and is expensive, 
IgG testing is essential to limit the number of women 
requiring its administration. 

 The varicella vaccine currently available is a live -
 attenuated vaccine (Varivax). It is not recommended in 
pregnancy and pregnancy should be avoided within 1 
month of administration. To date, there have been no 
adverse outcomes in women inadvertently receiving the 
vaccine immediately before or during pregnancy.     

Fetal varicella can be diagnosed using DNA amplifi cation 
techniques on amniotic fl uid specimens, though it often 
does not correlate with clinical disease  [61] .  

Management and prevention
 The pregnant woman with primary VZV infection 
should be isolated from other pregnant women and 
evaluated for evidence of pneumonia. Chest x - ray is 
useful. Hospitalization and antiviral therapy are reserved 
for those women complicated by pneumonia or those 
with systemic symptoms severe enough to require 
intravenous fl uids and symptomatic relief. If antiviral 
therapy is required, acyclovir is the drug of choice. 
Acyclovir (500   mg/m 2  or 10 – 15   mg/kg every 8   h) should 
be started as soon as possible. No fetal side - effects have 
been reported from acyclovir use in pregnancy. Antiviral 
use to prevent or treat congenital infection has not been 
studied.

 Prevention is the mainstay of population - based VZV 
management. The infected individual should be isolated 

    The patient is a 30 - year - old accountant who presents to 
your offi ce in January at 26 weeks ’  gestation. She states 
that her 6 - year - old son was sent home from school that 
day with a fever and a facial rash with a  “ slapped cheek ”  
appearance. The pediatrician correctly diagnoses her son 
with parvovirus B 19  and is concerned for her fetus. She 
has never had parvovirus B 19 , which you confi rm with 
IgG serologic testing. 

 As she is susceptible, you counsel her on the clinical 
manifestations in adults including fever, headache, 
truncal rash, and polyarthralgias. The incubation period 
is 4 – 14 days so you repeat the IgM and IgG testing in 3 
weeks. Although she is asymptomatic, her parvovirus B 19

IgM is now positive. A level II ultrasound with MCA 

Doppler is performed with no evidence of hydrops fetalis 
or other signs of fetal infection. She undergoes sono-
graphic evaluation every 1 – 2 weeks for 10 – 12 weeks after 
exposure, and the fetus develops hepatosplenomegaly, 
ascites, and an elevated MCA peak systolic velocity con-
sistent with fetal anemia. 

 She undergoes cordocentesis which reveals a fetal 
hemoglobin of 6.2   g/dL. Parvovirus B 19  RNA testing is 
positive. An intrauterine transfusion is performed at the 
time of the cordocentesis without complication. Weekly 
follow - up sonographic evaluation notes a slow resolution 
of the fetal ascites with normalization of the MCA Doppler 
fi ndings. No further transfusions are required and she 
delivers a healthy male infant at term.  

CASE PRESENTATION 
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     Malaria is a disease caused by the protozoon  Plasmodium
which is transmitted through the bite of the female 
Anopheles  mosquito. The four species of  Plasmodium
responsible for malaria are  P. falciparum ,  P. vivax ,  P. ovale , 
and P. malariae .  Plasmodium falciparum  is responsible for 
most of the cases of malaria worldwide. It has been 
reported that, worldwide, there are about 400 million 
cases of malaria annually with 1 – 3 million deaths  [1,2] . 
Malaria in pregnancy is responsible for 75,000 – 200,000 
infant deaths per year  [1] . Over 90% of malaria cases 
occur in sub - Saharan Africa  [2] .  

Clinical features

 Malaria usually begins with a nonspecifi c fl u - like reac-
tion. The patient usually complains of fever, headaches, 
and general malaise. Others might complain of abdomi-
nal pains and vomiting. This stage of the disease is usually 
missed in holoendemic areas where residents have devel-
oped some level of immunity to the disease. Visitors to 
such areas, however, display a more severe version of this 
stage of the disease. Immunocompromised patients might 
even develop mild jaundice and hepatosplenomegaly. 

 Malaria is characterized by febrile paroxysms which 
last for 6 – 10   h and are characterized by three stages. The 
patient fi rst experiences a cold stage in which there is 
intense shivering. The next stage is the occurrence of a 
high- grade fever which later breaks and brings on the 
sweating stage of the febrile paroxysm. After the resolu-
tion of these stages, symptoms subside for a time and 
then the cycle is repeated within 36 – 48   h. 

 Clinical examination of a pregnant woman with malaria 
during a febrile paroxysm usually reveals a woman who 
is febrile with a temperature of 38 ° C or higher. Depending 
on whether the disease has been going on for some time 
and on the hemoglobin level of the woman before the 
start of the disease, pallor of the mucous membranes may 

be present. The degree of pallor is worst in women who 
suffer from hemoglobinopathies such as sickle cell disease. 
Other signs that could be present in malaria are jaundice 
and splenomegaly. Jaundice and splenomegaly are 
usually found in people who live outside holoendemic 
areas and thus who have no immunity to malaria, and 
also in patients with preexisting hemoglobinopathies. 
Women living in holoendemic areas usually only have 
fever as the sign that is noted on clinical examination. 

Diagnosis

 To successfully diagnose malaria in pregnancy outside 
holoendemic areas, the clinician needs to have a high 
index of suspicion. A history of travel to a malaria -
 endemic area should lead to malaria being considered 
when a fever occurs. In holoendemic areas, however, 
there is a risk of clinicians overdiagnosing malaria from 
clinical signs and symptoms. Because malaria is a common 
condition in such places, a thorough work - up on the 
cause of a fever is often overlooked. 

 To diagnose malaria correctly, there is the need to 
confi rm the clinical diagnosis with laboratory investiga-
tions. The microbiological test for malaria is a thick or thin 
peripheral blood fi lm for microscopic examination. The 
thick blood fi lm is used for low parasitemias and the thin 
blood fi lm for high parasitemias  [2,3] . The level of para-
sitemia as well as the species of Plasmodium  responsible 
for the condition is revealed by microscopic examination. 
Microscopy is the gold standard for routine laboratory 
diagnosis of malaria and is a very reliable way of diagnos-
ing the condition  [3] . 

 In areas where malaria cases are not commonly seen, 
leading to reduced skill in microscopy for malaria, 
polymerase chain reaction (PCR) procedures are more 
accurate for making the diagnosis even though this 
method is more expensive and takes longer to arrive at a 
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infected red blood cells causing endothelial damage and 
resultant reduced blood fl ow to the kidneys. It also causes 
hypoglycemia leading to central nervous complications 
of cerebral malaria characterized by seizures and loss of 
consciousness. Malaria causes maternal mortality through 
these complications. 

 Malaria causes miscarriages when it occurs in the fi rst 
trimester. Intrauterine growth restriction and intrauterine 
fetal death from malaria are caused by the reduction in 
oxygen and nutrient delivery due to placental malaria. 
Malaria causes low birthweight because of the associated 
maternal anemia and the intrauterine growth restriction. 
Intrauterine infection of the fetus with malaria  –  congeni-
tal malaria  –  results from placental malaria. The febrile 
paroxysms due to malaria could precipitate preterm labor 
and prematurity.  

Prevention

 In holoendemic areas, malaria in pregnancy is prevented 
by the following measures.
    •      Intermittent preventive treatment  [6]   
   •      Use of insecticide - treated nets  [7]   
   •      Effective case management of malaria and anemia    
 Intermittent preventive treatment is the use of antimalar-
ial medications at specifi c intervals during the pregnancy 
in the absence of clinical malaria. The World Health 
Organization recommends that all pregnant women in 
holoendemic areas should receive three doses of 
sulfadoxine- pyrimethamine at monthly intervals after 
quickening. The fi rst dose should not be administered 
earlier than 16 weeks ’  gestation and the last dose should 
not be after 36 weeks ’  gestation  [5] . 

 Pregnant women in holoendemic areas are advised to 
sleep under insecticide - treated bed - nets in order to reduce 
the frequency of mosquito bites. 

 Effective diagnosis and treatment of malaria 
will prevent the occurrence of maternal and fetal 
complications.

diagnosis. In areas where there is no laboratory support 
for the clinician, rapid diagnostic tests which are designed 
to determine the presence of plasmodial antigens can be 
used  [4] .  

Treatment

 The medications that can be used in the treatment of 
malaria in pregnancy depend on the stage of pregnancy 
at which the disease is diagnosed and the general condi-
tion of the patient. 

 A combination of quinine and clindamycin is recom-
mended when malaria is diagnosed in the fi rst trimester. 
Quinine can be used alone if clindamycin in unavailable 
or unaffordable  [5] . In the second and third trimesters, 
artemisinin- based combination therapy (ACT) is used 
for treatment. The recommended forms of ACT are 
artemether - lumefantrine, artesunate plus amodiaquine, 
artesunate plus mefl oquine, and artesunate plus 
sulfadoxine- pyrimethamine  [5] . 

 There are limited data on the safety of ACT in the fi rst 
trimester even though it is recommended that ACT be 
used in the fi rst trimester if it is the only available treat-
ment  [5] . 

 Antiemetics and analgesics are used to manage severe 
vomiting, headaches, and myalgia associated with malaria 
in pregnancy. In severe cases of vomiting, patients are 
unable to take oral medication and are also unable to eat. 
These patients are managed with fl uid and electrolyte 
replacement therapy, parenteral quinine and parenteral 
antiemetic agents. Oral medication is commenced once 
the vomiting stops. 

Complications

 Malaria affects both the mother and the fetus. Malaria has 
been reported to cause severe anemia leading to cardiac 
failure. It can lead to acute renal failure as a result of 

    A 26 - year - old primigravida at 33 weeks ’  gestation pre-
sented to the clinic with complaints of recurrent 
lower abdominal pain radiating to her back and thighs. 
She also complained of a mild fever and chills but no 
dysuria.

 On examination, the patient appeared to be in moder-
ate pain but did not appear acutely ill. She was warm to 
touch with a temperature of 38 ° C. She was neither pale 
nor jaundiced. Examination of her abdomen showed a 

uterus that was appropriate for dates. She had a singleton 
pregnancy in cephalic presentation with a normal fetal 
heart rate. She was having two contractions in 10   min 
with each contraction lasting about 20   sec. Speculum 
examination showed that her cervix was about 3   cm long 
and not dilated. 

 Laboratory tests ordered were urine microscopy, bio-
chemistry and culture, complete blood count, blood fi lm 
for malaria parasites, and an ultrasound scan. 

CASE PRESENTATION 
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 The urine tests were normal; hemoglobin level was 
9.5   g/dL; thick fi lm smear for malaria parasites showed 
2+  parasitemia. The ultrasound examination did not show 
any abnormalities. 

 A diagnosis of malaria complicated by preterm contrac-
tions was made. She was put on a course of artemether -
 lumefantrine and the dosage of her regular hematinic was 

doubled. She was admitted for observation because of the 
preterm contractions. 

 By the second day of admission, she was feeling better 
and the contractions had stopped. She was discharged 
home to complete the antimalarial treatment. On her 
return visit a week later, she was in a very good state of 
health with no complaints. 
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Group B Streptococcal Infection 

  Ronald S.     Gibbs  
  Department of Obstetrics and Gynecology, University of Colorado School of Medicine, Denver, CO, USA       

     In the 1970s, group B streptococci (GBS) dramatically 
became the leading cause of neonatal infection and an 
important cause of maternal genital tract infection and 
septicemia  [1 – 4] . After the implementation of nationally 
used prevention guidelines fi rst instituted in 1996, there 
was a decrease in neonatal deaths of over 70%. New 
guidelines released in 2002 recommended the single strat-
egy of universal culture - based screening at 35 – 37 weeks ’  
gestation, and extensively changed antibiotic recommen-
dations. The most recent set of guidelines was released in 
late 2010  [5] .  

Epidemiology of group B streptococci
perinatal infection

 Twenty to 30% of all pregnant women are colonized rec-
togenitally with GBS. Prenatal screening at 35 – 37 weeks ’  
gestation is currently recommended in the USA. Early -
 onset neonatal disease occurs within the fi rst week of life; 
late - onset disease occurs after the fi rst week. Because of 
the dramatic decrease in early - onset disease, the inci-
dence of early -  and late - onset neonatal disease is now 
equivalent (at approximately 0.4 cases/1000 births). 
Meningitis is much more common in late - onset disease. 
For term infants with GBS sepsis, survival is approxi-
mately 98%, but for preterm infants the survival is 90% 
for cases at 34 – 36 weeks and 70% for cases at  ≤ 33 weeks. 
These suboptimal outcomes led to effective prevention 
strategies. Risk factors for early - onset disease include 
maternal GBS colonization, prolonged rupture of mem-
branes, preterm delivery, GBS bacteriuria during preg-
nancy, birth of a previous infant with invasive GBS 
disease, and maternal fever in labor. 

 In pregnant women, GBS can cause urinary tract infec-
tion, chorioamnionitis, endometritis, bacteremia, puer-
peral wound infection, and stillbirth. 

Isolation of group B streptococci

 To optimize detection of GBS in rectogenital tract speci-
mens, selective media that suppress the growth of com-
peting bacteria should be used. Commercially available 
selective media include Todd – Hewitt broth (a nutritive 
broth for gram - positive organisms) supplemented with 
gentamicin plus nalidixic acid or colistin plus nalidixic 
acid. Nucleic acid amplifi cation tests such as polymerase 
chain reaction (PCR) can also be used after enrichment by 
incubation of the specimen for 18 – 24   h  [5] .  

Recommended antibiotics for 
prophylaxis

 Resistance to penicillin or ampicillin has not been detected 
in GBS. Because of its universal activity against GBS and 
narrow spectrum of activity, penicillin remains the anti-
biotic of choice for GBS prophylaxis, with ampicillin 
remaining an alternative  [5] . 

 Resistance to clindamycin and erythromycin has 
increased among GBS isolates in the last 15 years. The 
prevalence of resistance in the USA and Canada was in 
the range 25 – 32% for erythromycin and 13 – 20% for clin-
damycin in studies published in the last 5 years  [5] . 
Resistance to cefoxitin has also been reported  [5] . It has 
been recognized that GBS isolates which show suscepti-
bility to clindamycin but resistance to erythromycin by 
traditional in vitro  testing may demonstrate inducible 
resistance to clindamycin. Use of the D - zone test can 
detect inducible resistance  [5] . 

 Rising resistance to clindamycin and erythromycin 
is a key element in recommendations for GBS chemo-
prophylaxis in penicillin - allergic women (Fig.  29.1 ). The 
2002 guidelines recommended clindamycin or erythro-
mycin only if a patient ’ s GBS isolate has been shown to 
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prophylaxis. Women with unknown culture status at the 
time of labor should receive intrapartum antibiotic 
prophylaxis if they present with the risk factors outlined 
in Figure  29.1 . Figure  29.1  also outlines some common 
circumstances in which intrapartum prophylaxis is not 
indicated. Women undergoing a planned cesarean deliv-
ery in the absence of labor or membrane rupture do not 
require GBS prophylaxis. 

 Recommended antibiotics for intrapartum prophylaxis 
are shown in Figure  29.1 .  

Preterm premature rupture of 
the membranes

 Preterm premature rupture of the membranes (PPROM) 
places the fetus or newborn at special risk for GBS sepsis. 
The 2010 guidelines provide separate algorithms for 

have in vitro  susceptibility to both. Vancomycin is 
recommended for women at high risk of penicillin allergy 
colonized by clindamycin - resistant or erythromycin -
 resistant isolates. Vancomycin is recommended even if an 
isolate shows in vitro  resistance to either clinda mycin or
erythromycin because of possible inducible resistance.    

Prevention of perinatal group B
streptococci infection

 Use of intrapartum antibiotics is the only effective inter-
vention available against perinatal GBS disease. 

 For indications for prophylaxis under the 2010 Centers 
for Disease Control (CDC) GBS guidelines, see Figure 
 29.1 . In addition, women who have had a previous 
infant with invasive GBS disease or who have GBS bac-
teriuria during pregnancy should receive intrapartum 

Figure 29.1     Recommended regimens for intrapartum antibiotic prophylaxis for prevention of early - onset group B streptococcal (GBS) 
disease  [5] . 
  * Broader spectrum agents, including an agent active against GBS, might be necessary for treatment of chorioamnionitis. 
  † Doses ranging from 2.5 to 3.0 million units are acceptable for the doses administered every 4 hours following the initial dose. The 
choice of dose within that range should be guided by which formulations of penicillin G are readily available to reduce the need for 
pharmacies to specially prepare doses. 
  § Penicillin - allergic patients with a history of anaphylaxis, angioedema, respiratory distress, or urticaria following administration of 
penicillin or a cephalosporin are considered to be at high risk for anaphylaxis and should not receive penicillin, ampicillin, or cefazolin 
for GBS intrapartum prophylaxis. For penicillin - allergic patients who do not have a history of those reactions, cefazolin is the preferred 
agent because pharmacologic data suggest it achieves effective intraamniotic concentrations. Vancomycin and clindamycin should be
reserved for penicillin - allergic women at high risk for anaphylaxis. 
  ¶ If laboratory facilities are adequate, clindamycin and erythromycin susceptibility testing should be performed on prenatal GBS isolates 
from penicillin - allergic women at high risk for anaphylaxis. If no susceptibility testing is performed, or the results are not available at the 
time of labor, vancomycin is the preferred agent for GBS intrapartum prophylaxis for penicillin - allergic women at high risk for
anaphylaxis.
  *  * Resistance to erythromycin is often but not always associated with clindamycin resistance. If an isolate is resistant to erythromycin, it 
may have inducible resistance to clindamycin, even if it appears susceptible to clindamycin. If a GBS isolate is susceptible to
clindamycin, resistant to erythromycin, and D - zone testing for inducible resistance has been performed and is negative (no inducible
resistance), then clindamycin can be used for GBS intrapartum prophylaxis instead of vancomycin.  

Patient allergic to
penicillin?

Penicillin G, 5 million units IV
initial dose, then 2.5–3.0 million

units† every 4 h until delivery
or

Ampicillin, 2g IV initial dose, then
1 g IV every 4 h until delivery

Patient with a history of any of the following
after receiving penicillin or a cephalosporin?§

• Anaphylaxis
• Angioedema

• Respiratory distress
• Urticaria

Cefazolin, 2g IV initial dose, then
1 g IV every 8 h until delivery 

Clindamycin, 900 mg IV
every 8 h until delivery 

Vancomycin, 1 g IV every
12 h until delivery

Isolate sensitive to clindamycin¶

and erythromycin**?

No

No

Yes

Yes

Yes

No
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    A 20 - year - old primigravida reports a  “ penicillin allergy ”  
at her fi rst prenatal visit. Details confi rm that she had an 
immediate hypersensitivity reaction including urticaria, 
hives, and wheezing. 

 What testing should be performed on the GBS isolate? 
Because the patient should be given neither penicillin nor 
a cephalosporin, this isolate must be tested for suscepti-
bility to both clindamycin and erythromycin. In addition, 
if the isolate is resistant to erythromycin but susceptible 
to clindamycin, by traditional in vitro  testing, the isolate 

should be tested for inducible clindamycin resistance by 
the D - zone test. 

 What antibiotics should be used for intrapartum pro-
phylaxis? If the isolate is sensitive to both clindamycin 
and erythromycin, and if there is no inducible clin-
damycin resistance, clindamycin should be used for 
prophylaxis. Erythromycin is no longer recommended. 
However, if the isolate is resistant to either (or both) 
clindamycin or erythromycin, then vancomycin must 
be used.  

CASE PRESENTATION 

Figure 29.2     Algorithm for group B streptococcus (GBS) intrapartum prophylaxis for women with preterm labor (PTL)  [5] . 
  * If patient has undergone vaginal - rectal GBS culture within the preceding 5 weeks, the results of that culture should guide management. 
GBS - colonized women should receive intrapartum antibiotic prophylaxis. No antibiotics are indicated for GBS prophylaxis if a vaginal -
 rectal screen within 5 weeks was negative. 
  † See Figure 29.1 for recommended antibiotic regimens. 
  § Patient should be regularly assessed for progression to true labor; if the patient is considered not to be in true labor, discontinue GBS 
prophylaxis. 
¶ If GBS culture results become available prior to delivery and are negative, then discontinue GBS prophylaxis.  *  * Unless subsequent GBS 
culture prior to delivery is positive. 
  †  † A negative GBS screen is considered valid for 5 weeks. If a patient with a history of PTL is readmitted with signs and symptoms of 
PTL and had a negative GBS screen  > 5 weeks before, she should be rescreened and managed according to this algorithm at that time.  

No

Obtain vaginal-rectal swab for GBS culture* and start GBS prophylaxis�

Patient entering true labor?§

Continue GBS prophylaxis
until delivery¶

Discontinue
GBS prophylaxis

Yes

GBS prophylaxis
at onset of true labor 

Obtain GBS culture results 

Positive Negative
Not available prior to labor onset

and patient still preterm

Patient  admitted with signs and symptoms of preterm labor

No GBS prophylaxis**; repeat vaginal-rectal culture if patient 
reaches 35–37 weeks’ gestation and has not yet delivered��

preterm labor and preterm premature rupture of mem-
branes (Figs  29.2 ,  29.3 ).    

Bacteriuria

 The 2010 GBS guidelines recommend that all women with 
GBS bacteriuria, defi ned as GBS isolated from the urine 

at ≥ 10 4  colonies/mL, should receive intrapartum pro-
phylaxis. These women do not require late antenatal 
screening. Symptomatic or asymptomatic GBS urinary 
tract infections should be treated according to usual 
standards.    
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Figure 29.3     Algorithm for group B streptococcus (GBS) intrapartum prophylaxis for women with preterm premature rupture of 
membranes (PPROM)  [5] . 
  * If patient has undergone vaginal - rectal GBS culture within the preceding 5 weeks, the results of that culture should guide management. 
GBS - colonized women should receive intrapartum antibiotic prophylaxis. No antibiotics are indicated for GBS prophylaxis if a 
vaginal - rectal screen within 5 weeks was negative. 
  † Antibiotics given for latency in the setting of pPROM that include ampicillin 2   g   IV    ×    1, followed by 1   g   IV q6   h for at least 48   h are 
adequate for GBS prophylaxis. If other regimens are used, GBS prophylaxis should be initiated in addition. 
  § See Figure 29.1 for recommended antibiotic regimens. 
¶ GBS prophylaxis should be discontinued at 48   h for women with PPROM who are not in labor. If results from a GBS screen performed
on admission become available during the 48 - h period and are negative, GBS prophylaxis should be discontinued at that time. 
  *  * Unless subsequent GBS culture prior to delivery is positive. 
  †  † A negative GBS screen is considered valid for 5 weeks. If a patient with PPROM is entering labor and had a negative GBS screen  > 5 
weeks before, she should be rescreened and managed according to this algorithm at that time.  

No

Obtain vaginal-rectal swab for GBS culture*and start 
antibiotics for latency OR GBS prophylaxis§

Patient entering labor?

Continue antibiotics
until delivery

Continue antibiotics per 
standard of care if receiving for

latency ;  OR
continue antibiotics for 48 hours¶

if receiving for GBS prophylaxis

Yes

GBS prophylaxis
at onset of labor 

No GBS prophylaxis;** repeat vaginal-rectal culture if patient 
reaches 35–37weeks’ gestation and has not yet delivered��

Obtain GBS culture results 

Positive Negative
Not available 

prior to labor onset

�
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Hepatitis

  Patrick     Duff  
  Department of Obstetrics and Gynecology, University of Florida College of Medicine, Gainesville, FL, USA       

     The purpose of this chapter is to review six different types 
of viral hepatitis: A, B, C, D, E, and G; describe the diag-
nostic tests for each of these infections; and defi ne the 
perinatal complications associated with the various forms 
of viral hepatitis (Table  30.1 ). I have grouped the infec-
tions in terms of their epidemiology rather than simply 
listing them alphabetically.    

Hepatitis A

 Hepatitis A is the second most common form of viral 
hepatitis in the United States. The infection is caused by 
an RNA virus that is transmitted by fecal – oral contact. 
The incubation period ranges from 15 to 50 days. Infections 
in children are usually asymptomatic; infections in adults 
are usually symptomatic. The disease is most prevalent 
in areas of poor sanitation and crowded living  [1] . The 
typical clinical manifestations of hepatitis A include low -
 grade fever, malaise, anorexia, right upper quadrant pain 
and tenderness, jaundice, and acholic stools. The diagno-
sis is most easily confi rmed by detection of IgM antibody 
specifi c for the hepatitis A virus. 

 Hepatitis A does not cause a chronic carrier state. 
Perinatal transmission virtually never occurs, and, there-
fore, the infection does not pose a major risk to either the 
mother or baby unless the mother develops fulminant 
hepatitis and liver failure, which is extremely rare  [1] . 

 Hepatitis A can be prevented by administration of an 
inactivated vaccine. Two monovalent formulations of the 
vaccine are available: Vaqta ®  and Havrix ®   [2] . Both vac-
cines require an initial intramuscular injection, followed 
by a second dose 6 – 12 months later. The vaccine should 
be offered to the following individuals.
    •      International travelers  
   •      Children in endemic areas  
   •      Intravenous drug users  

   •      Individuals who have occupational exposure, e.g. 
workers in a primate laboratory  
   •      Residents and staff of chronic care institutions  
   •      Individuals with liver disease  
   •      Homosexual men  
   •      Individuals with clotting factor disorders    
 The vaccine can also be given in a bivalent form in com-
bination with hepatitis B vaccine. 

 Standard immunoglobulin provides reasonably effec-
tive passive immunization for hepatitis A if it is given 
within 2 weeks of exposure. The standard intramuscular 
dose of immunoglobulin is 0.02   mg/kg. Interestingly, 
however, Victor  et al   [3]  recently demonstrated that the 
hepatitis A vaccine also provided effective postexposure 
prophylaxis. In fact, it offered several advantages over 
immunoglobulin.
    •      It was readily available and comparable in cost to 
immunoglobulin.
   •      It provided both short - term and long - term protection 
against hepatitis A.  
   •      It was less painful to administer.  
   •      It did not interfere with other vaccination schedules.    
 Accordingly, in my opinion, hepatitis A vaccine should 
now be the agent of choice for both pre -  and postexposure 
prophylaxis.  

Hepatitis E

 Hepatitis E is caused by an RNA virus. The epidemiology 
of hepatitis E is quite similar to that of hepatitis A. The 
incubation period averages 45 days. The disease is quite 
rare in the US but is endemic in developing countries of 
the world. In these countries, maternal infection with 
hepatitis E often has an alarmingly high mortality, in the 
range of 10 – 20%. This high mortality is probably less the 
result of the virulence of the microorganism and more 
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such as chronic active hepatitis, chronic persistent hepa-
titis, cirrhosis, or hepatocellular carcinoma  [1] . 

 The diagnosis of hepatitis B is best confi rmed by sero-
logic tests. Patients with acute hepatitis B are positive for 
the hepatitis B surface antigen and positive for IgM anti-
body to the core antigen. Patients with chronic hepatitis 
B are positive for the surface antigen and positive for IgG 
antibody to the core antigen. Infected patients may or 
may not be positive for the hepatitis B e  antigen. When 
this latter antigen is present, it denotes active viral repli-
cation and a high level of infectivity  [7] . 

 In the absence of intervention, approximately 20% of 
mothers who are seropositive for the hepatitis B surface 
antigen alone will transmit infection to their neonates. 
Approximately 90% of mothers who are positive for both 
the surface antigen and the e  antigen will transmit infec-
tion. Fortunately, we now have excellent immunoprophy-
laxis for prevention of perinatal transmission of hepatitis 
B infection, and, therefore, all pregnant women should be 
routinely screened for hepatitis B during pregnancy. 
Infants delivered to seropositive mothers should receive 
hepatitis B immunoglobulin within 12   h of birth. Prior to 
their discharge from the hospital, these infants also should 
begin the three - dose hepatitis B vaccination series. Infants 
delivered to seronegative women require only the hepa-
titis B vaccine  [1,7,8] . 

 Of special note, immunoprophylaxis is approximately 
90% effective in preventing perinatal transmission of 
hepatitis B infection to the infants of asymptomatic hepa-
titis B carriers who are positive for either the hepatitis B 
surface antigen or the surface antigen and e  antigen. The 
most common cause for failure of immunoprophylaxis is 
transplacental infection during pregnancy. Intrauterine 
infection is most likely to occur in women who have 
higher viral loads, defi ned as greater than 10 3  copies/mL. 

related to poor nutrition, poor general health, and lack of 
access to modern medical care  [1] . 

 The clinical presentation of acute hepatitis E is similar 
to that of hepatitis A. The diagnosis can be established by 
using electron microscopy to identify viral particles in the 
stool of infected patients. The most useful diagnostic test, 
however, is serology. 

 Hepatitis E does not cause a chronic carrier state. 
Perinatal transmission can occur but is extremely rare  [4] .  

Hepatitis B

 Hepatitis B is caused by a DNA virus that is transmitted 
parenterally and via sexual contact. The infection also can 
be transmitted perinatally from an infected mother to her 
infant.

 Acute hepatitis B occurs in approximately 1 – 2 per 1000 
pregnancies in the United States. The chronic carrier state 
is more frequent, occurring in 6 – 10 per 1000 pregnancies. 
The infection is particularly likely to occur in association 
with hepatitis C and HIV infection  [5] . Worldwide, over 
400 million individuals are chronically infected with hep-
atitis B virus. In the US, approximately 1.25 million indi-
viduals are chronically infected. Hepatitis B infection 
accounts for 4000 – 5500 deaths annually in the US and 1 
million deaths worldwide from cirrhosis, liver failure, 
and hepatocellular carcinoma  [6] . 

 Approximately 90% of patients who acquire hepatitis 
B mount an effective immunologic response to the virus 
and completely clear their infection. Less than 1% of 
infected patients develop fulminant hepatitis and die. 
Approximately 10% of patients develop a chronic carrier 
state. As noted, some individuals with chronic hepatitis 
B infection ultimately develop severe chronic liver disease 

Table 30.1    Viral hepatitis in pregnancy: summary of key facts 

Infection Mechanism of 
transmission

Best diagnostic test Carrier state Perinatal
transmission

Vaccine Remarks

A Fecal–oral Antibody detection No No Yes Pre- or postexposure prophylaxis  – either 
standard immunoglobulin or hepatitis A 
vaccine

E Fecal–oral Antibody detection No Rare No High maternal mortality in developing 
countries. No immunoprophylaxis is 
available

B Parenteral/sexual
contact

Antigen detection Yes Yes Yes Postexposure prophylaxis – hepatitis B 
immunoglobulin (HBIG) and booster dose 
of hepatitis B vaccine 

D Parenteral/sexual
contact

Antibody detection Yes Yes Prevented by 
hepatitis B 
vaccine

Virus cannot replicate in absence of hepatitis 
B infection 

C Parenteral/sexual
contact

Antibody detection Yes Yes No No immunoprophylaxis is available. High risk 
of co -infection with hepatitis B and HIV 

G Parenteral/sexual
contact

Antibody detection Yes Yes No Infection has no clinical signifi cance 
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disease each year. The disease occurs in about 1% of preg-
nant patients. The prevalence is signifi cantly higher in 
women who are co - infected with hepatitis B or HIV or 
who are intravenous drug users. In the latter group, 
the prevalence approaches 70 – 95%. Chronic hepatitis C 
infection is now the most common reason for liver trans-
plantation in the US  [1,10 – 12] . 

 The disease is usually asymptomatic. The diagnosis is 
best confi rmed by serologic testing. The initial screening 
test should be an enzyme immunoassay (EIA). The con-
fi rmatory test is a recombinant immunoblot assay (RIBA). 
Seroconversion may not occur for up to 16 weeks follow-
ing infection  [1] . 

 In patients who have a low serum concentration of 
hepatitis C RNA and who do not have co - existing HIV 
infection, the risk of perinatal transmission of hepatitis C 
is less than 5%. If the patient ’ s serum con centration of 
hepatitis C RNA is high and/or she has HIV infection, the 
perinatal transmission rate may approach 25%  [13,14] . 

 Unfortunately, there is no vaccine or hyperimmune 
globulin for hepatitis C. Moreover, although there are 
new drugs that are reasonably effective in treating hepa-
titis C  [15] , they have not been shown to affect the rate of 
perinatal transmission. Some small nonrandomized, 
uncontrolled cohort studies (level II evidence)  [16,17]  
support elective cesarean delivery prior to the onset of 
labor and rupture of membranes in women who have 
detectable hepatitis C virus RNA or who are co - infected 
with HIV. Other studies do not show an advantage for 
elective cesarean delivery  [18] . No study has demon-
strated that breastfeeding is harmful in infected women.  

Hepatitis G

 Hepatitis G is caused by an RNA virus which is related 
to the hepatitis C virus. Hepatitis G is more prevalent but 
less virulent than hepatitis C. Many patients who have 
hepatitis G are co - infected with hepatitis A, B, C, and HIV. 
Interestingly, co - infection with hepatitis G does not 
adversely affect the prognosis of these other infections 
 [19 – 22] . 

 Most patients with hepatitis G are asymptomatic. 
The diagnosis is best established by detection of virus 
by polymerase chain reaction and by detection of 
antibody by enzyme - linked immunosorbent assay 
(ELISA).

 Hepatitis G may cause a chronic carrier state, and peri-
natal transmission has been documented. However, the 
clinical effect of infection in the mother and baby appears 
to be minimal. Accordingly, patients should not routinely 
be screened for this infection. There is no antiviral agent, 
vaccine, or hyperimmune globulin for hepatitis G, and 
no special treatment is indicated even if infection is 
confi rmed.    

 Recently, two additional interventions have been 
proven effective in reducing the risk of intrauterine 
infection in such patients. One strategy is to administer 
hepatitis B immunoglobulin, 200 international units 
intramuscularly monthly, from 28 weeks ’  gestation to 
delivery. A second strategy is to administer lamivudine, 
100   mg orally each day, from 28 weeks ’  gestation until 
1 month after delivery. The latter strategy is probably 
preferable because, in combination with conventional 
immunoprophylaxis, it further reduces the risk of 
mother - to - infant transmission after birth. In this limited 
dose, lamivudine appears to be very safe for mother and 
infant  [9] . 

 The hepatitis B vaccine should also be offered to all 
women of reproductive age who are not already infected. 
This is an inactivated vaccine that is prepared by recom-
binant technology from yeast cells. The vaccine is safe for 
administration during pregnancy and in lactating women 
 [5,7,8] .  

Hepatitis D ( delta virus infection)

 Hepatitis D is an RNA virus which depends upon co -
 infection with hepatitis B for replication. Therefore, the 
epidemiology of hepatitis D is essentially identical to that 
of hepatitis B. Patients with hepatitis D may have two 
types of infection. Some may have acute hepatitis D and 
hepatitis B (co - infection). These individuals typically 
clear their infection and have a good long - term prognosis. 
Others may have chronic hepatitis D infection superim-
posed upon chronic hepatitis B infection (superinfection). 
These women are particularly likely to develop chronic 
liver disease  [1] . 

 The diagnosis of hepatitis D can be established by iden-
tifying the delta antigen in liver tissue or serum. However, 
the most useful diagnostic tests are detection of IgM and/
or IgG antibody in serum. 

 As noted, hepatitis D can cause a chronic carrier state 
in conjunction with hepatitis B infection. Perinatal trans-
mission of hepatitis D occurs, but it is uncommon. 
Moreover, the immunoprophylaxis outlined above for 
hepatitis B is highly effective in preventing transmission 
of hepatitis D  [1] .  

Hepatitis C

 Hepatitis C is caused by an RNA virus. The virus may be 
transmitted parenterally, via sexual contact, and perina-
tally. In many patient populations, hepatitis C is actually 
as common, if not more common, than hepatitis B. 
Approximately 2.7 million people (1 – 2% of the popula-
tion) in the US have hepatitis C. About 33,000 new cases 
occur annually, and almost 10,000 individuals die of the 
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    A 32 - year - old woman, gravida 3, para 1102, at 18 weeks ’  
gestation is found to be seropositive for hepatitis B surface 
antigen. Additional testing shows that she also is positive 
for hepatitis C and D and seronegative for HIV infection. 
There is no evidence of gonorrhea, chlamydia, or 
syphilis.
1.     What additional testing is indicated in this patient? 

Answer: Patients who are co - infected with hepatitis B, 
C, and D are particularly likely to develop chronic liver 
disease such as chronic active hepatitis, chronic per-
sistent hepatitis, and cirrhosis. In some individuals, the 
liver disease may progress to hepatocellular carcinoma 
and/or frank hepatic failure. Therefore, this patient 
should have a battery of liver function tests and a 
coagulation profi le. She should have a determination 
of hepatitis B viral load. If the viral load is > 1000 
copies/mL, she should be offered treatment with oral 
lamivudine from 28 weeks ’  gestation through the 
fi rst month after delivery. In addition, near term she 
should have a test to determine the serum concen-
tration of hepatitis C virus RNA. In selected instances, 
patients with high hepatitis C viral loads may be can-
didates for a scheduled cesarean delivery before the 
onset of labor.  

2.     What interventions are appropriate for her sexual 
partner? Answer : The patient ’ s sexual partner 
should be tested for hepatitis B, C, and D. If he is 
seronegative for hepatitis B, he should receive 
an injection of hepatitis B immunoglobulin and 
begin the hepatitis B vaccine series. This immuno-
prophylaxis will also protect against hepatitis D 
infection.

3.     What type of immunoprophylaxis is indicated for 
this patient ’ s neonate?  Answer : Unfortunately, there 
is no immunoprophylaxis for hepatitis C. However, 
effective immunoprophylaxis against hepatitis B 
and D is available. The infant should receive hepa-
titis B immunoglobulin within 12   h of birth. Prior to 
discharge from hospital, the infant should receive 
the fi rst dose of hepatitis B vaccine. A second and 
third dose should be administered at 1 month of age 
and 6 months of age.  

4.     Is it safe for the baby to breastfeed?  Answer : Yes. The 
immunoprophylaxis described above is very effec-
tive in preventing transmission of hepatitis B and 
D. Fortunately, even in the absence of immuno-
prophylaxis, breastfeeding does not appear to 
increase the risk of hepatitis C in the neonate.     
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HIV Infection 

  Howard L.     Minkoff  
  Department of Obstetrics and Gynecology, Maimonides Medical Center, New York, NY, USA       

     The HIV epidemic is now 30 years old, with well - defi ned 
epidemiology and pathophysiology, and with many effec-
tive therapeutic regimens available for use. However, the 
epidemic is far from contained. In many parts of the 
world, most notably sub - Saharan Africa where about 90% 
of the world ’ s 500,000 infected infants are born annually, 
the disease continues to exact a frightening toll. There are 
cities in the US (e.g. Washington, DC) where the preva-
lence rivals that seen in several endemic countries. An 
increasing number of infected individuals are women, the 
overwhelming majority of whom are of reproductive age. 
Thus, obstetricians worldwide continue to play a pivotal 
role. While the care of HIV - infected women is more suc-
cessful than ever and the rates of mother - to - child trans-
mission of HIV are lower than ever (at least in communities 
with access to therapy), management is also more complex 
than ever. This chapter is designed to provide guidance 
to the obstetrician who must identify and treat infected 
women, and act to reduce rates of HIV transmission 
and drug toxicity while optimizing pregnant women ’ s 
health.

Identifying infected patients

 Approximately 25% of HIV - infected persons in the United 
States are unaware of their status  [1] . Despite remarkable 
improvements in the potency and tolerability of antiret-
roviral regimens, women can only avail themselves of 
their benefi ts after their serostatus is known. Because of 
the remarkable improvement in outcomes associated 
with antiretroviral therapy, and the reduction in stigma 
associated with the diagnosis, obstetric and public health 
organizations have become strong advocates of prenatal 
HIV screening. Previously protocols for screening 
refl ected the social and medical environment that was 
extant at the time that tests fi rst became available 
and informed written consents preceded by detailed 

counseling were required. Those protocols resulted in low 
testing rates, in part because the process itself contained 
a stigma, and because some providers only screened 
women they perceived to be at risk. Finally in 1998, the 
Institute of Medicine proposed, and the American College 
of Obstetricians and Gynecologists (ACOG) subsequently 
endorsed, a process referred to as  “ opt - out, ”  a process 
AOCG now believes should be widely employed  [2] . 

 In the  “ opt - out ”  process, HIV testing is  “ routinized. ”  
Women are told that testing is part of the standard battery 
of prenatal tests for all pregnant women and that the test 
will be performed unless the woman objects. Hence, the 
 “ opt - out ”  policy is also referred to as  “ informed right of 
refusal. ”  When  “ opt - out ”  is utilized, women are no longer 
required to sign an informed consent in order to fi nd out 
their serostatus, but they retain the right to refuse the test 
if they so desire. This approach, in the settings in which 
it has been adopted, has resulted in improved testing 
rates. A table detailing the status of the laws in various 
states can be found at  www.nccc.ucsf.edu/consultation_
library/state_hiv_testing_laws/.

 The actual laboratory procedure for standard (as dis-
tinct from  “ rapid ” ) testing may involve the detection of 
antigen from the virus itself, antibodies to portions of the 
virus, viral nucleic acid or, less commonly, culture of the 
virus. The most widely used method (enzyme - linked 
immunosorbent assay [ELISA] confi rmed by Western 
blot) involves the detection of antibodies to virus in the 
patient ’ s sera. If a woman has a positive ELISA but a 
negative Western blot, she is considered to have a nega-
tive test. 

 In the US, a disproportionate share of infection among 
pregnant women has always occurred among those with 
late or no prenatal care  [3]  and many nonpregnant women 
have emergency rooms as their only contact with the 
healthcare system. Therefore there is a need to rapidly 
identify women who are infected and who initially 
present for care in labor or in an emergency setting. 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

243



www.manaraa.com

244    Part 4 Maternal Disease

of appropriate antiretroviral therapies and cesarean deliv-
ery as indicated (see below). Women should be informed 
of these therapies, as well as risks that may be associated 
with their use and should be assured that they will have 
access to these if they so desire. 

 Although a focus of attention during pregnancy will be 
on the prevention of mother - to - child transmission of HIV, 
care begins with a focus on the health of the mother. A 
baseline CD4 count and viral load provide a reliable 
picture of the patient ’ s status, the likelihood of progres-
sion to clinical illness, and the need for instituting antivi-
ral therapy. Baseline liver and renal function tests should 
be obtained. If the mother needs medication for her own 
well - being then therapy should be instituted, although 
modifi cations of standard regimens may sometimes be 
necessary. It is also important to screen for infections that 
may be prevalent in these women, and whose course 
might be modifi ed by HIV infection (e.g. hepatitis B and 
C, and syphilis). Appropriate management of co - infec-
tions can be achieved by co - management with an infec-
tious disease specialist. 

 Resistance testing in infected pregnant women should 
be performed for the same indications as for nonpregnant 
persons:
    •      those with acute infection  
   •      those who have virologic failure with persistently 
detectable HIV - 1 RNA levels while receiving antenatal 
therapy, or suboptimal viral suppression after initiation 
of antiretroviral therapy 
   •      those with a high likelihood of having resistant virus 
based on community prevalence of resistant virus, known 
drug resistance in the woman ’ s sex partner, or other 
source of infection 
   •      those who are about to start therapy.    
 In essence, any pregnant woman with detectable virus 
should have resistance testing at her fi rst visit. 
 Below we discuss, in sequence, care of the mother for her 
own well - being, and the steps needed to minimize the 
rates of mother - to - child transmission of HIV.  

Care of seropositive women in general

 Obtaining a CD4 count and a viral load provides the 
clinician with a useful snapshot of the patient ’ s status 
and medication needs when she is fi rst encountered. 
The threshold for treatment continues to evolve with a 
clear trend toward earlier and earlier starting points 
(i.e. at higher CD4 counts)  [7,8] . Some organizations now 
recommend treatment even if the CD4 count is under 
500   mm/mL 3 , with some suggestion that there is an 
advantage for treating when the CD4 count is even higher 
(e.g. all women at diagnosis)  [9] . If a nonpregnant woman 
were not considered a candidate for therapy even with 
the new, more liberalized criteria, she would still be a 

 Several rapid HIV tests have been approved by the 
FDA including:
    •      OraQuick (and its newer version OraQuick Advance) 
Rapid HIV - 1/2 Antibody Test (OraSure Technologies, 
Inc., Bethlehem, PA)  
   •      Reveal ™  (and its newer version Reveal ™  G2) Rapid 
HIV - 1 Antibody Test (MedMira, Halifax, Nova Scotia)  
   •      Uni - Gold Recombigen HIV Test (Trinity BioTech, Bray, 
Ireland)  
   •      Multispot HIV - 1/HIV - 2 Rapid Test (Bio - Rad Labora-
tories, Redmond, WA) [4] .    
 Rapid HIV testing has been compared with the standard 
enzyme immunoassay (EIA), which is still utilized exten-
sively by blood transfusion services which perform most 
of the HIV tests worldwide (although always backed up 
by a Western blot assay), and they have been found to be 
comparable, with specifi cities over 99.5%. A reactive 
result from any of the four rapid HIV tests is interpreted 
as a  “ preliminary positive ”  and requires confi rmation by 
a more specifi c assay, typically a Western blot (WB) or 
immunofl uorescent assay (IFA).  

Posttest counseling of 
seropositive women

 Once an individual ’ s serostatus is determined, there is an 
acute need to provide appropriate posttest counseling. 
This counseling must address psychosocial as well as 
medical aspects of the diagnosis. From a patient educa-
tion standpoint, it is important to draw a clear distinction 
between HIV infection and AIDS. The patient should be 
instructed in ways to avoid transmitting the virus to 
others: safe sex practices, no sharing of razors, and the 
like. Treatment with antiretrovirals should also be consid-
ered a prevention strategy. The natural history of HIV 
disease and long - term follow - up plans should also be 
incorporated into the counseling. At the current time, 
advances in the treatment of HIV warrant an air of opti-
mism in these initial conversations, an optimism that may 
be necessary to dispel the many myths that are still associ-
ated with the diagnosis of HIV. Perinatal counseling 
focuses on the potential consequences of pregnancy on 
HIV disease and the impact of HIV disease status on 
pregnancy outcome, particularly current estimates of HIV 
transmission rates. There are no convincing data that 
demonstrate that pregnancy has an untoward effect on 
HIV disease  [5] . However, pregnancy may have indirect 
effects: if obstetricians are reluctant to utilize the latest 
pharmacologic interventions then the woman ’ s disease 
course may indeed be compromised  [6] . However, this 
does not usually happen any longer in the US. 

 Perhaps the most important component of counseling 
relates to the success that obstetricians have had in pre-
venting mother - to - child transmission of HIV with the use 
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candidate when pregnant. In that circumstance, the treat-
ment would be for the prevention of mother - to - child 
transmission. The therapy should be a highly active 
antiretroviral therapy (HAART) regimen. HAART regi-
mens are medication combinations that are capable of 
providing sustained reductions in the viral load. It is 
anticipated that the viral load will decrease by more than 
1 log/month, and reach an undetectable level within 6 
months. If not, further studies and/or changing regimens 
are appropriate. 

 There are several possible regimens that can be used. 
Currently there are seven major classes of antiretroviral 
drugs: nucleoside analog reverse transcriptase inhibitor 
(NRTI), nonnucleoside reverse transcriptase inhibitor 
(NNRTI), protease inhibitor (PI), fusion inhibitor, chem-
okine co - receptor antagonist (consisting of two subclasses: 
CCR5 antagonist and CXCR4 antagonist), integrase inhib-
itors and maturation inhibitors. Most HAART regimens 
are composed of agents from two different classes of 
antiretroviral therapy; the most commonly used classes 
in pregnancy are NRTIs, NNRTIs, and PIs). Most regi-
mens are composed of two NRTIs and either an NNRTI 
or a PI (sometimes two PIs are used with one acting as a 
 “ booster ”  of the second). If the chosen regimen fails, the 
possibility of poor adherence, viral resistance, or both, 
must be considered. Resistance testing should be per-
formed before the failing regimen is discontinued lest 
wild - strain viruses overgrow resistant strains and mask 
the identity of the mutated strain. In the latter circum-
stance, the utility of the resistance test for assisting in the 
selection of the optimal salvage regimen would be 
compromised. 

 Finally, women whose CD4 counts drop below 200   mm/
mL3  are at risk of developing opportunistic infection. 
Therefore, PCP prophylaxis (e.g. Bactrim - DS daily) should 
be given if the CD4 count drops below 200   mm/mL 3 , and 
Mycobacterium avium  complex prophylaxis (azithromicin, 
1200   mg/week) should be initiated when the CD4 count 
equals 50   mm/mL 3 . Therapy can be discontinued when 
CD4 rises above 200   mm/mL 3  for 3 months.  

Care of seropositive women
in pregnancy

 The basic tenets of care are not substantively altered by 
pregnancy. The goal remains optimizing the health of the 
mother. However, during pregnancy an additional goal is 
to minimize the rate of mother - to - child transmission of 
HIV. Table  31.1  provides a list of antiretroviral drugs and 
recommendations for use in pregnant HIV - infected 
women. In pregnancy the virologic and immunologic trig-
gers for therapy, the timing of initiation, and the choice of 
components of antiviral therapy may need to be adjusted 
 [7] . For example, as noted above, even if a woman does 

not meet the criteria for treatment when nonpregnant, 
because of her pregnancy, HAART would be recom-
mended in order to minimize the risk of transmission. In 
fact, many providers would start HAART in any pregnant 
woman regardless of viral load or CD4 count in order to 
reduce transmission to the child and to decrease the rate 
at which resistance develops in the mother. 

 Usually, when HAART is used it is started as soon as 
criteria for therapy are met. However, if it is being given 
for the purpose of preventing mother - to - child transmis-
sion, therapy may be delayed until the start of the second 
trimester because there is no immediate threat to the 
mother ’ s health from delay in initiation, and caution 
would dictate that fetal exposure to these agents be 
delayed until beyond embryogenesis. The three - part 
zidovudine (ZDV) chemoprophylaxis regimen, initiated 
after the fi rst trimester, would be recommended, as it is 
for all pregnant women with HIV - 1 infection, regardless 
of antenatal HIV - 1 RNA copy number. The regimen con-
sists of oral administration of 300   mg ZDV bid, initiated 
at 14 – 34 weeks ’  gestation and continued throughout the 
pregnancy. During labor, intravenous administration of 
ZDV is a 1 - h initial dose of 2   mg/kg bodyweight, fol-
lowed by a continuous infusion of 1   mg/kg bodyweight/h 
until delivery. Finally, oral administration of ZDV is given 
to the newborn (ZDV syrup at 2   mg/kg bodyweight/
dose every 6 h) for the fi rst 6 weeks of life, beginning at 
8 – 12 h after birth. The ZDV regimen would be but one 
component of a therapeutic  “ cocktail. ”  

 There are additional pregnancy - specifi c considera-
tions related to the other agents that might be added to 
the ZDV. For example, there are several antiretroviral 
medications that should be avoided in pregnancy. These 
include efavirenz (Sustiva), which is a class D drug that 
has been associated with neural tube defects and which 
should not be used in the fi rst trimester and should only 
be used thereafter if other alternatives are not available. 
Another potentially dangerous medication is nevirapine 
(Viramune), which should be avoided as a component 
of HAART in pregnant women with CD4 counts 
> 250   mm 3  because of the high risk of rapidly progressive 
and potentially nonreversible liver toxicity (this has not 
been reported in conjunction with its use in single - dose 
peripartum regimens)  [10] . Additionally, because preg-
nancy itself can mimic some of the early symptoms of 
the lactic acidosis or hepatic steatosis syndrome or be 
associated with other disorders of liver metabolism, 
physicians caring for HIV - 1 - infected pregnant women 
receiving nucleoside analog drugs should be alert for 
early signs of this syndrome. Pregnant women receiving 
nucleoside analog drugs should have hepatic enzymes 
and electrolytes assessed more frequently during the last 
trimester of pregnancy, and any new symptoms should 
be evaluated thoroughly. Additionally, because of poten-
tial mitochondrial toxicity and reports of several cases 
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Table 31.1    Antiretroviral drug use in pregnant HIV - infected women: pharmacokinetic and toxicity data in human pregnancy and 
recommendations for use in pregnancy 

Antiretroviral drug Pharmacokinetics in pregnancy Concerns in pregnancy Recommendations for use in pregnancy 

NRTIs/NtRTIs NRTIs are recommended for use as part of 
combination regimens, usually including 
two NRTIs with either an NNRTI or one 
or more PIs. Use of single or dual NRTIs 
alone is not recommended for treatment 
of HIV infection 

Recommended agents 
Lamivudine* Pharmacokinetics not 

signifi cantly altered in 
pregnancy; no change in 
dose indicated 

No evidence of human teratogenicity. 
Well-tolerated, short -term safety 
demonstrated for mother and infant. 
If hepatitis B co -infected, possible 
hepatitis B fl are if drug stopped 
postpartum

Because of extensive experience with 
lamivudine in pregnancy in combination 
with zidovudine, lamivudine plus 
zidovudine is the recommended dual 
NRTI backbone for pregnant women 

Zidovudine* Pharmacokinetics not 
signifi cantly altered in 
pregnancy; no change in 
dose indicated 

No evidence of human teratogenicity 
Well-tolerated, short -term safety 
demonstrated for mother and infant 

Preferred NRTI for use in combination 
antiretroviral regimens in pregnancy 
based on effi cacy studies and extensive 
experience. Zidovudine should be 
included in the antenatal antiretroviral 
regimen unless there is severe toxicity, 
stavudine use, documented resistance, or 
the woman is already on a fully 
suppressive regimen 

Alternative agents 
Abacavir* Pharmacokinetics not 

signifi cantly altered in 
pregnancy; no change in 
dose indicated 

No evidence of human teratogenicity. 
Hypersensitivity reactions occur in 
∼5–8% of nonpregnant persons; 
fatal reactions occur in a much 
smaller percentage of persons and 
are usually associated with 
rechallenge. Rate of hypersensitivity 
reactions in pregnancy is unknown. 
Testing for HLA -B*5701 identifi es 
patients at risk of reactions and 
should be done and documented as 
negative before starting abacavir. 
Patient should be educated 
regarding symptoms of reactions 

Alternative NRTI for dual nucleoside 
backbone of combination regimens #

Didanosine Pharmacokinetics not 
signifi cantly altered in 
pregnancy; no change in 
dose indicated 

Cases of lactic acidosis, some fatal, 
have been reported in pregnant 
women receiving didanosine and 
stavudine together 

Alternative NRTI for dual nucleoside 
backbone of combination regimens. 
Didanosine should not be used with 
stavudine

Emtricitabine† Pharmacokinetic study shows 
slightly lower levels in third 
trimester compared to 
postpartum. No clear need 
to increase dose 

No evidence of human teratogenicity Alternative NRTI for dual nucleoside 
backbone of combination regimens 

Stavudine Pharmacokinetics not 
signifi cantly altered in 
pregnancy; no change in 
dose indicated 

No evidence of human teratogenicity. 
Cases of lactic acidosis, some fatal, 
have been reported in pregnant 
women receiving didanosine and 
stavudine together 

Alternative NRTI for dual nucleoside 
backbone of combination regimens. 
Stavudine should be not used with 
didanosine
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Antiretroviral drug Pharmacokinetics in pregnancy Concerns in pregnancy Recommendations for use in pregnancy 

Use in special circumstances 
Tenofovir† Limited studies in human 

pregnancy; data indicate 
AUC lower in third trimester 
than postpartum but trough 
levels similar 

No evidence of human teratogenicity. 
Studies in monkeys at doses 
approximately 2 -fold higher than 
dosage for human therapeutic use 
show decreased fetal growth and 
reduction in fetal bone porosity. 
Clinical studies in humans 
(particularly children) show bone 
demineralization with chronic use; 
clinical signifi cance unknown. 
Signifi cant placental passage in 
humans. If hepatitis B co -infected,
possible hepatitis B fl are if drug 
stopped postpartum 

 Alternate NRTI for dual NRTI backbone of 
combination regimens. Would be a 
preferred NRTI in combination wit 3TC or 
FTC in women with chronic HBV. Monitor 
renal function 

NNRTIs Hypersensitivity reactions, including 
hepatic toxicity, and rash more 
common in women; unclear if 
increased in pregnancy 

NNRTIs are recommended for use in 
combination regimens with 2 NRTI drugs 

Recommended agents 
Nevirapine Pharmacokinetics not 

signifi cantly altered in 
pregnancy; no change in 
dose indicated 

No evidence of human teratogenicity. 
Increased risk of symptomatic, often 
rash-associated, and potentially fatal 
liver toxicity among women with 
CD4 counts >250/mm3 when fi rst 
initiating therapy; unclear if 
pregnancy increases risk 

Nevirapine should be initiated in pregnant 
women with CD4 counts >250 cells/mm 3

only if benefi t clearly outweighs risk, due 
to the increased risk of potentially 
life-threatening hepatotoxicity in women 
with high CD4 counts. Women who enter 
pregnancy on nevirapine regimens and 
are tolerating them well may continue 
therapy, regardless of CD4 count 

Use in special circumstances 
Efavirenz† Small study of 600 mg once 

daily; postpartum peak levels 
during lactation were 61% 
higher than previously 
reported in HIV -infected
nonpregnant individuals at 
that dose. AUC decreased in 
third trimester but no change 
in dosage necessary 

FDA pregnancy class D; signifi cant 
malformations (anencephaly, 
anophthalmia, cleft palate) were 
observed in 3 (15%) of 20 infants 
born to cynomolgus monkeys 
receiving efavirenz during the fi rst 
trimester at a dose giving plasma 
levels comparable to systemic 
human therapeutic exposure. There 
are 6 retrospective case reports and 
1 prospective case report of neural 
tube defects in humans with 
fi rst -trimester exposure; relative risk 
unclear

Use of efavirenz should be avoided in the 
fi rst trimester. Use after the fi rst 
trimester can be considered if, after 
consideration of other alternatives, this is 
the best choice for a specifi c woman. If 
efavirenz is to be continued postpartum, 
adequate contraception must be assured. 
Women of child -bearing potential must be 
counseled regarding the teratogenic 
potential of efavirenz and avoidance of 
pregnancy while on the drug 

Insuffi cient data to recommend use 
Etravirine No pharmacokinetic studies in 

human pregnancy 
No experience in human pregnancy Safety and pharmacokinetics in pregnancy 

data are insuffi cient to recommend use 
during pregnancy 

Protease

inhibitors (PIs)

Hyperglycemia, new onset or 
exacerbation of diabetes mellitus, 
and diabetic ketoacidosis reported 
with PI use; unclear if pregnancy 
increases risk. Confl icting data 
regarding preterm delivery in 
women receiving PIs 

PIs are recommended for use in 
combination regimens with 2 NRTI drugs 

Table 31.1 (Continued)

(Continued )
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Antiretroviral drug Pharmacokinetics in pregnancy Concerns in pregnancy Recommendations for use in pregnancy 

Recommended agents 
Lopinavir/ritonavir AUC decreased in second and 

third trimester with standard 
dosing

No evidence of human teratogenicity 
(can rule out 2 -fold increase in 
overall birth defects). Well -tolerated,
short-term safety demonstrated in 
Phase I/II studies 

Some experts would administer standard 
dosing (2 tablets twice daily) throughout 
pregnancy and monitor virologic response 
and lopinavir drug levels, if available. 
Recent data suggest increasing the dose 
of the tablet formulation during the 
second and third trimester (from 2 to 3 
tablets twice daily), returning to standard 
dosing postpartum 

Alternative agents 
Atazanavir

(recommended to 
be combined 
with low -dose
ritonavir boosting) 

Two of three intensive 
pharmacokinetic studies of 
atazanavir with ritonavir 
boosting during pregnancy 
suggest that standard dosing 
results in decreased plasma 
concentrations compared to 
nonpregnant adults. 
However, for most pregnant 
women (not on interacting 
concomitant medications) no 
dose adjustment was 
needed

No evidence of human teratogenicity. 
Transplacental passage is low. 
Theoretical concern re increased 
indirect bilirubin levels exacerbating 
physiologic hyperbilirubinemia in the 
neonate not observed in clinical 
trials to date 

Alternative PI for use in combination 
regimens in pregnancy. Should give as 
low-dose ritonavir -boosted regimen, may 
use once -daily dosing. In treatment -naïve
patients unable to tolerate ritonavir, 
400mg once -daily dosing without ritonavir 
boosting may be considered, although 
there are no data describing atazanavir 
concentrations or effi cacy under these 
circumstances. If co -administered with 
tenofovir, atazanavir must be given with 
low-dose ritonavir boosting 

Indinavir (combined 
with low -dose
ritonavir boosting) 

Two small studies of women 
receiving indinavir 800 mg
three times daily showed 
markedly lower levels during 
pregnancy compared to 
postpartum, although 
suppression of HIV RNA was 
seen. In a study of 
ritonavir-boosted indinavir 
(400mg indinavir/100 mg
ritonavir twice daily), 82% of 
women met the target 
trough level 

No evidence of human teratogenicity. 
Theoretical concern re increased 
indirect bilirubin levels, which may 
exacerbate physiologic 
hyperbilirubinemia in the neonate, 
but minimal placental passage. Use 
of unboosted indinavir during 
pregnancy is not recommended 

Because of twice daily dosing, pill burden, 
and potential for renal stones, Indinavir 
should only be used when preferred and 
alternative agents cannot be used 

Nelfi navir Adequate drug levels are 
achieved in pregnant women 
with nelfi navir 1250 mg given 
twice daily. In one study 
women in the third trimester 
had lower concentration of 
nelfi navir than women in the 
second trimester. In a study 
of the new 625 mg tablet 
formulation dosed at 
1250mg twice daily, lower 
AUC and peak levels were 
observed during the third 
trimester of pregnancy than 
postpartum

No evidence of human teratogenicity. 
Well-tolerated, short -term safety 
demonstrated for mother and infant 

Given pharmacokinetic data and extensive 
experience with use in pregnancy, 
nelfi navir is an alternative PI for 
combination regimens in pregnant 
women receiving combination 
antiretroviral drugs only for perinatal 
prophylaxis. In clinical trials of initial 
therapy in nonpregnant adults, nelfi navir -
based regimens had a lower rate of viral 
response compared to lopinavir -ritonavir
or efavirenz -based regimens but similar 
viral response to atazanavir - or nevirapine -
based regimens 

Ritonavir Phase I/II study in pregnancy 
showed lower levels during 
pregnancy compared to 
postpartum

Limited experience at full dose in 
human pregnancy; has been used as 
low-dose ritonavir boosting with 
other PIs 

Given low levels in pregnant women when 
used alone, recommended for use in 
combination with second PI as low -dose
ritonavir “boost” to increase levels of 
second PI 

Table 31.1 (Continued)
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Antiretroviral drug Pharmacokinetics in pregnancy Concerns in pregnancy Recommendations for use in pregnancy 

Saquinavir HGC 
(combined with 
low-dose ritonavir 
boosting)

Limited pharmacokinetic data 
on saquinavir HGC and the 
new 500 mg tablet 
formulation suggest that 
1000mg saquinavir 
HGC/100mg ritonavir given 
twice daily achieves 
adequate saquinavir drug 
levels in pregnant women 

Well-tolerated, short -term safety 
demonstrated for mother and infant 
for saquinavir in combination with 
low-dose ritonavir 

Only limited pharmacokinetic data on 
saquinavir HGC and the new tablet 
formulation in pregnancy. Ritonavir -
boosted saquinavir HGC or saquinavir 
tablets are alternative PIs for combination 
regimens in pregnancy and are alternative 
initial antiretroviral recommendations for 
nonpregnant adults. Must give as 
low-dose ritonavir -boosted regimen 

Insuffi cient data to recommend use 
Darunavir

(combined with 
low-dose ritonavir 
boosting)

No pharmacokinetic studies in 
human pregnancy. 

No experience in human pregnancy Safety and pharmacokinetics in pregnancy 
data are insuffi cient to recommend use 
during pregnancy. Must give as low -dose
ritonavir-boosted regimen 

Fosamprenavir
(recommended to 
be combined 
with low -dose
ritonavir boosting) 

No pharmacokinetic studies in 
human pregnancy. 

Limited experience in human 
pregnancy

Safety and pharmacokinetics in pregnancy 
data are insuffi cient to recommend use 
during pregnancy. Recommended to be 
given as low -dose ritonavir -boosted
regimen

Tipranavir
(combined with 
low-dose ritonavir 
boosting)

No pharmacokinetic studies in 
human pregnancy. 

No experience in human pregnancy Safety and pharmacokinetics in pregnancy 
data are insuffi cient to recommend use 
during pregnancy. Must give as low -dose
ritonavir-boosted regimen 

Entry inhibitors

Insuffi cient data to recommend use 
Enfuvirtide No pharmacokinetic studies in 

human pregnancy. 
Minimal data in human pregnancy Safety and pharmacokinetics in pregnancy 

data are insuffi cient to recommend use 
during pregnancy 

Maraviroc No pharmacokinetic studies in 
human pregnancy. 

No experience in human pregnancy Safety and pharmacokinetics in pregnancy 
data are insuffi cient to recommend use 
during pregnancy 

Integrase inhibitors

Insuffi cient data to recommend use 
Raltegravir Standard dose appears 

appropriate in pregnancy 
No experience in human pregnancy Safety and pharmacokinetics in pregnancy 

data are insuffi cient to recommend use 
during pregnancy 

AUC, area under the curve; HGC, hard gel capsule; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase 
inhibitor; NtRTI, nucleotide reverse transcriptase inhibitor; PI, protease inhibitor. 
*Zidovudine and lamivudine are included as a fi xed -dose combination in Combivir; zidovudine, lamivudine, and abacavir are included as a 
fi xed -dose combination in Trizivir; lamivudine and abacavir are included as a fi xed -dose combination in Epzicom. 
†Emtricitabine and tenofovir are included as a fi xed -dose combination in Truvada; emtricitabine, tenofovir, and efavirenz are included as a 
fi xed -dose combination in Atripla. 
#Triple NRTI regimens including abacavir have been less potent virologically compared to PI -based combination antiretroviral drug regimens. 
Triple NRTI regimens should be used only when an NNRTI - or PI -based combination regimen cannot be used (e.g. due to signifi cant drug 
interactions).
Modifi ed from AIDSinfo.nih.gov, a service of the US DHHS. 
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of maternal mortality secondary to lactic acidosis with 
prolonged use of the combination of d4T and ddI, clini-
cians should not prescribe this antiretroviral combina-
tion during pregnancy. HAART regimens in general 
may be associated with a slight increase in rates of 
preterm birth though the fi nding has not been uniformly 
reported across cohorts. [11]  

 In addition, the CDC recommends that infected women 
in the USA refrain from breastfeeding to avoid postnatal 
transmission of HIV - 1 to their infants. In the developing 
world new strategies involving prolonged ART for 
mothers or infants have been shown to reduce transmis-
sion from breastfeeding  [12] . Women who must tempo-
rarily discontinue therapy because of pregnancy - related 
hyperemesis should not resume therapy until suffi cient 
time has elapsed to ensure that the drugs will be toler-
ated. To reduce the potential for emergence of resistance, 
if therapy requires temporary discontinuation for any 
reason during pregnancy, all drugs should be stopped 
and reintroduced simultaneously. 

 HIV - 1 - infected women who are receiving antiretroviral 
therapy and whose pregnancy is identifi ed after the fi rst 
trimester should continue therapy. ZDV should be a com-
ponent of the antenatal antiretroviral treatment regimen 
whenever possible, although this may not always be fea-
sible. Women receiving antiretroviral therapy whose 
pregnancy is recognized during the fi rst trimester should 
be counseled regarding the benefi ts and potential risks of 
antiretroviral administration during this period, and con-
tinuation of therapy should be generally recommended. 
If therapy is discontinued during the fi rst trimester, all 
drugs should be stopped and reintroduced simultane-
ously to avoid the development of drug resistance. 
Regardless of the antepartum antiretroviral regimen, 
ZDV administration is recommended during the intra-
partum period and for the newborn. 

 All HIV - infected women who have labor or ruptured 
membranes and have not received antepartum antiretro-
viral therapy should have intravenous ZDV started 
immediately  [7] . In general, ZDV and other NRTI drugs 
as well as NNRTI drugs cross the placenta well, PI drugs 
do not. Intravenous intrapartum ZDV followed by oral 
ZDV for 6 weeks for the infant signifi cantly reduces 
transmission but new evidence suggests that in this cir-
cumstance ZDV alone is not adequate for the child. 
Intrapartum prophylaxis alone, without an infant postex-
posure prophylaxis component, is not effective. Several 
intrapartum/neonatal prophylaxis regimens have been 
found to be effective including oral ZDV/lamivudine 
during labor followed by 1 week of pediatric oral ZDV/
lamivudine and single - dose intrapartum/newborn nevi-
rapine. Some experts feel additional drugs may be war-
ranted. One option is to add the single - dose intrapartum/
newborn nevirapine regimen to the intravenous/6 - week 
infant ZDV regimen. However, that may be associated 

with the development of nevirapine - resistant virus. 
Nevirapine resistance can be substantially reduced by 
using a short postpartum course of antiretroviral agents 
from alternate classes (a  “ tail ” ). There is no current con-
sensus about the exact duration or composition of the 
tail. In the United States the use of maternal postpar-
tum ZDV/lamivudine for at least 7 days is suggested 
as a reasonable tail after intrapartum single - dose nevira-
pine use. 

 Studies have consistently shown that cesarean delivery 
performed before onset of labor and rupture of mem-
branes is associated with a signifi cant decrease in perina-
tal HIV - 1 transmission compared with other types of 
delivery, with reductions ranging from 55% to 80%. The 
ACOG Committee on Obstetric Practice, after reviewing 
these data, issued a Committee Opinion concerning route 
of delivery, recommending consideration of scheduled 
cesarean delivery for HIV - 1 - infected pregnant women 
with HIV - 1 RNA levels  > 1000 copies/mL near the time of 
delivery  [13] . However, those studies were performed at 
a time when HAART was not in use. More recent obser-
vational data from PACTG 367  [14]  and the European 
Collaborative Study  [15] , which considered HIV RNA 
levels and maternal antiretroviral therapy as well as 
mode of delivery, do not demonstrate an additive benefi t 
from scheduled cesarean delivery if women are on 
HAART and have a low HIV RNA level. Data are not as 
clear in regard to woman on HAART but with higher HIV 
RNA levels. If cesarean delivery is chosen as the delivery 
option, the procedure should be scheduled at 38 weeks ’  
gestation, based on the best available clinical information. 
Amniocentesis for fetal lung maturity should not be per-
formed because, in animal models, contamination of 
amniotic fl uid has been shown to be a vector for fetal 
infection.

 For a scheduled cesarean delivery, intravenous ZDV 
should begin 3 h before surgery, using the standard 
dosage regimen. Other antiretroviral medications taken 
during pregnancy should not be interrupted near the time 
of delivery, regardless of route of delivery. Because mater-
nal infectious morbidity is potentially increased, clini-
cians should consider perioperative antimicrobial 
prophylaxis. 

 In the immediate postpartum period, the woman 
should have appropriate assessments (e.g. CD4 +  count 
and HIV - 1 RNA copy number) to determine whether 
antiretroviral therapy is recommended for her own 
health.

Ethical and legal considerations

 Obstetricians are acutely aware of the fact that in the 
course of their professional lifetimes, exigencies of law 
and ethical issues will often infl uence the practice of 
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progress in the care of the HIV - infected pregnant woman 
has been purchased at the price of increasing therapeutic 
complexity. Obstetricians must be prepared to offer their 
patients the best prognosis that modern medicine permits 
by determining women ’ s serostatus as early in pregnancy 
as possible, assessing their infected patients ’  immuno-
logic and virologic status, recommending the most effi ca-
cious and safest antiretroviral regimens, monitoring their 
response assiduously, and then choosing the optimum 
time and method of delivery. By taking those steps, and 
coordinating their patients ’  care with experts in the fi eld 
of HIV, obstetricians can contribute to the diminishing 
number of HIV - infected children born in this country and 
to the improved prognosis of their mothers. For providers 
in regions with fewer resources, the words of Lynn 
Mofenson are most apt:

  Debate about which intervention is optimal and most effective 
should not be used to justify inaction. Success will be tied 
less to what regimen is provided than to the integration of 
services for the identifi cation, care, and treatment of women 
with HIV - 1 infection and their infants. The implementation 
of these new options for the perinatal prevention of HIV - 1 
infection in resource - limited countries offers a unique oppor-
tunity to link prevention and treatment efforts    . . .    We now 
have the tools to make a considerable difference in controlling 
the pediatric HIV - 1 epidemic. A generation of children awaits 
our actions  [16] .      

medicine, and there are many other highly controversial 
areas of law and ethics that attend the care of HIV - infected 
women. Among the areas that continue to defy consensus 
are confi dentiality, including charting, the appropriate-
ness of  “ routine ”  (right of refusal) prenatal HIV testing, 
and the duty to warn HIV - infected patients ’  sexual part-
ners of the index patient ’ s seropositive status. 

 Clinicians should be aware of the relevant statutes 
within their own jurisdiction. Regardless of statute, it is 
important that clinicians accept the primacy of their fi du-
ciary responsibility to their patients. They should attempt 
to limit knowledge of a patient ’ s serostatus to those with 
a medical need to know and advocate on their behalf in 
all circumstances; discrimination in housing and jobs has 
waned but has not disappeared. 

 The clinician also has an obligation to try to persuade 
the seropositive patient to notify her sex partner(s). The 
physician will often have the option of contacting exposed 
partners or utilizing the local health department. A con-
sultation with local health authorities may provide useful 
information to the provider.  

Conclusion

 In the 21st century, in the developed world and many 
parts of the developing world, HIV has become a treata-
ble infection whose transmission from mother to child can 
be rendered a rare occurrence. However, the remarkable 

    The patient is a 27 - year - old para 0010 at 8 weeks ’  gesta-
tion who underwent routine HIV testing at her fi rst pre-
natal visit. The ELISA test was repeatedly positive, as 
was the confi rmatory Western blot. When the patient was 
informed of the results she was unable to recall any spe-
cifi c risk behavior, never having used intravenous drugs 
or having a sexual partner known to have HIV, and 
having had only three lifetime sexual partners. The initial 
evaluation included a CD4 count that was 380   mm 3  and 
a viral load of 8000 copies. She was informed that those 
results would now be seen as indications for the initiation 
of antiretroviral therapy. Additionally, because she was 
pregnant, therapy would also reduce the likelihood of 
transmission to her child. However, because her condi-
tion was good, the initiation of therapy could be deferred 
until she was beyond the fi rst trimester. When she was 
14 weeks pregnant she was started on a HAART regimen 

of twice - daily Combivir (ZDV  +  3TC) and Kaletra (lopi-
navir +  ritonovir). Baseline liver function tests, CBC, 
hepatitis serologies, viral resistance studies and routine 
prenatal blood studies were obtained and appropriate 
vaccinations (infl uenza, etc.) given. She was scheduled to 
return for repeat viral load testing in a month. Within 2 
months her viral load was undetectable and her CD4 
count had risen to 440/mm 3 . At 36 weeks ’  gestation, 
when a decision was to be made about mode of delivery, 
her viral load was still undetectable and a decision was 
made to allow a trial of labor. When she arrived in labor 
an intravenous infusion of ZDV was begun and she con-
tinued her other medications orally. Immediately after 
delivery all medications were restarted. At follow - up, the 
patient remained well and was referred for ongoing 
care to a specialist in HIV infection. Her child was 
uninfected.

CASE PRESENTATION 
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Chapter 32 
Pregnancy in Women with Physical 
Disabilities

  Caroline C.     Signore  
  Eunice Kennedy Shriver National Institute of Child Health and Human Development, National Institutes of Health, United 
States Department of Health and Human Services, Bethesda, MD, USA       

     According to United States census data, more than 11% 
of women of reproductive age report some type of disa-
bility, with mobility limitations most frequently cited  [1] . 
Among women aged 18 – 44 years, 1.1 million use a cane, 
wheelchair or other mobility aid and 1.1 million have a 
disabling condition serious enough to cause diffi culty 
with activities of daily living. The incidence of spinal cord 
injury (SCI) among women is increasing, and with today ’ s 
improved management, growing numbers of women 
survive acute traumatic SCI each year  [2] . Multiple scle-
rosis rates are also increasing, with peak incidence in 
women of child - bearing age  [3] . Improved survival of 
very preterm infants and infants with congenital anoma-
lies is translating into increasing numbers of women with 
cerebral palsy and spina bifi da reaching their reproduc-
tive years. Most women with disabilities do not have 
impaired fertility, and many want to be mothers. Thus, 
practitioners should expect increasing numbers of women 
with disabilities presenting for pregnancy care. There is, 
however, an unfortunate paucity of data to inform coun-
seling and guide management of pregnancy in women 
with physical disabilities. This chapter will summarize 
current evidence on pregnancy risks and outcomes among 
women with disabilities. 

General considerations

Urinary tract infections
 Bladder dysfunction and urinary tract infections (UTIs) 
are common among women with physical disabilities; 
these problems may be exacerbated by pregnancy. Spinal 
cord injury, multiple sclerosis, and spina bifi da are fre-
quently associated with neurogenic bladder. Most women 
with SCI, for example, rely on permanent indwelling 
catheters (40% urethral, 11% suprapubic) or intermittent 
catheterization (28%) for urinary management  [4] . Women 

with SCI who had recurrent UTIs prior to pregnancy are 
more likely to have UTIs during pregnancy  [5] . The 
American College of Obstetricians and Gynecologists 
(ACOG) recommends frequent monitoring for UTI in 
pregnant women with SCI, and suggests that chronic 
antibiotic suppression may be appropriate  [6] . In one 
small study, a weekly oral cyclic antibiotic regimen sig-
nifi cantly decreased the incidence of UTI in pregnancy as 
compared to prepregnancy incidence in women with SCI 
 [7] . There is no consensus in the literature about the 
optimal management of bacteriuria or UTI in pregnant 
women with physical disabilities. 

Venous thromboembolic disease
 The prothrombotic combination of pregnancy and 
impaired mobility raises concern for heightened risk of 
venous thromboembolic disease, and limited data suggest 
this is the case. In a survey of 24 women with SCI who 
had completed 37 pregnancies, a thrombotic event 
occurred in three (8%) pregnancies  [8] . The use of routine 
thromboprophylaxis during pregnancy in women with 
paralysis or other mobility disorders has not been tested 
in clinical trials and the risk:benefi t ratio of anticoagula-
tion is unclear. Nevertheless, this therapy is instituted 
with some regularity; in the study mentioned above, 19% 
of all women with SCI received thromboprophylaxis 
during pregnancy  [8] . There are no data specifi cally 
examining the risks and benefi ts of postpartum thrombo-
prophylaxis in women with physical disabilities.  

Weight gain, mobility, and skin integrity
 For women with impaired mobility, the weight gain and 
alterations in body mechanics associated with advancing 
pregnancy can pose special problems. Increased weight 
may make it diffi cult for women to propel a manual 
wheelchair, prevent them from accomplishing transfers 
(for example, from wheelchair to bed) independently, or 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
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Antepartum consultation
 Depending upon the nature and severity of a woman ’ s 
disability and condition, antepartum care could require 
coordination of care and consultation with a number of 
appropriate specialists. Obstetrician gynecologists in 
general practice may seek consultation with maternal -
 fetal medicine specialists to plan obstetric management 
and monitor maternal and fetal well - being. All maternity 
care providers should seek and maintain contact with 
women ’ s primary care providers (physiatrists, neurolo-
gists, rheumatologists, etc.) to collaboratively monitor 
the status of the disabling condition, development or 
progression of secondary conditions, any medication use 
or changes, and to plan strategies for prevention and 
management of complications. Antepartum consultation 
with an obstetric anesthesiologist is recommended. 
For women who have had abdominal surgeries such as 
urinary diversion procedures or ventriculoperitoneal 
shunting, prenatal consultation with the urologist or 
neurosurgeon is advisable; if cesarean delivery is required, 
these colleagues could be invited to assist at the time of 
surgery.  

Medication use
 Many women with physical disabilities use medication 
regularly for treatment of the underlying disorder or 
prevention and management of secondary conditions. 
Ideally, medication use should be evaluated preconcep-
tionally, and regimens modifi ed or discontinued as appro-
priate. The effects of many drugs on fetal development 
may not be well understood. Women who must continue 
medications during pregnancy should be counseled 
about potential risks and fetal effects to the extent possi-
ble. Medications commonly used by women with disabil-
ities are presented in Table  32.1 . It is also important to 
consider how newly prescribed therapies may affect the 
health and quality of life of women with physical disabili-
ties. Chronic constipation is a common problem, which 
may be exacerbated by iron supplementation, for example. 
Drugs with signifi cant gastrointestinal side - effects, par-
ticularly those causing diarrhea, can be especially diffi cult 
to tolerate for women with mobility and bowel control 
limitations.

Barriers to care
 The Americans with Disabilities Act of 1990 ushered in an 
era of improved access and participation in society for 
people with disabilities. Nevertheless, barriers remain, 
taking diverse forms, such as limitations in access to 
transportation, lack of health insurance or underinsur-
ance, diffi culty with physical access within healthcare 
facilities, and fragmented care delivered by multiple pro-
viders  [16] . 

 In the offi ce, women with disabilities may have diffi -
culty completing lengthy medical history forms, or 

increase risk for falls. Additionally, extra weight increases 
the risk for decubitus ulcers and frequent skin inspection, 
weight- shifting maneuvers, and adjustments in wheel-
chair seating and cushioning may be needed to prevent 
this complication. Women who are ambulatory may expe-
rience increased fatigue carrying pregnancy weight, or 
may fi nd that their altered center of gravity makes ambu-
lation more diffi cult and increases risk for injury from 
falls. Obesity is common among women with physical 
disabilities  [9]  but there are no data on which to base 
recommendations for appropriate gestational weight gain 
in these women. 

Psychosocial risk factors
 All women are at risk for psychosocial concerns during 
pregnancy; however, a higher background prevalence 
of some psychosocial problems among women with dis-
abilities suggests that careful screening is warranted. 

 Approximately two - thirds of women with physical dis-
abilities have experienced some form of physical violence 
or abuse  [10]  though it is not known whether pregnancy 
affects the risk or form of abuse of women with disabili-
ties. Beyond the threat of bodily harm (e.g. kicking, slap-
ping), abuse may take the form of refusal to provide 
needed assistance, withholding of medication or adaptive 
equipment, or neglect. Frequently, abuse is perpetrated 
by personal attendants and healthcare providers  [10] . 
Women with mobility impairments may fi nd it diffi cult 
or impossible to extract themselves from abusive situa-
tions, and thus are at risk for prolonged exposure to abuse 
compared to able - bodied women  [10] . A simple tool for 
screening for abuse among women with disabilities is 
available  [11] . 

 Compared to nondisabled women, women with disa-
bilities report higher levels of perceived stress  [12]  and 
feelings of sadness, unhappiness, or depression  [13] . Self -
 reported rates of depression among nonpregnant women 
with disabilities are as high as 75%, but little is known 
about rates of depression in pregnancy. Women with 
disabilities may be at increased risk for postpartum 
depression, which was reported by 35% of women in one 
study  [8] . 

 Illicit drug use is more common among women with 
disabilities than in the general population, with risk 
factors including chronic pain, use of prescription drugs, 
social adjustment diffi culties, and being a victim of sub-
stance abuse - related violence  [14] . Most reports indicate 
that women with disabilities consume alcohol at rates and 
amounts similar to those of women in general  [15]  but 
smoking is more common among people with disabilities 
than the general public. Beyond the well - known adverse 
pregnancy effects of smoking, for women with physical 
disabilities and mobility impairment, tobacco use 
increases the risk of decubitus ulcer formation and impairs 
wound healing. 
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workers, nurses, physical and occupational therapists, 
and lactation consultants should coordinate care and 
begin preparations for the transition to parenthood. A 
number of internet - based resources for parenting with 
disabilities are available  [17,18] .   

Pregnancy outcomes

 Most women with physical disabilities can expect largely 
uneventful pregnancies and normal birth outcomes. 
Nevertheless, current evidence suggests that risks for 
certain complications are higher among women with dis-
abilities compared to their nondisabled counterparts. The 
reasons for these increased risks are not well understood, 
but may involve interactions between the pregnant state 
and the medical condition causing the physical disability. 
Existing data have important limitations, however, such 
as small sample sizes, retrospective study designs, and 
outcome ascertainment through self - report and adminis-
trative databases. 

Spinal cord injury
 Acute traumatic injury of the spinal cord occurs in 
approximately 2400 women per year in the United States 
 [2] . The most common cause of injury is motor vehicle 
accident (42%), followed by falls (27%) and violence 
(15%). Approximately half of all injuries are to the cervical 
spinal cord, resulting in varying degrees of tetraplegia 
(weakness in all four limbs); the remainder are to the 
thoracic, lumbar, or sacral regions of the cord, resulting 
in paraplegia (weakness of the lower limbs). 

 Acute SCI during pregnancy should be managed in 
either a high - risk obstetrics or trauma unit by a team 
including obstetricians, trauma surgeons, anesthesiolo-
gists, and critical care nursing  [19] . Acute SCI is associ-
ated with rapid loss of sympathetic tone and peripheral 
vasodilation, termed neurogenic or spinal shock, which 
lasts approximately 1 – 3 weeks  [19,20] . Acute manage-
ment consists of volume resuscitation and pressor 
support. For women at or beyond the second trimester, 
left lateral tilt positioning is recommended to avoid aor-
tocaval compression by the gravid uterus  [19] . Incident 
venous thromboembolic disease among nonpregnant 
patients with acute SCI occurs in 67 – 100%, with highest 
risk in the fi rst 8 – 12 weeks after injury  [21] . While neither 
the incidence of thromboembolism nor the optimal man-
agement of thrombotic risk in pregnancy and acute SCI 
has been investigated thoroughly, prophylactic anticoag-
ulation for at least 8 – 12 weeks post injury has been recom-
mended  [19,21] . A recent metaanalysis of randomized 
trials in nonpregnant patients with acute SCI found low 
molecular weight heparin to be more effective than 
unfractionated heparin for the prevention of deep vein 
thrombosis  [21] . Data on birth outcomes among women 

require assistance to collect a urine specimen. Very few 
offi ces have a platform scale designed to weigh women 
seated in wheelchairs, thus making impossible one of the 
most fundamental assessments in prenatal care. Many 
women who use wheelchairs could transfer to an exam 
table independently but are prevented from doing so if 
the table will not lower to wheelchair height (17 – 20 
inches). Joint contractures or neuromuscular spasticity 
may make achieving and maintaining position for a 
pelvic exam diffi cult or impossible without adaptations. 

 Women with disabilities report being troubled by per-
ceived negative attitudes from healthcare providers. 
When presenting for prenatal care, some women feel that 
their practitioners do not consider them capable or quali-
fi ed to parent and that they are thought to be irresponsi-
ble for becoming pregnant with a disability. Another 
attitudinal barrier may arise in discussions of prenatal 
screening and genetic counseling. Some women with dis-
abilities may view these measures as devaluing and con-
sider them an offensive attempt by society to eliminate 
people with bodily or mental differences. 

 Parenting may indeed pose extra challenges for women 
with physical disabilities, but with proper planning and 
adaptive aids, most women are fully capable of being 
loving and nurturing mothers. During pregnancy, a 
multidisciplinary team of medical providers, social 

Table 32.1    Medications commonly used by women with physical 
disabilities

Medication Indication/use FDA pregnancy 
category

Anticholinergics
(e.g. oxybutinin) 

Bladder relaxation B

Baclofen Spasticity C
Copolymer-1 Disease-modifying

agent, MS 
B

Dantrolene Spasticity C
Gabapentin Neuropathic pain, 

spasticity
C

Glatiramer acetate Disease-modifying
agent, MS 

B

Interferon β-1B Disease-modifying
agent, MS 

C

Lefl unomide DMARD X
Methenamine UTI prevention C
Methotrexate DMARD X
Plaquenil DMARD C
Prednisone Antiinfl ammatory, 

immunosuppressant
C

Propantheline Bladder relaxation C
Sulfasalazine DMARD B

FDA, Food and Drug Administration; DMARD, disease -modifying
antirheumatic drug; MS, multiple sclerosis; UTI, urinary tract 
infection.
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contractions and monitor for other unique symptoms of 
labor such as ADR, increased spasticity, or bladder spasms 
 [4] . Some suggest routine cervical examination after 28 
weeks  [19]  or serial ultrasonographic assessment of cervi-
cal length  [8]  but neither practice has been tested in 
women with SCI. 

 Women with SCI are capable of vaginal delivery, which 
is achieved by 33 – 78%, and in most cases is spontaneous 
 [4,5,8] . Cesarean delivery rates as high as 67% have been 
reported  [4,5,8]  although it is not clear whether this 
refl ects a true elevation in obstetrical indications for oper-
ative delivery.  

Multiple sclerosis
 This autoimmune demyelinating disorder most com-
monly affects women of child - bearing age, with features 
including muscular weakness and spasticity, disrupted 
coordination and balance, disturbances of sensation, 
visual changes, and bowel and bladder dysfunction. The 
pregnancy course of multiple sclerosis (MS) resembles 
that of other autoimmune diseases. A large European 
prospective cohort study showed that MS fl are rates tend 
to decrease during pregnancy, but rise during the fi rst 
3 months postpartum, occurring in approximately 
30%  [29] . 

 A number of studies have indicated increased risk of 
adverse pregnancy outcomes in women with MS. In a 
study of administrative data on more than 10,000 women 
with MS, Kelly and colleagues reported signifi cantly 
higher rates of fetal growth restriction (odds ratio [OR] 
1.7, 95% confi dence interval [CI] 1.2 – 2.4), antenatal hos-
pitalization (OR 1.3, 95% CI 1.2 – 1.5), and cesarean deliv-
ery (OR 1.3, 95% CI 1.1 – 1.4)), but not hypertensive 
disorders or premature rupture of membranes  [30] . A 
smaller study (n    =    174) from Taiwan confi rmed an 
increased risk of impaired fetal growth and cesarean 
delivery, and also found a more than twofold increase in 
preterm birth ( < 37 weeks). It is not clear whether the 
excess cesarean and preterm deliveries were the result of 
obstetric or fetal indications. 

Rheumatoid arthritis
 As with other autoimmune conditions, rheumatoid 
arthritis (RA) disease activity has traditionally been 
thought to decrease substantially during pregnancy and 
then fl are in the postpartum period. However, more 
recent data suggest that in the third trimester, fewer than 
25% of women are in remission and 10 – 20% have high 
disease activity  [31,32] . 

 Analysis of administrative data on 1425 delivery hos-
pitalizations in US women with RA demonstrated an 
increased risk of intrauterine growth restriction (OR 2.2, 
95% CI 1.2 – 4.1) and cesarean delivery (OR 1.5, 95% CI 
1.2 – 1.9) compared to controls  [33] . Preterm birth rates of 
6.4 – 26% have been reported, and are positively associated 

who sustain a SCI during pregnancy are limited to case 
reports. 

 For women who become pregnant after SCI, existing 
data, though limited, suggest that pregnancy outcomes 
are favorable. Jackson and Wadley surveyed 472 women 
with SCI, 246 of whom had had preinjury pregnancies 
and 66 of whom had had at least one pregnancy after 
injury  [4] . Compared to preinjury pregnancies, there were 
no differences in the proportions of livebirths, miscar-
riages, or stillbirths in pregnancies after SCI. 

 Women with SCI are at increased risk for several poten-
tial antenatal complications. UTIs are common, with rates 
as high as 51%  [8] . Baseline respiratory function may be 
compromised by posttraumatic kyphoscoliosis and weak-
ened inspiratory musculature; the gravid uterus may 
exacerbate problems with respiratory reserve. Some 
experts recommend routine incentive spirometry or serial 
peak fl ow or vital capacity measurement  [22] . Decubitus 
ulcers occur in 6 – 12%  [4,5]  and are a preventable condi-
tion that can cause substantial morbidity. 

 Autonomic dysrefl exia (ADR) is one of the most feared 
complications of pregnancy and SCI. Characterized by 
acute onset of extreme hypertension, this syndrome is 
caused by unchecked sympathetic outfl ow in response to 
a stimulus below the level of the spinal cord lesion. ADR 
largely affects individuals with injuries at T6 and above, 
but occurs rarely with lower level lesions  [23,24] . Common 
precipitants include dilation of a hollow viscus (e.g. 
bladder distension), skin injury, or other noxious stimuli. 
Labor is a potent inciting event. The literature is mixed 
on the incidence of ADR during pregnancy and delivery, 
with rates of 12 – 80% reported  [4,25 – 27] . Signs and symp-
toms of ADR include marked hypertension, refl ex brady-
cardia or other cardiac rhythm disturbances, severe 
headache, sweating, fl ushing, piloerection, and general 
apprehension. Left untreated, ADR can result in fetal dis-
tress, maternal intracranial hemorrhage, coma, seizures, 
and death. Care must be taken to distinguish ADR from 
preeclampsia. One key difference is that in ADR, blood 
pressure rises and falls with contractions, while in preec-
lampsia blood pressure is unrelated to contractions. The 
key to management of ADR is prevention. Women with 
SCI should have epidural anesthesia instituted early 
in labor to block labor pain. Vital signs must be moni-
tored frequently throughout labor, with pharmacologic 
control of refractory hypertension with rapid - acting 
agents such as nitroglycerin, nitroprusside, or labetalol as 
indicated  [28] . 

 Preterm birth ( < 37 weeks) occurs in 18 – 27%  [4,5,8]  of 
women with SCI, and data from one study indicate that 
the majority (77%) are spontaneous preterm deliveries. 
Inability to perceive contractions among women with 
injuries at T10 or above may contribute to this risk. In one 
study, 80% of women who delivered preterm could not 
feel contractions. Women can be taught to palpate uterine 
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 There are scant data on the course and outcomes 
of pregnancy in women with SB. A survey of 17 women 
who had had 23 pregnancies revealed frequent ante-
partum admissions, recurrent UTIs, worsening pressure 
sores, and stomal problems  [42] . Hypertensive disorders 
occurred in 26%, preterm birth in 35%, cesarean 
delivery in 50%, and small for gestational age infants 
in 47% of pregnancies. Regional anesthesia was rare, 
and 92% of cesareans were performed under general 
anesthesia.   

Conclusion

 Most women with physical disabilities can expect an 
uneventful pregnancy and delivery of a healthy baby. 
Maternal care providers should be aware of problems 
that may arise more frequently in women with mobility 
impairments as compared to their able - bodied peers. 
These include urinary tract infections, venous throm-
boembolic disease, respiratory compromise, decline in 
mobility, substance misuse, stress and depression, and 
limitations in access to care. Pregnancy course and out-
comes depend on the nature and severity of the disa-
bling condition. Though the mechanisms are unclear, 
limited data suggest that women with a range of physi-
cal disabilities are at increased risk of low - birthweight 
infants and cesarean delivery. Management of these 
pregnancies should be undertaken by a multidisciplinary 
team, with vigilance for common complications and 
marshaling of necessary supports for the transition to 
motherhood. 

with disease activity and systemic steroid use  [34 – 36] . 
Again, it is not clear whether excess preterm births are 
spontaneous or indicated.  

Cerebral palsy
 Women with cerebral palsy (CP) experience varying 
degrees of movement and posture disorders, spasticity, 
and joint contractures, with the lower extremities most 
often affected. Data on pregnancy outcomes for women 
with CP are inconclusive. In one small descriptive study, 
pregnancies among women with CP were complicated by 
preeclampsia (17.9%), cesarean delivery (33%, most often 
for cephalopelvic disproportion and abnormal fetal posi-
tion), and preterm birth (7.8%)  [37] . Another study found 
a similar rate of cesarean delivery, but preeclampsia 
occurred in only 5%  [38] . Diffi culties in labor and delivery 
due to spasticity or joint contractures did not occur, but a 
small proportion of women reported increased physical 
disability postpartum  [37] .  

Spina bifi da 
 Conditions associated with spina bifi da (SB) include 
deformity of the spine or pelvis, spasticity, bowel and 
bladder dysfunction, ileal conduits and ventriculoperito-
neal shunting for management of hydrocephalus. Allergy 
to latex is common, occurring in about 23%  [39] . 

 Offspring of mothers with SB have a 4 – 7% rate of 
neural tube defects  [40] . Women with SB considering 
pregnancy should begin folic acid supplementation 
before conception. The precise dose needed to reduce 
fetal neural tube defect risk in mothers with SB is 
unknown, but 4   mg daily has been recommended for 
women at high risk  [41] . 

    The patient was a 29 - year - old primigravida who sus-
tained a complete thoracic (T4) SCI at age 19 and pre-
sented for antenatal care at 10 weeks ’  gestation. She was 
using a manual wheelchair for mobility, and aside from 
occasional episodes of autonomic dysrefl exia related to 
bladder distension and frequent UTIs (3 – 5 per year), she 
had no health complaints or complications from her 
injury. Bladder management was by clean intermittent 
catheterization, which she was able to perform independ-
ently. Her last known weight, 3 years ago, was 131   lb, 
corresponding to a BMI of 23.3   kg/m 2 . She was married, 
worked part time at a nonprofi t organization, and did not 
smoke or use drugs or alcohol. Current medications were 
oxybutinin for bladder relaxation and oral baclofen for 
management of mild spasticity. Examination was unre-
markable with the exception of bilateral 2 +  pitting edema 

in the lower extremities. Compression stockings were 
recommended. 

 Routine prenatal labs were normal except for mild 
anemia (Hct 36.3); the patient refused oral iron supple-
mentation for fear of constipation. Her pregnancy pro-
gressed uneventfully through the second trimester with 
the exception of a UTI treated with a 10 - day course of 
nitrofurantoin. At 28 weeks, the patient was seen by an 
obstetric anesthesiologist to develop a plan for early 
induction of epidural anesthesia upon presentation for 
labor. Additionally, referrals to physical and occupa-
tional therapy were made to assist with current mobility 
and begin planning for adaptations for baby care after 
delivery. She was instructed on abdominal/uterine pal-
pation to detect contractions. At 30 weeks ’  gestation, she 
experienced an episode of ADR because she found she 

CASE PRESENTATION 

Continued
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     Patients with recurrent spontaneous abortion (SAB) are 
among the most challenging to manage. The history of 
care for these patients has been strewn with nonevidence -
 based, anecdotal, and occasionally dangerous manage-
ment approaches. The nomenclature of recurrent SAB is 
confusing, with myriad different defi nitions extant. 
Prevalence estimates are compromised by the high back-
ground rate of pregnancy wastage in the general popula-
tion which exceeds 50% when losses from conception 
through discernible embryonic development are included 
 [1] . A generally accepted number is that 1% of couples 
suffer two or more consecutive pregnancy losses prior to 
the third trimester  [2] .  

Sporadic miscarriage and maternal age

 Approximately 50 – 60% of sporadic miscarriages are asso-
ciated with aneuploidy  [1] . The most frequent causes are 
trisomy (most commonly trisomy 16 or 22), followed by 
polyploidy and monosomy X  [1] . Maternal age is strongly 
associated with the risk of both SAB and aneuploidy. A 
prospective cohort study, derived from the FASTER trial, 
assessed SAB rates in over 36,000 women stratifi ed into 
three age groups: less than 35 years, 35 – 39 years, and 40 
years or older  [3] . Multivariable logistic regression analy-
sis adjusting for race, parity, Body Mass Index, education, 
marital status, smoking, medical history, use of assisted 
reproductive technologies, and study site noted that com-
pared to women less than 35 years, those aged 35 – 39 were 
at increased risk for SAB with an adjusted odds ratio 
(adjOR) of 2.0 (95% confi dence interval [CI] 1.5 – 2.6) while 
those 40 years or older had an adjOR for SAB of 2.4 (95% 
CI 1.6 – 3.6). The association of conceptus chromosomal 
abnormalities with these two age groups produced 
adjORs of 4.0 (95% CI 2.5 – 6.3) and 9.9 (95% CI 5.8 – 17.0), 
respectively. Moreover, a large prospective Danish cohort 
tracking 634,272 women through 1,221,546 pregnancies 

found rates of SAB of less than 12% for women 20 – 29 
years, 15% for those 30 – 34 years, 24.6% for those 
35 – 39 years, 51% for ages 40 – 44, and 93.4% for women 
over 44 years  [4] . Thus, maternal age is the single strong-
est epidemiologic predictor of SAB, the majority of which 
are linked to aneuploidy. 

 While there is no accepted explanation for the increased 
rate of aneuploidy associated with advanced maternal 
age, chronic oxidative stress and progressive shortening 
of oocyte telomere length are among the possible causes 
 [5] . Shortened telomeres lead to abnormal chiasma forma-
tion and nondisjunction  [6] . Unfortunately, most current 
 “ treatments ”  for recurrent early SAB do not take into 
account the substantially older age among affected 
patients and the worsening of subsequent livebirth rates 
with aging  [7] . Proposed treatments must also be judged 
against the high spontaneous remission rate in such 
patients, as the probability of a livebirth after four succes-
sive SABs is about 40%  [8] .  

Etiologies of recurrent
spontaneous abortion

Genetic abnormalities

  Aneuploidy 
 While it is diffi cult to assess the precise rate of aneuploidy 
in recurrent abortus specimens, as initial losses are usually 
not karyotyped, estimates range from 25% to 57%  [9,10] . 
Data gleaned from preimplantation genetic diagnosis 
employed at the time of in vitro  fertilization (IVF) suggest 
that patients with recurrent SAB have far higher rates of 
abnormal embryos compared with controls (70.7% versus 
45.1%; P    <    0.0001)  [11] . Unfortunately, the etiology of 
recurrent miscarriage resulting from repetitive chro-
mosomal abnormalities is not adequately understood. 
Abnormalities that arise during the oocyte ’ s fi rst meiotic 
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the fetal karyotype is normal (OR 1.11, 95% CI 0.55 – 2.24) 
 [17] . Folate defi ciency may also have a role in meiotic 
nondisjunction. In addition, metaanalysis suggests that 
fasting hyperhomocysteinemia is modestly associated 
with recurrent pregnancy loss ( < 16 weeks)  [18] . Thus, 
given its low cost and toxicity, it would seem prudent to 
treat patients experiencing recurrent miscarriage with 
periconceptional folate supplementation (1 – 4   mg/day). 

 Fragile sites on chromosomes have been linked to an 
increased risk of malignancy and various developmental 
disorders but may also be associated with recurrent SAB 
 [19] . Chromosomal mosaicisms and deletions  [20] , as well 
as both large pericentric and paracentric chromosomal 
inversions  [21,22] , have also been associated with recur-
rent miscarriages. However, there are limited data in the 
literature to establish the strength of these, likely rare, 
causes of recurrent SAB. Skewed inactivation of the X 
chromosome was thought to be linked to recurrent SAB 
due to either trisomies or unmasking of an X - linked dom-
inant or germline developmentally lethal mutation on the 
X chromosome but recent studies have refuted such an 
association  [23,24] . 

 There is a 30 - fold increase in the occurrence of 
balanced translocations among couples with recurrent 
SAB with a prevalence of 3.6%  [25] . Up to a 29% rate of 
miscarriage has been observed among clinically recog-
nized pregnancies in couples bearing a balanced translo-
cation, with 36% of the abortuses found to have an 
unbalanced translocation  [26] . Thus, high - resolution 
parental karyotyping should be performed in couples 
with unexplained recurrent SAB. There is controversy as 
to whether IVF with PGS reduces loss rates in affected 
couples  [27,28] .  

  Single  g ene  d efects 
 Single gene defects may also promote recurrent miscar-
riage. These may be X - linked, autosomal recessive or 
germline mutations involving loss of heterozygosity for 
developmentally lethal genes. With advances in genomic 
technology, it may be feasible in the future to inexpen-
sively sequence the genome of miscarriage samples to 
discover these putative single gene causes which will 
likely involve developmentally relevant genes such as 
those in the Tbx, HOX, SOX, and FOX gene families. Most 
examples of known single gene causes of recurrent loss 
are associated with second - trimester miscarriages. For 
example, lethal multiple pterygium syndromes are a col-
lection of autosomal recessive and X - linked recessive dis-
orders that are associated with fetal death at 14 – 20 weeks 
with variable features including arthrogryposis, hydro-
cephalus, hydrops, and cystic hygromas  [29] . Incontinentia 
pigmenti is an X - linked disorder usually lethal in males 
 [30] . Affected males may also develop hydrops and/or 
cystic hygromas while affected females have dental 
anomalies and cutaneous manifestations  [30] . 

division account for the majority of cases. The association 
of recurrent SAB with increasing maternal age suggests 
that, as in maternal age - associated sporadic miscarriage, 
oxidative stress and reduced oocyte telomere length may 
be factors  [5] . Alternatively, it has been proposed that 
because aging is associated with an ever - shrinking oocyte 
pool, there is a progressive depletion of the number of 
oocytes available at the requisite stage of maturation for 
completion of normal meiosis  [12] . Supporting this thesis 
is the observation that women who have lost at least one 
trisomic fetus have diminished ovarian reserve and enter 
the menopause at an earlier age than those with no such 
history  [13,14] . 

 An argument has been put forward that patients with 
recurrent miscarriage resulting from advanced maternal 
age - related aneuploidy should be managed through IVF 
with preimplantation genetic screening (PGS) for chro-
mosomal abnormalities commonly found in abortus spec-
imens. The argument suggests that since such losses are 
stochastic, recruitment of large numbers of embryos with 
subsequent selection and transfer of those deemed puta-
tively euploid following PGS will increase the likelihood 
of a livebirth. 

 A number of randomized controlled trials have exam-
ined the outcome of IVF with PGS for common aneuploi-
dies in women of advanced reproductive age. Hardarson 
et al  compared 56 and 53 patients over 37 years of age 
randomized to PGS versus control and observed a 
decreased clinical pregnancy rate in the PGS group (8.9%, 
95% CI 2.9 – 19.6%, versus 24.5%, 95% CI 13.8 – 38.3%)  [15] . 
Similarly, Mastenbroek and colleagues conducted a rand-
omized, double - blind, controlled trial comparing three 
cycles of IVF with and without PGS in 408 women aged 
35 – 41 years  [16] . The primary outcome measure was 
ongoing pregnancy at 12 weeks of gestation. They noted 
a lower ongoing pregnancy rate in the PGS versus control 
group (25% [52/206] versus 37% [74/ 202]; rate ratio 0.69, 
95% CI 0.51 – 0.93). Similarly the PGS group had a lower 
livebirth rate (24% [49/206] versus 35% [71/202]; rate 
ratio 0.68, 95% CI 0.50 – 0.92). 

 While PGS methodological arguments have challenged 
the validity of these fi ndings, there is no consensus that 
IVF with PGS improves livebirth rates or reduces SAB 
rates in women of advanced reproductive age or those 
with recurrent miscarriage. In the latter case, if affected 
patients are fertile, it is quite possible that  “ natural ”  selec-
tion of optimal oocytes during the ovulation process is a 
far more effi cient and far less expensive option than IVF 
with or without PGS. Moreover, by the time recurrent 
aborters become infertile, they likely have few remaining 
viable oocytes, and donor egg IVF, rather than IVF with 
their own oocyte with or without PGS, is likely a far more 
cost - effective option. 

 Low folate levels have been linked to aneuploidy -
 induced SAB (OR 1.95, 95% CI 1.09 – 3.48) but not when 
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11.6%) (P    =    0.003)  [42] . Moreover, when pregnancy out-
comes in 12 adult celiac patients were compared before 
the diagnosis of celiac disease and after treatment, the 
number of SABs decreased (38.9% versus 5.6%) (P    =    0.045). 
Similar fi ndings have been noted by other investigators 
 [43,44] . Thus, symptomatic celiac disease has been linked 
to recurrent miscarriage and treatment appears to improve 
livebirth rates. In contrast, it is unclear whether related 
autoantibodies and occult disease are associated with 
recurrent SAB. Thus, screening for occult celiac disease 
is not currently recommended in the work - up of recur-
rent SAB.

Endocrinopathies
 While poorly controlled diabetes and thyroid disease are 
linked to recurrent miscarriage, there is no evidence of 
such a link with either subclinical diabetes or thyroid 
disease  [45,46] . However, antithyroid peroxidase and 
antithyroglobulin antibodies are more commonly found 
in recurrent aborters  [47] . Moreover, nonrandomized 
studies have suggested that levothyroxine therapy may 
decrease SAB rates in euthyroid, thyroid antibody -
 positive women. There were initial reports that polycystic 
ovarian syndrome (PCOS) was associated with recurrent 
miscarriage. However, recent studies have found no such 
link  [48,49] . Moreover, treatment with metformin does 
not appear to reduce SAB rates. Legro and colleagues 
randomized 626 infertile women with PCOS to receive 
clomiphene citrate plus placebo, extended - release met-
formin plus placebo, or a combination of metformin and 
clomiphene for up to 6 months and observed livebirth 
rates of 22.5%, 7.2% and 26.8%, respectively  [50] . In addi-
tion, the rate of fi rst - trimester SAB did not differ signifi -
cantly among the groups. Thus, screening for PCOS 
appears to have little value in the work - up of fertile recur-
rent SAB patients. 

 Progesterone plays a crucial role in the maintenance of 
endometrial hemostasis and architectural integrity  [51] . 
Conversely, the antiprogestin RU 486 can induce men-
struation and early abortion by inhibiting these salutary 
effects of progesterone  [52,53] . These observations provide 
biological plausibility to the theory that luteal - phase 
defects could promote early pregnancy loss. Indeed, the 
prevalence of luteal - phase defects among recurrent mis-
carriage patients is reported to be 10 – 30%  [54,55] . 
However, among recurrent aborters, those with docu-
mented luteal - phase defects actually had lower SAB rates 
in a subsequent pregnancy than those without such a 
defect  [56] . Moreover, there are no defi nitive diagnostic 
criteria because the condition is intermittent  [57] . 
Moreover, metaanalysis of trials of progesterone therapy 
for recurrent SAB have not demonstrated a benefi t  [58] . 

 Among recurrent aborters with hyperprolactinemia, 
treatment with bromocryptine appears to improve live-
birth rates  [59] . Thus, although data are limited. it may be 

 Unfortunately, until the advent of inexpensive and 
rapid whole - genome screening, there is no simple way to 
identify such mutations. However, aberrant regulation of 
trophoblast growth resulting from developmental abnor-
malities often results in the formation of trophoblast 
inclusions  –  abnormal invaginations of the villous surface 
which on section appear as inverted islands of trophob-
last  [31] . Thus, careful examination of the placenta may 
provide valuable clues as to a developmental etiology of 
recurrent intermittent losses.   

Infectious diseases
 Acute severe bacterial, parasitic, and viral infections can 
cause isolated SABs. However, there are no unequivocal 
data establishing an association between chronic genital 
tract carriage of bacteria and recurrent SAB. Moreover, 
there is no evidence that the presence of  Chlamydia tracho-
matis ,  Ureaplasma urealyticum ,  Mycoplasma hominis , human 
cytomegalovirus (HCMV), adeno - associated virus (AAV), 
and human papilloma viruses (HPV) are associated with 
even isolated fi rst - trimester SAB  [32] .  Ureaplasma urealyti-
cum  (serotype 4) is more commonly isolated from women 
with recurrent miscarriage than controls  [33] . Moreover, 
nonrandomized trials suggest that treatment of genital 
tract mycoplasma with doxycycline may reduce early loss 
rates  [34] . However, there is no evidence from appropri-
ately conducted randomized clinical trials that eradica-
tion of mycoplasma species reduces miscarriage rates. 
There is also no convincing link between either recovery 
of genital tract Chlamydia trachomatis  or the presence of 
antichlamydial antibodies and recurrent miscarriage  [35 –
 37] . The presence of bacterial vaginosis (BV) has been 
linked to early isolated SAB (adjOR 2.67, 95% CI 1.26 –
 5.63)  [38] . However, the link between BV and recurrent 
miscarriage and the benefi ts of treatment has yet to be 
fi rmly established. Moreover, it is second - , not fi rst -
 trimester pregnancy loss that appears to be more strongly 
associated with BV  [39] .  

Celiac disease
 Bustos  et al  compared the prevalence of various autoan-
tibodies in 118 otherwise healthy women with three or 
more SABs with the prevalence in 125 fertile, multiparous 
control women who were without SABs  [40] . The authors 
observed an increased prevalence of celiac disease - related 
antibodies for antigliadin type IgA as well as IgG and 
IgA antitransglutaminase antibodies among cases versus 
controls (P    <    0.04). In contrast, Greco and associates 
observed antihuman IgA class anti - tissue transglutami-
nase (TGASE) antibodies as well as endomysial antibod-
ies (EMA) in 51 of 5055 pregnant women but found no 
higher rate of SAB among affected women  [41] . Kotze 
compared 76 adult celiac patients to 84 adult controls 
with irritable bowel syndrome and observed a higher 
prevalence of SABs among the former (24.4% versus 
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posited as causes of recurrent miscarriage and reduced 
IVF success rates  [66] . Hysteroscopic resection may 
improve fertility, livebirth rates, and bleeding patterns 
 [67] . Other uterine defects such as Asherman syndrome 
and polyps have been proposed as causes of recurrent 
SAB, and descriptive series suggest improvements in 
pregnancy outcomes following hysteroscopic resection 
 [68] . Thus, based on expert opinion, it would seem rea-
sonable to offer patients with recurrent miscarriage 
screening for uterine defects by sonohysterography. 
Subsequent magnetic resonance imaging (MRI) or con-
comitant use of 3 - D ultrasound allows differentiation of 
bicornuate from septate uteri. Operative hysteroscopy 
can then be employed for the treatment of submucous 
fi broids, polyps, septae, and synechiae. However, these 
recommendations are not based upon randomized clini-
cal trials. 

Thrombophilias

  Inherited  t hrombophilias 
 The possible link between inherited thrombophilias and 
recurrent SAB has become a highly contentious issue. 
Such an association was initially suggested by retro-
spective, generally small, case – control studies. The most 
robust data were available for the factor V Leiden 
(FVL) mutation as it represents the most common major 
inheritable thrombophilia. It is present in about 5% of 
European - derived populations and 3% of African -
 Americans but is virtually absent in nonwhite Africans 
and Asians  [69] . It arises from a point mutation in the 
factor V gene causing the substitution of a glutamine for 
an arginine at position 506, the site of cleavage by acti-
vated protein C. It accounts for the vast majority of cases 
of activated protein C resistance. A metaanalysis of 31 
studies reported a modest link between FVL and fi rst -
 trimester SAB with OR 2.01 (95% CI 1.13 – 3.58) but a 
stronger association with late ( > 19 weeks) nonrecurrent 
fetal loss (OR 3.26, 95% CI 1.82 – 5.83)  [70] . A large case –
 control study of patients with recurrent stillbirths beyond 
22 weeks showed an even stronger association with FVL 
(OR 7.83, 95% CI 2.83 – 21.67)  [71] . Moreover, Dudding 
and Attia  [72]  conducted a metaanalysis of the link 
between FVL and adverse pregnancy events and noted 
no association with fi rst - trimester SAB but a strong asso-
ciation with two or more second -  or third - trimester fetal 
losses (OR 10.7, 95% CI 4.0 – 28.5). 

 A similar pattern holds for inherited thrombophilias 
in general. The European Prospective Cohort on 
Thrombophilia (EPCOT) retrospectively compared preg-
nancy outcomes among 571 women with thrombophilias 
having 1524 pregnancies with 395 controls having 1019 
pregnancies and reported an association between inher-
ited thrombophilias and stillbirth (OR 3.6, 95% CI 1.4 – 9.4) 
but not with SAB (OR 1.27, 95% CI 0.94 – 1.71)  [73] . Roque 

useful to obtain prolactin levels in such patients and a 
trial of therapy in hyperprolactinemic women with recur-
rent SAB may improve livebirth rates.  

Uterine abnormalities
 The traditional association between m ü llerian tract anom-
alies and recurrent SAB is based on older descriptive, 
small observational studies replete with potential ascer-
tainment and selection biases. Salim and colleagues  [60]  
compared women with and without a history of three or 
more consecutive unexplained pregnancy losses before 14 
weeks using three - dimensional (3 - D) ultrasound, and 
found major uterine congenital anomalies in 23.8% of 
women with losses compared with 5.3% in controls. 
However, in both groups the most common anomalies 
were minor, arcuate and subseptate uteri, which accounted 
for more than 90% of cases. In other studies, the former 
uterine anomaly does not appear to be associated with a 
higher rate of recurrent abortion, and may represent a 
normal variant  [61] . The prevalence of major uterine 
anomalies has been reported to be 6.9% in women with 
recurrent SAB compared with 1.7% in controls  [61] . Table 
 33.1  lists the relative distribution of the major anomalies 
and their associated miscarriage rates (see reference  [62]  
for details). 

 Various theories have been promulgated to account for 
the association of uterine anomalies with recurrent SAB, 
including decreased vascularity in the septum, increased 
infl ammation, and a reduction in sensitivity to steroid 
hormones  [62] . However, there is no substantive evidence 
to support any of these putative etiologies. There are also 
no controlled randomized clinical trials of pregnancy 
outcome following resection of uterine septae, although 
reductions in recurrent loss have been reported in several 
large series  [63,64] . Open metroplasty is rarely recom-
mended for bicornuate or didelphys uteri because of the 
attendant risks of infertility and uterine rupture during 
pregnancy as well as their generally more favorable asso-
ciated pregnancy outcomes. 

 While pregnancy outcomes are generally believed to be 
relatively unaffected by the presence of myomas  [65] , sub-
mucous myomas that distort the uterine cavity have been 

Table 33.1    M ü llerian duct anomalies and their association with 
miscarriage

Müllerian \nomaly Proportion of all 
müllerian anomalies 
(%)

Risk of SAB 
(<20 weeks) (%) 

Septum 55 65
Unicornuate uterus 20 51
Uterus didelphys 5–7 43
Bicornuate uterus 10 32
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CI 1.20 – 10.61). However, this association was almost 
entirely accounted for by a higher rate of placental abrup-
tion among PGM carriers in a small (n    =    9) number of 
patients. Univariate analysis detected an association 
between FVL and an increased risk of stillbirth (OR 8.85, 
95% CI 1.60 – 48.92) but again the total number of affected 
patients was very small (n    =    6). 

 Thus, retrospective studies do not demonstrate an asso-
ciation between inherited thrombophilias and early ( < 10 
week) pregnancy loss and prospective studies in low - risk 
populations do not suggest an association between inher-
ited thrombophilias and later losses or other adverse 
pregnancy events. 

 It is also unclear whether anticoagulation therapy pre-
vents recurrent fetal loss among such patients. Gris and 
colleagues conducted a clinical trial of the low molecular 
weight heparin (LMWH) enoxaparin versus low - dose 
aspirin in 160 women with one unexplained fetal loss at 
more than 10 weeks who were heterozygous for FVL or 
PGM or had protein S defi ciency  [85] . They reported that 
enoxaparin therapy resulted in greater numbers of healthy 
livebirths (86.2%) than low - dose aspirin (28.8%; P    <    0.0001) 
(OR 15.5, 95% CI 7 – 34). However, this study has been 
criticized both on methodological grounds and because 
of the far lower than expected livebirth rate in the aspirin -
 treated group. In contrast, Kaandorp and colleagues con-
ducted a randomized clinical trial among 364 women 
with a history of unexplained recurrent SAB comparing 
the effi cacy of 80   mg of aspirin plus LMWH (nadroparin 
at a dose of 2850 IU), 80   mg of aspirin alone, or placebo 
and observed no difference in livebirth rates among 
the three study groups (54.5%. 50.8%, and 57.0%, res-
pectively)  [86] . Moreover, they found no signifi cant 
benefi ts among the 16% of women with an inherited 
thrombophilia. 

 Given these fi ndings, there is no apparent value to 
establishing the diagnosis of inherited thrombophilia in 
patients with recurrent early pregnancy loss. There is also 
no consensus on the utility of such evaluations among 
patients with later pregnancy losses and other adverse 
pregnancy outcomes. Finally, there is no clear evidence 
that treatment with anticoagulation improves pregnancy 
outcomes among such patients. 

  Antiphospholipid  a ntibody ( APA )  s yndrome 
 The antiphospholipid antibody (APA) syndrome is 
defi ned by the combination of a prior deep venous or 
arterial thrombosis, characteristic obstetric complications, 
or thrombocytopenia associated with laboratory confi r-
mation of APA  [87] . Laboratory criteria include the pres-
ence of medium to high titer IgG/IgM anticardiolipin 
antibodies (ACA), IgG/IgM anti -  β2  - glycoprotein - I anti-
bodies at levels ≥ 99th percentile, or a lupus anticoagulant 
(LAC) on ≥ 2 occasions at least 12 weeks apart. Obstetric 
complications include at least one fetal death at 10 weeks ’  
or more gestation, at least one premature birth before 

and colleagues assessed a cohort of 491 patients with a 
history of various adverse pregnancy outcomes and noted 
that maternal thrombophilia was protective against recur-
rent SAB at less than 10 weeks (OR 0.55, 95% CI 0.33 – 0.92) 
 [74] . In contrast, these authors observed a modest associa-
tion between maternal thrombophilias and losses at 10 
weeks or more (OR 1.76, 95% CI 1.05 – 2.94) and a stronger 
association with fetal loss after 14 weeks (OR 3.41, 95% 
CI 1.90 – 6.10). Consistent with this protective effect of FVL 
on early pregnancy are the reports that IVF livebirth and/
or implantation rates were higher among FVL carriers 
than among noncarriers  [75,76] . Indeed, extravillous 
endovascular trophoblast occlude spiral arteries to mini-
mize uteroplacental blood fl ow before 10 weeks ’  gesta-
tion, accounting for the low intervillous oxygen partial 
pressures prior to 10 weeks compared with after 12 weeks 
(17 ±  6.9 versus 60.7  ±  8.5   mmHg)  [77,78] . Thus, there is 
no a priori  reason why thrombophilias would promote 
early pregnancy loss. 

 Recent prospective studies have now cast doubt on the 
association between FVL and the other common inherited 
thrombophilias and later SABs, stillbirth, and other 
adverse pregnancy outcomes. Dizon - Townson and asso-
ciates assessed the prevalence and clinical signifi cance of 
FVL among pregnant women with singleton gestations 
and no history of thromboembolism who were less than 
14 weeks of gestation  [79] . They noted that the mutation 
was present in 2.7% of the 4885 women tested and a 
nested case – control analysis found no differences in preg-
nancy loss, preeclampsia, placental abruption, or small 
for gestational age births between FVL carriers and non-
carriers. Similarly, Silver and colleagues tested the same 
cohort for the prothrombin G20210A mutation (PGM) and 
found that the 3.8% of women who were heterozygous 
for PGM had similar rates of pregnancy loss and other 
adverse pregnancy outcomes compared with noncarriers 
 [80] . Lindqvist  et al  tested 2480 women for activated 
protein C resistance/FVL in early pregnancy and also 
observed no association between this condition and fetal 
loss, preeclampsia or fetal growth restriction  [81] . 
Similarly, Clark  et al  found no association between FVL 
and fetal loss or other adverse pregnancy outcomes 
among 4250 pregnant women screened between 7 and 16 
weeks ’  gestation  [82] . 

 In contrast, the prospective study by Murphy and asso-
ciates observed a modestly higher number of pregnancy 
losses among FVL carriers (3 of 27; 11.1%) compared with 
noncarriers (24 of 572; 4.2%) controls  [83] . However, the 
very low rate of losses amongst controls and overall small 
sample size of FVL carriers reduce the interpretative 
strength of this association. Said and associates screened 
2034 healthy nulliparous women for various throm-
bophilias before 22 weeks  [84] . They found a modest asso-
ciation between PGM and a primary composite outcome 
of severe preeclampsia, fetal growth restriction, placental 
abruption, stillbirth, or neonatal death (adjOR 3.58, 95% 
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Immunologic causes
 Two principal theories have been espoused to account for 
possible maternal immunologically mediated recurrent 
SAB: absence of so - called  “ blocking ”  antibodies, and 
excessive decidual natural killer (NK) cell activity. The 
nature of the putative blocking antibodies was maternal 
antipaternal lymphocytoxic antibodies. The theory was 
that excessive human leukocyte antigen (HLA) sharing 
by prospective parents would lead to the absence of such 
antibodies. This, in turn, would expose placental antigens 
to a more cytotoxic maternal immune response. Propo-
nents of this theory advocated treatment of recurrent SAB 
patients lacking such antibodies with infusions of their 
partner ’ s or third party leukocytes or extracts of placental 
trophoblast to induce antibody production. However, 
metaanalyses of such approaches failed to support effi -
cacy  [99] . Ober  et al  conducted a double - blind, placebo -
 controlled, multicenter, randomized, clinical trial in which 
91 recurrent miscarriage patients were assigned to immu-
nization with paternal mononuclear cells, and 92 to sterile 
saline injections  [100] . These investigators found higher 
numbers of viable pregnancies in the placebo compared 
with treatment groups (41/85 [48%] versus 31/86 [36%]; 
OR 0.60, 95% CI 0.33 – 1.12). Ultimately, the US 
Food and Drug Administration moved to constrain such 
treatment. 

 The link between elevated NK cell activity and recur-
rent SAB has been suggested by several small studies. The 
underlying theory is that excess decidual NK cell activity 
may damage the implanting blastocyst or derange early 
placentation to promote SAB. Yamada and colleagues 
reported that elevated peripheral blood preconception 
NK cell activity ( > 46%, RR 3.6, 95% CI 1.6 – 8.0) and per-
centages of circulating NK cells ( > 16.4%, RR 4.9, 95% CI 
1.7 – 13.8) predicted subsequent biochemical pregnancy 
and SAB with normal karyotype in the next pregnancy 
among recurrent aborters  [101] . These fi ndings have 
been supported by other  [102,103]  but not all investi-
gators  [104] . 

 It is now understood that measurement of circulating 
NK cell cytotoxic activity is unlikely to provide insights 
into the decidual NK cell phenotype since the mRNA 
repertoire of circulating NK cells is far different from that 
of decidual NK cells  [105] . This calls into question the 
logic and biologic plausibility of measuring peripheral 
blood NK cell activity as a proxy for decidual and placen-
tal bed NK cell activity. In addition, there is evidence that 
decidual NK cells are actually crucial to normal endovas-
cular trophoblast invasion despite the fact that these cells 
are replete with potentially cytotoxic factors which likely 
permit them to fi ght pathogens  [106] . 

 However, aberrant interactions between decidual NK 
cells and trophoblast antigens may active this cytotoxic 
capability to promote adverse pregnancy outcomes. For 
example, decidual NK cells at the site of placentation 
express killer cell immunoglobulin - like receptors (KIR) 

35 weeks, or at least three consecutive SABs before 10 
weeks. All other causes of pregnancy morbidity must be 
excluded.

 The APAs are immunoglobulins directed against pro-
teins bound to negatively charged (anionic) phospholip-
ids  [88] . They can be detected by screening for antibodies 
binding directly to protein epitopes (e.g.  β2  - glycoprotein - 1, 
prothrombin, annexin V) or by indirectly detecting anti-
bodies reacting to proteins present in an anionic phos-
pholipid matrix (e.g. cardiolipin and phosphatidylserine) 
or by evaluating the  “ downstream ”  coagulation effects of 
these antibodies on in vitro  prothrombin activation (i.e. 
lupus anticoagulants)  [89] . 

 Persistently high levels of APAs are associated with 
obstetric complications in about 15 – 20% of affected 
patients, including fetal loss after 9 weeks ’  gestation, 
abruption, severe preeclampsia, and intrauterine growth 
restriction (IUGR). Between 5% and 15% of women with 
recurrent SAB have documented APA compared with 
2 – 5% of the general obstetric population  [90] . The most 
consistent association with fetal loss is seen with LAC 
which has reported ORs for pregnancy loss of 3.0 – 4.8 
while ACAs display a wider range of reported ORs of 
0.86 – 20.0  [88] . There is controversy over whether APA are 
also associated with recurrent (three or more) SABs at less 
than 10 weeks in the absence of associated stillbirth. 
Compared with patients having unexplained fi rst -
 trimester losses without APA, those with antibodies more 
often have documented fetal cardiac activity prior to a 
loss (86% versus 43%; P    <    0.01)  [91] . In addition, a metaa-
nalysis of seven studies reported no signifi cant associa-
tion between APA and either clinical pregnancy (OR 0.99, 
95% CI 0.64 – 1.53) or livebirth rates (OR 1.07, 95% CI 0.66 –
 1.75) in patients undergoing IVF  [92] . 

 Suggested pathogenic mechanism(s) by which APA 
induce fetal loss include impairment of the anticoagulant 
effects of placental anionic phospholipid binding proteins 
β2  - glycoprotein - I and annexin V  [93,94] , and APA induc-
tion of decidual and placental bed complement activation 
 [95] . Treatment includes LMWH and low - dose aspirin. 
Mak and associates performed a metaanalysis of ran-
domized clinical trials comparing the effi cacy of heparin/
LMWH plus aspirin to aspirin alone in patients with APA 
and recurrent pregnancy loss  [96] . Data were available 
from fi ve trials involving 334 patients. Livebirth rates 
were 74.3% and 55.8%, respectively. Moreover, the com-
bination of heparin and aspirin modestly increased the 
likelihood of a livebirth compared with aspirin alone 
(relative risk [RR] 1.3, 95% CI 1.0 – 1.6, number needed to 
treat    =    5.6 per livebirth). No signifi cant differences were 
noted in the prevalence of preeclampsia, or preterm labor 
between the two groups. While there are reports that 
aspirin alone is equally effi cacious  [97,98] , these studies 
may be affected by inclusion of patients with low APA 
levels, fewer thrombotic co - morbidities and small sample 
sizes.
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future, genotyping abortus specimens will likely become 
an option and this process will undoubtedly identify both 
autosomal and X - linked recessive and germline loss of 
heterozygosity for developmentally lethal mutations. 
Treatment of patients with recurrent early losses should 
include nutritional supplementation with folate. However, 
the utility of IVF with preimplantational screening for 
common aneuploidies remains an unproven therapy 
in patients with recurrent aneuploid losses because 
of advanced maternal age or parental chromosomal 
abnormalities.

 It is still a standard approach to search for uterine ana-
tomic abnormalities, which should be conducted with 
sonohysterography and 3 - D ultrasound. Remediable 
defects should be corrected prior to attempting a subse-
quent pregnancy. In addition, a work - up for APA should 
be performed. If the patient meets the criteria for APA 
syndrome, treat with LMWH and low - dose aspirin. 
Assessing prolactin levels and screening for antithyroid 
antibodies, and providing appropriate treatment with 
bromocriptine and levothyroxine, respectively, for those 
found affected may also be reasonable strategies but these 
approaches require further study. 

 Further complicating care, these patients have high 
rates of subsequent depression, and repetitive miscar-
riage may increase risks of posttraumatic stress disorders 
 [111] . As a consequence, they are highly suggestible and 
more easily accepting of unorthodox treatments. Thus, 
couples experiencing recurrent miscarriage should be 
screened for depression and posttraumatic stress disor-
der, and appropriate psychological support provided. 
Finally, patients should be reassured of the high sponta-
neous remission rate.    

that can bind to HLA - C molecules on trophoblast cells. 
While this process normally appears to trigger elabora-
tion of salutary growth and angiogenic factors by NK 
cells that promote trophoblast invasion, the presence of 
KIR AA haplotypes on decidual NK cells, particularly the 
activating KIR for HLA - C2 groups (KIR2DS1), coupled 
with HLA - C2 bearing trophoblast may modestly promote 
both preeclampsia and recurrent loss  [107,108] . This is an 
active area of research but at this point there is absolutely 
no support for measuring NK cell activity in patients with 
recurrent abortion nor for treating those with putatively 
increased activity.   

Evidence-based evaluation of 
couples experiencing recurrent
spontaneous abortion

 A number of social and anthropomorphic factors are 
modestly associated with the occurrence of isolated and 
recurrent miscarriage. These include cigarette smoking, 
heavy caffeine use, and obesity  [109,110] . Thus, smoking 
cessation, reduction in caffeine use, exercise, and diet are 
all prudent interventions in affected patients. 

 The focus of the evaluation of a patient with recurrent 
fi rst - trimester SABs should be on the identifi cation of 
genetic factors. Thus, parental karyotypes, aggressive 
karyotyping of abortus specimens, and assessment of the 
placental pathology for trophoblast inclusions would 
appear reasonable diagnostic studies. The latter are par-
ticularly appropriate when no prior abortus ’  karyotypes 
were obtained and/or when there are intermittent euploid 
losses at around the same gestational ages. In the near 

    A 28 - year - old gravida 5, para 2032 presents with a history 
of two term births of healthy unaffected female infants 
following uncomplicated pregnancies. She also had three 
losses each at around 12 weeks ’  gestation in her initial, 
middle, and last pregnancies. She has no medical compli-
cations, does not smoke or abuse caffeine. Karyotype of 
her last loss revealed 46 XY. Parental karyotypes were 

normal. Placental pathology reports of her losses each 
revealed no evidence of ischemia, decidual vasculopathy, 
thrombosis, or infl ammation but made mention of multi-
ple trophoblast inclusions.
1.     What is the most likely etiology of these losses?  
2.     Are there any diagnostic studies indicated?  
3.     How should she be counseled?     

CASE PRESENTATION 2 

    A 39 - year - old gravida 5, para 0050 presents with fi ve con-
secutive miscarriages in the past 2 years. She has unre-
markable past medical, surgical, and gynecological 
histories, and a 15 pack - year smoking history. Her menses 
are regular although her cycle has lengthened in the past 
18 months from 28 to 34 days. She also notes recent onset 
of occasional hot fl ushes and night sweats that disturb her 

sleep. All losses occurred at  < 9 weeks. Two consisted of 
chemical pregnancies. Three required curettage. The 
products of conception of her last loss were karyotyped 
and revealed trisomy 22.
1.     What is the most likely etiology of these losses?  
2.     What additional diagnostic studies are indicated?  
3.     What treatment regimen would you recommend?     

CASE PRESENTATION 1 
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Chapter 34 
Cervical Insuffi ciency 

  John     Owen  
  Department of Obstetrics and Gynecology, University of Alabama at Birmingham, AL, USA       

     Although the term  “ cervical incompetence ”  was fi rst 
used in The Lancet  in 1865, the contemporary concept was 
not widely accepted until the middle of the 20th century, 
after Palmer and Lacomme  [1]  in 1948 and Lash and Lash 
 [2]  in 1950 independently described interval repair of ana-
tomic cervical defects associated with recurrent spontane-
ous midtrimester birth. Soon thereafter, Shirodkar  [3]  in 
1955, McDonald  [4]  in 1957, and later Benson and Durfee 
 [5]  in 1965 described the cerclage procedures utilized in 
contemporary obstetric practice. Nevertheless, the litera-
ture on cervical  insuffi ciency  (the preferred contemporary 
term) has largely been a chronicle of surgical methods to 
correct often posttraumatic anatomic disruption of the 
internal os, in women who had experienced recurrent 
painless dilation and midtrimester birth. Evidence - based 
guidelines for many aspects of the diagnosis and manage-
ment are still lacking.  

Syndrome of spontaneous
preterm birth

 Spontaneous preterm birth is a syndrome composed of 
several anatomic components  [6] . These include the 
uterus and its contractile function (i.e. preterm labor), 
loss of chorio - amnion integrity (i.e. preterm rupture of 
membranes), and, fi nally, diminished cervical compe-
tence, either from an anatomic cervical defect or from 
early pathologic cervical ripening, a functional defi cit. In 
any pregnancy, a single feature may appear to predomi-
nate, even though it is more likely that most cases of 
spontaneous preterm birth result from the interaction of 
multiple stimuli and functional pathways. Importantly, 
the manifestation and relative contributions of each of 
these components may vary, not only among different 
women but also in successive pregnancies of the same 
woman.

Biologic continuum of cervical
competence

 As early as 1962, Danforth and Buckingham  [7]  suggested 
that cervical competence was not an all - or - nothing phe-
nomenon as traditionally taught. Rather, it comprised 
degrees of insuffi ciency, and combinations of factors 
could cause  “ cervical failure. ”  In their proposed classifi -
cation, one group of patients had ostensibly normal cervi-
cal tissue, whose integrity as a fi brous ring had been 
previously damaged as the result of antecedent obstetric 
trauma. This might even be concealed by a normal -
 appearing external os and ectocervix. The second group 
possessed an abnormally low collagen:muscle ratio that 
would compromise its mechanical function and lead to 
premature dilation. The third group comprised women 
who had no history of antecedent trauma and who also 
had normal collagen:muscle ratios, but whose obstetric 
histories mimicked those of groups 1 and 2, presumably 
from premature triggering of other factors (e.g. cervical 
ripening). These biochemical and ultrastructural fi ndings 
support the variable, and often unpredictable, clinical 
course of women with a history of cervical insuffi -
ciency  [8] . 

 Although the traditional paradigm has depicted the 
cervix as either competent or insuffi cient, recent evidence, 
including clinical data  [9 – 12]  and interpretative reviews 
 [13 – 15] , suggests that, as with most other biologic proc-
esses, cervical competence is rarely an all - or - nothing 
phenomenon, and it functions along a continuum of 
reproductive performance. Although some women have 
tangible anatomic evidence of poor cervical integrity, 
most women with a clinical diagnosis of cervical insuffi -
ciency have ostensibly normal cervical anatomy. In a pro-
posed model of cervical competence as a continuum, a 
poor obstetric history results from a process of premature 
cervical ripening, induced by infection, infl ammation, 
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cervical anatomic defect, consistent with disruption of its 
circumferential integrity, the clinician should assess the 
history for other components of the preterm birth syn-
drome. Although some authorities consider cervical 
insuffi ciency to be a diagnosis of exclusion, it is plausible 
that premature silent cervical dilation might occur, con-
sistent with functional insuffi ciency, which would predis-
pose to early membrane rupture or ascending genital 
tract infection with intact membranes, either of which 
might cause overt labor and be utilized to refute the diag-
nosis. It is also plausible that intrauterine subclinical 
infection could contribute to local effects responsible for 
the pathologic dilation.  

”Risk factors” for  cervical
insuffi ciency 

 While the historic concept of the diagnosis and treatment 
of cervical insuffi ciency often includes women with past 
cervical trauma from birth - associated lacerations, forced 
dilation, operative injury, or cervical amputation, the 
prevalence of these antecedent events appears to be 
decreasing in contemporary US practice. More common 
in contemporary practice are patients who have under-
gone prior treatment of cervical dysplasia using cold -
 knife cone, laser cone, or a loop electrosurgical excision 
procedure (LEEP). These cervical procedures are plausi-
ble risk factors for cervical insuffi ciency. Numerous 
studies have confi rmed that most women with prior 
LEEP, laser ablation, or cone biopsy do not appear to have 
a clinically signifi cant rate of second - trimester loss or 
even preterm birth  [19 – 21] . However, women in whom a 
large cone specimen was removed or destroyed (includ-
ing cervical amputations), or who have undergone mul-
tiple prior procedures do have an increased risk of 
spontaneous preterm birth  [22,23] . Whether prophylactic 
cerclage is an effective strategy in these at - risk women 
remains speculative. The available clinical trial data  [24]  
do not suggest a benefi t from history - indicated cerclage 
in women with these risk factors, and so they may be 
followed clinically. 

 A similar controversy arises over the management of 
women with in utero  diethylstilbestrol (DES) exposure. 
Because many women exposed to DES in utero  were the 
products themselves of complicated gestations and were 
born to women with poor reproductive histories, it is 
plausible that at least a portion of the presumed DES 
effect may simply be of genetic origin  [25] . Because the 
use of DES was effectively curtailed in the early 1970s, 
this congenital risk factor should comprise a steadily 
diminishing group of patients and will soon be of no 
clinical concern. Currently, no controlled data support the 
effi cacy of history - indicated cerclage in these patients.  

and local or systemic hormonal effects, probably modu-
lated by genetic predisposition.  

Diagnosis of cervical insuffi ciency 

 The incidence of cervical insuffi ciency in the general 
obstetric population is reported to vary between approxi-
mately 1 in 100 and 1 in 2000  [16 – 18] . This wide disparity 
is likely because of differences among study populations, 
reporting bias, and the diagnostic criteria used to estab-
lish the diagnosis. Most of what is known about cervical 
insuffi ciency and its treatment indicates that it is a  clinical
diagnosis , characterized by recurrent painless dilation and 
spontaneous midtrimester birth, usually of a living fetus. 
Associated characteristics, such as antecedent fetal 
demise, painful uterine contractions, bleeding, overt 
infection (especially chorioamnionitis), or premature 
rupture of membranes, would shift the cause of spontane-
ous preterm birth away from cervical insuffi ciency and 
better support other components of the preterm birth 
syndrome. 

 Because cervical insuffi ciency is likely part of a broader 
syndrome, the clinical diagnosis is retrospective and sug-
gested only after poor obstetric outcomes have occurred 
(or, occasionally, are in evolution). Because there are no 
proven objective criteria, other than a rare, gross cervical 
malformation, a careful history and review of the past 
obstetric records are crucial to making an accurate diag-
nosis. However, records may be incomplete or unavaila-
ble, and many women cannot provide an accurate history. 
Even with excellent records and history, clinicians might 
reasonably disagree on the clinical diagnosis in all but the 
most classic presentations. Confounding factors in the 
history, medical records, or current physical assessment 
might be utilized to either support or refute the diagnosis, 
based on their perceived importance. It is crucial to realize 
that the physician managing a patient who experiences a 
spontaneous midtrimester birth is in the best position to 
assess and document whether and which clinical criteria 
for cervical insuffi ciency were present. Women with cer-
vical insuffi ciency often have some premonitory symp-
toms such as increased pelvic pressure, vaginal discharge, 
and urinary frequency. These symptoms, although neither 
specifi c nor uncommon in a normal pregnancy, should 
not be ignored, particularly in women with risk factors 
for spontaneous preterm birth. 

 Because of its unproven effi cacy in randomized clinical 
trials, and the attendant surgical risks, the recommenda-
tion for history - indicated  (a.k.a. prophylactic) cerclage 
should be limited to women with recurrent spontaneous 
preterm birth syndrome, after a careful history or physi-
cal examination suggests a dominant cervical component. 
Unless the physical examination confi rms a signifi cant 
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a candidate for either a Shirodkar or cervicoisthmic pro-
cedure. Because few patients are appropriate candidates, 
and few physicians have surgical experience with the 
cervicoisthmic procedure, it would seem prudent to rel-
egate the decision to place a cerclage via the abdominal 
approach, and the procedure itself, to a tertiary center. 

 The chief advantage to history - indicated cerclage is 
that it can be offered in the early second trimester, after 
most spontaneous abortions have occurred. It also permits 
a sonographic evaluation to rule out many fetal anoma-
lies and the potential for fi rst - trimester screening; prena-
tal diagnosis using chorionic villus sampling can be 
performed prior to surgery. Many clinicians recommend 
obtaining cervicovaginal cultures for common pathogens 
and treating positive cultures prior to placing a cerclage. 
Active cervicitis is considered a contraindication to cer-
clage placement, and should be successfully treated 
before surgery. Other contraindications to cerclage include 
ruptured membranes, certain (e.g. lethal) fetal anomalies, 
suspected or confi rmed intrauterine infection, vaginal 
bleeding, and labor. 

McDonald cerclage
 To place a McDonald cerclage, the anesthetized patient is 
placed in the dorsal lithotomy position. At least one 
assistant is required to provide exposure using right angle 
or medium - sized Deaver retractors. After an antiseptic 
vaginal prep, the anterior ectocervix is grasped with a 
sponge forceps or similar nontraumatic instrument, 
which is used to provide countertraction. The urinary 
bladder is generally emptied prior to the procedure, 
although some recommend leaving some urine in the 
bladder to better defi ne the position of the bladder as it 
refl ects onto the cervix. 

 Most surgeons utilize a permanent synthetic material 
such as No 1 or 2 Prolene or Mersilene. Mersilene 5   mm 
tape has also been proposed, but is more diffi cult to pull 
through the stroma and requires more tissue traction and 
manipulation. For right - handed surgeons, the fi rst tissue 
bite is taken at the 11 – 12:00 position on the cervix, exiting 
at around the 10:00 position. When placing the anterior 
stitch, the surgeon must avoid the bladder mucosa that 
can be identifi ed by moving the cervix in and out, and 
noting where the vaginal mucosa folds in as it refl ects off 
the ectocervix. As the descending branches of the uterine 
artery are found at 3:00 and 9:00, this area should also be 
avoided when placing the stitches high near the lateral 
fornices.

 The last tissue bite should exit in close proximity to the 
original entry site. Another variation of the original pro-
cedure uses two sutures placed several millimeters apart 
 [29] . This has the theoretic advantage of spreading the 
suture tension over a larger area and may help prevent 
the more cephalic stitch from becoming displaced. A 

Management

 Most of what is known about the management of the 
cervical insuffi ciency is based on case series that reported 
surgical correction of the presumed underlying mechani-
cal defect in the cervical stroma. Branch  [26]  in 1986 and 
Cousins  [27]  in 1980 collectively tabulated over 25 case 
series of cerclage effi cacy published between 1959 and 
1981. Branch  [26]  estimated a precerclage perinatal sur-
vival range of 10 – 32% versus a range of 75 – 83% in the 
same cohorts of women managed with Shirodkar cer-
clage. Similarly, case series that utilized McDonald cer-
clage reported a cohort perinatal survival range of 7 – 50% 
before and 63 – 89% using cerclage. Cousins  [27]  estimated 
a  “ mean ”  survival before Shirodkar cerclage of 22% 
versus 82% post therapy, and 27% and 74%, respectively, 
for investigators who utilized the McDonald technique. 
In total, over 2000 patients have been reported in these 
historic cohort comparisons. However, interpretation of 
these series is problematic.
    •      Diagnostic criteria were not consistent or always 
reported.  
   •      Defi nitions of treatment success were inconsistent (but 
generally recorded as perinatal survival, as opposed to a 
gestational age - based endpoint).  
   •      Treatment approaches were not always detailed and 
might involve multiple combinations of surgery, medica-
tion, bedrest, and other uncontrolled therapies. 
   •      Cases were not subcategorized according to etiology 
(i.e. anatomic defects versus a presumed functional cause) 
 [27] . Nevertheless, based on compelling but potentially 
biased effi cacy data, placement of a history - indicated cer-
clage in women with clinically defi ned cervical insuffi -
ciency has become standard practice.    
 Once a patient has been properly evaluated and deemed 
a suitable candidate for a history - indicated cerclage, a 
surgical method is chosen. In the presence of normal cer-
vical anatomy and no prior failed cerclage procedures (or 
a prior successful McDonald cerclage), a McDonald pro-
cedure is the technique of choice, because it is technically 
easier to perform and appears to be similarly effective to 
the Shirodkar technique  [28] . Shirodkar cerclage should 
be reserved for women with anatomic deformities such 
as an unrepaired cervical laceration or a hypoplastic 
cervix where a McDonald cerclage is felt to be technically 
inadvisable. For example, a Shirodkar cerclage should be 
considered whenever there is less than 1   cm of visible 
cervix below the vaginal fornix. 

 A patient with a prior failed McDonald cerclage occa-
sionally presents for subsequent obstetric care or precon-
ception counseling. If the prior pregnancy failure is 
believed to have been the result of cervical insuffi ciency 
(as opposed to other components of the spontaneous 
preterm birth syndrome), the patient might be considered 
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Acute cervical insuffi ciency 
 On occasion, a woman will present with symptoms and 
physical fi ndings that support an antepartum diagnosis 
of cervical insuffi ciency. This syndrome, however, com-
prises a wide spectrum of clinical expression. Women 
who present with acute cervical insuffi ciency, generally 
defi ned as: (1) midtrimester cervical dilation of at least 
2   cm, (2) membranes prolapsing to or beyond the external 
os, and (3) no other predisposing cause (e.g. labor, infec-
tion, abruption), are often considered for  physical
examination - indicated  (a.k.a. emergency) cerclage. 

 Aarts  et al   [30]  reviewed eight case series published 
between 1980 and 1992 comprising 249 patients who 
received an emergency midtrimester cerclage and esti-
mated a mean neonatal survival rate of 64% (range 22 –
 100%). Smaller, uncontrolled reports of cerclage suggested 
no benefi t  [31]  or some benefi t  [32] . Although these 
reports are not of suffi cient scientifi c quality on which to 
base fi rm management recommendations, collectively 
they demonstrated several important concepts. The 
earlier the gestational age at presentation and the more 
advanced the cervical dilation, the greater the risk of poor 
neonatal outcome. The fi nding of membrane prolapse 
into the vagina is also a signifi cant risk factor for poor 
outcome  [33] . 

 Althuisius and colleagues  [34]  reported the results of a 
randomized clinical trial of physical exam - indicated cer-
clage plus bedrest versus bedrest alone in 23 women (sin-
gletons and twins) who presented with nonlabor cervical 
dilation and prolapsing membranes prior to 27 weeks ’  
gestation. They observed a longer mean interval from 
presentation to delivery (54 versus 20 days; P    =    0.046) in 
the cerclage group. Neonatal survival was 9/16 with cer-
clage and 4/14 in the bedrest group. Although the sur-
vival differences were not statistically signifi cant, there 
was signifi cantly lower neonatal composite morbidity 
(including death) in the cerclage group (10/16 versus 
14/14; P    =    0.02). 

 Other reports show that women who present with 
acute cervical insuffi ciency have an appreciable (nominal 
50%) incidence of bacterial colonization of their amniotic 
fl uid, including other markers of subclinical chorioam-
nionitis  [35 – 37]  or proteomic markers of infl ammation or 
bleeding  [38] . Women with abnormal amniotic fl uid 
markers have a much shorter presentation - to - delivery 
interval, regardless of whether they receive cerclage or are 
managed expectantly with bedrest. Of interest, a sono-
graphic marker of intrauterine subclinical infection has 
been demonstrated  [39] . 

 Thus, the optimal management of women who present 
with acute cervical insuffi ciency remains indefi nite. 
Although emergency cerclage may confer some benefi t, 
patient selection remains largely empiric. While not 
standard care, the evaluation of amniotic fl uid markers of 
infection and infl ammation appears to have important 

second stitch should be considered if the fi rst suture was 
not optimally placed at the bladder refl ection anterior or 
as high as possible in the posterior vaginal fornix. It is 
necessary to record how many stitches were placed and 
where the knots were tied to facilitate their later removal. 

 After the cerclage stitch has been placed, it is important 
to take up any slack introduced with the multiple tissue 
bites, utilizing a  “ laundry bag ”  technique, whereby trac-
tion is applied to each side of the exiting suture while 
holding countertraction at the exit site with two fi ngers 
of the opposite hand. Once this is accomplished, the 
suture is tied down fi rmly but should not cause visible 
blanching of the surrounding tissue. In order to facilitate 
later identifi cation and removal, a long tag should be left 
above the knot. After placement, a digital examination 
will confi rm a closed endocervical canal that is not overly 
constricted. However, it should not admit a gloved fi nger. 

 Figure  34.1  shows a short cervix by ultrasound before 
cerclage placement, and Figure  34.2  shows the suture 
visible after ultrasound - indicated cerclage placement.    

Figure 34.1     Short cervix, measured before cerclage (2.06   cm).  

Figure 34.2     Short cervix, with suture visible, measured after 
ultrasound - indicated cerclage (2.36   cm).  
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effi cacy  [45] : intervention was only effective in singleton 
pregnancies (there was a statistically signifi cant  harm  in 
multiples), and ultrasound - indicated cerclage was espe-
cially effective in women who had a prior preterm birth 
(adjusted odds ratio, 0.6). 

 The fi fth randomized trial, performed by a consortium 
of 15 US centers, was recently published  [44]  and included 
only women who had at least one prior spontaneous 
preterm birth at 17 – 34 weeks ’  gestation, who were fol-
lowed with serial vaginal scans beginning at 16 weeks. As 
long as the cervical length was at least 30   mm, scans were 
scheduled every 2 weeks, but increased to weekly if the 
measured length was 25 – 29   mm. Those who developed a 
shortened cervical length < 25   mm between 16 and 22 6/7

weeks were assigned to McDonald cerclage or no cer-
clage. These investigators observed a statistically signifi -
cant decrease in previable births  < 24 weeks (6% versus 
14%), perinatal mortality (9% versus 16%) and birth < 37 
weeks (45% versus 60%), but a nonsignifi cant decrease in 
the comparative rates of preterm birth  < 35 weeks (32% 
versus 42%), which was the trial ’ s primary outcome. 
Cerclage benefi t was closely linked to cervical status, and 
women with cervical length < 15   mm accrued a much 
greater benefi t than those women who were randomized 
with a cervical length of 15 – 24   mm, suggesting that 
shorter lengths are more likely associated with a primary 
cervical etiology and more amenable to mechanical 
support. The results of this trial confi rmed the fi ndings of 
the metaanalysis described above and established the 
utility of screening and ultrasound - indicated cerclage in 
selected women based on theirobstetric history . Establishing 
the  “ optimal ”  cervical length for recommending cerclage 
in women with a prior spontaneous preterm birth and 
short cervix was not a primary goal of the trial, and will 
be the subject of future investigations.  

Ultrasound-indicated versus
history-indicated cerclage
 Since a woman may present with a history consistent with 
the spontaneous preterm birth syndrome (and may have 
even undergone prior cerclage even though review of her 
prior pregnancy(ies) did not confi rm a clinical diagnosis 
of insuffi ciency), investigators have questioned whether 
these patients fare better using vaginal ultrasound versus 
obstetric history as the chief indication for surgery. A sys-
tematic review by Blickman and colleagues  [46]  addressed 
this issue and included a thorough literature search and 
the selection of six relevant studies with various method-
ologies including cohort, case – control, and randomized 
designs. In none of these six reports was either strategy 
favored for preventing preterm birth at various gesta-
tional age cut - offs ranging from  < 24 to  < 37 weeks. In 
the ultrasound - indicated groups, cerclage was avoided 
in 40 – 68% of women who underwent ultrasound 
surveillance.

prognostic value, although it is still unclear whether and 
to what extent the results should direct patient 
management.

Should cervical insuffi ciency  become
a sonographic diagnosis?
 Numerous investigators have asserted that cervical insuf-
fi ciency can be diagnosed by midtrimester sonographic 
evaluation of the cervix. Various sonographic fi ndings, 
including shortened cervical length, funneling at the 
internal os, and dynamic response to provocative maneu-
vers (e.g. fundal pressure), have been utilized to select 
women for treatment, generally cerclage. In most of these 
earlier reports, the sonographic evaluations were not 
blinded, leading to uncontrolled interventions and 
diffi culty determining their effectiveness. In many 
instances, the sonographic criteria for cervical insuffi -
ciency were only qualitatively described and thus were 
not reproducible. 

 Currently, fi ve randomized trials of cerclage for sono-
graphic indications have been published  [40 – 44] . 
Althuisius et al   [40]  in The Netherlands enrolled patients 
whose history or symptoms suggested cervical insuffi -
ciency. Of the 19 assigned to cerclage, there was no 
preterm birth  < 34 weeks versus a 44% preterm birth rate 
in the no cerclage – home rest group (P  =  0.002); none of 
the women who maintained a cervical length of at least 
25   mm experienced a preterm birth. Rust  et al   [41]  enrolled 
138 women who had various risk factors for preterm birth 
(including 12% with multiple gestations) and randomly 
assigned them to receive McDonald cerclage or no cer-
clage after their cervical length shortened to < 25   mm or 
they developed funneling > 25%. Rates of preterm birth 
< 34 weeks were 35% in the cerclage group versus 36% in 
the control group. 

 In a multinational trial comprising 12 hospitals in six 
countries, To  et al   [42]  screened 47,123 unselected women 
at 22 – 24 weeks ’  gestation with vaginal ultrasound to 
identify 470 with a shortened cervical length of 15   mm or 
less. Of these 470, 253 participated in a randomized trial 
whose primary outcome was the intergroup rates of 
delivery prior to 33 weeks ’  gestation. Women assigned to 
the (Shirodkar) cerclage group (n    =    127) had a similar rate 
of preterm birth to the control population (n    =    126), 22% 
versus 26% (P    =    0.44). Berghella  et al   [43]  screened women 
with various risk factors for spontaneous preterm birth 
(prior preterm birth, curettage, cone biopsy, DES expo-
sure) with vaginal scans every 2 weeks from 14 to 23 
weeks ’  gestation and randomly assigned 61 with a cervi-
cal length < 25   mm or funneling  > 25% to McDonald cer-
clage or to a no - cerclage control group. Preterm birth  < 35 
weeks was observed in 45% of the cerclage group and 
47% of the control group. More recently, a patient - level 
metaanalysis of these four randomized trials uncovered 
a relationship between pregnancy history and cerclage 
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cerclage must be removed. This decision is made by the 
managing obstetrician based on serial examination of the 
cervix and lower uterine segment. 

 Preterm premature rupture of membranes (PPROM) 
complicates 25 – 30% of pregnancies managed with cer-
clage  [18,37] . Uncontrolled retrospective series have dem-
onstrated that, when the cerclage is removed on admission, 
perinatal outcomes are indistinguishable from similar 
cases of PPROM with no antecedent cerclage  [49 – 51] . 
Other series have addressed the question of whether the 
cerclage should be left in place or removed immediately 
after spontaneous membrane rupture  [52 – 54] . While 
these retrospective series cannot defi ne optimal manage-
ment, in the absence of clinical trial data confi rming a 
benefi t from leaving the cerclage in place after PPROM, 
the current weight of evidence suggests that the cerclage 
should be removed. Women with a periviable pregnancy 
might question whether cerclage removal is indicated, 
believing that it will maintain the pregnancy. In the 
absence of a well - controlled trial confi rming harm from 
leaving the stitch in situ , individualization should be 
permitted.

Cerclage complications
 The perceived simplicity and safety of transvaginal cer-
clage have made this treatment subject to empiric use, 
in spite of the risk of associated complications  [55] . The 
most commonly reported complications associated with 
cerclage are membrane rupture and intrauterine infec-
tion. Bleeding may occur, but serious hemorrhage is 
generally limited to the cervicoisthmic procedure. 
Essentially all transvaginal cerclage procedures are 
performed under regional anesthesia, which has a low 
complication rate. 

 Harger  [55]  tabulated cerclage - associated complica-
tions reported in the past 40 years. Chorioamnionitis com-
plicated 0.8 – 8% of elective (i.e. history - indicated) cerclage 
procedures and 9 – 37% of emergency procedures. 
Membrane rupture attributed to history - indicated cer-
clage was observed in 1 – 18% and was associated with up 
to 65% of emergency cases. Ultrasound - indicated cerclage 
has been associated with low rates of perioperative com-
plications  [44] . Whether cerclage alone can precipitate 
overt preterm labor seems doubtful. However, the foreign 
body might lower the threshold for uterine activity 
because of local infl ammatory effects. Uterine activity 
often occurs in proximity to cerclage placement and 
women who have undergone cerclage are more likely to 
receive tocolytic agents during their gestation  [24] .  

Adjunctive management strategies for 
cervical insuffi ciency 
 Alternative therapies for cervical insuffi ciency can be 
broadly classifi ed as either providing mechanical support 
or administering pharmacologic measures to reduce 
infl ammation and infection in order to maintain 

 A more recent multicenter randomized trial  [47]  of 
women with at least one prior spontaneous birth < 34 
weeks demonstrated similar preterm birth outcomes  < 34 
weeks in the history (15%) and ultrasound (15%) groups; 
however, in this trial fewer cerclage procedures were per-
formed (19% versus 32%) in the history - indicated group. 
Women were randomly assigned to the history or ultra-
sound arm prior to clinician ’ s assessment of the history 
and the diagnosis of insuffi ciency. While this trial con-
fi rmed the systematic review in that neither history nor 
ultrasound cerclage indication yields superior outcomes, 
the indications for cerclage in the history group were not 
thoroughly described (and reproducible), but rather left 
solely to clinician judgment. 

 In summary, when evaluating a patient with a history 
of spontaneous preterm birth in whom the indication for 
cerclage is questioned, ultrasound surveillance appears to 
decrease surgical interventions while yielding similar 
outcomes as history - indicated cerclage.  

Postcerclage management
 There are a number of empiric recommendations regard-
ing physical activity after discharge. A limited interval 
(24 – 48   h) of mandatory bedrest is often advised in the 
immediate postoperative period. Pelvic rest and sexual 
abstinence for the remainder of gestation are widely pre-
scribed. Because the use of bedrest in pregnancy as an 
effective therapy has been questioned  [48] , it seems rea-
sonable to individualize this recommendation based on a 
patient’ s symptoms and physical fi ndings. However, 
because women with cervical insuffi ciency and cerclage 
are still at increased risk for preterm birth, physically 
demanding occupations or prolonged standing should be 
curtailed.

 In the absence of indications for earlier removal, the 
stitch should be removed around 37 weeks ’  gestation. 
Often performed in an outpatient setting, elective removal 
at term may be complicated by hemorrhage or diffi culty 
locating the suture, which may have become embedded 
in the cervical stroma. Because it is generally buried 
under the bladder refl ection, removal of a Shirodkar cer-
clage may be particularly troublesome. Diffi cult removal 
increases patient discomfort, and, at times, light con-
scious sedation may be required. Hemorrhage from the 
suture track may occur, but it can usually be controlled 
with direct pressure. 

 Because many women with clinically defi ned cervical 
insuffi ciency and cerclage remain at high risk for develop-
ing other components of the spontaneous preterm birth 
syndrome, indications for cerclage removal remote from 
term may develop. Patients with cerclage should be 
instructed on the symptoms of preterm labor and be able 
to present early for evaluation. Women with cerclage and 
preterm labor can be managed with tocolytic medications 
and should receive corticosteroids according to published 
guidelines. Nevertheless, if labor is progressive, the 
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this trial, 250 women with cervical change suggesting 
insuffi ciency were randomized to cerclage or pessary (the 
type was not stated). The cerclage group and pessary 
group had term delivery rates of 69% and 62%, respec-
tively. Another recent retrospective analysis of 36 women 
with midtrimester cervical shortening, managed either 
expectantly or with a Smith – Hodge pessary, showed a 
signifi cant decrease in the incidence of preterm birth  < 35 
weeks (0% versus 40%; P  =  0.03)  [64] . Although further 
comparative effi cacy trials are needed, it would seem 
reasonable to recommend a trial of vaginal pessary in 
women with unclear histories or those who demonstrate 
progressive cervical change on serial midtrimester 
evaluations.   

Conclusion

 Contemporary lines of evidence indicate that cervical 
insuffi ciency is rarely a distinct and well - defi ned clinical 
entity, but only one component of a larger and more 
complex syndrome of spontaneous preterm birth. The 
original paradigm of obstetric and gynecologic trauma as 
a common antecedent of cervical insuffi ciency has been 
replaced by the recognition of  functional , as opposed to 
anatomic  defi cits as the more prevalent etiology. Cervical 
competence  functions along a continuum, infl uenced by 
both endogenous and exogenous factors that interact 
through various pathways with other recognized compo-
nents of the preterm birth syndrome: uterine contractions 
and decidual activation/membrane rupture. Thus, the 
convenient term cervical insuffi ciency  may actually repre-
sent an oversimplifi ed, incomplete version of the broader 
pathophysiologic process.    

uterine quiescence. A review of older case series of 
cerclage indicated that progesterone (usually 17 α  -
 hydroxyprogesterone caproate) and, more recently, 
various tocolytic agents (usually indomethacin) and 
various prophylactic antibiotic regimens are widely pre-
scribed adjuncts to cerclage. Whether these agents alone 
or in combination offer any therapeutic value is unknown, 
because none has been proved effective in controlled 
intervention trials. A recent retrospective analysis sug-
gested that indomethacin was not effective in prolonging 
gestation when administered in the perioperative period 
as an adjunct to ultrasound - indicated cerclage  [56] . Of the 
agents commonly prescribed in this clinical setting, pro-
gesterone appears to be the most promising  [57 – 59] ; 
however, it may not confer additional benefi t to women 
undergoing ultrasound - indicated cerclage for short 
cervix  [60] . 

 Investigators in Europe and the USA have studied 
vaginal pessaries for the treatment of the incompetent 
cervix  [61] . In 1961, Vitsky  [62]  proposed the mechanism 
whereby a lever pessary (Smith, Hodge, or Risser design) 
might be an effective treatment for the incompetent 
cervix. A vaginal pessary would displace the cervix pos-
teriorly and shift the gravitational effects of the expand-
ing uterine contents off the internal os and onto the 
anterior lower uterine segment. Interpretation of the clini-
cal research in this area has been hampered by the fre-
quent use of historic - control study designs, similar to 
those utilized in most series espousing the effi cacy of 
cerclage. Likewise, the reported success rates of vaginal 
pessaries closely mirror those observed with cerclage and 
nominal success rates are in the 80 – 90% range  [61] . Only 
one randomized trial has been located, and this was a 
German study published in 1986 by Forster et al   [63] . In 

History
 A 24 - year - old para 0201 is seen for preconception coun-
seling. Her obstetric history includes two prior spontane-
ous preterm births at 27 and 23 weeks ’  gestation. More 
careful questioning and review of records show that both 
deliveries were preceded by premature rupture of mem-
branes. In her fi rst pregnancy she was admitted at 26 
weeks’  gestation with PPROM and managed expectantly 
with prophylactic antibiotics, corticosteroids, and fetal 
surveillance. At 27 weeks she developed chorioamnionitis 
and underwent induction of labor. In her second preg-
nancy she experienced PPROM at 21 weeks and labor at 
23 weeks. The liveborn infant succumbed to respiratory 
failure. Review of the placental pathology report showed 
chorioamnionitis, although she did not have puerperal 
fever.  

Physical examination
 Normal cervical anatomy with no palpable defect around 
the circumference. The cervical length to palpation is 
1.5   cm. The external os appears parous but is fi rmly 
closed.

Assessment
 Preterm birth syndrome (recurrent).  

Plan
 Discuss history - indicated cerclage versus serial cervical 
length assessment and ultrasound - indicated cerclage 
for cervical shortening. Adjunctive weekly proge-
sterone (Delalutin) is also recommended beginning at 
16 weeks. 

CASE PRESENTATION 

Continued
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Follow-up
 In her next pregnancy, she develops cervical shortening 
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At 30 weeks she experiences PPROM; the cerclage is 
removed and the patient is managed expectantly in the 
hospital with antibiotics and corticosteroids. At 32 weeks 

she develops regular contractions, and the cervix is 
found to be 6   cm dilated. She undergoes a low transverse 
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       Hypertension is the most common medical disorder 
arising during pregnancy  [1] . Approximately 70% of 
women diagnosed with hypertension during pregnancy 
will have gestational hypertension/preeclampsia. The 
term  “ preeclampsia ”  is used to describe a wide spectrum 
of patients who may have only mild elevation in blood 
pressure (BP) or severe hypertension with end - organ 
dysfunction, including acute gestational hypertension, 
preeclampsia, eclampsia, and hemolysis, elevated liver 
enzymes, low platelet count (HELLP) syndrome.  

  Gestational  h ypertension 

 Gestational hypertension is defi ned as a systolic BP of at 
least 140   mmHg and/or a diastolic BP of at least 90   mmHg 
on at least two occasions at least 4 – 6   h apart after the 20th 
week of gestation in women known to be normotensive 
before pregnancy and before 20 weeks ’  gestation. The BP 
recordings used to establish the diagnosis should be 
obtained no more than 7 days apart  [2] . Gestational 
hypertension is considered severe if there are sustained 
elevations in systolic BP to at least 160   mmHg and/or in 
diastolic BP to at least 110   mmHg for at least 6   h  [1,3] . 
Some women with gestational hypertension will subse-
quently progress to preeclampsia. The rate of progression 
depends on gestational age at time of diagnosis; the rate 
reaches 50% when gestational hypertension develops 
before 30 weeks ’  gestation  [4] .  

  Preeclampsia 

 Preeclampsia is primarily defi ned as gestational hyper-
tension plus proteinuria (greater than 300   mg/24 - h 

period)  [1] . If a 24 - h urine collection is not available, then 
proteinuria is defi ned as a concentration of at least 30   mg/
dL (at least  + 1 on dipstick) in at least two random urine 
samples collected at least 6   h apart. The urine measure-
ments used to establish proteinuria should be taken no 
more than 7 days apart  [2] . 

 The concentration of urinary protein in random urine 
samples is highly variable. Recent studies have found that 
urinary dipstick determinations correlate poorly with the 
amount of proteinuria found in 24 - h urine determinations 
in women with gestational hypertension  [5] . Therefore, 
the defi nitive test to diagnose proteinuria is a quantitative 
protein excretion in a 24 - h period. Severe proteinuria is 
defi ned as protein excretion of at least 5   g/24 - h period, 
but in clinical practice this may be diffi cult to ascertain. 
Urine dipstick values should not be used to diagnose 
severe proteinuria  [1,6] . In the absence of proteinuria, 
preeclampsia should be considered when gestational 
hypertension is associated with persistent cerebral 
symptoms, epigastric or right upper quadrant pain with 
nausea or vomiting, thrombocytopenia or abnormal liver 
enzymes. These women are considered to have atypical 
preeclampsia  [7] . 

 Preeclampsia is considered severe if there is severe ges-
tational hypertension in association with abnormal pro-
teinuria or if there is hypertension in association with 
severe proteinuria (at least 5   g/24 - h period). In addition, 
preeclampsia is considered severe in the presence of mul-
tiorgan involvement such as pulmonary edema, seizures, 
oliguria (i.e. urine output less than 500   mL/24 - h period), 
thrombocytopenia (platelet count less than 100,000/
mm 3 ), abnormal liver enzymes in association with persist-
ent epigastric or right upper quadrant pain, or persistent 
severe central nervous system symptoms (altered mental 
status, headaches, blurred vision, or blindness)  [1] .  
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and lipid metabolism, leukocyte activation, and changes 
in various cytokines and growth factors. There is sub-
stantial evidence suggesting that the pathophysiologic 
abnormalities of preeclampsia are caused by abnormal 
angiogenesis, particularly an imbalance in the soluble 
fms - like tyrosine kinase - 1 (sFlt - 1):placental growth factor 
(PLGF) ratio  [10] . In addition, serum levels of endoglin 
are also elevated before and after the onset of preeclamp-
sia. Moreover, some authors have reported that soluble 
endoglin contributes to the pathogenesis of preeclampsia 
by amplifying the endothelial damage caused by sFlt - 1 in 
pregnant women with severe preeclampsia  [10] .  

  Management 

 The objective of management in women with gestational 
hypertension/preeclampsia must always be safety of the 
mother and then delivery of a mature newborn who will 
not require intensive and prolonged neonatal care. This 
can only be achieved with a plan that takes into consid-
eration one or more of the following: the severity of the 
disease process, fetal gestational age, maternal and fetal 
status at time of the initial evaluation, presence of labor, 
and the wishes of the mother  [1] . 

  Mild  h ypertension or  p reeclampsia 
 Once the diagnosis of mild gestational hypertension or 
mild preeclampsia is made, subsequent therapy will 
depend on the results of maternal and fetal evaluation. (A 
suggested algorithm for management of mild preeclamp-
sia is described in Figure  35.1 .) In general, women with 
mild disease developing at 37 weeks ’  gestation or after 
have a pregnancy outcome similar to that found in nor-
motensive pregnancy. These patients should undergo 
induction of labor for delivery  [11] .   

 All patients with mild preeclampsia at less than 37 
weeks should receive maternal and fetal evaluation at the 
time of their diagnosis. Maternal evaluation includes 
measurements of blood pressure, weight, and urine 
protein, and questioning about symptoms of headache, 
visual disturbances, and epigastric pain. 

 Laboratory evaluation includes determinations of 
hematocrit, platelet counts, liver enzyme levels, and a 
24 - h urine collection once a week. This evaluation is 
important because patients may develop thrombocy-
topenia and abnormal liver enzyme levels with minimal 
BP elevations. Fetal evaluation should include ultra-
sonography to determine fetal growth and amniotic 
fl uid volume every 3 weeks, daily fetal movement count 
( “ kick count ” ), and nonstress testing (NST) at least once 
weekly. 

 Patients are instructed to take a regular diet with no salt 
restriction. Diuretics, antihypertensive drugs, and seda-
tives are not used. Several studies indicate that these 

  Perinatal  o utcomes 

  Gestational  h ypertension 
 In general, the majority of cases of mild gestational hyper-
tension develop at or beyond 37 weeks ’  gestation, and 
thus pregnancy outcome is similar to that seen in women 
with normotensive pregnancies. On the other hand, 
maternal and perinatal morbidities are substantially 
increased in women with severe gestational hyperten-
sion. Indeed, these women have higher morbidities than 
women with mild preeclampsia. The rates of abruptio 
placentae, preterm delivery (at less than 37 and 35 weeks), 
and small for gestational age (SGA) infants in women 
with severe gestational hypertension are similar to those 
seen in women with severe preeclampsia. Therefore, 
these women should be managed as if they had severe 
preeclampsia  [1,8] .  

  Preeclampsia 
 The perinatal death rate and rates of preterm delivery, 
SGA infants, and abruptio placenta in women with mild 
preeclampsia are similar to those of normotensive preg-
nancies. The rate of eclampsia is less than 1%, but the rate 
of cesarean delivery is increased to 40 – 50% because of 
increased rates of induction of labor. In contrast, perinatal 
mortality and morbidities as well as the rates of abruptio 
placentae are substantially increased in women with 
severe preeclampsia. The rate of neonatal complications 
is markedly increased in those who develop severe preec-
lampsia in the second trimester (80 – 90%), whereas it is 
minimal in those with severe preeclampsia beyond 35 
weeks ’  gestation (10 – 20%). 

 Severe preeclampsia is also associated with increased 
risk of maternal mortality (0.2%) and increased rates of 
maternal morbidities (5%) such as convulsions, pulmo-
nary edema, acute renal or liver failure, liver hemorrhage, 
disseminated intravascular coagulopathy, and stroke. 
These complications are usually seen in women who 
develop preeclampsia before 32 weeks ’  gestation and in 
those with preexisting medical conditions  [1,9] .   

  Etiology and  p athophysiology 

 The etiology of preeclampsia remains an obstetric enigma. 
Some of the suggested causes include inadequate 
endovascular remodeling of uterine spiral arteries, immu-
nologic intolerance between fetoplacental and maternal 
tissues, maladaptation to cardiovascular changes, excess 
infl ammatory changes of pregnancy, abnormal angio-
genesis, and genetic abnormalities  [8] . Some reported 
pathophysiologic abnormalities of preeclampsia include 
placental ischemia, generalized vasospasm, abnormal 
hemostasis with activation of the coagulation system, 
vascular endothelial dysfunction, abnormal nitric oxide 
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 In women with mild gestational hypertension, fetal 
evaluation should include an NST and an ultrasound 
examination of estimated fetal weight and amniotic fl uid 
index. If the results are normal, then there is no need for 
repeat testing unless there is a change in maternal condi-
tion (progression to preeclampsia or severe hypertension) 
or there is decreased fetal movement or abnormal fundal 
height growth  [1] .  

  Severe  p reeclampsia 
 The presence of severe preeclampsia mandates direct 
admission to labor and delivery. Magnesium sulfate 
should be administered intravenously to prevent convul-
sions and antihypertensive medications should be given 
to lower severe levels of hypertension (systolic pressure 
greater than 160   mmHg and/or diastolic pressure of at 
least 110   mmHg). The aim of the antihypertensive therapy 
is to keep systolic BP at 140 – 155   mmHg and diastolic BP 
at 90 – 105   mmHg and prevent potential cerebrovascular 
and cardiovascular complications  [1 – 3] . 

 During the observation period, maternal and fetal con-
ditions are assessed and a plan of management formu-
lated regarding the need for delivery. If the patient is less 
than 34 weeks, betamethasone 12   mg IM is adminis-
tered    ×    two doses 24   h apart. A suggested algorithm for 
management of severe preeclampsia is described in 
Figure  35.2   [12] .    

  Expectant  m anagement of  s evere 
 p reeclampsia 
 There is disagreement about treatment of patients with 
severe preeclampsia before 34 weeks ’  gestation where 
maternal condition is stable and fetal condition is reassur-
ing  [12] . In such patients, some authors consider delivery 
as the defi nitive treatment regardless of gestational age, 
whereas others recommend prolonging pregnancy until 
development of maternal or fetal indications for delivery, 
achievement of fetal lung maturity or at 34 weeks ’  gesta-
tion. Expectant management is safe in properly selected 
women with severe disease, although maternal and fetal 
conditions can deteriorate rapidly. Hospitalization and 
daily monitoring are required. These pregnancies involve 
higher rates of maternal morbidity and signifi cant risk of 
neonatal morbidity. For this reason, expectant manage-
ment should proceed only in a tertiary care center with 
adequate maternal and neonatal facilities. 

 These patients should be advised of the potential risks 
and benefi ts of expectant management, which requires 
daily monitoring of maternal and fetal conditions. It 
should be explained that the decision to continue expect-
ant management will be revisited on a daily basis and that 
the median number of days of pregnancy prolongation in 
these cases is 7 days (range 2 – 35 days)  [12] . 

 A plan for a vaginal delivery should be attempted for 
all women with mild disease and for the majority of 

agents do not improve pregnancy outcome, and may 
increase the incidence of fetal growth restriction  [1] . 

 With expectant management, patients are instructed to 
be on restricted but not complete bedrest, to have BP 
checked daily and to report symptoms of severe disease. 

 The women are usually seen twice weekly for evalua-
tion of maternal BP, urine protein, and symptoms of 
impending eclampsia. Maternal and fetal evaluation is 
performed once or twice weekly in an ambulatory testing 
unit. Any evidence of disease progression or develop-
ment of acute severe hypertension is an indication for 
prompt hospitalization. Indications for delivery are sum-
marized in Box  35.1 .   

  Box 35.1    Indication for  d elivery in  m ild  p reeclampsia 

        •      Gestational age greater than or equal to 37 weeks  

   •      Gestational age greater than or equal to 34 weeks with: 

    –      Labor  

   –      Rupture of membranes  

   –      Vaginal bleeding  

   –      Persistent headaches or visual symptoms  

   –      Epigastric pain, nausea, vomiting    

   •      Abnormal biophysical profi le  

   •      Criteria for severe preeclampsia met     

       Figure 35.1     Recommended management of mild gestational 
hypertension or preeclampsia. IUGR, intrauterine growth 
restriction; M/F, maternal/fetal.  
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       Figure 35.2     Recommended management of severe 
preeclampsia. MAP, mean arterial pressure; Maternal 
distress: imminent eclampsia, pulmonary edema, 
disseminated coagulopathy, eclampsia, acute renal failure. 
 Reproduced from Sibai and Barton  [12]  with permission 
from Elsevier.   
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function, those with capillary leaks, and those with early 
onset  –  are at increased risk for pulmonary edema and 
exacerbation of severe hypertension postpartum. These 
women should receive frequent evaluation of the amount 
of intravenous fl uids, oral intake, blood products, and 
urine output as well as monitoring by pulse oximetry and 
pulmonary auscultation. 

 In general, in most women with gestational hyperten-
sion, the BP becomes normotensive during the fi rst week 
postpartum. In contrast, in women with preeclampsia, 
the hypertension takes longer to resolve. In addition, in 
some women with preeclampsia there is an initial decrease 
in BP immediately postpartum, followed by development 
of hypertension again between days 3 and 6. Use of anti-
hypertensive drugs is recommended if the systolic BP is 
at least 155   mmHg and/or if the diastolic BP is at least 
105   mmHg. The drug of choice is oral nifedipine (10   mg 
every 6   h) or long - acting nifedipine (30 – 60   mg bid) to keep 
BP below that level. If BP is well controlled and there are 
no maternal symptoms, the woman is then discharged 
home with instructions for daily BP measurements by a 
home visiting nurse for the fi rst week postpartum or 

women with severe disease, particularly those beyond 30 
weeks ’  gestation  [2] . Cesarean delivery should be based 
on fetal gestational age, fetal condition, presence of labor, 
and cervical Bishop score. The presence of severe pre-
eclampsia is not an indication for cesarean delivery. 
However, elective cesarean section is recommended for 
women with severe disease below 30 weeks ’  gestation 
who are not in labor with a Bishop score of less than 5. 
Women with severe preeclampsia and fetal growth restric-
tion with unfavorable cervix at less than 32 weeks ’  gesta-
tion are better delivered by cesarean section.  

  Postpartum  m anagement 
 These women usually receive large amounts of intrave-
nous fl uids during labor, as a result of prehydration 
before the administration of epidural analgesia, and intra-
venous fl uids given during the administration of oxytocin 
and magnesium sulfate in labor and in the postpartum 
period. In addition, during the postpartum period there 
is mobilization of extracellular fl uid leading to increased 
intravascular volume. As a result, women with severe 
preeclampsia  –  particularly those with abnormal renal 
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sepsis, and stroke (less than 1%). Pregnancies complicated 
by HELLP syndrome are also associated with increased 
rates of wound hematomas and the need for transfusion 
of blood and blood products. The development of HELLP 
syndrome in the postpartum period further increases the 
risk of renal failure and pulmonary edema  [13] . 

 The reported perinatal death rate in recent series is in 
the range 7.4 – 20.4%. This high perinatal death rate is 
mainly experienced at very early gestational age (less 
than 28 weeks), in association with severe fetal growth 
restriction or abruptio placentae. Neonatal morbidities 
are dependent on gestational age at the time of delivery 
and they are similar to those in preeclamptic pregnancies 
without the HELLP syndrome. The rate of preterm deliv-
ery is approximately 70%, with 15% occurring before 28 
weeks ’  gestation  [13] . 

 Patients with the syndrome at less than 37 weeks 
should be referred to a tertiary care center and managed 
initially as any patient with severe preeclampsia. The fi rst 
priority is to assess the mother ’ s condition and stabilize 
it, particularly if she has coagulation abnormalities. The 
next step is to investigate fetal well - being with a nonstress 
test and biophysical profi le or Doppler assessment of fetal 
vessels. Finally, the decision must be made whether or not 
immediate delivery is indicated. A suggested algorithm 
for management is summarized in Figure  35.3   [13] . 
Delivery may be delayed for 24 – 48   h prior to 34 weeks ’  
gestation to administer corticosteroids if the patient is 
asymptomatic and the fetus has reassuring testing. High -
 dose steroids have been shown to improve platelet counts 
transiently in undelivered women with HELLP. However, 
these studies did not report improvement in clinically 
important maternal morbidity such as the need for plate-
let transfusion, pulmonary, renal, or hepatic complica-
tions  [15] . In addition, a double - blind, placebo - controlled 
trial revealed no benefi t from high - dose corticosteroids in 
women with HELLP syndrome  [16] .   

 Maternal and fetal conditions are assessed continu-
ously during this period. In some of these patients, 
there may be transient improvement in maternal labora-
tory tests but delivery is still indicated despite such 
improvement. 

 HELLP syndrome is not an indication for cesarean 
delivery, although cesarean delivery may be acceptable 
prior to 32 weeks ’  gestation with an unfavorable cervix, 
because of an anticipated long induction time in a clini-
cally deteriorating gravida. Ripening agents as well as 
oxytocin can be used to initiate labor with a favorable 
cervix after 30 weeks. If thrombocytopenia is severe, 
regional anesthesia and pudendal blocks may be con-
traindicated. In this situation, intravenous narcotics can 
still be administered for analgesia during labor. 

 Maintain platelet counts greater than 20,000/ μ L for 
vaginal delivery and 40,000/ μ L for cesarean delivery. If 
platelets fall below 40,000/ μ L prior to cesarean delivery, 
be prepared to administer platelets just prior to surgery 

longer, as necessary. Antihypertensive medications are 
discontinued if the pressure remains below the hyperten-
sive levels for at least 48   h  [1] .   

  Hemolysis,  e levated  l iver  e nzymes, 
 l ow  p latelet  c ount  s yndrome 

 This term describes preeclamptic patients having hemoly-
sis, elevated liver enzymes, and a low platelet count. The 
HELLP syndrome has been recognized for many years as 
a complication of severe preeclampsia/eclampsia  [13] . 
Our criteria for the diagnosis of HELLP syndrome include 
laboratory fi ndings summarized in Box  35.2 .   

 Approximately 90% of patients with HELLP syndrome 
are fi rst seen remote from term, complaining of epigastric 
or right upper quadrant pain. Approximately half have 
nausea or vomiting, and others have nonspecifi c viral 
syndrome - like symptoms. Hypertension or proteinuria 
may be absent or mild. Thus, some patients may display 
various signs and symptoms not diagnostic of severe 
preeclampsia. Consequently, for all pregnant women 
having any of these symptoms, it is advisable to obtain 
a complete blood count, platelet count, and liver 
enzymes  [13] . 

 Some patients may fi rst be seen because of jaundice, 
gastrointestinal bleeding, hematuria, or bleeding from the 
gums. As a result, these patients are often misdiagnosed 
as having viral hepatitis, gallbladder disease, peptic ulcer 
disease, kidney stones, glomerulonephritis, acute fatty 
liver of pregnancy, idiopathic or thrombotic thrombocy-
topenia purpura, or hemolytic uremic syndrome  [14] . 

  Perinatal  o utcomes and  m anagement 
 The presence of HELLP syndrome is associated with an 
increased risk of maternal death (1%) and increased rates 
of maternal morbidities such as pulmonary edema (8%), 
acute renal failure (3%), disseminated intravascular coag-
ulopathy (15%), abruptio placentae (9%), liver hemor-
rhage or failure (1%), adult respiratory distress syndrome, 

  Box 35.2    Recommended  c riteria for  HELLP   s yndrome 

        •      Hemolysis (at least two of these fi ndings): 

    –      Peripheral smear (schistocytes, burr cells)  

   –      Serum bilirubin (greater than or equal to 1.2   mg/dL)  

   –      Low serum haptoglobin  

   –      Severe anemia, unrelated to blood loss    

   •      Elevated liver enzymes: 

    –      AST or ALT greater than or equal to twice upper level of normal  

   –      LDH greater than or equal to twice upper level of normal    

   •      Low platelets (less than100,000/mm 3 )     

     ALT, alanine aminotransferase; AST, aspartate aminotransferase; 

LDH, lactic dehydrogenase.   
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       Figure 35.3     Management of HELLP 
(hemolysis, elevated liver enzymes, and 
low platelet count) syndrome.  Reproduced 
from Sibai  [13]  with permission from 
Lippincott Williams and Wilkins.   
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  Eclampsia 

 Eclampsia is defi ned as the onset of seizures and/or 
unexplained coma during pregnancy or postpartum in 
patients with signs and symptoms of preeclampsia. 
Although most cases (90%) present in the third trimester 

and/or intraoperatively. At the time of skin incision, 6 – 10 
units of platelets are usually administered, and an addi-
tional 6 units are administered if oozing is noted during 
surgery. Depending on the platelet count and degree of 
oozing, leave the bladder fl ap open and place an intra-
peritoneal and/or subcutaneous closed suction drain 
through a separate stab wound in an attempt to prevent 
wound hematomas. Box  35.3  summarizes the steps taken 
in cesarean delivery.   

 After delivery, patients with HELLP syndrome should 
receive close monitoring of vital signs, fl uid intake and 
output, laboratory values, and pulse oximetry for at least 
48   h. Intravenous magnesium sulfate prophylaxis should 
be continued for 48   h. 

 The clinical and laboratory fi ndings of HELLP syn-
drome may develop for the fi rst time in the postpartum 
period. In these patients, the time of onset of the mani-
festations ranges from a few hours to 7 days, with the 
majority developing within 48   h postpartum. Hence, 
all postpartum women and healthcare providers should 
be educated as to the signs and symptoms of HELLP 
syndrome. The treatment of patients with postpartum 
HELLP syndrome should be similar to that in the ante-
partum period, including the use of magnesium sulfate 
 [13,15] .   

  Box 35.3    Cesarean  d elivery in  HELLP   s yndrome 

        •      Epidural anesthesia 

    –      Platelet count greater than75,000/ μ L    

   •      General anesthesia  

   •      Platelet transfusion if necessary 

    –      6 – 10 units  

   –      Platelet count less than 40,000/ μ L  

   –      In operating room at time of surgery    

   •      Vesicouterine peritoneum left open  

   •      Subfascial drain if oozing at time of surgery and/or platelet count 

less than 40,000/ μ L  

   •      Skin closure 

    –      Subcutaneous drain (closed system) 

  or   

   –      Secondary closure 3 days later    

   •      Perioperative transfusions as needed  

   •      Intensive monitoring for 48   h postpartum     
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can be achieved with intravenous bolus doses of 5 – 10   mg 
hydralazine or 20 – 40   mg labetalol every 15   min, as needed, 
or 10 – 20   mg nifedipine orally every 30   min to a maximum 
dosage of 50   mg in 1   h. Sodium nitroprusside or nitroglyc-
erine is rarely needed in eclampsia. Diuretics are not used 
except in the setting of pulmonary edema. 

 Finally, begin induction of labor within 24   h. It is impor-
tant to keep in mind that the presence of eclampsia is not 
an indication for cesarean delivery. The patient should 
not be rushed to the operating room, especially if mater-
nal condition is not stable. It is to the fetus ’  advantage to 
be resuscitated  in utero  fi rst. However, if bradycardia or 
persistent late decelerations occur despite resuscitative 
measures then a diagnosis of abruptio placentae or non-
reassuring fetal status should be considered. The decision 
to proceed with cesarean delivery after maternal stabiliza-
tion is based on the fetal gestational age, fetal condition, 
presence of labor, and cervical Bishop score. Cesarean 
delivery is recommended for those with eclampsia before 
30 weeks, who are not in labor, and have a Bishop score 
below 5. Patients in labor or with ruptured membranes 
are allowed to deliver vaginally in the absence of obstetric 
complications. Labor can be induced with either oxytocin 
or prostaglandins in all patients after 30 weeks ’  gestation 
irrespective of Bishop score. 

 During the convulsion there is usually a prolonged 
deceleration and/or bradycardia. Following the convul-
sion and as a result of maternal hypoxia and hypercarbia, 
fetal heart rate monitoring might show compensa tory 
tachycardia, decreased beat - to - beat variability, and tran-
sient late decelerations  [17] . Additionally, uterine contrac-
tion monitors demonstrate increase in both uterine tone 
and frequency. The duration of the increased uterine activ-
ity varies from 2 to 14   min (Box  35.5 ). Because the fetal 
heart rate pattern usually returns to normal after a 

or within 48   h following delivery, rare cases (1.5%) have 
been reported at or prior to 20 weeks and as late as 23 
days postpartum. The diagnosis of eclampsia is straight-
forward in the presence of hypertension, proteinuria, gen-
eralized edema, and convulsions. However, these patients 
could present with a broad spectrum of signs, ranging 
from severe hypertension (20 – 54%), severe proteinuria 
and generalized edema (48%), to absent or mild hyperten-
sion (30 – 60%), absent proteinuria (14%), and no edema 
(26%)  [17] . 

 Other symptoms may occur before or after the onset of 
seizures, including persistent frontal or occipital head-
aches (50 – 75%), blurred vision (19 – 32%), photophobia, 
epigastric/right upper quadrant pain, and altered mental 
status. All these symptoms in the presence of the above -
 mentioned risk factors should keep the physician watch-
ful for development of eclampsia  [14] . 

  Management 
 The cardinal steps in the management of eclampsia are as 
follows. Do not attempt to arrest the fi rst seizure, espe-
cially when no intravenous access or skilled personnel for 
rapid intubation are available. First, support maternal 
respiratory and cardiovascular functions to prevent 
hypoxia. Establish airway patency and maternal oxygen-
ation during or immediately after the acute episode. Even 
if the initial seizure is short, it is important to maintain 
oxygenation by supplemental oxygen administration via 
facemask with or without a reservoir at 8 – 10   L/min 
because hypoventilation followed by respiratory acidosis 
often occurs. Pulse oximetry is advisable to monitor oxy-
genation in these patients. Arterial blood gas analysis is 
required if the pulse oximetry is abnormal (saturation less 
than 92%)  [17] . 

 Second, prevent maternal injury and aspiration by 
securing the bed ’ s side rails by elevating them and making 
sure they are padded. Place the patient in the lateral decu-
bitus position to minimize aspiration of oral secretions 
and vomitus in the event of emesis. 

 Third, intravenous magnesium sulfate should be 
started to treat and prevent further seizures. The recom-
mended regimen is to give a loading dose of 6   g over 
15 – 20   min followed by a continuous infusion of 2   g/h. Ten 
percent of patients might have a second convulsion after 
receiving magnesium sulfate. In this case, another 2   g 
bolus of magnesium sulfate can be given intravenously 
over 3 – 5   min. If the patient is still having seizure activity 
after adequate magnesium sulfate dosing, 250   mg sodium 
amobarbital may be given intravenously over 3 – 5   min. Be 
watchful for magnesium toxicity in women with abnor-
mal renal function. Signs and symptoms and manage-
ment of magnesium toxicity are given in Box  35.4 .   

 Fourth, it is important to reduce and maintain blood 
pressure in a safe range. The goal is to keep systolic BP at 
140 – 160   mmHg and diastolic BP at 90 – 110   mmHg. This 

  Box 35.4    Magnesium  t oxicity 

  Manifestations 

     •      Loss of patellar refl ex (8 – 12   mg/dL)  

   •      Feeling of warmth, fl ushing (9 – 12   mg/dL)  

   •      Somnolence (10 – 12   mg/dL)  

   •      Slurred speech (10 – 12   mg/dL)  

   •      Muscular paralysis (15 – 17   mg/dL)  

   •      Respiratory diffi culty (15 – 17   mg/dL)  

   •      Cardiac arrest (30 – 35   mg/dL)     

  Management 

     •      Discontinue magnesium sulfate  

   •      Obtain magnesium (serum) level  

   •      If magnesium level greater than15   mg/dL: 

    –      Give 1   g calcium gluconate IV  

   –      Intubate  

   –      Assist ventilation       
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mended. Oral nifedipine offers a benefi cial diuretic 
effect in the postpartum period. There are no risks from 
the combined use of magnesium sulfate and oral nif-
edipine  [17] .   

  Prediction and  p revention of 
 p reeclampsia 

 Numerous clinical, biophysical, and biochemical tests 
have been proposed for the prediction or early detection 
of preeclampsia. Unfortunately, most of these tests suffer 
from poor sensitivity and poor positive predictive values, 
and the majority of them are not suitable for routine use 
in clinical practice. At present, there is no single screening 
test that is considered reliable and cost - effective for pre-
dicting preeclampsia  [9] . 

 During the past two decades, numerous clinical reports 
and randomized trials have described the use of various 
methods to reduce the rate and/or severity of preeclamp-
sia. Based on the available data, neither calcium supple-
mentation nor low - dose aspirin should be routinely 
prescribed for preeclampsia prevention in nulliparous 
women. In addition, zinc, magnesium, fi sh oil, and vita-
mins C and E should not be routinely used for this 
purpose. Even in studies reporting benefi cial effects, the 
results reveal reductions in a  “ defi nition of preeclam-
psia ”  without concomitant improvement in perinatal 
outcome  [9] .    

convulsion, other conditions should be considered if an 
abnormal pattern persists. It may take longer for the heart 
rate pattern to return to baseline in an eclamptic woman 
whose fetus is preterm with growth restriction. Abruptio 
placentae may occur after the convulsion and should be 
considered if uterine hyperactivity remains, if there are 
repetitive late decelerations, or fetal bradycardia persists.   

 Magnesium sulfate should be continued for at least 24   h 
after delivery and/or after the last convulsion. In the 
presence of renal insuffi ciency, rates of both fl uid admin-
istration and doses of magnesium sulfate should be 
reduced. After delivery, oral antihypertensive medication 
can be used to maintain systolic BP below 155   mmHg and 
diastolic BP below 105   mmHg. Starting 200   mg labetalol 
every 8   h (maximum dose 2400   mg/day) or 10   mg nifed-
ipine every 6   h (maximum dose 120   mg/day) is recom-

    A 20 - year - old white primigravida at 35w 5d of gestation 
with an uneventful prenatal course was referred to labor 
and delivery by ambulance with severe preeclampsia. She 
had been complaining of headache and visual distur-
bance for the last 2 days. Her past medical/surgical and 
social history was completely negative. Upon admission, 
her BP was 180/110   mmHg. She had 2 +  protein on urine 
dipstick. Bedside ultrasound confi rmed a singleton intra-
uterine pregnancy consistent with 35 weeks ’  gestation. 
Fetal heart rate tracing was in the 150 beat/min range 
with moderate variability. Cervical examination revealed 
a Bishop score of 7. 

 Intravenous access was secured and laboratory tests 
were obtained for complete blood count, including plate-
let count, liver enzymes, and a metabolic profi le. A 
loading dose of 6   g magnesium sulfate was given intrave-
nously over 20   min which was followed by a maintenance 
dose of 2   g/h. Because of her severe hypertension, an 
intravenous 10   mg bolus of hydralazine was adminis-
tered. Blood pressures were monitored every 5 – 10   min; 
after 30   min, BP was 150   mmHg systolic and 105   mmHg 
diastolic. Maternal urine output and refl exes were moni-

tored every hour. The results of the blood tests revealed 
a platelet count of 110,000/mm 3 , a hematocrit of 38%, and 
normal liver enzymes. Once maternal and fetal conditions 
were considered stable, intravenous oxytocin was started 
to initiate labor. 

 The patient subsequently underwent a spontaneous 
vaginal delivery of an infant weighing 2650   g with Apgar 
scores of 6 and 9 at 1 and 5   min, respectively. Postpartum 
magnesium sulfate was continued for 24   h. In addition, 
maternal vital signs, intake, and urine output as well as 
patellar refl exes were monitored every hour. She was 
started on 10   mg oral nifedipine every 6   h because of ele-
vated blood pressures. Three days postpartum, she was 
discharged home to be seen in 1 week at the outpatient 
clinic. 

 Because this patient was diagnosed with severe pre-
eclampsia at 35w 5d of gestation, she was not a candidate 
for steroid injections or expectant management. She was 
started on magnesium sulfate for seizure prophylaxis and 
antihypertensive medications to stabilize blood pressure 
and induction of labor was initiated.  

 CASE PRESENTATION 

  Box 35.5    Transitory  c hanges  a ssociated with  e clamptic  c onvulsions 

        •      Uterine hyperactivity  

   •      Increased frequency of contractions  

   •      Increased uterine tone  

   •      Duration of contraction greater than or equal to 2   min  

   •      Fetal heart rate changes  

   •      Bradycardia  

   •      Compensatory tachycardia  

   •      Decreased beat - to - beat variability  

   •      Late decelerations     
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Postpartum Hemorrhage 

  Michael A.     Belfort  
  Department of Obstetrics and Gynecology, Baylor College of Medicine, Houston, TX, USA       

     Postpartum hemorrhage (PPH) remains one of the leading 
causes of maternal death, in both industrialized and non-
industrialized nations. Approximately 140,000 women 
die annually from PPH worldwide, and more than 50% 
of these mortalities occur within the fi rst 24   h postpartum 
 [1 – 3] . In the USA, 12% of all maternal mortality is due to 
obstetric hemorrhage  [4] . 

 Recent reports from Europe  [5,6]  have highlighted the 
seriousness of the  “ near miss ”  and the importance of 
close monitoring of such cases in any quality assurance 
program. In most cases substandard care was indentifi ed. 
The ratio of severe maternal morbidity to maternal mor-
tality is almost 27:1  [5] . 

 Primary (early) PPH refers to excessive blood loss 
(> 500   mL) during the third stage of labor or in the fi rst 
24   h after delivery; thereafter, signifi cant bleeding is 
referred to as secondary (late) PPH. The incidence of sig-
nifi cant PPH rises after 30   min in the third stage  [7]  and 
active intervention to deliver the placenta between 30 and 
60   min into the third stage is advised. 

 The main causes of PPH include retained placenta/
adherent placenta, uterine atony, placenta accreta/
percreta, upper (uterus, cervix) tract tears and rupture, 
and lower (vagina, perineum) genital tract trauma, uterine 
inversion, retained placental tissue, acquired coagulopa-
thy, and disseminated intravascular coagulation (DIC). 
Major reductions in the frequency and severity of PPH 
have followed the adoption of routine prophylactic 
administration of oxytocics in the management of the 
third stage  [8] .  

Retained and trapped placenta

 Retained placenta (more common in preterm deliveries) 
is diagnosed using a cut off of 1   h  [9] . Manual removal 
occurs in approximately 1 – 2% of deliveries and is the 

management of choice when there is active bleeding and 
a low risk of morbidly adherent placentatation. Clinical 
endometritis is more common (compared with spontane-
ous delivery  –  7% versus 2%)  [9]  following manual 
removal of the placenta, and antibiotic treatment should 
be instituted. In the absence of active hemorrhage, there 
is no urgency to resort to manual removal, and potential 
placenta accreta or percreta should always be considered 
before any such attempt. 

 Trapped placenta, as opposed to retained placenta, 
usually follows rapid contraction of the uterus (oxytocic 
induced) and the clinical fi ndings include a small, con-
tracted fundus, some vaginal bleeding and cord lengthen-
ing indicative of placental separation, and the placental 
margin often palpable through the closed cervical os. On 
ultrasound examination, the entire myometrium is thick-
ened and a clear demarcation may be seen between it and 
the placenta  [10] . Delivery of a trapped placenta can 
usually be achieved using controlled cord traction, which 
encourages cervical dilation, with or without IV glyceryl 
trinitrate (100 – 200    μ g)  [11] . Releasing the cord clamp, to 
allow blood trapped in the placenta to drain, may also 
help.

Adherent placenta

 An adherent placenta is not caused by pathologic inva-
sion of the placenta into the uterine muscle, and should 
not be confused with placenta accreta. On ultrasound, the 
myometrium appears thick and contracted in all areas 
(except where the placenta remains attached), and the 
uterine wall remains less than 2   cm thick  [10] . Detachment 
usually starts in the lower part of the uterus and is associ-
ated with bleeding from the placental bed  [12] . In the 
absence of bleeding, a conservative approach can be 
adopted and manual removal of the placenta can be 
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  Methylergonovine/ e rgometrine 
 Methylergonovine (methylergometrine) and its parent 
compound ergometrine result in sustained tonic contrac-
tion of uterine smooth muscle by stimulation of α  -
 adrenergic myometrial receptors  [18] . The dose of 
methylergonovine is 0.2   mg, and that of ergometrine is 
0.2 – 0.5   mg. These doses may be repeated in 2 – 4   h if 
needed. The onset of action is within 2 – 5   min when given 
intramuscularly. These drugs are extensively metabolized 
in the liver and the mean plasma half - life is approxi-
mately 30   min. Plasma levels do not correlate with uterine 
effect, since the clinical action of ergometrine is sustained 
for 3   h or more. When oxytocin and ergometrine deriva-
tives are used together, two different mechanisms are in 
play, oxytocin producing an immediate response and 
ergometrine a more sustained action. Nausea and vomit-
ing are common side - effects. Vasoconstriction of vascular 
smooth muscle also occurs as a consequence of their α  -
 adrenergic action. This can result in elevation of central 
venous pressure and systemic blood pressure and in the 
risk of pulmonary edema, stroke, and myocardial 
infarction. 

 Contraindications include heart disease, autoimmune 
conditions associated with Raynaud phenomenon, 
peripheral vascular disease, arteriovenous shunts even if 
surgically corrected, and hypertension. Women with 
preeclampsia/eclampsia are particularly at risk of severe 
and sustained hypertension. These agents should not be 
used intravenously except perhaps in individualized 
extreme circumstances (moribund, shocked patient with 
no other alternative). 

  Prostaglandins 
 Prostaglandin F 2α  results in contraction of smooth muscle 
cells  [18] . Hemabate (carboprost or 15 - methyl prostaglan-
din F 2α  is an established second - line treatment for post-
partum hemorrhage unresponsive to oxytocic agents. It is 
available in single - dose vials of 0.25   mg and is given by 
deep intramuscular injection or by direct injection into the 
myometrium, either under direct vision at cesarean 
section or transabdominally/transvaginally after vaginal 
delivery. It is not licensed for the latter route and caution 
should be exercised to prevent direct injection into a 
uterine sinus  [20] . It may be more effective in shocked 
patients, when tissue hypoperfusion may compromise 
absorption following intramuscular injection  [21] . A 
second dose may be given after 90   min or if atony and 
hemorrhage continue, repeat doses may be given every 
15   min to a maximum of 8 doses (2   mg). 

 F - class prostaglandins cause bronchoconstriction, ven-
oconstriction, and constriction of gastrointestinal smooth 
muscle. Associated side - effects include nausea, vomiting, 
diarrhea, pyrexia, and bronchospasm. There are case 
reports of hypotension and intrapulmonary shunting 
with arterial oxygen desaturation, and prostaglandin F 2α

postponed while the problem is investigated (by 
ultrasound).

 When there is heavy bleeding, immediate active man-
agement is necessary. Oxytocin is administered via the 
umbilical vein (fi rst - line recommendation by the WHO) 
 [13] , using the Pipingas technique (nasogastric tube in the 
umbilical vein with prostaglandin F 2α (20   mg diluted in 
20   mL of normal saline) or oxytocin (30   IU diluted in 
20   mL of normal saline) injected through the catheter 
 [14,15] .  

Uterine atony

 Fundal massage and bimanual compression are effective 
and useful as initial maneuvers for the management of 
uterine atony. Following vaginal delivery, in cases of life -
 threatening massive hemorrhage, this may be combined 
with external aortic compression  [16] . 

Medical treatment of uterine atony
 The prophylactic use of uterotonic drugs is an effective 
means of preventing postpartum hemorrhage from 
uterine atony  [17] . These drugs include oxytocin, methy-
lergonovine and ergot alkaloids, E and F class prostaglan-
dins as well as misoprostol. 

  Oxytocin 
 Oxytocin has specifi c uterine receptors and intravenous 
administration (dose 5 – 10   IU) results in immediate onset 
of action  [18] . The mean plasma half - life is 3   min and 
continuous intravenous infusion is needed to ensure sus-
tained contraction. The usual concentration is 20 – 40 units 
per liter of crystalloid, with the infusion rate titrated to 
response. Steady - state concentration is reached after 
30   min. Intramuscular injection has a time to onset of 
3 – 7   min, with a longer clinical effect (30 – 60   min). Most 
studies report that oxytocin alone reduces the need for 
additional medications, and that oxytocin is associated 
with fewer adverse side - effects  [19] . 

 Oxytocin is metabolized by both the liver and kidneys. 
Because it has approximately 5% of the antidiuretic effect 
of vasopressin, if given in large volumes of electrolyte -
 free solution, oxytocin can cause water toxicity (head-
ache, vomiting, drowsiness, and convulsions), symptoms 
that may be mistakenly attributed to other causes. Rapid 
administration of an intravenous bolus of oxytocin (5 –
 10   U) results in relaxation of vascular smooth muscle. 
Hypotension with a refl ex tachycardia may occur, fol-
lowed by a small but sustained increase in blood pressure. 
In addition, bolus doses have been associated with elec-
trocardiogram (ECG) abnormalities (ST depression) as 
reduction in cerebral perfusion pressure. Oxytocin is 
stable at temperatures up to 25 ° C, but refrigeration may 
prolong shelf - life.  
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may allow for correction of coagulopathy in anticipation 
of, or during, surgical intervention. They may completely 
control the bleeding and should be considered in cases 
where future fertility is desired. They may also be life -
 saving in low - resource areas. A continuous oxytocin infu-
sion (with or without other uterotonic agents) and 
prophylactic antibiotic coverage are advised when using 
these devices. It is possible that balloon tamponade acts 
by more than one mechanism, including direct pressure 
on the open venous channels, stretching and compression 
of the atonic myometrium, increasing intramuscular vas-
cular resistance, and by direct compression of the arteries 
supplying the uterus  [29,30] .  

Uterine brace sutures
 There are a number of uterine brace sutures that are vari-
ants of the B - Lynch suture which was designed to verti-
cally compress the uterine body in cases of uterine atony 
 [31 – 34] . In order to assess whether the suture will be effec-
tive, bimanual compression is applied to the uterus. If 
bleeding stops, compression with a brace suture should be 
equally successful. Most commonly, a 70   mm round -
 bodied needle with number 2 chromic catgut suture is 
used. Normal uterine anatomy has been demonstrated on 
follow - up  [35] . Resumption of normal menses along with 
uncomplicated pregnancies following the B - Lynch proce-
dure for postpartum hemorrhage have also been described 
 [35] . Unexpected occlusion of the uterine cavity with sub-
sequent development of infection (pyometria) has been 
reported with the occlusive square - stitch  [36] . A summary 
of studies on brace sutures was published in 2001  [37] . 

Uterine devascularization
 Uterine devascularization has been used for stepwise 
management of postpartum hemorrhage due to atony, 
placenta previa, and trauma  [38] . These techniques can 
also be used prophylactically in the operating room (OR) 
at the time of delivery in pregnancies complicated by 
placenta accreta. Ligation procedures of the uterine arter-
ies, internal iliac arteries, and ovarian arteries have been 
described  [38,39] . A vaginal route for uterine artery liga-
tion has also been reported, with moderate success  [38] . 

 Internal iliac artery ligation has been shown to decrease 
distal arterial pulse pressure by 85%, with a 24% reduc-
tion in mean arterial pressure  [40] . In addition, a 48% 
reduction in blood fl ow resulted following ipsilateral liga-
tion. It is generally accepted that internal iliac artery liga-
tion controls pelvic hemorrhage mainly by decreasing 
arterial pulse pressure and by transforming the arterial 
system into a venous - like circulation. As a result, clot 
formation is more likely to occur at the site of injury with 
arrest of the bleeding. Complications of this procedure 
include damage to the internal iliac vein and to the ureter. 
Tissue edema, ongoing hemorrhage, and the presence of 
a large atonic uterus may make identifi cation of anatomy 

is contraindicated in patients with known cardiac or pul-
monary disease. 

 Prostaglandin E 2  (dinoprostone) is generally a vasodila-
tory prostaglandin; however, it causes contraction of 
smooth muscle in the pregnant uterus  [18] . Dinoprostone 
is available as an intravaginal pessary (10   mg) and as a 
vaginal suppository (20   mg) or gel (0.5   mg) for cervical 
ripening. Rectal administration (2   mg given 2 hourly) has 
been successful as a treatment for uterine atony. Due to 
its vasodilatory effect, this drug should be avoided in 
hypotensive and hypovolemic patients. However, it may 
be useful in women with heart or lung disease in whom 
carboprost is contraindicated  [22] .  

  Misoprostol 
 Misoprostol is a synthetic analog of prostaglandin E 1  and 
is metabolized in the liver. The tablet(s) can be given 
orally, vaginally, or rectally. As prophylaxis for postpar-
tum hemorrhage, an international multicenter rand-
omized trial reported that oral misoprostol is less 
successful than parenteral oxytocin administration  [23] . 
Misoprostol may, however, be of benefi t in treating post-
partum hemorrhage. In a recent metaanalysis, oral or 
sublingual misoprostol at a dose of 600    μ g was found to 
be useful in postpartum hemorrhage but did not demon-
strate a benefi t over other uterotonics  [24] . 

Mechanical and surgical control of bleeding
 If bleeding continues following use of uterotonics and 
despite adequate uterine contraction, exploration of the 
genital tract is necessary to detect other causes such as 
trauma (uterine, cervical, or vaginal tears) or retained 
placental tissue, particularly in cases where risk factors 
were present (i.e. obstructed labor, fetal distress, diffi cult 
operative delivery, manual removal of placenta). Persisting 
with the exclusive use of manual uterine compression 
and oxytocic administration in the face of continuous 
hemorrhage is not advised. If these measures fail to 
control bleeding, progressively invasive and sometimes 
ablative surgical solutions may be required.  

Uterine tamponade
 Small studies have demonstrated that uterine packing is 
effective for controlling hemorrhage refractory to other 
medical treatment  [25,26] . Historically, uterine packing 
was performed using sterile gauze, with up to 5   m of 
5 – 10   cm gauze introduced into the uterus, either using a 
specifi c packing instrument or long forceps  [27] . Packs 
are generally left  in situ  for 24 – 36   h and prophylactic 
antibiotics are advised. Concerns have been raised about 
concealed bleeding, infection, trauma, and inadequate 
packing, but there is a paucity of evidence to support 
these concerns, and the risks may be overstated  [27,28] . 

 Several infl atable mechanical devices are now being 
used for uterine tamponade. These temporizing devices 
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Severe hemorrhage uncontrolled by medical means and 
tamponade procedures requires decisive and defi nitive 
surgical treatment in an operating room setting. In those 
operating rooms equipped for intraoperative emboliza-
tion, combined surgical and radiological procedures may 
be appropriate. 

Hysterectomy
 Peripartum hysterectomy is frequently considered the 
defi nitive procedure for obstetric hemorrhage, but is not 
without complications. The procedure can be complicated 
by ongoing blood loss and grossly distorted pelvic 
anatomy due to edema, abnormal vascularization and 
dilated vessels, retroperitoneal and other hematoma for-
mation, and trauma. Adequate hemostasis is not always 
easily achieved, and further procedures may be necessary. 
Relook laparotomy may also be required; this has been 
reported in up to 13% of patients  [45] . The incidence of 
febrile morbidity is high, with rates of 5 – 85% in different 
series.

 The interval between delivery and successful surgery 
is a very important prognostic factor, and if a primary 
procedure (such as brace suture or devascularization) 
fails, hysterectomy should be undertaken promptly, 
without attempts at other conservative measures  [46] . In 
severely shocked patients with life - threatening hemor-
rhage, hysterectomy is in most circumstances the fi rst - line 
treatment  [41] . 

 A subtotal hysterectomy can be performed if bleeding 
is from the uterine body, and it is generally simpler than 
a total hysterectomy. The cervix and vaginal angles can 
be diffi cult to identify in women who have labored to full 
dilation, and a subtotal hysterectomy has less risk of 
injury to the ureters and bladder (13%) compared with 
total hysterectomy (25%)  [47] . If placenta accreta/percreta 
is suspected, the use of preoperatively placed ureteral 
stents will help determine the location of the ureters, and 
can be extremely useful when dealing with diffi cult dis-
section planes and distorted anatomy. In addition, intra-
operative intentional cystotomy may improve visualization 
of bladder invasion. If the bleeding is from the lower 
segment (placenta previa/accreta, trauma) and cervix, the 
cervical branch of the uterine artery will usually have to 
be ligated, and a total hysterectomy will usually be 
necessary. 

 In almost all cases, general endotracheal anesthesia is 
best because of prolonged surgical time, need for 
abdominal packing, extensive surgical dissection and 
manipulation, and anticipated massive blood trans-
fusion. Prophylaxis for thromboembolism should be 
initiated before surgery. Compression stockings placed 
before induction of anesthesia and the use of com-
pression devices during surgery are important  [47] . 
Intraoperative prevention of extreme hypotension, hypo-
thermia, hypoxia, acidosis, and coagulopathy are critical 

diffi cult and prolong operating time. The author has 
found that traction on the postpartum uterus in a caudal 
direction and adequate exposure of the common iliac 
bifurcation allows opening of the retroperitoneal space 
directly over the distended internal iliac artery (as 
opposed to a more indirect passage from the lateral broad 
ligament). It should be remembered that in some cases 
(accreta and percreta), the internal iliac artery may be a 
larger diameter vessel than the external iliac artery and 
absolute identifi cation is critical. Incorrect identifi cation 
of the internal iliac artery may result in accidental ligation 
of the external or common iliac artery, resulting in lower 
limb and pelvic ischemia. Femoral or pedal pulses should 
therefore be checked before and after the procedure. 
Recanalization of ligated vessels may occur, and success-
ful pregnancy has been reported whether or not recanali-
zation has taken place. Success rates are generally reported 
to be approximately 40%  [41] .  

Arterial embolization
 Uterine devascularization by selective arterial emboliza-
tion using pledgets of absorbable gelatin sponge can 
effect a temporary blockade with resorption within 
approximately 10 days  [42] . If the site of bleeding cannot 
be identifi ed, embolization of the anterior branch of the 
internal iliac artery or the uterine artery is performed. 
Uterine atony and pelvic trauma have been indications 
for embolization, and overall success rates of 85 – 100% are 
reported  [43,44] . Higher failure rates are associated with 
placenta accreta and following failed bilateral internal 
iliac artery ligation. Subsequent successful pregnancies 
have been documented  [38] . Fever, contrast media renal 
toxicity, and leg ischemia are rare but reported complica-
tions of this procedure. 

 A variation on this theme is the prophylactic placement 
of infl atable balloon catheters in the internal iliac arteries 
of patients who are expected to bleed excessively at the 
time of surgery, for example elective cesarean delivery in 
a patient with placenta percreta  [42] . This practice may 
result in opening deeper and more inaccessible collateral 
vessels in the pelvis and may not be as helpful as initially 
thought.

 It should be clearly understood that arterial emboliza-
tion should not be used in a critically unstable and pro-
fusely bleeding patient. This technique is best suited to 
those patients with persistent bleeding amenable to 
embolization who are hemodynamically stable and who, 
it is anticipated, can be maintained that way for at least a 
few hours with transfusion and drug support. In most 
cases, these procedures are performed in an interven-
tional radiology suite that is not staffed or equipped for 
the management of a critical and unstable bleeding 
patient. There may be signifi cant delays in instituting the 
embolization, diffi cult or impossible access depending on 
the surgery already performed, and an uncertain result. 
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Placenta accreta/percreta

 Placenta accreta is a condition in which all or part of the 
placenta is adherent to the uterine wall because of myo-
metrial invasion by chorionic villi. The defi nition, inci-
dence and risk factors, pathophysiology, and clinical 
presentation are discussed in Chapter  45 . In this chapter 
specifi c aspects of management are covered. 

Management options

  Known  p lacenta  p ercreta 
 Once the diagnosis is established, the treatment options 
and potential complications should be clearly discussed 
with the patient and the discussion should be docu-
mented. The delivery is preferably handled using a 
dedicated and practiced team of clinicians and support 
staff. 

 Preoperative consultation with blood bank personnel is 
essential given the expected intraoperative blood loss of 
at least 3000 – 5000   mL and in some cases much more 
 [48,50,51] . These patients frequently will require more 
blood products than the average hospital blood bank has 
in stock. It is recommended that adequate amounts of 
packed red blood cells (PRBCs), fresh frozen plasma 
(FFP), platelets, and cryoprecipitate should be available 
to prevent (or treat) coagulopathy  [48] . It is also advisable 
to have recombinant factor VIIa in the operating room at 
the time of the surgery. When autotransfusion (cell - saver) 
blood is used, it is recommended that there be double 
washing of the recovered blood, which should only be 
suctioned after double irrigation of the abdominal cavity 
following delivery  [52] . Attention should also be paid to 
the volume of reinfused washed PRBCs to ensure that 
adequate FFP, cryoprecipitate, and platelets are given 
along with the cell - saver blood because of the lack of 
these products in the reconstituted red cells. 

 Preoperative anesthesia consultation is essential to 
allow appropriate planning and allocation of personnel. 
Anesthetic considerations include the need for general 
endotracheal anesthesia in anticipation of prolonged sur-
gical time, consideration of a lumbothoracic epidural 
catheter for postpartum pain relief, and readiness for 
massive blood and blood product transfusion. The 
anesthesia service will be primarily responsible during 
the surgery for preventing the deadly triad of hypovo-
lemia, hypothermia, and acidosis that increases the risk 
for coagulopathy. Shock trauma fl uid infusion devices 
capable of high fl ow rate transfusion of blood products, 
adequate central venous access (bilateral central line 
sheaths with quadruple catheter capability), arterial line 
placement, and multiple suction devices should all be 
part of the anesthesia preparation. In addition, throm-
boembolism prophylaxis should also be initiated before 
surgery. 

anesthesia- related issues. Postpartum monitoring should 
in most cases be in an intensive care unit setting. Because 
of prolonged operative time combined with massive 
transfusion, there is an increased risk of laryngeal 
edema, pulmonary edema, delayed extubation, and pro-
longed ventilation. Continuous vital sign determination 
(including respiratory rate and pulse oximetry) along 
with meticulous urine output measurement is warranted 
after signifi cant hemorrhage and blood product replace-
ment. Patients with periods of prolonged hypotension 
during surgery should also be followed postoperatively 
for evidence of the partial or full Sheehan syndrome. 

Pelvic pressure pack
 The pelvic pressure pack, also known as the  “ mushroom, ”  
 “ umbrella ”  or  “ Logothetopoulos ”  pack, has been success-
fully used for control of posthysterectomy hemorrhage 
in both gynecologic and obstetric patients. The most 
common method of construction involves the use of a 
sterile radiology plastic bag fi lled with gauze bandages 
tied together (Fig.  36.1 ). The bag is inserted abdominally 
and the open end is passed through the vaginal cuff and 
out of the vagina. It is then placed on traction to fi t the 
pack snugly into the pelvic bowl and compress the pelvic 
structures. Once bleeding has abated, the bandage can be 
gradually removed from the bag which is then pulled out 
of the vagina. Although studies are limited, the success 
rate of the pelvic pressure pack in the control of posthy-
sterectomy bleeding in obstetrics has approached 86% 
after other therapies were attempted  [49] .     

Figure 36.1     Photograph of a pelvic pressure pack, as constructed 
from an x - ray cassette drape, sterile gauze rolls, and an 
intravenous infusion setup. A, dome of the pack. B, base of pack 
located above vaginal cuff. C, neck of pack located in vagina. 
D, continuous gauze roll exiting neck of pack. E, end of gauze. 
F, intravenous tubing. G, 1 liter intravenous fl uid bag. 
 Reproduced from Dildy  et al   [49]  with permission from Wolters 
Kluwer Health. 
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   •      Minimize the chances of inadvertent partial placental 
separation or placental disruption before the major sup-
plying vessels are ligated and the uterus is devascular-
ized. Minimize manipulation of the uterus and specifi cally 
the lower segment.  
   •      Infi ltrate the upper segment and noninvolved myo-
metrium with 15 - methyl - prostaglandin F 2α  (250    μ g of car-
boprost tromethamine (Hemabate) in 20 cc saline) given 
through a 22 gauge spinal needle in multiple areas to 
facilitate contraction to prevent loss of a signifi cant 
amount of blood into the uterine cavity during the 
surgery. A red rubber catheter can be used as a tourniquet 
above the level of the placental edge to help compress the 
uterus  [48] .  
   •      Large abdominal retractor (Bookwalter or similar) 
should be optimally placed, the bowel packed away and 
pelvic visualization optimized before proceeding with 
defi nitive surgery.  
   •      The vagina should also be packed with gauze after 
delivery of the baby since this helps with elevating the 
cervix and lower uterine segment into the pelvis, and also 
shows the vaginal fornices more clearly, preventing 
unnecessary removal of vaginal tissue.  
   •      After delivery of the baby and contraction of the uterus, 
a reevaluation of the extent of the placental invasion may 
show that any attempts at surgical removal will be more 
risky than anticipated. A fl exible approach is important. 
A placenta percreta that has penetrated the lateral wall of 
the uterus and is deeply invading the lateral pelvic side 
wall may be deemed impossible to remove without dam-
aging vital structures or causing uncontrollable bleeding. 
In such cases, as long as the patient is stable and not 
actively bleeding from the placenta (i.e. partial separa-
tion), the safest approach may be to close the abdomen 
and manage the patient conservatively (see below), or 
transfer her to another facility that may be in a better 
position to deal with the problem.  
   •      Hysterectomy using careful systematic stepwise 
devascularization.
   •      Avoid making any holes in the peritoneal covering of 
the placenta which is usually all that covers the highly 
vascular placental tissue. Caution should be exercised 
with placement of instruments, positioning of clamps 
(especially the tip), pressure from fi nger tips on areas of 
placental invasion when grasping the uterus during 
exposure or traction.  
   •      Careful dissection of the retroperitoneal space and 
modifi ed radical hysterectomy with removal of the uterus 
along with a signifi cant portion of the broad ligament and 
lateral structures.  
   •      In anterior percreta into the bladder, an intentional 
cystotomy should be made to identify the extent of the 
involved bladder wall  [48] . This region can then be 
excised and left attached to the uterus, as long as it does 
not involve the trigone. The bladder can then 

 Bladder involvement is extremely common in anterior 
placenta previa with accreta/percreta and in such cases 
there is frequently hypervascularity and distortion of the 
ureterovesical junction. In such cases preoperative cystos-
copy and placement of ureteric stents allow palpation of 
the ureters during diffi cult and often obscured surgery. In 
those cases where there is obvious penetration of the tro-
phoblast into the bladder wall, it is helpful to create an 
intentional cystotomy in an uninvolved area of the 
bladder and directly visualize the area of invasion. This 
allows for a better appreciation of the extent of the bladder 
invasion and for protection of the trigone and ureterovesi-
cal junction. Another benefi t is that it allows the surgeon 
to simply excise that portion of the bladder involved in 
the percreta under direct vision without the risk of inad-
vertently increasing the hemorrhage during blind dissec-
tion of percreta tissue. 

 Preoperative pelvic artery occlusion has been proposed 
as an adjunct to minimize blood loss at the time of hys-
terectomy  [53] . Others have determined that preoperative 
placement of balloon catheters in the internal iliac arteries 
has not proven useful and the infl ation of the balloons 
after delivery may actually complicate the hysterectomy 
by opening up collateral vessels deeper in the pelvis that 
are more diffi cult to control than the immediate branches 
of the internal iliac artery  [54] . The placement of balloon 
catheters may also add to the complexity of the surgery, 
and can potentially result in signifi cant complications 
such as insertion site hematoma, precipitation of unantici-
pated fetal decompensation, insertion site abscess forma-
tion, and tissue infarction and necrosis. 

 Gynecologic oncology, urology and general and vascu-
lar surgery consultants should be recruited as necessary 
for assistance in cases of placenta accreta/percreta. These 
specialists are invaluable when major pelvic vessel, 
lateral pelvic side wall, bladder, or bowel invasion has 
occurred. 

 Most planned cases of cesarean hysterectomy for 
adherent placenta will be performed between 34 and 
35 weeks of gestation and neonatal personnel should be 
present  [55] . 

 Specifi c intraoperative management suggestions 
include the following.
    •      Low lithotomy positioning with an assistant placed 
between the patient ’ s legs.  
   •      Vertical skin incision (median or paramedian) depend-
ent on the site of placental invasion. 
   •      Vertical upper segment uterine incision (fundal or pos-
terior classical). 
   •      Avoid disturbing the placenta during delivery of the 
baby.  
   •      No attempts should be made to remove the placenta. 
The umbilical cord should be tied off and replaced within 
the uterus. The uterus should then be closed in a single 
layer with a locked suture.  
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  Internal  i liac  a rtery  e mbolization 
 There have been a number of reports suggesting that this 
technique is the preferred method for managing persist-
ent but noncatastrophic bleeding  [60] . The author is, 
however, personally aware of a number of cases of severe 
morbidity associated with complications from attempted 
selective embolization under emergency conditions in 
unstable patients. These patients suffered hepatic, pancre-
atic, splenic, gluteal, and limb ischemia that required 
emergency surgery and resulted in permanent injury. As 
with any salvage procedure, individualization is essen-
tial. Embolization (internal iliac or uterine) is not a proce-
dure that should be used in a hemodynamically unstable 
patient (as discussed above). Rapid control of bleeding is 
essential in such situations and defi nitive surgical therapy 
(or temporizing maneuvers  –  see below) is generally the 
best route for management.  

  Temporizing  m anagement in  u ncontrolled  h emorrhage 
 When uncontrolled massive pelvic bleeding occurs after 
the hysterectomy, temporary cessation of surgery, infrar-
enal aortic clamping, pelvic packing, closure of the skin 
with towel clips, aggressive resuscitation with blood 
products, reversal of acid – base imbalances, and patient 
warming can be life saving. Desperate efforts to stop per-
sistent oozing from hidden bleeding points in the face of 
coagulopathy is time consuming, may worsen the situa-
tion and will lead to hypothermia, acidosis, and hemody-
namic collapse. It is preferable to slow the blood loss 
using temporizing methods such that resuscitation 
becomes effective, the coagulopathy is reversed, and 
surgery can be resumed under controlled circumstances. 
Temporizing may involve keeping the patient on the 
operating room table or, if appropriate, transport to an 
adjacent intensive care unit until return to the operating 
room is possible. The placement of wide - bore pelvic 
drains is important in this situation to warn of persistent 
signifi cant bleeding.   

  Postoperative  m anagement 
 Patients who have had prolonged surgery and undergone 
massive transfusion may be at risk for a number of prob-
lems. These include intraabdominal bleeding, pelvic 
thromboembolism, renal compromise, bowel ischemia, 
pulmonary edema, myocardial depression, transfusion -
 related acute lung injury and/or acute respiratory 
syndrome, Sheehan syndrome, and infection. The post-
operative management team should anticipate and be 
prepared for such complications.  

  Conservative  m anagement 
 In some cases removal of the placenta and uterus is 
simply impossible or too dangerous to attempt. There are 
a number of papers describing successful conservative 
approaches which have included closure of the uterus 

be reconstituted. This technique avoids unnecessary 
bleeding that will occur with attempted dissection of 
adherent bladder. If the trigone and ureters are involved, 
reimplantation may be needed.  
   •      Avoid supracervical hysterectomy in true placenta 
previa percreta because of the risk of disruption of the 
vascular channels supplying the placenta. Collateral 
blood supply to the uterus and cervix via the bladder, 
bowel, pelvic side wall or other organs attached to the 
placenta may still lead to massive hemorrhage from the 
uterus if a supracervical hysterectomy is attempted too 
early in the process.    

  Intraoperative  b lood  p roduct and  fl  uid  a dministration 
 A full discussion of blood product replacement strategies 
in massive hemorrhage in pregnancy is beyond the scope 
of this chapter. In patients with massive hemorrhage from 
trauma, early and extensive use of FFP and platelets, in a 
1:1:1 ratio with PRBCs, is of benefi t in terms of reducing 
mortality  [56] . There are no comparable published data 
for use of this ratio in obstetrics, but the empiric use of 
early FFP in a 1:1 ratio with PRBCs in massive obstetric 
hemorrhage is potentially a strategy that could be of 
benefi t, and one deserving of investigation. 

 The associated potentially acute metabolic effects of 
massive transfusion should also be kept in mind. These 
include hypothermia, citrate toxicity, and hyperkalemia.  

  Activated  f actor  VII  
 There are many case reports and case series regarding 
the use of recombinant activated factor VII for control 
of hemorrhage in massive obstetric bleeding. The data 
are generally encouraging although caution is still advised 
since serious adverse events such as thromboembolism 
and myocardial infarction have been noted  [57] . The 
dose is generally between 60 and 90 μ g/kg, and a median 
dose of 72 μ g/kg has been shown to be effective in 
stopping or reducing bleeding in nearly 90% of reported 
cases  [58] .  

  Persistent  h emorrhage 

  Aortic  c lamping 
 Temporary compression of the infrarenal (or infradia-
phragmatic) aorta can decrease blood loss and allow time 
for resuscitation with blood products during resuscitation 
 [48,59] .  

  Pelvic  p ressure  p ack 
 In those cases where there is refractory pelvic bleeding 
after hysterectomy, placement of a pelvic pressure pack 
should be considered. This temporizing step has been 
shown to be effective in allowing hemodynamic stabiliza-
tion of the patient and correction of coagulopathy  [49]  
(see Fig.  36.1 ).  
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by fruitless attempts to preserve the uterus. Recognition 
of the problem and decisive surgical action, combined 
with aggressive resuscitation and use of blood products, 
is required to deal with massive hemorrhage from 
accreta.    

Uterine inversion

 Uterine inversion is the folding of the fundus into the 
uterine cavity in varying degrees:
    •      fi rst degree  –  the wall extends as far as, but not through 
the cervix 
   •      second degree  –  the fundus is prolapsed through the 
cervix but not out of the vaginal opening 
   •      third degree  –  prolapse of the fundus outside the 
vagina
   •      fourth degree  –  complete prolapse of both uterus and 
vagina.    
 Acute inversion occurs within the fi rst 24   h after delivery; 
subacute refers to inversion between 24   h and 30 days 
after delivery, and chronic inversion is inversion after 30 
days.

 Predisposing factors include fundal placenta, fl accid 
myometrium around the placental site, and a dilated 
cervix. Other associations include use of intrapartum 
fundal pressure (Cred é  maneuver), morbidly adherent 
placenta, short umbilical cord, inappropriate cord trac-
tion, chronic endometritis, fetal macrosomia, vaginal 
birth after cesarean, intrinsic myometrial weakness/
damage, uterine sacculation, precipitate labor, acute toco-
lysis with potent uterine relaxant or anesthetic drug, and 
idiopathic factors. Mismanagement of the third stage in 
unlikely to be a factor in most inversions since almost 
every vaginal delivery is accompanied by postpartum 
uterine fl accidity and some degree of cord traction. 
Fundal implantation is very common and inversion so 
infrequent that for it to occur must require a number of 
coincident factors all acting simultaneously. In approxi-
mately 60 – 70% of cases, the placenta is still attached at 
the moment of inversion. The extent of the bleeding is 
variable and depends on the degree of prolapse. 
Frequently the degree of shock is reported to be out of 
proportion to that attributable to the observed blood loss, 
and this may be neurogenic shock due to a parasympa-
thetic outfl ow from stretching peritoneum or reproduc-
tive organs. The underestimation of blood loss at the time 
of delivery may, however, be an important confounder. 
Most cases will respond to prompt uterine replacement 
and fl uid resuscitation. 

 The physical examination in cases of partial inversion 
(fi rst degree) can be very misleading. Abdominal or com-
bined abdominopelvic examination often reveals a mass 
suggestive of a uterine or pelvic tumor. The partially 
inverted fundus may feel like a poorly contracted 22 – 24 -
 week sized uterus. The cervix is still palpable and can be 

with the placenta in situ , selective arterial embolization, 
and expectant management  [61,62] . Without adequate 
randomized controlled trials, there is considerable risk of 
publication bias (failure to publish bad outcomes) and 
caution is advised before employing these techniques lib-
erally. There have been some reports of serious morbidity 
with conservative management, with subsequent massive 
hemorrhage and septic shock being the most serious of 
these complications  [63] . Methotrexate use is discouraged 
by this author given the signifi cant maternal risks and 
questionable value with a large volume of nonactively 
dividing trophoblast. 

 Although mortality for placenta accreta is now uncom-
mon, morbidity with conservative management remains 
high; consequently, peripartum hysterectomy remains the 
current treatment of choice in most cases.   

  Unexpected  p lacenta  a ccreta/ p ercreta at the  t ime 
of  d elivery 
 Placenta accreta or percreta may be fi rst discovered after 
a vaginal delivery when incomplete placental separation 
and partial manual removal occur. This highlights the 
rationale behind always considering accreta as the reason 
for a failed spontaneous third stage before attempting 
manual removal. In those cases where there is a risk 
of accreta, it is essential to delay any action that could 
result in sudden onset of massive hemorrhage until all 
preparations have been made to take care of such an 
eventuality. 

 More commonly, the placenta accreta or percreta is dis-
covered at the time of repeat cesarean section. If at the 
time of opening the abdomen, the lower uterine segment 
appears unusually distorted or thinned, as long as there 
is no active bleeding the uterine incision should be 
delayed until all preparations have been made. In addi-
tion, after delivery of the baby, if there is suspicion of 
morbid adherence, there should be no attempt to remove 
the placenta if there is anything more than a small area of 
focal accreta. 

 When there has been partial removal of the placenta 
with bleeding from areas of accreta, hemostasis may be 
attained using multiple 3   cm square sutures deep into the 
myometrium over the area of maximal bleeding  [33] . 
Other methods have been attempted, such as inversion of 
the cervix into the uterine cavity and suturing the inverted 
cervical tissue over the area of bleeding placental bed or 
two parallel vertical compression sutures that are used to 
suture the anterior and posterior walls of the lower 
segment together to compress the bleeding placental bed 
 [64,65] . 

 The overarching principle in such cases should always 
be to limit the hemorrhage as quickly as possible and to 
perform defi nitive surgery before the patient develops 
coagulopathy, hypothermia or circulatory instability. 
A large part of the mortality and morbidity in these situ-
ations is related to unnecessary delay compounded 
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constriction and allowing traction on the round ligaments 
(as in the Huntington procedure) combined with stepwise 
replacement of the uterus from below with subsequent 
repair of the incision from inside the abdomen (Haultain 
procedure); and (c) dissection of the bladder off the cervix 
and entry into the vagina with a longitudinal incision. 
Two fi ngers are advanced through this incision, above the 
invaginated uterine body, and, exerting counterpressure 
with the other hand, the inversion can be reversed. 
Uterotonic drugs are then given immediately to maintain 
uterine contraction and to prevent reinversion (Tews pro-
cedure). Recurrent uterine inversion may be prevented by 
placement of a balloon catheter  [69] . 

 Once the uterus has been replaced, all uterine relaxant 
drugs should be stopped and manual removal of the pla-
centa should follow. With early diagnosis and prompt 
replacement of the fundus, laparotomy and hysterectomy 
can be avoided  [70] . In many cases, delay in defi nitive 
management is what leads to increased edema, blood 
loss, and associated morbidities. 

 Most authorities would recommend antibiotic use after 
manual replacement although specifi c evidence of the 
utility of this is lacking. 

Uterine rupture

 This subject has been dealt with elsewhere (see Chapter 
 49 ) but the general principles addressed above apply in 
this situation. 

Conclusion

 Postpartum hemorrhage remains one of the major con-
tributors to maternal mortality, and in many cases, that 
mortality may have been prevented by the institution of 
prophylactic and interventional measures. Recognition of 
risk factors, institution of standard procedures and pro-
tocols, and a team approach to this problem will almost 
certainly result in drastically decreased morbidity and 
mortality.    

visualized (if the bleeding is not too excessive). Often, the 
only way to make the diagnosis is with ultrasound or if 
the inversion progresses. In second - degree inversion, the 
inverted portion of the fundus remains in the vagina, 
having passed through the cervix, and the examiner is 
unable to palpate the uterine fundus on abdominal exam-
ination, and cannot see or feel the cervix during pelvic 
examination. Due to the potential complexities of presen-
tation, prompt ultrasound scanning is the most helpful 
technique in uncertain cases. The correct diagnosis may 
only be established at laparotomy. 

Management
 This includes aggressive blood product and fl uid replace-
ment, replacement of the uterus, and administration of 
potent uterotonics to keep the uterus contracted and 
prevent reinversion. The placenta should not generally be 
removed before uterine replacement since this can exac-
erbate blood loss. Replacement can usually be accom-
plished manually by placing a hand in the vagina with 
the fi ngers placed circumferentially around the prolapsed 
fundus. The last region of the uterus that inverted should 
be the fi rst to be replaced. Uterine relaxation may be 
necessary, with  β  - sympathomimetic agents, magnesium 
sulfate, or low - dose nitroglycerine  [66] . General anesthe-
sia and use of halogenated gases may be needed to 
provide full uterine relaxation. Intravaginal hydrostatic 
replacement is an alternative technique that was at one 
time promulgated but which in the opinion of the author 
is diffi cult and impractical  [67] . 

 If there is a tightly contracted cervical ring which pro-
hibits vaginal replacement of the fundus, surgical options 
may be necessary. These include incising the ring via a 
vaginal approach, and both anterior and posterior vaginal 
incisions have been described with subsequent repair 
once the fundus has been replaced  [68] . If these measures 
fail, at least three abdominal procedures have been 
described at laparotomy: (a) stepwise traction on the 
funnel of the inverted uterus or the round ligaments, 
using ring or Allis forceps reapplied progressively as the 
fundus emerges (Huntington procedure); (b) longitudinal 
incision posteriorly through the cervix, relieving cervical 

    A 26 - year - old gravida 7, para 6 woman with four prior 
pregnancies complicated by gestational diabetes presented 
at term with polyhydramnios and a large for gestational 
age baby. Following a protracted labor course, complicated 
by chorioamnionitis, she was delivered vaginally with 
forceps and a third - degree episiotomy that extended into 
a fourth - degree laceration. The baby weighed 4.3   kg and 
did well. The placenta was adherent and was removed 

manually in pieces. Heavy vaginal bleeding ensued within 
minutes, and in addition to a routine oxytocin infusion 
(20   U in 1   L Ringer ’ s lactate at 250   mL/h), because her 
uterus was felt to be atonic, she was given an intramuscular 
dose of methylergonovine (0.2   mg). At this time estimated 
blood loss was 1500   mL. Manual compression of the uterus 
was initiated and a second intravenous line was started. 
Because of the piecemeal placental removal, an ultrasound 

CASE PRESENTATION 

Continued
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unit was brought to the bedside and transabdominal scan-
ning revealed retained placental fragments. Curettage was 
performed with a wide - diameter curette under US 
guidance. 

 The patient continued to bleed heavily and when 
blood loss was estimated to be in excess of 2000   mL it 
was noted that her vital signs indicated incipient col-
lapse (decreasing systolic pressure with narrowed pulse 
pressure, tachycardia, increased respiratory rate, and 
restlessness). A complete blood count and coagulation 
profi le were obtained. The patient was given an intra-
muscular injection of carboprost tromethamine (250    μ g) 
and a second obstetric physician and the anesthesiologist 
were summoned. Four units of PRBCs were ordered 
along with 4 units of FFP. Both IV lines were opened 
fully and crystalloid (2   L of Ringer ’ s lactate solution) was 
rapidly infused while the patient was taken to the oper-
ating room. 

 In the operating room, the patient was placed in lithot-
omy position and a tamponade balloon was placed 
through her cervix into the uterus and fi lled with 500   mL 
of normal saline. Six hundred micrograms of misoprostol 
was placed in the patient ’ s rectum. At this point the bleed-
ing slowed dramatically and the patient was resuscitated 
with the 4 units of PRBCs and 4 units of FFP. A Foley 
catheter was placed and urine output was measured. The 
patient was monitored closely in the OR until it was 
determined that the bleeding was controlled. She was 
then moved to the ICU where she continued a uneventful 
recovery. The tamponade balloon was removed after 18   h 
when her coagulation profi le was normal and there was 
no abnormal bleeding. Three additional units of PRBCs 
were given in the ICU. The patient was discharged in 
stable condition 4 days postpartum.  
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     Incidents requiring emergency care of the gravid patient 
represent some of the most diffi cult clinical scenarios 
faced by the practicing clinician. There are multiple causes 
for maternal collapse, and commonly the clinical situation 
is so dire that there is no time for a detailed diagnostic 
work - up. Attempts to resuscitate the mother are the start-
ing point for intervention; however, as the resuscitation 
progresses, consideration of fetal well - being must be 
addressed. 

 It is not the intention of the authors to cover all causes 
of obstetric emergencies in a single chapter. Instead, 
we focus on amniotic fl uid embolism (AFE), and the 
management of its sequelae: disseminated intravascular 
coagulopathy (DIC), blood product replacement, and 
perimortem cesarean delivery as prototypical examples 
of obstetric emergent care as their attendant management 
principles and guidelines are applicable to most obstetric 
emergencies. 

  Amniotic fl uid  embolism

 Amniotic fl uid embolism is one of the most catastrophic 
causes of maternal collapse. Published literature, includ-
ing data from a national registry, have estimated the inci-
dence to be between 1 in 8000 and 1 in 80,000 livebirths 
worldwide  [1,2] . A recent review of over 3 million birth 
records produced an estimate of 7.7 cases/100,000 live-
births  [3] . Illustrative of its severity is its extremely high 
maternal mortality rate, reported in different sources to 
be 60 – 90%. In the US, AFE and pulmonary thromboem-
bolism combine to account for approximately 20% of 
maternal mortality  [4,5] . 

 The diagnosis of AFE requires a high index of suspicion 
and clinical context. Contributing factors include grand 
multiparity, precipitous or tumultuous labor, uterine 
hyperstimulation, rupture of membranes, and use of oxy-
tocin. Episodes usually occur during labor and delivery, 

or in the immediate postpartum period, although indi-
vidual cases have occurred around the time of cesarean 
delivery, dilation and curettage (D & C) for termination of 
pregnancy, and amniocentesis. 

 Clinically, the signs of AFE include the triad of hypoxia, 
cardiovascular collapse, and coagulopathy. Sudden onset 
of dyspnea and hypoxemia is usually the earliest sign of 
AFE, with rapid progression to respiratory failure. 
Indeed, 50% of patients who expire within the fi rst hour 
of incident have cause of death attributed to profound 
hypoxemia and bronchospasm  [6] . Affected patients may 
rapidly progress to cardiovascular failure, manifested by 
dysrhythmias, pulseless electrical activity, and, ulti-
mately, asystole. The events leading to total cardiac col-
lapse are not defi nitively known, but are thought to be 
triggered by pulmonary artery vasospasm and right ven-
tricular failure, which causes potentially irreversible 
hypoxic damage to the left ventricle, producing an esti-
mated 86% mortality rate  [1] .While DIC has been 
reported in over 50% of cases, its specifi c cause remains 
unclear, but is believed to be related to leakage of 
thromboplastin - like material into the maternal circula-
tion  [7] . Symptoms of agitation, nausea, mental status 
changes, and tonic – clonic seizures have also been 
reported in AFE patients  [1] . 

 Patients who weather these initial insults may develop 
noncardiogenic pulmonary edema (disease worsens even 
though left ventricular function improves), possibly due 
to infl ammatory damage to the endothelial lining of the 
alveoli  [8] . Affected serum specimens display decreased 
complement levels and increased cytokine levels, intimat-
ing that AFE results from a unique maternal immunologic 
response to fetal antigens in amniotic fl uid introduced 
into the maternal circulation. Studies have identifi ed ele-
vated serum levels of tryptase, a protein released along 
with histamine by mast cells in cases of fatal anaphylaxis 
 [9] . Furthermore, a study of registry data revealed that 
41% of women with AFE had a history of allergy. Thus, 
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the term  “ anaphylactoid syndrome of pregnancy ”  has 
been suggested in lieu of AFE  [1] . 

 No prophylaxis for AFE is available as there are no 
defi nitive predisposing factors, nor is there a defi nitive 
treatment. The basic tenets of care, as in any case of mater-
nal cardiovascular collapse, emphasize the need to main-
tain the patient ’ s ABCs (airway, breathing, circulation) 
to prevent maternal end - organ damage and maintain 
fetal oxygenation, if applicable, until resuscitation or 
delivery is accomplished. Continuous monitoring of 
oxygen saturation, electrocardiogram (ECG) monitoring, 
and pulmonary artery catheterization are vital to moni-
toring respiratory status, cardiovascular function, and 
intravascular volume. Cardiopulmonary resuscitation 
with consistent ventilation must be initiated quickly to 
maintain placental perfusion in women who become 
unresponsive during the antepartum period from AFE, 
and continued until the woman is fully resuscitated. Rapid 
intubation should be considered to ensure adequate fetal 
oxygenation, which requires maternal PaO 2    >     70   mmHg 
or an oxyhemoglobin saturation of   >     95%  [10] . 

 For those patients who survive the initial cardiopulmo-
nary incident, left ventricular failure eventually develops. 
In order to ensure organ perfusion, forward fl ow of cir-
culation must be maintained. Thus, optimizing ventricu-
lar preload, even at the potential expense of pulmonary 
congestion, is imperative. Use of inotropic medications 
may also be considered, particularly when hypotension 
persists, despite aggressive volume expansion. It is at this 
point where the use of Swan – Ganz catheterization is 
valuable.

 Steroid administration has also been suggested as a 
theoretical treatment based on the putative anaphylactoid 
reaction previously described. However, not enough evi-
dence exists to show benefi t.  

Disseminated intravascular
coagulopathy

 This coagulopathic state is caused by the rapid consump-
tion of clotting factors. Although there are two described 

Figure 37.1     Peripheral smear of patient with disseminated 
intravascular coagulopathy (DIC). Schistocytes and helmet cells 
are characteristic of microangiopathic hemolytic anemia. Note 
the lack of platelets seen in the microscopic fi eld.  Reproduced 
from Ramanarayanan and Krishnan  [18]  with permission from 
Emedicine.com.   

Figure 37.2     Petechiae and purpura seen in 
DIC.  Reproduced from Ramanarayanan 
and Krishnan  [18]  with permission from 
Emedicine.com.   

clinical forms of DIC, this chapter focuses on acute 
DIC, not chronic DIC from long - standing disease (e.g. 
cancer).

 Episodes of DIC are triggered when the clotting cascade 
is rapidly activated via exposure of blood to massive 
amounts of tissue factor, a natural procoagulant. This gen-
erates large amounts of thrombin which ultimately cause 
extensive clot formation that obstructs the microvascula-
ture of tissues and organs. Patients exhibit thrombocyto-
penia ( < 100,000/ μ L) and microangiopathic hemolytic 
anemia can be seen on peripheral smears (Fig.  37.1 ). 
Initially, affected women exhibit petechiae and ecchy-
moses (Fig.  37.2 ). However, as the quantity of intravascu-
lar thrombi builds, tissue necrosis and ischemia of 
multiple organ systems occur. An early study by Siegal 
et al   [11]  looked at a series of patients with DIC (unrelated 
to pregnancy), and found that the most commonly 
affected organ systems were the kidneys, followed by 
liver, lungs, heart (cardiogenic shock), and then the central 
nervous system (CNS).   



www.manaraa.com

Chapter 37 Emergency Care    303

Blood product replacement

 In the treatment of DIC from AFE, the cardinal principle 
is continuing replacement of consumed blood products to 
maintain perfusion and circulation. This is a temporizing 
measure until the patient has been resuscitated and the 
bleeding is stabilized. Thus, it is imperative to understand 
what comprises each type of blood product in order to 
choose which to use (Table  37.1 ).   

 The basic tenets for blood product replacement are to 
improve oxygen - carrying capacity, maintain intravascu-
lar volume, and treat coagulopathy. Transfusion with 
packed red blood cells (PRBCs) meets the fi rst two pur-
poses. Each unit of packed cells contains approximately 
200   mL of red cells in a total volume of 300   mL. In an adult 
patient without active bleeding, 1 unit should raise the 
hematocrit by approximately 3%. In nonacute settings, 
blood that is specifi cally typed and crossmatched to the 
patient is used, and a leukopoor option is requested to 
decrease the risk of febrile transfusion reaction. In an 
acute setting of bleeding, where blood group and anti-
body screens are lacking, use of O negative PRBCs is 
the safest, quickest, temporizing option until properly 
matched products are available. In most acute care hos-
pitals, typed and screened blood products that were 
ordered prior to surgery can be made available within 
30   min (Transfusion Services, Banner Good Samaritan 
Regional Medical Center, personal communication, 
2010).

 Platelet transfusion is considered when thrombocyto-
penia becomes severe enough that persistent bleeding 
becomes problematic. It has been our experience that 
people have idiosyncratic cut - offs for determining when 
platelet transfusion is prescribed; however, a general 

 In addition to ischemic sequelae, widespread thrombus 
formation depletes the patient ’ s intrinsic clotting factors, 
causing a paradoxical state of anticoagulation illustrated 
clinically by signs such as  “ oozing ”  of blood from intra-
venous sites, catheters, or friable surfaces such as mucosal 
membranes. In the pregnant patient, vaginal bleeding is 
one of the most common signs. The inability to clot can 
lead to multiorgan failure as a vicious cycle is created 
whereby continued blood loss consumes more clotting 
factors, which leads to further blood loss that reduces 
intravascular volume and oxygen - carrying capacity, 
worsening chances for successful resuscitation. Given the 
potential severity of the disease, it is not surprising that 
DIC itself has a very high mortality rate. In the general 
literature on DIC, mortality rates are reported in the range 
40 – 80%  [12,13] ; however, many of those fi ndings were 
based on trauma and burn cases, rather than pregnancy -
 related causes. There do not appear to be any data avail-
able directly addressing maternal mortality and DIC 
specifi cally. 

 Treatment of DIC is reviewed partly in the following 
section on blood product replacement; however, a short 
discussion on the use of heparin to treat DIC is war-
ranted. Given that DIC is based on consumption of clot-
ting factors, use of anticoagulants such as heparin to 
interrupt the clotting cascade is a theoretically sensible 
treatment option. However, no controlled trials exist to 
indicate that heparin is benefi cial  [6] . Furthermore, there 
is logical concern that heparinization would exacerbate 
bleeding, which could create further complications in the 
patient who is postoperative from delivery. Thus, the 
mainstay of therapy would appear to be related to 
replacement therapy with blood products and recom-
binant factors. 

Table 37.1    Blood products used for replacement 

Blood product Contents Indications Volume added (mL) Effect

Packed RBCs Red cells, ∼50mL of 
plasma, WBCs 

Increases red cell mass, 
oxygen-carrying capacity, 
intravascular volume 
(secondary)

300 Increases hematocrit on 
average 3% per unit 

Platelets (usually available 
as 10 -pack of single 
donor platelets) 

Platelets, small amount of 
plasma, RBCs and WBCs 

Treats bleeding from 
thrombocytopenia

50 Increases total platelet count 
between 7500 –10,000/mm3

Fresh frozen plasma Plasma and all clotting 
factors, fi brinogen 

Coagulation disorders, 
increases intravascular 
volume (secondary effect) 

250 Increases fi brinogen levels 
10–15mg/dL per unit 

Cryoprecipitate Fibrinogen, factors V, VIII, 
XIII, von Willebrand and 
fi brinogen 

Treats specifi c bleeding 
disorders (von Willebrand 
disease, hemophilia) and 
any fi brinogen disorders 

40 Same as FFP; however, 
does not add as much 
intravascular volume 

FFP, fresh frozen plasma; RBC, red blood cell; WBC, white blood cell. 
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 Recombinant factor VIIa (rVIIa, aka NovoSeven ™ ) 
has been released for treatment of bleeding diathesis, 
primarily for hemophilias. This synthesized protein com-
bines with tissue factor to activate factors IX and X, and 
increase production of thrombin that stimulates platelet 
recruitment (Fig.  37.3 ). Thus, it has been used, off - label, 
for bleeding disorders from extensive surgery, trauma, 
thrombocytopenia, liver disease, or qualitative platelet 
dysfunction  [18] . Moreover, rVIIa may be useful for 
patients with coagulopathy as it does not add extensive 
volume load and has a short half - life ( < 3   h). It has been 
selectively used for individual cases of obstetric hemor-
rhage  [19] . One case report describes its successful use for 
DIC in the setting of AFE  [20] . Given its novelty, there is 
no known optimal or minimal dosing regimen for its use 
in pregnancy. Case reports have described dosages 
ranging from 20 to 120    μ g/kg for treatment of serious 
bleeding, and have reported clinically signifi cant hemos-
tasis within 30   min of administration. Although there 
appears to be great potential for the use of rVIIa in obstet-
ric hemorrhage and DIC, reservation of its use for the 
most severe cases of hemorrhage seems most prudent.    

Perimortem cesarean delivery

 The fi nal consideration in all cases of obstetric collapse is 
timing of delivery to salvage the fetus. Unfortunately, there 
is a lack of data on this topic for the obvious reason that 
the opportunity to study this technique is rare and unpre-
dictable. Thus, our knowledge is based on theoretical con-
clusions drawn from physiologic data and case studies. 

 According to a paper by Katz  et al   [21] , the decision to 
perform perimortem cesarean delivery must be made 
quickly and without equivocation. Their paper states that 
any maternal patient who suffers cardiac arrest in the 
third trimester should have cesarean delivery initiated 
within 4   min of the time of arrest, and delivery performed 
within 5   min of the seminal event. The recommendation 
for timing of delivery is based on the physiologic princi-
ple that irreversible anoxic damage occurs within 4 – 6   min 
from cessation of adequate cerebral perfusion. In the 
pregnant woman, anoxia occurs more quickly given the 
preexisting reduction in functional residual capacity 
caused by the gravid uterus. Furthermore, it is main-
tained that cardiopulmonary resuscitation likely does not 
produce adequate blood fl ow in the pregnant patient. In 
nonpregnant patients, the thoracic compressions of cardi-
opulmonary resuscitation produce a stroke volume 30% 
of normal  [21] . This stroke volume is reduced another 
two- thirds in pregnancy because of caval compression by 
the gravid uterus, such that chest compressions are likely 
only producing a cardiac output that is 10% of normal 
 [22] . Measures to improve preload and cardiac stroke 
volume are thus vital to maternal survival. Delivery of the 

consensus exists that excessive bleeding from major 
trauma or surgery follows platelet counts less than 
50,000/mm3 , and spontaneous bleeding occurs with 
platelet counts below 10,000/mm 3  (note that this thresh-
old has been reduced from the previous value of 20,000/
mm3  based on recent evidence  [14] . Furthermore, dilu-
tional thrombocytopenia requiring platelet transfusion 
can occur when a patient receives over 1.5 – 2 times their 
normal blood volume. Platelets can be collected from 
single or random donors, but are more commonly avail-
able as a group of 10 units from a single donor. One single 
donor unit should increase the platelet count 7500 – 10,000/
mm3  after equilibration, usually occurring within 10   min 
of transfusion  [15] . Thus, in the setting of pathologic proc-
esses with massive platelet destruction or consumption, 
such as HELLP (hemolysis, elevated liver enzymes, and 
low platelet count) or DIC, platelet transfusions have very 
limited effect, and are often avoided except in a temporiz-
ing capacity (e.g. cesarean delivery in an affected patient). 
Of note, platelet concentrates also contain RBCs in the 
approximately 50   mL of serum present in each unit; 
thus, Rh - negative patients should receive Rh - immune 
prophylaxis. 

 The use of plasma products is more germane to the 
treatment of our AFE patient, as they can replace many 
of the coagulation products consumed or lost during the 
course of DIC. Several different preparations of plasma 
and coagulation products are available. Fresh frozen 
plasma (FFP) is separated from freshly drawn blood, 
and is used to correct any factor defi ciency in a patient. 
It needs to be ABO - compatible with the patient, but 
does not require antibody crossmatching or Rh typing. 
A typical unit will provide an extra 250   mL of volume, 
and contains approximately 700   mg of fi brinogen, which 
should raise a patient ’ s fi brinogen level 10 – 15   mg/dL 
per unit. Different recommendations exist for the amount 
of FFP to be administered, based on the number of 
PRBC units transfused (i.e. 1 unit FFP per 3 – 5 units 
PRBCs). No specifi c ratio of plasma products:PRBCs has 
proven optimal; however, when blood products are 
administered for mass transfusion cases, according to 
a preexisting, defi ned protocol, reductions in compli-
cations such as organ failure and infection have been 
observed  [16,17] . 

 When specifi c factors, such as factors VIII, XIII and von 
Willebrand factor, or fi brinogen are needed, cryopreci-
pitate is a better choice. Cryoprecipitate is cold - insoluble 
and is separated from FFP that has been warmed to refrig-
erator temperatures. Akin to FFP, it raises fi brinogen 
levels 10 – 15   mg/dL per unit but only adds 40   mL in 
volume per unit, making it a logical choice in patients 
who require fi brinogen but are at risk for fl uid overload. 
Additionally, as cryoprecipitate is collected from a single 
donor unit of FFP, it carries less risk for hepatitis and HIV 
transmission.
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Conclusion

 Emergency care in pregnancy is a broad topic encom-
passing myriad causes. We hope that this review of the 
treatment of AFE and its attendant co - morbidities has 
provided the reader with guidelines germane to the 
management of most types of maternal crises. The key 
principle for treatment of the patient with AFE is devot-
ing full attention to maintaining her circulation and 
perfusion, which is necessary for support of the fetus in 
addition to the mother. Awareness of time spent in 
resuscitation is a critical element in deciding when to 
perform perimortem cesarean delivery, as the goal for 
delivery should occur within minutes of complete arrest. 
Timely delivery may not only salvage a viable infant, 
but also improves the efforts for maternal resuscitation. 
Even if resuscitation is successful, vigilance must be 
maintained towards latent issues, notably DIC and 
blood product replacement. Correct usage of replace-
ment products will maintain hemostasis and tissue oxy-
genation, and normalize intravascular volume, and is 
protective against major sequelae such as organ failure 
and infection. 

near term infant will decrease uterine pressure on the 
vena cava, thus increasing venous return to the heart. 
Involution of the uterus also produces an  “ autotransfu-
sion”  of blood from the uterine sinuses into maternal 
circulation. Both measures have been estimated to 
improve maternal circulation 30 – 80%  [23]  and will 
improve the likelihood for resuscitation. 

 The 5 - min rule for delivery of the infant also appears 
to be supported by physiologic studies and case reports 
in the literature. Physiologic studies in animals show that 
a normal fetus has an oxygen reserve of around 2   min but 
compensatory mechanisms and shunting may preserve 
oxygenation for vital organs for periods of time longer 
than 5   min. Katz  et al  ’ s original paper  [21]  reviewed the 
available data on fetal survivors from perimortem deliv-
ery, and found that most survivors were delivered within 
5   min of arrest. Their follow - up paper in 2005  [22]  reported 
seven cases of infants surviving after delivery was accom-
plished over 15   min from maternal cardiac arrest. Given 
that full - term infants have suffi cient reserve to recover 
from hypoxic insult, recommendations are for delivery of 
any fetus exhibiting a heart rate, even if it is past the 5 - min 
period.

Figure 37.3     The coagulation cascade. 
 Reproduced from Ramanarayanan and 
Krishnan  [18]  with permission from 
Emedicine.com.

Intrinsic system

(Surface contact)

XII VII

Extrinsic system

(Tissue factor)

VIIa

XI

XIIa

XIIa

VIIIaVIII

IXaIX

X

V

Xa

PT

IIa

Fibrin

Thrombin

Prothrombinase complex

I I a

II

Va
+IXa

aPTT



www.manaraa.com

306    Part 5 Obstetric Complications

  13.       Gando   S  ,   Nanzaki   S  ,   Kemmotsu   O  .  Disseminated intravascular 
coagulation and sustained systemic infl ammatory response 
syndrome predict organ dysfunctions after trauma .  Ann Surg  
 1999 : 229 : 121  –  127 .  

  14.       May   AK.    Use of blood products in the critically ill .  UpToDate.
com .

  15.       Martin   SM  ,   Strong   TH  .  Transfusion of blood components and 
derivatives in the obstetric intensive care patient . In:   Foley   MR  , 
  Strong   TH  ,   Garite   TJ  , eds.  Obstetric Intensive Care Manual , 
 2nd edn .  London :  McGraw - Hill ,  2004 .  

  16.       Cotton   BA  ,   Au   BK  ,   Nunez   TC   et al.  Predefi ned massive 
transfusion protocols are associated with a reduction in 
organ failure and postinjury complications .  J Trauma   2009 ; 66 :
 41  –  48 .  

  17.       Gunter   OL  ,   Au   BK  ,   Isbell   JM   et al.  Optimizing outcomes in 
damage control resuscitation: identifying blood product 
rations associated with improved survival .  J Trauma   2008 ;
 65 : 527  –  534 .  

  18.       Ramanarayanan   J  ,   Krishnan   G  .  Factor VII .  Emedicine.com .  
  19.       Bouwmeester   FW  ,   Jonkhoff   AR  ,   Verheijen   RH  ,   van   Geijn   HP.   

 Successful treatment of life - threatening postpartum hemor-
rhage with recombinant activated factor VII .  Obstet Gynecol  
 2003 ; 101 : 1174  –  1176 .  

  20.       Lim   Y  ,   Loo   CC  ,   Chia   V  ,   Fun   W.    Recombinant factor VIIa after 
amniotic fl uid embolism and disseminated intravascular coag-
ulopathy .  Int J Gynecol Obstet   2004 ; 87 : 178  –  179 .  

  21.       Katz   VL  ,   Dotters   DJ  ,   Droegemueller   W  .  Perimortem cesarean 
delivery .  Obstet Gynecol   1986 ; 68 : 571  –  576 .  

  22.       Katz   VL  ,   Balderston   K  ,   DeFreest   M.    Perimortem cesarean 
delivery: were our assumptions correct?   Am J Obstet Gynecol  
 2005 ; 192 : 1916 .  

  23.       DePace   NL  ,   Betesh   JS  ,   Kotler   MN.    ‘   ‘ Postmortem ’  ’  cesarean 
section with recovery of both mother and offspring .  JAMA  
 1982 ; 248 : 971  –  973 .   

References

     1.       Clark   SL  ,   Hankins   GD  ,   Dudley   DA   et al.  Amniotic fl uid embo-
lism: analysis of the national registry .  Am J Obstet Gynecol  
 1995 ; 172 : 1158  –  1167 .  

     2.       Tuffnell   DJ.    Amniotic fl uid embolism .  Curr Opin Obstet 
Gynecol  2003 ; 15 : 119  –  122 .  

     3.       Abenheim   HA  ,   Azoulay   L  ,   Kramer   MS   et al.  Incidence and risk 
factors of amniotic fl uid embolisms: a population based study 
on 3 million births in the United States .  Am J Obstet Gynecol  
 2008 ; 199 : 49 .  

     4.       Chang   J  ,   Elam - Evans   LD  ,   Berg   CJ   et al.  Pregnancy - related mor-
tality surveillance, United States, 1991 – 1999 .  MMWR Surveill 
Summ   2003 ; 52 : 1  –  8 .  

     5.       Kaunitz   AM  ,   Hughes   JM  ,   Grimes   DA  .  Causes of maternal 
mortality in the United States .  Obstet Gynecol   1985 ; 65 :
 605  –  612 .  

     6.       Baldiserri   M.    Amniotic fl uid embolism .  UpToDate.com .  
     7.       Davies   S.    Amniotic fl uid embolism and isolated disseminated 

intravascular coagulation .  Can J Anaesth   1999 ; 46 : 456  –  459 .  
     8.       Benson   MD.    A hypothesis regarding completment activation 

and amniotic fl uid embolism .  Med Hypotheses   2007 ; 68 :
 101  –  122 .  

     9.       Bradley ,  JM  ,   Collins   KM  ,   Harley   RA.    Ancillary studies in amni-
otic fl uid embolism: a case report and review of the literature . 
 Am J Forensic Med Pathol   2005 ; 26 : 92 .  

  10.       Cole   DE  ,   Taylor   TL  ,   McCullough   DM   et al.  Acute respiratory 
distress syndrome in pregnancy .  Crit Care Med   2005 ; 33 :
 S269  –  272 .  

  11.       Siegal   T  ,   Seligsohn   U  ,   Aghai   E  ,   Modan   M  .  Clinical and labora-
tory aspects of disseminated intravascular coagulation: a study 
of 118 cases .  Thromb Haemost   1978 ; 39 : 122  –  134 .  

  12.       Stephan   F  ,   Hollande   J  ,   Richard   O   et al.  Thrombocytopenia in 
the surgical ICU .  Chest   1999 ; 115 : 1363  –  1370 .  

    A 29 - year - old African - American female, gravida 2, para 
1001, at 38 weeks ’  gestation, has been on pitocin aug-
mentation for the past 12   h. Fetal heart rate is con-
sistently in the 140 – 150 beat per minute (bpm) range, 
with good variability and no signs of hypoxia. At 
4   cm dilation, amniotomy is performed, with light 
meconium- stained fl uid noted. The patient then com-
plains to her labor nurse that she is  “ feeling strange, ”  
with light - headedness and the inability to  “ think 
clearly. ”  She then, oddly, begins counting backwards 
from 10 spontaneously and, before she fi nishes, loses 
consciousness.

 The labor nurse notes that her oxygen saturations are 
acutely falling, dropping to the 80s.The resident attempts 
bedside revival, but no response is obtained. Fetal heart 
tones become bradycardic to 80   bpm within minutes from 
loss of consciousness. She is rushed to the operating room 
for resuscitation, and has a grand mal seizure on the 
operating table. The anesthesiologist notes that the 

patient ’ s rhythm strip shows asystole. The fetal heart 
monitor verifi es a severe bradycardia. 

 The decision is made to perform a perimortem cesarean 
delivery of the fetus. Cardiopulmonary resuscitation is 
performed concurrently. The infant is successfully deliv-
ered by low transverse cesarean section, and requires 
resuscitation in the operating room by the neonatal team. 

 Full code resuscitation is carried out on the patient 
throughout the completion of the cesarean delivery. An 
inordinately small amount of blood loss is noted from the 
uterine incision. As the patient ’ s skin is being closed, a 
watery - bloody discharge begins to ooze between the 
staples. She is also noted to be bleeding from her intrave-
nous sites, and a large pool of blood is noted on the sheets 
of the operating table between her legs. The code is 
carried out for a full 50   min from the initiation of the 
cesarean, but the patient never recovers a consistent heart 
rhythm. Death is pronounced approximately 50   min from 
membrane rupture.  

CASE PRESENTATION 
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     The time - honored concept that the placenta is relatively 
impervious to cell traffi cking between the fetus and its 
mother is no longer accepted. Flow cytometry can detect 
fetal red cell and red cell precursors in the maternal cir-
culation in virtually all pregnancies  [1,2] . 

 In some patients, this exposure to fetal red cell antigens 
produces an antibody response that can be harmful to 
future offspring. The process is known as red cell alloim-
munization (formerly isoimmunization). Active trans-
placental transport of these antibodies leads to their 
attachment to fetal red cells and sequestration in the fetal 
spleen. The quantity of the maternal antibody (see below), 
the subclass of immunoglobulin G (IgG), and even the 
response of the fetal reticuloendothelial system have roles 
in the development of fetal anemia  –  a disease state 
known as hemolytic disease of the fetus and newborn 
(HDFN). In extreme cases, this severe anemia is associ-
ated with the accumulation of extracellular fl uid in the 
form of ascites, pleural effusions, and scalp edema, a con-
dition termed hydrops fetalis. 

Prophylaxis

 Prevention of maternal alloimmunization is almost uni-
formly successful in the case of exposure to the RhD or 
 “ rhesus ”  antigen. Prophylactic immunoglobulin (rhesus 
immunoglobulin; RhIg) is now available in the USA in the 
form of four commercial preparations  –  two can only be 
administered intramuscularly while two can be given 
either intramuscularly or intravenously. RhIg is not effec-
tive once the patient has developed endogenous antibod-
ies. Immunoglobulins to prevent sensitization to other 
red cell antigens are not available. 

 All pregnant patients should undergo an antibody 
screen to red cell antigens at the fi rst prenatal visit. In the 

case of a negative screen in the RhD - negative patient, 
further testing is unnecessary until 28 weeks ’  gestation. 
Unless the patient ’ s partner is documented to be RhD 
negative, a 300    μ g dose of RhIg should be administered at 
28 weeks. In addition, a repeat antibody screen should 
also be obtained at that time as recommended by the 
American Association of Blood Banks, although the 
American Congress of Obstetricians and Gynecologists 
has left this to the discretion of the clinician  [3] . Although 
this has not been studied for cost - effectiveness, a repeat 
screen will detect the rare patient who becomes RhD sen-
sitized early in pregnancy. If a repeat screen is obtained, 
the intramuscular RhIg injection can be administered 
before the patient is sent for venepuncture. The short time 
interval between procedures will not affect the results of 
the antibody screen. 

 At delivery, a cord blood sample should be tested for 
neonatal RhD typing. If the neonate is determined to be 
RhD positive, a second dose of 300    μ g RhIg should be 
administered to the mother within 72 hours of delivery. 
Approximately 0.1% of deliveries will be associated 
with a fetomaternal hemorrhage (FMH) in excess of 
30   mL. More than the standard dose of RhIg will be 
required in these cases. Because risk factor assessment 
will only identify 50% of patients who have an exces-
sive FMH at delivery, the routine screening of all post-
partum women is now recommended. Typically, this 
involves a sheep rosette test which is read qualitatively 
as positive or negative. If negative, one vial of RhIg 
(300    μ g) is given. If positive, the bleed is quantitated 
with a Kleihauer – Betke stain or fetal cell stain by fl ow 
cytometry. Blood bank consultation should then be 
undertaken to determine the number of doses of RhIg 
to administer. 

 The mechanism by which RhIg prevents sensitization 
is not well understood. Biochemical studies have revealed 
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a result of invasive procedures as well as a reduction 
in the rate of perinatal loss. Consultation with a maternal -
 fetal specialist should be considered in these cases in an 
effort to offer the patient the latest advancements in the 
fi eld. 

Antibody titer
 In the fi rst affected pregnancy, the maternal antibody 
titer continues to be used as the fi rst level of surveil-
lance in the USA. Once the maternal antibody screen 
indicates the presence of an anti - D antibody, a titer 
should be ordered. A critical titer has been defi ned as 
the value for a particular institution that is associated 
with a risk for fetal hydrops. An anti - D titer of 32 in the 
fi rst affected pregnancy is often used. However, one 
must be cautious in the interpretation of antibody titers 
as they are crude estimates of the amount of circulating 
antibody. 

 Today titers are performed much the same as they have 
been for several decades. Preserved human red cells are 
used as the indicator for the measurement of a biologic 
endpoint. These cells have a shelf - life of 4 weeks, leading 
to the likely situation that subsequent titers will be 
performed using a different batch of indicator cells. In 
addition, large differences in titer can be seen between 
laboratories in the same patient, as many commercial 
facilities use such techniques as enzymatic treatment of 
the indicator red cells to overestimate the actual value 
of the titer. Additionally, newer gel technology will 
often produce titer results that are two or more 
dilutions higher than expected with older tube tech-
nology  [6] .  

Ultrasound
 Ultrasound has revolutionized the surveillance of the 
anemic fetus. An early study is indicated in an affected 
pregnancy to determine the gestational age accurately. In 
the past, ultrasound was used to detect fetal hydrops. 
Unfortunately, this represents an end - stage phase of 
HDFN with more than two - thirds reduction in the fetal 
hemoglobin below the norm  [7] . The most signifi cant 
breakthrough in the surveillance of the potentially anemic 
fetus has been the validation of the peak systolic middle 
cerebral artery (MCA) Doppler velocity. For many years, 
alloimmunized women were subjected to repetitive amni-
ocenteses to measure the amount of bilirubin in the amni-
otic fl uid  –  a surrogate test for the degree of ongoing fetal 
hemolysis. The test was often referred to as the  Δ OD 450  as 
it measured the change in optical density at 450   nm for 
the bilirubin peak using spectrophotometry. Results were 
plotted on various longitudinal curves named after their 
authors  –  the Liley and Queenan curves  [8,9] . Recent 
studies have verifi ed the MCA Doppler to be more sensi-
tive for predicting fetal anemia than the  Δ OD 450   [10] . The 

that the standard dose is insuffi cient to block all of the 
antigenic sites on the fetal red cells in the maternal cir-
culation  [4] . Therefore, if RhIg is inadvertently omitted 
after delivery, some protection has been proven with 
administration within 13 days. It should not be with-
held as late as 28 days after delivery if the need 
arises  [5] . 

 Additional indications for RhIg are listed in Table  38.1 . 
Although a 50    μ g dose of RhIg has been recommended for 
clinical situations up to 13 weeks ’  gestation, most hospi-
tals no longer stock this preparation and the cost is com-
parable to the standard 300    μ g dose.    

Methods of surveillance

 In recent years, techniques for fetal surveillance in 
cases of RhD alloimmunization have evolved to a more 
noninvasive approach. Many of these have led to a reduc-
tion in the rate of enhanced maternal immunization as 

Table 38.1    Indications for administration of Rhesus 
immunoglobulin

Indication Level of evidence 

Spontaneous abortion A
Elective abortion A
Threatened abortion C
Ectopic pregnancy A
Hydatidiform mole B
Genetic amniocentesis A
Chorion villus biopsy A
Fetal blood sampling A
Placenta previa with bleeding C
Suspected abruption C
Intrauterine fetal demise C
Blunt trauma to the abdomen (includes 

motor vehicle accidents) 
C

At 28 weeks ’ gestation, unless father of 
fetus is RhD negative 

A

Amniocentesis for fetal lung maturity A
External cephalic version C
Within 72 h of delivery of an RhD -positive

infant
A

After administration of RhD -positive blood 
components

C

Level A evidence (good and consistent scientifi c evidence)  [3].
Level C evidence (consensus and expert opinion) [3].
Reproduced with permission from Moise KJ. Red cell 
alloimmunization. In: Gabbe S, Niebyl J, J Simpson et al (eds) 
Obstetrics: Normal and Abnormal Pregnancies, 5th edn. Philadelphia: 
Elsevier Saunders, 2007. 
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heterozygous, testing in consultation with the blood bank 
should be employed to determine the paternal zygosity. 
This is undertaken through DNA analysis for RhD; sero-
logic testing can be used to detect paternal zygosity in the 
case of other Rh antibodies (C, c, E, e) or other irregular 
anti - red cell antibodies such as Kell. 

 An exciting new development in fetal RhD typing 
involves the isolation of free fetal DNA in maternal serum 
 [13] . In the UK, this technique has virtually replaced 
amniocentesis for fetal RhD determination in the case 
of a heterozygous paternal phenotype. This test is now 
commercially available in the US. In the case of a hetero-
zygous paternal phenotype for other red cell antigens, 
amniocentesis can be undertaken at 15 – 17 weeks to 
obtain fetal DNA from the amniotic fl uid to determine 
the fetal genotype for the involved red cell antigen. 
Both paternal and maternal blood samples should be 
sent to the reference laboratory with the amniotic fl uid 
aliquot in order to exclude gene rearrangements that may 
invalidate the fetal DNA result. If the patient ’ s partner 
is not available or if there is a question regarding pater-
nity, paired maternal titers can be tested 8 – 10 weeks 
apart. If there is an increase in titer of more than four-
fold (i.e. 4 – 32), an antigen - negative fetal genotype by 
previous amniocentesis or free fetal DNA testing may be 
erroneous. 

Overall clinical management

First sensitized pregnancy
     •      Follow maternal titers every 4 weeks up to 20 weeks ’  
gestation; repeat every 2 weeks thereafter.  
   •      Assess paternal zygosity for the Rh gene.  
   •      Once a critical value (usually 32) is reached in cases of 
a heterozygous paternal phenotype, perform free fetal 
DNA from maternal blood or amniocentesis at 15 – 17 
weeks to determine the fetal RhD status. Send maternal 
and paternal blood samples (usually in an EDTA tube) 
with the amniotic fl uid.  
   •      If an RhD - negative fetus is found, no further testing is 
warranted.
   •      If a there is homozygous paternal phenotype or RhD -
 positive fetus by DNA analysis, begin serial MCA 
Dopplers as early as 24 weeks ’  gestation. Repeat weekly 
three times and assess trend. If not rising rapidly, consider 
MCAs every 2 weeks.  
   •      If the MCA Doppler is  > 1.5 MoM, perform cordocente-
sis with blood readied for intrauterine transfusion (IUT; 
see below) for a fetal hematocrit of < 30%.  
   •      If repeat MCA velocities remain  < 1.5 MoM, consider 
induction by 38 weeks ’  gestation.  
   •      In the case of an elevated MCA after 35 weeks ’  gesta-
tion, consider repeating the study the following day. If the 

MCA can be easily visualized with color fl ow Doppler. 
Pulsed Doppler is then used to measure the peak systolic 
velocity of the MCA just distal to its bifurcation from the 
internal carotid artery. Enhanced fetal cardiac output and 
a decrease in blood viscosity contribute to an increased 
blood fl ow velocity in fetal anemia. Because the general 
trend is for the MCA velocity to increase with advancing 
gestational age, results are reported in multiples of the 
median (MoM), much like serum  α  - fetoprotein. The 
actual value can be plotted on standard curves (Table 
 38.2 ) or entered into a website that will calculate the MoM 
value ( www.perinatology.com ). A value greater than 1.5 
MoM is suggestive of moderate - to - severe fetal anemia 
and requires further investigation through direct 
ultrasound- guided fetal blood sampling (cordocentesis) 
 [11] .   

 Middle cerebral artery Dopplers can be initiated as 
early as 18 weeks ’  gestation and should be repeated every 
1 – 2 weeks as the clinical situation warrants. After 35 
weeks ’  gestation, the false - positive rate for the prediction 
of fetal anemia is increased probably as a result of fetal 
heart rate accelerations  [12] . The advantage of serial MCA 
measurements is a reduction of over 80% in the need for 
invasive diagnostic procedures such as amniocentesis 
and cordocentesis. 

Fetal blood typing through DNA analysis
 Paternal testing should begin early in the evaluation 
process of the alloimmunized patient. An RhD - negative 
result with assurance of paternity requires no further 
maternal testing after proper documentation of the pater-
nity discussion with the patient in the medical record. 
Because more than 50% of RhD - positive partners are 

Table 38.2    Peak systolic middle cerebral artery values 

Weeks of 
gestation

1.29 MoM (mild anemia) 
(cm/s)

1.50 MoM (moderate –severe
anemia) (cm/s) 

18 29.9 34.8
20 32.8 38.2
22 36.0 41.9
24 39.5 46.0
26 43.3 50.4
28 47.6 55.4
30 52.2 60.7
32 57.3 66.6
34 62.9 73.1
36 69.0 80.2
38 75.7 88.0
40 83.0 96.6

MoM, multiples of the mean. 
Source: Mari [11].
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value remains elevated, perform amniocentesis for fetal 
lung maturity and Δ OD 450 . If immature and the  Δ OD 450

value is not in the upper zone 2 of the Liley curve, 
consider repeat amniocentesis 1 week later to confi rm 
maturity.  
   •      Induce by 38 weeks ’  gestation.     

Previous severely affected fetus or infant
(previous child requiring intrauterine or 
neonatal transfusion)
     •      Maternal titers are  not  helpful in predicting the onset 
of fetal anemia after the fi rst affected gestation.  
   •      In cases of a heterozygous paternal phenotype, analyze 
free fetal DNA from maternal blood or following amnio-
centesis at 15 – 16 weeks ’  gestation to determine the fetal 
RhD status. If an RhD - negative fetus is found, no further 
testing is warranted. 
   •      If fetus is Rh positive, begin MCA Doppler assessments 
at 18 weeks ’  gestation. Repeat every week.  
   •      When an MCA Doppler  > 1.5 MoM is noted, perform 
cordocentesis with blood readied for IUT for fetal hema-
tocrit of < 30%.  
   •      If the MCA Doppler value does not become elevated, 
follow the same protocol after 35 weeks as for the fi rst 
affected pregnancy (see above).      

Intrauterine transfusion

 First introduced in 1963 by Sir William Liley, IUT has 
withstood the test of time as the most successful fetal 
therapy  [14] . Initially the peritoneal cavity was used as 
the site of transfusion; however, hydropic fetuses were 
found to exhibit poor absorption of transfused red blood 
cells. Today the direct intravascular transfusion (IVT) of 
donor red blood cells into the fetal umbilical vein at its 
placental insertion is the most common method of IUT. 
Variations in the standard IVT approach include the 
inclusion of additional transfused cells into the peritoneal 
cavity at the same setting to prolong the interval between 
procedures  [15] . Additionally, the intrahepatic portion of 
the umbilical vein is used as the access site for IVT in 
many centers in Europe  [16] . 

 Limited visualization of the umbilical cord insertion 
precludes successful IVT prior to 18 weeks ’  gestation. 
Most centers will not perform an IUT after 35 weeks. 
After the fi rst IVT, the second procedure is usually 
planned 7 – 10 days later with an expected decrement in 
the fetal hematocrit of approximately 1% per day. 
Subsequent procedures are repeated at 2 – 3 - week inter-
vals based on fetal response and suppression of fetal 
erythropoiesis. 

 After the last procedure, the patient is scheduled for 
induction of labor at 38 – 39 weeks ’  gestation to allow for 
fetal liver maturity. The addition of oral maternal pheno-
barbital may further enhance the ability of the fetal liver 
to conjugate bilirubin, thereby preventing the need 
for neonatal exchange transfusions  [17] . Currently, the 
typical neonatal course for the fetus treated successfully 
with serial IUTs includes minimal need for phototherapy 
and discharge to home with the mother at the end 
of a routine postpartum stay. Postpartum is not 
contraindicated.

Outcome
 In experienced centers, the overall perinatal survival with 
IUT is 85 – 90%  [18] . Hydropic fetuses fare more poorly, 
with a 15% decrease in survival over their nonhydropic 
counterparts  [19] . Suppression of fetal erythropoiesis 
because of serial IUTs can be associated with profound 
anemia in the fi rst few months of life. Weekly neonatal 
hematocrit and reticulocyte counts should be followed 
until there is evidence of renewed production of red cells. 
Top - up red cell transfusions may be required in as many 
as 50% of cases  [20] . 

 Neurodevelopmental follow - up studies of neonates 
transfused by IVT are limited in number. Most point to 
over a 90% chance of intact survival  [21] . Hydrops fetalis 
does not seem to affect this outcome. Sensorineural 
hearing loss may be slightly increased as a result of pro-
longed exposure of the fetus to high levels of bilirubin. A 
hearing screen should be performed during the early neo-
natal course and repeated by 2 years of life.   

Hemolytic disease of the fetus
and newborn caused by 
non-RhD antibodies

 Antibodies to the red cell antigens Lewis, I, and P are 
often encountered through antibody screening during 
prenatal care. Because these antibodies are typically of the 
IgM class, they do not cross the placenta and are not 
associated with HDFN  [22] . 

 Antibodies to more than 50 other red cell antigens have 
been reported to be associated with HDFN (Table  38.3 ). 
However, only three of these antibodies cause signifi cant 
hemolytic disease where treatment with IUT is necessary: 
anti - RhD, anti - Rhc, and anti - Kell (K1). Most centers use 
a maternal titer of 32 in cases of non - RhD antibodies to 
initiate fetal surveillance. Because the Kell antibody 
affects the fetus both at the level of the bone marrow to 
suppress erythropoiesis as well as causing the destruction 
of circulating red cells, a critical titer of 8 is used in the 
case of Kell antibodies  [23] .      
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Table 38.3    Non - RhD antibodies and associated hemolytic disease of the fetus and newborn ( HDFN ) 

Antigen system Specifi c antigen Antigen system Specifi c antigen Antigen system Specifi c antigen 

Frequently associated with severe disease

Kell K (K1) 

Rhesus c

Infrequently associated with severe disease

Colton Coa MNS Mur Scianna Sc2
Co3 MV Rd

Diego ELO s Other Ag Bi
Dia sD Good
Dib S Heibel
Wra U HJK
Wrb Vw Hta

Duffy Fya Rhesus Bea Jones

Kell Jsb C Joslin
k (K2) Ce Kg
Kpa Cw Kuhn
Kpb ce Lia

K11 E MAM
K22 Ew Niemetz
Ku Evans REIT
Ula G Reiter

Kidd Jka Goa Rd

MNS Ena Hr Sharp
Far Hro Vel
Hil JAL Zd
Hut Rh32
M Rh42
Mia Rh46
Mta STEM
MUT Tar

Associated with mild disease

Duffy Fyb Kidd Jkb Rhesus Riv
Fy3 Jk3 RH29

Gerbich Ge2 MNS Mit Other Ata

Ge3 Rhesus CX JFV
Ge4 Dw Jra

Lsa e Lan

Kell Jsa HOFM
LOCR

Reproduced with permission from Moise KJ. Hemolytic disease of the fetus and newborn. In: Creasy RK, Resnik R, Iams J, eds. Maternal-Fetal
Medicine, 5th edn. Philadelphia: wb Saunders, 2004. 
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    A 30 - year - old gravida 2, para 1001 was noted to have a 
positive antibody screen for anti - D at her fi rst prenatal 
visit at 8 weeks ’  gestation. The patient had not received 
Rh immunoglobulin after her previous delivery in Mexico 
3 years earlier. Her titer was 32 for anti - D. Paternal DNA 
testing revealed a heterozygous state. The patient was 
scheduled for amniocentesis at 16 weeks ’  gestation but 
elected to undergo free fetal DNA testing instead. Results 
indicated an RhD - positive fetus. At 24 weeks ’  gestation 
the anti - D titer remained stable at 32. Serial MCA Doppler 
studies were initiated each week. After 3 weeks, these 

remained at 1.1 – 1.2 MoM so the testing interval was 
lengthened to every 2 weeks. The MCA Dopplers 
remained normal. Induction of labor was undertaken at 
38 weeks ’  gestation. A healthy 3713   g (8   lb 3   oz) female 
fetus was born vaginally. Cord blood revealed the child 
to be A, RhD positive, the direct Coombs was 1 + , and the 
total bilirubin was 2.1   mg/dL. The infant required 3 days 
of bililight therapy with a peak bilirubin of 10   mg/dL. The 
infant was discharged on the fourth day of life and 
required no further treatment.  

CASE PRESENTATION 1: SURVEILLANCE OF THE FIRST AFFECTED GESTATION 

    The patient in case presentation 1 returned 2 years later 
with her third pregnancy. The current pregnancy had 
been fathered by the same partner as her previous gesta-
tion. At 10 weeks ’  gestation, the maternal anti - D titer was 
128. An amniocentesis at 15 weeks indicated an RhD -
 positive fetus. Serial MCA Dopplers were initiated each 
week starting at 18 weeks ’  gestation. At 25 weeks, the 
MCA peak systolic velocity was 1.45 MoM. One week 
later it had risen to 1.7 MoM. The following day, an IUT 
was scheduled. Initial fetal blood at the time of cordocen-
tesis revealed blood type O, RhD positive, with a 3 +  direct 
Coombs test. The fetal hematocrit was 25% with 15% 
reticulocytes. An intravascular transfusion of 45   mL raised 
the fetal hematocrit to 50%. The patient returned for fi ve 
additional IUTs, the last one being performed at 35 weeks ’  
gestation. Oral phenobarbital was prescribed to the 

patient 10 days prior to her planned induction date in 
an effort to enhance the neonatal capability to conjugate 
bilirubin. 

 She was induced at 38 weeks ’  gestation and delivered 
a healthy 3004   g (6   lb 10   oz) male fetus. Cord blood testing 
revealed a hematocrit of 45% with a Kleihauer – Betke 
stain consisting of 100% adult hemoglobin - containing red 
cells, indicating complete suppression of the fetal bone 
marrow. The infant was discharged on the second day of 
life and did not require bililight therapy. He was followed 
with weekly hematocrit and reticulocyte counts by his 
pediatrician. At 4 weeks of age he was noted to be feeding 
poorly; the hematocrit had declined to 23%. He was 
admitted overnight for a  “ top - up ”  red cell transfusion. 
Subsequent testing revealed a rising reticulocyte count. 
The infant required no further therapy.  

CASE PRESENTATION 2: SURVEILLANCE OF A  SUBSEQUENT AFFECTED 
GESTATION 

References

     1.       Wataganara   T  ,   Chen   AY  ,   LeShane   ES   et al.  Cell - free fetal DNA 
levels in maternal plasma after elective fi rst - trimester termina-
tion of pregnancy .  Fertil Steril   2004 ; 81 : 638  –  644 .  

     2.       Medearis   AL  ,   Hensleigh   PA  ,   Parks   DR  ,   Herzenberg   LA.   
 Detection of fetal erythrocytes in maternal blood postpartum 
with the fl uorescence - activated cell sorter .  Am J Obstet Gynecol  
 1984 ; 148 : 290  –  295 .  

     3.      American College of Obstetricians and Gynecologists .  Pre-
vention of RhD alloimmunization . Practice Bulletin No. 4. 
 Washington, DC :  American College of Obstetricians and 
Gynecologists ,  1999 .  

     4.       Kumpel   BM.    On the mechanism of tolerance to the Rh D 
antigen mediated by passive anti - D (Rh D prophylaxis) . 
 Immunol Lett   2002 ; 82 : 67  –  73 .  

     5.       Bowman   JM.    Controversies in Rh prophylaxis. Who needs Rh 
immune globulin and when should it be given?   Am J Obstet 
Gynecol   1985 ; 151 : 289  –  294 .  

     6.       Novaretti   MC  ,   Jens   E  ,   Pagliarini   T   et al.  Comparison of con-
ventional tube test with diamed gel microcolumn assay for 
anti - D titration .  Clin Lab Haematol   2003 ; 25 : 311  –  315 .  

     7.       Nicolaides   KH  ,   Warenski   JC  ,   Rodeck   CH.    The relationship of 
fetal plasma protein concentration and hemoglobin level to the 
development of hydrops in rhesus isoimmunization .  Am J 
Obstet Gynecol   1985 ; 152 : 341  –  344 .  

     8.       Liley   AW.    Liquor amnii analysis in the management of pre-
gnancy complicated by rhesus sensitization .  Am J Obstet 
Gynecol   1961 ; 82 : 1359  –  1370 .  

     9.       Queenan   JT  ,   Tomai   TP  ,   Ural   SH  ,   King   JC  .  Deviation in amniotic 
fl uid optical density at a wavelength of 450     nm in Rh -
 immunized pregnancies from 14 to 40 weeks ’  gestation: a 



www.manaraa.com

Chapter 38 Rh and Other Blood Group Alloimmunizations    313

proposal for clinical management .  Am J Obstet Gynecol  
 1993 ; 168 : 1370  –  1376 .  

  10.       Opekes   D  ,   Seward   G  ,   Vandenbussche   F   et al.  Minimally inva-
sive management of Rh alloimmunization: can amniotic fl uid 
delta OD450 be replaced by Doppler studies? A prospective 
study multicenter trial .  Am J Obstet Gynecol   2004 ; 191 :S 3 .  

  11.       Mari   G  ,  for the Collaborative Group for Doppler Assess-
ment of the Blood Velocity in Anemic Fetuses .  Noninvasive 
diagnosis by Doppler ultrasonography of fetal anemia due 
to maternal red - cell alloimmunization .  N Engl J Med  
 2000 ; 342 : 9  –  14 .  

  12.       Zimmerman   R  ,   Carpenter   RJ   Jr  ,   Durig   P  ,   Mari   G.    Longitudinal 
measurement of peak systolic velocity in the fetal middle 
cerebral artery for monitoring pregnancies complicated by 
red cell alloimmunisation: a prospective multicentre trial 
with intention - to - treat .  Br J Obstet Gynaecol   2002 ; 109 :
 746  –  752 .  

  13.       Finning   KM  ,   Martin   PG  ,   Soothill   PW  ,   Avent   ND.    Prediction 
of fetal D status from maternal plasma: introduction of a 
new noninvasive fetal RHD genotyping service .  Transfusion  
 2002 ; 42 : 1079  –  1085 .  

  14.       Liley   AW.    Intrauterine transfusion of foetus in haemolytic 
disease .  BMJ   1963 ; 2 : 1107  –  1109 .  

  15.       Moise   KJ   Jr  ,   Carpenter   RJ   Jr  ,   Kirshon   B  ,   Deter   RL  ,   Sala   JD  ,   Cano  
 LE  .  Comparison of four types of intrauterine transfusion: effect 
on fetal hematocrit .  Fetal Ther   1989 ; 4 : 126  –  137 .  

  16.       Nicolini   U  ,   Nicolaidis   P  ,   Fisk   NM  ,   Tannirandorn   Y  ,   Rodeck   CH.   
 Fetal blood sampling from the intrahepatic vein: analysis of 

safety and clinical experience with 214 procedures .  Obstet 
Gynecol   1990 ; 76 : 47  –  53 .  

  17.       Trevett   T  ,   Dorman   K  ,   Lamvu   G  ,   Moise   KJ  .  Does antenatal 
maternal administration of phenobarbital prevent exchange 
transfusion in neonates with alloimmune hemolytic disease? 
 Am J Obstet Gynecol   2005 ; 192 : 478  –  482 .  

  18.       Van   Kamp   IL  ,   Klumper   FJ  ,   Oepkes   D   et al.  Complications of 
intrauterine intravascular transfusion for fetal anemia due to 
maternal red - cell alloimmunization .  Am J Obstet Gynecol  
 2005 ; 192 : 171  –  177 .  

  19.       Van   Kamp   IL  ,   Klumper   FJ  ,   Bakkum   RS   et al.  The severity of 
immune fetal hydrops is predictive of fetal outcome after 
intrauterine treatment .  Am J Obstet Gynecol   2001 ; 185 :
 668  –  673 .  

  20.       Saade   GR  ,   Moise   KJ  ,   Belfort   MA  ,   Hesketh   DE  ,   Carpenter   RJ.   
 Fetal and neonatal hematologic parameters in red cell alloim-
munization: predicting the need for late neonatal transfusions . 
 Fetal Diagn Ther   1993 ; 8 : 161  –  164 .  

  21.       Hudon   L  ,   Moise   KJ   Jr  ,   Hegemier   SE   et al.  Long - term neurode-
velopmental outcome after intrauterine transfusion for the 
treatment of fetal hemolytic disease .  Am J Obstet Gynecol  
 1998 ; 179 : 858  –  863 .  

  22.       Brecher   ME.    Technical Manual of the American Association of 
Blood Banks .  Bethesda, MD :  American Association of Blood 
Banks ,  2002 .  

  23.       Bowman   JM  ,   Pollock   JM  ,   Manning   FA  ,   Harman   CR  , 
  Menticoglou   S  .  Maternal Kell blood group alloimmunization . 
 Obstet Gynecol   1992 ; 79 : 239  –  244 .     



www.manaraa.com

Chapter 39 
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     An epidemic of multiple gestations has occurred over the 
past two decades, attributed largely to an older patient 
population secondary to delayed child bearing and the 
rise in the use of assisted reproductive technology (ART) 
and ovulation induction. According to the National Vital 
Statistics Report for 2007, the twinning rate was 32.2 twin 
births per 1000 total livebirths with a 70% rise between 
1980 and 2004  [1] . More impressive are the numbers of 
triplets and high - order multiples, which rose over 400% 
between 1980 and 1998 to a high of 193.5 per 100,000 
births before declining again to a rate of 148.9 per 100,000 
births in 2007  [1] . Perinatal complications have been 
strongly affected by the widespread prevalence of multi-
ple gestations as these pregnancies account for a dispro-
portionate share of adverse outcomes. 

 The most profound implication of this epidemic of mul-
tiple gestations is the problem of preterm delivery, which 
remains the leading cause of hospitalization among 
pregnant women and the leading cause of infant death 
 [2] . In addition to prematurity, multiple pregnancy is 
known to be associated with a greater number of other 
maternal and fetal problems including gestational hyper-
tension, placental abruption, operative delivery, low 
birthweight, and adverse neurologic outcomes  [3] . The 
overall increased perinatal risks associated with multiple 
gestations compared with singleton pregnancies are well 
documented, and these high - risk pregnancies have a 
profound effect on medical expenditures and public 
health  [1] . This chapter reviews multiple gestations and 
the current strategies for managing these complex 
pregnancies.  

Impact on perinatal outcomes 

 The two most important contributors to increased perina-
tal morbidity and mortality in multiple gestations appear 
to be increased rates of prematurity and complications of 

monochorionicity. In 2002 in the USA, the mean age at 
delivery was 35.3 weeks for twins, 32.2 weeks for triplets, 
and 29.9 weeks for quadruplets, compared to 38.8 weeks 
for singletons  [4] . Offspring of multiple pregnancies also 
have lower birthweights than singletons, with the mean 
birthweight for singletons being 3332   g compared to 
2347   g for twins, 1687   g for triplets, and 1309   g for quad-
ruplets  [4] . In 2007, 57% of twins were low birthweight 
(LBW)  [1] . In addition, neonates from multiple gestations 
currently comprise a disproportionate share of neonatal 
intensive care admissions and recent National Vital 
Statistics data indicate that nearly 20% of neonatal deaths 
are from multiple gestations. While the offspring of mul-
tiple gestations may be born earlier than singletons, 
preterm twin and triplet neonates appear to have similar 
birthweights, morbidities, and mortalities as gestational 
age - matched singleton controls  [5 – 7] , suggesting that the 
increased risk of perinatal morbidity and mortality among 
multiples can be explained by the increased rate of 
preterm delivery in this population. 

 Besides prematurity, patients with multiples are at 
increased risk for adverse perinatal outcomes resulting 
from complications unique to the twinning process. In 
particular, monochorionic placentation accounts for 20% 
of all twin pregnancies and carries a worse prognosis than 
dichorionicity. Complications from monochorionicity 
such as twin – twin transfusion syndrome (TTTS) continue 
to place these offspring at higher risk for long - term 
adverse outcomes. Cases of single intrauterine fetal death 
(IUFD) in twins sharing a single placenta can be associ-
ated with a coincident insult leading to white matter 
damage in the surviving co - twin. Other unique but rare 
problems that occur in monochorionic pregnancies 
include cord entanglement in monoamniotic twins, con-
joined twins, and twin reversed arterial perfusion (TRAP) 
sequence, also known as a cardiac twinning. 

 Multiple gestation is an independent risk factor for 
long - term neurologic impairment. In various studies, 
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Ultrasound diagnosis of chorionicity 
 The determination of chorionicity is important in the 
management of multiple gestations as monochorionic 
twins are at increased risk for adverse outcomes. Antenatal 
knowledge of chorionicity can be critical for determining 
optimal management of a variety of pregnancy complica-
tions, including growth disorders. Precise knowledge of 
chorionicity is imperative when contemplating the selec-
tive termination (ST) of one abnormal twin or when per-
forming elective fi rst - trimester multifetal pregnancy 
reduction (MPR). If the gestation is monochorionic, a 
shared placental circulation could result in death or injury 
to a surviving fetus, depending on the technique utilized 
for the termination procedure. 

 Chorionicity is most accurately determined in the fi rst 
trimester. From 6 to 10 weeks, counting the number of 
gestational sacs with evaluation of the thickness of the 
dividing membrane is the optimal method. Two separate 
gestational sacs, each containing a fetus and a thick divid-
ing membrane, suggests a dichorionic diamniotic pre-
gnancy, while one gestational sac with a thin dividing 
membrane and two fetuses suggests a monochorionic 
diamniotic pregnancy  [15] . The number of yolk sacs can 
also be used as an indirect method of determining amnio-
nicity  [16] . After 9 weeks, the dividing membranes become 
progressively thinner in monochorionic pregnancies. In 
dichorionic pregnancies, they remain thick and easy to 
identify at their attachment to the placenta as a triangular 
projection (lambda or twin peak sign)  [17 – 19] . Thus, in the 
late fi rst trimester, sonographic examination of the base 
of the intertwin membrane for the presence or absence 
of the lambda sign provides reliable distinction between 
dichorionic and monochorionic pregnancies  [20] . 

 Later in pregnancy, determination of chorionicity and 
amnionicity becomes less accurate and requires different 
techniques. The sonographic prediction of chorionicity 
and amnionicity should be systematically approached by 
determining the number of placentas visualized and the 
sex of each fetus and then by assessing the membranes 
that divide the sacs. If two separate placental disks are 
seen, the pregnancy is dichorionic. Likewise, if the twins 
are different genders, the pregnancy is most likely dicho-
rionic. When a single placenta is present and the twins 
are of the same sex, careful sonographic examination of 
the dividing membrane will typically result in a correct 
diagnosis. Evaluation of three features in the intertwin 
membrane will provide an almost certain diagnosis about 
the chorionicity of a twin pregnancy:
    •      thickness of the intertwin membrane  
   •      number of layers visualized in the membrane  
   •      assessment of the junction of the membrane with the 
placenta for the  “ twin peak ”  sign  [21] .    
 It should be mentioned that the absence of the twin 
peak sign does not guarantee that the pregnancy is 
monochorionic.

children from a multiple pregnancy have a 4 – 17 times 
higher risk of developing cerebral palsy compared to 
their singleton counterparts  [3,8 – 10] . With more investi-
gators fi nding this correlation to be true at higher birth-
weights, this suggests that the risk is not simply related 
to an increased preterm delivery rate  [9,10] . One epide-
miologic study reported that the risk of producing one 
child with cerebral palsy in twin, triplet, and quadruplet 
gestations was 15 per 1000 twins, 80 per 1000 triplets, and 
429 per 1000 quadruplets  [10] . While many previous 
studies investigating this association were not optimally 
designed, the prevalence of cerebral palsy in multiple 
pregnancies reported in these studies is similar and 
ranges from 6.7 to 12.6 per 1000 surviving infants  [9] . This 
consistent conclusion suggests an association between 
multiple birth and cerebral palsy. While a portion of this 
risk appears to be related to the higher rates of prematu-
rity, there are many other risk factors for cerebral palsy 
seen with higher frequency in multiples, including mater-
nal hypertensive disease, bleeding in pregnancy, LBW 
infants, congenital anomalies, and complications specifi c 
to monochorionicity  [9,11] .  

Zygosity and chorionicity 

Embryology
 Zygosity refers to the genetic constitution of a twin preg-
nancy, while chorionicity indicates the pregnancy ’ s mem-
brane composition. In dizygotic twins, chorionicity is 
determined by the mechanism of fertilization, while in 
monozygotic twins it is determined by the timing of 
embryonic division. The vast majority of dizygotic twins 
have separate dichorionic diamniotic placentas (each 
fetus has its own placental disk with a separate amnion 
and chorion). This is because dizygotic twins result from 
the fertilization of two different ova by two separate 
sperm. The type of placenta that develops in a monozy-
gotic pregnancy is determined by the timing of cleavage 
of the fertilized ovum. If twinning is accomplished during 
the fi rst 2 – 3 days, it precedes the separation of cells that 
eventually become the chorion. In that case, two chorions 
and two amnions will be formed. After approximately 3 
days, twinning cannot split the chorionic cavity and from 
that time forward, a monochorionic placenta results. If the 
split occurs between the third and eighth days, a diamni-
otic monochorionic placenta develops. Between the 8th 
and 13th days, the amnion has already formed, and the 
placenta will therefore be monoamniotic and monochori-
onic. Embryonic cleavage between the 13th and 15th days 
results in conjoined twins within a single amnion and 
chorion; beyond that point, the process of twinning does 
not occur  [12] . Interestingly, rare cases of dizygotic mono-
chorionic twins conceived following ART have been 
reported  [13,14] .  
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abnormal umbilical artery Doppler velocimetry)  [23] . 
Growth discordance is generally defi ned as  > 20% dif-
ference in EFW between fetuses of the same pregnancy 
expressed as a percentage of the larger EFW  [23] . Both 
growth abnormalities are seen with increased frequency 
in multiple gestations. 

 Intrauterine growth restriction has long been known to 
be associated with adverse perinatal outcomes. Neonatal 
morbidity (such as meconium aspiration syndrome, 
hypoglycemia, polycythemia, and pulmonary hemor-
rhage) may be present in up to 50% of IUGR neonates 
 [23] . Long - term studies show a twofold increased inci-
dence of cerebral dysfunction (ranging from minor learn-
ing disabilities to cerebral palsy) in IUGR infants delivered 
at term and an even higher incidence if the infant was 
born preterm  [9] . Multiple gestations present a dilemma 
both in diagnosis and management of IUGR. For example, 
fetuses suspected to be normally grown may be affected 
by iatrogenic preterm delivery secondary to interventions 
for a growth - restricted co - twin. Current management of 
IUGR is aimed at early diagnosis and fetal surveillance to 
aid in timing delivery. 

 Like IUGR, growth discordance has been associated 
with an increased risk for adverse perinatal outcomes 
 [24] . Approximately 15% of twins are diagnosed with this 
condition  [24] . Risk factors include monochorionicity, 
velamentous cord insertion, antenatal bleeding, uteropla-
cental insuffi ciency, and gestational hypertensive disease 
 [24] . Growth discordance has different implications 
depending on chorionicity and is more concerning in 
monochorionic twinning. Although IUGR can complicate 
a pregnancy with growth discordance, the second does 
not necessarily imply the fi rst. While some studies have 
demonstrated an increased risk for perinatal morbidity in 
growth discordant twins, others have not. In approxi-
mately two - thirds of discordant twin pairs, the smaller 
twin has a birthweight of less than 10%  [25] . In a study 
of more than 10,000 discordant twins, the neonatal mor-
tality rates were 29 versus 11 per 1000 livebirths when the 
smaller twin weighed less than the 10th percentile, com-
pared with those who were above it  [25] . Conversely, a 
recent study suggests that 20% growth discordance may 
result in an increased risk for some adverse outcomes but 
not for serious sequelae  [26] . After adjusting for chorio-
nicity, antenatal steroids, oligohydramnios, preeclampsia, 
and gestational age at delivery, discordant twins were at 
increased risk for low or very low birthweight, neonatal 
intensive care unit (NICU) admission, neonatal oxygen 
requirement, and hyperbilirubinemia but did not seem to 
be at increased risk for serious neonatal morbidity and 
mortality.  

Fetal loss 
 The incidence of early pregnancy loss in multiple gesta-
tions is higher than previously thought. The routine use 

 In some pregnancies with monochorionic diamniotic 
placentation, the dividing membranes may not be sono-
graphically visualized because they are very thin. In other 
cases, they may not be seen because severe oligohydram-
nios causes them to be closely apposed to the fetus in that 
sac. This results in a  “ stuck twin ”  appearance, where the 
trapped fetus remains fi rmly held against the uterine wall 
despite changes in maternal position .  Diagnosis of this 
condition confi rms the presence of a diamniotic gestation, 
which should be distinguished from a monoamniotic ges-
tation with an absent dividing membrane. In the latter 
situation, free movement of both twins, and entangle-
ment of their umbilical cords, can be identifi ed  [22] .   

Fetal complications and multiple 
gestations

 The offspring of a multiple gestation are at risk for many 
complications in utero  that may lead to long - term adverse 
outcomes, including growth abnormalities, fetal loss, and 
complications unique to the twinning process (Box  39.1 ).   

Intrauterine growth restriction and 
growth discordance 
 Birthweight is a function of many factors, including ges-
tational age, rate of fetal growth, ethnicity, and genetic 
composition. Two important antenatal markers for growth 
abnormalities are intrauterine growth restriction (IUGR) 
and growth discordance. IUGR remains a sonographic 
and statistical diagnosis consisting of either an estimated 
fetal weight (EFW) less than the 3rd percentile (two stand-
ard deviations from the mean) for gestational age or an 
EFW < 10th percentile for gestational age along with evi-
dence of fetal compromise (usually oligohydramnios or 

Box 39.1 Multiple gestation: fetal and neonatal risks

• Fetal loss 

• Chromosomal abnormalities 

• Congenital malformations 

• Monochorionicity:

– TTTS

– Monoamnionicity

– TRAP

• Growth discordance/IUGR 

• Amniotic fl uid volume abnormalities 

• Prematurity 

• Low birthweight 

• Perinatal mortality 

• Cerebral palsy 

IUGR, intrauterine growth restriction; TRAP, twin reversed arterial 

perfusion; TTTS, twin –twin transfusion syndrome. 
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encephalomalacia. Normal fetal magnetic resonance 
imaging, while investigational, may be reassuring  [33] . 

 In addition to multiorgan ischemic damage in mono-
chorionic pregnancies, studies have demonstrated that 
IUFD of one twin can result in preterm delivery. Both 
dichorionic and monochorionic pregnancies are at risk 
for preterm delivery. In a study of 17 twin pregnancies 
complicated by IUFD, 76% of these pregnancies 
were delivered before 37 weeks. Eighty - six percent of 
the patients delivering prematurely presented in active 
labor  [34] . 

 When IUFD occurs in a multiple pregnancy, baseline 
maternal hematologic laboratory investigation is sug-
gested, including prothrombin time (PT), partial throm-
boplastin time (PTT), fi brinogen level, and platelet count, 
because of the theoretical risk of maternal consumptive 
coagulopathy in the setting of a single IUFD. If these 
values are within normal limits, further surveillance is 
not indicated. Of note, mothers with IUFD in one twin do 
not appear to be at increased risk of infection from a 
retained twin  [34] . Dystocia secondary to the dead fetus 
has been reported infrequently. Cesarean delivery rates 
appear increased in patients with single IUFD complicat-
ing a twin gestation because of higher rates of nonreas-
suring fetal status in the surviving twin  [34] .  

Discordant anatomic abnormalities 
 There is general agreement that anomalies occur more 
frequently in twins than in singletons, but controversy 
exists regarding the degree of difference  [35 – 38] . The 
diagnosis of discordance for major genetic disorders or 
anatomic abnormalities in the second trimester places 
parents in a diffi cult position. Management choices 
include:
    •      expectant management  
   •      termination of the entire pregnancy  
   •      selective termination of the anomalous fetus.    

 The term  “ selective termination ”  (ST) refers to termi-
nating a specifi c fetus that is known to be abnormal. In 
contrast, the term multifetal pregnancy reduction (MPR) 
refers to reduction in the number of fetuses a woman is 
carrying in order to reduce her risk of preterm delivery. 
For dichorionic pregnancies, intracardiac injection with 
potassium chloride is utilized. Because of the placental 
anastomoses between monochorionic fetuses, however, 
cord occlusive procedures are employed in monochori-
onic pregnancies in order to reduce the risk to the surviv-
ing twin  [39] . Cord occlusion techniques include suture 
ligation, bipolar or laser coagulation, or radiofrequency 
ablation.

 Several issues should be considered when counseling 
patients about the management of a multiple pregnancy 
complicated by a discordant anomaly.
    •      Severity of the anomaly  
   •      Chorionicity  

of ultrasound has shown that early fetal loss is common 
in multiple gestations. In patients with twin gestations 
scanned in the fi rst trimester, rates of demise ranged from 
13% to 78%  [27] . This phenomenon has been termed the 
vanishing twin . Explanations for this occurrence include 
physiologic resorption, artifact, and sonographic error. 
Although this condition has been associated with fi rst -
 trimester bleeding and spotting, it has not been associated 
with adverse pregnancy outcomes. 

 During the second and third trimester, IUFD occurs 
more commonly in multiple gestations than in singletons, 
with IUFD of one fetus occurring in approximately 2 – 5% 
of twin pregnancies. In patients with high - order multi-
ples, however, death of a single fetus may be more 
common with single IUFD rates up to 17% in triplet preg-
nancies  [28] . Recent literature has suggested that the risk 
of intrauterine death of one or both twin is higher in 
monochorionic than dichorionic pregnancies. In a study 
of 1000 consecutive twin - pairs, monochorionic - diamniotic 
twins had a higher risk of stillbirth compared with 
dichorionic- diamniotic twins, both overall and at each 
gestational age after 24 weeks  [29] ; this increased risk of 
fetal loss persisted in  “ apparently normal ”  monochorionic -
 diamniotic twins unaffected by growth abnormalities, 
congenital anomalies, or TTTS. 

 Death of one twin in the second or third trimesters can 
adversely affect the surviving fetus or fetuses in two 
ways:
    •      risk for multicystic encephalomalacia and multiorgan 
damage in monochorionic pregnancies  
   •      preterm labor and delivery in both dichorionic and 
monochorionic twins resulting in prematurity.    
 Although the multiorgan damage in surviving mono-
chorionic twins was once thought to be due to dissemi-
nated intravascular coagulation in the surviving twin 
caused by transfer of thromboplastic materials from the 
dead fetus  [30] , a more recent and widely accepted 
theory suggests that the surviving twin may rapidly 
 “ back - bleed ”  into the dead twin through placental anas-
tomoses (a capacitance effect), resulting in profound 
hypovolemia and anemia in the surviving twin  [31] . 
Decreased circulatory tone in the dead twin causing 
blood to fl ow from the viable to the dead twin may be 
the underlying pathophysiology  [32] . If the hypotension 
is severe enough, the surviving twin is at risk for 
ischemic damage to vital organs. Most evidence in the 
literature suggests that  “ back - bleeding ”  and subsequent 
hemodynamic changes are the cause of multiorgan 
injury in surviving co - twins. As a result, immediate 
delivery of the co - twin following single IUFD in a mon-
ochorionic pregnancy does not improve outcome but 
rather adds to the additional risk of prematurity. 
Most cases are managed expectantly with close fetal 
surveillance. Normal fetal heart rate patterns and bio-
physical profi le scores cannot rule out multicystic 
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 Antenatal diagnosis of TTTS is made sonographically 
and fi ndings include the presence of a single placenta, 
same- gender fetuses, weight discordance, and signifi cant 
amniotic fl uid discordance. The recipient twin may have 
signs of heart failure and hydrops and the donor may 
demonstrate IUGR and a  “ stuck ”  appearance. Umbilical 
artery Doppler studies can be variable  [52] . TTTS may be 
chronic or acute. A staging system devised by Quintero  et
al   [53]  is commonly utilized to categorize disease severity 
and standardize comparison of different therapies. The 
net effect of this hemodynamic imbalance is a large, ple-
thoric recipient twin and a small, anemic donor twin. 
While the exact etiology has not been clearly delineated, 
the mechanism is likely to involve shunting of arteriov-
enous anastomoses  [54] . 

 Treatment depends on gestational age at diagnosis. 
Patients with early - onset TTTS may opt for selective ter-
mination of one twin (usually the donor twin) or volun-
tary termination of the entire pregnancy. Diagnosis in the 
middle to late third trimester may be less aggressive, 
depending on disease severity and the proximity to term. 
Patients with mild TTTS (Quintero stage I) are generally 
followed expectantly with serial ultrasound examinations 
whereas treatments for severe TTTS include serial amni-
oreduction, septostomy, or selective fetoscopic laser coag-
ulation of the communicating vessels. Compared to 
amnioreduction, several studies have shown that treat-
ment with laser ablation is associated with a higher likeli-
hood of the survival of at least one twin due to a lower 
rate of perinatal and neonatal mortality, and a lower like-
lihood of neurologic morbidity at 6 months  [55 – 59] . Based 
on the published literature, laser ablation of placental 
anastomoses is often recommended for Quintero stage 
II - IV TTTS between 16 and 26 weeks of gestation, whereas 
amnioreduction remains the preferred treatment for 
severe TTTS beyond 26 weeks or when laser ablation is 
not available.   

Maternal obstetric complications 

 Antepartum complications develop in over 80% of mul-
tiple pregnancies compared to 25% of singleton gestations 
 [23] . Examples of adverse outcomes that may arise include 
anemia, urinary tract infections, gestational diabetes, 
abnormal placentation, thromboembolism, preterm pre-
mature rupture of membranes, abruption, and post-
partum hemorrhage (Box  39.2 )  [3,60 – 62] . Pulmonary 
embolism, the leading cause of maternal death in the USA 
and around the world, and thromboembolism are about 
fi ve times more likely during pregnancy or the puer-
perium than in the nonpregnant state  [63] . Women carry-
ing multiples are believed to be at increased risk for both.   

 Preeclampsia and its related spectrum of diseases occur 
in approximately 5 – 8% of singleton pregnancies but the 

   •      Effect of the anomalous fetus on the remaining fetus or 
fetuses
   •      The parents ’  personal, moral, and ethical beliefs    
 It is important to counsel patients that conservative man-
agement can result in adverse outcomes for the healthy 
twin. Several studies have demonstrated that the normal 
fetus in a twin pregnancy discordant for major fetal 
anomalies may be at increased risk for preterm delivery, 
low birthweight, and perinatal morbidity and mortality 
 [40 – 42] .   

Complications unique to 
monochorionicity

Monoamnionicity
 Less than 1% of monozygotic twins are monoamniotic 
 [43] . Monoamniotic twins have been associated with a 
high rate of perinatal mortality. Previous studies report a 
fetal mortality rate of greater than 50% but more recent 
studies indicate a perinatal mortality rate ranging from 
10% to 21%  [44 – 46] . Preterm delivery, IUGR, congenital 
anomalies, cord entanglement, and cord accidents remain 
common in monoamniotic pregnancies. The manage-
ment of these pregnancies is controversial, particularly 
regarding the optimal protocol for antenatal surveillance 
and the optimal timing for delivery. Because IUFD can 
occur at any gestational age, some experts suggest early 
delivery in the late preterm period  [47] . Other studies 
have suggested that early delivery is not prudent second-
ary to the risks of prematurity  [48] . The nonstress test is 
generally the preferred method of testing over the bio-
physical profi le, as cord compression may be indicated 
by variable decelerations. While the optimal manage-
ment and timing of delivery for monoamniotic twins 
remain uncertain, our current practice includes routine 
hospitalization beginning at 24 – 26 weeks, daily nonstress 
tests, and, if uncomplicated, delivery at 34 weeks is 
offered after antenatal corticosteroid administration and 
thorough counseling of the risks and benefi ts of elective 
preterm delivery.  

Twin–twin transfusion syndrome 
 Monochorionic twins occur spontaneously in 0.4% of the 
general population. However, studies have reported that 
monozygotic twinning may be greater than 10 times 
higher in pregnancies following fertility treatment  [49,50] . 
The primary concerns about monochorionic placentation 
include complications such as TTTS characterized by an 
unequal distribution of the blood fl ow across the shared 
placenta of two fetuses. Although all monochorionic 
twins share a portion of their vasculature, only approxi-
mately 15 – 20% will develop this condition  [43,51] . Left 
untreated, there is up to 60 – 100% mortality rate for both 
twins.
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pregnancies are currently recommended to increase their 
daily caloric intake approximately 300   kcal more than 
women with singletons. Iron and folic acid supplementa-
tion is also advised. While the optimal weight gain for 
women with multiples has not been determined, it has 
been suggested that women with twins gain 15.87 –
 20.41   kg (35 – 45   lb)  [3,71] . Patients with multiples should 
be followed with serial growth scans because clinical 
examination is inadequate in assessing growth of indi-
vidual fetuses and because of the increased risk of fetal 
growth abnormalities in these pregnanacies. 

Multifetal pregnancy reduction 
 Ovulation induction and ART have greatly contributed to 
the increasing number of high - order multiples. The 
purpose of fi rst - trimester MPR is to improve perinatal 
outcomes by decreasing maternal complications second-
ary to multiple gestations and by decreasing adverse fetal 
outcomes associated with preterm delivery. Reducing a 
high - order multiple gestation to twins lowers the risk of 
preterm labor and delivery and increases the chances of 
higher birthweight and gestational age at delivery. In 
some instances, such as a history of a previous second -
 trimester loss, reduction from twins to a singleton may be 
indicated.

 Nonetheless, MPR is an ethical dilemma. The starting 
number of fetuses needed to justify the procedure is con-
troversial. There have been confl icting studies regarding 
whether or not MPR from triplets to twins results in 
improved perinatal outcomes compared to expectant 
management  [72] . In addition, while most women do not 
regret their decision, women undergoing multifetal preg-
nancy reduction may have feelings of loss, guilt, and 
sadness.

 The procedure is most commonly performed transab-
dominally under ultrasound guidance between 10 and 13 
weeks ’  gestation. Potassium chloride is injected into the 
fetal heart until asystole is achieved. If chorionic villus 
sampling is performed prior to the procedure and one 
fetus is found to have a genetic anomaly, that fetus is 
targeted. Otherwise, the fetus with a crown – rump length 
smaller than expected for gestational age or the fetus most 
physically accessible is chosen. The fetus over the cervix 
is usually avoided. This procedure is reserved for dicho-
rionic pregnancies. In monochorionic pregnancies, selec-
tively reducing one fetus utilizing intracardiac potassium 
chloride is contraindicated because of the presence of 
communicating placental anastomoses. Selective reduc-
tion in these cases involves more technically challenging 
procedures. 

 There are several studies documenting pregnancy loss 
rates associated with MPR. With extensive experience, 
the current loss rate is approximately 6%  [73] . There is 
little maternal risk associated with the procedure. The 
terminated fetus is usually resorbed or becomes a small 

incidence is higher in multiples  [64,65] . Hypertensive 
diseases during pregnancy may manifest as hemolysis, 
elevated liver enzymes, and low platelet (HELLP) syn-
drome or eclampsia and can be associated with adverse 
sequelae including IUGR, placental abruption, dissemi-
nated intravascular coagulation, renal failure, and IUFD 
 [64] . Unfortunately, no intervention to date (including 
aspirin and calcium supplementation) has been shown to 
prevent or reduce the incidence of preeclampsia in these 
high- risk pregnancies and delivery remains the only 
defi nitive cure  [66,67] . Both gestational hypertension and 
preeclampsia are more common in women carrying mul-
tiples, with the rates estimated to be 2 – 2.6 times higher in 
twins compared to singletons  [65] . Rates of preeclampsia 
seem to be the same for both monozygotic and dizygotic 
twins  [68] . When preeclampsia occurs in triplets and 
higher order multiples, it often happens earlier, with 
more severity, and in an atypical presentation  [60,69] . 
Finally, women carrying multifetal pregnancies may also 
be prone to developing acute fatty liver of pregnancy, one 
of the most serious maternal obstetric complications  [70] . 
This disease process is characterized by hepatic dys-
function, severe coagulopathy, hypoglycemia, and hyper-
ammonemia, and can result in fetal and/or maternal 
death.

Antepartum management of 
multiple gestations 

 The antepartum management of multiple pregnancies 
warrants attention to ensure adequate nutrition, avoid-
ance of strenuous physical activity, and increased fre-
quency of prenatal visits. Patients should be counseled 
regarding the increased risk of complications associated 
with multiple gestations. Women with multifetal 

Box 39.2 Multiple gestation: maternal  risks

• Hyperemesis 

• Threatened miscarriage 

• Anemia

• Gestational hypertension 

• Preterm labor/delivery: 

– Tocolysis complications 

– Long-term bedrest 

• Placental abnormalities: 

– Abruption

– Abnormal placentation 

• Urinary tract infection 

• Gestational diabetes 

• Postpartum hemorrhage 

• Operative delivery 

• Thromboembolism 
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 In singletons, fi rst - trimester combined screening, 
including maternal age and nuchal translucency com-
bined with maternal serum free  β  - human chorionic gona-
dotropin (B - hCG) and pregnancy - associated plasma 
protein A (PAPP - A), has been shown to detect approxi-
mately 82% of cases of Down syndrome for a 5% false -
 positive rate  [84] . In a prospective study, Spencer and 
Nicolaides reported a 75% detection rate of Down syn-
drome for a 9% false - positive rate using nuchal translu-
cency and fi rst - trimester serum markers in 206 twin 
pregnancies  [85] . The combination of nuchal translucency 
and biochemistry studies in twins may prove to give 
detection rates similar to singleton pregnancies, but larger 
prospective studies on fi rst - trimester combined screening 
in twins are needed before defi nitive conclusions and rec-
ommendations for practice can be made. 

  Diagnostic testing for fetal aneuploidy 
 Diagnostic testing should be performed on one fetus only 
if monozygosity is certain. Otherwise, diagnostic testing 
should be done on all fetuses given the individual risk of 
aneuploidy in each fetus. 

 Genetic amniocentesis in multiples is usually per-
formed using an ultrasound - guided multiple - needle 
approach. Indigo carmine dye may be used to confi rm 
proper needle placement. Although pregnancy loss rates 
after genetic amniocentesis in twins has been considered 
similar to singletons, recent literature suggests an 
increased risk of loss after amniocentesis of twin gesta-
tions  [86] . Chorionic villus sampling (CVS) offers the 
advantage of earlier diagnosis, and can be performed 
between 10 and 13 weeks with a loss rate similar to amni-
ocentesis  [87] .  

  Screening for neural tube defects in multiples 
 In singletons, a second - trimester MSAFP of greater than 
2.5 multiples of the median (MoM) has been used to 
screen for neural tube defects. Different MSAFP cut - offs 
are needed for twin pregnancies because the MSAFP level 
in a twin pregnancy is approximately double that of a 
singleton pregnancy. A cut - off of 4.5 MoM is often used 
for twins because it has a detection rate of 50 – 85% for a 
5% false - positive rate  [88] . If an abnormal MSAFP is 
found, ultrasound is required for further evaluation. It is 
important to note that similar to maternal serum screen-
ing for aneuploidy, maternal serum screening for neural 
tube defects in a twin pregnancy will always be limited 
because it is impossible to confi rm which fetus is affected 
without performing an ultrasound examination. As a 
result, many centers do not offer this type of serum 
screening for twin pregnancies.  

  Screening for anatomic abnormalities 
 The fetuses of multiple gestations seem to be at increased 
risk for anatomic abnormalities. Careful sonographic, 

papyraceous fetus. There have been no reports of coagu-
lation disorders following this procedure  [74] . Maternal 
serum  α  - fetoprotein (MSAFP) is elevated following MPR 
and ST and therefore cannot be used as a screening tool 
in these pregnancies.  

Prenatal diagnosis 
 Prenatal diagnosis and genetic counseling are important 
in the management of patients with a multiple gestation 
because these pregnancies are at increased risk for both 
chromosomal and structural anomalies. All women, 
regardless of age, should be counseled about the option 
for either screening or diagnostic testing for fetal aneu-
ploidy  [75] . 

 Many known chromosomal anomalies have been 
reported in twins. The maternal age - related risk for chro-
mosomal abnormalities for each twin in dizygotic preg-
nancies is the same as in singleton pregnancies and, 
because each fetus has its own independent risk of aneu-
ploidy, the chance of at least one chromosomally abnor-
mal fetus is increased. Reports suggest that the risk of 
having one fetus with Down syndrome is similar for a 
woman between the ages of 31 and 33 carrying dizygotic 
twins and a 35 - year - old woman with a singleton  [76,77] . 
In monozygotic twins, the risk for chromosomal abnor-
malities is the same as in singletons, and in the vast major-
ity of cases both fetuses are affected or both are unaffected 
 [78] . However, there are occasional case reports of 
monozygotic twins discordant for abnormalities of auto-
somal or sex chromosomes  [79,80] . 

  Screening for fetal aneuploidy 
 Both fi rst -  and second - trimester serum markers are 
approximately twice as high in twin pregnancies as in 
singleton pregnancies  [81] . Interpretation of abnormal 
serum screening results is diffi cult because it is not pos-
sible to determine which of the fetuses is responsible for 
the abnormal analyte concentration. In cases discordant 
for abnormalities, altered serum levels from the affected 
fetus will be brought closer to the mean by the unaffected 
twin.

 First - trimester nuchal translucency ultrasound meas-
urement, which assesses each fetus independently, is a 
promising method for aneuploidy screening in patients 
with multiples. Because the nuchal translucency distribu-
tion does not differ signifi cantly in singletons compared 
to twins, the Down syndrome detection rate in multiples 
using nuchal translucency measurement together with 
maternal age is similar to that of singletons  [82] . Nuchal 
translucency appears to be higher in patients with mono-
chorionic pregnancies and it has been suggested that this 
may refl ect an early manifestation of TTTS in a proportion 
of cases  [83] . Nuchal translucency can also be performed 
in triplet and higher order multiple pregnancies with 
similar accuracy as in singletons. 
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paradoxical increased risk of delivery at less than 34 
weeks ’  gestation with inpatient bedrest  [100] . In addition, 
prophylactic bedrest may be associated with adverse 
complications such as thromboembolic disease and can 
be disruptive to families. 

 Administration of prophylactic tocolytic agents has 
been attempted but has not been benefi cial. Women with 
multifetal pregnancies appear to be particularly prone to 
developing pulmonary edema and cardiovascular com-
plications after administration of β  - adrenergic agents 
because of their higher blood volume and lower colloid 
osmotic pressure  [23,101] . As such, it seems prudent to 
restrict the use of those agents to women who are con-
fi rmed to be in preterm labor. Similarly, there is no evi-
dence to suggest that prophylactic supplementation with 
either vaginal or intramuscular progesterone is effective 
in reducing the rate of spontaneous preterm delivery in 
twin gestations  [94,95] . 

 Ambulatory home monitoring of uterine contractions 
with a tocodynamometer in an attempt to predict preterm 
labor has not been shown to be useful. A metaanalysis of 
six randomized trials was unable to demonstrate a signifi -
cant benefi t of home uterine activity monitoring to reduce 
the risk of preterm delivery in patients with twins  [102] . 
Furthermore, a prospective trial of 2422 patients (includ-
ing 844 twins) randomized women to weekly nurse 
contact, daily nurse contact, or daily nurse contact in 
addition to home uterine activity monitoring, and dem-
onstrated no difference in preterm delivery prior to 35 
weeks ’  gestation  [103] . 

 Specialized twin clinics and transvaginal cervical 
length surveillance are two current management strate-
gies utilized in attempts to reduce the risk of adverse 
outcomes associated with multifetal pregnancies. In 
these clinics, patients have the opportunity to develop 
rapport with a small group of dedicated caregivers 
 [104] . Heightened awareness can increase compliance 
with therapeutic directives and mothers are able to 
provide psychologic support to one another. Another 
more commonly utilized strategy in managing multiples 
is cervical length measurements. Premature cervical 
shortening and cervical funneling detected by transvag-
inal ultrasound examination have good predictive capa-
bilities for the development of preterm labor and 
delivery in women with multiple gestations  [105 – 108] . 
Studies suggest that a cervical length measurement of 
> 35   mm at 24 – 26 weeks identifi es women with twins 
who are at low risk for delivery prior to 34 weeks ’  ges-
tation  [106] . On the other hand, a cervical length of 
25   mm or less with or without funneling at 24 weeks ’  
gestation predicts a high risk for preterm labor and 
delivery  [105] . One study also found that a positive 
fetal fi bronectin test at 28 weeks is a signifi cant pre-
dictor of spontaneous preterm labor prior to 32 weeks ’  
gestation  [105] .  

anatomic evaluation of each fetus should be obtained. No 
large - scale studies of ultrasound for fetal anatomy in 
multiples have been performed. Small studies have 
attempted to determine the predictive value of ultra-
sound in the detection of fetal anomalies in multiples, 
and found it effective  [89] . Recent studies have also dem-
onstrated that monochorionic - diamniotic twins, both 
with and without TTTS, appear to be at increased risk 
of congenital heart disease, suggesting that screening 
fetal echocardiography may be considered in these pre-
gnancies  [90] .   

Prevention of preterm delivery 
 Patients with multiples are at increased risk for preterm 
labor and delivery. No therapy has proven to be effi ca-
cious in decreasing the adverse outcomes from prematu-
rity except the administration of corticosteroids and 
surfactant to improve fetal lung maturity and antibiotics 
to lengthen the latency period for patients with prema-
ture rupture of membranes  [91 – 93] . This therapy does not 
treat the primary problem of preterm labor. Management 
strategies aimed at reducing the rate of preterm delivery 
that have not proven benefi cial include prophylactic cer-
vical cerclage, routine bedrest, prophylactic tocolytics, 
progesterone supplementation, or home uterine monitor-
ing  [3,94,95] . 

 Prophylactic cervical cerclage in patients with a multi-
ple gestation has not been consistently proven to prevent 
prematurity. A randomized trial of 128 patients with 
twins offered elective cerclage at 18 – 26 weeks did not 
demonstrate any benefi t  [96] . Likewise, this intervention 
has not been shown to signifi cantly improve perinatal 
outcomes in triplets  [97] . A recent metaanalysis of rand-
omized controlled trials examined individual patient -
 level data to determine whether cerclage prevented 
preterm birth in women with a short cervical length  [98] . 
In the subgroup analysis of three trials including 49 twins, 
cerclage was associated with a signifi cantly higher inci-
dence of preterm birth and perinatal mortality. However, 
this investigation was limited by small sample size. Until 
a large prospective randomized trial of cerclage in multi-
ples is performed, it remains diffi cult to refute a potential 
benefi t from this procedure for a select group of women. 
Because this surgical procedure carries potential risks for 
both the mother and her fetuses, cerclage placement for 
multiple gestations is generally reserved for women with 
either a strong history or objectively documented cervical 
incompetence.

 The idea that prophylactic bedrest may decrease uterine 
activity makes common sense to both patients and physi-
cians. However, the literature does not support any sig-
nifi cant benefi t from routine bedrest or hospitalization in 
multiples  [3,99] . A Cochrane database review of six ran-
domized trials involving over 600 multiples demon-
strated a trend toward a decrease in LBW infants and a 
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 Routine Doppler studies have not been found to be 
helpful in the management of women with multiple ges-
tations  [109,110] . However, when IUGR or growth dis-
cordance is suspected in one or more fetuses, Doppler 
velocimetry of the umbilical artery is a useful adjunct in 
assessing and following these pregnancies. Furthermore, 
in cases of monochorionic twins with IUGR, discordant 
growth, or amniotic fl uid volume abnormalities, Doppler 
studies of the ductus venosus may be helpful in identify-
ing the possible overlapping pathologies of uteroplacen-
tal insuffi ciency and cardiac dysfunction.  

Intrapartum period 
 A number of factors must be considered when determin-
ing the mode of delivery for patients with multiple gesta-
tions. These variables include the gestational age and 
estimated weights of the fetuses, their positions, the avail-
ability of real - time ultrasound on the labor fl oor and in 
the delivery room, the capability of monitoring each twin 
independently during the entire intrapartum period, and 
the healthcare provider experience. When both twins are 
vertex, vaginal delivery is possible. During the time 
period between the delivery of the fi rst and second twin, 
it is important to demonstrate reassuring status of the 
undelivered twin as evidenced by continuous fetal heart 
rate monitoring or by ultrasound. If the presenting twin 
is nonvertex, cesarean delivery is suggested. Management 
of vertex/nonvertex twins is variable. Vaginal delivery of 
a breech second twin with an estimated fetal weight of 
1500 – 3500   g in a woman with an adequate pelvis is rea-
sonable. Cesarean delivery may be the preferred route of 
delivery if there is signifi cant growth discordance between 
the twins or if the provider does not have adequate expe-
rience with such deliveries. Some obstetricians have had 
favorable experiences delivering triplets vaginally. 
Nonetheless, most providers deliver triplets and higher 
order multiples by cesarean section because continuous 
fetal heart rate monitoring of triplets and higher order 
multiples in labor is challenging  [3,71] .   

Conclusion

 Advances in fertility treatment and delayed child bearing 
have resulted in a substantial increase in the incidence of 
multiple gestations. The high perinatal morbidity and 
mortality rates associated with multiple gestations are the 
result of a variety of factors, some of which cannot be 
altered. Nonetheless, technologic advances in recent years 
have given us new insights into problems particular to 
multifetal pregnancies as well as tools with which to 
detect and treat these problems. Early diagnosis of mul-
tiple gestations and serial ultrasound studies are impor-
tant in the management of these high - risk pregnancies 
and will hopefully have a benefi cial impact on maternal 
and neonatal outcomes.    

Antenatal surveillance 
 Although it is prudent to follow fetal growth with serial 
ultrasound scans, routine antenatal testing in patients 
with an uncomplicated multiple gestation has not been 
demonstrated to improve outcomes. Antenatal testing 
is suggested in all patients with multiple gestations 
complicated by IUGR, discordant growth, abnormal 
amniotic fl uid volumes, TTTS, monoamnionicity, fetal 
anomalies, single IUFD, and other medical or obstetric 
complications (Box  39.3 ). For women with twins, options 
for antenatal testing include the nonstress test, the bio-
physical profi le, and Doppler velocimetry assessment if 
IUGR is suspected. 

 When patients with a multiple gestation present for 
antenatal testing or labor monitoring, each fetal heart rate 
should be independently identifi ed to ensure precision. 
Monitoring of triplets and high - order multiples may 
require frequent sonographic identifi cation of the appro-
priate fetus. 

Box 39.3 Ultrasound management of patients with twins

• Ideally, ultrasound is performed in the fi rst trimester to determine 

the number of fetuses and amnionicity and chorionicity. Patients 

are also offered nuchal translucency ultrasound at 10 –14 weeks ’

gestation.

• A detailed ultrasound is scheduled at 18 –20 weeks ’ gestation. This 

includes standard biometry, assessment of amniotic fl uid volume in 

each sac, and an anatomic survey of each fetus. If the patient did 

not have a fi rst -trimester ultrasound, an attempt is made to deter-

mine chorionicity by examining fetal gender, the number of placen-

tas, the thickness as well as number of layers in the membrane 

separating the sacs, and the presence or absence of the lambda or 

twin peak sign. 

• If the fi rst two scans are suggestive of a dichorionic pregnancy, fetal 

growth is performed every 3 –4 weeks thereafter as long as fetal 

growth and amniotic fl uid volume in each sac remain normal. 

• If the initial scan is suggestive of a monochorionic diamniotic pre-

gnancy, subsequent scans are repeated every 2 –3 weeks to follow 

for signs of TTTS. Fetal echocardiography is offered to patients 

with monochorionic twins because these pregnancies may be at 

increased risk for congenital heart defects. 

• In either dichorionic or monochorionic pregnancies, if there is evi-

dence of IUGR, discordant fetal growth, or discordant fl uid volumes, 

fetal surveillance is intensifi ed and includes frequent nonstress tests 

along with biophysical profi le and Doppler velocimetry studies. 

• Daily nonstress testing starting at approximately 24 –26 weeks ’ ges-

tation is suggested for patients with monoamniotic twins because 

of their risk for sudden IUFD from cord entanglement. Although 

cord accidents cannot be predicted, daily fetal heart rate monitoring 

may reveal increasing frequency of variable decelerations. When 

variable decelerations are identifi ed, continuous monitoring is rec-

ommended and may ultimately require delivery for nonreassuring 

fetal testing. 

IUFD, intrauterine fetal death; IUGR, intrauterine growth restriction; 

TTTS, twin –twin transfusion syndrome. 
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    A 38 - year - old gravida 1 with twins in the moderate 
preterm gestation presented to a routine prenatal care 
visit and reported an  “ upset stomach ”  the previous 
weekend. Her prenatal course was signifi cant for a history 
of polycystic ovarian syndrome and an initial quadruplet 
pregnancy conceived with ovulation induction and intra-
uterine insemination. She had elected to have chorionic 
villus sampling and subsequent MPR to a dichorionic 
twin gestation. During a routine anatomic ultrasound 
survey at 20 weeks, the patient was noted to have a short 
cervix measuring 24   mm. Preterm labor precautions were 
reviewed, light activity was advised, and serial cervical 
length measurements were scheduled. At 28 weeks ’  ges-
tation, the patient was diagnosed with gestational diabe-
tes which subsequently required insulin for glycemic 
control. 

 At her offi ce visit at 30w 6d gestation, the patient ’ s 
blood pressure was 150/92   mmHg and a urine dipstick 
revealed 2 +  proteinuria. She was admitted and corticos-
teroids were administered to assist fetal lung maturation. 
After 72   h of hospitalization, a 24 - h urine collection 
revealed 6   g protein and the patient developed unremit-
ting epigastric pain. Laboratory evaluation revealed a 
platelet count of 70, liver enzymes of 530 and 478, and a 

lactic dehydrogenase (LDH) of 990; the fi ndings were con-
sistent with HELLP syndrome. A bedside ultrasound 
revealed the fetal presentations to be cephalic/breech. 
The cervix was 3   cm dilated with a Bishop score of 8. 
However, a 38% twin weight discordance had been esti-
mated during a routine scan at 30 weeks, with a higher 
estimated fetal weight for twin B. 

 Immediate delivery was recommended and the risks 
and benefi ts of attempted vaginal delivery and cesarean 
were discussed. The patient underwent an uncompli-
cated, primary low transverse cesarean delivery. Vigorous 
male and female infants were born. Although each 
neonate spent a brief period in the neonatal ICU, they 
were both discharged home after 2 weeks. There were no 
postpartum maternal complications and the patient was 
discharged home on postoperative day 4. 

 This case highlights many of the common features of 
multiple pregnancy, including assisted conception, MPR, 
medical and obstetric complications, and preterm deliv-
ery. While the outcome for the majority of multiple gesta-
tions is favorable, these high - risk pregnancies can be 
associated with maternal and neonatal morbidity and 
mortality and thus warrant increased vigilance. 

CASE PRESENTATION 
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       All that fl uid which is contained in the ovum is called by the 
general name of the waters. The quantity, in proportion to the 
size of the different parts of the ovum, is greatest by far in early 
pregnancy. At the time of parturition, in some cases, it amounts 
to or exceeds four pints. In others, it is scarcely equal to as 
many ounces. It is usually in the largest quantity when the 
child has been some time dead, or is born in a weakly state. 
(T. Denman, 1815)   

 In 1815, Denman recognized the great variation in amni-
otic fl uid (AF) volume and associated polyhydramnios 
with congenital malformations, fetal death, and fetal 
disease  [1] . Although our current knowledge of the intra-
uterine environment has expanded many fold, we have 
not overturned any of Denman ’ s concepts (1). 

 Polyhydramnios and oligohydramnios are pathologic 
conditions representing excess AF and diminished AF, 
respectively. Numerous serious clinical conditions are 
associated with polyhydramnios and oligohydramnios. 
An understanding of the normal AF parameters and the 
AF turnover is necessary before embarking on the patho-
logic considerations. 

Normal amniotic fl uid  composition
and volume

 During the fi rst trimester, AF is isotonic with maternal 
plasma  [2]  but contains minimal protein. It is thought that 
the fl uid arises either from a transudate of fetal plasma 
through nonkeratinized fetal skin, or maternal plasma 
across the uterine decidua and/or placenta surface  [3] . 
Thus, fetuses with renal agenesis may demonstrate 
normal fi rst - trimester AF volumes. With advancing gesta-
tion, AF osmolality and sodium concentration decrease, a 
result of the mixture of dilute fetal urine and isotonic fetal 
lung liquid production. In comparison with the fi rst half 
of pregnancy, AF osmolality decreases by 20 – 30   mOsm/

kg with advancing gestation to levels approximately 85 –
 90% of maternal serum osmolality  [4] . AF urea, creatinine, 
and uric acid increase during the second half of preg-
nancy, resulting in AF concentrations of the urinary by -
 products two to three times higher than fetal plasma  [4] . 

 Throughout the history of medicine, investigators have 
been intrigued with the concept of quantitating the 
volume of AF. In 1972, Queenan  et al , using dye dilution 
technique, measured the AF volumes in 187 samples from 
115 patients with normal pregnancies  [5] . The volumes 
varied widely for the various weeks of gestation. The 
mean volumes were 239   mL at 25 – 26 weeks, 984   mL at 
33 – 34 weeks (the peak volume), 836   mL at term, and 
544   mL at 41 – 42 weeks (Fig.  40.1 ). 

 Brace and Wolf analyzed AF volumes in 12 published 
studies including 705 normal pregnancies at 8 – 43 weeks ’  
gestation  [6] . They found that AF volume rises linearly 
from early gestation until 32 weeks, whereupon it remains 
constant until term, ranging between 700 and 800   mL. 
After 40 weeks, AF volume declines at a rate of 8% a 
week, to an average of 400   mL at 42 weeks. At 30 weeks ’  
gestation, the 95% confi dence intervals about the mean 
(817   mL) cover the range 18 – 2100   mL. Thus, a volume less 
than 318   mL is considered oligohydramnios and more 
than 2100   mL polyhydramnios. The wide biologic varia-
bility in the AF volume with advancing gestational age, 
especially before 32 – 35 weeks, makes an absolute volume 
criterion for oligohydramnios or polyhydramnios inap-
propriate. Accordingly, AF volume abnormalities are best 
defi ned as a volume below the 5th percentile or above the 
95th percentile for gestational age.    

Dynamics of amniotic fl uid  turnover

 Amniotic fl uid is produced and resorbed in a dynamic 
process with large volumes of water circulated between 
the AF and fetal compartments. During the latter half of 
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at 22 weeks to 26.3   mL/h at 40 weeks ’  gestation. The fetal 
GFR was 2.66   mL/min at term and the percentage of TWR 
was 78%. In growth - restricted fetuses, the HFUPR was 
below the 10th centile in 59% and above normal in 
only 6%. The diuretic effect of furosemide was the same 
in growth - restricted and normal fetuses. In diabetic pre-
gnancies, HFUPR values varied considerably and cor-
related with fetal size. In 90% of pregnancies with 
polyhydramnios, the HFUPR was normal. 

 Oligohydramnios is associated with severe malforma-
tions of the fetal urinary system (e.g. renal agenesis), 
which is incompatible with urine production. In a review 
of 295 fetuses with renal agenesis, Jeffcoate and Scott 
found suffi cient clinical data in 100 to establish a diagno-
sis of oligohydramnios  [11] . From these data, the investi-
gators inferred that conditions affecting fetal urine 
production would alter the AF volume. On the other 
hand, they also reported renal agenesis in a fetus with 
polyhydramnios. Others reported renal agenesis and 
normal AF volume  [12,13] .  

Fetal lung fl uid 
 All mammalian fetuses normally secrete fl uid from their 
lungs. In the human, AF clearly contains phospholipids, 
such as lecithin and sphingomyelin derived from type II 
aveolar cells; thus, at least some of the tracheal fl uid con-
tributes to the AF volume. Liley described some 800 
mothers who had radiologic contrast media injected into 
the AF and noted that only four had the medium demon-
strated in the fetal or neonatal lungs  [14] . 

 The absolute rate of fl uid production by the human 
fetal lungs has not been determined, although animal 
studies suggest that the respiratory tract has a major role 
in AF production. Goodlin and Lloyd demonstrated that 
the fetal lamb produces 50 – 80   mL/day tracheal fl uid  [15] . 
Adamson et al  reported that the near term lamb has tra-
cheal secretions of 200 – 400   mL/day  [16] . Tracheal ligation 
in animals leads to overdistension of the lungs, suggest-
ing a relatively large outfl ow of fl uid from the lungs. This 
knowledge has been utilized in the development of thera-
peutic approaches to the treatment of diaphragmatic 
hernia; tracheal occlusion results in pulmonary distension 
despite the presence of a thoracic mass. Under physio-
logic conditions, half of the fl uid exiting the lungs enters 
the AF and half is swallowed  [17] ; therefore, an average 
of approximately 165   mL/day lung liquid enters the AF 
near term. 

 Fetal lung fl uid production is affected by physiologic 
and endocrine factors, but nearly all stimuli have been 
demonstrated to reduce fetal lung liquid production, with 
no evidence of stimulated production and nominal 
changes in fl uid composition. Increased arginine vaso-
pressin  [18] , catecholamines  [19] , and cortisol  [20]  decrease 
lung fl uid production. The marked increase in fetal 
plasma levels of these hormones during labor results in a 

gestation, the primary sources of AF include fetal urine 
excretion and fl uid secreted by the fetal lung. The primary 
pathways for water exit from the AF include removal by 
fetal swallowing and intramembranous absorption across 
the fetal membranes into fetal blood. If the balance of 
fl uid exchange is disturbed, polyhydramnios or oligohy-
dramnios develops. For instance, if a pathologic condition 
increased the AF volume by 1   oz or 30   mL/day, 1   L of 
excess AF would accumulate in a month. 

Fetal urine
 Fetal micturition is known to be the major source of AF. 
Chez et al   [9] studied fetal urine production with indwell-
ing catheters in rhesus monkeys, and reported the rate 
to be 5   mL/kg/h, which correlates with the rate of 
swallowing in Pritchard ’ s studies  [7] . In humans, fetal 
urine production changes with increasing gestation. The 
amount of urine produced by the human fetus has been 
estimated by the use of ultrasound assessment of fetal 
bladder volume  [8] , although the accuracy of these meas-
urements has been called into question. Exact human fetal 
urine production rates across gestation are not estab-
lished but appear to be in the range of 25% of bodyweight 
per day or nearly 1000   mL/day near term  [8,9] . AF is 
isotonic in early pregnancy, but by term it becomes hypo-
tonic, a result of the increased contribution of hypotonic 
urine.

 Kurjak  et al  studied fetal renal function in 255 normal 
singleton pregnancies and 133 complicated pregnancies 
between 22 and 41 weeks ’  gestation  [10] . They evaluated 
the hourly fetal urine production rate (HFUPR), fetal 
glomerular fi ltration rate (GFR), fetal tubular water reab-
sorption (TWR), and the effect of furosemide on fetal 
micturition by sonography and biochemical tests. In 
normal pregnancies, the HFUPR increased from 2.2   mL/h 

Figure 40.1     Normal amniotic fl uid (AF) volumes are plotted 
against weeks of gestation. The mean values    ±    1 SD are 
calculated for each 2 - week period.  Reproduced from Queenan 
et al   [5]  with permission from Elsevier.   
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amniotic cavity directly across the amnion. Although the 
contribution of the IM pathway to the overall regulation 
and maintenance of AF volume and composition has yet 
to be completely understood, results from  in vivo  and  in
vitro  studies of ovine membrane permeability suggest 
that the permeability of the fetal chorio - amnion is impor-
tant in determining AF composition and volume  [29 – 31] . 
This IM fl ow, recirculating AF water to the fetal compart-
ment, is thought to be driven by the signifi cant osmotic 
gradient between the hypotonic AF and isotonic fetal 
plasma  [32] . In addition, electrolytes (e.g. Na + ) may 
diffuse down a concentration gradient from fetal plasma 
into the AF while peptides (e.g. arginine vasopressin) and 
other electrolytes (e.g. Cl  -  ) may be recirculated to the fetal 
plasma. Recent studies have demonstrated the expression 
of aquaporins (AQP; 1, 3, 8, and 9), which are cell mem-
brane proteins that serve as water channels, in human 
chorio- amniotic membranes and placenta. The expression 
of AQP8 and AQP9 mRNA and protein was signifi cantly 
increased in the amnion and placenta of patients with 
polyhydramnios, suggesting that aquaporins may play 
an important role in the regulation of amniotic fl uid 
resorption via the IM pathway  [33 – 36] . 

 Although never directly measured in humans, indirect 
evidence supports the presence of IM fl ow. Studies of 
intraamniotic 51 Cr injection demonstrated appearance 
of the tracer in the circulation of fetuses with impaired 
swallowing  [37] . Additionally, alterations in IM fl ow may 
contribute to AF clinical abnormalities, as membrane 
ultrastructure changes are noted with polyhydramnios or 
oligohydramnios  [38] . Experimental estimates of the net 
IM fl ow average 200 – 250   mL/day in fetal sheep and likely 
this balances the fl ow of urine and lung liquid with fetal 
swallowing under homeostatic conditions. 

Amniotic fl uid  turnover
 The AF is constantly recirculating. When diffusion of 
water is measured, approximately 500   mL water enters 
and leaves the amniotic sac each hour, with little effect on 
the total AF volume. However, estimates of actual bulk 
fl ow of water suggest that approximately 1000   mL/day 
enter and leave the amniotic cavity at term. This results 
in a turnover of the entire volume of AF each day.   

Clinical measurement of amniotic fl uid 

 A few decades ago, AF volume was estimated in crude 
ways such as measurement of fundal height, roentgeno-
graphic, or direct measurement at the time of delivery. 
The PAH dye dilution technique provides an accurate 
measurement but is an invasive technique and therefore 
limited to research settings  [39] . 

 Ultrasound examination is the only practical clinical 
means of assessing the AF volume. Several ultrasound 

cessation of lung fl uid production, after which lung liquid 
is resorbed into pulmonary lymphatics to prepare for 
newborn respiration.  

Fetal swallowing
 Swallowing is the major pathway for AF removal. 
Evidence of fetal swallowing of AF was established many 
years ago by amniography, Studies of near term pregnan-
cies suggest that the human fetus swallows an average of 
210 – 760   mL/day  [21] , which is considerably less than the 
volume of urine produced each day. However, fetal swal-
lowing may be reduced beginning a few days before 
delivery  [22] , so the rate of human fetal swallowing is 
probably underestimated. Fetal swallowing is increased 
during active as compared with quiet sleep states. 
Furthermore, the near term fetus develops functional 
ingestive responses such that fetal swallowing may 
increase in response to thirst or appetite stimulation. Of 
note, fetal swallowing decreases with acute arterial hypo-
tension  [23]  or hypoxia  [17,24] , indicating that oligohy-
dramnios associated with fetal hypoxia is not caused by 
increased AF resorption via swallowing. 

 The effect of fetal swallowing can be demonstrated by 
studying mothers who have delivered babies with 
tracheo- esophageal fi stulas. Of 228 such cases, 25 fetuses 
had complete obstruction between the mouth and the 
stomach and 19 (76%) of these had polyhydramnios  [25] . 
In a study of 169 cases of polyhydramnios, 54 (32%) of 
the fetuses were unable to swallow  [11] . 

 Anencephaly is also associated with a high incidence 
of polyhydramnios. Although swallowing has been dem-
onstrated in some of these fetuses, it is reasonable to 
believe that the swallowing capability is reduced or 
absent in many.The exposed meninges in anencephaly 
have been described as the source of the production of 
the excess AF  [26] . Other authors disagreed  [27] , noting 
that the rudimentary and distorted brain is almost always 
covered with a collagen membrane. They proposed that 
fetal polyuria may contribute to the polyhydramnios 
because anencephalic fetuses lack antidiuretic hormone. 
Naeye et al  also suggested that polyuria of the anen-
cephalic fetus causes polyhydramnios  [28] . 

 The importance of swallowing in controlling AF volume 
remains undefi ned. An inability to swallow in the setting 
of esophageal atresia but not in anencephaly appears to 
result in polyhydramnios in some cases.  

Intramembranous fl ow 
 The amount of fl uid swallowed by the fetus does not 
equal the amount of fl uid produced by both the kidneys 
and the lungs in either human or ovine gestation. As the 
volume of AF does not greatly increase during the last 
half of pregnancy, another route of fl uid absorption is 
needed. The intramembranous (IM) pathway refers to the 
route of absorption between the fetal circulation and the 



www.manaraa.com

330    Part 5 Obstetric Complications

 Subjective assessment of AF volume refers to visual 
interpretation without sonographic measurements  [49] . 
The ultrasonographer scans the uterine contents and sub-
sequently reports the AF volume as oligohydramnios, 
normal, or polyhydramnios. One study involving 63 
pregnancies compared the subjective assessment of AF 
volume with ultrasound measurement of AFI, the single 
deepest pocket technique, and the two - diameter pocket 
method in the identifi cation of dye - determined AF 
volume  [49] . The subjective assessment of AF volume by 
an experienced examiner had a similar sensitivity to the 
other techniques for identifying dye - determined AF 
volumes.

 All obstetric ultrasound examinations should include 
an assessment of AF volume. Although the ultrasonogra-
pher may elect to use only a subjective assessment, we 
recommend use of an objective measure (e.g. AFI) if the 
subjective assessment is abnormal, in patients at increased 
risk of pregnancy complications, and in all patients exam-
ined in the third trimester.  

Polyhydramnios

Defi nition 
 Historically, polyhydramnios has been characterized by 
an excessive accumulation of AF, usually more than 
2000   mL. However, this defi nition does not take account 
of the normal physiologic changes that occur in the 
volume of AF as the gestational weeks change. There is a 
progressive increase in AF volume from a mean of 30   mL 
at 10 weeks to 190   mL at 16 weeks, peaking at 780   mL at 
32 – 35 weeks ’  gestation; thereafter, AF volume progres-
sively decreases to approximately 550   mL at 42 weeks  [6] . 
The wide biologic variability in the AF volume with 
advancing gestational age makes an absolute volume cri-
terion for oligohydramnios or polyhydramnios inappro-
priate. Accordingly, AF volume abnormalities are best 
defi ned as a volume below the 5th percentile or above the 
95th percentile for gestational age.  

Diagnosis
 Polyhydramnios is generally a problem of the late second 
to early third trimester. The clinician may notice that 
the uterus is consistently larger than expected for the 
stage of gestation, or there may be a sudden increase 
in uterine size. The fetal parts may be diffi cult to palpate 
and the fetal heart may be diffi cult to hear with Doppler 
ultrasound if the fetus moves about in the large volume 
of AF. 

 The diagnosis of polyhydramnios can be confi rmed 
by sonography by quantifying the AF. When one is 
scanning the pregnant uterus, it is possible to make a 
qualitative judgment as to the presence or absence of 

methods have been used to estimate the AF volume; each 
has limitations in the detection of abnormal AF volumes. 
These methods can better identify true normal AF volumes 
than abnormal AF volumes (oligohydramnios and poly-
hydramnios), which they all detect poorly. 

 The single deepest pocket (SDP) measurement refers to 
the vertical dimension of the largest pocket of AF not 
containing umbilical cord or fetal extremities and meas-
ured at a right angle to the uterine contour. The horizontal 
component of this vertical dimension must be at least 
1   cm. A normal SDP measurement is 2.1 – 8   cm, with oligo-
hydramnios defi ned as less than 2.0   cm and polyhy-
dramnios as more than 8.0   cm. In a comparison of SDP 
with dye - determined AF volume, SDP poorly identifi es 
patients with oligohydramnios  [40,41] . 

 The Amniotic Fluid Index (AFI) is measured by fi rst 
dividing the uterus into four quadrants using the linea 
nigra for the right and left divisions and the umbilicus for 
the upper and lower quadrants. The maximum vertical 
AF pocket diameter in each quadrant not containing cord 
or fetal extremities is measured in centimeters; the sum 
of these measurements is the AFI. A normal AFI is 5.1 to 
< 25   cm, with oligohydramnios defi ned as less than 5.0   cm 
and polyhydramnios as more than 25   cm. Borderline 
normal values are 5.1 – 8.0   cm. The accuracy of the AFI 
has been examined in several studies  [40,42 – 45] . In com-
parison to dye dilution, the AFI overestimated actual 
volumes by 89% at low volumes and underestimated 
actual volumes by 54% at high volumes. Chauhan et al
demonstrated that the sensitivity, specifi city, positive, and 
negative predictive values of AFI  ≤ 5 for prediction of 
oligohydramnios were 5%, 98%, 80%, and 49%; these 
same characteristics for AFI  > 24 for prediction of polyhy-
dramnios were 30%, 98%, 57%, and 93%, respectively  [44] . 
Notably, AFI standards have been demonstrated using 
gray - scale ultrasound. When color fl ow Doppler is uti-
lized for AFI determination, oligohydramnios may be 
overdiagnosed  [46 – 48] . 

 The two - diameter AF pocket is the product of the verti-
cal depth multiplied by the horizontal diameter of the 
largest pocket of AF not containing umbilical cord or 
extremities (with the transducer held at a right angle to 
the uterine contour). A normal two - dimensional measure-
ment is 15.1 – 50 cm 2 , with oligohydramnios defi ned as less 
than 15 cm 2  and polyhydramnios as more than 50 cm 2 . 
Two series that compared the two - diameter pocket and 
dye - determined AF volume found that the former identi-
fi ed 81 – 94% of the dye - determined normal volumes and 
approximately 60% of pregnancies with low volumes 
 [38,43] . Receiver operator curve analysis showed that for 
any specifi c two - diameter pocket, the 95% confi dence 
range was so wide that ultrasonographic assessment was 
not a reasonable refl ection of actual AF volume, and thus 
was not clinically useful  [44] . 



www.manaraa.com

Chapter 40 Polyhydramnios and Oligohydramnios    331

acardiac twin), or blood group incompatibilities. When 
associated with fetal hydrops, polyhydramnios may be a 
result of fetal cardiac abnormalities, anemia or hypopro-
teinemia. Once polyhydramnios is diagnosed, a system-
atic maternal work - up is necessary to determine the 
cause. Management is determined by the underlying 
cause. The clinician should rule out such conditions as 
diabetes mellitus, erythroblastosis fetalis, and multiple 
pregnancy (e.g. twin – twin transfusion) by performing a 
glucose tolerance test, indirect Coombs test, and sonogra-
phy, respectively. 

 In Queenan and Gadow ’ s 1970 series of 358 patients 
with polyhydramnios, the major associated conditions 
were diabetes mellitus (25%), congenital malformations 
(20%), and erythroblastosis fetalis (11%) (Table  40.1 )  [50] . 
By 1987, the causes had changed considerably, according 
to Hill et al   [51] . The representation of diabetes mellitus 
was lower, refl ecting stricter blood glucose control, and 
the occurrence of polyhydramnios resulting from rhesus 
(Rh) incompatibility was markedly decreased as a result 
of Rh immunoglobulin prophylaxis. Idris  et al  recently 
reported an 18.8% incidence of polyhydramnios among 
patients with pregestational diabetes, with the AF excess 
associated with poor diabetes control  [52] . Panting - Kemp 
et al  reported a 66% incidence of idiopathic polyhydram-
nios, with 4% of patients demonstrating fetal congenital 
malformation and 28% with maternal diabetes mellitus 
 [53] . The reduction in the rate of fetal malformations asso-
ciated with polyhydramnios may represent a higher 
detection rate of the malformation by second - trimester 
ultrasound and termination of severe cases before reach-
ing viability.    

Management
 Treatment of polyhydramnios depends on the etiology 
and prognosis for effective treatment. Therapeutic amnio-
centesis is an option for the treatment of twin – twin trans-
fusion syndrome. However, recent studies have indicated 
that fetoscopic laser ablation of the communicating blood 
vessels is of greater effi cacy in severe cases presenting 
prior to fetal viability. 

 Conservative management includes modifi ed bedrest 
and assessment of uterine activity and fetal well - being. 

polyhydramnios. At 16 weeks ’  gestation, when genetic 
amniocentesis is commonly performed, the fetus and pla-
centa each weigh approximately 100   g and the AF volume 
is 200   mL. Therefore, at this time the AF volume consti-
tutes approximately 50% of the uterine image. At 28 
weeks, when the fetus weighs 1000   g and the placenta 
weighs 200   g, the AF volume is approximately 1000   mL 
and comprises approximately 45% of the image of the 
uterus. At term, when the fetus and placenta weigh 3300 
and 500   g respectively, the AF volume is approximately 
800   mL and makes up only approximately 17% of the 
image of the uterus. Keeping these guidelines in mind 
will facilitate making a judgment about the normalcy of 
AF volume versus polyhydramnios or oligohydramnios. 

 In severe cases, the mere image confi rms the diagnosis 
because the fi ndings are dramatic. Nonetheless, it is 
useful to have a quantifi able value such as the AFI. The 
diagnosis of polyhydramnios is established by an AFI 
≥ 25   cm. 

 Polyhydramnios may have both maternal and fetal 
sequelae. In mild cases, there are minimal maternal symp-
toms, generally consisting of abdominal discomfort and 
slight dyspnea. In moderate - to - severe polyhydramnios 
(AF volume greater than 4000   mL), there may be marked 
respiratory distress: dyspnea and orthopnea and usually 
edema of the lower extremities. 

 The increased AF volume and overstretched myo-
metrium place the patient with polyhydramnios at risk of 
certain complications. Spontaneous labor with intact 
membranes usually produces contractions that are of 
poor quality because of the excessive uterine size. There 
is an increased incidence of abnormal presentations, and 
therefore there are more operative deliveries. Spontaneous 
rupture of the membranes causes a sudden decompres-
sion of the uterus, which increases the incidence of abrup-
tio placentae and cord prolapse. There is a marked 
increase in the incidence of postpartum hemorrhage as a 
result of uterine overdistension, resulting in uterine atony. 
Fetal complications include myriad congenital anomalies 
or abnormalities that result in increased fl uid production 
or reduced fl uid resorption.  

Associations
 Clinically detectable polyhydramnios occurs in 0.4 – 0.5% 
of pregnancies. Most cases of mild polyhydramnios (e.g. 
AFI 25 – 30   cm) are idiopathic (35 – 66%), and have a good 
prognosis, although the risks of preterm labor and fetal 
malpresentation remain. With increasing degrees of AF 
volume, the rate of fetal anomalies approaches 50%. It 
may be associated with diabetes mellitus, structural con-
genital malformations (usually of the central nervous 
system or gastrointestinal tract) impairing fetal swallow-
ing, chromosomal abnormalities, multiple pregnancy 
(especially twin – twin transfusion syndrome or an 

Table 40.1    Polyhydramnios: associated conditions 

Cause 1970* 1987† 1999‡

Idiopathic (%) 35 66 66
Diabetes mellitus (%) 25 15 28
Congenital malformations (%) 21 13 4
Rh incompatibility (%) 11 1 –
Multiple pregnancy (%) 8 5 –

*Queenan and Gadow [50]; † Hill  [51]; ‡ Panting -Kemp [53].
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therapeutic approaches, targeting those cell membrane 
proteins that serve as water channels.   

Oligohydramnios

Defi nition 
 Oligohydramnios is a pathologic condition characterized 
by a decrease in AF volume. Although it can occur in the 
fi rst half of pregnancy, it is generally a problem of the 
second half.  

Diagnosis
 Oligohydramnios is suspected when the uterus is smaller 
than the date of gestation would suggest, and the diag-
nosis is made by sonography. The clinician relies on a 
quantifying method such as depth of the SDP or, more 
commonly, the AFI. An AFI of 5.0 – 8.0   cm indicates bor-
derline AF, whereas an AFI of 5.0 or less indicates oligo-
hydramnios. The time in pregnancy when it develops has 
a bearing on the prognosis. When oligohydramnios 
occurs as early as the second trimester, the prognosis is 
very poor  [60] . 

 Moore  et al  demonstrated the reliability and predictive 
value of a scoring system for oligohydramnios in the 
second trimester  [61] . Sixty - two cases of oligohydramnios 
were diagnosed sonographically between 13 and 28 
weeks ’  gestation. Three experienced sonographers used a 
subjective scale to rate the oligohydramnios as mild, 
moderate, severe, or anhydramniotic. Intraobserver reli-
ability was excellent (intraclass correlation coeffi cient, 
0.81). The overall perinatal mortality was 43% and the 
incidence of pulmonary hypoplasia was 33%. One - third 
had lethal congenital anomalies. The frequency of adverse 
outcomes strongly correlated with the most severe oligo-
hydramnios or anhydramnios; 88% of the fetuses with 
severe oligohydramnios or anhydramnios had lethal out-
comes, compared with 11% in the mild and moderate 
oligohydramnios group. The presence of an anuric 
urinary tract anomaly was associated with the most 
severe grade of oligohydramnios and was uniformly 
fatal. Pulmonary hypoplasia was diagnosed in 60% of the 
severe oligohydramnios group versus 6% of the moderate 
group. 

 The investigators concluded that subjective grading of 
oligohydramnios by experienced observers in the second 
trimester is both reliable and predictive of outcome. The 
fi nding of severe oligohydramnios in the second trimester 
is highly predictive of a poor fetal outcome and should 
stimulate an extensive search for the etiology and consid-
eration of intervention. 

Clinical signifi cance 
 Oligohydramnios occurring as early as the second trimes-
ter is associated with a poor prognosis. Mercer and Brown 

Diuretics are generally contraindicated because they 
deplete maternal vascular volume with little effect on the 
total AF volume. If moderate - to - severe polyhydramnios 
results in pronounced maternal distress, and sonographic 
study reveals a normal - appearing fetus, a more aggres-
sive approach becomes necessary. If the fetus is mature, 
delivery is indicated. If the fetus is too immature for 
delivery, amniocentesis with drainage to normalize AF 
volume may be indicated. Complications of rapid removal 
of AF occur in 2 – 3% of procedures and include premature 
separation of the placenta, placental abruption, and pre-
mature rupture of membranes  [54 – 56] . Reaccumulation 
of AF may rapidly occur and the procedure may need 
to be repeated every 2 – 3 days. A tocolytic agent should 
be considered to decrease the occurrence of uterine 
contractions.

 For severe symptomatic polyhydramnios at less than 
32 weeks ’  gestation, we suggest treatment with 
indomethacin following the amniocentesis to maintain 
normal AF volume without exposing the fetus to the 
risks of serial invasive procedures. Prostaglandin syn-
thetase inhibitors may stimulate fetal secretion of 
arginine vasopressin and facilitate vasopressin - induced 
renal antidiuretic responses and reduced renal blood 
fl ow, thereby reducing fetal urine fl ow. These agents 
may also impair production or enhance reabsorption of 
lung liquid  [57] . Indomethacin is started at 25   mg orally 
four times daily. If there is no reduction in AF volume, 
then the dosage is gradually increased to 2 – 3   mg/kg/
day  [58] . Maternal side - effects, such as nausea, esopha-
geal refl ux, gastritis, and emesis, are seen in approxi-
mately 4% of patients treated with indomethacin for 
preterm labor. The primary fetal concern with use of 
indomethacin is constriction of the ductus arteriosus 
and recent information suggests an increased risk of 
intraventricular hemorrhage. During indomethacin 
therapy, we monitor AF volume 2 – 3 times per week. 
The drug is tapered when there is a reduction in AF 
volume, and stopped when polyhydramnios is no 
longer severe. We obtain fetal echocardiographic evalu-
ations at intervals to examine ductal fl ow. If the fetus is 
found to have major malformations incompatible with 
life, delivery may be considered. 

Future therapies
 Future therapeutic approaches for polyhydramnios 
include the use of intraamniotic pharmacologic agents to 
reduce fetal fl uid production. In ovine pregnancy, 
intraamniotic administration of either arginine vaso-
pressin or deamino arginine vasopressin results in rapid 
fetal plasma absorption and a marked decrease in fetal 
urine fl ow  [59] , although there is no effect on fetal swal-
lowing  [59] . 

 The recent discovery of the aquaporins and their differ-
ent expression in hydramnios may facilitate novel 
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obstruction. The obstructive uropathies can be detected 
as early as 14 – 16 weeks ’  gestation. Bilateral cystic dyspla-
sia of the fetal kidneys may be detected as early as 12 
weeks ’  gestation. If the problem is unilateral, oligohy-
dramnios is not likely. Cystic kidneys and renal pelvis 
dilation are found with trisomy 21 and trisomy 18, so 
karyotype should be determined. 

Intrauterine growth restriction
 Between 3% and 7% of all pregnancies are complicated 
by intrauterine growth restriction (IUGR). These fetuses 
have a considerably higher incidence of problems includ-
ing hypoxia, acidosis, meconium aspiration, and poly-
cythemia. After birth, potential complications include 
hypoglycemia, necrotizing enterocolitis, and impaired 
growth and development. 

 Approximately 60% of fetuses with IUGR have 
decreased AF volume discernible on sonographic exami-
nation. This feature may be very useful in differentiating 
the pathologically growth - restricted fetus from the one 
that is merely constitutionally small. Generally, oligohy-
dramnios in the IUGR fetus is a sign of potential fetal 
jeopardy and a thorough evaluation of fetal well - being is 
indicated.

Postdate pregnancy
 Approximately 3 – 7% of pregnancies extend beyond 42 
completed weeks of gestation, dated from the fi rst day of 
the last normal menstrual period. These pregnancies have 
a higher incidence of perinatal mortality, perinatal mor-
bidity, and macrosomia. Postdate pregnancies are a 
leading cause of obstetric malpractice litigation, with 
most of the cases involving neurologically impaired 
babies  [65] . 

 The incidence of oligohydramnios increases in postdate 
pregnancies, in part as a result of normal shifts in the rates 
of fl uid production and resorption (e.g. increased fetal 
swallowing) as well as a potential response to relative 
fetal hypoxia or nutrient restriction secondary to placen-
tal aging. The signifi cance of oligohydramnios and spon-
taneous fetal heart rate decelerations during antepartum 
testing of postdate pregnancies was evaluated by Small 
et al   [66] . The occurrence of oligohydramnios or spontane-
ous decelerations during testing necessitates considera-
tion of prompt delivery. Fetuses with decreased AF 
volume are at increased risk for umbilical cord compres-
sion, meconium aspiration, and fetal compromise.  

Twin pregnancy
 Seventy - fi ve percent of twin pregnancies are dichorionic 
and 25% are monochorionic. The fetal loss rate is much 
higher in monochorionic pregnancies as a result of twin –
 twin transfusion syndrome. Monochorionic twin preg-
nancies may be identifi ed by the telltale  “ T sign ”  at the 
base of the intertwin membrane. The fi rst manifestation 

reported 39 cases of oligohydramnios in the second tri-
mester, diagnosed by sonography  [62] . Nine of the preg-
nancies were associated with fetal malformations: Potter 
syndrome (5), atrioventricular disassociation (39), con-
genital absence of the thyroid (1), and multiple anomalies 
(5). There were 10 unexplained stillbirths, one death 
resulting from abruptio placentae, eight with perinatal 
mortality and morbidity after premature labor or abrup-
tio placentae, and six live - born term infants. Although 
oligohydramnios in the second trimester is associated 
with a marked increase in perinatal mortality, it is not 
uniformly associated with a poor outcome. 

 Although oligohydramnios can be idiopathic, com-
monly it is associated with a specifi c clinical condition. 
The clinical conditions most commonly associated with 
oligohydramnios are discussed below.  

Premature rupture of membranes
 Premature rupture of membranes (PROM) occurs in 2 – 4% 
of preterm gestations. The clinical implications for oligo-
hydramnios in the setting of PROM are as follows. If 
PROM occurs before 24 weeks, there is an 80% chance of 
labor, infection, or both. The rate of perinatal mortality is 
54% and the risk of permanent handicap in survivors is 
40%  [63] . It is not unusual for a pregnancy complicated 
by PROM to present initially as oligohydramnios with a 
normally functioning fetal bladder. Further work - up 
reveals a slow leak of AF resulting from PROM. 

 The earlier in pregnancy that PROM occurs, the more 
likely the risk of fetal pulmonary hypoplasia. If the PROM 
occurs at 16 – 24 weeks ’  gestation, the threat of pulmonary 
hypoplasia is great. A recent review emphasized that the 
benefi ts of amnio - infusion for periviable PROM are 
unproven and the risks remain undetermined  [64] . 

 Oligohydramnios occurring secondary to PROM later 
in pregnancy creates a risk of umbilical cord compression. 
If compression occurs during labor, variable decelerations 
may become very problematic. This can be treated with 
amnio- infusion to create a cushion to relieve the cord 
compression. 

Congenital malformation
 When managing oligohydramnios, the clinician should 
always rule out chromosome abnormalities and struc-
tural malformations. Malformations of the urogenital 
system are the most commonly associated with oligohy-
dramnios. The classic is Potter syndrome, with renal 
agenesis, low - set ears, and facial pressure deformities. 
With little or no AF, it is very diffi cult to image the fetus 
and adrenal glands may be mistaken for kidneys. 
Transabdominal amnio - infusion can help in providing 
fl uid contrast for proper imaging. Additional urogenital 
problems can be encountered in the form of obstructive 
uropathy, such as posterior urethral valve syndrome, ure-
teropelvic junction syndrome, or ureterocystic junction 
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that augmenting the AF volume will provide diagnostic 
or therapeutic benefi t. Amnio - infusion may be performed 
therapeutically, prophylactically, or as a diagnostic inter-
vention. Maternal hydration via oral hydration or intra-
venous hypotonic fl uid is a means of transiently increasing 
amniotic fl uid volume, and is less invasive than amnio -
 infusion  [70 – 72] . Hydration with oral water reduces 
maternal plasma osmolality and sodium concentration, 
resulting in an osmotically driven maternal - to - fetal water 
fl ux. Increased placental blood fl ow volume, fetal urine 
output, and possibly decreased reabsorption of amniotic 
fl uid via swallowing or intramembranous fl ow increases 
the amniotic fl uid volume  [73] .   

Conclusion

 Recent clinical and laboratory studies have provided an 
ever increasing understanding of the dynamics of amni-
otic fl uid volume, the clinical importance of oligo -  and 
polyhydramnios, and the potential use of the amniotic 
cavity as a route for the administration of therapeutic 
agents to the fetus. AF is a dynamic body of water which 
provides essential functions for appropriate fetal growth 
and development. The extremes of volume  –  too much or 
too little  –  may be associated with an unfavorable prog-
nosis. Appropriate diagnosis and management of polyhy-
dramnios and oligohydramnios are essential to optimize 
fetal outcome.    

of twin – twin transfusion syndrome is an increased nuchal 
translucency in one or both fetuses at 10 – 14 weeks ’  gesta-
tion. Subsequently, at 15 – 17 weeks ’  gestation there is 
intertwin disparity of AF volume manifested by folding 
of the intertwin membrane  [67] . 

 In multiple pregnancies where polyhydramnios and 
oligohydramnios occur in separate sacs, there is a serious 
danger to the fetus with oligohydramnios. Chescheir and 
Seeds reported on seven such twins with twin – twin trans-
fusion syndrome resulting in a perinatal mortality rate of 
71%  [68] . The occurrence of the complication before 26 
weeks ’  gestation resulted in death of all fetuses despite a 
variety of attempted therapies. In twin – twin transfusion 
syndrome, the donor twin becomes anemic and, over 
time, growth restricted, and develops oligohydramnios. 
When the oligohydramnios is severe, the fetus becomes 
immobilized, generally against the uterine wall because 
of pressure from the sac with polyhydramnios. The fetus 
does not move despite changing of maternal position. 
This has been called the trapped twin syndrome. 

 Endoscopic laser ablation of the intercommunicating 
placental vessels is recommended for severe twin – twin 
transfusion syndrome presenting prior to fetal viability 
 [69] . Following viability, amniodrainage from the twin 
with polyhydramnios may improve the AF volume of the 
donor twin with oligohydramnios  [67] .  

Management
 Amnio - infusion may be considered in pregnancies com-
plicated by oligohydramnios when the physician feels 

    A 26 - year - old gravida 2, para 1 with a history of one prior 
term vaginal delivery presented for prenatal care in the 
fi rst trimester. The patient ’ s fundal height was slightly 
greater than her dates, and a subsequent ultrasound 
revealed a twin gestation with a dividing membrane con-
sistent with diamniotic monochorionic placentation. 
Repeat ultrasounds demonstrated symmetric growth 
until a 26 - week scan revealed a 20% weight discordance. 
A repeat ultrasound 2 weeks later demonstrated marked 
oligohydramnios (i.e. stuck twin) in the smaller twin, 
associated with an absence of bladder fi lling and polyhy-
dramnios in the larger twin. A diagnosis of twin – twin 
transfusion syndrome was made. As the gestation was 
beyond fetal viability, laser ablation of placental anasto-
moses was not entertained. An amnioreduction proce-
dure was performed with withdrawal of 2   L fl uid from 
the polyhydramnios sac. Subsequent ultrasound con-
fi rmed a reduction in amniotic fl uid in the polyhydram-
nios sac, and reaccumulation of fl uid in the oligohydramnios 
sac, although still subjectively reduced. A repeat amniore-
duction was performed 1 week later. Shortly thereafter, 

the patient progressed into spontaneous labor and was 
operatively delivered at 29 weeks ’  gestation. Twins dem-
onstrated a 25% discordancy in weight, with evidence of 
polycythemia and anemia in the larger and smaller twin, 
respectively. 

 This case represents an example of twin – twin transfu-
sion syndrome. The donor twin ’ s anemia, reduced intra-
vascular volume, and mild hypoxemia result in relative 
oliguria. Continued fetal swallowing, despite reduced 
amniotic fl uid (e.g. urine) production, contributes to the 
oligohydramnios. Conversely, the recipient twin develops 
polycythemia, increased intravascular volume, and ele-
vated plasma atrial natriuretic factor levels. Markedly 
increased urine production contributes to the polyhy-
dramnios state. Amnioreduction reduces intraamniotic 
pressure, potentiating increased maternal - to - fetal placen-
tal water fl ow, and facilitating intravascular volume 
repletion and urine output in the donor twin. However, 
the twin – twin transfusion pathophysiology continues, 
with continued transfer of plasma and red cells, and 
polyhydramnios/oligohydramnios recurs.  

CASE PRESENTATION 
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Prevention of Preterm Birth 

  Paul J.     Meis  
  Department of Obstetrics and Gynecology, Wake Forest University School of Medicine, Winston - Salem, NC, USA       

     Preterm birth is defi ned as a livebirth before 37 completed 
weeks ’  gestation. Preterm births can be classifi ed by their 
apparent etiology as spontaneous preterm labor and 
delivery, constituting approximately 45% of preterm 
births; births occurring after spontaneous premature 
preterm rupture of the fetal membranes (PPROM), 
approximately 35% of preterm births; and preterm births 
that result from a medical or obstetric complication of the 
pregnancy, approximately 20% of preterm births  [1] . 
Based on common risk factors for their occurrence, it may 
be appropriate to consider those births caused by sponta-
neous preterm labor and PPROM as a single entity and 
likely to be caused by similar pathogeneses  [2] . 

 The rate of preterm birth has been rising in the USA 
and in many other countries. The rate reached 12.8% of 
all livebirths in 2006, but more recently decreased to 
12.3% in 2008, the most recent year of available data. This 
improvement is somewhat encouraging, but the rate of 
12.3% remains very high compared to other developed 
countries. Compared with singleton births (one baby), 
multiple births in the USA were about six times more 
likely to be preterm in 2002  [3] . 

 Preterm birth demonstrates a marked racial disparity. 
The rate of preterm birth for black infants is 17.6%, com-
pared to 10.7% for white infants. However, the rate of 
preterm birth for white infants in the USA remains high 
compared to rates of 6 – 8% for most European countries 
 [4] . Preterm birth is the most common reason for the 
death of a newborn infant with no birth defects. It is also 
the leading cause of cerebral palsy in the surviving chil-
dren and is linked to other long - term developmental 
problems. In very premature infants, weighing 501 – 700   g, 
the mortality rate is approximately 70%, and with neo-
natal intensive care many of these deaths may occur as 
late as 100   days of hospitalization. The risk of severe 
handicap (cerebral palsy, mental retardation, epilepsy, 
blindness, or deafness) in survivors is approximately 
20%  [4] . 

 The fi nancial costs of preterm birth are very high. In 
2005, prematurity - related infant stays resulted in hospital 
charges of $26,200,000. The costs of hospital care for 
infants born at 25 – 27 weeks ’  gestation were more than 28 
times those of infants born at term: $280,146 versus $9803 
 [5] . Hospital costs in 2010 are likely to be even higher. 
These fi gures do not include the fi nancial costs to the 
families of handicapped children over their lifespan. In 
addition to the fi nancial costs of preterm birth, the fami-
lies of very preterm infants are exposed to considerable 
stress in dealing with this problem and dysfunctional 
family patterns are common. For these reasons, preterm 
birth is recognized as a major public health problem and 
reduction of the rates of preterm birth as the most impor-
tant goal in contemporary obstetric practice and research.  

Preterm birth as a social phenomenon

 Many studies have shown that the risk of preterm birth 
is related to low socio - economic status. Given this rela-
tionship, why does the USA have high rates of preterm 
birth when it has one of the highest rates of per capita 
income of all the nations of the world? Several facts 
may explain this seeming contradiction. Access to health-
care for individuals in the USA may be limited by the 
lack of health insurance. From 2008 census data, 20.1% 
of women aged 15 – 44 were uninsured and women of 
child- bearing age accounted for 27.1% of uninsured 
Americans  [6] . 

 The racial disparity of insurance coverage is striking. 
In a study by Families USA, nearly 35% of Hispanics were 
uninsured, as were 20% of blacks and 12% of whites  [7] . 
While many states have attempted to improve insurance 
coverage with Medicaid for low - income pregnant women, 
many gaps in coverage persist, and health problems of 
the women may not be covered by Medicaid insurance 
until the time of pregnancy. 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

337



www.manaraa.com

338    Part 5 Obstetric Complications

Prevention of preterm birth in France 

 The French experience in preterm birth prevention in the 
1970s and 1980s is worthy of attention because it repre-
sented a formal program to reduce the rate of preterm 
births and because France was the only European country 
to experience a signifi cant decrease in the rate of preterm 
births. The program was under the direction of Dr Emile 
Papiernik. A full description of this program was pub-
lished by Papiernik and Goffi net  [11] . Papiernik fi rst 
tested this program in a small district of France contain-
ing the city of Hagenau in the region of Alsace. The basic 
features of the program included the availability of early 
and equal prenatal care for all women regardless of ability 
to pay; provision of information that would convince the 
women to change their lifestyles; recognition, during pre-
natal care, of risk factors and warning signs of preterm 
birth; and appropriate use of maternity work leave and 
reduction of physical activity. The program was directed 
at all pregnant women, not only those at high risk. The 
success of this program in Hagenau led to its adoption 
throughout the entire country. In France, the proportion 
of deliveries at less than 37 weeks decreased from 8.2% 
in 1972 to 6.8% in 1976, 5.6% in 1982, and 4.9% in 1988. 
Of even greater signifi cance, births at less than 34 weeks 
decreased from 2.4% of deliveries in 1972 to 1.7% in 1976, 
1.2% in 1981, and 0.9% in 1988  [11] . Analysis of the 
preterm births revealed that the reduction occurred for 
spontaneous preterm births, and no decrease occurred for 
indicated preterm deliveries  [12] . The decrease in preterm 
deliveries occurred mainly for women at low or moderate 
risk. Women at high risk for preterm delivery, because of 
a history of a previous preterm delivery or a previous 
stillbirth, did not experience a decreased rate of preterm 
delivery. 

 Since 1988 a trend has been seen in France for a modest 
increase in preterm births, to 4.43% in 1995 and 6.27% in 
1998. The largest increases were identifi ed in the sub-
group of indicated preterm births, from 0.51% in 1972 to 
2.31% in 1998  [12] . France has experienced an increased 
number of births to immigrant women who were born 
outside continental France. An analysis of births in the 
Seine – Saint - Denis district in 2000 found that almost half 
of all births occurred to these women. The only groups 
who experienced an increased rate of preterm births were 
women born in the French Caribbean or sub - Saharan 
Africa, who had rates of preterm birth of 7.9% and 7.2%, 
respectively  [13] . These rates are still low compared with 
rates of preterm birth in the USA. 

 Unfortunately, attempts to duplicate the French experi-
ence in the USA have not been successful. A multicenter 
randomized trial of a system of patient education, physi-
cian education, and weekly pelvic examination enrolled 
2395 women. The results showed no signifi cant reduction 
in the study group compared to the control group  [14] . 

 Income inequality is greater in the USA than in other 
major industrialized countries such as Canada, Australia, 
and European countries. In 2002, a total of 34.6 million 
Americans, 12.1% of the population, lived in poverty. A 
monograph by Miller  [8]  described some of the social 
support benefi ts enjoyed by pregnant women in Europe. 
The countries surveyed were Belgium, Denmark, 
Germany, France, Ireland, Netherlands, Norway, Spain, 
Switzerland, and the UK. In all of these countries, prena-
tal care is available to all regardless to their ability to pay. 
Many of these countries provide fi nancial incentives to 
pregnant women for attending prenatal visits. They all 
provide paid pregnancy leave with job security, and 
routine home visits by a nurse following the delivery. In 
The Netherlands, women receive 100% of their salaries 
during maternity leave, and in Denmark and Sweden 
90%. These programs are in contrast to the relative lack of 
organized social support for pregnant women in the USA.  

Tocolytic drugs

 Since the 1970s, much of the effort toward preventing 
preterm birth has been focused on attempts to halt 
preterm labor through the use of tocolytic drugs. Despite 
the wide usage of these drugs, the results have been dis-
appointing. Since the time of the introduction of these 
drugs, no reduction has been observed in the rates of 
preterm birth in the USA or in other countries. Randomized 
placebo- controlled trials of these drugs have found that 
the use of these drugs can be effective in delaying pre-
term delivery for a matter of days, but that ultimate 
preterm delivery is not prevented  [9] . The short - term 
delay in delivery, however, can be useful in allowing time 
for the effective use of antenatal steroid therapy to 
enhance fetal lung maturity. This lack of effectiveness of 
tocolytic therapy and the lack of other effective methods 
to reduce rates of preterm birth have led to the opinion 
of many that no effective and reproducible method of 
preventing preterm birth has been demonstrated  [9] . 
Although magnesium sulfate therapy, like other tocolytic 
drugs, has limited effectiveness in preventing preterm 
delivery, a large randomized trial found that this treat-
ment was effective in preventing moderate or severe cer-
ebral palsy when measured at 1 year of age  [10] . 

 It would appear that once the labor process has begun, 
which likely occurs earlier than the clinical onset of labor, 
attempts to halt this process are futile and that effective 
prevention for preterm labor must rely on programs or 
interventions that are introduced early in pregnancy. 
Current evidence suggests that we may be at the thresh-
old of implementing effective and clinically useful 
methods of preventing preterm birth. It is tempting to 
speculate that these new therapies are beginning to have 
an impact on preterm delivery rates.  
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presumably through antiinfl ammatory effects. The results 
of a trial by Olsen found that the supplementation was 
effective only in women with low dietary fi sh intake  [31] . 
A trial by Harper of omega - 3 supplementation in addition 
to treatment with 17 α  - hydroxyprogesterone caproate 
(17P) found no additional benefi t to the fi sh oil treatment, 
but the rate of preterm delivery was noted to be signifi -
cantly lower in subjects with a history of dietary fi sh 
intake  [32] .  

Cervical changes and preterm birth

 The concept of weakness in the compliance and passive 
ability of the uterine cervix to retain the fetus in preg-
nancy was fi rst advanced more than 50   years ago, but has 
remained controversial up to the present time. 

 In 1955, Shirodkar proposed surgical cerclage of the 
cervix as a treatment for women with a history of habitual 
abortion  [33] . The surgical technique that he reported and 
other similar procedures have been used frequently since 
that time with an estimated current frequency of use 
between 1 in 200 and 1 in 2000 deliveries  [34] . The tradi-
tional concept of this entity has been to consider the 
cervix as being competent or incompetent, with the treat-
ment of cervical incompetence (better referred to as insuf-
fi ciency) requiring surgical cerclage. Despite the relative 
popularity of this treatment to prevent preterm delivery, 
controversies have persisted regarding the best means of 
diagnosis of cervical insuffi ciency, appropriate indica-
tions for the procedure, and the effi cacy of the treatment 
to prevent preterm birth. The classic indications for the 
procedure using the patient ’ s historical factors include a 
history of two or more consecutive second - trimester preg-
nancy losses, a history of painless dilation of the pregnant 
cervix to 4 – 6   cm, and a history of diethylstilbestrol (DES) 
exposure  in utero  of the pregnant women. 

 The availability of endovaginal ultrasonography to 
measure cervical length accurately and identify funneling 
of the internal os has both focused increased attention on 
the role of the cervix in preterm delivery and provided a 
potentially better means of evaluating cervical function. 

 Cervical length remains relatively stable up to the early 
third trimester of pregnancy at which time progressive 
shortening begins. The median cervical length is 35 –
 40   mm at 14 – 22 weeks and falls to approximately 35   mm 
at 24 – 28 weeks, and 30   mm after 32 weeks  [35] . The cervi-
cal length at 22 – 32 weeks ’  gestation displays a normal 
distribution, with the 50th percentile approximately 
35   mm and the 10th and 90th at 25 and 45   mm, respec-
tively  [36,37] . The studies reported by Iams and other 
investigators have shown that the likelihood of preterm 
delivery is inversely related to the length of the cervix 
when measured at 24 – 28 weeks ’  gestation. While the cer-
vical length can now be measured with accuracy and the 

There are several reasons that can be advanced for this 
lack of success. The program did not receive the same 
level of support from the popular media as was present 
in France in helping to promote healthier lifestyles, and 
no governmental policy was in place that encouraged 
liberal pregnancy work leave. Perhaps more importantly, 
the trial was limited to women who were at high risk for 
preterm birth. In general, this group of women did not 
show benefi t in the French program. 

 Likewise, trials of increased social support for women 
at high risk for preterm delivery have failed to show 
results in improved birth outcomes  [15,16] . A recent trial 
by Ayman  et al  is an exception to the disappointing results 
of social support. These investigators provided individu-
ally tailored counseling for women who reported envi-
ronmental smoke exposure. The subjects randomized to 
this treatment had lower rates of very low birthweight 
and very preterm births  [17] . 

 The results achieved by the French experience are 
important, but without changes in healthcare policy, they 
may not be translatable to the current health delivery 
system in the USA.  

Infection and preterm birth

 Several lines of evidence link the presence of infection 
and/or infl ammation and preterm birth. These include a 
strong association between histologic chorioamnionitis 
and preterm birth  [18] , particularly early preterm birth, 
an association of bacterial vaginosis with preterm birth 
 [19] , and of periodontitis with preterm birth  [20] . In addi-
tion, a small percentage of women in preterm labor with 
intact membranes have demonstrated the presence of bac-
terial invasion of the amniotic space  [21] . 

 These associations have stimulated a number of clinical 
trials of antibiotic therapy for women in preterm labor, 
and pregnant women with positive vaginal fetal fi bronec-
tin, vaginal infections, or periodontal disease  [22 – 26]  and 
of interconceptional antibiotics for women following an 
early preterm birth  [27] . Unfortunately, the results of 
these trials have been disappointing, showing a lack of 
positive prevention of preterm birth or, in some cases, an 
increase in preterm birth in some groups of women 
treated with antibiotics  [23,25,26] . Similarly, trials of oral 
treatment of periodontal disease in pregnancy have found 
that improvement in periodontal health did not improve 
pregnancy outcome  [28,29] . An exception to these disap-
pointing results of trials of antibiotic therapy is the 
improvement demonstrated by treating women with 
PPROM with antibiotics such as erythromycin. These 
treatments resulted in an increased latency period before 
labor and improved neonatal outcome  [30] . 

 Several trials have evaluated omega - 3 fatty acid sup-
plementation in pregnancy to prevent preterm birth, 
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with modifi ed bedrest and 16 were assigned to bedrest 
alone. A preterm birth rate of 44% (seven of the 16 women) 
occurred in those women treated with bedrest alone, com-
pared with zero in those treated with cerclage and modi-
fi ed bedrest (0 of the 19 women; P    <    0.002). 

 Berghella  et al   [42]  randomized 61 women found to 
have a shortened cervix to either bedrest or bedrest plus 
cervical cerclage. Some of the women had singleton preg-
nancies and had risk factors for preterm delivery, some of 
the women had a twin gestation, and some were at low 
risk for preterm delivery but were identifi ed on routine 
screening to have a shortened cervix. Preterm delivery at 
less than 35 weeks occurred in 45% of the subjects in the 
cerclage group and 47% of the women in the bedrest 
group. No difference existed in any obstetric or neonatal 
outcome.

 In 2004, To  et al   [43]  performed the largest randomized 
multicenter study examining the usefulness of cervical 
cerclage placement in women with a short cervix. The 
investigators screened 47,123 women using transvaginal 
ultrasound at 22 – 24 weeks ’  gestation and identifi ed 470 
women with a cervical length of 15   mm or less. Two 
hundred and fi fty three patients were randomized to 
receive either a Shirodkar cervical cerclage (n    =    127) or 
expectant management (n    =    126). Study subjects in the 
cerclage arm received a single dose of intravenous intra-
operative antibiotics and all participants were adminis-
tered prophylactic steroids (two doses) for fetal lung 
maturity at 26 – 28 weeks ’  gestation. There were no signifi -
cant differences in proportion of preterm birth rate before 
33 weeks ’  gestation (cerclage 22% versus no cerclage 26%; 
relative risk [RR] 0.84; P    =    0.44) or other differences in 
perinatal or maternal morbidity or mortality. This study 
is remarkable for the large number of women screened, 
the strict defi nition of shortened cervix ( < 15   mm), the rela-
tively large number of subjects recruited and randomized, 
and the careful control of the quality of the surgical pro-
cedure used. The researchers concluded that, while trans-
vaginal sonographic measurement of the cervical length 
at 22 – 24 weeks identifi es a group at high risk of preterm 
delivery, the insertion of a cerclage suture in such women 
with short cervices does not substantially reduce the risk 
of prematurity. 

 Berghella  et al   [44]  performed a metaanalysis of these 
four trials, including some additional subjects in the Rush 
and Althuisius trials. The total number of subjects was 
607. The combined OR for these trials did not reach sta-
tistical signifi cance for delivery prior to 35 weeks (OR 
0.84, 95% CI 0.67 – 1.06). Berghella also performed sub-
group analysis of these data, which found an increased 
RR for delivery at less than 35 weeks among women with 
twins having a short cervix who had a cerclage per-
formed, compared with mothers of twins not so treated 
(RR 2.15, 95% CI 1.15 – 4.01). In contrast, subgroup analysis 

associated risk of preterm delivery better assessed, it is 
unclear how best to treat a shortened cervix and what 
degree of shortening merits treatment. 

 Perhaps the most common cause of a shortened cervix 
is infl ammation, resulting from local effects of intravagi-
nal and/or intrauterine infection or decidual hemor-
rhage with consequent biochemically induced change in 
the cervix. These infl ammatory alterations in the cervix 
are similar to the changes that occur in preparation for 
labor at term, and are a prelude to preterm labor and 
delivery. The cervical appearance in these women is cur-
rently indistinguishable from a shortened cervix result-
ing from intrinsic physical causes, but surgical cerclage 
in this circumstance would be counterproductive and 
would likely enhance the infl ammatory or hemorrhagic 
process. 

 The effi cacy of cervical cerclage in preventing preterm 
delivery has been evaluated by a number of randomized 
trials. Some of these trials enrolled women on the basis of 
historical pregnancy factors; other more recent trials 
enrolled patients on the basis of ultrasound measurement 
of cervical length. Grant reported a metaanalysis of four 
earlier trials  [38] . Enrollment into these trials was essen-
tially by the subject ’ s past pregnancy history. A total of 
1509 women were enrolled. The largest trial was con-
ducted by the Medical Research Council and Royal 
College of Obstetrics and Gynaecology Working Group 
(MRC/RCOG) and enrolled 905 subjects  [39] . The com-
bined odds ratios (OR) of the trials did not fi nd a statisti-
cally signifi cant reduction of delivery at less than 33 
weeks ’  gestation or at less than 37 weeks ’  gestation. The 
largest single trial (MRC/RCOG) found OR of delivery at 
less than 33 weeks of 0.67, which barely met statistical 
signifi cance (95% confi dence interval [CI] 0.47 – 0.97). 
Subgroup analysis of this trial found that the only group 
of subjects who benefi ted was women with a history of 
combination of three or more preterm births or second -
 trimester pregnancy losses. 

 Several randomized trials have reported the results of 
cervical cerclage for patients with a shortened cervix on 
ultrasound measurement. Rush  et al   [40]  randomly 
assigned patients with sonographic evidence of cervical 
shortening ( < 25   mm) or funneling ( > 25%) between 16 and 
24 weeks ’  gestation to cerclage (n    =    55) versus no cerclage 
(n    =    58). There were no signifi cant differences in preterm 
birth rate (cerclage 35% versus no cerclage 36%) or other 
perinatal outcomes between the two groups. 

 Althuisius  et al   [41]  recruited 35 women with a history 
of preterm birth at less than 34 weeks to the Cervical 
Incompetence Prevention Randomized Cerclage Trial 
(CIPRACT). Study subjects were followed with endovagi-
nal sonography and randomized to cerclage versus 
bedrest if the cervical length fell below 25   mm. Of the 35 
women enrolled, 19 were randomly assigned to cerclage 
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Progesterone prophylactic therapy to 
prevent preterm birth

 The use of progesterone to prevent preterm delivery is 
not new, and the fi rst randomized trial of progesterone 
for this purpose was by Papiernik  [49] . Several other 
small trials of progesterone therapy were reported over 
the next two decades. Recently, interest in this therapy has 
been reinvigorated as evidenced by the recent publication 
of several review articles and an American College of 
Obstetricians and Gynecologists (ACOG) Committee 
Opinion  [50] . The origin of this new enthusiasm and 
interest in progesterone was the publication in 2003 of 
two randomized trials, one using progesterone vaginal 
suppositories and the other 17P injections to prevent 
recurrent preterm delivery  [51,52] . 

 The results of the early reported trials of progesterone 
were evaluated by two metaanalyses. Goldstein  et al , in 
1989, published the results of a metaanalysis of rand-
omized controlled trials involving the use of progesterone 
or other progestogenic agents for the maintenance of 
pregnancy  [53] . Fifteen trials of variously defi ned, high -
 risk subjects were felt to be suitable for analysis. The trials 
employed six progestational drugs. The pooled OR for 
these trials showed no statistically signifi cant effect on 
rates of miscarriage, stillbirth, neonatal death, or preterm 
birth. The authors concluded that  “ progestogens should 
not be used outside of randomized trials at present. ”  

 In response to this publication, in 1990 Keirse presented 
the results of an analysis of a more focused selection of 
trials  [54] . This metaanalysis was restricted to trials that 
employed 17P, the most fully studied progestational 
agent, and included all placebo - controlled trials that used 
this drug. Pooled OR found no signifi cant effect on rates 
of miscarriage, perinatal death, or neonatal complica-
tions. However, in contrast to Goldstein  et al  ’ s review, the 
OR for preterm birth was signifi cant at 0.5 (95% CI 0.30 –
 0.85), as was the OR for birthweight less than 2500   g, 0.46 
(95% CI 0.27 – 0.80). Keirse remarked that the results dem-
onstrated by these trials contrasted markedly with the 
poor effectiveness of other efforts to reduce the occur-
rence of preterm birth, but that because no effect was 
demonstrated to result in lower perinatal mortality or 
morbidity,  “ further well - controlled research would 
be necessary before it is recommended for clinical 
practice.”

 A large trial of an oral progestogen was reported by 
Hobel et al   [55]  in 1994. As part of a larger preterm birth 
prevention program, 823 patients were identifi ed as being 
at risk for preterm birth by a high - risk pregnancy scoring 
system. The drug used was Provera (medroxyprogester-
one acetate), and 411 patients were assigned to take 
20   mg/day orally. The control group of 412 patients was 
given placebo tablets. The allocation to drug or placebo 

of women with a history of a previous preterm delivery 
and a shortened cervix had a decreased chance of preterm 
delivery at less than 35 weeks when cerclage was per-
formed (RR 0.61, 95% CI 0.40 – 0.92). 

 Owen  et al   [45]  performed a trial of cerclage versus no 
cerclage for women with a history of prior spontaneous 
preterm delivery and a cervix found to be less than 25   mm 
in length. The results of the trial found a signifi cant 
improvement in delivery at less than 24 weeks ’  gestation 
and less than 37 weeks ’  gestation, although no signifi cant 
difference in the primary outcome of the trial, delivery at 
less than 35 weeks ’  gestation. In subjects found to have a 
cervix 15   mm or less in length, cerclage demonstrated a 
clear benefi t in prolonging pregnancy. 

 A subset of the subjects in the Owen trial were offered 
weekly injections of 17 α  - hydroxyprogesterone caproate 
(17P). Berghella  et al  analyzed the pregnancy outcomes 
for these women and found similar reductions in the rate 
of preterm delivery in the women treated with 17P or 
with cervical cerclage  [46] . Treatment with both modali-
ties did not signifi cantly improve outcome compared 
with either treatment. 

 Fonseca  et al  screened with transvaginal ultrasound a 
large number of women (24,620) presenting for prenatal 
care  [47] . Of these, 250 women found to have a cervix 
measuring 15   mm or less were randomly allocated to 
treatment with daily vaginal micronized progesterone 
or placebo. The results of the trial found a decrease 
in the rate of preterm delivery of less than 34 weeks ’  
gestation in the progesterone group. No difference 
was found in any measure of neonatal morbidity or 
mortality. 

 In a subset of subjects in a trial of vaginal progesterone 
in women with a prior preterm delivery, DeFranco exam-
ined results for subjects who were found to have a short-
ened cervix of less than 28   mm, and found that treatment 
with progesterone reduced the likelihood of delivery at 
less than 32 weeks ’  gestation  [48] . These results, however, 
must be viewed with caution. The overall results of the 
trial were negative, not all subjects had measurements of 
their cervix, multiple comparisons were made, and the 
subset evaluated had uneven distribution between the 
progesterone and placebo group. 

 In summary, while the ability to measure the cervix 
accurately by means of transvaginal ultrasound improves 
the accuracy of predicting risk for preterm delivery, the 
use of this method has been disappointing for selecting 
women who might benefi t from cervical cerclage. It seems 
clear that women with twin gestations who may have a 
short cervix are poor candidates for a cerclage. Women 
with a prior preterm delivery and a short cervix may 
benefi t from this procedure and additional randomized 
trials of treatment of this group of women with cerclage 
are needed.  
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reduction in the rate of preterm birth. However, enroll-
ment was halted at 463 subjects, 310 in the treatment 
group and 153 in the placebo group, following a sched-
uled evaluation by the Data Safety and Monitoring 
Committee, which found that the evidence of effi cacy for 
the primary outcome was such that further entry of 
patients was unnecessary. 

 In this study, delivery at less than 37 weeks was reduced 
from 54.9% in the placebo group to 36.3% in the treatment 
group. Similar reductions were seen in delivery at less 
than 35 weeks, from 30.7% to 20.6%, and in delivery at 
less than 32 weeks, from 19.6% to 11.4%. All these differ-
ences were statistically signifi cant. Rates of birthweight 
less than 2500   g were signifi cantly reduced, as were rates 
of intraventricular hemorrhage, necrotizing enterocolitis, 
and need for supplemental oxygen and ventilatory 
support. Rates of neonatal death were reduced from 
5.9% in the placebo group to 2.6% in the treatment 
group, although this difference did not reach statistical 
signifi cance. 

 The women enrolled in this study had unusually high 
rates of preterm birth. This could be explained in part by 
the fact that the mean gestational age of their previous 
preterm delivery was quite early, at 31 weeks. In addition, 
one - third of the women had had more than one previous 
spontaneous preterm delivery. Despite random alloca-
tion, more women in the placebo group had had more 
than one preterm delivery. Adjustment of the analysis 
controlling for the imbalance found that the treatment 
effect remained signifi cantly different from that of the 
placebo. A majority of the women were of African -
 American ethnicity and the treatment with 17P showed 
equal effi cacy in the African - American women and in the 
non- African - American subjects. 

 The results of the MFMU trial of 17P in women with a 
prior spontaneous preterm delivery stimulated other 
trials of 17P or vaginal progesterone for women with 
other high - risk conditions. Several trials of 17P or vaginal 
progesterone in women with twins or triplets have found 
disappointing results, with no improvement in any preg-
nancy outcome  [57 – 60] . Unfortunately, no current treat-
ment has shown any effectiveness in reducing the rate of 
preterm delivery in women with multiple gestation. 

 A large multicenter trial of progesterone vaginal gel 
treatment for women with a prior preterm delivery at less 
than 35 weeks ’  gestation was conducted at 53 medical 
centers  [61] . Sponsored by Columbia Labs, 659 subjects 
were randomly assigned to daily application of proges-
terone gel or placebo gel. The results were disappointing, 
as no improvement in rates of preterm birth or neonatal 
outcome was found in the group treated with the proges-
terone gel. 

 In 2005, Sanchez - Ramos  et al  published a meta - analysis 
of trials of progestational agents to prevent preterm births 
 [62] . They included the two recent trials in a total of 10 

was on the basis of the particular prenatal clinic that the 
patient attended. The subjects were enrolled prior to 31 
weeks ’  gestation. The outcome of interest was delivery at 
less than 37 weeks. The rate of preterm delivery in the 
treatment group was 11.2%, compared with 7.3% in the 
placebo group. The rate of compliance for the subjects 
was low, with only 55% of the patients assigned to the 
Provera group actually taking the drug. This remains 
the only large trial of an oral progestational agent to 
prevent preterm birth. 

 Two large trials have been reported on the use of pro-
gestogens to prevent preterm birth. In 2003, Fonseca  et al
reported the results of a randomized, placebo - controlled 
trial of vaginal progesterone suppositories in 142 women 
 [51] . The subjects were selected as being at high risk for 
preterm birth. The risk factor in over 90% of the subjects 
was that of a previous preterm delivery. The patients were 
randomly assigned to daily insertion of either a 100   mg 
progesterone suppository or a placebo suppository. The 
treatment period was 24 – 34 weeks ’  gestation. All patients 
were monitored for uterine contractions once weekly for 
1   h with an external tocodynamometer. Although 81 pro-
gesterone and 76 placebo patients were entered into the 
study, several patients were excluded from analysis 
because of PPROM or were lost to follow - up, leaving 72 
progesterone and 70 placebo subjects. The rate of preterm 
delivery at less than 37 weeks in the progesterone patients 
was 13.8%, signifi cantly less than the rate in the placebo 
patients of 28.5%. The rate of preterm delivery at less than 
34 weeks in the treatment group was 2.8% compared to 
18.6% in the placebo group. These differences were statis-
tically signifi cant. The rate of uterine contractions meas-
ured by the weekly hour - long recording was signifi cantly 
less at 28 – 34 weeks in the progesterone patients com-
pared to the placebo patients. Analysis of the results by 
intent to treat showed smaller differences between the 
groups but these differences remained statistically signifi -
cant  [56] . 

 Meis  et al  reported the results of a large multicenter trial 
of 17P conducted by the Maternal Fetal Medicine Units 
(MFMU) Network of the National Institute of Child 
Health and Human Development  [52] . The study enrolled 
women with a documented history of a previous sponta-
neous preterm delivery, which occurred as a consequence 
of either spontaneous preterm labor or PPROM. After 
receiving an ultrasound examination to rule out major 
fetal anomalies and determine gestational age, the sub-
jects were offered the study and given a test dose of the 
placebo injection to assess compliance. If they chose to 
continue, they were randomly assigned, using a 2:1 ratio, 
to weekly injections of 250   mg 17P or a placebo injection. 
Treatment was begun at 16 – 20 weeks ’  gestation and was 
continued until delivery or 37 weeks ’  gestation, which-
ever came fi rst. The study planned to enroll 500 subjects, 
a sample size estimated to be suffi cient to detect a 37% 
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provides further evidence of the safety of progesterone 
treatment. Northen  et al  evaluated 278 children born to 
women in the MFMU 17P trial  [64] . The children were 
evaluated at about age 4 using an Ages to Stages ques-
tionnaire, a physical examination and gender - specifi c 
play scores. No difference was found in health status 
between the 17P - treated and placebo - treated children. 

 In summary, progesterone treatment has been demon-
strated to be an effective reproducible treatment to reduce 
the rate of preterm delivery in a select group of women 
(those with a prior spontaneous preterm delivery). 
Whether this treatment is effective for other groups of 
high - risk pregnant women must await the results of 
further randomized trials. It is important to realize that 
most preterm births in the USA occur to women with no 
identifi ed risk factors. Large reductions in the rate of 
preterm birth in the USA will likely depend on policies 
or treatments that can apply to the broad population of 
pregnant women.    

trials that met the search criteria. The analysis found that 
 “ compared with women randomized to the placebo, 
those who received progestational agents had lower rates 
of preterm delivery ”  (26.2% versus 35.9%, OR 0.45, 95% 
CI 0.25 – 0.80). The comparison of rates of perinatal mortal-
ity did not reach a statistically signifi cant difference (OR 
0.69, 95% CI 0.38 – 1.26). Petrini  et al  reported an interesting 
analysis of the potential impact of 17P treatment of 
women at risk for recurrent preterm delivery  [63] . Their 
calculations assumed a 33% reduction of preterm births 
(based on the results of the MFMU Network trial). By 
their calculations, if all women at risk for recurrent 
preterm delivery in the USA were treated with 17P, 10,000 
spontaneous preterm births would be prevented. 
However, the overall rate of preterm birth in the USA 
would be reduced only from 12.1% (in 2005) to 11.8%. 

 Although no evidence has been reported that proges-
terone treatment during pregnancy could have harmful 
effects on the fetus and subsequent child, a recent study 

    The patient was a 25 - year - old, gravida 2, para 1, whose 
previous pregnancy was delivered following spontane-
ous preterm rupture of the fetal membranes at 25 weeks 
followed by subsequent labor and delivery of a 625   g 
infant. The child survived but has been diagnosed with 
spastic quadriplegia form of cerebral palsy. The patient 
presented for prenatal care at 12 weeks. Physical exami-
nation was unremarkable. At 16 weeks, ultrasonography 
revealed a 16 - week gestation with no obvious fetal anom-
alies and transvaginal sonography measured the cervix at 
3.5   cm. 

 The patient was started on weekly injections of 250   mg 
17P. The prenatal course was unremarkable until 33w 6d 
when preterm labor contractions began. On admission to 
labor and delivery, the cervix was fully effaced and 3 – 4   cm 
dilated. Tocolysis with magnesium sulfate was started 
and the patient was given betamethasone, which was 
repeated at 24   h. At 36   h after admission, uterine contrac-

tions recurred despite the tocolytic treatment and the 
patient was delivered of a 2300   g infant at 34 weeks ’  gesta-
tion. Apgar scores were 8 and 9 at 1 and 5   min, respec-
tively. The infant required no ventilatory support in the 
nursery and mother and infant were discharged home on 
day 3. 

 Treatment of this patient with 17P was appropriate as 
the history of delivery following PPROM is included in 
the criteria of a prior spontaneous preterm delivery. 
Tocolysis initially halted labor and allowed time for 
steroid therapy with betamethasone. However, tocolysis 
was only effective for a short period, and preterm labor 
resumed. Treatment with 17P was effective in prolonging 
the pregnancy compared with the previous delivery, and 
the birth outcome was excellent. Treatment with 17P is 
especially effective for women with a history of a very 
early preterm delivery, but the treatment does not guar-
antee carrying the pregnancy to term in every case.  

CASE PRESENTATION 
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     Preterm delivery (PTD) is defi ned as a birth before 37 
weeks ’  gestation. The percentage of births occurring 
preterm in the US has recently declined after many years 
of sustained increases, and was 12.3% in 2008  [1] . The 
decline in preterm births for 2007 – 2008 was mostly among 
infants born at 34 – 36 weeks (late preterm). Specifi cally, 
the rate of prematurity for this category decreased from 
9.14% in 2006 to 8.77% in 2008. The percentage of infants 
born at less than 34 weeks also dropped, albeit more 
modestly, from 3.63% to 3.56%. Declines were registered 
for almost all age, race, and ethnic categories. Compared 
to 2007, in 2008 there was a decrease in preterm birth of 
4% for non - Hispanic white (11.5% to 11.1%), 6% for non -
 Hispanic black (18.3% to 17.5%) and 2% for Hispanic 
infants (12.3% to 12.1%)  [1] . Unfortunately, the percentage 
of infants delivered at very low birthweight (less than 
1500   g) has only declined minimally for 2007 – 2008, from 
1.48% to 1.46%, respectively. The medical relevance of this 
observation is that it is these newborns who are at the 
highest risk of early death or disability. Moreover, the 
overall rate of prematurity continues to represent a rela-
tive increase of nearly 20% from 1990 levels. 

 For the last two decades much of the increase in pre-
maturity has been attributed to the epidemic of multifetal 
gestations and to generally later PTDs deemed necessary 
due to deteriorating maternal or fetal health  [2] .  

Etiology and pathogenesis of 
spontaneous preterm delivery

 Proximate causes of PTD include medically indicated 
PTDs (18.7 – 35.2% of cases) and spontaneous PTDs result-
ing from either preterm labor (PTL) with intact fetal mem-
branes (23.2 – 64.1%) or preterm premature rupture of 
membranes (PPROM) (7.1 – 51.2%)  [3] . There is compelling 
evidence to suggest that spontaneous PTD involves mul-
tiple underlying pathogenic pathways and etiologic 

factors  [4 – 6] . At least four distinct pathways have been 
defi ned: maternal/fetal stress, decidual - amnion - chorion 
infl ammation, decidual hemorrhage, and excessive myo-
metrial stretching  [7] . Increasingly inherited variations, 
primarily in infl ammatory cytokine and proteolytic 
pathway genes, have been described which predispose to 
PTD  [8] . 

 Regrettably, because of the large number of pathways 
leading to prematurity and complex interactions among 
putative effectors, no single genetic factor accounts for 
more than a fraction of PTD cases. However, regardless 
of the initial pathogenic and etiologic stimulus and 
genetic predisposition, all spontaneous PTDs utilize a 
common fi nal biochemical pathway characterized by 
increased genital tract infl ammation, enhanced prostag-
landin (PG) and protease production in the cervix, 
decidua, myometrium, and fetal membranes coupled 
with alterations in progesterone receptor (PR) levels 
or the relative expression of PR isoforms in the cervix, 
decidua, and myometrium that together lead to a 
functional progesterone withdrawal  [9 – 11] . This fi nal 
common pathway is employed by each of the main four 
major pathogenic pathways as well as minor pathways 
(e.g. allergies). 

Maternal and/or fetal stress: premature
activation of the placental–fetal
hypothalamic–pituitary–adrenal axis
 Human parturition involves complex maternal, fetal, and 
placental interactions. Stress can be a common element 
activating a series of physiologic adaptive responses in 
each of these compartments  [12] . Periconceptional mater-
nal stress and anxiety are associated with modestly 
increased rates of spontaneous PTD with odds ratios 
(ORs) of 1.16 (95% confi dence interval [CI]1.05 – 1.29)  [13] . 
Recent data derived from registry - linked births to mothers 
with posttraumatic stress disorder noted higher odds of 
PTD (adjusted OR 2.48, 95% CI 1.05 – 5.84)  [14] . Depression 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

346



www.manaraa.com

Chapter 42 Pathogenesis and Prediction of Preterm Delivery     347

 The output of prostaglandins (PGs) F 2α  and/or E 2  is 
increased by CRH in cultured amnionic, chorionic, decid-
ual, and placental cells  [31,32] . Both PGF 2α  and/or E 2  bind 
to uterotonic receptors, F - prostanoid, and EP - 1/3, respec-
tively, in the fundus and corpus of the uterus to mediate 
calcium fl ux which triggers effective contractions and to 
increase myometrial expression of oxytocin receptor, con-
nexin 43 (gap junctions), and cyclooxygenase (COX) - 2 
 [33 – 36] . In turn, the latter generates additional PGs. 
Together, these data suggest that a functional increase in 
myometrial CRH signaling may lead to activation of 
uterine contractility and labor. In addition, CRH - induced 
PG synthesis can promote preterm premature rupture of 
the membranes (PROM) and cervical change by enhanc-
ing the synthesis of matrix metalloproteinases (MMPs) in 
the fetal membranes and cervix  [34,37] . Moreover, PGs 
increase cervical expression of interleukin (IL) - 8 which 
recruits and activates neutrophils, releasing additional 
MMPs and elastases which can promote cervical extracel-
lular matrix (ECM) dissolution and weakening of the fetal 
membranes  [38] . 

 Finally, both PGE 2  and PGF 2α  have been reported to 
increase the PR - A isoform and decrease the PR - B isoform 
in myometrium, cervix, and decidua  [39 – 41] . Because 
PR - A antagonizes the classic PR - mediated genomic effects 
of PR - B, PGs appear to induce a functional progesterone 
withdrawal. Merlino et al  have reported that in contrast 
to the intense nuclear PR mRNAs and proteins expression 
observed in decidual cells, PR expression is barely detect-
able in amnion and chorion  [42] . The authors suggest that 
decidual cells, and not amnion and chorion cells, are the 
direct target of progesterone during human pregnancy. 

 At term, cortisol released into the amniotic fl uid can 
directly stimulate fetal membrane PG production by 
increasing amnionic COX - 2 expression and inhibiting 
the chorionic PG metabolizing enzyme, 15 - hydroxy - 
prostaglandin dehydrogenase (PGDH)  [43,44] . This sug-
gests that a local amniotic fl uid positive feedback loop 
exists to tie fetal HPA axis maturation to parturition 
which is likely operational in stress - induced PTD. 

 With the development of the fetal adrenal zone of the 
fetal adrenal after 28 – 30 weeks ’  gestation, stress - associated 
activation of the placental – fetal HPA axis also mediates 
PTD by enhancing placental estrogen production. This 
is because increased fetal adrenal zone production of 
dehydroepiandrosterone sulfate (DHEAS) accompanies 
ACTH - induced fetal adrenal cortisol production. In addi-
tion, CRH can directly augment fetal adrenal DHEAS 
production  [45] . Placental sulfatases cleave the sulfate 
conjugates of DHEAS and its 16 - hydroxy hepatic deriva-
tive, allowing their conversion to estradiol (E2) and 
estrone (E1), as well as estriol (E3), respectively. These 
estrogens increase myometrial expression of contraction -
 associated proteins such as oxytocin receptor and 
connexion- 43  [46,47] . Because reductions in PR - B 

among women of African descent is associated with an 
adjusted OR for PTD of 1.96 (95% CI 1.04 – 3.72)  [15] . What 
can be concluded from the existing body of literature is 
that during pregnancy, women with depression are at 
increased risk for PTD, although the magnitude of the 
effect varies as a function of the method of ascertainment 
of depression and socio - economic status  [16] . Interestingly, 
placental pathologic changes consistent with infection 
and ischemia - induced fetal stress are 3 – 7 times more 
common in patients with spontaneous PTD compared 
with term controls  [17,18] . Both elevated maternal stress 
and aberrant placentation are more common with fi rst 
pregnancies. In addition, there appears to be a genetic 
predisposition to both maternal mood disorders  [19]  and 
impaired placentation  [20] . 

 Corticotropin - releasing hormone (CRH), a 41 - amino 
acid peptide initially discovered in the hypothalamus but 
also expressed by placental, chorionic, amnionic, and 
decidual cells, appears to be the mediator of stress -
 associated PTDs  [21] . In uncomplicated (physiologic) 
pregnancies maternal plasma free CRH concentrations, 
which are almost entirely placental derived, rise during 
the second half of pregnancy and peak during labor  [22] . 
The CRH concentration curve across gestation in women 
with subsequent PTD runs parallel to the CRH curve of 
normal pregnancy, but the absolute CRH level for a given 
week of gestation is displaced signifi cantly upward and 
to the left  [23] . In contrast to the hypothalamus, where 
glucocorticoids inhibit CRH release, cortisol enhances 
placental production of CRH  [24] . This positive feed -
 forward system is a unique biologic feature causing pro-
gressive increases in placental CRH production as 
pregnancy advances to term. Both maternal and fetal 
stress (i.e. fetal growth restriction) are associated with 
elevated maternal and/or fetal cortisol levels  [25 – 27] . 

 Lockwood and colleagues  [28]  examined paired mater-
nal and fetal hypothalamic – pituitary – adrenal (HPA) axis 
hormone levels in patients undergoing cordocentesis 
across the second half of gestation and noted that 
placental- derived maternal serum CRH values correlated 
best with fetal cortisol (r    =    0.40, P    =    0.0002) but also mod-
estly correlated with maternal cortisol levels (r    =    0.28, 
P    =    0.01). Thus, rising maternal and/or fetal cortisol 
levels likely establish a positive feedback loop, i.e. 
placental- derived CRH stimulates the release of fetal 
pituitary adrenocorticotropin (ACTH) to enhance fetal 
adrenal cortisol production which further stimulates pla-
cental CRH release  [28] . 

 Despite the above evidence, it is unclear whether preco-
cious elevation of plasma CRH levels is an epiphenome-
non rather than a trigger for PTD mechanisms  [29] . For 
example, there is evidence for a myometrial relaxing 
effect of CRH, favoring uterine quiescence, in contrast to 
its indirect uterotonic effect documented  in vitro  and its 
increased bio - availability at term  [30] . 
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In turn, several studies report that asymptomatic bacte-
riuria and vaginal E. coli colonization are linked to a 
twofold increase in PTD  [71 – 73] . 

 The mechanism by which BV affects PTD risk remains 
unknown. Experimental studies lend support to the 
concept that BV is responsible for infl ammatory changes 
in the genital tract, and antibiotic treatment can reverse 
this trend  [74,75] . However, a recent report from the US 
Preventive Services Task Force concluded that there is no 
evidence to support screening or treating low - risk preg-
nant women asymptomatic for BV  [76] . A subgroup of 
high - risk women may still benefi t from BV screening and 
treatment. However, there may also be a subgroup for 
which BV treatment with metronidazole could increase 
the occurrence of PTD  [77] . 

 In multicellular organisms, two complementary 
infl ammatory networks have been described: the innate 
and the adaptive immune systems. Innate immunity 
is an evolutionarily preserved defense mechanism, 
designed to provide the fi rst line of resistance against 
exogenous and endogenous pathogens. Genetically pro-
grammed  “ modules ”  of the innate immune system 
respond rapidly, nonspecifi cally and without memory to 
pathogens  [78,79] . The best characterized infl ammatory 
response is that elicited by microbial pathogens which 
are triggering a vast array of transcriptional events 
following engagement of Toll - like receptors (TLRs). The 
TLRs are trans - membrane receptors that participate in 
host defense mechanisms through engagement of 
pathogen - associated molecular patterns (PAMPs)  [80] . 
Owing to their strategic positioning at the maternal/fetal 
interface and cervical mucosa, TLRs are considered key 
operative agents of the host response to infection. For 
example, gram - negative bacteria - derived endotoxins 
bind to cervical and fetal membrane TLR - 4 and gram -
 positive bacteria - derived exotoxins bind to TLR - 2 on 
decidual cells and leukocytes to elicit production of 
tumor necrosis factor -  α  (TNF -  α ) and IL - 1 β   [81 – 83] . In 
turn, TNF -α , IL - 1 β , and/or endotoxins such as lipopoly-
saccharide (LPS) induce expression of the transcription 
factor NF κ B, which enhances MMP - 1, 3, and 9 as well as 
COX - 2 expression while promoting apoptosis in amnion 
epithelial cells. These chains of events underline the 
central role of infl ammation in promoting ECM remod-
eling processes linked to PPROM and to early cervical 
ripening and dilation  [84 – 93] . 

 It was shown that PGDH activity and PGDH mRNA 
were signifi cantly lower in membranes of women with 
infection- induced chorioamnionitis compared to women 
with idiopathic PTD or at term  [86] . This NF κ B - mediated 
effect may allow passage of the unmetabolized PG to the 
decidua and myometrium, and contribute to premature 
activation of myometrial contractility and PTD. In addi-
tion, TNF -α , IL - 1 β , and endotoxin stimulate IL - 6 produc-
tion in amniochorion and decidua  [94,95] , which further 

expression lead to increased expression of the active form 
of the estrogen receptor -  β  (ER -  β ), rising placental estro-
gen production would be matched to PG - induced 
increases in myometrial ER -  β  expression  [31,48] . 

 As shown above, compelling data suggest that the fetus 
actively participates in controlling the timing of labor, via 
production of adrenal hormonal precursors  [49] . This 
premise is also supported by the evidence that at term, 
prior to the onset of labor, the weight and volume of the 
fetal adrenal gland equal those of the adult  [50] . 
Interestingly, a recent study showed that in the setting of 
intraamniotic infl ammation, the fetal cortisol - to - DHEAS 
ratio was low, with no direct correlation between the 
adrenal gland volume and either cortisol or DHEAS  [51] . 
This suggests that infection - mediated PTD may act via a 
different pathway (see below). 

Decidual-amnion-chorion infl ammation 
 Infl ammation is a highly orchestrated process designed 
to assure survivability of the host  [52] . When properly 
controlled, the infl ammatory response is benefi cial but 
when dysregulated, it becomes harmful  [53] . There is 
consensus that the balance between the expression of pro -  
and antiinfl ammatory molecules determines the magni-
tude of the damage  [54] . 

 Systemic infl ammation resulting from pneumonia, 
sepsis, pancreatitis, acute cholecystitis, pyleonephritis, 
and asymptomatic bacteriuria as well as genital tract 
infl ammatory states such as deciduitis, chorioamnionitis, 
and intraamniotic infections are all associated with PTD 
 [55 – 60] . Results of several recent hypothesis - driven 
studies have indicated that periodontal infection and sub-
sequent systemic infl ammation may be implicated in trig-
gering PTD  [61,62] . Unfortunately, intervention studies 
have generally not demonstrated a benefi t to treatment 
 [63]  although possible benefi cial effects of periodontal 
treatment may be dependent on time of initiation and 
success of therapy  [64] . 

 Genital tract infl ammation is recognized as the most 
common antecedent of very early PTDs, accounting for 
more than half of cases  [58,59] . Bacterial vaginosis (BV) is 
the most common lower genital tract microbial - related 
syndrome among women of reproductive age  [65] . 
Studies of the effi cacy of screening and treating asympto-
matic and symptomatic women at high risk for PTD are 
confl icting. Specifi cally, multiple prospective cohort 
studies have established a modest association between 
BV and an increased risk of spontaneous PTD (OR 1.4 –
 2.2), with the strongest association noted for BV detected 
at less than 16 weeks (OR 7.55, 95% CI 1.80 – 31.65)  [66 – 68] . 
The occurrence of BV facilitates overgrowth of upper 
genital tract facultative bacteria such as Mycoplasma 
species and Gardnerella vaginalis, gram - negative bacteria 
such as Escherichia coli, and gram - positive cocci  [64,69] , 
as well as urinary tract colonization and infections  [70] . 
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TNF -α  and confers an increased risk of PPROM in 
African- American women  [115] . Moreover, African -
 American mothers harboring both this polymorphism 
and BV are at even greater risk of PTD (OR 6.1, 95% CI 
1.9 – 21.0)  [116] , suggesting that gene – environment inter-
actions are important contributors to infl ammation -
 associated PTD. Conversely, concurrent carriage of 
TNF(− 308A) and IL - 6( − 174C) alleles which reduce infl am-
mation may decrease the risk of PTD in women with BV 
 [114,117] . Lorenz et al  [118]  observed an increased fre-
quency of two (Asp299Gly and Thr399Ile) polymor-
phisms for TLR - 4, the major endotoxin - signaling receptor, 
in a population of white infants delivering preterm. Other 
examples of gene – environment interactions in PTD have 
been observed, including polymorphisms in drug -
 metabolizing genes, CYP1A1 HincII RFLP and GSTT1, 
that shorten gestation among Chinese women exposed 
to benzene  [119]  and US women exposed to cigarette 
smoke  [120] . 

 Fetal genotypes may also have a role in the genesis of 
infl ammation - associated PTD. The presence of a fetal 
MMP - 1 mutation has been found to increase the risk of 
PPROM in African - American fetuses, suggesting that 
genetic infl uences on fetal membrane structural integrity 
contribute to PPROM  [121] . Similarly, a 14 CA - repeat 
allele in the MMP - 9 gene enhances transcription and is 
more common in African - American neonates whose 
mothers had experienced PPROM  [122] . Homozygosity 
for the IL - 1 β  3953 allele 1 in African - American fetuses is 
associated with an increased risk of PTD while Hispanic 
fetuses carrying the IL - 1RN allele 2 have an increased risk 
for PPROM (OR 6.5, 95% CI 1.25 – 37.7)  [123] . These fi nd-
ings help account for disparate ethnic and racial patterns 
in PTD rates and may also identify subsets of women who 
would benefi t from targeted interventions based on spe-
cifi c genetic markers.  

Abruption-associated preterm delivery
 Decidual hemorrhage (placental abruption) originates in 
damaged spiral arteries or arterioles and presents clini-
cally as vaginal bleeding or either a retroplacental or ret-
rochorionic hematoma formation noted on ultrasound. 
The incidence ranges from 0.5% to 2% depending on the 
clinical defi nition and criteria used to characterize abrup-
tion intensity  [124] . Abruption - associated PTDs are more 
common in older, white, married, parous, college -
 educated patients presenting a demographic profi le dis-
tinct from that associated with patients with stress - induced 
PTDs (nulliparous, anxious, or depressed patients) or 
infl ammation - associated PTDs (young, minority, poor 
socio- economic status)  [125] . Large prospective studies 
reported that vaginal bleeding during the fi rst half of 
pregnancy increases the relative risk of spontaneous PTD 
(relative risk 1.4, 95% CI 1.2 – 1.5), PPROM (relative risk 
2.1, 95% CI 1.2 – 2.3) and placental abruption (relative risk 

augments amnionic and decidual PG production  [96] . 
Using specifi c inhibitors of NF κ B activation, Lockwood et 
al were able to demonstrate that inhibition of IL - 1 β
enhanced IL - 6 expression levels in cultured decidual cells 
 [97] . Finally, TNF -  α  and IL - 1 β  induce IL - 8 production in 
the fetal membranes, decidua, and cervix, effects that are 
potentiated by IL - 6  [93,98] . Given that IL - 8 causes recruit-
ment and activation of neutrophils that release additional 
MMPs and elastases, it further exacerbates the PTD -
 enhancing effects of genital tract infl ammation. 

 Recently, it was proven that the biologic activity of the 
TLRs is dependent not only on the presence of bacterial 
PAMPs but also on a palette of intracellular signaling 
adaptors (e.g. MyD88) and co - receptor molecules (e.g. 
CD14) that associate with TLRs in complex supramolecu-
lar arrangements  [99] . Equally important is that TLR sig-
naling can be elicited by endogenous damage - associated 
molecular pattern molecules (DAMPs)  [100] . Owing to 
their similarity to cytokines and their release by activated 
or damaged cells under infl ammatory conditions, DAMPs 
are endogenous proinfl ammatory molecules. Acting 
through TLR2, TLR4, and the receptor for advanced gly-
cation end - products (RAGE), DAMPs recruit infl amma-
tory cells, which in turn amplify innate immune responses 
and enhance levels of cytokine activation  [98] . Buhimschi 
et al reported that the DAMP - RAGE system is present in 
women with PTD and intraamniotic infection and its acti-
vation correlates with the degree of infl ammation in 
amnion epithelial, decidual, and extravillous trophoblast 
cells  [101] . Lastly, the roles of soluble receptor modulators 
(soluble TLR2, soluble TNF receptor - 1, soluble IL - 6 recep-
tor, soluble gp130 and soluble RAGE) in fi ne - tuning 
human TLR - mediated signaling have just begun to be 
elucidated  [102 – 105] . 

 Culture - based approaches suggest that the most 
common microorganisms identifi ed in the fetal mem-
branes and amniotic fl uid of patients with infl ammation -
 associated PTD are Ureaplasma urealyticum, Mycoplasma 
hominis, Gardnerella vaginalis, and Bacteroides species, 
relatively weak pathogens  [106 – 108] . Moreover, 16S 
rRNA - based culture - independent methods suggest that 
the diversity of the amniotic fl uid microbiome is far 
greater than what was once believed  [109] . As most cul-
tivated and uncultivated organisms are generally of low 
virulence, it has been posited that a genetically deter-
mined exaggerated maternal and/or fetal infl ammatory 
response rather than the presence of microorganisms per 
se triggers PTD. Indeed, the 15% recurrence risk of PTD 
coupled with its predilection for certain families and 
concordance in twins are consistent with a genetic link 
 [110 – 113] . The availability of a reference sequence of the 
genome provides the basis for studying the nature of 
sequence variation, particularly single nucleotide poly-
morphisms (SNPs), in human populations  [114] . The T2 
allele of the TNF -  α  gene causes increased expression of 
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protein expression in cultured term decidual cells  [137] . 
Neutrophils are a rich source of elastase and MMP - 9  [140]  
which contribute to PPROM and cervical effacement. 
Stephenson et al   [141]  have shown that thrombin also 
enhances MMP - 9 expression in cultured amniochorion. 
These studies suggest a mechanism linking abruption -
 associated PPROM to decidual thrombin – PAR interac-
tions. A link between thrombin and PTL has been 
described by Phillippe and Chien  [142]  who reported that 
thrombin – PAR interactions trigger myometrial contrac-
tions. In either case, abruption can be accompanied by a 
robust intraamniotic infl ammatory process in the absence 
of infection  [143] . Proteomics - based studies demonstrated 
that coagulation proteases and free hemoglobin chains 
control different modules of the innate immunity and a 
feed- forward mechanism reinforces a  “ sterile ”  infl amma-
tory process leading to PPROM, PTL, and PTD  [141] .  

Mechanical stretching of the uterus
 Pregnancy transforms the uterus into a thin - walled mus-
cular organ to accommodate the fetus, placenta, and 
amniotic fl uid  [144] . These changes facilitate uterine 
adaptation to stretch such that a state of myometrial con-
tractile quiescence can be maintained. Ultrasonography 
has opened a new window into the evaluation of the 
uterus and its physiologic adaptation to pregnancy. 
Buhimschi et al  showed that in singleton gestations there 
is signifi cant and widespread ultrasonographic thinning 
of the myometrium during active labor whether this 
occurs at term or preterm  [142,145] . Various mathematical 
models indicate that wall stress (applied force per unit of 
cross - sectional area) is directly proportional to intracavi-
tary pressure and radius of the curvature but inversely 
proportional to the thickness of the muscle  [146] . Thus, 
the thinner the myometrium during contraction, the 
greater will be the generated uterine wall stress. 

 There is a decrease in the gestational age at delivery 
with increasing numbers of fetuses. For example, the 
average gestational age of delivery with twins is 35.3 
weeks compared with 29.9 weeks for quadruplets  [147] , 
implicating mechanical stretching directly in the PTD 
process. Sfakianaki  et al  investigated whether the higher 
uterine volume of a multiple gestation could lead to a 
thinner uterine wall and increased uterine wall stress and 
therefore potentially explain the tendency for twin gesta-
tions to deliver earlier than singletons  [148] . Twin preg-
nancy was characterized by a signifi cant, selective and 
gradual thinning of the lower uterine segment during 
gestation. Thinning of the lower uterine segment occurred 
earlier in twin pregnancies destined to deliver preterm 
 [146] . 

 There has been an increased interest in identifying the 
role of excessive myometrial stretch and wall stress on 
gene expression patterns and pathways that orchestrate 
transition from quiescence to active myometrial 

1.1, 95% CI 1.01 – 1.2)  [126] . When vaginal bleeding occurs 
in more than one trimester, it is associated with a nearly 
50% risk of PPROM (OR 7.4, 95% CI 2.2 – 25.6)  [127] . That 
inherited or acquired thrombophilias are associated with 
adverse pregnancy outcomes such as placental abruption 
is controversial  [128 – 130] . Thus, testing for inherited 
thrombophilias in women who have experienced placen-
tal abruption is not recommended  [128] . 

 The key histologic fi nding in placental abruption is 
hemorrhage in the decidua basalis. Decidual hemosiderin 
deposition and retrochorionic hematoma formation is 
present in 38% of patients with PTD between 22 and 32 
weeks ’  gestation resulting from PPROM and 36% of 
patients experiencing PTD after preterm labor with intact 
membranes (PTL) compared with only 0.8% following 
term delivery  [131] . Uteroplacental vascular lesions asso-
ciated with abruption include spiral artery vascular 
thrombosis and failed physiologic transformation of uter-
oplacental vessels. Placental abruption is regarded as an 
acute event. This assertion is supported by the histologic 
evidence that acute lesions of chorioamnionitis and 
funisitis are frequently associated with decidual bleeding 
 [122] . Nevertheless, evaluation of the vasculopathy 
accompanying decidual hemorrhage suggests that the 
process of placental abruption has chronic histologic fea-
tures. Chronic deciduitis and villitis, infarcts, necrosis, 
blood vessels with absent physiologic changes, vascular 
thrombosis and increased numbers of circulating nucle-
ated erythrocytes are the most frequently encountered 
histopathologic lesions co - associated with chronic decid-
ual bleeding leading to PTD  [129] . Trauma, hypertension, 
heavy cigarette smoking and cocaine use may induce or 
exacerbate the acute and chronic vasculopathies attend-
ant upon placental abruption  [132] . The association of 
abruption with increasing maternal age may refl ect 
increased myometrial artery sclerosis present in 11% 
of spiral arteries at age 17 – 19   years but in 83% after age 
39  [133] . 

 Dysregulation of the molecular mechanisms responsi-
ble for vascular and decidual penetration by extravillous 
trophoblasts increases the risk of hemorrhage leading to 
abruption  [134] . The decidua is a rich source of tissue 
factor, the primary initiator of clotting through thrombin 
generation  [135] . Thus, decidual hemorrhage results in 
intense local thrombin generation. Hormonal factors such 
as progesterone play an important modulator role  [136] . 
The expression of MMP - 1 and MMP - 3 protein and mRNA 
output by cultured term decidual cells is signifi cantly 
enhanced by thrombin binding to the protease - activated 
receptor (PAR) type - 1  [137,138] . Lockwood  et al   [139]  
reported that abruption - associated PPROM is accompa-
nied by dense decidual neutrophil infi ltration in the 
absence of infection. Decidual neutrophils co - localized 
with areas of thrombin - induced fi brin deposition and 
thrombin – PAR - 1 interactions enhance IL - 8 mRNA and 
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risk for PTD from a given pathway have met with only 
modest success. The fi nal common pathway of cervical 
and fetal membrane proteolysis can be discerned by 
assessment of cervicovaginal levels of fetal fi bronectin 
(fFN) derived from the chorion or cervical length deter-
mination by ultrasound. In addition, high - throughput, 
high - dimensional proteomics technologies provide early 
detection of the pathophysiologic conditions leading to 
PTD. Unfortunately, studies examining the effi cacy of 
various putative biomarkers continue to be marked by 
heterogeneous patient populations with varying distribu-
tions of pathogenic mechanisms and prevalence of PTD, 
as well as by diverse assay strategies, inconsistent cut - off 
values, and varying defi nitions of PTD. 

 Clinical epidemiology has long focused on sensitivity 
and specifi city in interpreting diagnostic test results. 
These measures are not absolute and the various limita-
tions of this approach have been described  [164,165] . 
Comparison of markers therefore requires conversion of 
their predictive estimates to positive and negative likeli-
hood ratios (LR)  [166] . The LR is a measure of the predic-
tive accuracy of a diagnostic test, yet independent of 
disease prevalence. The LR expresses how many more 
times (LR positive ( + )) or fewer times (LR negative ( - )) a 
test result is to be identifi ed in subjects with the outcome 
of interest compared with those without the outcome. 
Interpretation of LRs is intuitive. The higher the LR( + ) 
and the lower the LR( − ), the better the diagnostic test 
performance. A LR( + ) is calculated by dividing the 
sensitivity by the false - positive rate. A LR( − ) is calculated 
by dividing the false - negative rate by specifi city. A LR 
of 1.0 indicates no change from pretest probability, sug-
gesting a useless test. As general guidelines, a LR( + )  > 2 

contractions. Korita and colleagues examined the effect of 
labor - like cyclic mechanical stretch on possible upregula-
tion of prostacyclin (PGI 2 ) synthase expression by exam-
ining the PGI 2  production by cultured human myometrial 
cells  [149] . Cyclic mechanical stretch of myometrial cells 
augmented PGI 2  synthase gene promoter activity, via acti-
vation of activator protein - 1 (AP - 1) sites, and PGI 2  syn-
thase mRNA and protein expression in cultured human 
myometrial cells. In vitro,  mechanical stretch increased 
MMP - 1 secretion from cultured human uterine cervical 
fi broblast cells  [37] . Similarly, stretching of the human 
uterine myocytes induces oxytocin receptor, COX - 2, IL - 8, 
and connexin - 43 expression  [150 – 153] .  In vivo,  mechanical 
dilation of the cervix promoted cervical ripening through 
the induction of endogenous PGs  [154]  and increased 
MMP - 1 expression  [155] . Polyhydramnios and multifetal 
gestation- induced mechanical stretch increases amnion 
COX - 2 expression and related PG production  [156,157] . 
These data consolidate the argument that mechanical 
stretch contributes to the massive increase in the expres-
sion of procontractile molecules with central roles in pre-
mature activation of the myometrial contractile machinery 
leading to PTD.  

Final common pathway of preterm delivery
 The generation of PGs, proteases and a large array of 
proinfl ammatory cytokines refl ects the fi nal common 
pathway of both term and all spontaneous preterm deliv-
eries. Levels of PGs increase in reproductive tract tissues, 
maternal plasma, and amniotic fl uid immediately before 
and during parturition  [158 – 161] . Concomitant with 
rising PG levels is the upregulation of myometrial PG 
receptors prior to the onset of labor  [162,163] . PGs appear 
to induce functional progesterone withdrawal in the myo-
metrium, enhance sensitivity to estrogens, and increase 
MMP and IL - 8 expression. Moreover, all the pathways of 
prematurity described above also directly trigger MMP 
and IL - 8 expression to mediate cervical change and 
fetal membrane rupture. Prior to 20 weeks ’  gestation, the 
myometrium is quiescent because of the high PR - B, low 
ER -β , low circulating estrogen levels, and inhibition of 
contraction- associated proteins gene expression, causing 
incompetent cervix to be the forme fruste  of the PTD 
process in the fi rst half of gestation. Figure  42.1  presents 
a schematic of the discrete pathogenic processes leading 
to prematurity and their fi nal common biochemical 
pathway.     

Prediction of preterm delivery:
interpretation of test results

 The four PTD pathogenic processes outlined above 
present unique biochemical or biophysical signatures. 
Efforts to exploit these  “ signatures ”  to identify patients at 

Figure 42.1     Pathogenesis of preterm delivery (PTD). COX - 2, 
cyclooxygenase 2; IL, interleukin; MMP, metalloproteinase; 
Myomet, myometrium; PGDH, 15 - hydroxy - prostaglandin 
dehydrogenase; PR - A/B progesterone receptor isoform A to B 
ratio; PPROM, preterm premature rupture of the membranes; 
TNF, tumor necrosis factor; UPVI, uteroplacental vascular 
insuffi ciency; Ut Abn, uterine abnormality.  
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compared with controls (212    ±    339 versus 111    ±    186   pg/
mL, P    <    0.008), only 20% of cases had IL - 6 values  > 90th 
percentile  [181] . Moreover, regression analysis suggested 
that after adjusting for other PTD risk factors, includ-
ing a positive fFN test result, Body Mass Index (BMI) 
< 19.8   kg/m 2 , vaginal bleeding in the fi rst or second tri-
mester, previous spontaneous PTD and short cervix, ele-
vated cervical IL - 6 levels were not independently 
associated with spontaneous PTD. Among symptomatic 
patients, the published LRs for cervical IL - 6 for the pre-
diction of PTD were 1.82 – 3.63 for LR( + ) and 0.3 – 0.8 for 
LR(− )  [96,[182 – 185] . 

 Holst and associates  [98]  found higher cervical IL - 8 
levels among women who subsequently delivered 
preterm compared with those delivering at term (median 
11.3   ng/mL, range 0.15 – 98.1   ng/mL versus 4.9   ng/mL, 
range 0.15 – 41.0   ng/mL, P    <    0.002). The presence of cervi-
cal IL - 8 values  > 7.7   ng/mL predicted PTD  < 7   days with 
LR(+ ) of 2.38 and LR( − ) of 0.51. Kurkinen - Raty  et al   [183]  
observed LR( + ) of 1.4 (95% CI 0.9 – 2.4) for a cervical IL - 8 
value > 3.74    μ g/L among symptomatic patients sampled 
between 22 and 32 weeks. Rizzo and colleagues  [186]  
observed that cervical IL - 8 values  > 450   pg/mL were com-
parable with fFN values > 50   ng/mL in predicting PTD 
and that a cervical IL - 8 level  > 860   pg/mL predicted a 
positive amniotic fl uid culture with LR( + ) of 2.4 and LR( − ) 
of 0.28. In contrast, Coleman et al   [184]  were not able 
to confi rm any PTD predictive value for cervical IL - 8 
determinations. Other markers of lower genital tract 
infection including cervical lactoferrin, sialidase, 
defensins, follistatin - free activin, serum  β 2 - microglobulin, 
latex C - reactive protein, intracellular adhesion molecule - 1, 
elevated vaginal pH, and cervical neutrophils do not 
appear to be predictive of PTD  [187 – 192] . 

 Identifi cation of relevant cervicovaginal protein 
biomarkers that can lead to early diagnosis and treat-
ment of PTD is theoretically possible through application 
of proteomics high - throughput technologies that directly 
interrogate differences in protein biomarkers  [193] . Based 
on previous studies, the cervicovaginal proteome of 
pregnant women is rich in innate defense proteins  [194] . 
Several of the identifi ed immunoregulatory proteins, 
such as lactotransferin, neutrophil gelatinase, S100 A8 
(calgranulin A), S100A9 (calgranulin B), haptoglobin, 
defensins, lactoferrin, azurocidin, annexins and transfer-
rin, were previously linked to PTD  [195 – 197] . The pres-
ence of these proteins in cervicovaginal secretions does 
not appear to be necessarily the result of an infl amma-
tory response triggered, for example, by microbial inva-
sion of the amniotic fl uid sac, but rather that these 
proteins are normal components of the cervical innate 
immune system  [198] . The PTD predictive value of the 
reported cervicovaginal proteomic biomarkers has not 
been tested prospectively in large population - based 
studies. Most data were analyzed based on fold - change 
rather than LRs. Hence, at this time, the true PTD 

corresponds to the probability of disease of approxi-
mately 67%  [167,168] . Values of LR( + )  > 5 argue strongly 
for presence of the disease, while values of LR( − )  < 0.2 
strongly militate against the presence of a disease. 

Pathway-specifi c  markers

  Biomarkers and  u ltrasonographic  m arkers of 
 m aternal -  f etal  s tress 
 Putative markers of maternal - fetal stress include CRH 
and salivary estriol. Maternal levels of CRH rise in the 
weeks before labor  [22] . However, the largest studies have 
not found CRH to be predictive of PTD  [169,170] . Among 
those studies fi nding an association between maternal 
CRH levels and PTD, the available LRs have been less 
than robust: 1.8 – 4.0 for LR( + ) and 0.47 – 0.77 for LR( − ) for 
second- trimester maternal CRH levels predicting PTD 
among asymptomatic patients  [171 – 174] . The test per-
forms no better among symptomatic patients with LR( + ) 
of 3.9 and LR( − ) of 0.67  [175] . The detection of salivary 
estriol levels > 2.1   ng/mL is predictive of PTD within 72   h 
between 32 and 37 weeks but again with only a modest 
LR(+ ) of 2.37 and LR( − ) of 0.61  [176,177] . 

 As noted, fetal adrenal activation is a key initiator of 
physiologic and stress - induced labor  [48] . By using 
volume analysis  –  VOCAL (Virtual Organ Computerized 
Aided Analysis)  –  of three - dimensional (3D) ultrasono-
graphic images, Turan  et al  demonstrated that a 
birthweight- corrected fetal adrenal gland volume of 
> 422   mm 3 /kg was a signifi cant predictor of PTD within 5 
days of the measurement with a very robust LR( + ) and a 
LR(− ) of 93.5 and 0.08, respectively  [178] .  

  Infl ammatory  b iomarkers 
 Markers of the infl ammatory pathway perform modestly 
better. Although anatomically part of the uterus, the 
cervix is perhaps best viewed as a separate, complex, and 
heterogeneous organ  [179] . Its biology undergoes major 
molecular, enzymatic, and biomechanical transforma-
tions that may aid with prediction of PTD. Lockwood  et
al   [180]  conducted a prospective study cohort among 161 
high - risk asymptomatic patients sampled every 3 – 4 
weeks between 24 and 36 weeks and noted a 4.2 - fold 
increase in maximal cervical IL - 6 concentrations among 
patients with subsequent PTDs < 37 weeks compared with 
those with subsequent term deliveries  [178] . A single cer-
vical IL - 6 value  > 250   pg/mL identifi ed patients with sub-
sequent PTD compared with those having term deliveries 
with LR( + ) of 3.33 and LR( − ) of 0.59. Multiple logistic 
regression indicated that a cervical IL - 6 level  > 250   pg/mL 
was an independent predictor of spontaneous PTD with 
an adjusted OR of 4.8 (95% CI 1.7 – 14.3). 

 The Maternal Fetal Medicine Units (MFMU) Net-
work conduced a nested case – control study in an asymp-
tomatic high - risk population and noted that while IL - 6 
concentrations were signifi cantly higher in cases 
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largely unexplored. As noted, mathematical modeling 
suggests that wall stress is directly proportional to both 
the intracavitary pressure and the radius of the curvature, 
but inversely proportional to the thickness of the myo-
metrium. Thus, the thicker the myometrium at rest, the 
lower the uterine wall stress. Direct measurement of the 
uterine wall tension subsequent to stretch is not possible. 
Thus, sonographic evaluation of myometrial wall thick-
ness may represent an alternative clinical tool for predic-
tion of a short latency interval in women with twins or 
PPROM  [146,143] .  

  Biomarkers of  d ecidual  h emorrhage and 
 d ysregulation in  c oagulation  p athways 
 Given the high concentrations of tissue factor in the 
decidua  [133] , abruption leads to excess thrombin genera-
tion, explaining the consumptive coagulopathy noted in 
severe cases. Thus, thrombin would appear to be an ideal 
marker for the detection of abruption - associated PTDs. 
Rosen et al   [204]  noted that thrombin – antithrombin com-
plexes (TAT)  > 3.9    μ g/L predict subsequent PPROM in 
asymptomatic patients with LR( + ) of 2.75 and LR( − ) of 
0.18. Among symptomatic patients, TAT complex levels 
> 6.3    μ g/L between 24 and 33 weeks predict PTD within 3 
weeks with LR( + ) of 5.5 and LR( − ) of 0.55  [205] . 
Chaiworapongsa et al   [206]  observed that TAT complex 
levels > 20    μ g/L predict PTD  < 37 weeks with LR( + ) of 2.9 
and LR( − ) of 0.6.    

Markers of the fi nal  preterm delivery
common pathway

 Fibronectins are large extracellular matrix and plasma 
proteins. A heavily glycosylated form, termed fFN, is 
present in the amniotic fl uid, placental, and fetal mem-
branes  [207] . The fFN molecule is produced by extravil-
lous cytotrophoblasts in the anchoring villi and 
cytotrophoblastic shell as well as the chorion; it is released 
into cervicovaginal secretions when the extracellular 
matrix of the chorionic – decidual interface is disrupted 
prior to labor  [208] . It is also produced by amnion epithe-
lium and released into amniotic fl uid where it attains high 
concentrations  [205] . Thus, fFN is positioned to be 
deported into the cervicovaginal secretions following 
occult or overt PPROM  [205] . 

 Lockwood and colleagues  [207]  fi rst described the asso-
ciation between the presence of cervicovaginal fFN 
(> 50   ng/mL) between 22 and 37 weeks ’  gestation and an 
increased risk of PTD among symptomatic patients with 
LR(+ ) of 4.67 and LR( − ) of 0.22. Given evidence that fFN 
determinations retained their predictive value for only 
2 – 3 weeks, Peaceman  et al   [209]  assessed the value of fFN 
for predicting PTD within 7 – 14 days in symptomatic 
patients and noted LR( + ) of 4.9 and 4.9, respectively, and 
LR(− ) of 0.15 and 0.21, respectively. Of note, the 

predictive value of most proteomic biomarkers is diffi -
cult to determine. 

 The immunologic separation between maternal, fetal, 
and amniotic fl uid compartments characteristic of human 
pregnancy may represent an evolutionary mechanism 
aimed to protect the fetus from its mother and vice versa. 
This isolation process offers an alternative explanation for 
the modest ability of several proposed acute - phase reac-
tant infl ammatory biomarkers (C - reactive protein, fi brin-
ogen, amyloid protein A, procalcitonin) to predict PTD in 
asymptomatic women with intraamniotic infl ammation 
 [199] . The clinical relevance of this paradigm is that iden-
tifi cation of infl ammatory specifi c biomarkers which pre-
dispose to PTD is possible for the most part only through 
direct evaluation of the affected compartment. 

 The attention of several recent studies has been concen-
trated on identifi cation of amniotic fl uid protein biomark-
ers which could accurately predict PTD in women with 
intraamniotic infl ammation  [200 – 202] . Buhimschi and 
associates used surface - enhanced laser desorption ioniza-
tion time - of - fl ight (SELDI - TOF) mass spectrometry and 
named the analysis method mass restricted (MR) scoring. 
Proteomic identifi cation techniques established that pres-
ence of four protein biomarkers (defensin - 2, defensin - 1, 
S100A12, S100A8) in the amniotic fl uid was diagnostic of 
intraamniotic infl ammation  [199] . The MR score was 
reproducible and maintained its highly accurate signa-
ture when tested prospectively in women with intraam-
niotic fl uid infl ammation/infection  [203] . A key fi nding 
of the aforementioned study was that women with 
“severe amniotic fl uid infl ammation ”  (MR score with 
three or four proteomic biomarkers present) had shorter 
amniocentesis- to - delivery intervals than women with “no 
infl ammation ”  (MR 0, all four markers absent) or even 
“minimal infl ammation ”  (MR score with one or two 
markers present). Nonetheless, a “minimal” degree of 
infl ammation was associated with PTD regardless of 
membrane status. This is relevant because in this popula-
tion, biochemical tests such as amniotic fl uid glucose and 
lactate dehydrogenase levels and white blood cell count 
traditionally used to diagnose intraamniotic infl amma-
tion were reported as normal. These fi ndings suggest that 
detection of one or two biomarkers in the amniotic fl uid 
of women with symptoms of PTL is associated with an 
increased risk of PTD even when clinical laboratory 
results are within normal limits. Interventional trials 
aimed to prevent activation of the fi nal common pathway 
leading to premature activation of myometrial contractil-
ity, PPROM, and PTD are warranted based on the above 
results.  

  Ultrasonographic  m arkers of  u terine  w all  s tretch 
and  a ctivation 
 The prevailing theories surrounding PTD may well over-
estimate the importance of the cervix, leaving the role 
played by myometrial activation subsequent to stretch 
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women when the cervix is longer than 30   mm, unless an 
acute abruption is the cause of their contractions. 
Conversely, PTD is quite likely when a cervix measures 
< 15   mm  [220] . In one study of 216 women, in 173 cases 
the cervical length was ≥ 15   mm and only one of these 
women delivered within 7   days, while in the 43 patients 
with cervical lengths < 15   mm, delivery within 7   days 
occurred in 37%  [221] . Vendittelli and Volumenie  [222]  
conducted a metaanalysis of the utility of cervical sono-
graphic length determination for the prediction of PTD 
among symptomatic patients. Nine articles met their 
inclusion criteria, the optimal predictive cut - off varied 
from 18 to 30   mm, and the prevalence of PTD was 37.3%. 
The authors found that relative risk for the occurrence of 
PTD when the cervical length was ≤ 18   mm was 3.9 (95% 
CI 1.8 – 8.5) and that sensitivities for predicting PTD 
ranged from 68% to 100%, while the specifi city ranged 
from 30% to 78%. 

 In asymptomatic women with a history of PTD, the 
gestational age at PTD in the previous pregnancy corre-
lates with the cervical length in the subsequent gestation 
 [223] . Cervical length measurements in the second trimes-
ter in asymptomatic women with a history of prior spon-
taneous PTD predict recurrent spontaneous PTD. The 
MFMU Network examined the value of cervical ultra-
sound in predicting PTD  < 35 weeks among high - risk 
asymptomatic patients  [224] . Patients underwent cervical 
sonography every 2 weeks and lengths < 25   mm noted at 
any time were associated with a relative risk for spontane-
ous PTD of 4.5 (95% CI 2.7 – 7.6) but LR( + ) of only 1.5 and 
LR(− ) of 0.39. The effi cacy of cervical length in predicting 
PTD in asymptomatic low - risk women is quite low. In a 
series of 3694 unselected Finnish women scanned at 18 – 24 
weeks, a 25   mm cut - off yielded insignifi cant LR( + ) and 
LR(− )  [225] . Similar results were found in a large US 
cohort  [226] . 

 The optimal PTD diagnostic accuracy occurs when 
combining vaginal fFN with cervical length determina-
tions. Hincz et al   [227]  prospectively evaluated 82 symp-
tomatic patients with cervical sonography and fFN if the 
cervical length was between 2.0 and 3.1   cm. Defi ning posi-
tive patients as those with either a cervical length < 2.1   cm 
or a positive fFN, they predicted delivery within 28   days 
with LR( + ) of 8.6 and LR( − ) of 0.16. The sensitivity of this 
two- step method was 86%, with a specifi city of 90%, posi-
tive predictive value of 63%, and negative predictive 
value of 97%. Interestingly, among patients with a cervical 
length of 2.0 – 3.1   mm, 71.4% of those with a positive fFN 
delivered within 28   days while only 7.4% of those with 
negative fFN delivered within 28   days. Figure  42.2  
describes this algorithm for evaluating symptomatic 
patients with both fFN and cervical sonography. It repre-
sents the most sensitive, specifi c, and accurate diagnostic 
paradigm available. Patients found to be at risk would 
qualify for a course of antenatal steroids when  ≥ 24 weeks, 

corresponding negative predictive values in this 
population- based study were 99.5% and 99.2%, respec-
tively. A metaanalysis of 14 studies examining the accu-
racy of fFN reported pooled LRs for the prediction of PTD 
within 7 – 14 days in symptomatic patients of 5.43 (95% CI 
4.36 – 6.74) for LR( + ) and 0.25 (95% CI 0.2 – 0.31) for LR( − ). 
The comparable values for predicting PTD prior to 34 
weeks were 3.64 (95% CI 3.32 – 5.73) and 0.32 (95% CI 
0.16 – 0.66), respectively, among eight studies  [210] . A 
recent metaanalysis of 32 pooled studies confi rmed these 
results with LRs for a positive and negative fFN test of 
4.20 (95% CI 3.53 – 4.99) and 0.29 (95% CI 0.22 – 0.38), 
respectively  [211] . 

 Lockwood  et al   [212]  also initially assessed the utility 
of cervicovaginal fFN in the prediction of subsequent 
PTD amongst high - risk asymptomatic patients sampled 
every 2 – 4 weeks between 24 and 37 weeks ’  gestation. A 
vaginal fFN value > 50   ng/mL predicted PTD with LR( + ) 
of 3.4 and LR( − ) of 0.4. Vaginal fFN predicted PTDs result-
ing from PTL and PPROM with equal effi ciency. The 
MFMU Network subsequently assessed the value of cer-
vicovaginal fFN obtained at 22 – 24 weeks among nearly 
3000 asymptomatic women and found an even more 
robust LR( + ) of 6.3 but less strong LR( − ) of 0.84  [213] . A 
metaanalysis of studies among high - risk asymptomatic 
patients has demonstrated a pooled LR( + ) for the predic-
tion of PTD < 34 weeks of 4.01 (95% CI 2.93 – 5.49) and a 
LR(− ) of 0.78 (95% CI 0.72 – 0.84)  [208] . 

 The fFN test appears equally valid in patients with 
twins, cervical cerclage, and prior multifetal reduction 
procedures  [214 – 216] . While the principal utility of the 
fFN lies in its very high negative predictive value ( > 99% 
for delivery within 2 weeks), most studies suggest a posi-
tive predictive value for PTD in general of  > 50%, suggest-
ing that fFN - positive patients beyond 23 completed 
weeks of gestation should receive corticosteroids. A 
speculum exam need not be used to obtain a vaginal 
specimen  [217] . At this point fFN remains the cervical 
biomarker with the greatest clinical usefulness  [211,218] . 

 Between 22 and 30 weeks ’  gestation, the length of the 
cervix assumes a Gaussian distribution with the 5th per-
centile at 20   mm, 10th percentile at 25   mm, 50th percentile 
at 35   mm, and 90th percentile at 45   mm  [219] . The relative 
risk of PTD increases as the length of the cervix decreases. 
When women with shorter cervixes at 24 weeks were 
compared with women with values above the 75th per-
centile, the relative risks of PTD among the women with 
shorter cervixes were as follows: 1.98 for cervical lengths 
≤ 40   mm, 2.35 for lengths  ≤ 35   mm, 3.79 for lengths  ≤ 30   mm, 
6.19 for lengths ≤ 26   mm, 9.49 for lengths  ≤ 22   mm, and 
13.99 for lengths ≤ 13   mm  [217] . 

 Among symptomatic women who go on to deliver 
preterm, 80 – 100% have a cervical length  ≤ 30   mm when 
initially evaluated because of contractions. As a rule, a 
subsequent PTD is highly unlikely in symptomatic 
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Conclusion

 Substantial strides have been made in our understanding 
of the pathogenesis of PTD. However, evaluation of the 
utility of biochemical and biophysical mediators of the 
major pathogenic markers has not produced effi cient and 
noninvasive predictors of PTD (i.e. markers with high 
LR(+ ) and low LR( − ) values). Identifi cation of cervicov-
aginal fFN and cervical shortening on transvaginal sonog-
raphy is the most accurate and effi cient marker of PTD. 
Both are indicators of the fi nal common pathway of 
genital tract ECM breakdown. High - risk asymptomatic 
patients found with either a short cervix or positive fFN 
are eligible for antenatal corticosteroids. However, most 
physicians rely on the high negative predictive value 
of a long cervix and/or negative fFN to avoid introduc-
tion of costly and potentially dangerous interventions 
of unproven effi cacy. Future methods of risk assessment 
will likely rely on assessment of multiple markers. 
Opportunities presented by the advances of genomics 
and proteomics are expected to translate into useful 
clinical diagnostic tools and therapies which can target 
specifi c biologic processes leading to PTD.    

as well as short - term tocolysis, and antibiotic therapy for 
urinary tract infections, or group B  β  - streptococcus if 
present or while cultures are pending.   

 The MFMU Network examined high - risk asympto-
matic women between 24 and 28 weeks with fFN and 
cervical sonography and observed that patients with both 
a positive fFN and a short cervix on transvaginal ultra-
sound were at relatively high risk of spontaneous PTD 
(33.3%) while the absence of either marker placed them 
at very low risk of PTD < 34 weeks (1.3%)  [228] . Based on 
expert opinion and these data, we employ the algorithm 
outlined in Figure  42.3  for evaluating high - risk asympto-
matic patients. Patients are evaluated every 3 weeks from 
22 to 32 weeks. Again, patients found to be at risk can 
be treated with a course of antenatal corticosteroids and 
may benefi t from decreased work and more intense 
surveillance.

Figure 42.2     Algorithm for using fetal fi bronectin (fFN) and/or 
cervical ultrasound in symptomatic patients. Cx, cervix; D/C, 
discharge patient; GBBS, group B  β  - streptococcus; R/O ROM, 
rule out rupture of fetal membranes; SSE, sterile speculum exam; 
STD, sexually transmitted disease; US, ultrasound.  

• SSE: swab for fFN
GBBS, STD cultures

R/O ROM (F,N,P)

• US cervical length

Cx <2.0 cm Cx 2.0–3.1 cm Cx >3.1 cm

Treat

Check fFN

D/C repeat in 1–
2 weeks

+ -

Figure 42.3     Algorithm for using fFN and/or cervical ultrasound 
(US) in high - risk asymptomatic patients. Cx, cervix; D/C, 
discharge patient. 

Evaluate patient either at 24 and 28
weeks or every 3 weeks from 22 to 31
weeks with: swab for fFN and/or US
cervical length

Cx <2.5 cm Cx 2.5–3.4 cm Cx >3.4 cm

Treat

Check fFN

D/C repeat in 1–
2 weeks

+ -

    A 37 - year - old primigravida at 31 weeks notes sudden 
onset of intermittent abdominal tightening and back pain. 
She contacts the on - call obstetrician who instructs her 
to go to the hospital. At presentation, she is noted 
to have a category I fetal heart rate tracing and contrac-
tions occurring three times every 10   min for 30   minu. 
Intravenous fl uids are administered. An ultrasonographic 
cervical length of 2.2   cm is noted. A vaginal swab was 
obtained prior to the ultrasound and was sent for fFN 

determination. The fFN returns positive. The patient is 
admitted, tocolysis commenced, penicillin given for 
group B  β  - streptococcus prophylaxis after rectovaginal 
cultures were obtained and steroids given. After 72   h of 
observation, uterine contractions subside. She is dis-
charged home with specifi c instructions including 
reduced physical effort. At 36 weeks she enters into spon-
taneous labor and delivers a healthy infant.  
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Chapter 43 
Preterm Premature Rupture of 
Membranes

  Brian M.     Mercer  
  Department of Reproductive Biology, Case Western Reserve University and MetroHealth Medical Center, 
Cleveland, OH, USA       

     Rupture of fetal membranes before the onset of labor 
(premature rupture of membranes, PROM) complicates 
8 – 10% of pregnancies, and is responsible for nearly one -
 third of preterm births. PROM, especially preterm PROM 
(PPROM), has been associated with brief latency from 
membrane rupture to delivery, an increased risk of 
chorioamnionitis, and umbilical cord compression. As 
such, PPROM is associated with increased risk of perina-
tal complications. An understanding of gestational age -
 dependent risks of delivery, the risks and potential 
benefi ts of conservative management, and opportunities 
to reduce complications of preterm birth will help clini-
cians improve outcomes after this frequent pregnancy 
complication.

Mechanisms

 Spontaneous membrane rupture at term results from pro-
gressive weakening of the membranes because of colla-
gen remodeling and cellular apoptosis, and from increased 
intrauterine pressure with uterine contractions when 
membrane rupture occurs subsequent to the onset of 
labor. While PPROM near term likely results in many 
cases from these same physiologic processes, PPROM 
remote from term has been associated with several patho-
logic processes, especially infection and infl ammation. 
Reported clinical risk factors predisposing to intrauterine 
infection, infl ammation, membrane stretch, and local 
tissue hypoxia have included low socio - economic status, 
maternal undernutrition, cigarette smoking, uterine 
bleeding and work in pregnancy, cervical cerclage, prior 
preterm labor and acute pulmonary disease in the current 
pregnancy, and bacterial vaginosis in addition to other 
urogenital infections  [1 – 6] . It has been proposed that 
there could be a genetic predisposition to PPROM in 
some women, either through inheritance of poly-
morphisms for proinfl ammatory cytokines and matrix 

metalloproteinases  [7,8]  or through heritable connective 
tissue disorders of collagen metabolism. 

 Among the strongest risk factors for PPROM is a history 
of preterm birth in a previous gestation, particularly one 
resulting from PPROM (odds ratio [OR] 3.3 – 6.3)  [6] .The 
role of ascending infection in the pathogenesis of PPROM 
is particularly plausible as bacterial proteases (colla-
genases and phospholipases) can cause membrane weak-
ening. Ascending bacterial colonization can also cause a 
maternal infl ammatory response including production of 
cytokines, prostaglandins, and metalloproteinases locally 
which cause membrane degradation and weakening. 
Preterm contractions can lead to separation of the amnion 
and choriodecidua with an overall reduction in mem-
brane tensile strength  [9]  while cervical dilation can result 
in exposure of the membranes to vaginal microorganisms 
and reduce underlying tissue support.  

Prediction and prevention

 Although the above - mentioned clinical risk factors have 
been associated with PPROM, most women with these 
characteristics do not develop PPROM and the majority 
of women with PPROM lack these risk factors. This has 
led to interest in ancillary testing for prediction of PPROM. 
Both short cervical length on transvaginal ultrasound 
(less than 25   mm; relative risk [RR] 3.2) and the presence 
of fetal fi bronectin (fFN) in cervicovaginal secretions (RR 
2.5) in the later second trimester are associated with an 
increased risk of preterm birth resulting from PPROM  [6] . 
However, like clinical risk factors, these modalities also 
fail to identify the majority of women destined to have 
PPROM and are not recommended as routine screening 
tests for low - risk women. 

 Women suffering PPROM are at increased risk for 
recurrence in a future pregnancy. While general guidance 
directed against factors associated with spontaneous 
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unequivocally by indigo carmine amnio - infusion with 
observation for passage of dye per vaginam . 

 Although a variety of substances, including fFN, 
α  - fetoprotein, total T4 and free T4, prolactin, human 
chorionic gonadotropin, interleukin - 6, placental  α  -
 microglobulin (PAMG) - 1, and insulin - like growth factor -
 binding protein (IGFBP) - 1, among others, have been 
evaluated for their ability to assist in the diagnosis of 
membrane rupture, these have not generally been studied 
for their diagnostic ability among women in whom the 
diagnosis of membrane rupture remains unclear after 
clinical examination. Further, some of these markers do 
not require membrane rupture to be found in cervico-
vaginal secretions  [18 – 20] . In a comparative study of two 
rapid tests, PAMG - 1 identifi ed lower concentrations of 
amniotic fl uid than IGFBP - 1  [21] . PAMG - 1 in cervicovagi-
nal secretions can confi rm PROM in nearly 99% of cases 
where the diagnosis is evident on traditional testing  [18] . 
But it has also been found to be positive among 30.9% of 
laboring women and in 4.8% of nonlaboring women 
without suspected membrane rupture, raising questions 
regarding its utility when membrane rupture is not clini-
cally evident  [22] . For these reasons, routine testing with 
these markers is not recommended until their clinical 
value is clarifi ed.  

Clinical course

 Brief latency from membrane rupture to delivery, 
increased risk of intrauterine and neonatal infection, and 
oligohydramnios have been considered hallmarks of 
PPROM. Each can affect pregnancy outcomes, and each 
has implications regarding clinical management of 
women with PPROM. 

 While it is true that mean and median latency from 
membrane rupture to delivery increase with decreasing 
gestational age at membrane rupture, the clinical impor-
tance of this fi nding is overstated. The likelihood that a 
conservatively managed woman with PPROM at 24 – 31 
weeks will deliver within 1 week is approximately 
50%. [23] . Approximately one - quarter of those with mem-
brane rupture near the limit of viability will remain preg-
nant for 1   month or more. Alternatively, those with 
PROM at or near term are rarely given the opportunity 
to remain pregnant for an extended time and the natural 
labor process can be anticipated to occur in over 90% 
of women within about 24   h. Benefi ts of conservative 
management include additional time for induction of 
fetal pulmonary maturity and prevention of intraven-
tricular hemorrhage through administration of antenatal 
corticosteroids (24 – 48   h latency required), and reduction 
of gestational age - dependent morbidity through extended 
latency (more than approximately 1 week latency 
required). 

preterm birth (e.g. adequate nutrition, smoking cessation, 
avoidance of heavy lifting and prolonged standing 
without breaks, early treatment of urogenital infections) 
may reduce the risk of PPROM, direct benefi t from these 
has not been demonstrated. Identifi cation and treatment 
of sexually transmitted urogenital infections such as 
Chlamydia trachomatis  and  Neisseria gonorrhoeae  can reduce 
the risks of PROM and preterm birth. While treatment of 
symptomatic bacterial vaginosis and Trichomonas vaginalis
infection is appropriate, treatment of women with asymp-
tomatic vaginal infections is controversial and may even 
promote preterm birth  [10,11] . 

 Antenatal treatment with 17 - hydroxyprogesterone 
caproate therapy has been demonstrated to be effective in 
reducing the risk of recurrent spontaneous preterm birth 
due to preterm labor or PPROM  [12] . In this multicenter 
trial, authors found 17 - hydroxyprogesterone caproate 
treatment (250   mg given intramuscularly each week 
through 36 weeks of gestation) to reduce the risk of recur-
rent preterm birth (RR 0.66, 95% confi dence interval [95% 
CI] 0.54 – 0.81) and spontaneous preterm birth (RR 0.65, 
95% CI 0.51 – 0.83), potentially resulting in fewer newborn 
complications. Nightly vaginal progesterone suppository 
(100   mg) treatment has also been shown to prevent 
preterm birth in women with incidentally discovered 
short cervices but treatment with progesterone gel is 
apparently not effective in other high - risk women  [13,14] . 
Alternatively, though vitamin C defi ciency has been 
linked to PPROM, data are confl icting regarding the 
potential risks and benefi ts of treatment with vitamin C 
supplementation and this treatment is not recommended 
to prevent recurrent PPROM  [15 – 17] .  

Diagnosis

 Diagnosis of membrane rupture is best made by sterile 
speculum examination of women presenting with a sus-
picious clinical history or who are found to have oligohy-
dramnios on ultrasonography. Evident fl uid passing 
through the cervical os is diagnostic. An alkaline vaginal 
pH ( > 6.0 – 6.5) with Nitrazine paper and the presence of a 
 “ ferning ”  pattern on microscopic examination of dried 
secretions obtained from the vaginal side wall are sup-
portive when visual inspection is equivocal. These tests 
are subject to false - positive fi ndings because of the pres-
ence of cervical mucus, blood, semen, alkaline antiseptics, 
or bacterial vaginosis, and can be falsely negative with 
prolonged leakage and oligohydramnios. Repeat specu-
lum examination after prolonged bedrest may provide 
needed diagnostic information if initial testing is negative 
despite a suspicious history. In the absence of fetal growth 
restriction or urogenital abnormalities, ultrasound evi-
dence of oligohydramnios is suggestive but not diagnos-
tic of membrane rupture. The diagnosis can be confi rmed 
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anovaginal culture for group B  β  - hemolytic streptococci 
(GBS), and urinalysis with urine culture should be con-
sidered if not recently performed. 

 If the diagnosis of chorioamnionitis is suspected but 
not clear, maternal blood white blood cell (WBC) count 
and ultrasound - guided amniocentesis can sometimes be 
helpful (Box  43.2 ). A maternal blood WBC count above 
16,000/mm3  is supportive of suspicious clinical fi ndings. 
It is helpful to obtain a baseline blood WBC count on 
presentation after PPROM to be used during initial assess-
ment and for subsequent comparison if needed during 
conservative management. It is important to remember 
that there is signifi cant variation in WBC count between 
patients, and that the WBC count is elevated in pregnancy 
and for 5 – 7 days after administration of antenatal corti-
costeroids. As such, this test should not be used in 

 Chorioamnionitis complicates 13 – 60% of pregnancies 
with PROM, and is increasingly common with decreasing 
gestational age at membrane rupture  [24] . Abruptio pla-
centae, amnionitis, and endometritis complicate 4 – 12%, 
13 – 60%, and 2 – 13% of pregnancies, respectively, when 
membrane rupture occurs remote from term  [24 – 28] . 
Amniotic fl uid cultures from amniocentesis specimens 
are positive in 25 – 35% of asymptomatic women after 
PPROM  [29] . Maternal sepsis is uncommon (approxi-
mately 1%) but is a serious complication of PROM remote 
from term. Conservative management of PROM at any 
gestational age increases the risk of chorioamnionitis. 
Fetal demise after PPROM is believed to result in most 
cases from umbilical cord compression. Fetal infection, 
placental abruption, and umbilical cord prolapse can also 
lead to fetal death. Overall, fetal death complicates 
approximately 1 – 2% of pregnancies conservatively 
managed after PPROM. This risk increases in the face of 
chorioamnionitis, and when PROM occurs near the limit 
of potential viability (periviable). 

 Therefore, expeditious delivery should be considered if 
the fetus is considered to be at low risk for gestational 
age - dependent morbidity, if antenatal corticosteroids are 
not going to be administered when only brief pregnancy 
prolongation is anticipated, or after antenatal corticoster-
oid treatment has been completed if continued attempts 
to extend latency more than approximately 1 week are not 
planned.

Evaluation

 In general, women with PROM at term do not require 
additional specifi c evaluations unless additional compli-
cations occur. Initial evaluation of the woman presenting 
with PPROM includes (Box  43.1 ):
    •      maternal uterine activity and fetal heart rate monitor-
ing for labor, umbilical cord compression, and for fetal 
well- being if the limit of potential viability has been 
reached    
   •      clinical assessment for chorioamnionitis (fever  ≥ 38.0 ° C 
[100.4 ° F] with uterine tenderness, maternal or fetal tachy-
cardia, vaginal discharge)  
   •      ultrasound to confi rm gestational age and to identify 
fetal malformations associated with PROM and oligohy-
dramnios if not previously performed, to determine fetal 
presentation, and to estimate fetal weight and amniotic 
fl uid volume.    
 Digital cervical examination should be avoided if possible 
until the diagnosis of PPROM has been excluded or a 
decision to deliver has been made. Digital examination in 
this setting shortens latency and increases the risk of 
chorioamnionitis while adding little information over 
that obtained by visual examination  [30] . Cervical cul-
tures for  Neisseria gonorrhoeae  and  Chlamydia trachomatis , 

Box 43.2 Adjuncts to the evaluation of the woman with equivocal

fi ndings of  intraamniotic infection

• Maternal blood white blood cell count: rising values and a value 

above 16,000/mm 3 are supportive of the diagnosis if antenatal 

corticosteroids not administered within 5 –7days

• Ultrasound-guided amniocentesis: positive culture considered 

abnormal

• Positive gram stain supportive but may be falsely positive as a result 

of contamination 

• White blood cell count ≥30 cells/ μL considered abnormal 

• Glucose concentration <16–20mg/dL considered abnormal 

Box 43.1 Considerations for initial evaluation of the woman with 

preterm  premature  rupture of  membranes

• Maternal uterine activity monitoring for labor 

• Fetal heart rate monitoring for umbilical cord compression (and fetal 

well-being if the limit of viability has been reached) 

• Clinical assessment for chorioamnionitis 

• Ultrasound to confi rm gestational age, estimate fetal growth, and 

amniotic fl uid volume, identify fetal malformations associated with 

PROM/oligohydramnios if not previously carried out, and to deter-

mine fetal presentation 

• Visual inspection of cervical dilation and effacement if not in active 

labor

• Cervical cultures for  Neisseria gonorrhoeae and  Chlamydia tracho-

matis if not recently performed 

• Anovaginal culture for group B streptococcus if not recently 

performed

• Urinalysis with urine culture if not recently performed 

• Baseline maternal blood white blood cell 

• Vaginal pool or ultrasound -guided amniocentesis sampling for fetal 

pulmonary maturity at 32 –33 weeks ’ gestation 

PROM, premature rupture of membranes. 
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isolation. Amniotic fl uid gram stain, WBC count ( ≥ 30 
cells/μ L considered abnormal), and glucose concentra-
tion (less than 16 – 20   mg/dL considered abnormal) can 
also provide rapid supportive information regarding the 
presence of intraamniotic infection  [31,32] . Elevated 
amniotic fl uid and vaginal fl uid cytokine levels have also 
been associated with intrauterine infection after PPROM; 
however, tests for these markers are not generally avail-
able for clinical use. Amniotic fl uid culture for aerobic and 
anaerobic bacteria and for mycoplasma can be helpful, 
but results are generally not available before a manage-
ment decision is needed. 

Management

 Delivery after PPROM is mandated by the presence of 
clinical chorioamnionitis, nonreassuring fetal testing, sig-
nifi cant vaginal bleeding, and advanced labor (Box  43.3 ). 
In the absence of these conditions, conservative manage-
ment may be appropriate. If conservative management of 
the patient with PPROM is being considered, initial 
extended monitoring followed by intermittent monitor-
ing at least daily is appropriate if testing remains reassur-
ing. Biophysical profi le testing can be helpful if fetal heart 
rate testing is nonreactive. A nonreactive fetal heart rate 
or a nonreassuring biophysical profi le score can be a sign 
of intrauterine infection, particularly if testing had previ-
ously been reassuring  [33,34] . In the stable patient, gesta-
tional age is important in determining whether 
conservative management or expeditious delivery should 
be pursued  [29] .   

 Intrapartum GBS prophylaxis should be given to 
women with a recent (less than 6 weeks) positive anovagi-
nal GBS culture regardless of intervening antibiotic treat-
ments  [35] . Intrapartum GBS prophylaxis should also be 
given to women delivering preterm without a recent ano -
 vaginal recent culture result, to all women with GBS bac-
teriuria at any time in the current pregnancy, and to all 
women with a previously affected infant regardless of 
culture results in the current pregnancy. 

Preterm premature rupture of membranes
near term (34 –36w 6d) 
 Infants born after PROM near term (34 – 36w 6d) have a 
relatively low risk of serious morbidity and antenatal cor-
ticosteroids are not generally recommended for fetal 
maturation at this gestation. Although there are risks of 
neonatal morbidity at this gestation, these risks are not 
likely to be reduced with the relatively brief latency antic-
ipated at this gestation, and the risks related to intrauter-
ine infection and umbilical cord compression outweigh 
the potential benefi ts of conservative management  [36,37] . 
Because of these factors, women with PPROM at 34 – 36w 
6d are best treated by delivery.  

Premature rupture of membranes near term
(32–33w 6d) 
 When PROM occurs at 32 – 33w 6d gestation, fetal pul-
monary maturity should be assessed from amniotic fl uid 
collected from the vaginal pool or by amniocentesis if 
feasible. From either site, a Foam Stability Index  ≥ 47, 
phosphatidyl glycerol positive, lecithin:sphingomyelin 
(L:S) ratio ≥ 2:1, or uncentrifuged lamellar body count 
(LBC) ≥ 50,000/ μ L can be considered indicative of fetal 
pulmonary maturity  [38 – 42] . The L:S ratio results may 
be falsely immature in the presence of blood or meco-
nium contamination, although the presence of a mature 
ratio should lead to consideration of delivery. Unfor-
tunately, the L:S ratio is diffi cult to perform. The LBC 
can be altered by either blood or meconium contamina-
tion and should not be relied upon if either is present. 
Vaginal pool specimens should not be analyzed if there 
is evident mucus as it can obstruct counter channels. 
Should centrifugation be performed, an LBC cut - off of 
30,000/μ L has been suggested to be predictive of pulmo-
nary maturity  [43,44] . If a mature fetal pulmonary profi le 
is obtained, expeditious delivery should be considered 
in accordance with the recommendations for PROM at 
34 – 36w 6d as these infants are at low risk for complica-
tions of prematurity and conservative management 
increases the risk of infectious morbidity  [37] . If testing 
reveals an immature pulmonary profi le or if fl uid cannot 
be obtained, in the absence of chorioamnionitis, induc-
tion of fetal pulmonary maturation with antenatal corti-
costeroids followed by delivery at 24 – 48   h or at 34 weeks ’  
gestation is recommended. If after antenatal corticoster-
oid administration the patient is ≥ 33 weeks ’  gestation, it 
is unlikely that further delay of delivery to 34 weeks will 
result in substantial reduction in infant morbidities. 
Delivery is recommended before complications ensue. If 
conservative management is pursued, evaluation and 
treatment should be as described below for PROM at 
23 – 31w 6d.  

Premature rupture of membranes remote
from term (23 –31w 6d) 
 Delivery at 23 – 31w 6d gestation is associated with signifi -
cant risks of neonatal morbidity and mortality resulting 
from prematurity. These women are generally best served 
by conservative inpatient management after PPROM to 
prolong pregnancy and reduce gestational age - dependent 
morbidity in the absence of chorioamnionitis, placental 
abruption, advanced labor, or nonreassuring fetal testing. 
Because the latency is frequently brief and clinical fi nd-
ings can change over a short period of time, transfer to a 
tertiary care facility before acute complications occur 
should be considered if adequate facilities are not avail-
able at the initial institution. 

 During conservative management, patients should 
have at least daily assessment for evidence of labor, 
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Box 43.3 Options for management of the woman with preterm  premature  rupture of  membranes according to  gestational age

at membrane rupture 

PROM near term (34 –36w 6d) *

• Expeditious delivery, by labor induction or cesarean delivery as 

indicated

• Intrapartum GBS prophylaxis  **

• Broad -spectrum intrapartum antibiotics for suspected chorio -

amnionitis

PROM near term (32 –33w 6d) *

• Expeditious delivery, by labor induction or cesarean delivery as indi-

cated, if fetal pulmonary maturity evident on sampling from the 

vaginal pool or by amniocentesis 

• Antenatal corticosteroids for fetal maturation if amniotic fl uid testing 

reveals an immature profi le or if fl uid unavailable, followed by: 

– delivery 24 –48h after antenatal corticosteroids if  ≥33 weeks ’

gestation

or

– delivery 24 –48 hours after antenatal corticosteroids or at 34 weeks 

if <33 weeks ’ gestation (if conservatively managed, treat as 

described for PROM at 23 –31w 6d) 

• Intrapartum GBS prophylaxis  **

• Broad -spectrum intrapartum antibiotics for suspected chorio -

amnionitis

PROM remote from  term (23 –31w 6d) *

• Conservative inpatient management 

• Antenatal corticosteroids for fetal maturation if not previously 

administered 

• Broad -spectrum antibiotics to prolong pregnancy and reduce neona-

tal morbidity 

• Transfer to a tertiary care facility if adequate facilities for neonatal 

care not available 

• At least daily assessment for labor, amnionitis, placental abruption, 

and fetal well -being

• Leg exercises, antiembolic stockings, and/or prophylactic heparin 

• Fetal growth assessment by ultrasound every 3 –4 weeks 

• Tocolytic therapy for labor can be given but should not be adminis-

tered if there is suspicion of intrauterine infection, fetal compromise, 

or placental abruption 

• Consider elective delivery at 34 weeks ’ gestation if remains pregnant 

to this time 

• Intrapartum GBS prophylaxis **

• Broad -spectrum intrapartum antibiotics for suspected chorio -

amnionitis

Previable  PROM ( <23 weeks)

• Counsel regarding: 

– potential for previable, periviable, and preterm birth 

– impact of oligohydramnios on pulmonary development and risk of 

lethal pulmonary hypoplasia and restriction deformities 

– risks of adverse fetal, neonatal, and long -term infant outcomes 

with early preterm birth 

– risks of maternal morbidities with conservative management 

• Deliver by labor induction or dilation and evacuation according to 

individual circumstances 

or

• Manage conservatively with: 

– initial evaluation for intrauterine infection, labor, fetal death, or 

placental abruption 

– strict pelvic rest and modifi ed bed/couch rest 

– serial ultrasound for fetal pulmonary growth and amniotic fl uid 

volume with additional counseling as appropriate for persistent 

oligohydramnios or suspected pulmonary hypoplasia 

– serial ultrasound for fetal weight and pulmonary growth, and amni-

otic fl uid volume 

– broad -spectrum antibiotics to prolong pregnancy and reduce neo-

natal morbidity may be helpful but no specifi c data are available 

for this gestational age 

– treat as for PROM at 23 –31w 6d once the limit of viability has been 

reached 

GBS, group B streptococcus; PROM, premature rupture of membranes. 

*Delivery is mandated by the presence of chorioamnionitis, nonreassuring fetal testing/fetal death, signifi cant vaginal bleeding, and for advanced 

labor. 

**Once the limit of viability has been reached, intrapartum GBS prophylaxis should be given to women with a recent positive anovaginal GBS culture 

regardless of intervening antibiotic treatments. Intrapartum GBS prophylaxis should also be given to women delivering preterm without a recent 

anovaginal culture result, to all women with GBS bacteriuria at any time in the current pregnancy, and to all women with a previously affected infant 

regardless of culture results in the current pregnancy. 

chorioamnionitis, placental abruption, and fetal well -
 being. Leg exercises, antiembolic stockings, and/or pro-
phylactic doses of subcutaneous heparin may be of value 
in preventing thromboembolic complications. Fetal 
growth should be assessed with ultrasound every 3 – 4 
weeks. Although the extent of oligohydramnios is 
inversely related to latency, low amniotic fl uid volume is 
an inaccurate predictor of latency and neonatal outcome, 

and should not be used to determine clinical management 
other than as a tool to confi rm resealing of the membranes 
with restoration of a normal Amniotic Fluid Index. The 
patient who remains stable is generally delivered at 34 
weeks ’  gestation because of the ongoing but low risk of 
fetal loss with conservative management and the high 
likelihood of survival without long - term complications 
after delivery at this gestational age. 
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 Tocolytic therapy for women with PPROM has been 
shown to reduce the likelihood of delivery at 24 – 48   h in 
some studies  [53 – 56] . However, such treatment has not 
been shown to improve neonatal outcomes. Tocolytic 
therapy should not be administered after PPROM if there 
is suspicion of intrauterine infection, fetal compromise, or 
placental abruption. Further study is needed regarding 
tocolytic therapy after PPROM. 

Previable premature rupture of membranes
(less than 23 weeks)
 Preterm premature rupture of membranes before the limit 
of viability (currently 23 weeks ’  gestation) is particularly 
concerning as it can lead to previable delivery with no 
potential for survival, periviable delivery near the limit 
of viability where the majority of survivors are at risk 
for acute and long - term complications, or to delivery 
after extended latency with pulmonary hypoplasia and 
restriction deformities resulting from severe oligohy-
dramnios at the time of critical pulmonary and 
skeletal development. Alternatively, some conservatively 
managed patients will have extended latency with sur-
vival of a healthy infant, and some may have spontaneous 
resealing of the membranes with reaccumulation of 
amniotic fl uid. 

 Gestational age should be estimated based on the earli-
est available ultrasound and menstrual history. These 
patients should be counseled realistically regarding 
potential fetal and neonatal outcomes after early preterm 
birth  [29] . The risk of stillbirth during conservative man-
agement and delivery is approximately 15%. Most of 
these pregnancies will deliver before or near the limit of 
viability, where neonatal death is either assured or 
common. The risk of long - term sequelae will depend 
on the gestational age at delivery. Persistent oligohy-
dramnios is a prognostic indicator of poor outcomes 
after PROM before 20 weeks, with a high risk of lethal 
pulmonary hypoplasia regardless of extended latency. 
Conservative management is also associated with fre-
quent chorioamnionitis (39%), endometritis (14%), 
retained placenta/postpartum hemorrhage necessitating 
curettage (12%), and placental abruption (3%). 

 Should the patient desire delivery after counseling, 
options for labor induction include high - dose intrave-
nous oxytocin, intravaginal prostaglandin E 2 , and oral or 
intravaginal prostaglandin E 1  (misoprostol) according to 
clinical circumstances. Dilation and evacuation can be an 
option for caregivers with experience in this technique. 
Placement of intracervical laminaria before labor induc-
tion or dilation and evacuation may be helpful. Women 
undergoing conservative management should be initially 
evaluated for evidence of intrauterine infection, labor, or 
placental abruption. Although supportive data are 
lacking, it is prudent to advise the patient managed in an 
ambulatory setting to pursue strict pelvic rest to reduce 

 Several adjunctive therapies have been proposed 
during conservative management of PROM remote from 
term. A single course of antenatal corticosteroids for fetal 
maturation is recommended to reduce the risks of neona-
tal respiratory distress and intraventricular hemorrhage, 
without increasing the risk of neonatal infection  [45,46] . 
Either 12   mg betamethasone IM every 24   h for two doses, 
or 6   mg dexamethasone IM every 12 h for four doses is 
appropriate. Broad - spectrum antibiotic therapy should be 
administered to treat or prevent ascending subclinical 
decidual infection in order to prolong pregnancy, and to 
reduce neonatal infectious and gestational age - dependent 
morbidity  [46 – 48] . Intravenous therapy (48   h) with ampi-
cillin (2   g IV every 6   h) and erythromycin (250   mg IV every 
6   h) followed by limited - duration oral therapy (5 days) 
with amoxicillin (250   mg PO every 8   h) and enteric - coated 
erythromycin base (333   mg PO every 8   h) has been recom-
mended by the National Institute of Child Health and 
Human Development and the Maternal Fetal Medicine 
Units (NICHD - MFMU) Network. Therapy for shorter 
periods has not been studied with adequate numbers, has 
not been shown to offer equivalent neonatal benefi ts 
 [49,50] , and is not recommended. 

 Recent shortages have led to the need for substitution 
of alternative antibiotic agents. Oral ampicillin, erythro-
mycin, and azithromycin are likely appropriate substitu-
tions for the above agents, as needed. The optimal 
broad - spectrum therapy for women who are penicillin 
allergic has not been determined. The Oracle trial  [51]  has 
suggested that single - agent erythromycin may be appro-
priate, and has also raised concern that broad - spectrum 
amoxicillin- clavulanate therapy might increase the risk of 
necrotizing enterocolitis. This latter fi nding is not consist-
ent with the NICHD - MFMU trial in which broad -
 spectrum antibiotic therapy in a higher risk population 
reduced the risk of stage 2 – 3 necrotizing enterocolitis  [47] . 
Of note, despite confl icting results from a concurrent 
study of antibiotics for preterm labor with intact mem-
branes, the Oracle trial for women with PPROM revealed 
no increases or decreases in long - term morbidities at 7 
years for infants exposed to antepartum antibiotics  [52] . 

 Management of GBS carriers after the initial 7 days of 
antibiotic therapy has not been well studied. Options 
include:
    •      subsequent intrapartum prophylaxis only  
   •      continued narrow - spectrum GBS prophylaxis from 
completion of the initial 7 - day course through delivery, 
or
   •      follow - up anovaginal culture after completion of the 
7 - day course, with continued narrow - spectrum therapy 
against GBS until delivery for those with persistently 
positive cultures.    
 Regardless of antepartum antibiotic treatments, intra-
partum prophylaxis should be given to all known GBS 
carriers.
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one study has found increased infection - related neonatal 
death with cerclage retention. As such, cerclage should 
generally be removed when PROM occurs. If the cerclage 
is retained concurrent to antenatal corticosteroid treat-
ment for fetal maturation, broad - spectrum antibiotic 
administration should be given to reduce the risk of infec-
tion and the cerclage should generally be removed after 
steroid benefi t has been achieved (24 – 48   h).  

Herpes simplex virus
 Typically, women with active primary or secondary 
herpes simplex virus (HSV) infection should be delivered 
expeditiously by cesarean delivery when PROM occurs at 
or near term. Alternatively, when PROM complicates 
HSV infection before 32 weeks ′  gestation and the mother 
shows no evidence of systemic infection, conservative 
management may be appropriate  [69] . During conserva-
tive management, treatment with acyclovir (200   mg PO 
fi ve times a day or 500   mg IV every 6   h) would be appro-
priate to reduce viral shedding and the likelihood of 
recurrences before delivery.  

Human immunodefi ciency  virus
 There are not adequate data to make evidence - based rec-
ommendations for treatment of the HIV - infected woman 
with PPROM. Given the poor prognosis of perinatally 
acquired HIV infection and increasing risk of vertical 
transmission with increasing duration of membrane 
rupture, expeditious cesarean delivery is generally rec-
ommended when PROM occurs after the limit of fetal 
viability. Conservative management to prolong preg-
nancy may be appropriate for selected women with an 
undetectable titer at the time of PPROM remote from 
term, but the gestational age limit, risks, and benefi ts or 
this approach have not been studied. If conservative man-
agement is undertaken, multiagent antiretroviral therapy 
with serial monitoring of maternal viral load and CD4 
counts should be initiated. 

Resealing of the membranes
 A small number of women will have cessation of leakage 
with resealing of the membranes, particularly those with 
PROM after amniocentesis  [70,71] . In the absence of data 
in this regard, we empirically continue inpatient obser-
vation for approximately 1 week after cessation of 
leakage and normalization of the Amniotic Fluid Index 
to encourage healing of the membrane rupture site. 
These women are subsequently discharged with instruc-
tions for modifi ed bedrest and pelvic rest, and are 
advised to return should labor, vaginal bleeding, abdom-
inal tenderness or fever, or recurrent membrane rupture 
ensue.     

the potential for ascending infection and it may be helpful 
to maintain modifi ed bed or couch rest to enhance the 
potential for membrane resealing. In the absence of data 
supporting either approach, inpatient or outpatient moni-
toring after initial evaluation may be considered appro-
priate with consideration given to individual clinical 
circumstances. Serial ultrasound can be helpful to evalu-
ate for persistent oligohydramnios and to estimate fetal 
pulmonary growth (e.g. measurement of thoracic/
abdominal circumference ratio or chest circumference) 
 [57 – 59] . Information from such testing is useful in coun-
seling and ongoing care of the patient with PROM before 
the limit of viability. 

 A number of small studies have evaluated the potential 
to reseal the fetal membranes after previable PROM. 
Some techniques have included transabdominal/
transcervical amnio - infusion, and Gelfoam or fi brin -
 platelet - cryoprecipitate instillation  [60 – 62] . Data regard-
ing effi cacy and safety of these techniques are too limited 
at this time to warrant their incorporation into clinical 
practice.

 Once the limit of viability has been reached, many 
clinicians will admit the patient with PPROM for ongo-
ing bedrest in order to allow early diagnosis and inter-
vention for infection, abruption, labor, and nonreassuring 
fetal heart rate patterns (see management of PROM at 
23 – 31w 6d above). Administration of antenatal corticos-
teroids for fetal maturation is appropriate at this time. 
Women with PROM before the limit of viability have 
been included in some studies of broad - spectrum anti-
biotic therapy after PPROM. However, the numbers of 
these women are too small to know if treatment is 
effective for this subgroup. It is also unknown if antibiotic 
administration at the time of readmission at viability 
will improve pregnancy outcomes for women who 
have already had a prolonged latency without evident 
infection.

Special circumstances

Cerclage
 Cerclage is a well - described risk factor for PROM  [63,64] . 
When the cerclage is removed after PROM occurs, the risk 
of perinatal complications is comparable to patients with 
PROM who had no cerclage  [64,65] . Although no indi-
vidual study has achieved statistical signifi cance, reviews 
of studies comparing cerclage retention or removal after 
PPROM suggest a trend towards increased maternal 
infection with retained cerclage  [66 – 68] . Perhaps more 
important is that no study has found cerclage retention 
after PPROM to signifi cantly reduce infant morbidity, and 
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    A 23 - year - old, gravida 2, para 0101, with singleton gesta-
tion, presented at 28 weeks with perineal wetness for 
approximately 2   h. She denied contractions, abdominal 
pain, vaginal bleeding, fever, or chills. She had a prior 
32 - week preterm birth resulting from preterm labor, but 
no other pregnancy complications. Past medical and 
allergy histories were negative. Specifi c clinical fi ndings 
included temperature 37.2 ° C, pulse 92   beats/min, respira-
tory rate 18/min, symphysis - fundal height 27   cm, with no 
fundal tenderness. A catheterized urine specimen revealed 
no leukocytes and culture was subsequently negative. 
Sterile speculum examination revealed moist vaginal side 
walls but no fl uid pool in the posterior fornix. A sterile 
swab of the vaginal side walls revealed a complex 
arborized ferning pattern and Nitrazine paper applied to 
this site turned blue, confi rming the clinical suspicion of 
membrane rupture. Visual inspection suggested a cervix 
2   cm dilated and approximately 1.5   cm long. Endocervical 
swabs for Neisseria gonorrhoeae  and  Chlamydia trachomatis , 
and distal vagina/anal swabs for GBS were obtained. 
Ultrasound revealed appropriate fetal growth, a longitu-
dinal cephalic lie, and oligohydramnios (Amniotic Fluid 
Index   =    36   mm). The fetal bladder was normal in size 
and position. There was no evident hydronephrosis. 
Monitoring revealed a fetal heart rate of 140 – 150 beats/
min with moderate variability, and with intermittent 
accelerations and no decelerations or contractions. 
Maternal WBC count was 12,000/mm 3 . 

 After counseling regarding the risks of preterm birth at 
28 weeks and of conservative management, and the 

potential benefi ts of conservative management, antibiot-
ics (NICHD - MFMU protocol) and corticosteroid treat-
ment (12   mg betamethasone IM every 24   h for two doses) 
were initiated, and neonatology consultation was 
obtained. The patient was transferred to the antepartum 
unit after 6   h of reassuring continuous fetal/contraction 
monitoring, for continued bedrest with bathroom pri-
vileges. Daily assessments revealed no clinically evident 
chorioamnionitis, abruption, or contractions. Fetal testing 
remained reassuring. Cultures were negative. 

 On hospital day 23, at 31 weeks ’  gestation, the patient 
reported mild lower abdominal cramping. External moni-
toring revealed irregular brief contractions with moderate 
variable- type decelerations. Speculum examination 
revealed umbilical cord at the external os. With the patient 
in knee – chest position and a vaginal hand elevating the 
presenting part, the patient was taken for immediate 
cesarean delivery, resulting in a liveborn infant with 
Apgar scores of 4 and 7 at 1 and 5   min. Newborn resusci-
tation and intubation were performed before transfer to 
the neonatal ICU. Cord blood pH was within normal 
limits and placental evaluation revealed no chorioam-
nionitis. The mother was discharged home on postopera-
tive day 4 for outpatient postoperative evaluation and for 
counseling regarding her risk of recurrent preterm birth. 
The infant suffered mild respiratory distress syndrome 
and hyperbilirubinemia requiring phototherapy, but no 
sepsis or intraventricular hemorrhage, and is gaining 
weight at 2 weeks of life.  

CASE PRESENTATION 
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Chapter 44 
Management of Preterm Labor 

  Vincenzo     Berghella  
  Department of Obstetrics and Gynecology, Thomas Jefferson University, Philadelphia, PA, USA       

     Major advances in reducing the incidence of prematurity 
will only come from a better understanding of the patho-
physiology leading to preterm birth (PTB). Prevention 
efforts in asymptomatic women are more benefi cial than 
treatment of symptomatic women. Despite massive 
research efforts in primary or secondary prevention, mil-
lions of women in the USA present with symptoms of 
preterm labor (PTL) every year, and over 500,000 deliver 
before 37 weeks. Given the dire consequences of PTB, 
especially very early PTB ( < 32 weeks), proven interven-
tions should be performed to avoid it even when it is most 
diffi cult (i.e. the woman has manifest symptoms of PTL). 

 Management of the woman with symptoms of PTL 
starts with initial assessment of history, physical exam, 
and specifi c laboratory and other screening tests to 
establish diagnosis and prognosis, in order to obtain an 
accurate initial assessment and to decide the correct 
interventions.

Evaluation: history, physical exam,
and screening tests

 As a minimum, the history should include a review of 
specifi c symptoms, such as cramps, abdominal  “ tighten-
ings, ”  low backache, pelvic pressure, increased vaginal 
discharge, or spotting. It is paramount to obtain the exact 
determination of gestational age. To assess prognosis, 
specifi c risk factors for PTB should be carefully reviewed. 
These are listed in Box  44.1 .   

 The physical exam should include an assessment of 
vital signs, fetal heart and toco - monitoring, an abdominal 
exam for uterine tenderness and contractions, cervical 
exam by speculum for pooling, Nitrazine, ferning, visual 
examination of cervix (especially if preterm premature 
rupture of membranes [PPROM] is suspected), collection 

for fetal fi bronectin (fFN) and group B streptococci (GBS), 
and Chlamydia  and gonorrhea DNA tests. If PPROM is 
ruled out, a manual cervical exam can be performed for 
dilation, cervical length and/or effacement, station, and 
presentation. 

 Laboratory tests that should be considered include 
rapid plasma reagin (RPR) or Venereal Disease Research 
Laboratory (VDRL) to rule out syphilis in high - risk 
women, rapid HIV (if status unknown), cervicovaginal 
fFN, vaginorectal GBS, urinary drug screen (UDS), uri-
nalysis, and urine culture. In women without specifi c 
symptoms of these infections, there is no evidence that 
screening for bacterial vaginosis (BV),  Trichomonas , 
Mycoplasma  or  Ureaplasma  is benefi cial. 

 In addition, there are other important screening tests 
that are suggested. An ultrasound should assess for fetal 
demise, major anomaly, polyhydramnios, placenta previa, 
placental abruption, fetal presentation, and estimated 
fetal weight. A transvaginal ultrasound (TVU) can be per-
formed for cervical length (CL) evaluation. Amniocentesis 
may be considered to check for intraamniotic infection 
(IAI) (incidence approximately 5 – 15%) if equivocal signs 
of chorioamnionitis are present, and/or for fetal lung 
maturity (FLM) (the latter especially if between 33 and 37 
weeks). If the diagnosis of IAI is made clinically ( ≥ 2 of 
uterine tenderness, maternal fever ≥ 38 ° C ( ≥ 100.4 ° F), 
maternal tachycardia, fetal tachycardia,   in the absence of 
other infection), delivery is recommended even without 
amniocentesis. The rates of IAI (documented by amniotic 
fl uid culture) by pregnancy status at  < 37 weeks are 
approximately 5 – 15% for PTL (intact membranes), 20 –
 30% for PPROM (no labor), 30 – 40% for PPROM (labor), 
and 50% if cervix ≥ 2   cm/80% in second trimester. The 
rates of infection are indirectly proportional to gestational 
age, as well as CL. There is insuffi cient evidence to recom-
mend amniocentesis in all cases of PTL. 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
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receive any treatment. Women with TVU CL 20 – 29   mm 
and positive fFN, or especially those with TVU CL less 
than 20   mm, are at highest risk of PTB and should receive 
treatment interventions. This management (Fig.  44.1 ) has 
been associated with a signifi cant reduction in PTB  < 37 
weeks in a randomized controlled trial  [2] .     

Management

 The main interventions for the woman with PTL at high 
risk for delivering preterm are aimed at increasing fetal 
maturation and stopping uterine contractions to avoid 
PTB. In addition, it is important to consider referral to a 
tertiary care center if the neonatal intensive care unit 
(NICU) is not adequate for the gestational age. The 
woman and her family members should be counseled 
regarding morbidity and mortality for the possible 
preterm infant. Current (2011) survival is 0% at 21 weeks, 
75% at 25 weeks, and more than 95% at 29 weeks, while 
intact survival at 18   months is over 50% after 25 weeks. 
Disabilities in mental and psychomotor development, 
neuromotor function (including cerebral palsy), or 
sensory and communication function are present in at 
least 50% of fetuses born ≤ 25 weeks ’  gestation  [3] . A 
neonatology consult at 22 – 34 weeks should always be 
obtained to discuss neonatal prognosis and management. 
Obstetric counseling should review the principles and 
progress of management of PTL. Specifi c interventions 
should aim to treat any positive tests or infections, such 
as urinary tract infections, sexually transmitted diseases 
(STDs), GBS, and HIV. 

 Women with multiple gestations should not be treated 
differently from those with singletons, except for caution 
in that their risk of pulmonary edema is greater when 
exposed to β  - mimetics or magnesium sulfate  [4] .There is 
insuffi cient evidence to justify the use of steroids for FLM 
and tocolysis before 23 weeks and after 33w 6d. 

Prophylaxis to prevent neonatal
morbidity/mortality from preterm birth
(fetal maturation)
 Betamethasone and dexamethasone are the only two cor-
ticosteroids that cross the placenta reliably and have been 
shown to benefi t the fetus. The regimen for one course of 
betamethasone is 12   mg IM every 24   h for two doses and 
for dexamethasone is 6   mg IM every 6   h for four doses. 
Betamethasone, if available, is preferred to dexametha-
sone  [5] . Corticosteroids given prior to PTB (either spon-
taneous or indicated) are effective in preventing 
respiratory distress syndrome (RDS), intraventricular 
hemorrhage (IVH), and neonatal mortality  [6] . Antenatal 
administration of 24   mg of betamethasone or dexametha-
sone to women expected to give birth preterm is associ-
ated with a 40% reduction in neonatal mortality, 47% 

Initial assessment

Diagnosis of preterm labor
 The vast majority of women who present with symptoms 
of PTL do not deliver preterm even without intervention. 
Therefore, it is important to establish the diagnosis of PTL 
before any treatment is ever considered. One of the most 
commonly used PTL diagnoses is the presence of uterine 
contractions ( ≥ 4/20   min or  ≥ 8/h)  and  documented cervi-
cal change with intact membranes at 20 – 36w 6d. In fact, 
70 – 80% of women even with this diagnosis of PTL do not 
deliver preterm. Women without manual cervical change 
do not have PTL and should not receive tocolysis.  

Fetal fi bronectin and  cervical length
 Because so many women with a diagnosis of PTL do not 
deliver preterm, two predictive tests, fFN and TVU CL, 
can be used, where available, in the initial assessment of 
the chance of delivering preterm. Women with PTL but 
TVU CL  ≥ 30   mm have a less than 2% chance of delivering 
within 1 week, and a more than 95% chance of delivering 
≥ 35 weeks without therapy  [1] , and should therefore not 

Box 44.1 Risk factors for preterm  birth

• Obstetric gynecologic history: prior spontaneous PTB; prior STL; 

prior ≥2 D &Es; prior cone biopsy; uterine anomalies; DES exposure; 

myomata; extremes of interpregnancy intervals; ART 

• Maternal lifestyle (e.g. smoking, drug abuse, STD) 

• Maternal prepregnancy weight  <50kg ( <120 lb); poor nutritional 

status

• Maternal age extremes ( <19; >35years)

• Race (especially African -American)

• Education ( <12th grade) 

• Certain maternal medical conditions (e.g. DM, HTN, anemia, peri-

odontal disease, etc.) 

• Low socio -economic status; unmarried; physical or psychological 

abuse

• Limited prenatal care 

• Family history of spontaneous PTB 

• Multiple gestation 

• Fetal disease 

• Hard physical labor (e.g.  >80h/week; standing >8h; shift work) 

• Vaginal bleeding (especially during second trimester) 

• Adverse behaviors (e.g. use of tobacco, alcohol, cocaine, heroin, 

etc.)

• Stress (mostly related to above risks) 

• Maternal infections 

• Short cervical length between 14 –28 weeks 

• Positive fetal fi bronectin 

• Uterine contractions 

ART, assisted reproductive technologies; D &E, dilation and evacuation; 

DES, diethylstilbestrol; DM, diabetes mellitus; HTN, hypertension; STD, 

sexually transmitted disease; STL, second trimester loss. 
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fewer infants with severe lung disease compared with 
infants in the placebo group  [8] , if repeated courses, espe-
cially four courses or more, are used, there is a possible 
association with birthweight < 10th percentile and small 
neonatal head circumference ( < 10th percentile), with evi-
dence of some later  “ catch - up ”  growth. 

 Thyrotropin - releasing hormone, phenobarbital, and 
vitamin K have not been shown to be benefi cial for fetal 
maturation and PTL management.  

Neuroprotection
 Antenatal magnesium sulfate given to women at imme-
diate risk for PTB because of PTL or PPROM at around 
24 – 33 weeks is associated with a 32% decrease in the 
incidence of cerebral palsy, with no other signifi cant 
benefi ts or detriments. This is based on data from fi ve 
randomized trials, establishing the neuroprotective 
effect of magnesium  [9] . Dose, timing, exact patient popu-
lation, and other long - term outcomes will require further 
trials.

Nontocolytic interventions
 Activity restriction (e.g. bedrest), hydration, and sedation 
have not been shown to be benefi cial in the management 
of PTL. Bedrest has never been tested by itself in singleton 
gestations complicated by PTL or PPROM. In twin 

reduction in RDS, and 52% reduction in IVH in preterm 
infants. There is a trend for a 41% reduction in necrotizing 
enterocolitis (NEC). These benefi ts apply to at least 24 –
 33w 6d and are not limited by gender or race. The effects 
are signifi cant mostly at 48   h to 7   days from the fi rst dose, 
but treatment should not be withheld even if delivery 
appears imminent, and effects even for babies delivered 
more than 7   days later have been reported. Such steroids 
should therefore be administered to any woman at these 
gestational ages at signifi cant PTB risk upon identifi ca-
tion of that risk. The results are mostly from singleton 
gestations, with fewer data on multiple gestations. There 
is no increase in maternal or fetal/neonatal infection. 
There are no contraindications. When used for only one 
course, no signifi cant side - effects have been reported. No 
adverse consequences of prophylactic corticosteroids for 
PTB in either the mothers or, most importantly, the infants, 
even at 10 years follow - up, have been identifi ed. 

 One single additional rescue course of betamethasone 
has been associated with a 36% decrease in RDS with no 
other additional benefi ts or detriments in women who 
remain undelivered more than 14   days after the fi rst 
course, but who are at continued risk of PTB before 30 
weeks in a randomized trial  [7] . More than two repeated 
courses of steroids for FLM should NOT be administered 
 [8] . While repeated courses have been associated with 

Figure 44.1     Preterm labor management algorithm.  Reproduced from Ness  et al   [2]  with permission from Elsevier.  CL, cervical length; 
fFN, fetal fi bronectin; PTB, preterm birth; PTL, preterm labor; TVU CL, transvaginal ultrasound cervical length.  
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Dose.  Ritodrine: 50 – 100    μ g/min IV initial dose, increase 
50    μ g/min every 10   min (max 350    μ g/min) (PO1 – 20   mg 
every 2 – 4   h). Terbutaline: 25   mg SQ every 20   min at fi rst, 
then 2 – 3   h, or 5 – 10    μ g/min IV, max 80    μ g/min; or 2.5 – 5   mg 
PO every 2 – 4   h (hold if maternal heart rate over 120/min). 

Mechanism of action.  Stimulate B 2  receptor through 
cyclic adenosine monophosphate, so no free calcium for 
myometrial contraction. 

Evidence for effectiveness.   β  - Mimetics decrease by 37% 
the number of women in PTL giving birth within 48   h 

pregnancies, bedrest in hospital has not been shown to 
decrease PTB  [10] . 

  Hydration 
 Intravenous hydration does not seem to be benefi cial, 
even during the period of evaluation soon after admis-
sion, in the management of women with PTL. Compared 
with bedrest alone, hydration is associated with similar 
incidence of PTB at < 37,  < 34, or  < 32 weeks  [9] . Admission 
to the neonatal ICU occurs with similar frequency in both 
groups. Cost of treatment is obviously higher in the 
hydration group. No studies have evaluated oral hydra-
tion in women with evidence of dehydration  [11] .  

  Prophylactic  a ntibiotics 
 There is no clear overall benefi t from prophylactic antibi-
otic treatment for women with PTL with intact mem-
branes on neonatal outcomes, and there are concerns 
about a trend for increased neonatal mortality for those 
who received antibiotics (relative risk [RR] 1.52, 95% con-
fi dence interval [CI] 0.99 – 2.34)  [12] . Rates of PTB at less 
than 36 – 37 weeks are similar in antibiotics and placebo 
groups, as is perinatal mortality. In the largest trial, with 
the longest (7 years) follow - up, co - amoxiclav or erythro-
mycin was associated with signifi cant increase in cerebral 
palsy, and erythromycin with an increase in functional 
impairment  [13] . Therefore antibiotics should not be used 
for prophylaxis in women with PTL.  

  Group  B   s treptococcus  p rophylaxis 
 As antibiotics can be detrimental, they should be used for 
GBS prophylaxis only in those pregnancies deemed at 
high risk to deliver preterm within 2 – 3 days, such as those 
with TVL CL less than 20   mm. Until GBS maternal status 
is known, these women should receive penicillin (or amp-
icillin if penicillin is not available) to prevent GBS neona-
tal infections, unless allergic  [14] .  

  Progesterone 
 Progesterone has been associated with prevention of 
PTB in certain asymptomatic women, i.e. those with 
prior PTB and/or with short CL before 28 weeks. In 
women symptomatic with PTL, progestational agents 
instead cannot be advocated for prevention of PTB 
when used in addition to tocolytics or solely for this 
purpose  [15] .   

Tocolysis
 The principles of tocolytic therapy are listed in Box  44.2 , 
and contraindications are listed in Box  44.3 .   

  Primary  t ocolysis  –  single  a gent 

β  - Mimetics 
 Ritodrine and terbutaline have been the more commonly 
studied agents. 

Box 44.3 Contraindications to tocolytic therapy

Maternal 

• Chorioamnionitis

• Severe vaginal bleeding/abruption 

• Preeclampsia 

• Medical contraindications to specifi c tocolytic agent (see text) 

• Other maternal medical condition that makes continuing the preg-

nancy inadvisable 

Fetal

• Intrauterine fetal death 

• Major (especially if lethal) fetal anomaly or chromosome 

abnormality

• Other fetal conditions in which prolongation of pregnancy is 

inadvisable

• Documented fetal maturity 

Box 44.2 Principles of tocolytic therapy

• At 24 –33w 6d, steroids for fetal maturation should always be given 

if tocolysis is initiated. Tocolytics should not be used without con-

comitant use of steroids for fetal maturation 

• Tocolysis is typically used for 48 h to allow steroid effect. Given 

side-effects, stop tocolytic therapy at 48 h after steroids given if PTL 

under control 

• No tocolytic agent has been shown to improve perinatal mortality 

• There is no tocolytic agent that is more safe and effi cacious. COX 

inhibitors are the only class of primary tocolytics shown to decrease 

PTB <37 weeks compared with placebo, while COX inhibitors,  β-

mimetics and ORA have been shown to signifi cantly prolong preg-

nancy at 48 h and 7 days compared with placebo. COX inhibitors, 

CCB, and ORA, properly used, have signifi cantly fewer side -effects 

than β-mimetics

• There is no  maintenance tocolytic agent that has been proven to 

prevent PTB or perinatal morbidity/mortality. There is insuffi cient 

evidence to evaluate multiple tocolytic agents for primary tocolysis, 

refractory (primary agent is failing, so another is started) tocolysis, 

or repeated tocolysis (after successful primary tocolysis) 

CCB, calcium channel blocker; COX, cyclooxygenase; ORA, oxytocin 

receptor antagonist; PTB, preterm birth; PTL, preterm labor. 
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Specifi c contraindications.  Cardiac disease; hypotension 
(< 90/50   mmHg); concominant use of magnesium; caution 
in renal disease. 

Side - effects.   Maternal : fl ushing, headache, dizziness, 
nausea, transient hypotension. Caution in women with 
hypotension and renal disease, as well as those on mag-
nesium (cardiovascular collapse).  Fetal/neonatal : None.  

  Cyclooxygenase  i nhibitors 
 Nonselective cyclooxygenase (COX) inhibitors: indometh-
acin (Indocin). Selective COX inhibitors (preferential 
COX - 2 inhibitors): sulindac (Clinoril); rofecoxib (Vioxx); 
celecoxib (Celebrex); ketorolac (Toradol); nimesulide. 

Dose.  Indomethacin: 50 – 100   mg loading dose (rectal or 
vaginal route preferred, oral otherwise), then 25 – 50   mg 
every 6   h for 48   h max, and always  < 32 weeks. Sulindac: 
200   mg PO every 12   h for 48   h. Ketorolac: 60   mg IM, then 
30   mg IM every 6   h for 48   h. 

Mechanism of action.  COX inhibitors, so inhibit pro-
staglandin synthesis, therefore inhibit myometrial 
contraction.

Evidence for effectiveness.  The nonselective COX inhibi-
tor indomethacin was used in 10/13 trials. 

 When compared with placebo, COX inhibition 
(indomethacin only studied) results in a 79% reduction in 
PTB at less than 37 weeks, an increase in gestational age 
of 3.5 weeks, and an increase in birthweight of approxi-
mately 700   g in two small trials  [18 – 20] . There is a trend 
towards a reduction in delivery within 48   h of initiation 
of treatment (RR 0.20, 95% CI 0.03 – 1.28) and within 7   days 
(RR 0.41, 95% CI 0.10 – 1.66)  [18] . No differences are 
detected in any other reported outcomes including peri-
natal mortality and RDS. 

 Used for 48   h only, the intravaginal route (100   mg every 
12   h) decreases delivery at 48   h (3/23 versus 8/23) and at 
less than 7   days (5/23 versus 13/23) compared with 
rectal/oral (100   mg rectally, followed by 25   mg PO every 
6   h), with some improvement in neonatal morbidities  [21] . 

 Compared with  β  - mimetics, COX inhibitors signifi -
cantly reduce by 63% the number of women delivering 
within 48   h of initiation of treatment. Compared with 
magnesium sulfate, COX inhibitors have a trend for a 
lower number of women delivering within 48   h of 
initiation of treatment (RR 0.75, 95% CI 0.40 – 1.40) 
and lower PTB at less than 37 weeks (RR 0.55, 95% CI 
0.17 – 1.73). 

 A comparison of nonselective (indomethacin and sulin-
dac) versus selective (rofecoxib and nimesulide) COX - 2 
inhibitor  [22,23]  does not demonstrate any differences in 
maternal or neonatal outcomes. Because of the small 
numbers, all estimates of effect are imprecise and need to 
be interpreted with caution. 

Specifi c contraindications.  Renal or hepatic disease, 
active peptic ulcer disease, poorly controlled hyper-
tension (HTN), nonsteroidal antiinfl ammatory drug 

compared with placebo, but are associated with no sig-
nifi cant decrease in births within 7   days or prior to 37 
weeks  [15] . No benefi t is demonstrated for  β  - mimetics on 
RDS or perinatal death. A few trials reported no differ-
ence detected in cerebral palsy, infant death, and NEC. 
Ritodrine has been the agent studied usually, with insuf-
fi cient evidence to evaluate effectiveness of other  β  -
 mimetics  [16] . 

Comparison with other tocolytics.  See below. 
Specifi c contraindications.  Cardiac arrhythmia or other 

signifi cant cardiac disease; diabetes mellitus (DM); poorly 
controlled thyroid disease (for ritodrine). 

Side - effects.   Maternal : hyperglycemia (140 – 200   mg/dL 
glucose in 20 – 50%. Mechanism: decreased peripheral 
insulin sensitivity and increased endogenous glucose pro-
duction). Hyperinsulinemia; hypokalemia (K < 3   mEq/L in 
50%); tremors, nervousness, dyspnea (10%), chest pain 
(5 – 10%), tachycardia/palpitations, arrhythmia (3%); ECG 
changes (2 – 3%); hypotension (2 – 3%); pulmonary edema 
(< 1 – 5%; mechanism: reduced sodium excretion, leading to 
sodium and therefore fl uid retention); headaches; nausea/
vomiting; and nasal stuffi ness. Ritodrine specifi c: altered 
thyroid function, antidiuresis.  Fetal/neonatal : ritodrine: 
tachycardia, hypoglycemia, hypocalcemia, hyperbiliru-
binemia, hypotension, IVH. Terbutaline: tachycardia, 
hyperinsulinemia, hyperglycemia, myocardial and septal 
hypertrophy, myocardial ischemia. 

  Calcium -  c hannel  b lockers 
 Nifedipine (most commonly) and nicardipine have been 
the calcium channel blocker (CCB) agents studied. 

Dose.  Nifedipine 20 – 30   mg for one dose, then 
10 – 20   mg every 4 – 8   h (max. 90   mg/day) (nicardipine 
dose similar). 

Mechanism of action.  Impair calcium channels, so inhibit 
infl ux of calcium into cell, and therefore myometrial 
contraction.

Evidence for effectiveness.  There are no studies of CCB 
compared with placebo for PTB prevention. When com-
pared with any other tocolytic agent (mainly  β  - mimetics), 
CCB reduce the number of women giving birth within 
7   days of receiving treatment by 24% and PTB at less than 
34 weeks ’  gestation by 17%  [17] . CCB show a trend to 
reduce PTB within 48   h of initiation of treatment (RR 0.80, 
95% CI 0.61 – 1.05), and PTB at less than 37 weeks ’  gesta-
tion (RR 0.95, 95% CI 0.83 – 1.09). CCB also reduces the 
frequency of neonatal RDS by 37%, NEC by 79%, IVH by 
41%, and neonatal jaundice by 27%. CCB also reduce the 
requirement for women to have treatment stopped for 
adverse drug reaction by 86%. There are insuffi cient data 
regarding the effects of different dosage regimens and 
formulations of CCB on maternal and neonatal outcomes; 
the most studied is nifedipine, at the dosage shown 
above. CCB should therefore be preferred to  β  - mimetics 
for tocolysis  [17] . 
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Specifi c contraindications.  Myasthenia gravis. 
Management.  Aim for 4 – 7 MgSO 4  level. Monitor urinary 

output. Follow deep tendon refl exes:  ↓  at  ≥ 8, absent  ≥ 10. 
≥ 10: respiratory depression;  ≥ 15 risk of cardiac arrest. 

Side - effects.   Maternal : fl ushing, lethargy, headache, 
muscle weakness, diplopia, dry mouth, pulmonary 
edema (1%; Mechanism: intravenous overhydration), 
cardiac arrest.  Fetal/neonatal : lethargy, hypotonia, hypoc-
alcemia, respiratory depression. Prolonged use: 
demineralization.

  Oxytocin  r eceptor  a ntagonists 
 Atosiban (Tractocile in Europe) is not Food and Drug 
Administration (FDA) approved, and therefore not avail-
able in the USA. 

Dose.  Atosiban 6.75   mg bolus, then 300    μ g/min IV for 
3   h, then 100    μ g/min (max. 45   h). 

Mechanism of action.  Competitive inhibitor of oxytocin 
via blockade of oxytocin receptor. 

Evidence for effectiveness.  Compared with placebo, atosi-
ban did not reduce incidence of preterm birth or improve 
neonatal outcome. In one trial, atosiban was associated 
with an increase in infant deaths at 12   months of age 
compared with placebo  [30] . However, this trial rand-
omized signifi cantly more women to atosiban before 26 
weeks ’  gestation. Use of atosiban resulted in lower infant 
birthweight and more maternal adverse drug reactions. 
Compared with  β  - mimetics, atosiban had similar inci-
dences of PTB or perinatal morbidity/mortality. Atosiban 
was associated with fewer maternal drug reactions requir-
ing treatment cessation  [31] . 

Side - effects.  Minimal to none. 
 There is currently insuffi cient evidence to support 

the administration of nitric oxide donors  [32] , proge-
sterone, or alcohol for prevention of PTB in women 
with PTL. 

  Primary  t ocolysis  –  multiple  a gents 
 s imultaneously 
 Indomethacin and ampicillin - sulbactam do not prevent 
PTB compared with placebo in women in PTL already 
receiving MgSO 4  tocolysis  [33] .  

  Refractory  t ocolysis  –  primary  a gent  i s  f ailing 
 Indomethacin is similar to sulindac in prevention of PTB 
in women failing primary MgSO 4  tocolysis  [34] .  

  Maintenance  t ocolysis  –  after  s uccessful 
 p rimary  t ocolysis 
 There is evidence that all agents used so far for mainte-
nance tocolysis do not prevent PTB, recurrent PTL, recur-
rent hospitalizations, or perinatal morbidity and mortality. 
These include oral β  - mimetics  [35] , terbutaline pump  [36] , 
CCB  [37] , COX inhibitors  [38,39] , magnesium  [40] , or 
atosiban  [41] .   

(NSAID)- sensitive asthma, coagulation disorders/
thrombocytopenia. 

Side - effects.  When used for only 48   h, no serious mater-
nal or fetal/neonatal side - effects occur, and fetal sur-
veillance is not indicated. Usually COX inhibitors are 
better tolerated by the mother than other tocolytics such 
as magnesium and betamimetics.  Maternal : as with any 
NSAID, mild gastrointestinal upset  –  nausea, heartburn 
(take with some food/milk) (COX - 1). Gastrointestinal 
bleeding (COX - 1), coagulation and platelet abnormali-
ties (COX - 1), asthma if aspirin sensitive. NSAIDs may 
obscure elevation in temperature. Long - term rofecoxib 
(Vioxx) use in adults has been associated with stroke, 
so this drug is now not available in many countries. 
 Fetal/neonatal : in randomized controlled trials (RCTs), 
403 women received short - term tocolysis (up to 48   h) 
with COX inhibitors (mainly indomethacin) and there 
was only one case of antenatal closure of the ductus 
arteriosus (incidence < 0.3%). There was no increase in 
the incidence of patent ductus arteriosus postnatally 
 [18] . No difference in incidences of IVH, bronchopul-
monary dysplasia, patent ductus arteriosus, NEC, or 
perinatal mortality was noted in a review of RCTs 
aimed at evaluating safety  [24] . Use for more than 48   h, 
especially ≥ 32 weeks, is associated with signifi cant fetal 
effects such as constriction of the ductus arteriosus, 
which can lead to hydrops, pulmonary hypertension, 
and death, and renal insuffi ciency, manifested  in utero
by oligohydramnios. Other effects with prolonged use 
such as hyperbilirubinemia, NEC, and IVH have not 
been shown with less than 72 - h use. Selective COX - 2 
inhibitors have not been shown consistently to be any 
safer for the fetus/neonate than nonselective COX 
inhibitors such as indomethacin. Therefore, continuous 
use of COX inhibitors for more than 48   hours and  ≥ 32 
weeks is contraindicated. 

  Magnesium  s ulfate ( M  g  SO  4 ) 
Dose.  40   g MgSO 4  in 1   L d51/2NS. Initial: 4 – 6   g/30   min, 

then 2 – 4   g/h. A dose of 5   g/h has not been shown to be 
benefi cial in perinatal outcome compared with a dose of 
2   g/h, and is associated with signifi cant side - effects  [25] . 
Weaning MgSO 4  tocolysis has no benefi ts and a few 
harmful side - effects compared with stopping MgSO 4
abruptly  [26] . 

Mechanism of action.  Intracellular calcium antagonist. 
Evidence for effectiveness.  Compared with placebo, there 

is insuffi cient evidence to show if magnesium sulfate 
reduces the incidence of PTB or perinatal morbidity and 
mortality  [27 – 29] . Compared with all controls (including 
other tocolytics), magnesium sulfate did not prevent PTB 
at 48   h, PTB at less than 37 weeks or PTB at less than 32 
weeks. Perinatal death was higher but very rare, while 
perinatal morbidities were similar  [27] . Dosage of magne-
sium did not affect effi cacy. 
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babies in the planned CD group show no statistical dif-
ferences compared with expectant management, except a 
more frequent low cord pH. The numbers so far are too 
small for defi nite conclusions, including for differentiat-
ing by fetal presentation  [42] .     

Mode of delivery
 There is insuffi cient evidence to evaluate the use of a 
policy for uniform planned cesarean delivery (CD) com-
pared with expectant management and selective CD for 
preterm babies (approximately 24 – 36 weeks)  [42] . Mothers 
in the planned CD group have higher morbidity, while 

    A 25 - year - old, African - American, gravida 6, para 0141 
calls her obstetrician at 28w 6d with complaints of vaginal 
pressure. Upon questioning, she states that she might 
have intermittent cramps. Based on this history, the 
attending physician asks her to come to labor and deliv-
ery to be evaluated. 

 Her past obstetric history is signifi cant for two sponta-
neous abortions, two induced abortions, and one PTB at 
30 weeks the year before. This PTB had been preceded by 
PTL, unsuccessfully treated with magnesium sulfate. She 
received steroids for fetal maturation, and her 1484   g (3   lb 
4   oz) baby is currently doing well. She denies any other 
risk factors for PTB. Her prenatal course has been une-
ventful. Her expected date of confi nement has been con-
fi rmed by an 18 - week ultrasound. Her prenatal laboratory 
tests were within normal limits, including a negative HIV 
test.

 On physical exam, her blood pressure is 110/74   mmHg, 
pulse 86   beats/min, temperature 36.9 ° C (98.4 ° F), respira-
tory rate 20. No tenderness or contractions are identifi ed. 
On speculum exam, pooling, ferning, and nitrazine are 
negative, and so rupture of membranes is ruled out. Tests 
for fFN, GBS, gonorrhea and  Chlamydia  are collected. Her 
cervical exam is 2   cm dilated, 1   cm long,  - 2 station. The 
clinical impression is vertex presentation and size less 
than dates. Fetal heart and tocomonitoring are initiated. 

 Twenty minutes after arrival, the fetal heart appears 
reassuring and appropriate for gestational age. On toco-

monitoring, she is contracting every 4   min. An ultrasound 
is performed and reveals an appropriate for gestational 
age estimated fetal weight (1498   g), vertex presentation, 
no placenta previa, and Amniotic Fluid Index of 10. TVU 
reveals a cervical length of 19   mm. 

 Based on contraction frequency and cervical exam fi nd-
ings, especially the short CL  < 20   mm, a diagnosis of PTL 
is made. Betamethasone 12   mg   IM is given with a plan to 
give a second dose at 24   h. 100   mg indomethacin is given 
per rectum , with a plan for continuing this drug 50   mg 
every 6   h for 48   h. Extensive counseling is given regarding 
safety and effectiveness of all interventions, prognosis, 
and possible complications. A neonatal consult is ordered. 
The NICU is level III, and there is availability for care in 
case of a 28 - week PTB. 

 An hour later, contractions are diminishing in fre-
quency and intensity. Regular nutrition is allowed. Later, 
the contractions resolve, the fFN result returns as positive, 
while GBS, gonorrhea,  Chlamydia , and urine culture are 
negative. Antibiotics for GBS prophylaxis are discontin-
ued. Hospitalization is continued as planned for a total of 
48   h, with tocomonitoring for 1   h every shift and at the 
patient ’ s request if she feels symptoms of PTL. 

 Forty - eight hours after initial assessment, she is dis-
charged home with PTL precautions and close follow - up, 
aware of her high chance of PTB at less than 35 weeks and 
its consequences. 

CASE PRESENTATION 
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     The placenta usually implants in the upper uterine 
segment. However, in some cases, it implants in the lower 
uterine segment, either covering the internal cervical os 
or lying in close proximity to it. This abnormal implanta-
tion into the lower segment, called placenta previa, is one 
of the most important causes of bleeding in the second 
half of pregnancy and during labor, and is associated with 
signifi cant maternal and perinatal morbidity and occa-
sionally mortality. Placenta previa may also be associated 
with two other clinically important conditions, placenta 
accreta and vasa previa, which are also discussed in this 
chapter.  

Placenta previa

 Placenta previa has traditionally been classifi ed into four 
types (Figs  45.1  and  45.2 ).
1.      Complete placenta previa , where the placenta completely 

overlies the internal os (see Fig.  45.2 ).    
2.      Partial placenta previa , where the placenta partially 

overlies the internal os. 
3.      Marginal placenta previa , where the placental edge 

just reaches to the internal os, but does not cover it 
(Fig.  45.3 ).    

4.      Low - lying placenta , which reaches into the lower uterine 
segment but does not reach the internal os.    

Incidence and risk factors
 Placenta previa complicates approximately 1 in 200 preg-
nancies (0.5%)  [1,2] . Studies have identifi ed several risk 
factors for placenta previa. These include prior cesarean 
delivery  [3] , prior uterine surgery, smoking  [2] , multifetal 
gestation  [4] , cocaine use, increasing parity, and increas-
ing maternal age  [1,2,5] . The risk of placenta previa 
increases with the number of prior cesarean deliveries 
in a dose – response manner. It is not clear why the 
placenta implants in the lower uterine segment in some 

pregnancies. However, it has been established that scar-
ring of the endometrium as a consequence of cesarean 
delivery or intrauterine surgery signifi cantly increases the 
risk of placenta previa.  

Clinical presentation
 Patients with placenta previa typically present with pain-
less bleeding in the early third trimester. The initial bleed 
is usually not very heavy and typically does not lead to 
delivery, but is frequently suffi cient to cause signifi cant 
alarm. However, approximately one - third of cases of pla-
centa previa will experience no bleeding prior to the onset 
of labor  [6] . Not infrequently, there is a fetal malpresenta-
tion or unstable lie. This is because the placenta lies in the 
lower uterine segment, preventing engagement of the 
fetal head. 

Diagnosis
 The diagnosis of placenta previa is usually made by 
sonography. This typically occurs in one of two scenarios. 
In the fi rst, the diagnosis is made in asymptomatic women 
on routine sonography, and the second is when sonogra-
phy is performed in women who present with vaginal 
bleeding in the late second or early third trimester. 
Transabominal sonography will detect the majority of 
cases of placenta previa. However, transabdominal 
sonography will produce false - positive or false - negative 
diagnoses of placenta previa in 10 – 20% of cases  [7] . A 
common reason for false - positive diagnoses is the approx-
imation of the anterior and posterior walls of the lower 
uterine segment that occurs with the bladder fi lling that 
is necessary for transabdominal sonography; this may 
give a false impression of a placenta previa  [8] . Crucial 
landmarks such as the internal os and the lower placental 
edge are frequently not adequately visualized using 
transabdominal sonography, producing a false - negative 
diagnosis  [7] . In addition, the fetal head may prevent 
adequate visualization of the region over the cervix  [8] . 
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safe and does not lead to an increase in vaginal bleeding 
 [9,10] . When transvaginal sonography is used, false -
 positive diagnoses of placenta previa are avoided; thus, 
the reported incidence of placenta previa using trans-
vaginal sonography is considerably lower than that 
obtained by transabdominal sonography. This has 
several potential benefi ts, the main one being that 
women who do not actually have a placenta previa do 
not have unnecessary lifestyle restrictions and interven-
tions. Translabial or transperineal sonography and mag-
netic resonance imaging (MRI) have also been used for 
placental location. However, these techniques have no 

 Finally, a posterior placenta may be diffi cult to image 
transabdominally. Transvaginal sonography places the 
transducer closer to the region of interest, and because 
of the higher frequencies produced by transvaginal 
transducers, produces images of superior resolution to 
those obtained by transabdominal sonography  [8] . In 
virtually all cases, the internal os and the placenta can 
be adequately visualized using this technique (see Figs 
 45.2  and  45.3 ). Numerous studies have consistently 
demonstrated that transvaginal sonography is more 
accurate in the diagnosis of placenta previa than transab-
dominal sonography  [8,9] . Furthermore, the technique is 

Figure 45.1     Types of placenta previa.  Complete:  placental tissue completely overlies the internal os (can be central or noncentral, 
depending on whether or not the center of the placenta is directly over the os).  Partial:  placental tissue is situated over part of the os but 
does not completely overlie it. Marginal:  placental tissue approaches the edge of the os but does not overlie any part of it.  Low- lying:
placental tissue is implanted in the lower uterine segment but does not reach the edge of the os.  Reproduced from Oyelese and Smulian
 [39]  with permission from Lippincott, Williams and Wilkins.   

Complete Partial Marginal Low-lying

Figure 45.2     Transvaginal sonogram of a complete placenta previa 
(placenta marked  “ p ” ). The placenta can be seen completely 
overlying the internal os (indicated by the arrow). The fetal head 
is marked  “ h ” .  

Figure 45.3     Transvaginal sonogram demonstrating a marginal 
placenta previa (p). The internal os is again clearly shown ( short
arrow ). There is a prominent sinus at the placental edge. The 
actual placental edge is indicated by the long arrow. Because this 
placenta was less than 2   cm from the internal os, the patient 
required a cesarean delivery. The fetal head is marked  “ h ” .  
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thus a vicious cycle is set up. It was traditionally taught 
that tocolytics should not be used in the presence of 
vaginal bleeding. However, studies of tocolytic usage in 
women with placenta previa have demonstrated that they 
may safely be used with caution, and are associated with 
signifi cant prolongation of gestation and increased birth-
weight  [12,13] . 

 The subsequent management depends on gestational 
age, fetal and maternal status, and the presence of any 
other co - existing conditions. At a gestational age of less 
than 36 weeks, conservative management, rather than 
immediate delivery, is desirable, because prematurity is 
the cause of most of the perinatal mortality associated 
with placenta previa. Blood transfusions may be given as 
required. Cotton  et al   [14]  found that delivery could be 
deferred with conservative management in two - thirds of 
patients with symptomatic placenta previa, and that half 
of patients with an initial hemorrhagic episode exceeding 
500   mL did not require immediate delivery. These authors 
achieved a mean prolongation of pregnancy of 16.8   days 
in women with symptomatic previas. Similarly, Silver  et
al   [15] , with conservative aggressive management, pro-
longed gestation by at least 4 weeks in 50% of patients 
with a symptomatic previa. 

 If the mother and fetus are stable, hospitalization for at 
least 48   h is justifi ed. When there has been no bleeding for 
at least 24 – 48   h, the patient may be discharged and sub-
sequently managed as an outpatient  [16] . However, it is 
essential that women who are considered for outpatient 
management live in close proximity to the hospital, have 
a responsible adult at home, and have access to telephone 
services and transportation. Outpatient management has 
been compared with inpatient management in a few 
studies  [16,17] . A randomized controlled study found that 
stable patients with placenta previa could be safely 
managed as outpatients with substantial savings in hos-
pital costs and no worse outcomes (assessed by gesta-
tional age at delivery, birthweights, blood transfusions, 
and neonatal outcomes) than women managed as inpa-
tients  [17] . A recent study found that the cervical length 
was predictive of bleeding; patients with a cervical length 
of less than 3   cm were at increased risk for bleeding  [18] . 
In another study, cervical lengths were not associated 
with bleeding, but women with shorter cervices had 
higher rates of emergency cesarean delivery at  < 34 weeks. 
Thus cervical lengths may play a role in the management 
of women with placenta previa  [19] .  

Complications

  Fetal 
 Placenta previa is associated with increased perinatal 
mortality as well as an excess in neonatal deaths after live 
births  [19,20] . There is a higher risk of preterm birth, and 
prematurity is the reason for most of the perinatal deaths 

benefi ts over the more readily available transvaginal 
sonogram.

Placental migration
 It has been well documented that the majority of women 
in whom a placenta previa is detected in the second tri-
mester will no longer have a placenta previa by the third 
trimester. It is not clear why this occurs. Studies using 
transvaginal sonography have shown that the incidence 
of second - trimester placenta previa is 1.1 – 4.9%  [11] . 
Approximately 90% of these will resolve before term  [11] . 
The apparent movement of the placenta away from the 
cervix is most likely the consequence of the development 
of the lower uterine segment, leading to a stationary 
lower placental edge appearing to move away from the 
cervix. Another proposed mechanism is preferential 
growth of the placenta towards the better vascularized 
fundus.

 The likelihood that a second - trimester placenta previa 
will persist until term can be determined by the degree 
by which the placenta overlies the internal os in the 
second trimester. Placentas that do not cover the internal 
os in the second trimester are unlikely to be placenta 
previas at term. Conversely, placentas that overlie the 
internal os by 1.5   cm or more are less likely to resolve by 
term  [11] .  

Management
 Women who present with vaginal bleeding in the late 
second or third trimester should be considered to have a 
placenta previa until proven otherwise. However, it must 
be emphasized that even though this bleeding is classi-
cally described as painless, there may be pain, probably 
the consequence of contractions or placental separation. 
A digital vaginal examination is contraindicated; this may 
provoke torrential vaginal bleeding. At least one (and 
preferably two) wide - bore intravenous cannulae should 
be inserted and intravenous fl uids should be started. 
Blood should be taken for a complete blood count, blood 
type, and screen, and at least 2   units of blood should be 
crossmatched. Sonography, preferably by the transvagi-
nal route, should be performed to confi rm or rule out the 
diagnosis of placenta previa. The patient should be admit-
ted and, initially at least, placed on bedrest. Blood pres-
sure, pulse, and urine output should be monitored closely. 
Fetal sonography should be performed to rule out fetal 
anomalies, evaluate fetal growth and amniotic fl uid 
volume. Continuous fetal heart rate monitoring should be 
commenced. Steroids should be administered to promote 
fetal lung maturation if the gestational age is between 24 
and 32 weeks. 

 In women who are having contractions, cautious use of 
tocolytics is reasonable  [12] . Frequently, the contractions 
cause further placental separation, which causes further 
bleeding, which in turn causes more contractions, and 
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edge - to - internal os distance of 1 – 2   cm successfully deliv-
ered vaginally, compared with only 27.3% when this dis-
tance was 0 – 1   cm  [27] . It must be pointed out that in 
several of these studies, the delivering obstetricians were 
not blinded to the ultrasound results, and thus these 
results may be signifi cantly biased. Nonetheless, based on 
newer data, it does appear reasonable to offer a trial of 
labor to women with a placental edge - to - os distance of 
11   mm or greater by transvaginal sonography, who have 
no other contraindications to vaginal delivery. 

 In women with an anterior placenta previa, the surgeon 
generally has to either incise through the placenta and 
separate the placenta prior to delivery of the fetus or 
make an incision that avoids the placenta, such as a verti-
cal fundal incision. Generally, a lower segment transverse 
incision can be used, but it is useful to determine placen-
tal location by sonography prior to the operation, and 
preferably to avoid the placenta.   

Vasa previa

 The term “vasa previa” refers to fetal blood vessels 
running through the membranes over the cervix, unpro-
tected by umbilical cord or placental tissue (Fig.  45.4 )  [28] . 
Consequently, when the membranes rupture, these 
vessels frequently rupture also, often resulting in fetal 
exsanguination  [28] . Undiagnosed prenatally, this con-
dition carries a perinatal mortality of approximately 56% 

 [18] . Placenta previa is also associated with an increased 
risk of congenital malformations, respiratory distress syn-
drome, and intrauterine growth restriction  [20] . The peri-
natal mortality rate associated with placenta previa is 
approximately three times that of controls  [20,21] .  

  Maternal 
 Women with complete or partial placenta previa require 
cesarean delivery. In addition, the condition is a major 
cause of obstetric hemorrhage  [22] . Frequently, blood 
transfusions are necessary. While in almost all cases of 
placenta previa there is some degree of placental separa-
tion, women with placenta previa are also at increased 
risk of concurrent placental abruption. Prolonged bedrest 
may put women at greater risk of thromboembolic disease 
 [22] . Morbid adherence of the placenta occurs more fre-
quently in women with placenta previa, and frequently 
these women will go on to have a hysterectomy  [22] .   

Timing of delivery
 Women with a placenta previa should be delivered by 
cesarean at a time when fetal lung maturation is likely 
and before catastrophic bleeding occurs. Doubtless, these 
patients are better delivered in a controlled scheduled 
setting, rather than as an emergency for bleeding. A 2003 
study demonstrated that the perinatal mortality for preg-
nancies complicated by placenta previa started to rise 
after approximately 37 weeks  [21] . For these reasons, 
scheduled cesarean delivery at 36 – 37 weeks after docu-
mentation of fetal lung maturity by amniocentesis appears 
reasonable.  

Mode of delivery and uterine incisions
 There is consensus that women with complete or partial 
placenta previa require cesarean delivery. What is more 
controversial is the mode of delivery of women with pla-
centas that lie in close proximity to the internal os but do 
not cover it. A few studies have addressed the mode of 
delivery in these patients  [23 – 27] . In an early study, 
Oppenheimer et al   [23]  found that a lower placental edge 
to internal os distance of 2   cm or greater on transvaginal 
sonography was likely to result in a successful trial of 
labor. Similar fi ndings were noted by Bhide  et al   [24] . 
Women who had a placental edge to os distance in excess 
of 2   cm did not require cesarean delivery for bleeding, 
whereas when the distance was less, the patients invari-
ably required cesarean delivery. However, a more recent 
study by Vergani and co - workers found that more than 
two - thirds of women delivered vaginally if the distance 
between the placental edge and the internal cervical os 
was 11   mm or greater  [26] . When this distance was 
between 0 and 10   mm, 75% of women required a cesarean 
delivery and 29% experienced bleeding before labor. In 
another retrospective study, Bronsteen and colleagues 
found that 76.5% of women with a placental 

Figure 45.4     Vasa previa shown after cesarean delivery. In this 
case, the diagnosis had been made prenatally. Prominent 
velamentous vessels traverse the membranes ( arrows ).  “ p ”  marks 
the placenta. 
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may be palpated in the unruptured membranes during a 
cervical examination  [24] . More recently, vasa previa has 
been diagnosed during routine second - trimester sonogra-
phy or during sonography in patients presenting with 
bleeding in the second half of pregnancy or patients 
having sonography for low - lying placentas  [29 – 33] .    

Diagnosis
 The diagnosis of vasa previa may be made based on a 
history of fetal death or distress associated with bleeding 
when the membranes rupture. The delivery of an 
extremely pale, exsanguinated infant and the fi nding of 
ruptured velamentous vessels on placental examination 
after delivery confi rm the diagnosis. The diagnosis of 
vasa previa may be made in asymptomatic women during 
second- trimester obstetric sonography. Vasa previa has 
the appearance of linear or tubular structures overlying 
the cervix. Color Doppler should be employed to demon-
strate fl ow through these vessels, and if pulsed Doppler 
demonstrates a fetal umbilical or venous waveform, the 
diagnosis is confi rmed (Fig.  45.6 ). Care must be taken to 
distinguish a vasa previa from a funic presentation. In a 
funic presentation, the vessels will move away from the 
cervix with changes in maternal position, while the posi-
tion will remain constant.   

 Several studies have examined the utility of routine 
screening for vasa previa in asymptomatic patients during 
the second - trimester obstetric sonogram  [33 – 36] . These 
studies have consistently demonstrated that vasa previa 
can be diagnosed with accuracy and without excessive 
extra time over that required for the obstetric examination 
 [33 – 36] . The strategy for screening for vasa previa consists 
of identifying the placental cord insertion during the 
sonographic examination. This essentially excludes a 
vasa previa unless there is a multilobed placenta. In 
women with multilobed placentas, those with second -
 trimester low - lying placentas, and those with multifetal 
gestations, transvaginal sonography with a color Doppler 
sweep of the region over the cervix should be performed. 

 [29] . Vasa previa can result from velamentous insertion of 
the umbilical cord into the placenta or from vessels 
running between lobes of a placenta with accessory 
lobes  [28] .   

Incidence and risk factors
 The diagnosis of vasa previa is often missed, and thus 
accurate estimates of the frequency of this condition are 
diffi cult to make. Nonetheless, studies suggest that the 
incidence of clinically recognized vasa previa is approxi-
mately 1 in 2500 deliveries  [28] . Major risk factors for vasa 
previa include second - trimester low - lying placentas or 
placenta previa  [28 – 31] . This risk exists even when the 
placenta previa is no longer low - lying by the time of 
delivery  [29,31] . Other risk factors include pregnancies 
resulting from  in vitro  fertilization  [28,32] , multifetal ges-
tations, and pregnancies where the placenta has one or 
more succenturiate lobes  [28,29] .  

Pathophysiology
 While the exact reason for developing vasa previa remains 
unknown, two main hypotheses exist as to the condition ’ s 
pathogenesis. In the fi rst, it is thought that the portion of 
the placenta that overlies the cervix early in pregnancy 
undergoes atrophy because of poor vascularity in that 
region, leaving blood vessels running exposed through 
the membranes. The second hypothesis suggests that the 
placenta grows preferentially toward the better vascular-
ized upper segment, again leaving blood vessels exposed 
during its differential growth.  

Clinical presentation
 The classic presentation of vasa previa is of vaginal bleed-
ing at the time of rupture of the membranes followed by 
fetal death or distress. A sinusoidal fetal heart rate tracing 
in this scenario is virtually pathognomonic of vasa previa 
(Fig.  45.5 ). Pressure on the exposed vessels by the present-
ing part may lead to recurrent variable decelerations, 
even in cases with intact membranes. Rarely, fetal vessels 

Figure 45.5     Sinusoidal fetal heart rate 
tracing in a patient with a ruptured vasa 
previa. The patient, in labor, ruptured her 
membranes and had bleeding at the same 
time. Emergency cesarean delivery was 
performed. The infant was born extremely 
pale, was immediately transfused, and did 
well.
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Figure 45.6     Color Doppler of vasa previa showing fl ow through 
a vessel running over the internal os (marked by the asterisk). 
The fetal head is marked  “ h ” .  

ean delivery and neonatal blood transfusion may be life -
 saving  [37] . 

 Recently, we have used three - dimensional sonography 
to map out the course of the vessels prior to surgery in 
order to plan our incision to avoid transecting the vessels. 
At cesarean delivery, a transverse uterine incision may be 
made, but it is important to avoid incising or rupturing 
the membranes after the uterine incision. Every attempt 
should be made to deliver the fetus en caul,  with intact 
membranes.

Outcomes
 Perinatal deaths from vasa previa are for the most part 
preventable; good outcomes depend on prenatal diagno-
sis and delivery by cesarean before the membranes 
rupture  [28] . Because the fetal blood volume is only 
approximately 100   mL/kg at term, relatively small 
amounts of blood loss may prove catastrophic to the 
fetus, and thus everything must be done to ensure deliv-
ery before fetal hemorrhage occurs  [28] . A study of 155 
cases of vasa previa demonstrated that the most impor-
tant factor in assuring a good perinatal outcome was pre-
natal diagnosis; the perinatal mortality in pregnancies in 
which the prenatal diagnosis had been made was 56% 
 [29] . Furthermore, in survivors in cases where the prena-
tal diagnosis had not been made, the median Apgar 
scores were 1 at 1   min and 4 at 5   minu  [29] . In addition, 
over half of these survivors required neonatal blood 
transfusions  [29] . Conversely, when the diagnosis was 
made prenatally, less than 3% of fetuses/neonates died 
(over 97% survived), and the median Apgar scores were 
7 and 9 at 1 and 5   min, respectively  [29] . In these patients, 
neonatal blood transfusions were rarely required  [29] .   

Placenta accreta

 Placenta accreta refers to a placenta that is abnormally 
adherent. This condition is caused by a defi ciency of the 
decidua basalis. Invasion into the myometrium is called 
placenta increta, while invasion through the serosa is 
termed placenta percreta. In placenta percreta, the pla-
centa may invade adjacent structures such as the bladder, 
ureters, bowel, and omentum. In all these entities, the 
placenta does not separate after delivery and the condi-
tion is associated with massive blood loss and high mater-
nal morbidity and mortality. 

Incidence and risk factors
 The incidence of placenta accreta is estimated at 1 in 500 –
 2500 pregnancies  [38,39] . The most important risk factors 
for placenta accreta are a prior cesarean delivery and a 
placenta previa in the current pregnancy  [38 – 42] . Clark 
et al   [41]  showed that the incidence of placenta accreta 
increased with the number of prior cesarean deliveries, 

The diagnosis of vasa previa has been made in women 
presenting with third - trimester bleeding by testing the 
vaginal blood for fetal blood cells using a test such as the 
Apt test or Kleihauer – Betke test. However, these tests are 
rarely used for this purpose, and diagnosis by ultrasound 
is preferable.  

Management
 Asymptomatic women with a second - trimester diagnosis 
of vasa previa should be informed about the diagnosis 
and about the severity of the condition. These women 
should report to hospital immediately should they expe-
rience contractions, bleeding, or loss of fl uid. Coitus 
should be avoided. Consideration should be given to 
admission to the hospital at approximately 32 weeks ’  
gestation. The major purpose for admission is to ensure 
quick access to immediate cesarean delivery should the 
membranes rupture. In selected cases in which the cervi-
cal length is > 3   cm on transvaginal sonography, and in 
which the fetal fi bronectin test is negative and there are 
no symptoms, outpatient management may be an option. 
Because the majority of these women will be delivered 
preterm, steroids should be administered to promote 
fetal lung maturation. The patient should be seen by a 
neonatologist, and facilities for immediate neonatal blood 
transfusion in the delivery room should be available. 
Delivery should be by cesarean at 35 – 36 weeks or after 
documentation of fetal lung maturation, or if in the third 
trimester, should signifi cant bleeding, labor, or rupture of 
the membranes occur. This is earlier than the 39 weeks 
which is generally recommended for elective deliveries. 
However, the risk of prematurity may be less than that 
of fetal exsanguination should the membranes rupture. 
When the membranes have ruptured, immediate cesar-
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rising from 25% in women with one prior cesarean to 68% 
in women with a low - lying placenta and three prior cesar-
ean deliveries. Consequently, as a result of increasing 
cesarean rates, the incidence of placenta accreta is rising. 

Pathophysiology
 Recently, it has become clear that prior cesarean deliveries 
are a risk factor for placenta accreta. In a retrospective 
study of fi rst - trimester ultrasound images of patients who 
later ended up with placenta accreta, Comstock and col-
leagues found that the gestational sac was implanted 
abnormally low and in the anterior part of the uterus  [43] . 
Observations such as these have led to the hypothesis that 
placenta accreta generally starts off as pregnancy implan-
tation in the defi cient scar of a prior cesarean. Thus, it is 
possible that the placenta does not actually invade the 
myometrium but rather, there is abnormal pregnancy 
implantation in the defi cient myometrium at the scar site 
rather than in the decidua.  

Clinical presentation and diagnosis
 Placenta accreta should be suspected, particularly in 
women with a history of prior cesarean or intrauterine 
surgery, when the placenta fails to separate after delivery. 
However, the diagnosis may be made prenatally using 
sonography  [42,44,45] . Placenta accreta should be sus-
pected in women with a prior cesarean delivery who have 
a placenta previa in the current pregnancy  [42,44,45] . 
These women should have a targeted sonographic exami-
nation for evidence of placenta accreta  [44,45] . Comstock 
reviewed the antenatal sonographic diagnosis of placenta 
accreta and found that the most reliable sign of placenta 
accreta is the presence of prominent vascular spaces or 
lacunae in the placenta  [44,45] . This may give the placenta 
a  “ moth - eaten ”  appearance (Fig.  45.7 ). Other sonographic 
signs of placenta accreta include absence of the retropla-
cental clear space, the presence of a highly vascular 
myometrial– bladder interface, and invasion into the 
bladder  [44,45] . These authors found a sensitivity of 93% 

Figure 45.7     Gray - scale sonogram of placenta accreta. Note the 
prominent lacunae in the placenta, giving a  “ moth - eaten ”  
appearance ( arrow ).  

    A 46 - year - old gravida 1, para 0 woman became pregnant 
with twins following in vitro  fertilization with donor eggs 
due to infertility. An early sonogram showed that the 
twins were dichorionic diamniotic. Transabdominal 
sonography at 20 weeks showed a complete placenta 
previa. Transvaginal sonography confi rmed this. At 30 
weeks’  gestation she experienced painless vaginal bleed-
ing. Transabdominal and transvaginal sonography 
showed that there was a vasa previa of twin A. She was 
admitted to hospital at 32 weeks and steroids were 
administered. At 35 weeks, the patient was delivered by 

elective cesarean delivery. Examination of the placenta 
after delivery confi rmed the presence of velamentous 
vessels, consistent with the diagnosis of a vasa previa. 

  Management  p oints 
 The patient conceived by  in vitro  fertilization, was expect-
ing twins, and had a second - trimester complete placenta 
previa. These are all risk factors for vasa previa. In these 
patients, it is especially important to screen for vasa 
previa using transvaginal sonography with color Doppler. 
Good outcomes depend on a high degree of suspicion 

CASE PRESENTATION 

and a positive predictive value of 92% using gray - scale 
ultrasound for placenta accreta. 

 Color Doppler imaging has been used in the diagnosis 
of placenta accreta, with the main fi nding being turbulent 
lacunar blood fl ow extending from the placenta into the 
surrounding tissues. MRI is useful and accurate in diag-
nosing placenta accreta, but does not appear to offer any 
advantages over sonography, except in cases where there 
is a posterior placenta. Elevated maternal serum  α  -
 fetoprotein (MSAFP) levels may be found in women with 
placenta accreta  [46] , and therefore women with unex-
plained elevated MSAFP levels should have targeted 
sonography to rule out placenta accreta. The management 
of placenta accreta is covered elsewhere in this book (see 
Chapter  36 ).     
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 The patient was admitted to hospital at 32 weeks. While 
admission is not mandatory, it allows quick access to the 
operating room for emergency cesarean delivery should 
the membranes rupture. In cases in which the cervix is 
> 3   cm long on transvaginal sonography, closed with no 
funneling or dynamic changes, and the patient does not 
have any contractions, outpatient management may be a 
reasonable option. However, it must be emphasized that 
not all cases of membrane rupture can be predicted accu-
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are at high risk of preterm delivery. 

 The patient was managed conservatively until 35 
weeks. Earlier cesarean delivery would have been per-
formed if she had experienced rupture of the membranes, 
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 The patient was delivered electively at 35 weeks. This 
is earlier than the 39 weeks generally recommended for 
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natal units and the neonatologists should be informed 
prior to delivery.   
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Chapter 46 
Prolonged Pregnancy 

  Teresa     Marino   and     Errol R.     Norwitz  
  Department of Obstetrics and Gynecology, Tufts Medical Center and Tufts University School of Medicine, Boston, MA, USA       

     The timely onset of labor and delivery is an important 
determinant of perinatal outcome. Both preterm births 
(defi ned as delivery prior to 37 weeks ’  gestation) and 
postterm births (defi ned as delivery after 42 weeks ’  gesta-
tion) are associated with increased neonatal morbidity 
and mortality. Much attention has been paid to the 
problem of preterm birth. Despite the observation that 
antepartum stillbirths account for more perinatal deaths 
than either complications of prematurity or sudden infant 
death syndrome and the fact that the risks of postterm 
pregnancy can be easily avoided by earlier induction of 
labor, the issue of postterm pregnancy has received little 
attention. This chapter reviews in detail the risks of con-
tinuing pregnancy beyond the due date, the option of 
induction of labor, and the management of low - risk post-
term pregnancies.  

Defi nitions 

 Prolonged or postterm pregnancy is defi ned as one that 
continues to or beyond 42 weeks 0 days (294 days) from 
the fi rst day of the last normal menstrual period or 14 
days beyond the best obstetric estimate of the date of 
delivery (EDD)  [1] . The term  “ postdates ”  is not well 
defi ned and, as such, is best avoided. Accurate pregnancy 
dating is critical to the diagnosis. 

Prevalence

 The prevalence of postterm pregnancy depends on the 
patient population, including such factors as the percent-
age of primigravid women, women with pregnancy com-
plications, and the frequency of preterm birth. Local 
practice patterns such as the rates of scheduled cesarean 
delivery and routine labor induction will also affect the 
overall prevalence of postterm birth. In the USA, 

approximately 18% of all singleton pregnancies continue 
beyond 41 weeks, 10% (range 3 – 14%) continue beyond 42 
weeks and are therefore post term, and 4% (2 – 7%) con-
tinue beyond 43 completed weeks in the absence of 
obstetric intervention  [1] .  

Etiology

 The most common cause of prolonged pregnancy is an 
error in gestational age dating. Reliance on clinical criteria 
alone (Box  46.1 ) tends to overestimate gestational age 
 [2 – 4] . Uncertainty in dating parameters should prompt an 
ultrasound examination. Most cases of  “ true ”  postterm 
pregnancy have no known cause. Risk factors include 
nulliparity and a prior postterm pregnancy. Rarer causes 
include placental sulfatase defi ciency (an X - linked reces-
sive disorder characterized by low circulating estriol 
levels), fetal adrenal insuffi ciency or hypoplasia, and fetal 
anencephaly without polyhydramnios. Genetic factors 
may also have a role in prolonging pregnancy  [1,5] . There 
is no consistent association between postterm pregnancy 
and maternal age, parity, or ethnicity.    

Complications of postterm pregnancy

 Recent studies have shown that the fetal  [6 – 14]  and 
maternal risks  [11,15 – 18]  of continuing the pregnancy 
beyond the EDD are greater than originally appreciated. 

Fetal risks
 Antepartum stillbirths account for more perinatal deaths 
than either complications of prematurity or sudden infant 
death syndrome  [10] . Perinatal mortality (defi ned as 
stillbirths plus early neonatal deaths) at 42 weeks ’  gesta-
tion is twice that at 40 weeks (4 – 7 versus 2 – 3 per 1000 
deliveries, respectively) and increases fourfold at 43 
weeks and 5 – 7 - fold at 44 weeks  [8 – 11] . Additionally, 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
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and short - term neonatal complications (e.g. hypoglyc-
emia, seizures, and respiratory insuffi ciency). 

 Meconium aspiration syndrome refers to respiratory 
compromise with tachypnea, cyanosis, and reduced pul-
monary compliance in newborn infants exposed to meco-
nium in utero . It is primarily a disease of postterm infants. 
The fourfold decrease in the incidence of the meconium 
aspiration syndrome in the USA from 1990 to 1998 has 
been attributed primarily to a reduction in the postterm 
delivery rate  [20] , with very little contribution from 
conventional interventions designed to protect the 
lungs from the chemical pneumonitis caused by chronic 
meconium exposure, such as amnio - infusion and rou-
tine nasopharyngeal suctioning of meconium - stained 
neonates.

 Postterm pregnancy is also an independent risk factor 
for neonatal encephalopathy  [21]  and for death in the fi rst 
year of life  [9 – 11] .  

Maternal risks
 The maternal risks of prolonged pregnancy are often 
underappreciated. These include an increase in labor dys-
tocia, third -  and fourth - degree perineal lacerations, and 
cesarean delivery  [11,15 – 18] . The latter is associated with 
higher risks of complications such as endometritis, hem-
orrhage, and thromboembolic disease. In addition to the 
medical risks, the emotional impact (anxiety and frustra-
tion) of carrying a pregnancy 2 weeks beyond the EDD 
should not be underestimated.   

Prevention and management of 
postterm pregnancy

 Appropriate management of postterm pregnancy includes 
accurate gestational age assessment in early pregnancy, 
antenatal fetal surveillance, and the timely initiation of 
delivery if spontaneous labor does not occur. 

Accurate gestational age assessment
 An accurate EDD should be calculated early in pregnancy. 
Although often based upon standard clinical criteria (see 
Box  46.1 ), any uncertainty in dating parameters should 
prompt an ultrasound examination.  Routine  early ultra-
sound examination has been shown to reduce the rate of 
false - positive diagnoses and thereby the overall rate of 
postterm pregnancy from 10% to 1 – 3%, thereby minimiz-
ing unnecessary interventions  [1 – 4,22] . However, the 
practice of ultrasound for pregnancy dating has not been 
recommended as a standard of care in the USA  [23] .  

Antenatal fetal surveillance
 Postterm pregnancy is a universally accepted indication 
for antenatal fetal monitoring  [1,23,24] . The effi cacy 
of this approach has not been validated by prospective 

recent epidemiologic studies suggest that these calcula-
tions may actually underestimate the risk of stillbirth and 
early neonatal death. This is because these data used all 
pregnancies rather than ongoing (undelivered) pregnan-
cies as the denominator (Figs  46.1  and  46.2 ); however, 
once a fetus is delivered, it is no longer at risk of stillbirth. 
For example, in one retrospective study of over 170,000 
singleton births, Hilder et al   [9]  demonstrated that, when 
calculated per 1000 ongoing pregnancies, fetal and neo-
natal mortality rates increase sharply after 40 weeks (see 
Fig.  46.1 ). Cotzias  et al   [10]  used the same database to 
calculate the absolute risk  of stillbirth in ongoing pregnan-
cies for each gestational age from 35 to 43 weeks. The risk 
of stillbirth was 1 in 926 ongoing pregnancies at 40 weeks ’  
gestation, 1 in 826 at 41 weeks, 1 in 769 at 42 weeks, 
and 1 in 633 at 43 weeks. Uteroplacental insuffi ciency, 
asphyxia, and intrauterine infection all contribute to the 
excess perinatal deaths.   

 Postterm infants are larger than term infants with a 
higher incidence of fetal macrosomia (2.5 – 10% versus 
0.8 – 1%, respectively), such that twice as many postterm 
infants weigh over 4000   g at birth  [19] . Complications 
associated with fetal macrosomia include prolonged 
labor, cephalopelvic disproportion, and shoulder dysto-
cia. Approximately 20% of postterm fetuses have  “ fetal 
dysmaturity (postmaturity) syndrome, ”  which describes 
infants with characteristics of chronic intrauterine growth 
restriction from uteroplacental insuffi ciency. These preg-
nancies are at increased risk of oligohydramnios, nonreas-
suring fetal testing, intrauterine passage of meconium, 

Box 46.1 Clinical criteria commonly used to confi rm 

gestational age

Reported last normal menstrual period (estimated due date can be 

calculated by subtracting 3 months and adding 7 days to the fi rst day 

of the last normal menstrual period [N ägele rule]) or date of assisted 

reproductive technology (intrauterine insemination or embryo 

transfer).

• The size of the uterus as estimated on bimanual examination in the 

fi rst trimester should be consistent with dates 

• The perception of fetal movement ( “quickening”) usually occurs at 

18–20 weeks in nulliparous women and 16 –18 weeks in multipa-

rous women 

• Fetal heart tones can be heard with a nonelectronic fetal stetho-

scope by 18 –20 weeks and with a Doppler ultrasound by 10 –12

weeks

• At 20 weeks, the fundal height in a singleton pregnancy should be 

approximately 20 cm above the pubic symphysis (usually corre-

sponding to the umbilicus) 

• Ultrasound, including crown –rump length of the fetus during the 

fi rst trimester or fetal biometry (biparietal diameter, head circumfer-

ence, and/or femur length) during the second trimester 

Source: American College of Obstetricians and Gynecologists [1].
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pregnancies, the balance often shifts in favor of delivery 
at around 38 – 39 weeks ’  gestation. Management of low -
 risk pregnancies is more controversial. Because delivery 
cannot always be expedited, maternal risks and con-
siderations are more likely to confound this decision. 
Factors that need to be considered include results of 
antepartum fetal assessment, favorability of the cervix for 
induction, gestational age, and maternal preference. 
These factors will guide discussion of the risks, benefi ts, 
and alternatives to expectant management with antepar-
tum monitoring versus immediate labor induction. 

Antepartum fetal assessment
 Delivery should be effected immediately if there is evi-
dence of fetal compromise or oligohydramnios  [1] . 
Oligohydramnios may result from uteroplacental insuf-
fi ciency or increased renal artery resistance and may pre-
dispose to umbilical cord compression, thus leading to 
intermittent fetal hypoxemia, meconium passage, or 
meconium aspiration. Adverse pregnancy outcomes (i.e. 
nonreassuring fetal heart rate tracing, neonatal intensive 
care unit (ICU) admission, and low Apgar scores) are 
more common when oligohydramnios is present  [1] . 
Twice - weekly screening of postterm patients for oligohy-
dramnios is important because amniotic fl uid can become 
drastically reduced within 24 – 48   h. However, a consistent 
defi nition of low amniotic fl uid volume in the postterm 

randomized trials. Indeed, because of ethical and medi-
colegal concerns, there are no studies of postterm preg-
nancies that include a nonmonitored control group, and 
it is highly unlikely that such a trial will ever be per-
formed. Options for evaluating fetal well - being include 
nonstress testing (NST) with or without amniotic fl uid 
volume assessment, the biophysical profi le (BPP), the 
oxytocin challenge test, or a combination of these modali-
ties. There is no consensus in the literature as to which of 
these modalities is preferred, and no single method has 
been shown to be superior  [1,23,24] . 

 The American College of Obstetricians and Gynecolo-
gists has recommended that antepartum fetal surveil-
lance be initiated by 42 weeks (EDD + 14 days) without a 
specifi c recommendation regarding the type of test or 
frequency  [1,23] . Many investigators would advise twice -
 weekly testing with some evaluation of amniotic fl uid 
volume  [24] . There is insuffi cient evidence to show 
that initiating antenatal surveillance at 40 – 42 weeks ’  
gestation improves pregnancy outcome  [1,24] .  

Timing of delivery
 Delivery is typically recommended when the risks to the 
fetus from continuing the pregnancy are greater than 
those faced by the neonate after birth. The pregnancies of 
high- risk patients (Box  46.2 ) should not be allowed to 
progress into the postterm period because, in these 

Figure 46.1     Multiple studies have reported that antepartum stillbirths increase after 38 – 39 weeks ’  gestation. (a) This was fi rst 
demonstrated in 1987 (Yudkin  et al   [6] ). (b) Subsequent studies showed that this was true not only of antepartum stillbirth, but also of 
mortality within the fi rst year of life (e.g. Rand  et al   [11] ). (c) Further studies have shown that the same relationship exists in both 
nulliparous and multiparous women (Smith  [12] ) and (d) in women of advanced maternal age (Feldman  [8] ).  
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Figure 46.2     Risk of stillbirths (per 1000 fetuses at risk) and neonatal deaths (per 1000 livebirths) in singleton (n    =    11,061,599), twin 
(n    =    297,622), and triplet (n    =    15,375) gestations drawn from the 1995 – 1998 National Center for Health Statistics linked birth and death 
fi les.  Reproduced from Kahn  et al    [14]  with permission from Lippincott Williams and Wilkins.  
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Box 46.2 High-risk pregnancies 

Maternal  factors

• Preeclampsia (gestational proteinuric hypertension) 

• Chronic hypertension 

• Diabetes mellitus (including gestational diabetes) 

• Maternal cardiac disease 

• Chronic renal disease 

• Chronic pulmonary disease 

• Active thromboembolic disease 

Fetal factors

• Nonreassuring fetal testing ( “fetal distress ”)

• Intrauterine growth restriction 

• Isoimmunization

• Intraamniotic infection 

• Known fetal structural anomaly 

• Prior unexplained stillbirth 

• Multiple pregnancy 

Uteroplacental  factors

• Premature rupture of fetal membranes 

• Unexplained oligohydramnios 

• Prior classic (high vertical) hysterotomy 

• Placenta previa 

• Abruptio placentae 

• Vasa previa 
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cesarean delivery rate (OR 1.02, 95% CI 0.75 – 1.38)  [29] . 
The actual risk of stillbirth during the 41st week (41 weeks 
0 days to 41 weeks 6 days) was 1.04 – 1.27 per 1000 unde-
livered women compared with 1.55 – 3.10 at or beyond 42 
weeks  [30] . 

 These fi ndings, similar to those of other metaanalyses 
 [31] , suggest that routine induction at 41 weeks ’  gestation 
has fetal benefi t without incurring additional maternal 
risks because of a higher rate of cesarean delivery  [11] . 
An improved ability to identify women who will 
have a successful induction of labor would allow 
obstetric care providers to better individualize their 
recommendations. 

 In patients with a prior cesarean delivery who desire a 
trial of labor (i.e. decline elective repeat cesarean at 39 
weeks ’  gestation), failure to go into labor spontaneously 
by 41 weeks should prompt further discussion about elec-
tive repeat cesarean. An effort should be made to avoid 
induction of labor in such patients, because of the 
increased risk of uterine rupture  [32] .  

Gestational age
 The American College of Obstetricians and Gynecologists 
no longer defi nes any specifi c upper limit of gestational 
age for expectantly managed pregnancies  [1] . Although 
postterm pregnancy is defi ned as a pregnancy  > 42 weeks ’  
gestation, the two large multicenter randomized studies 
of management of prolonged pregnancy reported favora-
ble outcomes with routine induction as early as 41 weeks ’  
gestation  [27,33] . Many physicians now induce labor 
between weeks 41 and 42, and virtually all do not allow 
pregnancy to extend beyond 43 weeks ’  gestation (EDD  +
3 weeks). This practice is supported by recent studies 
suggesting that the rate of fetal demise is signifi cantly 
higher than the rate of neonatal death at any time after 
283 days ’  gestation (40 weeks 3 days)  [12,34,35] .  

What is post term for multiples?
 The defi nition of term (and hence post term) in multifetal 
gestations should incorporate not only the natural history 
of such pregnancies but also the effect of gestational age 
on perinatal mortality. The average length of gestation is 
40 weeks in singletons, 36 weeks in twins, 33 weeks in 
triplets, and 29 weeks in quadruplets  [36] . To investigate 
the effect of gestational age on perinatal mortality, 
Minakami and Sato  [37]  compared the outcome of 88,936 
infants born of multiple pregnancies (96% of which were 
twins) with that of 6,020,542 infants born of singleton 
pregnancies after 26 weeks ’  gestation between 1989 and 
1993. In this cohort, the lowest perinatal mortality rate 
was seen at 38 weeks in multiple pregnancies compared 
with 40 weeks in singleton pregnancies (10.5 versus 9.7 
deaths per 1000 deliveries, respectively). Thereafter, the 
perinatal mortality rate increased for both groups, but 

pregnancy has not been established. Options include 
largest vertical fl uid pocket  < 2   cm or Amniotic Fluid 
Index (AFI) < 5   cm.  

Favorability of the cervix
 There is insuffi cient evidence to determine whether 
expectant management or labor induction in postterm 
pregnancies with a  favorable  cervical examination yields 
a better outcome. A favorable cervical examination is 
defi ned as a Bishop score  > 6. This has been shown to be 
superior to transvaginal ultrasound assessment of cervi-
cal length to predict the time interval from induction to 
delivery  [25,26] . One of the reasons for the lack of data is 
that the majority of studies comparing induction to 
expectant management excluded this group of patients or 
initiated induction at the time the cervix became favora-
ble. In studies that did examine this subgroup, there was 
no apparent increased risk associated with expectant 
management  [1] . When the ongoing risk of stillbirth 
(albeit small) is weighed against the very low risk (both 
in absolute and relative terms) of failed induction leading 
to cesarean delivery with a  favorable  cervical examination, 
common sense suggests that routine induction of labor is 
a reasonable option for such women at or after 41 weeks ’  
gestation.

 In the setting of an  unfavorable  cervical examination, 
both expectant management and labor induction are asso-
ciated with low complication rates in low - risk, postterm 
gravidae. However, there appears to be a slight advantage 
to labor induction at 41 weeks ’  gestation using cervical 
ripening agents, when indicated, regardless of parity or 
method of induction. The introduction of preinduction 
cervical maturation has resulted in fewer failed and 
serial inductions, lower fetal and maternal morbidity, a 
shorter hospital stay, lower medical cost, and possibly a 
lower rate of cesarean delivery in the general obstetric 
population  [1] . 

 The largest trial of routine postterm induction com-
pared with expectant management randomly assigned 
3407 low - risk women with uncomplicated singleton preg-
nancies at 41 weeks ’  gestation to either induction of labor 
(with or without cervical ripening agents) within 4 days 
of randomization or expectant management until 44 
weeks  [27] . Elective induction resulted in a modestly 
lower cesarean delivery rate (21.2% versus 24.5%), prima-
rily because of fewer surgeries for nonreassuring fetal 
tracings. A subsequent cost analysis of these data reported 
that a policy of routine labor induction resulted in lower 
costs compared with expectant management  [28] . In addi-
tion, a metaanalysis of 19 trials of routine versus selective 
induction of labor in postterm patients found that routine 
induction after 41 weeks was associated with a lower rate 
of perinatal mortality (odds ratio [OR] 0.2, 95% confi -
dence interval [CI] 0.06 – 0.70) and no increase in the 
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Prognosis

 At 1 and 2 years of age, the general intelligence quotient, 
physical milestones, and frequency of intercurrent ill-
nesses are the same for normal term infants and those 
from prolonged pregnancies  [38] .  

Conclusion

 The risks of routine induction of labor (specifi cally failed 
induction leading to cesarean delivery) in the era of cervi-
cal ripening agents is lower than previously reported. The 
risk of fetal death is also low, but not zero, with expect-
antly managed, carefully monitored postterm pregnan-
cies. For these reasons, the authors favor a policy of 
routine induction of labor for low - risk singleton pregnan-
cies at 41 weeks ’  gestation.    

was more exaggerated in multiple pregnancies. Indeed, 
the risk of perinatal death was sixfold higher for fetuses 
of multiple pregnancies born after 37 weeks compared 
with singleton fetuses born at or after 40 weeks (relative 
risk [RR] 6.6, 95% CI 6.1 – 7.1)  [37] . Although no consensus 
has been reached, these data suggest that the normal 
length of gestation for twins should be regarded as 38 
rather than 40 weeks. As such, every effort should be 
made to deliver uncomplicated twins by 40 weeks ’  gesta-
tion (post term for twins).   

Intrapartum management

 The postterm fetus is at high risk of intrapartum fetal 
heart rate abnormalities. For this reason, most authors 
recommend continuous electronic fetal monitoring in 
labor for these pregnancies. Intrapartum spontaneous or 
induced fetal heart rate accelerations coupled with mode-
rate fetal heart rate variability (category 1 tracings) are 
reliable signs of a nonacidotic fetus.  

    A 33 - year - old Asian woman, gravida 3, para 0, presents 
for routine prenatal care at 41 weeks 0 days gestation. Her 
prior pregnancies included a fi rst - trimester spontaneous 
abortion and a 20 - week previable delivery as a result of 
cervical insuffi ciency. Dating criteria include a fi rm last 
menstrual period, confi rmed by a 6 - week ultrasound. An 
elective cervical cerclage was placed at 14 weeks and 
removed without incident at 37 weeks. Level II ultra-
sound at 18 weeks ’  gestation confi rmed a structurally 
normal male fetus and a fundal placenta. 

 The woman perceives good fetal movements but 
reports only irregular uterine contractions and no leakage 
of fl uid. A rectovaginal culture taken at 37 weeks confi rms 
that she is not a group B streptococcus carrier. Abdominal 
examination confi rms a singleton fetus with an estimated 
fetal weight of 3500   g. The presentation is cephalic and the 
vertex is engaged in the maternal pelvis. Pelvic examina-
tion confi rms a gynecoid pelvis with adequate clinical 
pelvimetry. The cervix is posterior, fi rm, and closed. Fetal 
well- being is confi rmed with a baseline fetal heart rate of 
140   beats/min and a reactive NST. The patient strongly 
desires a vaginal delivery and understands that obstetric 
intervention in the setting of an unfavorable cervical 
examination may increase her risk of cesarean delivery. 
You review symptoms and signs of labor, and discharge 
the woman home to follow up in 1 week. 

 The patient returns at 42 weeks 0 days gestation. She 
again reports good fetal movements and rare contrac-
tions. Estimated fetal weight is 4200   g. Pelvic examination 

shows the cervix to be 1   cm dilated, 50% effaced,  − 2 
station, and posterior. You offer the patient cervical ripen-
ing and induction for postterm pregnancy, but she 
declines. Fetal NST is reactive and Amniotic Fluid Index 
is 12.2   cm. You again discharge the woman home after 
reviewing symptoms and signs of labor. A follow - up visit 
is planned in 2 days. 

 The woman presents the next day to labor and delivery 
with regular contractions every 3 – 4   min. Initial cervical 
examination is 4   cm dilated, 90% effaced, with the vertex 
at 0 station and membranes bulging. Position is noted to 
be occiput posterior. Fetal heart rate tracing is reactive 
with a baseline of 140 – 145   beats/min and moderate vari-
ability. Intermittent variable decelerations are noted. Over 
the next 2   h, the patient ’ s contractions become milder and 
less frequent and there is no further cervical change or 
descent of the presenting part. Fetal well - being remains 
reassuring. After counseling, you rupture the fetal mem-
branes and note moderate meconium staining of the 
amniotic fl uid. You start oxytocin augmentation. Because 
of a diffi culty in tracing the fetal heart rate, you place a 
fetal scalp electrode. Over the next 4   h, the contractions 
are noted to be adequate ( > 200 Montevideo units), but 
there is no further cervical dilation or descent of the pre-
senting part. Moreover, you note increasing caput succe-
daneum, more exaggerated molding of the fetal skull 
bones, and repetitive severe variable decelerations on car-
diotocography. You make a diagnosis of cephalopelvic 
disproportion and recommend cesarean delivery which 

CASE PRESENTATION 
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without diffi culty. Moderate meconium staining of the 
amniotic fl uid is confi rmed. The baby is vigorous at 
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5   min. No cord gases are sent. The birth weight is 4890   g. 
The baby is discharged home on day 4 of life along with 
the mother.  
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Induction of Labor 
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     One of the most routinely performed obstetric procedures 
in the United States is induction of labor. This procedure 
involves iatrogenic stimulation of uterine contractions 
prior to the onset of spontaneous labor to accomplish 
vaginal delivery. Increasing the frequency and improving 
the intensity of existing uterine contractions in a patient 
who is in labor and not progressing suffi ciently is referred 
to as augmentation of labor. From 1990 to 2007, there was 
a sharp increase in the frequency of labor induction, from 
9.5% to 22.8%  [1] . The principal reason for this increase is 
the availability of superior cervical ripening agents and 
an increase in  bona fi de  indications for induction of labor 
(e.g. preterm premature rupture of the membranes at 
term and postdates pregnancies), as well as a more relaxed 
attitude toward marginal indications for induction, and 
clinician’ s and/or patient ’ s desire to arrange an oppor-
tune time of delivery  [2] .  

Indications and contraindications

 Indications for induction of labor can be classifi ed as 
either maternal or fetal in nature. In most cases, when the 
benefi ts of expeditious delivery to the mother or fetus 
outweigh the risk of continuing the pregnancy, induction 
of labor should take place  [3] . There are several relative 
indications for labor induction and many accepted 
medical and obstetric indications (Box  47.1 ). The degree 
of maternal and/or fetal risk for morbidities such as 
cesarean delivery or neonatal respiratory compromise is 
contingent upon factors such as cervical status, severity 
of the clinical condition, the presence or absence of fetal 
lung maturity, and gestational age.   

 A few examples of common obstetric and medical con-
ditions for which induction may be indicated include 
preeclampsia/eclampsia, intrauterine fetal growth restric-
tion, rupture of membranes, postterm pregnancy, and 

fetal demise. Fetal and/or maternal outcome is thought 
to be improved through appropriately timed induction 
of women with these pregnancy complications  [4] . 
Unfortunately, there is only limited high - quality evidence 
showing any benefi ts for specifi c medical and obstetric 
indications for induction, with the recent exception of 
gestational hypertension beyond 36 weeks in which 
induction was associated with improved maternal out-
comes  [5] . 

 Contraindications include all those which proscribe 
vaginal delivery (Box  47.2 ), and other clinical scenarios 
that require a cautious approach when induction is con-
sidered, including nonreactive nonstress testing, multife-
tal pregnancy, and previous low transverse cesarean 
delivery. These latter scenarios may be associated with an 
increased risk of maternal or fetal morbidity during 
induction. Close monitoring during induction is required 
in these cases, along with a low threshold for intervention 
if labor is not progressing or there are no reassuring signs 
of fetal well - being.    

Elective induction of labor

 The initiation of labor for convenience in a mother with 
a term pregnancy with no medical or obstetric indication 
is referred to as elective induction of labor, and should be 
differentiated from those inductions that are undertaken 
for indications but without the presence of endogenous 
labor. Major concerns associated with elective induction 
include iatrogenic prematurity, increased rates of cesar-
ean delivery, and cost. A further concern is that putative 
maternal - fetal medical benefi ts, such as reduction in still-
birth, have not been proven. Nevertheless, scheduled 
induction of labor has many potential advantages, such 
as avoiding the risk of delivery en route  to the hospital if 
labor is rapid or the healthcare facility is remotely located. 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.
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Failed induction cesarean delivery
rates by parity

Nulliparas
 The risk of cesarean delivery following an elective induc-
tion attempt, especially for the nullipara with an unfavo-
rable cervix, is clearly established in literature. Cammu 
et al  performed the largest trial to date in Flanders, 
Belgium, examining outcomes after elective labor induc-
tion in nulliparous women  [6] . A matched cohort study 
was performed, which included 7683 nulliparas undergo-
ing elective labor induction and 7683 nulliparas who 
developed spontaneous labor. The results showed that 
cesarean delivery was considerably more frequent in the 
elective induction group, occurring in 9.9% of patients 
compared with 6.5% of the spontaneous labor group (rel-
ative risk [RR] 1.52 95% confi dence interval [CI] 1.37 –
 1.70). The majority of these cesarean deliveries were a 
result of an elevated incidence of fi rst - stage labor disor-
ders. In addition, babies who were born after induced 
labor were more often transferred to the neonatal ward.  

Multiparas
 By comparison, most studies in multiparous women have 
not shown an increased risk of cesarean delivery with 
induction of labor  [7,8] . In one retrospective cohort study, 
the rates of cesarean delivery in multiparas in spontane-
ous labor (n    =    7208), induced with oxytocin (n    =    2190), 
and induced with cervical ripening agents (n    =    239) were 
4.2%, 6.3%, and 14.2%, respectively. Oxytocin - induced 
multiparas were 37% more likely to require cesarean 
delivery than those with spontaneous labor (odds ratio 
[OR] 1.37, 95% CI 1.10 – 1.71) and nearly three times more 
likely to undergo cesarean when cervical ripening agents 
were used (OR 2.82, 95% CI 1.84 – 4.53).   

Pediatric issues and maternal risks

 The foremost pediatric concern associated with induced 
labor and delivery is neonatal respiratory compromise. 
These issues can result from inadvertent delivery of a 
premature infant or transient tachypnea associated with 
cesarean delivery after failed induction. This risk is some-
what counterbalanced by observations that fewer induced 
infants have meconium passage when compared to spon-
taneously labored infants. In addition, macrosomia also 
may be reduced. Guidelines to help guarantee that gesta-
tional age is at least 39 weeks before elective delivery are 
listed in Table  47.1 .   

 A retrospective review attempted to quantify the risk 
of respiratory morbidity defi ned as infants with transient 
tachypnea or respiratory distress of the newborn admit-
ted to the neonatal intensive care unit following induced 
labor and delivery at term  [9] . The data were stratifi ed by 

Data to support a policy of routine elective induction 
of labor at term are lacking. Large, randomized trials 
with emphasis on maternal and neonatal safety, cost -
 effectiveness/cost - benefi t analyses, and determination of 
neonatal benefi t as a refl ection of reduced unexplained 
fetal death are needed.  

Box 47.2 Contraindications to labor induction

Accepted absolute contraindications

• Prior classic uterine incision or transfundal uterine surgery 

• Active genital herpes infection 

• Placenta or vasa previa 

• Umbilical cord prolapse 

• Transverse or oblique fetal lie 

• Absolute cephalopelvic disproportion (as in women with pelvic 

deformities)

Relative contraindications

• Cervical carcinoma 

• Funic presentation 

• Malpresentation (breech) 

Box 47.1 Indications for labor induction

Accepted absolute indications

• Hypertensive disorders 

– Preeclampsia/eclampsia 

• Maternal medical conditions 

– Diabetes mellitus 

– Renal disease 

– Chronic pulmonary disease 

• Prelabor rupture of membranes 

• Chorioamnionitis

• Fetal compromise 

– Fetal growth restriction 

– Isoimmunization

– Nonreassuring antepartum fetal testing 

• Fetal demise 

• Postdates pregnancy ( >42 weeks) 

Relative indications

• Hypertensive disorders 

– Chronic hypertension 

• Maternal medical conditions 

– Systemic lupus erythematosus 

– Gestational diabetes 

• Logistic factors 

– Risk of rapid labor 

– Distance from hospital 

– Psychosocial indications 

• Previous stillbirth 
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gestational age and route of delivery. Baseline incidence 
of respiratory distress syndrome and transient tachypnea 
at term were 2.2/1000 deliveries (95% CI 1.7 – 2.7/1000) 
and 5.7/1000 deliveries (95% CI 4.9 – 6.5/1000), respec-
tively. The frequencies of respiratory morbidity follow-
ing vaginal delivery were reduced proportionally with 
advancing gestational age by week, and cesareans follow-
ing labor were signifi cantly reduced compared to cesar-
eans without labor. For example, respiratory morbidity at 
39 weeks occurred following vaginal delivery with a fre-
quency of 3.2 (1.8 – 4.5)/1000 deliveries (OR 0.6, 95% CI 
0.4 – 1.0) compared to cesarean following labor at 16.2 
(5.9 – 35.0)/1000 deliveries (OR 3.2, 95% CI 1.4 – 7.4) and to 
cesarean without labor at 17.8 (8.0 – 33.5)/1000 deliveries 
(OR 3.5, 95% CI 1.7 – 7.1).

Preinduction assessment

 Prior to undergoing labor induction, careful examination 
of the maternal and fetal condition is essential to ensure 
that there are no contradictions to labor or vaginal deliv-
ery and to evaluate the likelihood of successful induction. 
Indications and contraindications for induction should be 
reviewed, and risks and benefi ts of labor induction should 
be discussed with the patient, including the risk of cesar-
ean delivery. Verifi cation of gestational age and evalua-
tion of fetal lung maturity status should be performed if 
necessary (see Table  47.1 ). If time allows, steroids should 
be permitted in preterm gestations when delivery is 
indicated. Other prerequisites include evaluation of 
fetal presentation and cervical examination, along with an 
estimate of fetal weight, and clinical pelvimetry, all of 
which should be documented. In addition, the timing and 

Table 47.1    Criteria for confi rmation of gestational age and/or fetal pulmonary maturity  [3]  

Parameters

Clinical criteria 1. ≥39 weeks ’ gestation have elapsed since the fi rst day of the last menstrual period in a woman with a 
regular menstrual cycle 

2. Fetal heart tones have been documented for ≥20 weeks ’ gestation by nonelectronic fetoscope or for 
≥30 weeks by Doppler ultrasound 

Laboratory determination 1. ≥36 weeks ’ gestation have elapsed since a positive serum human chorionic gonadotropin pregnancy test 
2. Ultrasound estimation of gestational age is considered accurate if it is based on crown –rump

measurements obtained at 6 –11 weeks ’ gestation or on biparietal diameter measurements obtained 
before 20 weeks ’ gestation 

Fetal pulmonary maturity According to the Guidelines for Perinatal Care, term gestation can be confi rmed if two or more of the above 
obstetric clinical or laboratory criteria are present. If term gestation cannot be confi rmed, amniotic fl uid 
analyses can be used to provide evidence of fetal lung maturity. A variety of tests is available. The 
parameters for evidence of fetal pulmonary maturity are listed below: 

1. Lecithin:sphingomyelin (L:S) ratio >2.1
2. Presence of phosphatidylglycerol (PG) 
3. Presence of saturated phosphatidylcholine (SPC) ≥500 ng/mL in nondiabetic patients ( ≥1000 ng/mL for 

pregestational diabetic patients) 

location of labor induction should be contingent upon the 
availability of personnel who are familiar with the process 
and its potential complications in nonemergency settings. 
Electronic fetal monitoring (EFM) and uterine activity 
are recommended for any gravida receiving uterotonic 
drugs.  

Predicting a successful induction

 There are many clinical and a few biochemical assays 
 [10,11]  which could assist in prediction of successful labor 
induction. The strongest available tool for predicting the 
likelihood that induction will lead to vaginal delivery is 
the Bishop score. This conclusion is backed by systematic 
reviews of controlled studies that found the Bishop score 
was as, or more, predictive of the outcome of labor induc-
tion as cervicovaginal fetal fi bronectin (fFN) determina-
tion  [12]  or sonographic measurement of cervical length 
 [12,13] , and that dilation was the most vital element of the 
Bishop score  [12] . The modifi ed Bishop score system for-
mulates a score based upon the station of the presenting 
part and four characteristics of the cervix: consistency, 
effacement, dilation, and position. If the Bishop score is 
high (approximately defi ned as  ≥ 5 or  ≥ 8), the probability 
of vaginal delivery is comparable whether labor is spon-
taneous or induced  [14] . In contrast, a low Bishop score 
is predictive that induction will fail and result in vaginal 
delivery. These relationships are particularly strong in 
nulliparous women who undergo induction  [15,16] . For 
example, a large retrospective review from a university 
setting revealed that for women with a Bishop score 
of less than 5 who undertook labor induction, the 
relative risk of cesarean was 3.00 (2.38 – 3.73) compared to 
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among obstetric care providers  [20] . Tachysystole is now 
the preferred term and defi ned as more than fi ve contrac-
tions in 10   min, averaged over a 30 - min window. Any 
co- existent fetal heart rate abnormality is described sepa-
rately. Indeed, increased uterine activity is associated 
with a considerably higher incidence of an umbilical 
artery pH of 7.05 or less, more nonreassuring fetal heart 
rate patterns, and decreased fetal oxygen saturation 
 [21,22] . Tachysystole may also cause uterine rupture of 
unscarred uteri on rare occasions, a phenomenon more 
common in multigravidas than primigravidas  [23] . 
Various prostaglandin E2 (PGE 2 ) preparations have up to 
a 5% rate of uterine tachysystole, which is typically well 
tolerated and not associated with an unfavorable outcome. 
The reported risk of tachysystole with oxytocin varies 
widely, and tachysystole occurs more frequently when 
higher doses of oxytocin, PGE 2 , or misoprostol are used 
 [24,25] .  

Hyponatremia
 Oxytocin has a comparable structure to vasopressin 
(antidiuretic hormone) and can crossreact with the renal 
vasopressin receptor. If high doses (e.g. 40mU/min) of 
oxytocin are administered in large quantities (e.g. over 
3   L) of hypotonic solutions (e.g. dextrose in water, D5W) 
for extended periods of time, excessive water retention 
can occur and result in severe, symptomatic hyponatremia 
which is similar to the syndrome of inappropriate anti-
diuretic hormone secretion. Symptoms of severe acute 
hyponatremia include abdominal pain, headache, nausea, 
unconsciousness, vomiting, lethargy, anorexia, drowsi-
ness, grand mal type seizures, and potentially irreversi-
ble neurologic injury. Oxytocin and any hypotonic 
solutions should be halted if water intoxication occurs. 
Careful correction of hyponatremia must be performed 
and includes restricting water intake and, if the patient 
is symptomatic, hypertonic saline should be cautiously 
administered.  

Hypotension
 Rapid intravenous injection of oxytocin can result in 
hypotension; however, studies demonstrating this result 
were performed in men, nonpregnant women, and fi rst -
 trimester women under general anesthesia. A randomized 
trial of oxytocin bolus versus slow infusion in women at 
delivery of the anterior shoulder did not fi nd clinically 
signifi cant differences in hemodynamic responses  [26] . 
Nonetheless, oxytocin should be administered by infu-
sion pump or slow drip, since bolus injections of oxytocin 
can cause tachysystole. 

Failed induction
 Inducing labor usually results in vaginal delivery, though 
this occurs less often than among women who experience 
spontaneous labor. A low Bishop score, even after 

those women who entered in spontaneous labor  [16] . The 
relationship between a low Bishop score and failed induc-
tion, prolonged labor, and a high cesarean birth rate was 
fi rst reported prior to widespread use of cervical ripening 
agents  [17] . 

Sonographically measured cervical length
 In pregnant women, the risk of preterm birth increases as 
cervical length decreases. Cervical length is also predic-
tive of the probability of unprompted onset of labor post 
term  [18] . Many studies have assessed the sonographic 
assessment of cervical length for predicting the outcome 
of labor induction. A systematic review of 20 prospective 
studies found that cervical length was predictive of suc-
cessful induction (likelihood ratio of a positive test 1.66, 
95% CI 1.20 – 2.31) and failed induction (likelihood ratio of 
a negative test 0.51, 95% CI 0.39 – 0.67)  [19] . Importantly, 
though sonographic cervical length did not perform well 
for prediction of vaginal delivery within 24   h (sensitivity 
59%, specifi city 65%), vaginal delivery (sensitivity 67%, 
specifi city 58%), achieving active labor (sensitivity 57%, 
specifi city 60%), and delivery within 24   h (sensitivity 
56%, specifi city 47%), and did not perform considerably 
better than the Bishop score for predicting a successful 
induction. Further, in a subanalysis of seven of the 20 
included investigations in which a cervical length of 
30   mm was used as the discriminator, this value effectively 
predicted neither vaginal delivery nor cesarean birth, with 
a likelihood ratio for a positive test of 1.22 (95% CI 0.67 –
 2.22) for the former and likelihood ratio for a negative 
test of 0.62 (95% CI 0.35 – 1.10) for the latter. Considerable 
heterogeneity among the studies limits the data. As 
with fFN, the role of ultrasound examination as a tool 
for selecting women likely to have a successful induction 
is uncertain. More data, including cost - benefi t analysis, 
are necessary before this test can be recommended in 
choosing candidates for semielective induction. 

Complications of induction of labor

 All methods of labor induction carry risks. 

Uterine overactivity
 Uterine overactivity is the most regularly encountered 
complication of oxytocin or prostaglandin administra-
tion. The terms most commonly used to describe uterine 
overactivity are tachysystole, hypertonus, and hyperstim-
ulation. Previously, there was inconsistent usage and 
varying defi nitions for these terms in the obstetric litera-
ture. However, a 2008 Eunice Kennedy Shriver National 
Institutes of Child Health and Human Development 
(NICHD) workshop issued revised standardized defi ni-
tions for fetal heart rate and uterine contraction patterns 
that have the potential for reducing miscommunication 
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cervical ripening. Data from randomized trials show that 
prostaglandins are more effective than placebo, while 
evidence regarding the effi cacy of other drugs and 
techniques is limited. Misoprostol, in a dose of 25    μ g 
intravaginally every 3 – 6   h, is generally considered supe-
rior when compared with other prostaglandins. If oxy-
tocin is required, the dosage can be started 4   h after the 
last dose of misoprostol. Uterine tachysystole with fetal 
heart rate changes appears to be more common with 
misoprostol than with other prostaglandins.  

Favorable cervix
 Most inductions are successful in women with favorable 
cervices (Bishop score  > 6), and cervical ripening is 
unnecessary.  

Induction of labor in women with prior
cesarean delivery
 In 2007, the cesarean delivery rate climbed to 31.8% of all 
births, another all - time high  [1] . A trial of labor, whether 
spontaneous or induced, in women after a previous 
cesarean delivery (TOLAC, formerly called vaginal birth 
after a previous cesarean [VBAC]) carries increased risk 
because of the enhanced potential for uterine rupture. 
Assessments of the effi cacy and safety of cervical ripening 
and/or labor induction in these women are derived 
largely from retrospective studies of limited quality  [32] . 

  Success  r ate of  i nduction in  w omen with  p rior 
 c esarean  b irths 
 A systematic review identifi ed 14 fair - quality studies and 
no good - quality studies, on the benefi ts and risks of 
inducing labor in patients with prior cesarean delivery 
 [33] . The authors found that induction was more likely 
to result in cesarean delivery than spontaneous labor, 
which is not unexpected given that this has been con-
sistently shown in women without a scarred uterus. The 
cesarean rates for women with prior cesarean delivery 
undergoing spontaneous labor and oxytocin induction 
averaged 20% (range 11 – 35%) and 32% (range 18 – 44%), 
respectively.  

  Risk of  u terine  r upture in  w omen  u ndergoing 
 l abor  i nduction with  p rior  c esarean  b irths 
 In women with a prior cesarean delivery, induced labor 
appears to be associated with a higher rate of uterine 
rupture than spontaneous labor. A systematic review of 
pooled data from controlled studies of women with prior 
cesarean delivery reported an OR for uterine rupture 
of 6.15 (95% CI 0.74 – 51.4) for induction compared to 
spontaneous labor  [33] . All but one study had a point 
estimate indicating increased risk of rupture, but con-
fi dence intervals were wide. A large, well - designed pro-
spective study, not included in the pooled estimate, 
reported an OR of 2.86 (95% CI 1.75 – 4.67) (absolute risk 

administration of prostaglandins, carries a poor progno-
sis for successful induction. Women whose induction of 
labor does not result in delivery are generally offered 
cesarean birth. There are no standards for what consti-
tutes a failed induction. In one large prospective study, 
the mean duration of the latent phase of labor (defi ned as 
the interval from initiation of induction with either pros-
taglandins or oxytocin to a cervical dilation of 4   cm) in 
women with a Bishop score of 0 – 3 was 12   h in multiparas 
and 16   h in nulliparas  [14] . In another study, a minimum 
of 12   h of oxytocin administration after membrane rupture 
was required prior to permitting a diagnosis of failed 
induction  [27] . This led to vaginal deliveries in 75% of 
nulliparas and eliminated failed labor induction as an 
indication for cesarean birth in parous women  [27] . A 
third series reported that 73% of women who ultimately 
delivered vaginally had a latent phase of up to 18   h  [28] . 
Latent phase was defi ned as the interval from initiation 
of oxytocin/amniotomy to the start of the active phase 
(i.e. cervical dilation of 4   cm with 80% effacement or 5   cm 
dilation). New studies challenge these historic defi nitions 
for the duration of the phases of labor  [29] .  

Amniotic fl uid  embolism
 A population - based retrospective cohort study including 
3 million deliveries found that medical induction of labor 
was associated with an increased risk of amniotic fl uid 
embolism (adjusted OR 1.8, 95% CI 1.2 – 2.7)  [30] . However, 
the absolute risk was small, 10.3 per 100,000 births 
with medical induction versus 5.2 per 100,000 births 
without medical induction. Furthermore, failure to induce 
labor could potentially result in greater maternal - fetal 
morbidity/mortality than inducing labor, given that these 
women were induced for serious medical indications.  

Uterine rupture
 Induction of labor is a risk factor for uterine rupture, 
though the incidence of rupture is small, with most cases 
occurring in women with a previously scarred uterus. As 
noted, uterine rupture in an unscarred uterus has been 
found to occur with the use of oxytocin, PGE 2 , and miso-
prostol (PGE 1 ). In 2006, a study reported that of 41 true 
uterine ruptures occurring in a hospital system, 27 
occurred in women with prior uterine surgery (cesarean 
delivery or other uterine surgery) and 12 of the remaining 
14 ruptures occurred in patients who received uterotonic 
drugs. Additionally, two of these 14 women were nul-
liparous  [31] .   

Management considerations

Unfavorable cervix
 In women with unfavorable cervices who are scheduled 
for labor induction, prostaglandins are recommended for 



www.manaraa.com

404    Part 6 Complications of Labor and Delivery

approach has the potential for serial induction over 
several days and delaying delivery for this length of time 
may not be advisable. Use of intracervically applied or 
intravaginally applied dinsoprostone may be appropriate 
following informed consent of the risk of uterine rupture 
with these agents, as described above. Because of the pos-
sible increase in the rate of uterine rupture associated 
with misoprostol use, particularly from intravaginal 
administration, it should not be administered to women 
with prior cesarean deliveries. 

Conclusion

 Induction of labor is performed frequently for a variety 
of medical and obstetric indications. The best predictor of 
labor induction success is cervical dilation at the time of 
initiation. A variety of methods exist for cervical ripening; 
augmentation of labor is usually accomplished with intra-
venous oxytocin.    

of rupture with induction was 1% versus 0.4% with spon-
taneous labor)  [34] .  

  Approach to  m anagement of  w omen with  p rior 
 c esarean  b irths and  l abor  i nduction 
 At 38 weeks of gestation in an uncomplicated pregnancy 
with a live fetus, stripping the membranes to hasten 
the onset of spontaneous labor and thereby reducing 
the likelihood of postterm pregnancy is a reasonable 
option. If expedited delivery is indicated for maternal 
and fetal indications, counseling the patient about the 
risks and benefi ts of induction versus repeat cesarean 
delivery, as well as the risks associated with awaiting 
spontaneous labor, if permissible, should occur. Women 
who wish to minimize the risk of uterine rupture can 
reasonably choose repeat cesarean delivery rather than 
induction.

 Administration of low - dose oxytocin for cervical ripen-
ing followed by amniotomy and continued oxytocin infu-
sion for augmentation is another option. However, this 

    A 22 - year - old primigravida presents to your offi ce for a 
routine prenatal care visit at 40 2/7 weeks ’  gestation. You 
have seen her since 8 weeks and her antepartum course 
has been uncomplicated. She is anxious because she has 
gone beyond her due date, and wishes to discuss with 
you induction of labor. At this visit, you fi nd that she is 
in good health, normotensive, and has an unfavorable 
cervix that is long and closed. The fetus is in vertex 
presentation. 

 You engage the patient in a discussion about expectant 
management with fetal surveillance that would require 
twice- weekly nonstress or modifi ed biophysical profi le 
testing, and compare outcomes to an elective induction of 
labor. Concerns regarding a protracted induction and the 
possibility of a failed induction leading to cesarean deliv-
ery are suffi ciently deterring to the patient. You discuss 
the importance of cervical ripening or priming before 

beginning an induction. You also discuss how, despite 
advances in the various mechanical and pharmacologic 
methods by which to prepare the cervix prior to labor 
induction, no method has been proven to be universally 
effective in culminating in vaginal delivery for all women 
in which they are used.  She understands that even with 
optimal cervical ripening, there will be no guarantee that 
she will achieve a vaginal delivery, although the likeli-
hood that she will enter active labor will be higher. She 
understands that one of her offi cemates also recently 
underwent a labor induction, and inquires about the pos-
sibility of beginning the process of cervical ripening at 
home with a pill to be taken by mouth known as misopr-
ostol. You explain that while there are anecdotal reports 
of using this prescription medication to induce labor, 
there is insuffi cient evidence to support its use in the way 
she has requested.  

CASE PRESENTATION 
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Cesarean Delivery 

  Michael W.     Varner  
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     By the mid - 20th century, cesarean delivery (CD) was 
fi rmly established in Western obstetric practice, primarily 
as a procedure to improve maternal outcomes in labor. 
With the evolution of neonatal medicine through the 
latter half of the century, CD has been increasingly per-
formed for fetal indications. 

 The 15 - year interval from 1970 through 1985 saw an 
unparalleled increase in the CD rate, both in the USA  [1]  
and elsewhere  [2] , with the cesarean rate in the USA tem-
porarily peaking at 24.4% in 1987. The ensuing 15 - year 
interval saw a stabilization of this rate (down to 20.6% in 
1996), in large part as a result of efforts to encourage 
vaginal birth following previous CD  [3,4] , widely abbre-
viated as VBAC (vaginal birth after cesarean). 

 The fi rst decade of the 21st century has again witnessed 
a progressive increase in the CD rate, primarily as a result 
of evolving pressures against VBAC in community hos-
pitals and an increasing frequency of CD for failure to 
make adequate progress in labor  [5] . An additional factor, 
the performance of CD on demand, has become more 
widespread since its endorsement by the American 
College of Obstetricians and Gynecologists (ACOG)  [6] . 
The most recent US CD rate available at the time of 
writing is 32%, a 53% increase from 1996  [7]  (Fig.  48.1 ).    

Maternal and perinatal morbidity
and mortality

 For the past several decades the maternal mortality ratios 
in the USA have remained essentially unchanged  [8] . 
However, within that relatively constant prevalence, there 
has been a gradual shift in etiologies. The historic HIT 
(hemorrhage, infection, toxemia) maternal mortality triad 
is being replaced by the TEC (trauma, embolism, cardiac) 
triad. While one might argue that increasing CD rates are 
decreasing maternal deaths from some of the HIT triad 
(particularly hemorrhage), one might equally argue that 

the increasing CD rate is associated with an increased risk 
of maternal death from some of the TEC triad, particu-
larly thromboembolic disease. What does seem clear, 
however, is that the dramatic increase in CD rates seen 
over the past two decades has not been associated with a 
corresponding decrease in maternal mortality. 

 Fortunately, maternal mortality is a relatively rare 
event in the USA. However, a recent report by Clark and 
associates suggests that CD per se  increases the maternal 
mortality ratio by approximately 2 per 100,000 livebirths 
 [9] .  “ Near - miss ”  maternal morbidity, on the other hand, 
is a more common entity, occurring in 0.4 – 1.0% of preg-
nancies in developed countries  [10] . Geller  et al   [11]  have 
described a useful set of clinical criteria for this defi nition: 
organ failure ( ≥ 1 organ system), extended intubation 
(> 12   h), intensive care unit (ICU) admission, surgical 
intervention, and transfusion ( > 3   units). Several of these 
conditions are more likely associated with CD but the 
extent to which CD per se  increases the risk of near - miss 
mortality to a previously healthy woman remains unclear. 

 However, neonatal mortality rates continue to decrease, 
primarily as a result of continuing advances in neonatal 
medicine. Peripartum deaths resulting from birth 
asphyxia are very uncommon in contemporary US obstet-
ric practice. However, the contribution to these ongoing 
perinatal improvements has as yet not been proven to be 
a result of the increasing CD rates. In fact, there is evi-
dence that babies delivered by scheduled elective repeat 
CD at term are at increased risk of developing respiratory 
problems (adjusted odds ratio [OR] 2.3, 95% confi dence 
interval [CI] 1.4 – 3.8)  [12] .  

Evidence-based operative
considerations

 While debate about indications for CD is ongoing, 
there has been a substantial body of evidence - based 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.
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0.13, 95% CI 0.02 – 0.66). No other outcomes realized 
statistically signifi cant differences between the vaginal 
cleansing and control groups and no adverse effects were 
reported with the povidone - iodine vaginal cleansing.  

Manual removal of the placenta
 Manual removal of the placenta is associated with a clini-
cally relevant and statistically signifi cant increase in 
maternal blood loss (weighted mean difference 94   mL; 
95% CI 17 – 172   mL)  [17] . Manual removal was also associ-
ated with increased postpartum endometritis (OR 1.64, 
95% CI 1.42 – 1.90) and lower hematocrit after delivery 
(weighted mean difference  − 1.55%, 95% CI  − 3.09 to  − 0.01).  

Extraabdominal versus intraabdominal repair
of the uterine incision
 Six randomized clinical trials, consisting of 1221 partici-
pating women, compared uterine exteriorization with 
intraabdominal repair. There were no signifi cant differ-
ences between the groups in most of the outcomes exam-
ined, with the exceptions of febrile morbidity and length 
of hospital stay. Febrile morbidity was lower (RR 0.41, 
95% CI 0.17 – 0.97) and length of hospital stay was longer 
(weighted mean difference 0.24 days, 95% CI 0.08 – 0.39) 
with extraabdominal closure of the hysterotomy  [18] .  

Single-layer versus two-layer
hysterotomy closure
 In a 2008 Cochrane review, single - layer closure compared 
with double - layer closure was associated with a statisti-
cally signifi cant reduction in mean blood loss (three 
studies, 527 women, MD − 70.11, 95% CI  − 101.61 to  − 38.60), 
duration of the operative procedure (four studies, 645 
women, MD − 7.43, 95% CI  − 8.41 to  − 6.46), and presence 
of postoperative pain (one study, 158 women, RR 0.69, 

recommendations that address various aspects of the sur-
gical technique. 

Abdominal surgical incision
 The Joel - Cohen incision has advantages compared to the 
Pfannenstiel incision. A 2007 Cochrane review docu-
mented less fever, pain and analgesic requirements, less 
blood loss and shorter duration of surgery and hospital 
stay with the Joel - Cohen incision  [13] .  

Antibiotic prophylaxis
 It is clear that women who are delivered abdominally are 
at increased risk of endometritis and/or wound infection. 
The Cochrane review of 86 clinical trials confi rms that it 
is benefi cial for these women to receive antibiotics imme-
diately before, during, or immediately after their CD, 
whether or not they have clinical evidence of infection. 
Women who receive antibiotic prophylaxis at the time of 
CD have lower rates of endometritis (relative risk [RR] 
0.38, 95% CI 0.3 – 0.42)  [11] . The risk of wound infection 
was also reduced in women receiving antibiotic prophy-
laxis at the time of CD (RR 0.39, 95% CI 0.32 – 0.48), as was 
the incidence of febrile morbidity (RR 0.45, 95% CI 0.39 –
 0.51)  [14] . More recent reviews suggest that antibiotic 
administration prior to surgical incision may reduce post-
cesarean maternal infection by up to 50%  [15] .  

Vaginal antiseptic prophylaxis
 Vaginal preparation immediately before CD with 
povidone- iodine signifi cantly reduces the incidence of 
postcesarean endometritis from 9.4% in control groups to 
5.2% in vaginal cleansing groups (RR 0.57, 95% CI 0.38 –
 0.87)  [16] . The risk reduction was particularly strong for 
women with ruptured membranes (1.4% in the vaginal 
cleansing group versus 15.4% in the control group; RR 

Figure 48.1     Change in vaginal birth after 
cesarean (VBAC), total cesarean, and 
primary cesarean delivery rates, USA, 
1989 – 2006.  Reproduced from 
www .cdc.gov/nchs/births.htm with 
permission from CDC.  
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consideration should be given to the possibility of throm-
boembolic complications after any CD.  

Treatment of postoperative endometritis
 In a review of 15 clinical trials, the Cochrane review also 
confi rmed that the combination of gentamicin and clin-
damycin has fewer treatment failures than other regimens 
(treatment failure with other regimens RR 1.44, 95% CI 
1.15 – 1.80)  [25] . Drug regimens with poor activity against 
penicillin- resistant anaerobes were particularly likely to 
be unsuccessful (RR 1.94, 95% CI 1.38 – 2.72)  [17] . Three 
studies that compared continued oral antibiotic therapy 
after intravenous therapy with no oral therapy found no 
differences in recurrent infection or any other adverse 
outcomes  [25] .   

Potential risks of repeat
cesarean delivery

 One major contributor to the current increase in the 
overall CD rate is the dramatic decline in VBAC. A modest 
decline in VBAC rates had started in 1998 but this was 
accelerated by a 1999 Technical Bulletin from the ACOG 
 [26]  that cautioned against VBAC unless the facilities and 
staff to perform emergency repeat CD were  “ immediately 
available.”  A recent revision of this Technical Bulletin has 
emphasized informed consent discussions between preg-
nant women and their providers and has acknowledged 
that  “ immediately available, ”  while ideal, may not always 
be possible  [27] . As of this writing, it remains to be seen 
whether this change in perspective will lead to a change 
in practice patterns. 

 The VBAC rate in 2006 was only 8%  [28] , a 35% decline 
from 2002. Overall, the VBAC rate in 2006 was less than 
half that reported in 1996, while the primary cesarean 
section rate has climbed 53% during this same interval. At 
the time of this writing, the defi nitive statements on risks 
associated with VBAC are the papers produced by the 
Eunice Kennedy Shriver National Institute of Child Health 
and Human Development (NICHD) funded Maternal -
 Fetal Medicine Units Network Cesarean Registry  [29] . 
These results are outlined in more detail in Chapter  49 . 
While the magnitude of these risks is small, physician prac-
tice patterns and medicolegal concerns will undoubtedly 
keep interest in VBAC low in the near future. 

 While substantial attention has been paid to the risks 
of VBAC, rather less attention has been directed to the 
risks of repeat CD. In the largest series to address this 
issue, Silver  [30]  reviewed the outcomes of 30,132 CDs 
performed without labor. He found that the risk of accreta, 
hysterectomy, blood transfusion, cystotomy, bowel injury, 
ureteric injury, previa, ileus, postoperative ventilation, 
ICU admission, operative time, and hospital days 

95% CI 0.52 – 0.91)  [19] . There are insuffi cient long - term 
follow- up data to make any conclusions regarding risks 
for subsequent pregnancies.  

Peritoneal closure
 Previous metaanalyses have demonstrated that nonclo-
sure of the visceral and parietal peritoneum decreased 
operative time (RR − 7.33   min, 95% CI  − 8.43 to  − 6.24   min), 
decreased postoperative fever, and reduced postoperative 
hospital stay  [20] . At the time of this analysis, published 
in 2005, only one study had evaluated long - term adhesion 
formation and demonstrated no differences. However, a 
2009 metaanalysis of fi ve studies demonstrated a signifi -
cantly increased likelihood of adhesion formation with 
nonclosure (OR 2.60, 95% CI 1.48 – 4.56)  [21] . Particularly 
in women planning additional cesarean deliveries, it may 
therefore be prudent to consider peritoneal closure.  

Abdominal wall closure techniques
 In a metaanalysis of seven studies involving over 2000 
women, Anderson and Gates  [22]  concluded that the risk 
of hematoma or seroma was reduced with closure of the 
subcutaneous tissue compared with nonclosure (RR 0.52, 
95% CI 0.33 – 0.82). The risk of wound complications 
(defi ned as hematoma, seroma, wound infection, or 
wound separation) was also reduced with subcutaneous 
tissue closure (RR 0.68 95% CI 0.52 – 0.88). There are no 
data to address questions of either suture techniques or 
materials for closure of the rectus sheath.  

Thromboprophylaxis
 In the developed world, thromboembolic disease is now 
the most common cause of direct obstetric death. 
Thromboembolic disease is at least two times more likely 
following CD  [23] . The ACOG does not have a specifi c 
policy statement regarding thromboprophylaxis follow-
ing CD and there are inadequate randomized controlled 
trial data on which to make fi rm recommendations. 
The National Collaborating Center for Women ’ s and 
Children ’ s Health does have a policy statement on this 
issue:  “ Women having a CD should be offered thrombo-
prophylaxis, as they are at increased risk of venous 
thromboembolism. The choice of method of prophylaxis 
(e.g. graduated stockings, hydration, early mobilization, 
low molecular weight heparin) should take into account 
risk of thromboembolic disease and following existing 
guidelines  [24] . ”  It is important to note that thrombo-
prophylaxis is optimally effective when initiated preop-
eratively. Because of concerns about procedure - related 
bleeding at the time of neuraxial anesthesia administra-
tion when heparin has been administered, pneumatic 
compression devices have been recommended by several 
expert opinions. Thus, while the optimum regimen(s) 
have yet to be clearly delineated, it is clear that 
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concluded that such benchmarking practices could be 
considered in obstetric practices interested in long - term 
reductions of their CD rates.    

Current indications for 
cesarean delivery

Failure to progress in labor
 The most common indication for primary CD is failure to 
progress in labor. Although the reports of Friedman 
 [33,34]  have defi ned the expectations of normal labor 
progress for the past generation of obstetric practitioners 
in the USA, more recent data from the Consortium for 
Safe Labor suggest that these historic expectations do not 
refl ect normal labor in contemporary American women, 
particularly prior to 6   cm dilation  [35] . 

 In the 1980s, there was hope that the active manage-
ment of labor, as initially championed by the National 
Maternity Hospital in Dublin  [36] , might reverse the 
increasing CD rates. Unfortunately, this management 
approach has ultimately failed to stop a rising CD rate in 
the developed world, including in Ireland  [37] . 

 There has been no suggestion that maternal pelves or 
uterine activity have changed appreciably in the USA 
over the past several decades. Likewise, mean birth-
weight has not increased in recent years (1990, 3365   g; 
2003, 3325   g)  [38] . However, the frequency of CD for the 
diagnosis of failure to progress in labor has continued to 
increase during the same interval. 

 Researchers at the University of Alabama at Birming-
ham have put forth convincing data that extending the 
minimum period of oxytocin augmentation for active -
 phase labor arrest from 2 to at least 4   h is effective and 
safe  [39] . Following the diagnosis of a 2 - h active - phase 

signifi cantly increased with increasing numbers of CDs. 
Accreta was present in 15 (0.24%), 49 (0.31%), 36 (0.57%), 
31 (2.13%), six (2.31%), and six (6.74%) women undergo-
ing their fi rst, second, third, fourth, fi fth, and sixth or 
more cesareans. Hysterectomy was required in 40 (0.65%) 
fi rst, 67 (0.42%) second, 57 (0.90%) third, 35 (2.40%) fourth, 
nine (3.46%) fi fth, and eight (8.99%) sixth or more cesar-
eans. In the 723 women with previa, the risk for accreta 
was 3%, 11%, 40%, 61%, and 67% for fi rst, second, third, 
fourth, and fi fth or more repeat cesareans, respectively. 
Silver confi rmed that serious maternal morbidity increases 
with increasing numbers of CD and suggested that the 
number of intended pregnancies should be factored into 
consideration of elective repeat CD versus trial of labor 
in women with prior CD. He also noted that in 2003 over 
80,000 women in the USA had their fourth or more cesar-
ean delivery, making his recommendations more widely 
applicable than might often be expected. 

Infl uence of  different patient
populations on cesarean delivery rates

 Cesarean delivery rates vary substantially between geo-
graphic areas in the USA  [28]  and often between hospitals 
in the same community. Numerous factors contribute to 
these differences, including the availability of ancillary 
staff (e.g. anesthesia, pediatrics), training and experience 
of the surgeon(s), and characteristics of particular patient 
populations. The latter observation has been frequently 
cited as an explanation for these observed differences. 

 Although not widely utilized in the USA, the Robson 
CD classifi cation system  [31]  allows comparison of cesar-
ean rates within specifi c subsets of an obstetric popula-
tion and thereby obviates many of the historic arguments 
that have arisen when comparing overall cesarean rates 
between different populations. In this system, any CD can 
be placed in one, but only one, of 10 mutually exclusive 
patient population categories (Box  48.1 ). This classifi ca-
tion system could be of value for defi ning and comparing 
optimum CD rates for different patient populations. 
Fischer et al   [32]  demonstrated signifi cant practice pattern 
differences in Robson group 1 women (term primigravi-
das, vertex presentation, spontaneous labor; see Box  48.1 ) 
between hospitals in the same geographic area with high 
(16.3%) and low (7.8%) CD rates. Although women deliv-
ering in the low CD rate hospital were not more likely to 
receive oxytocin augmentation, their mean maximum 
oxytocin dosage was higher (14.5 versus 11.5   units; 
P    <    0.001) and they were more likely to receive both fetal 
scalp electrodes (60.9% versus 37.3%; P  < 0.001) and intra-
uterine pressure catheters (63.8% versus 26.0%; P  < 0.001) 
compared with an equivalent population in a high CD 
rate hospital with a similar patient population. They 

Box 48.1 Robson cesarean  classifi cation  [31]

1 Nullipara, >37 weeks, single, cephalic presentation, spontaneous 

labor

2 Nullipara, >37 weeks, single, cephalic presentation, induced labor 

or CD before labor 

3 Multipara, no previous CD,  >37 weeks, single, cephalic presenta-

tion, spontaneous labor 

4 Multipara, no previous CD,  >37 weeks, single, cephalic presenta-

tion, induced labor 

5 Multipara, previous CD,  >37 weeks, single, cephalic presentation 

6 Nullipara, single breech presentation 

7 Multipara, single breech presentation 

8 Multiple gestation (with or without previous CD) 

9 Singleton pregnancy, oblique or transverse lie (excluding breech, 

with or without previous CD) 

10 Single, cephalic pregnancy,  <37 weeks (including previous CD) 
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demonstrated that those fetuses with nonreassuring fetal 
heart rates plus reassuring pulse oximetry were more 
likely to require CD eventually for the diagnosis of failure 
to progress in labor  [49] . More recently, a large rand-
omized controlled trial failed to show any benefi t of fetal 
pulse oximetry when applied prospectively to primi-
gravidas at term in labor  [50] . 

 Also recently, the addition of ST waveform analysis to 
fetal heart rate monitoring has been demonstrated in 
some, but not all, studies to reduce intrapartum fetal aci-
dosis and/or operative delivery rates  [51] . The available 
data are almost exclusively from European centers, where 
most intrapartum management protocols are different 
from North American centers.  

Malpresentation
 In 3 – 4% of laboring patients, the fetus is in breech pres-
entation. Current practice calls for CD, except in unusual 
circumstances. The only ways to lower this fi gure would 
be to reduce the frequency of CD for breech presentation 
(not likely in early 21st - century Western obstetrics in view 
of the Term Breech Trial results  [52] ) or to reduce the 
incidence of breech presentation, which can be accom-
plished by external cephalic version (ECV). Because 
breech presentation is more common in primigravidas 
and because ECV is less likely to be successful near term 
in this same group, several studies have confi rmed that 
ECV is more likely to be effective if performed at 34 – 36 
weeks in primigravidas. ECV can be deferred to 37 – 38 
weeks in multiparous women. Although historic con-
cerns about complications such as cord entanglement, 
placental abruption, fetomaternal transfusion, and rup-
tured uterus have limited the use of ECV in some 
areas, these problems seem to be more theoretical than 
real  [53] . Nonetheless, ECV should only be performed in 
a hospital setting where emergency CD is  “ immediately 
available.”   

Repeat cesarean
 Safe reduction in CD rates for primigravidas will propor-
tionately reduce the number of repeat CDs required. In 
view of the aforementioned dominant indications for 
primary CD, a modern defi nition of failure to progress in 
labor, a critical distinction between  “ fetal distress ”  versus 
 “ fetal stress ”  and/or  “ provider distress, ”  and timely 
identifi cation and correction of breech presentation can 
all contribute to a lower rate of repeat CD. Higher order 
repeat CDs are clearly associated with increased maternal 
morbidity. While it is less clear that a single repeat CD is 
associated with signifi cant maternal risk, the admonition 
that  “ today ’ s primigravidas are tomorrow ’ s multigravi-
das ”  is still germane inasmuch as the subgroup of women 
with the lowest risk of peripartum complications are mul-
tiparous women undergoing normal vaginal delivery 
with a surgically intact uterus.     

arrest, oxytocin was initiated with an intent to achieve a 
sustained uterine contraction pattern of greater than 200 
Montevideo units. CD was not performed for labor arrest 
until at least 4   h of a sustained uterine contraction pattern 
of greater than 200 Montevideo units, or a minimum of 
6   h of oxytocin augmentation if this contraction pattern 
could not be achieved. A total of 542 women were 
managed by this protocol and 92% delivered vaginally. 
These researchers have subsequently demonstrated that 
oxytocin- augmented labor proceeds at a slower rate than 
spontaneous labor  [40] . During oxytocin augmentation, 
nulliparas who were delivered vaginally dilated at a 
median rate of 1.4   cm/h versus 1.8   cm/h for parous 
women. In both groups, the 5th percentile of cervical dila-
tation rate was 0.5   cm/h. 

 Another contributor to the increased rate of CD because 
of failure to progress in labor is the epidemic increase in 
obesity seen in the USA over the past two decades. This 
diagnosis is most commonly made in the fi rst stage of 
labor, consistent with observations that leptin inhibits 
uterine contractility  [41] . LaCoursiere  et al   [42]  have 
shown that a 40% increase in prepregnancy overweight 
(Body Mass Index [BMI] 25.0 – 29.9) and obesity (BMI  ≥ 30) 
over a recent 10 - year interval in Utah (1991 – 2001) was 
accompanied by an attributable fraction of CD of 0.388 
(0.369 – 0.407). Put differently, among all women undergo-
ing CD at the end of this interval, 1 in 7 was attributable 
to overweight and/or obesity.  

Fetal distress
 The Cochrane systematic review demonstrated that 
women followed in labor with electronic fetal heart rate 
monitoring were more likely to be delivered abdominally 
and their babies were less likely to suffer neonatal asphyx-
ial seizure (RR 0.52, 95% CI 0.32 – 0.82)  [43] . However, the 
majority of babies delivered abdominally for  “ nonreas-
suring fetal heart rate patterns ”  or  “ fetal distress ”  suf-
fered no perinatal complications, and long - term follow - up 
of the Dublin population revealed no difference in any 
neuropsychiatric or developmental landmarks by age 5 
years  [44] . 

 Earlier attempts to reduce false - positive interventions 
focused on fetal scalp blood sampling for fetal pH deter-
mination and did demonstrate a reduced CD rate for this 
indication  [45] . However, the diffi culties of maintaining 
this equipment, as well as the invasive nature of the pro-
cedure, precluded its widescale use, particularly in the 
community sector. More recently, fetal pulse oximetry has 
been evaluated as a less invasive technique for assess-
ment of fetal oxygenation during labor, with convincing 
animal and human data to suggest that a fetal oxygen 
saturation of greater than 30% was almost never associ-
ated with a pH of < 7.15  [46 – 48] . An initial evaluation 
demonstrated a convincing reduction in CD rates for 
the diagnosis of  “ fetal distress ”  but interestingly 
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    A 33 - year - old primigravida is admitted at 41w 2d gesta-
tion for induction of labor with the diagnosis of postdates 
pregnancy. Her Bishop score is 3 and she initially receives 
25    μ g misoprostol  per vaginam  every 4   h for a total of three 
doses, at which time her Bishop score has improved to 7. 
She is begun on oxytocin and her contractions increase in 
frequency and intensity. She declines an offer of epidural 
anesthesia. The fetal heart rate tracing remains reassur-
ing. After 6   h her cervix is 4   cm dilated and completely 
effaced, with the vertex estimated at  − 2 station. An amni-
otomy is performed for augmentation of labor with return 
of a large amount of clear fl uid. With the next contraction 
sustained fetal bradycardia is noted on the fetal monitor. 
A sterile vaginal examination is performed and reveals 
umbilical cord prolapsing through the cervix. The pre-
senting part is elevated, the oxytocin discontinued, and 
she is urgently transferred to the operating room where 

she initially receives 0.25   mg terbutaline subcutaneously 
for uterine relaxation. Following induction of general 
anesthesia, an emergency CD is performed via a trans-
verse suprapubic abdominal incision. 

 She is delivered of a 3600   g female whose Apgar scores 
are 4 and 8 and whose cord artery pH is 7.07 and who 
thereafter does well. The mother receives 1   g cefazolin 
intravenously following delivery of the baby. She remains 
afebrile after delivery and is nursing her baby on the third 
postpartum day when she develops shortness of breath 
and left - sided chest pain. A chest spiral CT reveals a pul-
monary embolism in the lower lobe of the right lung. She 
is begun on intravenous heparin and oral coumadin. 
After 2 days her symptoms are greatly improved and the 
heparin is discontinued. She is discharged on the sixth 
postpartum day on oral coumadin. She is advised to use 
condoms and foam for contraception. 

CASE PRESENTATION 1 

    An 18 - year - old primigravida who is 1.68   m (5 feet 6 
inches) tall and whose late - pregnancy BMI is 28.6, presents 
at 39w 4d gestation for evaluation of labor. She is found 
to be 3   cm dilatated and completely effaced and is con-
tracting painfully every 3   min. She is admitted with the 
diagnosis of spontaneous labor. After 2   h there has been 
no change in her cervix yet she remains quite uncomfort-
able. The decision is made to provide an epidural for pain 
relief and to proceed thereafter with amniotomy. Both are 
accomplished uneventfully, the latter revealing clear 
amniotic fl uid. The fetal heart rate pattern remains 
reactive. 

 After another 2   h there has still been no change in her 
cervical examination. Internal heart rate and pressure 
catheters are placed, revealing a reactive fetal heart rate 
with a baseline of 130 – 140   beats/min and contractions 
whose total Montevideo units average 140. Oxytocin aug-

mentation is begun with resultant increase of her average 
Montevideo units to 210. 

 She progresses to 6   cm dilation but thereafter fails to 
make any further change in either cervical dilation or 
station of the vertex in the ensuing 2   h. As a result, she is 
taken to the operating room where a primary CD is per-
formed for the diagnosis of failure to progress in labor. A 
male infant weighing 3280   g is delivered whose Apgar 
scores are 8 and 9 at 1 and 5   min, respectively. 

 Her intraoperative course is complicated by uterine 
atony that responds to 250   mg carboprost given intramus-
cularly. The estimated blood loss is 1200   mL. She has a 
single temperature elevation to 38.6 ° C in the recovery 
room, is started on broad - spectrum antibiotics, and 
remains afebrile thereafter. Her postoperative course is 
thereafter uncomplicated and she is discharged with her 
baby on postoperative day 3.  

CASE PRESENTATION 2 

    A 34 - year - old gravida 3, para 2002 is admitted at 39w 0d 
gestation for scheduled repeat CD. Her fi rst cesarean was 
performed because of breech presentation diagnosed at 
the time of labor. Her second delivery was a repeat cesar-
ean at term and she is admitted now for scheduled repeat 
cesarean and tubal ligation. She is known to be Rh nega-
tive and received 300    μ g RhoGAM intramuscularly at 28 
weeks in all three pregnancies and had also received 

RhoGAM following delivery of her fi rst child. Her second 
baby was Rh negative and RhoGAM had not been admin-
istered following delivery. 

 A repeat cesarean is performed following induction 
of adequate spinal anesthesia. At the time of surgery, 
multiple dense adhesions are encountered between the 
omentum and the lower uterine section. After these are 
removed, further diffi culty is encountered dissecting the 

CASE PRESENTATION 3 

Continued
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Trends in vaginal birth after
cesarean-trial of labor

 A recent review of contemporary caesarean delivery in 
the United States concluded that primary emphasis 
should be placed on reducing cesarean deliveries for dys-
tocia and repeat operations as these two indications have 
contributed most to the rise in the overall caesarean rate 
 [1] . A modest decline in cesarean delivery occurred in the 
USA from 1988 to 1996, which fell to 21% and was largely 
the result of an increased trial of labor (TOL) rate in 
women with prior cesareans. However, at present, only 
8.5% of women with prior cesarean undergo TOL in the 
USA  [2] . Remarkably, nearly two - thirds of women with a 
prior cesarean are actually candidates for a TOL  [3] . Thus, 
the majority of repeat operations can be considered elec-
tive and are clearly infl uenced by physician discretion  [4] . 
TOL rates are consistently lower in the USA when com-
pared with European nations, suggesting signifi cant 
underutilization of TOL in the USA. As 8 – 10% of the 
obstetric population has had previous cesarean delivery, 
more widespread use of TOL could substantially decrease 
the overall cesarean delivery rate  [5] . 

 The evolution in management of the woman with prior 
cesarean delivery is apparent through review of several 
American College of Obstetricians and Gynecologists 
(ACOG) documents and key studies over the last 15 
years. In 1988, the ACOG published  “ Guidelines for 
vaginal delivery after a previous cesarean birth, ”  recom-
mending VBAC - TOL (vaginal birth after cesarean 
delivery– trial of labor), as it became clear that this proce-
dure was safe and did not appear to be associated with 
excess perinatal morbidity compared with elective cesar-
ean delivery. The guidelines recommended that each 
hospital develop its own protocol for the management 
of VBAC - TOL patients and that a woman with one prior 
low transverse cesarean delivery should be counseled 
and encouraged to attempt labor in the absence of 

a contraindication such as a prior classic incision. This 
recommendation was supported by several large case 
series attesting to the safety and effectiveness of TOL 
 [6 – 10] . Driven by this encouraging information, VBAC 
rates reached a peak of 28.3% by 1996. Third - party payers 
and managed care organizations embraced these data and 
began to encourage TOL for women with prior cesarean 
delivery by tracking provider and institutional VBAC 
rates. Physicians, feeling pressure to lower cesarean 
delivery rates, began to offer TOL liberally and may have 
included less than optimal candidates. 

 With greater utilization of VBAC - TOLs, reports sur-
faced suggesting a possibly greater than previously 
appreciated risk for uterine rupture and its maternal and 
fetal consequences  [11 – 15] . Descriptions of uterine rupture 
with maternal hemorrhage, hysterectomy, and adverse 
perinatal outcomes including death and brain injury set 
the stage for the precipitous decline in VBAC witnessed 
during the last decade  [16 – 19] . 

 Eventually, the ACOG acknowledged the apparent 
statistically small but signifi cant risks of uterine rupture 
with poor outcomes for both women and their infants 
during TOL  [20] . It was also recognized that such 
adverse events during a TOL might precipitate malprac-
tice litigation. A more conservative approach to TOL 
has thus been adopted by even ardent supporters of 
VBAC. Nonetheless, in the 2004 bulletin, the ACOG stated 
clearly that most women with one previous cesarean 
delivery with a low transverse incision are candidates for 
VBAC and should be counseled about VBAC and offered 
TOL  [21] . 

 In response to a growing body of evidence indicating 
restriction of a woman ’ s access to TOL - VBAC, despite 
two recent large - scale contemporary multicenter studies 
 [23,53]  attesting to the relative safety of VBAC - TOL, the 
National Institutes of Health (NIH) held a consensus 
development conference concerning VBAC in 2010. The 
panel concluded that trial of labor is a reasonable birth 
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   •      Inability to perform emergency cesarean delivery 
because of unavailable surgeon, anesthesia, suffi cient 
staff or faculty.     

Success rates for trial of labor

 The overall success rate for VBAC appears to be in the 
70 – 80% range according to published reports  [26 – 28] . In 
published series with the highest TOL rates, success was 
only present in 60% of cases  [29] . More recently, selective 
criteria resulting in TOL rates in the 30% range have 
been associated with a higher number of vaginal births, 
70 – 75%  [30,31] . Several predictors of successful TOL 
have been well described (Table  49.1 ). The prior indica-
tion for the cesarean delivery clearly affects the likeli-
hood of successful VBAC. A history of prior vaginal 
birth or a nonrecurring condition such as breech or fetal 
distress is associated with the highest success rates for 
VBAC. Grobman and colleagues  [32]  have developed a 
nomogram for predicting VBAC. The prediction model 
is based on a multivariable logistic regression, including 
the variables of maternal age, Body Mass Index, ethnic-
ity, prior vaginal delivery, the occurrences of a VBAC, 
and a potential recurrent indication for the cesarean 
delivery. After analysis of the model with crossvalida-
tion techniques, it was found to be accurate and dis-
criminating. Although there is no reliable method to 
predict success of TOL for an individual woman, a 
number of factors have been studied which infl uence 
success and these are summarized in the following 
sections.

option for many women with previous caesarean deliv-
ery. The panel also found that existing practice guide-
lines and the medical liability climate were restricting 
access to VBAC - TOL and that these factors need to be 
addressed  [24] . A specifi c concern raised was the low 
level of evidence for the requirement for  “ immediately 
available”  surgical and anesthesia personnel in existing 
guidelines and the need to reassess this recommendation 
with reference to other obstetric complications of com-
parable risk given limited physician and nursing 
resources. 

 Several months later, the ACOG issued an updated 
practice bulletin concerning VBAC  [25] . The ACOG 
acknowledged a background of limited access to TOL -
 VBAC evolving over time as well as recommendation 
by the NIH panel to facilitate access. In doing so, while 
again recommending that TOL - VBAC be undertaken in 
facilities with staff immediately available to provide 
emergency care, the ACOG recognized that resources for 
immediate cesarean may not be available in smaller insti-
tutions. In such cases, the decision to offer and pursue 
TOL - VBAC should be carefully considered by patients 
and their healthcare providers. It was recommended that 
the best alternative may be to refer patients to a facility 
with available resources.  

Candidates for trial of labor

 Women who have had low transverse uterine incision 
with prior cesarean delivery and have no contraindica-
tions to vaginal birth can be considered candidates for 
TOL. The following are criteria suggested by the ACOG 
 [25]  for identifying candidates for VBAC.
    •      One or two previous low transverse cesarean 
deliveries.
   •      Clinically adequate pelvis.  
   •      No other uterine scars or previous rupture.  
   •      Physicians immediately available throughout active 
labor capable of monitoring labor and performing an 
emergency cesarean delivery.    
 Additionally, several retrospective studies would indicate 
that it may be reasonable to offer TOL to women in other 
clinical situations. These would include: more than two 
prior low transverse cesarean deliveries, gestation beyond 
40 weeks, previous low vertical incision, unknown uterine 
scar type, and twin gestation  [25] . 

 Trial of labor is contraindicated in women at high risk 
for uterine rupture and should not be attempted in the 
following circumstances.
    •      Previous classic or T - shaped incision or extensive 
transfundal uterine surgery.  
   •      Previous uterine rupture.  
   •      Medical or obstetric complications that preclude 
vaginal delivery.  

Table 49.1    Success rates for trial of labor 

VBAC success (%) 

Prior indication

CPD/FTP 63.5
NRFWB 72.6
Malpresentation 83.8

Prior vaginal delivery

Yes 86.6
No 60.9

Labor type

Induction 67.4
Augmented 73.9
Spontaneous 80.6

CPD, cephalopelvic disproportion; FTP, failure to progress; NRFWB, 
nonreassuring fetal well -being; VBAC, vaginal birth after cesarean 
delivery.
Adapted from Landon et al [22].
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dilation greater than or equal to 4   cm  [41] . Conversely, the 
success rate drops to 67% if the cervical examination is 
less than 4   cm upon admission. 

 Women who undergo induction of labor are at higher 
risk for a failed TOL or repeat cesarean delivery compared 
with those who enter spontaneous labor  [22,41] . Landon 
et al   [22]  reported a 67.4% successful VBAC rate in women 
undergoing induction versus 80.6% in those entering 
spontaneous labor. Remarkably, Grinstead and Grobman 
 [42]  reported a surprisingly high success rate (78%) in 429 
women undergoing induction with prior cesarean deliv-
ery. These authors noted several factors in addition to 
past obstetric history, including indication for induction 
and need for cervical ripening as determinants of VBAC 
success  [42] . Grobman and colleagues  [43]  have also 
reported a VBAC success rate of 83% in 1208 women with 
a prior cesarean and prior vaginal delivery undergoing 
induction of labor.  

Previous incision type
 Previous incision type may be unknown in certain 
patients. It appears that women with unknown scar have 
VBAC success rates similar to those of women with docu-
mented prior low transverse incisions  [22] . Similarly, 
women with previous low vertical incisions do not appear 
to have lower VBAC success rates  [44] .  

Multiple prior cesarean deliveries
 Women with more than one prior cesarean have been 
demonstrated to consistently have a lower likelihood of 
achieving VBAC  [45 – 47] . Caughey  et al   [45]  reported a 
75% success rate for women with one prior cesarean com-
pared with 62% in women with two prior operations. In 
contrast, Macones et al  ’ s  [48]  large multicenter study of 
13,617 women undergoing TOL revealed a 75.5% success 
rate for women with two prior cesareans, which was not 
statistically different from the 75% success rate in women 
with one prior operation (Table  49.2 ).     

Risks of vaginal birth after
cesarean-trial of labor

Uterine rupture
 The principal risk associated with VBAC - TOL is uterine 
rupture. This complication is directly attributable to 

Maternal demographics
 Race, age, Body Mass Index, and insurance status have 
all been demonstrated to affect the success of TOL  [22] . In 
a multicenter study of 14,529 term pregnancies undergo-
ing TOL, Caucasian women had an overall 78% success 
rate compared with 70% in non - Caucasian women  [22] . 
Obese women are more likely to fail TOL as are women 
older than age 40  [22] . Confl icting data exist with regard 
to payer status (uninsured versus private patients). 

Prior indication for cesarean delivery
 Success rates for women whose fi rst cesarean delivery 
was performed for a nonrecurring indication (breech, 
nonreassuring fetal well - being) are similar to vaginal 
delivery rates among nulliparous women  [31] . Prior 
cesarean for breech presentation is associated with the 
highest reported success rate of 89%  [22,31] . In contrast, 
prior operative delivery for cephalopelvic disproportion 
or failure to progress is associated with success rates in 
the range 50 – 67%  [32 – 34] . If dystocia was diagnosed 
between 5 and 9   cm in a prior labor, 67 – 73% of VBAC 
attempts are successful compared with only 13% if prior 
cesarean delivery was performed during the second stage 
of labor  [35] .  

Prior vaginal delivery
 Prior vaginal delivery including prior successful VBAC is 
apparently the best predictor for a successful TOL  [22] . In 
one series, a prior vaginal delivery was associated with 
an 87% success rate compared with 61% success in women 
without prior vaginal delivery  [28] . Caughey  et al   [36]  
reported that patients with a previous VBAC had a 93% 
success rate compared with 85% for women with a vaginal 
delivery prior to their cesarean birth that were without 
prior VBAC. Mercer and colleagues  [37]  have reported 
that success rate increases from 98.6% with one prior 
vaginal delivery to 90.0% with two prior successful 
attempts.

Birthweight
 Large for gestational age or fetal macrosomia is associated 
with a lower likelihood of VBAC success  [30] . Birthweight 
greater than 4000   g in particular is associated with a sig-
nifi cantly higher risk of failed TOL  [28] . Nonetheless, 
Flamm and Goings  [38]  reported that 60 – 70% of women 
who attempt VBAC with a macrocosmic fetus are success-
ful. Peaceman and colleagues  [39]  reported only a 34% 
success rate when the second pregnancy birthweight 
exceeded the fi rst by 500   g and the prior indication was 
dystocia, compared with a 64% success rate with other 
prior indications. 

Labor status and cervical examination
 Both labor status and cervical examination upon admis-
sion infl uence VBAC success  [40] . An 86% VBAC success 
rate has been reported in women presenting with cervical 

Table 49.2    Success rates for trial of labor with two prior cesarean 
deliveries

Author n Success rate (%) 

Miller et al [46] 2936 75.3
Caughey et al [45] 134 62.0
Macones et al [48] 1082 74.6
Landon et al [47] 876 67.0
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20 - year period, calculated 40 perinatal deaths in 91,039 
TOL for a rate of 0.4 per 1000. 

 In most studies, perinatal hypoxic brain injury has been 
an underreported adverse outcome related to uterine 
rupture. Landon  et al   [53]  found a signifi cant increase in 
the rate of hypoxic ischemic encephalopathy (HIE) related 
to uterine rupture among the offspring of women who 
underwent TOL at term, compared with the children of 
women who underwent elective repeat cesarean delivery 
(0.46 per 1000 TOL versus no cases, respectively). In 114 
cases of uterine rupture at term, seven infants (6.2%) sus-
tained HIE and two of these infants died in the neonatal 
period.

 Maternal hysterectomy may be a complication of 
uterine rupture, particularly if the defect is unrepairable 
or is associated with uncontrollable hemorrhage. In fi ve 
studies reporting on hysterectomies related to rupture, 
seven cases occurred in 60 symptomatic ruptures (13%; 
range 4 – 27%), indicating that 3.4 per 10,000 women 
choosing TOL sustain a rupture that necessitates hyster-
ectomy  [51] . The NICHD - MFMU Network study included 
5/124 (4%) rupture cases requiring hysterectomy in which 
the uterus could not be repaired  [53] . 

  Risk  f actors for  u terine  r upture 
 Rates of uterine rupture vary signifi cantly depending on 
a variety of associated risk factors. In addition to uterine 
scar type, obstetric history characteristics including 
number of prior cesareans, prior vaginal delivery, inter-
delivery interval, and uterine closure technique have all 
been reported to affect the risk of uterine rupture. 
Similarly, factors related to labor management including 
induction and the use of oxytocin augmentation have all 
been studied. 

  Number of  p rior  c esarean  d eliveries 
 Miller  et al   [46]  reported uterine rupture in 1.7% of women 
with two or more previous cesarean deliveries compared 
with a frequency of 0.6% in those with one prior operation 
(odds ratio [OR] 3.06, 95% confi dence interval [CI] 1.95 –
 4.79). Interestingly, the risk for uterine rupture was not 
increased further for women with three prior cesareans. 
Caughey et al   [45]  conducted a smaller study of 134 
women with two prior cesareans and controlled for labor 
characteristics as well as obstetric history. These authors 
reported a rate of uterine rupture of 3.7% among these 
134 women compared with 0.8% in the 3757 women with 
one previous scar (OR 4.5, 95% CI 1.18 – 11.5). This infor-
mation led the ACOG, in 2004, to recommend that TOL 
for women with two prior cesarean deliveries be limited 
to those with a history of prior vaginal delivery  [21] . 
Macones et al   [48]  reported a uterine rupture rate of 
20/1082 (1.8%) in women with two prior cesareans com-
pared with 113/12,535 (0.9%) in women with one prior 
operation (adjusted OR 2.3, 95% CI 1.37 – 3.85). In contrast, 
an analysis from the MFMU Network Cesarean Registry 

attempted VBAC, as symptomatic rupture is a rare obser-
vation at the time of elective repeat operations  [49,50] . An 
important distinction exists between uterine rupture and 
uterine scar dehiscence. This difference is clinically rele-
vant as dehiscence most often represents an occult scar 
separation observed at laparotomy in women with a prior 
cesarean delivery. The serosa of the uterus is intact with 
most cases of dehiscence and hemorrhage is absent. In 
contrast, uterine rupture is a thorough disruption of all 
uterine layers with consequences of hemorrhage, cord 
compression, potential abruption, fetal compromise, and 
signifi cant maternal morbidity. The VBAC literature 
varies with respect to terminology, defi nitions, and ascer-
tainment for uterine rupture  [51] . A review of 10 observa-
tional studies providing the best evidence on the 
occurrence of symptomatic rupture with TOL revealed 
rupture rates ranging from 0 in 1000 in a small study to 
7.8 in 1000 in the largest study, with a pooled rate of 3.8 
per 1000 TOL  [51,52] . The large, multicenter, prospective, 
observational Maternal Fetal Medicine Units (MFMU) 
Network study reported a 0.69% incidence with 124 
symptomatic ruptures occurring in 17,898 women under-
going TOL  [53] . 

 The rate of uterine rupture depends on both the type 
and location of the previous uterine incision (Table  49.3 ). 
Uterine rupture rates are highest with previous classic or 
T - shaped incisions, with a reported range of 4 – 9%  [50] . 
The risk for rupture with a previous low vertical incision 
is diffi cult to determine. Distinguishing this incision type 
from classic incision can be arbitrary and low vertical 
incision is relatively uncommon. Two reports suggest a 
rupture rate of 0.8 – 1.1% for prior low vertical scar  [54,55] .   

 Women with unknown scar type may not be at increased 
risk for uterine rupture. This may simply be because most 
cases are undocumented prior low transverse incisions. 
Among 3206 women with unknown scar in the MFMU 
Network report, uterine rupture occurred in 0.5% of 
TOL  [53] . 

 The most serious sequelae of uterine rupture include 
perinatal death, fetal hypoxic brain injury, and hysterec-
tomy. Guise  et al   [52]  calculated a rate of 0.14 additional 
perinatal deaths per 1000 TOL related to uterine rupture. 
This fi gure is similar to the NICHD - MFMU Network 
study in which there were two neonatal deaths among 
124 ruptures, for an overall rate of rupture - related peri-
natal death of 0.11 per 1000 TOL  [53] . Chauhan  et al   [56] , 
in reviewing 880 maternal uterine ruptures during a 

Table 49.3    Risk of uterine rupture with trial of labor 

Prior incision type Rupture rate (%) 

Low transverse 0.5–1.0
Low vertical 0.8–1.1
Classic or T -shaped 4–9
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interdelivery interval. In contrast, Huang  et al   [63]  found 
no increased risk for uterine rupture with an interdelivery 
interval of less than 18 months. Bujold et al   [64]  have 
reported that an interdelivery interval of less than 24 
months is independently associated with an almost three-
fold increased risk for uterine rupture. These authors 
reported a rate of rupture of 2.8% in women with a short 
interval versus 0.9% in women with more than 2 years 
since the prior cesarean birth.  

  Labor  i nduction 
 Induction of labor appears to be associated with an 
increased risk of uterine rupture  [49,54,61] . Lydon -
 Rochelle  et al   [65]  reported a uterine rupture rate of 
24/2326 (1.0%) for women undergoing induction com-
pared with 56/10,789 (1.5%) women with spontaneous 
onset of labor. In the prospective MFMU Network cohort 
analysis, Landon et al   [53]  noted the risk for uterine 
rupture to be elevated nearly threefold (OR 2.86, 95% CI 
1.75 – 4.67), with uterine rupture occurring after 48/4708 
(1.0%) of induced TOL versus 24/6685 (0.4%) of sponta-
neous labors. After controlling for various potential con-
founders, the risk of uterine rupture in women undergoing 
oxytocin labor induction has been reported to be increased 
4.6 - fold compared with spontaneous labor (rupture rate 
of 2.0% versus 0.7%)  [57] . Despite these analyses, it 
remains unclear whether induction causes uterine rupture 
or whether an associated risk factor such as cervical status 
is the ultimate cause. 

 Confl icting data also exist on whether various induc-
tion methods increase the risk for uterine rupture  [66] . 
Lydon - Rochelle  et al  ’ s  [65]  study suggested an increased 
risk for uterine rupture with use of prostaglandins for 
labor induction. Uterine rupture was noted in 15/1960 
(0.8%) of women induced without prostaglandin use 
compared with 9/366 (2.5%) induced with prostaglandin 
use. Two recent large studies have failed to confi rm the 
fi ndings of Lydon - Rochelle  et al  of an increased risk of 
rupture associated with the use of prostaglandin agents 
alone for induction  [23,53] . Macones  et al   [23]  did report 
an increased risk for rupture in women undergoing 
induction only if they received a combination of prostag-
landins and oxytocin. In the MFMU Network study, there 
were no cases of uterine rupture when prostaglandin 
alone was used for induction, including 52 cases of miso-
prostol use  [53] . The safety of this medication, which is 
popular for cervical ripening and labor induction, has 
been challenged for women attempting VBAC. 

 In the largest report of women receiving prostaglandins 
for labor induction attempting VBAC, Smith and col-
leagues  [67]  reported a 0.87% risk for uterine rupture 
among 4475 women receiving unspecifi ed prostaglandins 
compared to 0.29 in 4429 cases not receiving this class of 
medication. Although the relative risk associated with 
prostaglandin use was elevated, clearly the absolute risk 

found no signifi cant difference in rupture rates in women 
with one prior cesarean. 115/16,916 (0.7%). versus multi-
ple prior cesareans, 9/982 (0.9%)  [47] . Therefore, it appears 
that if multiple prior cesarean section is associated with 
an increased risk for uterine rupture, the magnitude of 
any additional risk is fairly small. Thus, the most current 
ACOG document considers it reasonable to offer TOL to 
women with two prior cesareans and to counsel such 
women on the basis of a combination of factors affecting 
their probability of achieving a successful TOL  [25] .  

  Prior  v aginal  d elivery 
 Prior vaginal delivery is protective against uterine rupture 
following TOL. Zelop  et al   [57]  noted the rate of uterine 
rupture among women with prior vaginal birth to be 0.2% 
(2/1021) compared with 1.1% (30/2762) among women 
with no prior vaginal deliveries. A similar protective 
effect of prior vaginal birth has been reported in two large 
multicenter studies  [47,58] . There is currently no informa-
tion as to whether a history of successful VBAC is also 
protective against uterine rupture.  

  Uterine  c losure  t echnique 
 Single - layer uterine closure technique continues to be 
widely employed as it may be associated with shorter 
operating time with similar short - term complications 
compared with the traditional two - layer technique. A ret-
rospective study of 292 women undergoing TOL found 
similar rates of uterine rupture for women with one -  and 
two - layer closures  [58] . Chapman  et al   [59]  conducted a 
randomized trial that compared the incidence of uterine 
rupture in 145 women who received either one -  or two -
 layer closure at their primary cesarean delivery. No cases 
of uterine rupture were found in either group; however, 
the study is of insuffi cient size to detect a potential differ-
ence. A large observational cohort study identifi ed an 
approximate fourfold increased rate of rupture following 
single- layer closure technique when compared with pre-
vious double - layer closure  [59,60] . These authors con-
ducted a detailed review of operative reports in which the 
rate of rupture was 15/1489 (3.1%) with single - layer 
closure versus 8/1491 (0.5%) with previous double - layer 
closure. A recent case – control study  [61]  suggested an 
increased risk of uterine rupture with single - layer closure 
(OR 2.69, CI 1.57 – 5.28) compared to two larger closures. 
In the absence of randomized controlled studies, it 
remains unclear whether single - layer closure technique 
increases the risk for rupture.  

  Interpregnancy  i nterval 
 Short interpregnancy intervals have been studied as a risk 
factor for uterine rupture during TOL  [62 – 64] . Shipp  et al
 [62]  reported an incidence of rupture of 2.3% (7/311) 
in women with an interdelivery interval less than 18 
months compared with 1.1% (22/2098) with a longer 
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only be attempted in institutions equipped to respond to 
emergencies, with physicians immediately available to 
provide emergency care  [25] . Thus, an obstetrician and 
anesthesia personnel must both be available to comply 
with this recommendation. 

 Recommendations for management of women under-
going a TOL after prior cesarean delivery are primarily 
based upon expert opinion. Women attempting VBAC 
should be encouraged to contact their healthcare provider 
promptly when labor or ruptured membranes occur. 
Continuous electronic fetal heart rate (FHR) monitoring 
is prudent, although the need for intrauterine pressure 
catheter monitoring is debatable. Studies that have exam-
ined FHR patterns prior to uterine rupture consistently 
report that nonreassuring signs, particularly signifi cant 
variable decelerations or bradycardia, are the most 
common fi ndings accompanying uterine rupture  [70,71] . 
Despite the presence of adequate personnel to proceed 
with emergency cesarean delivery, prompt intervention 
does not always prevent fetal neurologic injury or death 
 [52,72] . In one study, signifi cant neonatal morbidity 
occurred when 18   min or longer elapsed between the 
onset of FHR deceleration and delivery  [18] . If prolonged 
deceleration is preceded by variable or late decelerations, 
fetal injury may occur as early as 10   min from the onset 
of the terminal deceleration. 

 Trial of labor is not a contraindication to the use of 
epidural analgesia. Moreover, epidural use does not 
appear to affect success rates  [22] . Epidural analgesia also 
does not mask the signs and symptoms of uterine rupture. 
Oxytocin augmentation is employed as necessary, under-
standing that hyperstimulation should be avoided. In a 
case – control study, Goetzl  et al   [73]  reported no associa-
tion between uterine rupture and oxytocin dosing inter-
vals, total dose utilized, and the mean duration of oxytocin 
administration.

 Vaginal delivery is conducted as in cases without a 
history of prior cesarean. Most individuals do not rou-
tinely explore the uterus in order to detect asymptomatic 
scar dehiscences because these generally heal well. 
However, excessive vaginal bleeding or maternal hypo-
tension should be promptly evaluated, including assess-
ment for possible uterine rupture. Of 124 cases of uterine 
rupture accompanying TOL, 14 (11%) were identifi ed fol-
lowing vaginal delivery  [53] . 

Counseling for vaginal birth after
cesarean-trial of labor
 A pregnant woman with prior cesarean delivery is at risk 
for both maternal and perinatal complications whether 
undergoing TOL or choosing elective repeat operation 
(Table  49.4 ). Complications of both procedures should be 
discussed and an attempt should be made to individual-
ize risk for both uterine rupture and the likelihood of 
successful VBAC (Box  49.1 ; see Table  49.1 ). For example, 

for rupture was impressively low in this series. At present, 
based on limited data, the ACOG suggests avoiding 
sequential use of prostaglandin E 2  and oxytocin in women 
undergoing TOL.  

  Labor  a ugmentation 
 Excessive use of oxytocin may be associated with uterine 
rupture such that careful labor augmentation should be 
practiced in women attempting TOL  [18] . In a case –
 control study, Leung  et al   [18]  reported an odds ratio of 
2.7 for uterine rupture in women receiving oxytocin aug-
mentation. In contrast, a metaanalysis concluded that 
oxytocin does not increase the risk for uterine rupture  [8] . 
Dysfunctional labor including arrest disorders actually 
increased the risk sevenfold and thus may actually be the 
primary factor responsible for rupture. In support of this 
concept, Zelop et al   [57]  found that labor augmentation 
with oxytocin did not signifi cantly increase the risk for 
rupture. In the MFMU Network study, the rate of uterine 
rupture with oxytocin augmentation was 52/6009 (0.9%) 
compared with 24/6685 (0.4%) without oxytocin use  [53] . 
Cahill and colleagues  [68]  have reported that a dose –
 response relationship exists between maximal oxytocin 
dose and the risk for rupture compared with women who 
attempt VBAC with no oxytocin exposure. At the maximal 
dose of oxytocin ( > 20   mg/min), these authors noted the 
risk of uterine rupture to be only 2.07%. 

 In summary, oxytocin augmentation may marginally 
increase the risk for uterine rupture in women undergo-
ing TOL. It follows that judicious use of oxytocin should 
be employed in this population. 

  Sonographic  e valuation of the  u terine  s car 
 To better identify women at risk for uterine rupture 
undergoing TOL, the thickness of the lower uterine 
segment (LUS) has been evaluated with ultrasound. 
Bujold and colleagues  [69]  conducted a prospective study 
of 125 women with previous cesarean undergoing TOL 
who received sonographic measurement of the LUS 
before labor. There were only three cases of uterine 
rupture; however, receiver operation curve analysis 
showed that full thickness of less than 2.3   mm was the 
optimal cut - off for the prediction of uterine rupture (3/33 
versus 0/92; P    =    0.02). The rate of uterine rupture reported 
(9.1%) is signifi cantly greater than previously cited risk 
factors and thus, if confi rmed in additional studies, may 
identify a subgroup of women at suffi ciently high risk to 
advise against TOL.    

Management of vaginal birth after
cesarean-trial of labor

 Because uterine rupture may be catastrophic, it is recom-
mended that TOL after prior cesarean delivery should 
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weeks, there is a small possibility of unexplained still-
birth which might be avoidable with scheduled repeat 
operation. A risk for fetal hypoxia and its sequelae may 
also accompany labor events unrelated to the uterine 
scar. In the MFMU Network study, fi ve cases of 
nonrupture - related HIE occurred in term infants in the 
TOL group compared with none in the elective repeat 
cesarean population  [53] .     

a woman who might require induction of labor may be at 
slight increased risk for uterine rupture and is also less 
likely to achieve vaginal delivery. Future child bearing 
and the risks of multiple cesarean deliveries including 
risks of placenta previa and accreta should also be 
considered.     

 It is important to make every possible effort to obtain 
the operative records of a prior cesarean delivery in order 
to determine previous uterine incision type. This is par-
ticularly relevant to cases of prior preterm breech delivery 
in which vertical uterine incision or a low transverse inci-
sion in an undeveloped lower uterine segment might pre-
clude TOL. There may be an increased rate of subsequent 
uterine rupture in women with a prior preterm cesarean 
attempting TOL  [74] . If previous uterine incision type is 
unknown, the implications of this missing information 
should also be discussed. 

 Following complete informed consent detailing the 
risks and benefi ts for the individual woman, the delivery 
plan should be formulated by both the patient and phy-
sician. Documentation of counseling is advisable and 
some practitioners prefer to use a specifi c VBAC consent 
form. Many women will choose repeat operation after 
thorough counseling. However, VBAC - TOL should con-
tinue to remain an option for most women with prior 
cesarean delivery (Box  49.2 ; see also Box  49.1 ). The mag-
nitude of risks accompanying TOL must be conveyed to 
the woman undergoing counseling. The attributable risk 
for a serious adverse perinatal outcome (perinatal death 
or HIE) at term appears to be approximately 1 in 2000 
TOL  [53] . Combining an independent risk for hysterec-
tomy attributable to uterine rupture at term with the 
risk for newborn HIE indicates that the chance of one of 
these adverse events occurring is approximately 1 in 
1250 cases  [53] .   

 The decision to choose TOL may also increase the risk 
for perinatal death and HIE unrelated to uterine rupture. 
For women awaiting spontaneous labor beyond 39 

Complication Trial of labor 
(n = 17,898)

Elective repeated 
cesarean delivery 
(n = 15,801)

Odds ratio 
(98% CI) 

Uterine rupture 124 (0.7) 0 –
Hysterectomy 41 (0.2) 47 (0.3) 0.77 (0.51 –1.17)
Thromboembolic disease 7 (0.04) 10 (0.1) 0.62 (0.24 –1.62)
Transfusion 304 (1.7) 158 (1.0) 1.71 (1.41 –2.08)
Endometritis 517 (2.9) 285 (1.8) 1.62 (1.40 –1.87)
Maternal death 3 (0.02) 7 (0.04) 0.38 (1.10 –1.46)
One or more of the above 978 (5.5) 563 (3.6) 1.56 (1.41 –1.74)

Adapted from Landon et al [53].

Box 49.2 Risks associated with elective repeat cesarean  delivery

• Increased maternal morbidity compared with successful trial of 

labor

• Increased length of stay and recovery 

• Increased risks for abnormal placentation and hemorrhage with 

successive cesarean operations 

Box 49.1 Risks associated with trial of labor ( TOL)

• Uterine rupture and related morbidity 

• Uterine rupture (0.5 –1.0/100 TOL) 

• Perinatal death and/or encephalopathy (0.5/1000 TOL) 

• Hysterectomy (0.3/1000 TOL) 

• Increased maternal morbidity with failed trial of labor 

• Transfusion 

• Endometritis

• Length of stay 

• Potential risk for perinatal asphyxia with labor (cord prolapse, 

abruption)

• Potential risk for antepartum stillbirth beyond 39 weeks ’

gestation

Table 49.4    Comparison of maternal 
complications in trial of labor versus 
elective repeat cesarean delivery 



www.manaraa.com

Chapter 49 Vaginal Birth after Cesarean Delivery    421

    A 31 - year - old gravida 3, para 2 at 36 weeks ’  gestation is 
considering her options for delivery. This woman under-
went a low transverse cesarean delivery for breech pres-
entation 4 years previously followed by an elective repeat 
operation 2 years previously. She would like to avoid a 
third operation. Her cervical examination is 1   cm dilated 
and 50% effaced. She will require complete counseling 
regarding benefi ts and risks of TOL. The counseling 
should include a detailed discussion of risks of TOL 
including potential uterine rupture and its sequelae. The 
benefi ts of VBAC including faster recovery and shorter 
hospital stay will be reviewed. The option of scheduled 
repeat cesarean delivery should also be presented. If the 

patient is considering several future pregnancies, multi-
ple repeat operations may pose additional risk for her of 
accreta and hysterectomy. 

 As this woman has a history of two prior cesareans, her 
overall chance for successful TOL may be as high as 75%. 
A history of two prior cesareans may be associated with 
a slight increased risk of uterine rupture compared to that 
in women with one prior operation. This information 
should be shared in planning the mode of delivery. If the 
woman desires TOL, expectant management until 41 
weeks is advised. If the cervix ripens further, induction 
may be planned or alternatively, a repeat cesarean could 
be scheduled. 
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     In the US, the rate of cesarean delivery for infants in breech 
presentation has been equal to or greater than 80% for the 
last 30 years  [1] . The results of the Term Breech Trial pub-
lished in 2000  [2]  supported a policy of planned cesarean 
delivery for breech presentation and a Committee Opinion 
 [3]  from the American College of Obstetricians and 
Gynecologists (ACOG) initially upheld the conclusions of 
the Term Breech Trial. However, we presented evidence in 
the previous edition of this textbook  [1]  that supported an 
attempt at vaginal breech delivery in carefully selected and 
consenting women. Shortly afterwards, the ACOG issued 
a revised Committee Opinion  [4]  recommending that the 
decision regarding mode of delivery should depend on the 
experience of the healthcare provider and informed mater-
nal preference. In June 2009, the Society of Obstetricians 
and Gynaecologists of Canada (SOGC) published a prac-
tice guideline on vaginal delivery of breech presentation 
 [5] . That document incorporates many of the principles 
that we advocated in our previous work  [1] . 

 The objectives of this revised chapter are to present 
up - to - date guidance on selection criteria for attempted 
vaginal breech delivery, review the management of labor 
in women with breech presentation at term, and highlight 
important technical aspects of vaginal breech delivery. 
Many of these techniques are equally applicable to cesar-
ean delivery of the breech fetus since even for obstetric 
units with considerable expertise in vaginal breech deliv-
ery, it is highly likely that more than half of breech deliv-
eries will be conducted via cesarean section  [6] .  

Epidemiology

 The incidence of term breech presentation is approxi-
mately 3 – 4%. Accurate determination of breech presenta-
tion during prenatal care, followed by referral for and 
successful completion of external cephalic version (ECV), 
may lower that incidence somewhat. The approximate 

frequencies of the various breech presentations at term 
are frank (65 – 70%), complete (5 – 10%), and footling (20 –
 30%). In 2005, 87% of breech presentations underwent 
cesarean delivery  [7] . It is not possible to determine how 
many of the vaginal deliveries were planned, nor to 
analyze the cesarean delivery rate by type of breech.  

Maternal/perinatal outcomes following
vaginal breech delivery (2000 –2006)

 The Term Breech Trial  [2]  compared planned cesarean 
delivery with planned vaginal delivery for breech pres-
entation at term. The salient and highly publicized con-
clusion of this trial was that planned cesarean delivery 
reduced perinatal mortality and serious neonatal mor-
bidity by one - third. However, many of the deaths in the 
vaginal delivery arm were unrelated to the mode of deliv-
ery. Moreover, the defi nitions used for  “ serious neonatal 
morbidity”  are at least debatable. Maternal morbidity and 
mortality was not found to be different between groups. 
However, the impact of a uterine scar in a subsequent 
pregnancy, such as uterine rupture, placenta accreta, 
and the need for repeat cesarean delivery, was not con-
sidered. Investigators from the Netherlands reported four 
(0.47/1000 operations) maternal deaths related to elective 
cesarean delivery for breech presentation  [8] . Clearly, 
this must be weighed carefully against reduced perinatal 
morbidity or mortality. 

 Multiple letters to the editor and editorials have been 
written that take issue with either the conduct of the Term 
Breech Trial or the interpretation of the results  [9] . Such 
post hoc  discussion is interesting but not germane to the 
readers of this textbook. The cesarean delivery rate prior 
to the publication of the Term Breech Trial was already 
high and it was predicted that more cesarean breech 
deliveries would occur after the trial. However, this has 
not been the case in all centers. Shown in Table  50.1  are 
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Selection criteria for attempted
vaginal breech delivery

 The success rate for vaginal breech delivery (VBD) is 
defi ned as the number delivering vaginally divided by 
the number attempting vaginal delivery. This rate varies 
between centers, but for the series of articles referenced 
in Table  50.1 , it ranged between 47% and 77%. However, 
to compute the overall vaginal breech delivery rate, the 
success rate has to be multiplied by a  “ fi rst term ”  which 
refl ects the proportion of term breeches offered an attempt 
at vaginal breech delivery (see the equation below). This 
 “ fi rst term, ”  which we call an  “ offer rate, ”  is also variable. 
In Table  50.1 , this variability is in the range of 31 – 69%, but 
the reader should recall that these reports all came from 
centers with a strong interest in vaginal breech delivery. 
In the US, the variability of the  “ offer rate ”  is undoubt-
edly greater, because the low end of the range is lower 
(near zero in some centers). In other words, the fact that 
87% of breeches are delivered abdominally in the US 
implies that only a small minority of women actually 
attempt vaginal breech delivery. Of the two terms, it is the 
 “ offer rate ”  that is most affected by selection criteria. It 
should be apparent to the reader that it is also the one 
most infl uenced by the informed consent process.

VBD rate
Attempted VBD

No. term breeches
Successful VBD
Attem

= ×
ppted VBD

 In general, selection criteria for vaginal breech delivery 
can be considered lax or stringent. The more stringent 
the criteria, the smaller the proportion of term breech 
presentations allowed a trial of labor. So what are consid-
ered reasonable selection criteria? Those cited in Box  50.1  

data that have accumulated since the Term Breech Trial 
 [6,10 – 15] , demonstrating that vaginal breech delivery is 
still being conducted at multiple centers. In addition, the 
success rate for attempted vaginal delivery at these 
centers is greater than or equal to that in the Term 
Breech Trial and perinatal morbidity and mortality in 
the vaginal breech group are signifi cantly less than 
those reported in the trial though generally higher in 
the trial of labor/vaginal delivery than elective cesarean 
delivery groups. For each of the studies cited, the elective 
cesarean delivery rate was well below that in the US 
proper. However, as noted in Table 50.1, none of the 
data came from US centers. Importantly, relatively few 
reports of vaginal breech delivery after the Term 
Breech Trial are expected to come from the US, given 
the excessive litigation burden faced by US providers, 
and those that do will have very small numbers. A 
report from the University of Texas (UT) illustrates this 
point  [16] .   

 One exception to the small numbers is a population -
 based study from California where approximately 5000 
vaginal breech deliveries were compared with 60,000 
prelabor cesarean breech deliveries  [17] . Neonatal mortal-
ity was lower than that reported in the Term Breech Trial, 
though perinatal morbidity was still increased for vaginal 
breech deliveries compared to elective cesarean deliver-
ies. However, this report was based on birth certifi cate 
and maternal and neonatal hospital discharge data. Such 
methodology imposes signifi cant limitations on the con-
clusions drawn: selection criteria for vaginal breech 
delivery were not reported, skill of the operator could 
not be assessed, and even the type of breech presentation 
could not be verifi ed. The following sections review 
selection criteria, labor management, and delivery tech-
nique because they dramatically affect outcome.  

Table 50.1    Summary of method of breech delivery and perinatal outcomes from reports published after the Term Breech Trial from 
centers outside the  US  

Reference Total breech ( n) Elective C/S Allowed TOL Successful TOL Perinatal
morbidity

Perinatal
mortality

Vag C/S Vag C/S

[10] 841 349 (41.5%) 492 (58.5%) 254 (52%) – – 2 0
[11]† 809 427 (52.8%) 382 (47.2%) 284 (74.3%) 0.5% 0% 0 0
[12] 1433 552 (38.5%) 881 (61.5%) 416 (47.2%) 5.9% 0.9% 3 1
[13] 986 396 (40.2%) 590 (59.8%) 455 (77.1%) 1.2% 0.5% 1 1
[14] 699 218 (31.2%) 481 (68.8%) 352 (71%) 2.3% 0.5% 0 0
[15] 641 343 (53.5%) 298 (46.5%) 146 (49%) 0.7% 0% 3 0
[6]* 8105 5579 (68.8%) 2526 (31.2%) 1796 (71%) 1.6% 1.4% 2 8

C/S, cesarean section; TOL, trial of labor; Vag, vaginal. 
†73 cases were excluded from the 882 breeches reported by the authors. 
*This was a multicenter study from France and Belgium. 
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to achieve an optimal outcome. All studies report a 20 –
 50% incidence of intrapartum cesarean delivery, com-
monly attributed to either nonreassuring fetal status or 
failure to progress. With regard to the former, electronic 
fetal heart rate monitoring (EFM) is recommended, 
although it has not been shown to be a clear benefi t for 
either vertex or breech presentations. If the fetal heart rate 
tracing is concerning enough to consider fetal blood sam-
pling, prompt cesarean delivery is appropriate. The use 
of oxytocin for induction or augmentation has long been 
a point of contention in vaginal breech delivery. Alarab 
et al   [15]  did not allow oxytocin for either indication, but 
still achieved a respectable rate of vaginal breech delivery. 
At the junior author ’ s institution, use of oxytocin for 
either induction or augmentation is permitted, but is indi-
vidualized and used sparingly. In contrast, the Term 
Breech Trial  [2]  had a combined rate of induction and 
augmentation of more than 60%. 

 The management of labor in breech presentations is 
more complex than simply interpreting fetal heart rate 
information and monitoring the progress of labor. 
Attention must be paid to position of the patient, timing 
and type of anesthesia, and emotional support and 
encouragement. Whether to divide the second stage of 
labor to include a passive descent phase and an active 
pushing phase has not been adequately evaluated. Timing 
and type of episiotomy may also be important factors. 
Episiotomy is not necessary in all cases.  

Technique of vaginal breech delivery

 Once careful selection of candidates and astute labor 
management have allowed for the possibility of vaginal 
breech delivery, proper conduct of the delivery will mini-
mize trauma and optimize overall outcome. Listed in 
Box  50.2  are a number of complications associated with, 
but not unique to, vaginal breech delivery. While not 
guaranteed to eliminate complications, the suggestions 
that appear in Box  50.3  should produce the best pos-
sible results. Despite the time - honored use of the 

are open to criticism but they do provide a framework for 
clinicians to adapt to their local practice environments. 
These criteria are the ones currently being used at one of 
the authors ’  institutions (ERY). Two of the listed criteria 
deserving special emphasis are the need for an experi-
enced operator and a consenting patient. In much of the 
literature pertaining to vaginal breech delivery, the 
concept of an  “ experienced operator ”  is frequently 
encountered  [2,5] . Operator experience will eventually 
diminish without training during residency, and experi-
ence affects other selection criteria (e.g. clinical pelvime-
try), management of labor, and conduct of vaginal breech 
delivery. One of the editors of this textbook, Dr Queenan, 
has suggested that maternal - fetal specialists as well as 
skilled generalists should be involved in this important 
training  [18] . He also suggested, as have others  [19] , that 
simulation training may be valuable in the teaching of 
such infrequently used skills as vaginal breech delivery. 
A concern has been expressed from Australia that few of 
the next generation of specialist obstetricians plan to offer 
vaginal breech delivery to their patients  [20] .   

 Regarding the closely related topic of breech delivery 
of the second twin, D ’ Alton  [21]  urged that those with the 
requisite skills make  “ every effort ”  to train the next gen-
eration of obstetricians. Clearly, this message must be 
disseminated to and acted upon by all those charged with 
the training of residents. 

 Finally, the manner in which consent is obtained, the 
discussion of risks and benefi ts, along with alternatives, 
is often biased by the perception of medicolegal risk 
to the person obtaining the consent and caring for the 
patient.

Labor management

 Once an appropriate candidate for vaginal breech deliv-
ery is identifi ed, careful management of labor is essential 

Box 50.2 Neonatal morbidity associated with breech  delivery

• Intracranial hemorrhage 

• Cervical spine injury 

• Injury to liver, adrenal glands or spleen 

• Bladder rupture 

• Pharyngeal diverticulum 

• Brachial plexus palsy 

• Scrotal/testicular/labial trauma 

• Skull fracture 

• Long bone fracture 

Box 50.1 Selection criteria for vaginal breech  delivery

• Estimated fetal weight 2000 –4000g*

• Complete or frank breech presentation 

• Fetal head fl exed or military †

• Adequate maternal pelvis ‡

• Normal fetal morphology 

• Experienced operator 

• Informed consent 

*By either clinical or ultrasound estimation. Others have suggested 

2500–3800g [15] or 2500 –4000g [5].

†Ultrasound or radiographic determination, not clinical. 

‡As determined by an experienced examiner or radiographically. 
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Proper placement of the hands of the operator on the 
bony pelvis of the infant can prevent some of the abdomi-
nal trauma listed in Box  50.2 . Given that the current cesar-
ean to vaginal delivery ratio for breech presentation is 
nearly 9:1, residents can be trained in the application of 
Laufe– Piper forceps to the aftercoming head at cesarean 
delivery  [22] . Almost all cesarean deliveries for breech 
presentation are performed for fetal indications; that is, 
to prevent either birth injury or hypoxia/acidemia that 
are, albeit infrequently, associated with vaginal breech 
delivery. With that purpose in mind, it is very important 
that the uterine incision be adequate to deliver the infant 
atraumatically.  

Conclusion

 Some women will still want to attempt a vaginal deliv-
ery of a breech fetus. Other women whose fetuses are in 
a breech presentation will be seen for the fi rst time in 
either advanced labor or with imminent delivery. 
Physicians will still be called upon to manage labor and 
vaginal delivery in these circumstances. Additionally, 
some physicians remain unconvinced by the evidence 
against planned vaginal delivery and prefer to offer 
selected women a trial of labor and vaginal breech deliv-
ery. At some centers, additional experience with vaginal 
breech delivery can be gained via delivery of the second 
twin, but there are important distinctions between breech 
singletons and breech second twins. Total breech extrac-
tion is permissible for a second twin but is rarely per-
formed for a singleton. Continuing to train the next 
generation of obstetricians in the principles and conduct 
of vaginal breech delivery is imperative. Finally, the 
ACOG should strongly consider publishing a practice 
guideline similar to that from the SOGC  [5]  to better 
inform US practice. 

Mauriceau – Smellie – Veit maneuver, the authors favor the 
routine application of either Piper or Laufe – Piper forceps 
to the aftercoming head. Both Laufe – Piper and Piper 
forceps have a reverse pelvic curve to facilitate appli-
cation to the aftercoming head from below. The low neo-
natal morbidity and mortality associated with properly 
selected candidates for vaginal breech delivery that 
we and others (see Table  50.1 ) have reported make it 
feasible to continue to teach this technique to residents 
in training. 

Cesarean delivery for term breech
presentation

 Most of the suggestions for vaginal breech delivery listed 
in Box  50.3  apply equally to cesarean delivery of a breech. 

    A 30 - year - old gravida 3, para 2 was admitted in active 
labor at 39 weeks ’  gestation. On pelvic examination, her 
cervix was completely effaced and 5   cm dilated. She had 
a frank breech presentation confi rmed by ultrasound. The 
fetal head was noted to be fl exed and the ultrasound -
 estimated fetal weight of 3150   g was consistent with 
a clinical estimate of 3400   g. Ultrasound examination 
revealed a morphologically normal fetus. Clinical pelvim-
etry was performed by two residents and an attending 
and the pelvis was deemed to be adequate for breech 
delivery. Radiographic pelvimetry was not obtained. The 
patient had received prenatal care from a midwife and 

was highly motivated to avoid cesarean delivery. She con-
sented to vaginal breech delivery and requested and 
received epidural analgesia. She reached complete cervi-
cal dilation in 4   h and her second stage lasted 45   min. 
Assisted vaginal breech delivery was performed by a 
second- year resident, and a fourth - year resident placed 
Piper forceps to deliver the aftercoming head. A faculty 
with 25 years of experience supervised the labor and 
delivery. Apgar scores were 7 at 1   min and 9 at 5   min. 
Mother and infant were discharged home on postpartum 
day 2, doing well.  

CASE PRESENTATION 

Box 50.3 Suggestions for vaginal breech  delivery

Do Do not 

Await spontaneous delivery to 

the umbilicus *

Pull on the fetus prematurely 

Perform episiotomy as indicated Grasp the fetal abdomen 
Grasp the fetal pelvis over bony 

prominences (sacrum and iliac 

crests) 

Put transverse pressure on 

long bones (risk of fracture) 

Apply fi nger pressure parallel to 

long bones 

Allow the fetus to rotate 

ventrally
Use forceps for the aftercoming 

head

Attempt vaginal delivery 

through an incompletely 

dilated cervix 
If forceps not available, maintain 

fl exion of aftercoming head 

with suprapubic pressure 

Panic

*Except under unusual circumstances. 
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     For women who progress to the second stage of labor, 
there are three options for delivery: spontaneous vaginal, 
operative vaginal and cesarean. Between 1996 and 2006 
cesarean delivery increased by 50%, while both spontane-
ous and operative vaginal births declined  [1] . Recent lit-
erature confi rms that operative vaginal delivery remains 
a valid option when problems arise in the second stage 
of labor  [2,3] . However, training and practice are required 
to maintain that option. The American College of 
Obstetricians and Gynecologists (ACOG), the Royal 
College of Obstetricians and Gynaecologists (RCOG), 
and the Society of Obstetricians and Gynaecologists of 
Canada (SOGC) have each published guidelines  [4 – 6]  
pertaining to operative vaginal delivery and exhort resi-
dency programs to teach the necessary skills. In order to 
optimize maternal and neonatal outcomes from opera-
tive vaginal delivery, trainees should receive instruction 
in both technical and nontechnical skills  [7] . Related 
skills including clinical pelvimetry  [8] , accurate interpre-
tation of fetal heart rate patterns, and correct assessment 
of fetal head position are also very important and affect 
outcomes.

 Emphasizing contemporary data, the purpose of this 
chapter is to illustrate that it is possible to achieve equal 
neonatal and better maternal outcomes when operative 
vaginal delivery is compared to cesarean delivery in the 
second stage. Although the trend to choose vacuum 
extraction over forceps is undeniable, the evidence sup-
porting that trend is unconvincing. A strong case will be 
made to preserve the option of forceps delivery for tomor-
row ’ s obstetricians.  

Prerequisites and indications

 Operative vaginal delivery is not an option unless the 
cervix is fully dilated, i.e. the woman has reached the 

second stage of labor. The fetal head must at least be 
engaged (leading bony point at zero station) and, except 
in unusual circumstances, preferably at  + 2   cm station or 
lower. The position of the head must be known and the 
senior person responsible for the delivery must be expe-
rienced. The maternal pelvis should be clinically evalu-
ated and the relationship of the fetus to the pelvis assessed. 
Operative vaginal delivery may be attempted for evi-
dence of fetal compromise or jeopardy, or it may be tried 
for failure to progress. The latter indication includes cases 
of maternal exhaustion, dense epidural anesthesia, soft 
tissue dystocia, malposition, asynclitism, and relative 
cephalopelvic disproportion. 

Instrument selection

 The choice between forceps and vacuum extractor 
depends mainly on operator preference. However, in a 
few well - defi ned instances, forceps are the only option: 
prematurity (  <  34 weeks), face presentation, and the after-
coming head of the breech. Shown in Figure  51.1  is the 
range of instrument preference of 20 obstetricians  [9] . 
Those who preferred forceps (by defi nition, those who 
chose forceps for more than 90% of operative vaginal 
delivery attempts) had a lower rate of deep perineal 
lacerations than those who used any instrument. The con-
clusion to be drawn is that most complications of opera-
tive vaginal delivery may be related to the skill and 
experience of the operator, not simply to the instrument 
selected.

 Another important point with regard to instrument 
selection is that there are choices  within  each category for 
both forceps and vacuum. This fact is underemphasized 
in randomized controlled trials and the literature in 
general. Forceps with a long tapered cephalic curve 
should be used for a molded head, and forceps with a 
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sliding lock can correct asynclitism. An occiput posterior 
that is instrumentally rotated to anterior can reduce the 
risk of deep perineal laceration during delivery. For 
vacuum extractors, the construction, shape, and size of 
the cup may be selected to fi t a particular clinical situa-
tion. The process of instrument selection requires more 
insight than the old adage  “ learn to use one instrument 
well.”   

Classifi cation 

 The current three - level classifi cation system (Box  51.1 ) 
has been in use for more than 20 years in the United 
States. It appears in ACOG Practice Bulletin No. 17 from 
the year 2000  [4]  and is only slightly different in the 
RCOG scheme  [5] . The classifi cation highlights the impor-
tance of station and rotation in operative vaginal delivery. 
Application of an instrument to a fetal head in the mid-
pelvis in occiput transverse position is much more diffi -
cult than a  “ lift - out ”  delivery from the pelvic fl oor. The 
direction of traction must change continually as the fetal 
head descends through the maternal pelvis (Fig.  51.2 ). 
Importantly, the classifi cation system is the same for both 
forceps and vacuum deliveries. 

Figure 51.1     Proportion of instrumental deliveries performed using forceps and vacuum between study obstetrician. PF, preferential 
forceps; AI, any instrument.  Reproduced from Abenhaim  et al    [9]  with permission from Elsevier.  
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Box 51.1 Criteria for types of forceps deliveries 

Outlet forceps 

1. Scalp is visible at the introitus without separating labia. 

2. Fetal skull has reached pelvic fl oor. 

3. Sagittal suture is an anteroposterior diameter or right or left 

occiput anterior or posterior position. 

4. Fetal head is at or on perineum. 

5. Rotation does not exceed 45 °.

Low forceps 

Leading point of fetal skull is at station +2cm or more ( -5cm to +5cm

scale) and not on the pelvic fl oor. 

Rotation is 45 ° or less (left or right occiput anterior to occiput 

anterior, or left or right occiput posterior to occiput posterior). 

Rotation is greater than 45 °.

Mid forceps 

Station is above +2cm but head is engaged. 

High forceps 

Not included in classifi cation. 
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occiput anterior. Such rotation can allow delivery of the 
fetal head in a more favorable diameter, reducing the risk 
of maternal injury. Appropriate use of Kielland forceps 
continues to be reported with a  “ very low rate of adverse 
maternal and neonatal outcomes ”   [10] . Although autoro-
tation is sometimes observed with vacuum extraction, no 
attempt should be made by the operator to manually 
rotate the vacuum cup once it is applied. 

 Arguably, the most important technical skill with either 
type of instrument is traction in the correct axis. Pulling 
too anteriorly will result in wasted force against the pubic 
symphysis, whereas pulling too posteriorly will subject 
the external anal sphincter to injury. In everyday clinical 
work, experience is the best guide to the amount of trac-
tion that can be safely applied. Methods of measuring the 
force applied are currently being investigated. The central 
concept in instrumental delivery is that proper traction 
should produce visible descent of the fetal head. Failure 
to observe descent should prompt reconsideration and 
possibly abandonment of the procedure. 

 Recently, attention has been called to nontechnical sur-
gical skills (NOTSS) for operative vaginal delivery  [7] . 
The authors identifi ed a total of seven NOTSS, shown in 
Box  51.2 . Skill 6 from that box is expanded in Table  51.1  

Skill

 Operative vaginal delivery is a surgical procedure. 
Various technical skills are required to produce optimal 
results. An operator ’ s skill set must include the ability to 
properly apply a given instrument, because experience 
has shown that, for both forceps and vacuum extraction, 
misapplication can contribute to fetal injury. With forceps 
delivery, the goal is a biparietal, bimalar symmetric appli-
cation. The undesirable brow – mastoid application can 
lead to unequal pressure and cause injury to the fetal 
head. With vacuum extraction, failure to center the cup 
over the sagittal suture 3   cm anterior to the posterior fon-
tanel, referred to as a median fl exing application, can 
increase the risk of cup detachment and fetal injury. Any 
necessary rotation with forceps involves swinging the 
handles in an arc, with the notable exception of Kielland 
forceps. Kielland forceps can be used to rotate heads from 
the occiput transverse and occiput posterior positions to 

Figure 51.2     Lines of axis traction at different planes of the pelvis. 
 Reproduced from ACOG Technical Bulletin No . 196, August 
1994, with permission from the American College of 
Obstetricians and Gynecologists.  

Table 51.1    Maintaining professional behavior 

Element Good behavior Poor behavior 

Calm Stays calm in an emergency situation Panics in an emergency situation 
Does not appear stressed Appears anxious and rushed in a stressful situation 

Confi dent/assertive Creates a confi dent atmosphere Does not appear confi dent 
Clear fi rm instructions Instructions not fi rm 
Takes the lead 

Able Knows his/her limitations Does not know his/her limitations 
Open and honest about his/her ability and refl ects 

on the experience 
Not refl ective of his/her practice after an adverse event 

Gentle and shows empathy Rough and lacks empathy 

Adapted from Bahl et al [7].

Box 51.2 Categories of nontechnical skills for operative 

vaginal delivery 

1. Situation awareness 

2. Decision making 

3. Task management 

4. Team work and communication 

5. Professional relationship with the woman 

6. Maintaining professional behavior 

7. Crossmonitoring of performance 

Adapted from Bahl  et al [7].
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attention to the maternal morbidity associated with 
second- stage cesareans  [14] . The existing data confi rm 
that operative vaginal delivery in well - selected cases 
managed by experienced operators lowers maternal risk 
without increasing neonatal risk.  

Training

  “ Whoever conducts the delivery, high - quality training is 
crucial ”   [15] . The written word (this chapter, for example) 
can affect an operator ’ s skill to only a limited degree  [16] . 
Contemporary training programs face some serious limi-
tations: a shortage of skilled faculty, reluctance of faculty 
to teach, the threat of litigation, husbands and other 
observers in the delivery room, nursing bias against the 
procedures, and uninterested residents. The high cesar-
ean delivery rate means fewer potential cases. It is more 
diffi cult to teach and learn forceps skills than vacuum 
extraction, a fact which contributes to the current 4:1 ratio 
of vacuum extraction to forceps in the United States. Still, 
forceps have a lower failure rate than vacuum extractors 
and vacuum extraction is associated with increased risk 
to the neonate, particularly the risk for bleeding into the 
subgaleal space  [2] . 

 Simulation training can help. The ACOG has 
recognized the need for training in operative vaginal 
delivery and has incorporated simulation training into 
the curriculum of the Annual Clinical Meeting. Dupuis 
and colleagues reported on the benefi ts of simulation 
training for forceps blade placement using a highly 
sophisticated simulator  [17] . However, after obtaining a 
working knowledge of mechanical principles, trainees 
must ultimately participate in a reasonable volume 
of work involving real patients to attain profi ciency. 
To insure patient safety, such work must be closely 
supervised  [2] .  

Conclusion

 Skillful performance of operative vaginal delivery was 
once considered to be one of the hallmarks of an obstetri-
cian. There are now fewer such deliveries than at any time 
in the last century. The risks of a high cesarean delivery 
rate are just now coming to light. Several prominent 
organizations  [4 – 6]  have called for continued training in 
operative vaginal procedures to allow women in the 
second stage of labor to avoid an unnecessary and poten-
tially morbid cesarean delivery.    

and is clearly applicable to obstetricians performing these 
procedures. An element that might be considered under 
Skill 3 is choosing the site for the planned delivery. RCOG 
guidelines specify that operative vaginal births that 
have a higher rate of failure should be considered a trial 
and conducted in a place, i.e.  “ in theater ”  or in the 
operating room, where immediate cesarean delivery 
can be performed if necessary. The concept of a labor -
 delivery - recovery (LDR) or LDR - postpartum room was 
not adopted with operative vaginal delivery in mind. 
Labor beds have thick mattresses and nonadjustable stir-
rups; labor rooms have suboptimal lighting and no capa-
bility for immediate cesarean delivery. If the attempt to 
deliver with forceps or vacuum extraction fails, time will 
be lost moving a woman from the labor room to the oper-
ating room. The argument is not that all operative vaginal 
deliveries should be conducted in an operating room. 
Rather, it is that some such deliveries are ill - suited to 
being performed in a labor room.      

Outcomes

 One potential cause of the steady decline in the rate of 
operative vaginal delivery over the last 30 or more years 
is concern regarding adverse maternal or neonatal out-
comes associated with these procedures. The obstetri-
cian’ s perception of the threat of litigation if an adverse 
outcome does occur may be as much or more of a factor 
than the outcome itself. 

 On the maternal side, vaginal delivery is less likely to 
result in hemorrhage, transfusion, infection, pulmonary 
embolism, or death than cesarean delivery. On the neona-
tal side, three recent reports provide evidence that neona-
tal outcomes from either forceps delivery or vacuum 
extraction are no worse compared to cesarean delivery. In 
a secondary analysis of data from a randomized clinical 
trial of fetal pulse oximetry conducted by the Maternal -
 Fetal Medicine Units Network, Contag and colleagues 
reported that the occurrence of signifi cant fetal acidemia 
was not different among the three delivery methods irre-
spective of indication  [11] . Towner reported that the inci-
dence of intracranial hemorrhage in neonates was also no 
different among the three methods  [12] . Alexander and 
colleagues  [13] , also in a secondary analysis, reported that 
cesarean delivery  after  failed attempt at operative vaginal 
delivery was not associated with adverse neonatal out-
comes. This lends credence to the practice of a trial of 
operative vaginal delivery before resorting to cesarean 
section. Spencer and co - authors have appropriately called 
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    A 25 - year - old gravida 1, para 0 has been pushing in the 
second stage for 3   h with a working epidural. Over the 
last hour, with coached pushing, she moved the fetal head 
from  + 2 to  + 3   cm, left occiput anterior at 30 o  from OA. The 
pelvis is gynecoid and the estimated fetal weight is 7 ½  
pounds. What are the key points involved in managing 
this clinical problem? 

 The case presented would be classifi ed as a low forceps 
or low vacuum, depending on the instrument selected. 
The managing obstetrician must assess his/her ability 
and confi dence that operative vaginal delivery is indi-
cated and can be safely performed. Perhaps the patient 

can be delivered in the labor room, but if the operator is 
not 100% sure of success, it may be prudent to transport 
the woman to an operating room and attempt a trial of 
forceps or vacuum. Such a decision would allow for 
immediate cesarean if operative vaginal delivery fails. If 
either forceps or vacuum extraction is attempted, an accu-
rate application is mandatory, followed by traction in the 
correct axis. In the scenario presented, an experienced 
operator should be able to successfully deliver a healthy 
infant to a healthy mother without the need for cesarean 
section.

CASE PRESENTATION 



www.manaraa.com

Chapter 52 
Obstetric Analgesia and Anesthesia 

  Gilbert J.     Grant  
  Department of Anesthesiology, New York University School of Medicine, New York, NY, USA       

     Obstetric pain relief has progressed considerably since 
1847, when Dr James Young Simpson administered ether 
to facilitate vaginal delivery for a woman with a deformed 
pelvis. Analgesics administered by systemic routes (inha-
lation, intravenous, intramuscular) have been largely 
supplanted by regional administration of analgesics using 
the spinal and epidural routes. A distinct advantage of 
regional analgesia and anesthesia is that profound pain 
relief may be achieved with relatively low doses of anal-
gesics, preserving maternal alertness and decreasing fetal 
exposure. Although systemic analgesics remain an option, 
in the US the regional route is used for the majority of 
parturients. This chapter describes current practices in 
obstetric anesthesia. 

Labor and vaginal delivery

Consequences of unrelieved pain
 The pain of childbirth has untoward effects on the mother 
and fetus  [1] . The hyperventilation that accompanies 
labor pain causes profound hypocarbia, which may sup-
press the ventilatory drive between contractions and 
produce maternal hypoxemia and loss of consciousness 
 [2] . The accompanying respiratory alkalosis interferes 
with fetal oxygenation by shifting the oxyhemoglobin 
dissociation curve in favor of the mother and by produc-
ing uteroplacental vasoconstriction  [3] . The maternal neu-
rohumoral responses to stress and pain also impair 
placental perfusion and fetal oxygenation, as increased 
levels of circulating catecholamines produce vasocon-
striction and decrease uterine blood fl ow  [4] . Neuraxial 
(spinal and epidural) analgesia lowers circulating mater-
nal epinephrine and effectively inhibits the respiratory  [5]  
and neurohumoral  [6]  responses to pain, with a resultant 
increase in oxygen tension in the parturient and fetus  [7] . 
Accumulating evidence suggests that unrelieved pain 

during labor and delivery and even in the immediate 
postpartum period may contribute to the development of 
postpartum psychiatric disorders including postpartum 
depression  [8,9]  and posttraumatic stress disorder (PTSD) 
 [10] .  

Multimodal regional analgesia
 The current approach to achieving pain relief for labor 
and vaginal delivery is based on the principle of combin-
ing relatively small doses of different classes of analge-
sics, such as a local anesthetic and an opioid, a concept 
known as multimodal analgesia  [11] . The advantage of 
this approach is that it is possible to achieve excellent 
pain relief while minimizing the incidence of unwanted 
side - effects as the agents used all produce analgesia, but 
have distinctly different untoward effects. For example, 
whereas local anesthetics indiscriminately block conduc-
tion in all nerves with which they come in contact, at high 
concentrations they produce hypotension and motor 
block. Hypotension may decrease fetal oxygen delivery 
by reducing placental perfusion. Motor block may cause 
profound lower extremity weakness, which can be dis-
tressing for the parturient. Moreover, profound motor 
and sensory block may interfere with effective pushing 
during the second stage, particularly if the parturient is 
unable to perceive rectal or vaginal pressure, as the pres-
ence of this pressure facilitates expulsive efforts. 

 Unlike local anesthetics, opioids administered into the 
neuraxis (with the exception of meperidine) do not block 
nerve conduction, but inhibit pain by binding to specifi c 
spinal opioid receptors in the spinal cord. In high doses 
opioids may cause pruritus and nausea, irritating side -
 effects for a laboring woman. By combining relatively 
low doses of local anesthetics with opioids, it is possible 
to achieve reliable analgesia while minimizing the inci-
dence of unwanted side - effects. Some clinicians also 
combine other classes of analgesics such as those that 
stimulate spinal adrenergic (e.g. epinephrine, clonidine) 
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the epidural space. The epidural analgesics may be 
administered either immediately after the intrathecal 
injection or when the pain relief from the initial intrathe-
cal dose begins to wane. 

 Epidural catheterization is a sensible approach at any 
time during labor for parturients who have a high likeli-
hood of an instrumental or operative delivery, for 
example, a woman attempting a vaginal birth after cesar-
ean (VBAC), as it enables rapid administration of addi-
tional anesthetics, should they be needed. If delivery is 
imminent, a single - shot spinal is a reasonable choice, 
because analgesia onset is rapid. However, these patients 
may benefi t more from a CSE technique, as it requires 
little additional time compared to a spinal technique, and 
an indwelling epidural catheter confers considerable ver-
satility. The epidural catheter may be used to administer 
additional analgesics if delivery does not occur as quickly 
as anticipated, if the intrathecal medication does not 
produce adequate analgesia, or if an instrumental or 
operative delivery is required.  

Patient-controlled epidural analgesia
 Programmable infusion pumps facilitate precise adminis-
tration of analgesics into the epidural space. Continuous 
infusion of analgesics avoids the peaks and valleys of 
pain and relief that were commonplace with intermittent 
bolus dosing. PCEA is a further refi nement of this tech-
nology, enabling the parturient to  “ fi ne - tune ”  her pain 
relief. PCEA may be administered using intermittent 
boluses exclusively, or intermittent boluses superimposed 
on a background infusion, which appears to be a superior 
strategy  [15] . PCEA has many advantages over non - PCEA 
techniques, including better analgesia and decreased 
anesthetic requirement, as well as improved patient sat-
isfaction  [16] , because the patient feels empowered by 
having some control over her pain relief. 

 Ideally, PCEA is used to provide analgesia for the dura-
tion of labor and delivery. For some women, the low dose 
delivered from the infusion pump may not be adequate 
for the late fi rst stage and second stage of labor, when a 
somatic pain component is superimposed on the visceral 
pain input. Breakthrough pain that occurs during con-
tinuous epidural infusion is treated by increasing the rate 
of the infusion and/or by administration of a more con-
centrated dose of anesthetic as a  “ rescue dose. ”  Ideally, 
with PCEA, the parturient titrates the analgesia to experi-
ence a sensation of pressure during the second stage 
of labor, while maintaining motor strength. PCEA may 
be continued to provide analgesia through delivery. 
However, many practitioners prefer to decrease or halt 
the epidural administration of analgesics during the 
second stage of labor, believing that curtailing epidural 
analgesia will increase the likelihood of spontaneous 
vaginal delivery. Although conclusive data are not yet 
available, a metaanalysis showed that discontinuing 

and cholinergic (e.g. neostigmine) receptors to further 
potentiate analgesia. 

 For parturients, relief of their labor pain and preserva-
tion of their lower extremity muscle strength are the most 
noticeable effects of multimodal analgesia. Although 
commonly described as a  “ walking epidural, ”  this term 
is actually a poor descriptor, as few women walk much 
during labor after their pain is relieved. Furthermore, 
the lack of motor block is not a result of the epidural 
approach  per se , but may also be achieved with a spinal 
approach, or a combined spinal – epidural (CSE) approach. 
The primary determinant of motor block intensity is 
the concentration of local anesthetic, not its site of 
administration.

Epidural, spinal, and combined
spinal–epidural analgesia
 Safe and effective analgesia for labor and delivery may be 
achieved by using an epidural, spinal or CSE technique. 
An advantage of the epidural approach is that a catheter 
may be inserted into the epidural space to facilitate con-
tinuous and/or intermittent analgesic dosing to prolong 
the duration of pain relief. With spinal techniques, the 
duration of analgesia is limited to the duration of action 
of a single dose; catheterization of the intrathecal space is 
infrequently performed. The onset of analgesia is more 
rapid with the spinal approach (3 – 5   min) than it is with 
the epidural approach (approximately 10   min). The CSE 
approach offers the advantages of both the spinal and 
epidural techniques: rapid onset of analgesia and pro-
longed duration if needed. 

 However, the CSE technique is not without drawbacks. 
A distressing side - effect sometimes seen after intrathecal 
injection of opioid is fetal bradycardia or late decelera-
tions of the fetal heart rate, as a result of uterine hyperac-
tivity  [12] . This effect is twice as likely to occur after 
intrathecal administration of opioid alone than after epi-
dural administration of local anesthetic and opioid (24% 
versus 11%)  [13] . The fetal bradycardia may be reversed 
by administration of a tocolytic, such as terbutaline or 
nitroglycerine. Whether an epidural or CSE is used to 
provide labor analgesia, there is no difference with regard 
to maternal satisfaction, ability to ambulate, or maternal 
or neonatal outcomes  [14] . 

 The particular type of regional analgesia chosen for a 
parturient depends on many factors. One of the most 
important determinants is the anticipated duration of 
labor. In early labor, catheterization of the epidural space 
is indicated (epidural or CSE technique) to establish a 
conduit for administering continuous and/or multiple 
doses of analgesics. Epidural analgesics are typically 
administered using an infusion pump, perhaps with 
patient - controlled epidural analgesia (PCEA; see below). 
For a CSE technique, a dose of analgesic is administered 
intrathecally and then a catheter is inserted into 
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Cesarean delivery

 Most planned cesarean deliveries in the USA are per-
formed under spinal anesthesia, although epidural 
anesthesia and CSE anesthesia are also used. If the 
decision to perform a cesarean delivery is reached 
after labor has commenced, and the parturient is 
receiving epidural analgesia, surgical anesthesia is 
readily achieved by injecting a more concentrated dose 
of local anesthetic through the epidural catheter. 
Currently, in the USA, general anesthesia is used for 
3 – 5% of planned and 15 – 30% of emergency cesarean 
deliveries  [23] . The unconsciousness that accompanies 
general anesthesia increases the risk of pulmonary aspi-
ration of gastric contents. A large survey found that 
maternal mortality associated with general and regional 
anesthesia was 32 and 2 per million cases, respectively 
 [24] , reinforcing the belief that regional anesthesia is 
inherently safer. In addition to the potential safety 
issues, general anesthesia - induced unconsciousness pre-
vents the mother from experiencing the moment of 
birth. However, regional anesthesia is associated with 
its own unique side - effects, such as postspinal headache 
and, rarely, spinal hematoma, epidural abscess, menin-
gitis, or nerve damage. 

 The status of the fetus is an important factor in deter-
mining the anesthetic choice. If urgent delivery of the 
fetus is indicated, and if there is no indwelling epidural 
catheter, general anesthesia is preferred. However, in 
some circumstances there may be suffi cient time to induce 
spinal anesthesia. Epidural anesthesia is the least desira-
ble choice if time is of the essence because of the pro-
longed latency of block onset compared to the spinal 
approach. Ultimately, the choice of anesthetic technique 
is infl uenced by a variety of factors including the urgency 
of the procedure, maternal and fetal status, and physician 
and patient preference. 

 Compared to labor analgesia, a more intense block is 
needed to inhibit the perception of surgical stimulation 
during caesarean. This is achieved by administering a 
relatively high concentration of local anesthetic, up to 10 -
 fold greater than the concentration used to provide labor 
analgesia. This dose predictably produces a profound 
motor block. In addition, cesarean delivery necessitates a 
higher dermatomal anesthetic level than does labor anal-
gesia. Whereas sensory block to the 10th thoracic der-
matome is suffi cient to provide labor analgesia, the 
anesthetic level must reach the 4th thoracic dermatome at 
a minimum for cesarean delivery, lest the parturient per-
ceive surgical pain. 

 Physiologic changes of pregnancy have important clini-
cal implications for providing anesthesia for cesarean 
delivery. The gastroesophageal sphincter is relatively 
incompetent, increasing the risk of pulmonary aspiration 
of gastric contents when upper airway refl exes are com-
promised during induction of general anesthesia. Pain, 

epidural analgesia during the second stage did not 
decrease the incidence of instrumental deliveries, but did 
signifi cantly increase pain intensity  [17] .  

Timing of regional pain relief
 The optimal timing for administering regional analgesia 
for labor has been an issue plagued by misunderstanding 
and controversy for decades. Those opposed to  “ early ”  
administration of epidural analgesia have claimed that it 
would interfere with the progress and outcome of labor. 
Proponents of  “ early ”  administration of regional analge-
sia have maintained that there is no proven deleterious 
effect on labor ’ s progress or outcome, and moreover, that 
parturients should not be denied the right to have their 
pain relieved at any time. 

 The four most recent prospective randomized studies 
of this issue have shown that administration of regional 
analgesia prior to 4   cm cervical dilation in nulliparous 
women did not affect the outcome of labor. Wong  et al   [18]  
compared the effect of CSE analgesia administered prior 
to 4   cm cervical dilation to epidural analgesia initiated 
after 4   cm dilation. The women randomized to receive 
epidural analgesia had their initial pain managed with 
intravenous opioids. The rate of cesarean delivery was 
not statistically different whether the women received 
CSE analgesia prior to 4   cm (18%) or epidural analgesia 
after 4   cm dilation (21%). Interestingly, labor progressed 
more rapidly in the women who received early regional 
analgesia; the time from initiation of analgesia to full dila-
tion was 90   min shorter in the early analgesia group. In a 
follow- up study, the same investigators studied the effect 
of early and late administration of CSE in induced labors. 
The results were very similar, with no difference in the 
cesarean or forceps rates, and again, a shorter duration of 
labor among women who received early CSE  [19] . In a 
study of epidural analgesia alone administered either 
prior to 3 or after 4   cm dilation, Ohel  et al   [20]  found no 
difference in the rate of forceps or cesarean delivery. The 
time to full dilation was approximately one half - hour less 
in women given early epidurals. In another large study 
of epidural analgesia alone (nearly 13,000 parturients), 
Wang  et al   [21]  found no difference between the early 
(1 – 4   cm dilation) or late (greater than 4   cm) groups with 
regard to forceps or cesarean delivery; the duration of 
labor was not different between the groups. 

 These studies demonstrate that administering epidur-
als or spinals early in labor does not increase the likeli-
hood of cesarean or forceps delivery, and does not slow 
labor; on the contrary, the studies suggest that early 
administration of regional analgesia may hasten delivery. 
These studies support the principle of allowing women 
to have pain relief whenever they choose, as the American 
College of Obstetricians and Gynecologists has noted:  “ In 
the absence of a medical contraindication, maternal 
request is a suffi cient medical indication for pain relief 
during labor ”   [22] .   
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Postoperative analgesia
 The pain that accompanies cesarean delivery has patho-
physiologic consequences that may result in postopera-
tive medical complications. For example, discomfort 
induced by moving about may limit ambulation and lead 
to the formation of venous thrombi. Remaining on bedrest 
promotes atelectasis, makes clearing of pulmonary secre-
tions more diffi cult, and predisposes to pneumonia. Good 
pain relief may help to prevent these effects. 

 Systemically administered opiates have been the main-
stay of postoperative pain relief regimens. On - demand 
intramuscular techniques have been largely replaced by 
intravenous patient - controlled analgesia (PCA). In com-
parison with intramuscular administration, intravenous 
PCA results in more reliable plasma levels and a more 
rapid onset of analgesia. Various opioids may be used for 
intravenous PCA, including morphine, fentanyl, and its 
congeners. For patients receiving regional anesthesia for 
cesarean delivery, postoperative analgesia is often pro-
vided by administration of opioids into the intrathecal or 
epidural space. Morphine (0.2 – 0.4   mg intrathecal, 2 – 4   mg 
epidural) is the most popular opioid for this application 
because of its relatively prolonged duration of action. A 
single morphine dose in the neuraxis provides analgesia 
for up to 24   h. Bothersome side - effects, including pruritus 
and nausea, are best treated with specifi c opioid antago-
nists, such as naloxone or naltrexone. Respiratory depres-
sion, a feared side - effect of neuraxial opioids, is not likely 
to occur during the postpartum period, because of the 
persistence of pregnancy - associated increases in ventila-
tory drive. Another option to provide excellent postop-
erative analgesia is PCEA. Whether an intravenous 
or neuraxial approach is used after cesarean delivery, 
administration of a nonsteroidal antiinfl ammatory drug 
(NSAID) such as ketorolac is helpful in potentiating the 
analgesia  [28] . Furthermore, NSAIDs are particularly 
effective in relieving the cramping pain of postpartum 
uterine involution. 

anxiety, sedatives, and opioids contribute by prolonging 
intestinal transit time, increasing the risk of aspiration of 
gastric contents. Edema of upper airway tissues, espe-
cially in preeclamptic parturients, may render tracheal 
intubation more diffi cult. The parturient ’ s increased basal 
metabolic rate and reduced pulmonary functional resid-
ual capacity predispose to the development of hypoxemia 
during the apneic interval that accompanies the induction 
of general anesthesia. Compression of the aorta and vena 
cava by the gravid uterus decreases venous return, cardiac 
output, and blood pressure. Thus, when the parturient is 
in the supine position, the uterus must be displaced off 
the great vessels by placing a wedge under the right hip 
(left uterine displacement). 

 Left uterine displacement does not eliminate the 
occurrence of maternal hypotension during induction 
of anesthesia. In contrast to the low concentrations of 
local anesthetic used for labor analgesia, which are 
unlikely to cause maternal hypotension, the higher con-
centrations used for cesarean delivery often produce 
hypotension. The reduction in blood pressure is caused 
by sympathetic block - mediated vasodilation, which 
causes pooling of blood in capacitance vessels. Hypo-
tension is particularly likely to occur with spinal 
anesthesia (55 – 71% of women)  [25] . Interestingly, spinal 
anesthesia is also associated with relatively greater fetal 
acidemia than epidural or general anesthesia  [26] . 
Strategies to mitigate regional anesthesia - induced hypo-
tension include prophylactic volume expansion with 
intravenous fl uids and administration of vasopressors. 
Although prophylactic intravenous fl uid administra-
tion does not prevent maternal hypotension resulting 
from regional anesthesia, it does reduce its incidence. 
Vasopressors are administered intravenously to reverse 
the regional anesthesia - induced hypotension. Mixed  α  -  
and β  - agonists such as ephedrine produce a greater 
degree of fetal acidosis than a pure  α  - agonist such as 
phenylephrine  [27] . 

    A 31 - year - old gravida 2, para 0 presents to the labor and 
delivery suite at 38 weeks ’  gestation with presumed 
rupture of membranes. She says she is experiencing 
severe pain in her lower abdomen with each uterine con-
traction. A pelvic examination confi rms rupture of mem-
branes and fi nds cervical dilation to be 2   cm, fetal head 
not engaged. The patient indicates her desire for pain 
relief. Her obstetrician and the anesthesiologist on duty 
are consulted. They agree that the patient is a candidate 
for regional analgesia, as rupture of membranes and a 
diagnosis of labor have committed the patient to delivery. 
The patient is offered and accepts epidural analgesia. An 
epidural catheter is inserted at the L3 – L4 interspace and 
analgesia is initiated with 20   mL 0.06% bupivacaine and 

0.4    μ g/mL sufentanil. Analgesia is maintained with an 
infusion of the same solution at 6   mL/h. PCEA is insti-
tuted, giving the parturient the option of self - dosing 5   mL 
every 10   min. 

 When her cervical dilation reaches 8   cm, she states that 
her self - administered doses are no longer suffi cient to 
relieve her pain, so the anesthesiologist administers a 
rescue dose of 5   mL 0.125% bupivacaine. Within 10   min, 
this provides relief of her pain, and afterwards she only 
senses rectal pressure with each contraction. After reach-
ing full dilation, she delivers a 3130   g baby boy over an 
intact perineum after a 67 - min second stage. Although 
she sensed pressure while she was pushing, she denied 
experiencing pain.  

CASE PRESENTATION 
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     Safely providing the most effective care has always been 
a priority in medicine. However, increasing consumer 
and provider interest coupled with recent progress in the 
patient safety movement has now made this a primary 
concern. The past 50 years have witnessed an evolution 
in healthcare into a complex environment, requiring 
integration of advanced technologies and diverse and 
specialized teams. Thus, opportunities for failure have 
become more prominent and the costs of errors never 
greater. In 1999 the Institute of Medicine (IOM) estimated 
that approximately 44,000 – 98,000 patients die each year 
due to medical errors, with a majority of these incidents 
due to preventable errors and correctable faults  [1] . 
Realizing that this would make medical errors the eighth 
leading cause of death in the United States, greater than 
those from motor vehicle collisions, breast cancer, and 
AIDS, puts the burden of this reality into perspective. 

 The foundation of the patient safety movement is 
that fallible individuals and teams working in an increas-
ingly complicated system create substantial opportunities 
for inadvertent adverse outcomes. Healthcare leaders 
have responded with improving safety and quality stand-
ards, developing better communication and teamwork 
techniques, and building more robust fail - safes. Today, 
the science of medicine has renewed a commitment to its 
ancient credo of  “ fi rst, do no harm. ”  This chapter dis-
cusses the major concepts in patient safety as applied to 
obstetrics.

Patient safety in obstetrics

 The patient safety movement has shown great progress 
in fi elds such as cardiology, critical care, and anesthesia, 
though progress has been slower in obstetrics. This is 
surprising given that obstetrics is a logical target for 
safety and quality improvements. Obstetrics is a signifi -
cant component of US healthcare; childbirth accounts for 

over 4 million hospitalizations each year, ranking second 
only to cardiovascular disease  [2] . Obstetrics is also 
unique in that an adverse outcome can often affect two 
patients (mother and infant) and a neonatal injury may 
result in signifi cant long - term consequences for the family 
and society. It is also no secret that perinatal care is in a 
crisis of professional insurance and medical liability. 
While obstetricians and gynecologists represent only 5% 
of the physicians in the US, they are responsible for 15% 
of liability claims and 36% of total payments  [3] , with 
payments for obstetric liability claims averaging $500,000 
to $1,900,000  [4] . These latter factors have greatly affected 
the way obstetrics is practiced in the United States, with 
more obstetricians practicing defensive medicine and 
others simply dropping out of obstetric practice alto-
gether  [5] .  

How to measure safety

 In general terms, safety efforts can be tracked in three 
ways, using outcome measures, process measures, and 
culture measures. 

Outcome measures
 Patient safety outcome measures track how often patients 
are harmed or how well the organization is providing 
favorable (expected) outcomes  [6,7] . Most patient safety 
initiatives focus on adverse outcome measures, as the 
prevention of these events is often the primary goal of 
such efforts. Mann and colleagues have proposed one set 
of measures referred to as the obstetric Adverse Outcome 
Index (AOI), which is based on measures defi ned by the 
Joint Commission, the American College of Obstetricians 
and Gynecologists (ACOG), and the National Perinatal 
Information Center  [8] . The AOI is calculated as the per-
centage of mothers with at least one adverse outcome 
indicator (Box  53.1 ). This rate can be tracked on a monthly 
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unit  [14,16] . Respondents answer a series of statements in 
agreement or disagreement (on a fi ve - point Likert scale); 
differences of 10% or more, over time or between groups, 
are considered clinically signifi cant and overall scores 
showing 80% agreement with a favorable teamwork 
climate statement are a target goal. One systematic review 
has identifi ed the SAQ as the only safety climate survey 
that has been used to explore the relationship between 
safety perceptions and patient outcomes  [17] . 

 The National Quality Forum (NQF) has suggested 18 
consensus standards for assessing quality in perinatal 
care that combine both outcome and process measures 
 [18] . Those applying to antepartum and intrapartum 
care include elective delivery prior to 39 completed weeks 
gestation, incidence of episiotomy, cesarean rate for 
low - risk fi rst birth women, prophylactic antibiotics in 
cesarean delivery, appropriate deep vein thrombosis 
prophylaxis at cesarean delivery, birth trauma rate, and 
appropriate use of antenatal steroids. These have also 
been emphasized by the Joint Commission under the 
Perinatal Care Core Measures.   

Tools to improve patient safety

 Many strategies have been suggested to improve safety 
and quality in an obstetric service. Most center on princi-
ples of evidence - based practice, the benefi ts of standardi-
zation, and improving communication.
1.      Outside expert review . Bringing in unbiased and experi-
enced observers to review an obstetrics service for one or 
several days is often a fi rst step for quality improvement. 
The review team may consist of any combination of 
nurses, physicians, or administrators, but should be a 
group with experience in safety and quality practices. 
Using a triangulation process to resolve differences in 
perspectives, the team can interview staff from the various 
professional domains within the healthcare system to 
assess the culture of safety. Hospital policies and proto-
cols should be reviewed. The result is usually a written 
review, with specifi c recommendations for improvement 
based on local and national standards, focusing on core 
principles of safety, and informed by the evidence.  
2.      Protocols, guidelines, and checklists . The initial push for 
guidelines and protocols can meet high resistance from 
providers claiming the superiority of experience and 
intuition over evidence and standardization. A common 
fear is that guidelines and protocols may dictate all 
aspects and levels of care, to a level of detail that does 
not account for individualizing care according to varia-
tions in locale, culture, preferences, and experience. In 
truth, protocols and guidelines merely serve as a common 
foundation for approaching the aspects of care relative 
to specifi c diseases or processes. Variable approaches to 
similar clinical scenarios, particularly when there is little 

or quarterly basis and analyzed for trends, and has been 
used to track the work of various quality improvement 
programs  [8 – 11] . Units may track these indicators indi-
vidually, but the critical measure of success is an improve-
ment in overall AOI over time. While the AOI can be 
compared across units, it is expected that the unique envi-
ronments, patient demographics, and acuity levels will 
contribute to high unit - to - unit variability.    

Process measures
 Process measures analyze the adherence to common or 
evidence- based standards and practices  [12] , with the 
assumption that adherence to these performance meas-
ures improves outcomes. The Surgical Care Improvement 
Project (SCIP), which proposes to measure processes like 
appropriate antibiotic administration and thromboem-
bolism prophylaxis, is one example of a set of process 
measures. Whether this, in turn, produces better out-
comes is controversial, though one can argue that adher-
ence to good practices in one segment of care produces 
better compliance across the spectrum of healthcare 
provisions  [13] .  

Culture measures
 Safety culture is the integration of safety thinking and 
practices into clinical activities. Improving patient safety 
depends on changing the attitude of an organization, 
including shifting from a culture of blame to a culture of 
safety. Safety climate, the quantitative description of the 
safety culture, can be measured by calibrating a health-
care team ’ s attitudes about issues related to safety through 
workforce or staff attitude surveys  [14] . Many patient 
safety climate surveys are available. The Agency for 
Healthcare Research and Quality ’ s Hospital Survey on 
Patient Safety Culture is a publicly available tool with a 
centralized comparative database that allows organiza-
tions to benchmark survey results  [15] . The Safety Attitude 
Questionnaire (SAQ) is a tool adapted from the aviation 
industry and subsequently validated in healthcare that 
can be given to the various staff members of an obstetric 

Box 53.1 Adverse Outcome Index indicators 

• Apgar <7 at 5 min

• Blood transfusion 

• Fetal traumatic birth injury 

• Intrapartum or neonatal death >2500g

• Maternal death 

• Maternal ICU admission 

• Maternal return to operating room or Labor and Delivery 

• Unexpected admission to neonatal ICU >2500g and for >24h

• Uterine rupture 

ICU, intensive care unit. 
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caregivers, has become an increasingly utilized service in 
other fi elds. The goal of using a hospitalist is to rely on 
providers with skill sets specifi c to a particular work 
environment, improve clinical effi ciency, and improve 
outcomes. The concept of the  “ laborist ”  extends this 
to obstetric units, providing the continuity and availabi-
lity of a caregiver who does not have responsibilities 
beyond the unit. While continuity of care is reduced 
in this model, potential gains come from developing a 
team that is focused on and has mastered the effi cient 
provision of inpatient obstetric care. Currently, while 
data suggest superior outcomes in hospitals that employ 
hospitalists, there are no data available specifi c to obstet-
rics  [20] .  
7.      Obstetric patient safety committee . Forming an obstetric 
patient safety committee allows representatives of the 
major stakeholders (e.g. nurses, midwives, obstetricians, 
pediatricians, anesthesiologists, pharmacists, administra-
tion, etc.) to meet on a regular basis to review current 
practices and important adverse events, and strategize 
on quality improvement efforts. This multidisciplinary 
approach fosters change in the organizational culture and 
allows for an effi cient process of developing policies and 
protocols that have the interests of everyone in mind.  
8.      Safety attitude questionnaire (SAQ).  Also discussed 
above, the SAQ is both an intervention and an assess-
ment tool. As an intervention, a survey demonstrates 
the interest of the organization in calibrating (and improv-
ing) the safety culture. As an assessment tool, the SAQ 
can be used to track improvements or areas for attention. 
This feedback is essential for management and adminis-
tration to respond to the conditions on the front lines of 
care.  
9.      Team training . Communication failure is overall the 
dominant root cause of adverse events and near - misses. 
Crew resource management (CRM), a strategy to improve 
team functioning derived from civil and defense aviation 
work, is an important strategy for improving communica-
tion and teamwork. Team training aims to reduce the 
barriers between dis ciplines (e.g. nurses versus physi-
cians) that arise from these groups training in separate 
silos. Team training also attempts to combat traditional 
hierarchies that are common in medicine. Specifi c 
concepts that are usually taught are structured 
handoff techniques (e.g. Situation - Background - Assessment - 
Recommendation [SBAR]), confl ict resolution techniques 
(concerned, uncomfortable, scared [CUS]; the  “ two chal-
lenge”  rule, the chain - of - command), and structured 
debriefi ng techniques that are performed after events. 
Team training has proven helpful in improving teamwork 
and outcomes in surgical units  [21] , though a trial to 
implement CRM in obstetrics units showed no benefi t in 
outcomes as measured by the AOI  [9] .  
10.      Standardization of EFM assessment . Objective fetal 
heart rate interpretation relies on a standard set of 

evidence to demonstrate any as superior, can contribute 
to confusion and error. Protocols and guidelines create 
common knowledge structures or shared mental models, 
improving performance in times of pressure and uncer-
tainty. Higher - risk practices, such as the use of oxytocin, 
prostaglandins, and magnesium sulfate, are particularly 
aided by standardized protocols. Checklists, further-
more, aim to implement these protocols and guidelines 
by distilling and delineating, in real time, the important 
events and activities required to perform or respond 
successfully to particular clinical scenarios. The use of 
checklists, in fact, has demonstrated remarkable reduc-
tions in catheter - related bloodstream infections  [7]  and 
surgical complications  [6]  in large - scale trials. The key to 
developing and implementing these measures is to rely 
on standards set by the industry or evidence in the lit-
erature, and build on these through consensus among 
staff, preferably through working groups and suffi cient 
comment periods. 
3.      Computerized order entry  “ order sets. ”   Computerized 
order entry can potentially contribute to improvements 
in patient safety by reducing the rates of medication 
errors. It should also be viewed as a mode of decision 
support, providing  “ protocolized ”  order sets that direct 
providers to a preferred and uniform management strat-
egy, such as oxytocin administration, antibiotics and ster-
oids for preterm premature rupture of membranes, or 
preeclampsia management. Converting the relevant 
aspects of a particular protocol into a formalized order set 
can direct providers to the institutionally preferred man-
agement strategy.  
4.      Perinatal patient safety nurse . The perinatal patient 
safety nurse is often the crux of a patient safety program, 
acting as the educator and administrator for most of the 
subinitiatives. This role is usually fi lled by a nurse with 
experience in clinical and administrative systems, in par-
ticular relative to obstetrics and/or risk management 
 [19] . Specifi cally, our patient safety nurse administrated 
our anonymous event reporting system, safety attitude 
questionnaire, and electronic fetal monitoring (EFM) 
certifi cation testing, instructed our staff in crew resource 
management training, and performed audits of our 
adverse outcomes data. 
5.      Anonymous event reporting system . Computer - based 
reporting tools are available that allow for the discrete 
and anonymous reporting of adverse events, near - misses, 
and unsafe conditions. In addition to allowing for surveil-
lance of existing and potential unsafe situations, it also 
empowers staff to participate in the quality improvement 
process. The patient safety nurse can educate staff on the 
use of the system, track the data reported for trends, and 
investigate new or important issues as they arise. 
6.      Obstetric hospitalist . Hospitalist coverage of inpatient 
services, where a dedicated provider covers the care 
of inpatients from a variety of primary outpatient 
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increased over the past 5 years. Two of the more notable 
efforts have involved the implementation of checklists. 
In Michigan, a statewide effort to implement fi ve 
evidence- based procedures for the insertion and care of 
catheters reduced catheter - related bloodstream infections 
by up to 66%  [7] . The World Health Organization inter-
national project on a 19 - item surgical checklist aiming 
to improve teamwork, communication, and consistency 
of care reduced death by nearly 50% (1.5% to 0.8%, 
P    =    0.003) and inpatient complications from 11% to 7% 
(P    =    0.001)  [6] . 

 Obstetrics research has lagged, but is gaining ground. 
A long - term comprehensive safety effort at Yale - New 
Haven Hospital, incorporating most of the strategies dis-
cussed previously in this chapter, demonstrated signifi -
cant improvements  [10] . Over a 3 - year period, comprising 
over 13,000 deliveries, the AOI declined signifi cantly over 
time (P    =    0.01) (Fig.  53.1 ). The mean quarterly AOI for the 
second half of the initiative (2.09    ±    0.57%) was signifi -
cantly lower than that for the fi rst half (2.90    ±    0.64%) 
(P    =    0.04). A group from the HCA healthcare system, 
which involves more than 200 hospitals across the United 
States, implemented a comprehensive effort that included 
a protocol for oxytocin administration, checklist - based 
protocols for misoprostol and magnesium, and a stand-
ardized shoulder dystocia delivery note. Over time, they 
witnessed a reduction in annual malpractice claims from 
10 – 13 per 100,000 deliveries to 6 – 7.5 per 100,000 births 
(P    <    0.001)  [26] .   

 Demonstrating the power of protocols and guidelines 
specifi cally, hospital policies to review and prevent 
unnecessary elective early term births have been shown 
to reduce the number of risky and unnecessary induc-
tions as well as the rates of term neonatal admissions  [27] . 
A statewide initiative in Ohio demonstrated a greater 
than fi vefold reduction in inductions without a docu-
mented medical indication (25% to 5%, P    <    0.05)  [28] . A 
randomized trial describing the multifaceted imple-
mentation of guidelines for postpartum oxytocin admin-
istration and episiotomy repair showed improvements 
in postpartum hemorrhage rates and episiotomy utiliza-
tion  [29] .  

Beyond safety and quality

 The primary motivations that drive patient safety efforts 
are providing quality care and eliminating harm, though 
secondary benefi ts accrue as well. Eliminating the costs 
of adverse events provides economic savings, which in 
turn guides investment in patient safety programs 
by governments and healthcare institutions  [30 – 32] . 
Improvements in safety culture can provide more satisfy-
ing work environments, improving work effi ciency and 
reducing workforce turnover.    

defi nitions and descriptions. Indeed, inconsistencies in 
practice are largely due to obfuscations in the language 
and terms used to describe particular tracings. The Joint 
Commission Sentinel Event Alert No. 30 reco gnized that 
 “ inadequate fetal monitoring ”  was a root cause in 34% of 
adverse events, recommending units to  “ develop clear 
guidelines for fetal monitoring of potential high - risk 
patients, including nursing protocols for the interpreta-
tion of fetal heart rate tracings ”  and to  “ educate nurses, 
residents, nurse midwives, and physicians to use stand-
ardized terminology to communicate abnormal fetal 
heart rate tracings ”  [22] . Shortly thereafter, in 2005, the 
ACOG and Association of Women ’ s Health, Obstetric and 
Neonatal Nurses (AWOHNN) advocated universal 
implementation of the NIH/NICHD Workshop guide-
lines on electronic fetal monitoring  [23] , which were sub-
sequently revised in 2008  [24] . Adoption of such guidelines 
by a unit is important, and usually relies on formalized 
programs for training and testing. One example of this is 
offered by the National Certifi cation Corporation (NCC; 
 www.nccnet.org ), a nonprofi t group that offers training 
and testing of fetal monitoring standards based on the 
NICHD criteria. 
11.      Simulation . The aviation industry has taught us that 
recreating workplace scenarios in simulations can con-
tribute to acquisition of new skills, particularly for situa-
tions that occur infrequently, such as emergencies. Given 
that obstetrics is characterized mostly by routine labor 
and delivery, punctuated by low - frequency yet high -
 severity events (e.g. shoulder dystocia, hemorrhage, and 
eclampsia), obstetrics is a particular discipline that has 
rightly incorporated simulation into training. Simulation 
scenarios are usually focused on either knowledge/skills 
training or teamwork training, and often units will choose 
one or the other as the primary objective of particular 
simulation sessions. High - fi delity simulation technolo-
gies that involve sophisticated mannequins and equip-
ment can provide a realistic experience, but require 
substantial pre paration and resources.  In situ  simulation 
scenarios that take place in the actual patient care units, 
usually during times of low acuity and census, can 
provide equally important lessons on teamwork/
communication and skills. A recent systematic review of 
team training for acute obstetric emergencies reports 
improvements in some clinical outcomes (5 - min Apgars 
and hypoxic - ischemic encephalopathy) as well as in 
knowledge, skills, communication, and team perfor-
mance  [25] .     

Evidence to support
improvement tools

 With the emerging focus on quality and safety in 
healthcare, research evaluating various tools has 
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    A 35 - year - old gravida 1, para 0 at 39 weeks ’  gestation is 
being induced for preeclampsia. She has presented at the 
end of the day, right before the change of shift, and the 
physician has ordered both intravenous magnesium 
sulfate, for seizure prophylaxis, and oxytocin. Before 
going off her shift, the nurse prepares the magnesium 
sulfate and oxytocin infusions, but does not start them. 
The next nurse coming on starts the infusions. Within 
minutes the patient is noted to have tetanic contractions 
and a prolonged fetal heart rate deceleration; despite dis-
continuation of the intravenous infusions and intrauter-
ine resuscitative measures, the team proceeds to a stat 
cesarean delivery for a fetal bradycardia. A healthy infant 
is born with Apgars of 5 and 9. After the cesarean is over, 
the nurse discovers that she confused the magnesium and 
the oxytocin lines and accidentally gave a large dose of 
oxytocin thinking it was the magnesium sulfate bolus. 
Understanding the importance of the team learning from 
the error, she enters a computerized anonymous event 
report for the patient safety nurse to review the next 
morning.

 In response to this event, a root cause analysis (RCA) 
is organized and directed by an outside party experi-
enced in event review. In the spirit of a culture of safety, 
rather than a culture of blame, the team is able to identify 
critical areas for potential improvement. Specifi c system 
improvements are suggested, such as an appropriate 
 “ SBAR ”  nursing handoff in the patient room, and 
improved labeling systems for intravenous lines for oxy-
tocin and magnesium sulfate so that they are not con-
fused. The RCA also recognizes that communication 
during the emergency delivery was suboptimal. The RCA 
report is reviewed by the Patient Safety Committee, 
which discusses further enhancements over a longer 
timeframe, such as creating a computerized SBAR 
handoff template. The Committee also suggests organ-
izing monthly simulations on Labor and Delivery to train 
staff on how to perform an effi cient and organized emer-
gency cesarean delivery. These ideas create an action 
plan, which is taken to the staff and administration for 
implementation.

CASE PRESENTATION 
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     The incidence of cerebral palsy is 1 – 2 per 1000 births and 
has remained unchanged over the last 40 years. The 
occurrence of cerebral palsy is independent of either geo-
graphic or economic boundaries. It has also been remark-
ably resistant to eradication by the introduction of 
technology such as electronic fetal heart rate monitoring 
or the increase in cesarean delivery rates. Indeed, the 
great hope of electronic fetal heart rate monitoring was 
that intrapartum asphyxia would be promptly identifi ed, 
delivery rapidly achieved, and neurologic injury of the 
infant averted. This would in fact parallel the thought 
processes advanced by the orthopedic surgeon Little  [1] , 
over a century ago, who taught that virtually all cerebral 
palsy was caused by intrapartum events, whether depri-
vation of oxygen, trauma, or the combination of the two. 
Unfortunately, despite an escalation of the cesarean deliv-
ery rate from approximately 6% in 1970 to a rate of more 
than 31% nationally today  [2] , the incidence of cerebral 
palsy in the USA has remained constant  [3] . 

 These facts then would seem to support the evolving 
concept that cerebral palsy results from the combination 
of the genetic make - up of the individual and the subse-
quent interaction of that individual during development 
with the environment that they are exposed to, both intra-
uterine as well as extrauterine for the fi rst several days, 
months, or years of life. As examples, the South Australian 
Cerebral Palsy Research Group has reported that inherit-
ance of MTHFR C677T approximately doubles the risk of 
cerebral palsy in preterm infants  [4] . A combination of 
homozygous MTHFR C677T and heterozygous pro-
thrombin gene mutation increased the risk of quadriple-
gia fi vefold in all gestational ages. This is clearly an 
example of genetic inheritance leading to cerebral palsy. 
The same group also demonstrated that perinatal expo-
sure to the neurotropic herpes group B viruses nearly 
doubled the risk of cerebral palsy relative to the control 
group  [5] .  

  Neonatal encephalopathy

 Neonatal encephalopathy is a condition defi ned in and 
described for term (more than 37 completed weeks ’  gesta-
tion) and near term (more than 34 completed weeks ’  
gestation) infants. It is a clinically defi ned syndrome of 
disturbed neurologic function manifest by diffi culty with 
initiating and maintaining respiration, depression of tone 
and refl exes, altered level of consciousness, and often sei-
zures. Additionally, it must manifest within the fi rst week 
of life. The differential diagnosis and antecedants for neo-
natal encephalopathy is shown in Box  54.1 .   

 Hypoxia suffi cient to result in hypoxic ischemic 
encephalopathy (HIE) is only one subset of the larger 
category of neonatal encephalopathy. If there has been 
intrapartum asphyxia suffi cient to result in long - term 
neurologic injury manifest as cerebral palsy, then the 
neonate will manifest the injury as encephalopathy 
within the fi rst week of life. It is biologically implausible 
to suggest that one can have suffi cient intrapartum 
asphyxia to result in cerebral palsy, yet the newborn 
would have a completely normal newborn course void of 
encephalopathy.  

  Cerebral palsy

 Cerebral palsy is defi ned as a chronic neuromuscular dis-
ability characterized by abnormal control of movement or 
posture appearing early in life and not the result of rec-
ognized progressive disease  [6] . The causes of cerebral 
palsy are in large part the same as the antecedents of 
neonatal encephalopathy (see Box  54.1 ). In a sentinel pub-
lication, MacLennan  [7]  notes that epidemiologic studies 
suggest that in approximately 90% of cases of cerebral 
palsy, intrapartum hypoxia could not be the cause and in 
the remaining 10%, intrapartum signs compatible with 
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Figure 54.1     Risk factors for newborn 
encephalopathy. Hx, history; IUGR, 
intrauterine growth restriction.  Reproduced 
from Badawi  et al   [8]  with permission from 
the British Medical Journal .   
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Box 54.1 Differential diagnosis and antecedants of neonatal 

encephalopathy

• Developmental abnormalities 

• Metabolic abnormalities 

• Autoimmune disorders 

• Coagulation disorders 

• Infections

• Trauma 

• Hypoxia

• Intrauterine growth restriction 

• Multiple gestations 

• Antepartum hemorrhage 

• Chromosomal abnormalities 

• Persistent breech/transverse lie 

damaging hypoxia may have had antenatal or intrapar-
tum origins. 

 A group of investigators led by Badawi  [8]  reported on 
the antecedents of moderate - to - severe neonatal encepha-
lopathy from their patient population in metropolitan 
Western Australia. This study involved 164 term infants 
with moderate or severe neonatal encephalopathy and 
400 randomly selected appropriate controls. Within their 
population, the prevalence of moderate or severe newborn 
encephalopathy was 3.8 in 1000 term livebirths. The diag-
nosis of either moderate or severe newborn encephalopa-
thy was associated with a neonatal fatality rate of 9.1%. 
In Figure  54.1 , the risk factors for newborn encephalopa-
thy in their population that achieved statistical signifi -
cance are shown and substratifi ed according to whether 
they occurred preconceptionally, intrapartum, or in the 
antepartum period. Data shown are the increase in 
adjusted odds ratio.   

 Badawi  et al  ’ s data are striking inasmuch as the tradi-
tional risk factors, including abnormal histopathology of 
the placenta, the need for emergency cesarean section, or 
the use of vacuum or forceps to achieve vaginal delivery, 
were among the lowest, although statistically signifi cant, 
risk factors identifi ed. In contrast, family history of seizure 
disorder or neurologic disorder and maternal thyroid 
disease was much more highly associated with moderate -
 to - severe encephalopathy than the traditional risk factors. 
This again emphasizes the potential role of genetics in 
causing both encephalopathy as well as cerebral palsy. 
The role of environment is also demonstrated from 
Badawi et al  ’ s data, with factors such as viral illness 
during the index pregnancy, moderate or severe ante-
partum bleeding, intrapartum fever, and severe pre-
eclampsia being signifi cantly increased risk factors for 
development of these disorders. Thus, we return to the 
role of genetics and the impact of environment on causa-
tion of this neurologic injury. This is repeatedly being 
affi rmed by clinical studies employing a variety of rapidly 
advancing technologies  [4,5] . 

 When Badawi  et al  analyzed their data with regard to 
the distribution of risk factors for newborn encephalopa-
thy, they concluded that in 69% of the population there 
were only antepartum risk factors. In 25%, there were 
antepartum risk factors and potential impact of intrapar-
tum hypoxia, but in only 4% did intrapartum hypoxia 
seem to be the logical cause (Fig.  54.2 ). This team of inves-
tigators ’  overall conclusions were that the causes of 
newborn encephalopathy are heterogeneous and that 
many of the causal pathways start before birth. A much 
earlier study by Blair and Stanley  [9]  had similarly con-
cluded that in only 8% of all children with spastic cerebral 
palsy was intrapartum asphyxia the possible cause of 
their brain damage. 
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to provide immediate care of the newborn. Induction of 
anesthesia may be a very high - risk period, as many of 
these fetuses are marginally compensated and will be 
poorly tolerant of epidural (or spinal) - induced hypoten-
sion. Fetal monitoring is necessary in the operating and/ 
or delivery room. In cases of cesarean delivery, the inter-
val from discontinuation of fetal monitoring to delivery 
should be as short as possible. 

Task force on neonatal encephalopathy
and cerebral palsy

 In January 2003, a monograph summarizing the state of 
the science on neonatal encephalopathy and cerebral 
palsy was co - published by the American College of 
Obstetricians and Gynecologists and the American 
Academy of Pediatrics. At the time of publication, it was 
recognized that the topic would require updating as the 
scientifi c database and knowledge on the topic expanded 
and a task force is currently being assembled. In that 
monograph, the criteria to defi ne an acute event suffi cient 
to cause cerebral palsy were listed, as modifi ed by the 
task force from the template provided by the International 
Cerebral Palsy Task Force (Box  54.2 ). It was emphasized 
that all four criteria must be met in order to make this 
association. Additionally, criteria were also listed that col-
lectively suggest an intrapartum timing, defi ned as within 
close proximity to labor and delivery (e.g. 0 – 48   h), but 
which were nonspecifi c to asphyxia insults (Box  54.3 ). 
Among the criteria for elucidating timing were early 
imaging studies showing evidence of acute nonfocal cer-
ebral abnormalities. 

 Subsequent to the publication of this monograph, three 
important papers on neuroimaging have been published. 
The fi rst of these, by Graham  et al   [12] , dealt with an 
earlier gestation than covered by the task force, which 
was restricted to the term and near term infant. In con-
trast, Graham et al  ’ s study was of the preterm infant of 
23 – 34 weeks ’  gestation. The signifi cant fi ndings by these 
authors included that in this specifi c population, intrap-
artum hypoxia ischemia as manifested by metabolic 

 The importance of intrauterine growth restriction 
(IUGR) as a risk factor for newborn encephalopathy 
deserves special emphasis. In Badawi et al  ’ s study, growth 
restriction between the 3rd and 9th percentile carried an 
adjusted odds ratio of 4.37 for moderate or severe neona-
tal encephalopathy. When the growth restriction was 
severe, defi ned as less than the 3rd percentile, the adjusted 
odds ratio increased to a staggering 38.23. In a series 
reported by Cowan  et al   [10] , 11 – 15% of the population 
with encephalopathy were at the 3 – 10th percentile, com-
pared with 13 – 16% when the growth restriction was less 
than the 3rd percentile. Their study population was 
recruited from the Wilhelmina Children ’ s Hospital, 
Utrecht, The Netherlands, and Hammersmith and Queen 
Charlotte’ s Hospitals, London, UK. Substantially similar 
results were reported from the University of California, 
San Francisco, and Loma Linda Children ’ s Hospital, 
where newborns with either a watershed predominant or 
a total brain/basal ganglia/thalamus predominant injury 
had a higher incidence of IUGR than did those infants 
having a normal scan  [11] . 

 The clinician is thus cautioned that while all growth -
 restricted babies are at increased risk for newborn enceph-
alopathy, the risk is extraordinarily high for those infants 
with growth restriction at less than the 3rd percentile. 
Accordingly, great care in the timing and route of delivery 
of these fetuses is encouraged so that they might be deliv-
ered in an optimal metabolic condition. It would also 
seem prudent to have a neonatologist present at the birth 

Figure 54.2     Distribution of risk factors for newborn 
encephalopathy.  Reproduced from Badawi  et al   [8]  with 
permission from the  British Medical Journal .   

Antepartum risk factors
only (69%)

Antepartum risk
factors and
intrapartum

hypoxia (25%)

Intrapartum hypoxia
only (4%)

Unknown (2%) Box 54.2 Essential criteria to defi ne an acute intrapartum event 

suffi cient to cause cerebral palsy (must meet all four) 

• Evidence of a metabolic acidosis in fetal umbilical cord arterial blood 

obtained at delivery (pH < 7 and base defi cit of  ≥12mmol/L)

• Early onset of severe or moderate neonatal encephalopathy in 

infants born at  ≥34 weeks ’ gestation 

• Cerebral palsy of the spastic quadriplegic or dyskinetic type 

• Exclusion of other identifi able etiologies, such as trauma, coagula-

tion disorders, infectious conditions, or genetic disorders 
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babies will be born with blood pH < 7.1 and almost all will 
be neurologically intact. What these authors fail to tell us 
is how many of their total population would have met at 
least three of the fi ve criteria that they listed for inclusion 
in the acute injury group. 

 The study by Miller  et al   [11]  reported that the water-
shed pattern of injury was seen in 78 newborns (45%), the 
basal ganglia/thalamus pattern was seen in 44 newborns 
(25%), and normal MRI studies were seen in 51 newborns 
(30%). Antenatal conditions such as maternal substance 
abuse, gestational diabetes, premature ruptured mem-
branes, preeclampsia, and IUGR did not differ between 
the injury patterns. The basal ganglia/thalamus pattern 
was associated with more severe neonatal signs, includ-
ing more intensive resuscitation at birth, more severe 
encephalopathy, and more severe seizures. The basal 
ganglia/thalamus pattern was most highly associated 
with impaired motor and cognitive outcome at 30 months. 
These authors concluded that the patterns of brain injury 
in term neonatal encephalopathy are associated with 
different clinical presentation and different neurodevel-
opmental outcomes. Further, and contrary to prior epide-
miologic studies, they noted that measured prenatal 
factors did not predict the pattern of brain injury. Like 
Cowan et al , they noted that the MRI fi ndings in their 
cohort were consistent with the recent, rather than chronic 
brain injury in the majority of patients and the antenatal 
conditions measured were remarkably similar between 
newborns with normal and abnormal MRI scan results. 
They felt that these observations highlighted the potential 
of interventions to ameliorate brain injury in the newborn. 
They remarked that the dissociation of antenatal risk 
factors from the severity of the clinical presentations sup-
ports the hypothesis that the etiology of brain injury in 
neonatal encephalopathy is distinct from these antenatal 
risk factors. They further noted that the watershed pattern 
had predominantly cognitive impairments at 30 months 
that were not detected at 12 months of age. The cognitive 
defi cits in this group often occurred without functional 
motor defi cits. They hypothesized that abnormal outcome 
after neonatal encephalopathy may not be limited to 
cerebral palsy and often requires follow - up beyond 12 
months of age to be detected.  

Cerebral palsy prevention strategies

Magnesium sulfate for neuroprotection for 
prevention of cerebral palsy
 Kuban  [13]  was the fi rst to report that prenatal magne-
sium sulfate was associated with a reduction of intraven-
tricular hemorrhage (IVH) in babies with a birthweight of 
less than 1500   g from 18.9% to 4.4%. In a case – control 
study of singleton infants weighing less than 1500   g, 
Nelson  [14]  reported that administration of magnesium 

acidosis was rarely associated with white matter injury, 
and was not different from that seen in premature 
neonates without injury. 

 The second study was by Cowan  et al   [10] , who divided 
their population into two groups. Group 1 was defi ned 
as those with neonatal encephalopathy with or without 
seizures, and evidence of perinatal asphyxia. This group 
consisted of infants with neonatal encephalopathy, 
defi ned by abnormal tone pattern, feeding diffi culties, 
altered alertness, and at least three of the following 
criteria:
    •      late decelerations on fetal monitoring or meconium 
staining
   •      delayed onset of respiration  
   •      arterial cord blood pH  < 7.14  
   •      Apgar score  < 7 at 5   min  
   •      multiorgan failure.    
 Their second group consisted of infants who had seizures 
within 72   h of birth but who did not meet the criteria for 
neonatal encephalopathy. 

 In the fi rst group, brain imaging studies showed evi-
dence of an acute insult without established injury or 
atrophy in 80% of infants. Magnetic resonance imaging 
(MRI) showed evidence of established injury in only two 
infants ( < 1%), although tiny foci of established white 
matter gliosis, in addition to acute injury, were seen in 
3/21 on postmortem examination. In group 2, acute focal 
damage was noted in 62 (69%) infants. Two (3%) also had 
evidence of antenatal injury. Cowan  et al   [10]  concluded 
that although their results could not exclude the possibil-
ity that antenatal or genetic factors might predispose 
some infants to perinatal brain injury, their data strongly 
suggested that events in the immediate perinatal period 
were most important in neonatal brain injury. A valid 
criticism of this study is the criteria selected for inclusion 
into their group 1. Either late decelerations on fetal moni-
toring or meconium staining are notoriously poor predic-
tors of intrapartum asphyxia. Delayed onset of respirations 
can occur for numerous reasons, and a large number of 

Box 54.3 Criteria that collectively suggest an intrapartum timing 

(within close proximity to labor and delivery, e.g. 0 –48h) but that 

are nonspecifi c for an asphyxial insult 

• A sentinel (signal) hypoxic event occurring immediately before or 

during labor 

• A sudden and sustained fetal bradycardia or the absence of fetal 

heart rate variability in the presence of persistent late or persistent 

variable decelerations, usually after a hypoxic sentinel event when 

the pattern was previously normal 

• Apgar scores of 0 –3 beyond 5 min

• Onset of multisystem involvement within 72 h of birth 

• Early imaging study showing evidence of acute nonfocal cerebral 

abnormality
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preventive arm, ACTOMgSO4, PREMAG, and BEAM) 
were pooled together (n    =    4446 fetuses/infants), the 
benefi t of antenatal exposure to magnesium sulfate was 
more evident as it additionally showed a reduction in the 
composite outcomes of combined death or CP (RR 0.85, 
95% CI 0.74 – 0.98), death or moderate - to - severe CP, as 
well as CP (RR 0.71, 95% CI 0.55 – 0.91) and moderate - to -
 severe CP (RR 0.60, 95% CI 0.43 – 0.84) without increasing 
the risk of perinatal or infant death (RR 0.95, 95% CI 
0.80 – 1.13) or any other maternal or pediatric adverse 
events  [22,23] . It is important to note that no signifi cant 
effect of magnesium sulfate therapy was evident for other 
neurologic impairments such as developmental delay, 
intellectual impairment, blindness, deafness, or other 
major neurologic disabilities. 

 The studies and metaanalyses previously described led 
the American College of Obstetricians and Gynecologists 
and Society for Maternal - Fetal Medicine to publish a 
Committee Opinion stating:

   . . .    none of the individual studies found a benefi t with regard 
to their primary outcome. However, the available evidence 
suggests that magnesium sulfate given before anticipated early 
preterm birth reduces the risk of cerebral palsy in surviving 
infants. Physicians electing to use magnesium sulfate for fetal 
neuroprotection should develop specifi c guidelines regarding 
inclusion criteria, treatment regimens, concurrent tocolytics, 
and monitoring in accordance with one of the larger trials   [25]  .   

 In the Cochrane review, the number of women requiring 
treatment to prevent one case of cerebral palsy was 63 
(95% CI 43 – 87) if one assumes a CP rate of 5% in the no 
magnesium group. This number appears justifi able and 
comparable (or better) to those for eclampsia prevention. 
Given the relative safety of magnesium sulfate for the 
mother, the lack of evident risk regarding infant mortality, 
and the gravity of cerebral palsy, magnesium sulfate 
should be considered for use as a neuroprotectant in the 
setting of anticipated preterm birth  [25,26] . 

  Key  p oints for  i mplementation of  n europrotection 
 After discussing the risks and benefi ts of magnesium 
sulfate in the setting of anticipated preterm delivery with 
the patient and obtaining her consent, a protocol similar 
to one of the large trials should be followed. 

 There was a reduction in cerebral palsy in the metaa-
nalysis of studies that recruited women at less than 32 – 34 
weeks (RR 0.70, 95% CI 0.55 – 0.89, n = 5225 infants). Thus, 
treatment is indicated in women at high risk for delivery 
at less than 32 weeks ’  gestation. 

  Magnesium  s ulfate  r egimens 
     •      BEAM: 6   g loading infusion over 20 – 30   min then 2   g/h 
for 12   h or delivery, whichever was fi rst. The maintenance 
was stopped if delivery had not occurred in 12   h and was 

sulfate to the mother during labor was associated with 
a marked reduction in the risk of cerebral palsy (odds 
ratio [OR] 0.14, 95% confi dence interval [CI] 0.05 – 0.51). 
Different mechanisms of neuroprotection of magnesium 
sulfate are proposed and include:
    •      hemodynamic stability by stabilizing the blood pres-
sure and improving cerebral perfusion  
   •      prevention of excitatory injury and neuronal protection 
by blocking N  - methyl - D - aspartate (NMDA) receptors 
and preventing glutamate - induced intracellular calcium 
infl ux, which is known to be cytotoxic  [15] . Both fetal 
and newborn brains appear to be more susceptible to 
glutamate- mediated injury  
   •      prevention of oxidative and infl ammatory insults.    
 While other observational studies also reported a reduc-
tion in cerebral palsy and/or IVH, to change clinical 
practice requires evidence often best gathered by large 
randomized clinical trials. 
 Multiple randomized controlled trials have examined the 
long - term neurologic outcomes of infants exposed ante-
natally to magnesium sulfate  [16 – 21] . Magnesium sulfate 
was used for fetal neuroprotection in four trials (Benefi cial 
Effects of Antenatal Magnesium Sulfate (BEAM)  [18] , the 
Australasian Collaborative Trial of Magnesium Sulphate 
(ACTOMgSO4)  [16] , and PREMAG  [19,21] ) and in the 
neuroprotection arm of MagNET  [20] . It was used for 
prevention of eclampsia in the Magnesium Sulphate 
for the Prevention of Eclampsia (Magpie) trial  [17]  
and for tocolysis in the tocolytic arm of MagNET  [20] . 
Although none of these trials demonstrated signifi cant 
improvements in their primary outcome with the use of 
magnesium sulfate, most found benefi t in some of their 
prespecifi ed secondary outcomes. Reduction of  “ substan-
tial gross motor dysfunction ”  (3.4% versus 6.6%, relative 
risk [RR] 0.51, 95% CI 0.29 – 0.91) and  “ death or substantial 
motor gross motor dysfunction ”  (17.0% versus 22.7%, RR 
0.75, 95% CI 0.59 – 0.96) in ACTOMgSO4, as well as in 
PREMAG with reduction in death or gross motor dys-
function (25.6% versus 30.8%, OR 0.62, 95% CI 0.41 – 0.93) 
and death or motor or cognitive dysfunction (34.9% 
versus 40.5%, OR 0.68, 95% CI 0.47 – 0.99). Additionally, 
the BEAM trial demonstrated reduction in  “ moderate or 
severe cerebral palsy ”  (1.9% compared with 3.5%, RR 
0.55, 95% CI 0.32 – 0.95) and overall cerebral palsy (4.2% 
compared with 7.3%, P    =    0.004) with magnesium sulfate 
treatment compared to placebo. 

 Several metaanalyses  [22 – 24]  pooled data from all of 
the fi ve previously mentioned studies and similarly did 
not show a reduction in the composite outcome of death 
or cerebral palsy (CP). However, antenatal exposure to 
magnesium sulfate was found to reduce the rate of CP by 
≈ 30% (RR 0.68, 95% CI 0.54 – 0.87) and moderate/severe 
CP by  ≈ 40%, without increasing the rate of death in 6145 
infants (RR 1.04, 95% CI 0.92 – 1.17). Moreover, when 
only studies designed for neuroprotection (MagNET 
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Conclusions

 How are we to resolve the epidemiologic studies with the 
more recent conclusions from imaging studies? Because 
newborns with severe encephalopathy are more likely to 
be identifi ed for research studies in the intensive care 
nursery and these newborns are more likely to have the 
basal ganglia/thalamus injury pattern, it is possible that 
the prospective MRI studies of neonatal encephalopathy 
will overrepresent perinatally acquired injury compared 
with population - based epidemiologic surveys. Because 
population- based retrospective studies identify a prepon-
derance of antenatal risk factors and smaller prospective 
cohort studies identify the perinatal occurrence of brain 
injury, there is a pressing need to establish the mechanis-
tic link between prenatal risk factors and etiology of brain 
injury. This is critical to the prevention of acquired neo-
natal brain injury and may be achieved with the develop-
ment and application of more accurate  in utero  measures 
of brain injury, such as fetal MRI. 

 Both the American College of Obstetricians and 
Gynecologists and the American Academy of Pediatrics 
acknowledged that their 2003 summary would require 
updating as the scientifi c database and knowledge on the 
topic expanded. They went on to state that only with 
more complete understanding of the precise origins of 
the pathophysiology of neonatal encephalopathy and 
cerebral palsy could logical hypotheses be designed and 
tested to reduce this occurrence. Finally, they recom-
mended several important areas of research and for 
research funding. We would again emphasize the 
need for funding and studies to address this very impor-
tant issue in neurodevelopment, neuroimaging, and 
potential improvements in outcomes for populations 
worldwide.

no longer considered imminent. Retreatment allowed 
when delivery was deemed imminent again; if ≥ 6   h from 
last infusion, another loading dose given. 
   •      ACTOMgSO4: 4   g loading infusion over 20   min, fol-
lowed by a maintenance infusion of 1   g/h for 24   h or until 
birth, whichever was fi rst. No retreatment.  
   •      PREMAG: 4   g infusion bolus. No maintenance. No 
retreatment.       

Hypothermia for perinatal hypoxic ischaemic
encephalopathy
 Edwards and colleagues  [27]  performed a metaanalysis 
using a fi xed effect model to determine whether moderate 
hypothermia after HIE improves survival and neurologic 
outcomes at 18 months of age. They identifi ed three trials, 
encompassing 767 infants, that included information on 
deaths and major neurodevelopmental disability after at 
least 18 months follow - up. Also identifi ed were seven 
trials with mortality information but no appropriate neu-
rodevelopmental data. Therapeutic hypothermia reduced 
the combined rate of death and severe disability in the 
three trials with 18 month follow - up (RR 0.81, 95% CI 
0.71 – 0.93, P    =    0.002) with a number needed to treat of 9 
(95% CI 5 – 25). Hypothermia increased survival with 
normal neurologic function (RR 1.53, 95% CI 1.22 – 1.93, 
P < 0.001) with a number needed to treat of 8 (95% CI 
5 – 17), and in survivors reduced the rates of severe disabil-
ity (P    =    0.006), cerebral palsy (P    =    0.004), and mental and 
psychomotor developmental index of less than 70 
(P    =    0.01 and P    =    0.02, respectively). Mortality was sig-
nifi cantly reduced when they assessed all 10 trials (RR 
0.78, 95% CI 0.66 – 0.93). They concluded that in infants 
with HIE, moderate hypothermia was associated with a 
consistent reduction in death and neurologic impairment 
at 18 months of age.   

    A 27 - year - old gravida 2, para 0100 was accepted for 
maternal transport with diagnoses of 28 weeks ’  estimated 
gestational age and severe preeclampsia. Her past medical 
history was signifi cant for a prior intrauterine fetal demise 
at 31 weeks ’  gestation; that pregnancy was also compli-
cated by severe preeclampsia. 

 Following successful aeromedical transport, she was 
received in Labor and Delivery where standard treatment 
for severe preeclampsia was instituted, including magne-
sium sulfate for prevention of eclamptic seizures and 
betamethasone for fetal lung maturation. Because of the 
severity of her disease process, labor induction with oxy-
tocin was also instituted. Hydralazine was given in 5   mg 
incremental doses to control and reduce systolic blood 
pressure to less than 180   mmHg and diastolic blood pres-

sure to less than 110   mmHg. Ten hours into the labor 
induction, a series of eight repetitive late decelerations 
was noted. The oxytocin was discontinued, the woman 
placed in left lateral position, and oxygen was adminis-
tered at 10   L/min by facemask. The fetal heart rate 
promptly normalized; however, beat - to - beat variability 
was judged to be reduced consistent with the estimated 
gestational age as well as the administration of magne-
sium sulfate. 

 As vaginal delivery was remote, the alternative of 
cesarean section was discussed because of fetal intoler-
ance of labor. Following informed consent, the patient 
was taken to the operating room for cesarean delivery. 
General endotracheal anesthesia was necessitated by 
maternal thrombocytopenia. A low vertical uterine inci-

CASE PRESENTATION 
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sion was employed as the lower uterine segment was 
poorly developed and thick and a vertical incision would 
allow the most atraumatic delivery. A 970   g infant was 
delivered and passed to a neonatologist who assigned 
Apgar scores of 1/0/0/0/0. The fetus/infant was pro-
nounced dead at 20   min of age. 

 The admission cover sheet for this infant produced by 
the pediatricians recorded a 26 – 29 weeks ’  estimated ges-
tational age, male infant with severe birth asphyxia. In the 
diagnostic codes listed for discharge was included acute 
respiratory failure with inability to resuscitate the infant 
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report also returned fi ndings consistent with chronic 
intrauterine anoxia, as well as possible acute anoxia sec-
ondary to prolonged labor and diffi cult delivery. These 
diagnoses were rendered by the pathologist despite the 
fact that  “ gross and microscopic examinations were 
normal.”  Cord gases were obtained at delivery and 
showed for the umbilical arterial blood a pH of 7.273, 
PCO2  of 57.6, PO 2  of 17.4, HCO 3  of 25.9, and base excess 
of  - 4.0. A cord venous blood gas showed a pH of 7.30, 
PCO2  of 50.0, PO 2  of 18.6, HCO 3  of 24.1, and base excess 
of  - 1.6. Conclusively, then, the cord gases rule out  “ birth 
asphyxia”  and the fetus was additionally delivered in an 

atraumatic fashion. Fortunately, when neuropathology 
results were fi nalized, they demonstrated lesions within 
the brain that dated to at least 96   h of age, placing the 
injury well before the woman presented to the outlying 
hospital or before transport to the medical center. 

 This case demonstrates several critical points. Perhaps 
the most important is the need to be precise in the termi-
nology that we employ and to diagnose birth asphyxia on 
objective rather than subjective criteria. Secondly, the 
value of cord blood studies obtained at delivery and of 
continuous electronic monitoring to exclude intrapartum 
asphyxia is well demonstrated. Finally, while the patholo-
gist initially listed several erroneous diagnoses, largely 
based upon erroneous diagnoses contained in the pediat-
ric chart, the record was eventually corrected with the 
neuropathology results. This would then point out the 
importance of a pathologic diagnosis of the intrauterine 
fetal demise and additionally also supplying the patholo-
gist with accurate information upon which to base their 
conclusions. This case would beg for the establishment of 
set criteria for the evaluation of a newborn with suspected 
intrapartum asphyxia to include set times for neuroimag-
ing studies as well as evaluation of the newborn for mul-
tiorgan system injury or insult. 
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Chapter 55 
Genetic Amniocentesis and Chorionic 
Villus Sampling 

  Ronald J.     Wapner  
  Department of Obstetrics and Gynecology, Columbia University Medical Center, New York, NY, USA       

     The prenatal diagnosis of genetic disorders is an impor-
tant component of modern obstetrics. The most common 
techniques used for obtaining fetal tissues for genetic 
testing are amniocentesis and chorionic villus sampling 
(CVS). In this chapter we review the most frequent 
indications for amniocentesis and CVS, and consider 
the techniques, safety, and diagnostic aspects of these 
procedures.  

Indications for prenatal diagnosis

 Cytogenetic indications include:
    •      positive screening results for trisomy 21 or 18  [1,2] , 
including increased nuchal translucency 
   •      previous offspring with a chromosome abnormality  
   •      balanced structural chromosome rearrangement in a 
parent  
   •      risks of fetal mendelian disorder  [3]   
   •      fetal structural anomaly on ultrasound  
   •      patient request.    
 Advanced maternal age is no longer an independent indi-
cation for invasive testing  [4] . Aneuploid risk assessment 
has improved to such an extent that women 35 years and 
older should consider initial risk modifi cation using bio-
chemistry and ultrasound (nuchal translucency) prior to 
choosing invasive testing. 

 The indications for the prenatal diagnosis of mendelian 
disorders have increased rapidly over the past decade. 
Couples are recognized to be at increased risk by:
    •      a history of a previously affected child or relative with 
a mendelian disorder, or  
   •      identifi cation by population screening of a couple in 
whom both parents are carriers.    
 Cystic fi brosis,  α  -  or  β  - thalassemia, sickle cell anemia, 
hemophilia, Tay – Sachs disease, spinal muscular atrophy, 
and Duchenne or Becker muscular dystrophy are among 
the most common conditions. DNA analysis is the primary 

diagnostic test but enzyme analysis may be required, 
depending on the specifi c disorder  [3] . 

 Almost all cytogenetic and mendelian diagnoses can be 
made from either amniotic fl uid or chorionic villi. Patients 
at increased risk for fetal neural tube defects, in which 
amniotic fl uid levels of  α  - fetoprotein (AFP) are deter-
mined, are not candidates for CVS. In many centers, ultra-
sound is now used as the primary test to evaluate for 
neural tube defects. 

Amniocentesis

Traditional amniocentesis
(≥15 weeks’ gestation)

  Technique 
 Amniocentesis for genetic evaluation is usually per-
formed at 15 – 17 weeks ’  gestation based on the beginning 
of the last menstrual period but can be performed at any 
gestational age after 14 weeks. At this stage of gestation, 
the volume of amniotic fl uid is approximately 200   mL and 
the ratio of viable to nonviable cells in the amniotic fl uid 
is relatively high. Also, the interval prior to fetal viability 
is adequate to allow the option of pregnancy termination 
should an abnormality be detected. 

 An ultrasound examination is performed immediately 
before the procedure to evaluate fetal number and viabi-
lity, confi rm gestational age by fetal biometric measure-
ments, establish placental location, and estimate amniotic 
fl uid volume. A fetal anatomic survey to screen for 
major anomalies is routinely performed. In addition, 
ultrasonography may be useful in discovering maternal 
gynaecologic conditions (e.g. leiomyoma) that could 
infl uence the technique or timing of the amniocentesis. 

 Ultrasound imaging determines the optimal needle 
insertion path. An approach is chosen that avoids passage 
through maternal bowel or bladder and places the needle 
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amniotic fl uid is obtained, the syringe is detached from 
the needle prior to its removal to minimize contamina-
tion. The fl uid is either left in the labeled syringes or 
transferred into labeled tubes that are transported at 
ambient temperature directly to the laboratory or are 
prepared for shipping. 

 Fetal heart activity should be documented post proce-
dure. Patients should be alerted that occasional cramping 
and vaginal leakage of a small amount of amniotic fl uid 
may occur shortly after the procedure. Instructions to 
report excessive vaginal fl uid loss, bleeding, or fever 
should be given. We recommend that strenuous exercise 
(e.g. jogging or aerobic exercises) and coitus be avoided 
for a day. Most other normal activities may be resumed 
immediately following the procedure. 

 Fetomaternal transfusion caused by disruption of 
the fetoplacental circulation might occur and have an 
immunizing effect in Rh - negative woman carrying an 
Rh - positive fetus. While the magnitude of the risk has 
not been determined, the American College of Obstetri-
cians and Gynecologists recommends that 300    μ g Rh -
 immunoglobulin (RhIG) be administered to all Rh - negative 
women. This should be carried out irrespective of whether 
the needle has traversed the placenta  [5] .  

  Multiple  g estations 
 Amniocentesis can be performed on each fetus in a mul-
tiple gestation, provided the amniotic fl uid volume is 
adequate  [6] . In addition to the ultrasound evaluation 
performed for singletons, the location of the placentas 
and identifi cation of the dividing membrane is observed 
and documented. Aspiration of amniotic fl uid from the 
fi rst sac is performed as for a singleton. Prior to removing 
the needle, 2 – 3   mL indigo carmine or Evans blue dye is 
injected. After the membrane separating the two sacs has 
been revisualized, a second amniocentesis is performed 
into the sac of the second fetus. Aspiration of clear fl uid 
confi rms that the second sac has truly been entered (Fig. 
 55.2 ). Methylene blue should never be used as an indica-
tor because it has been associated with fetal jejunoileal 
atresia or death following intraamniotic injection  [7] . 
Amniocentesis can be performed successfully in almost 
all twin pregnancies with apparently no increased risks 
over that of amniocentesis in singletons  [6,8] .   

 Triplets (and presumably gestations of greater multi-
plicity) can be managed by sequentially injecting dye into 
successive sacs following withdrawal of clear amniotic 
fl uid from each sac. The number of aspirations of clear 
amniotic fl uid should equal the number of fetuses. As 
long as clear fl uid can be aspirated, one can be reassured 
that a new amniotic sac has been entered.  

  Safety 
 Risks of midtrimester amniocentesis can be divided into 
those affecting the mother and those affecting the fetus. 

into a large pocket of fl uid away from the fetus. The 
placenta should be avoided but on some occasions this 
is not possible. Use of Doppler color fl ow imaging is 
helpful in these situations in avoiding penetration of large 
placental vessels or the umbilical cord. When traversing 
the placenta is necessary, select the thinnest portion 
possible.

 The maternal skin is cleaned with an antiseptic solution 
and sterile drapes may be placed around the needle inser-
tion site. A local anesthetic (e.g. 2 – 3   mL 1% lidocaine) may 
be used, but in most cases this is not necessary. We use a 
22 gauge spinal needle and recommend a needle no larger 
than 20 gauge. During the entire procedure, ultrasono-
graphic monitoring with continuous visualization of the 
needle tip should be performed. Needle insertion should 
be performed with one smooth continuous motion until 
the tip is within the amniotic cavity (Fig.  55.1 ). After the 
tip is satisfactorily positioned in the amniotic cavity, the 
stylet is removed and the fi rst 1 – 2   mL which theoretically 
contain maternal cells from blood vessels, the abdominal 
wall, or the myometrium is usually discarded. 

 Twenty to 30   mL amniotic fl uid is aspirated into sterile, 
disposable plastic syringes. It is preferable to use 10 or 
20   mL syringes because only gentle traction on the barrel 
of the syringe is desirable or necessary. Overly vigorous 
traction in search of fl uid, especially with a 30 – 50   mL 
syringe, can result in the amniotic membranes being 
drawn into the needle, obstructing fl ow. Once the 

Figure 55.1     Amniocentesis performed concurrently with 
ultrasound.  Reproduced from Simpson and Elias  [62]  with 
permission from Elsevier.   
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spotting and minimal amniotic fl uid leakage occur after 
1% or less of procedures and almost always are self -
 limited. Even signifi cant fl uid leakage will usually spon-
taneously resolve with bedrest  [10] . Other very rare 
complications include intraabdominal viscous injury and 
hemorrhage. 

 The most concerning complication of amniocentesis is 
the risk of procedure - induced miscarriage. Only one 
study has evaluated this in a prospective randomized 
fashion, comparing women having amniocentesis with 
those having no procedure. This trial involved 4606 
women aged 25 – 34 years who were without known risk 
factors for fetal genetic abnormalities who agreed to be 
randomized to have an amniocentesis or no procedure 
 [11] . Amniocentesis was performed under real - time ultra-
sound guidance with a 20 gauge needle by experienced 
operators. The total spontaneous abortion rate after 16 
weeks was 1.7% in the amniocentesis patients compared 
with 0.7% in control subjects (P    =    0.01, 95% confi dence 
interval [CI] 0.3 – 1.5, relative risk [RR] 2.3). Respiratory 
distress syndrome was diagnosed more often (RR 2.1) in 
the study group and more infants were treated for pneu-
monia (RR 2.5). 

 Seeds  [12]  has performed a metaanalysis of studies 
evaluating the pregnancy loss risk associated with second -
 trimester amniocentesis. Overall, 68,119 amniocenteses 
from both controlled and uncontrolled studies were 
included and provided a substantive basis for several 
conclusions.
    •      Contemporary amniocentesis with concurrent ultra-
sound guidance in controlled studies appears to be asso-
ciated with a procedure - related rate of excess pregnancy 
loss of 0.6% (95% CI 0.31 – 0.90).
   •      The use of concurrent ultrasound guidance appears to 
reduce the number of punctures and the incidence of 
bloody fl uid.  
   •      Direct fetal needle trauma is rare, but may occur more 
frequently than is reported because of a failure to diag-
nose and a failure of consistent production of sequelae.  
   •      There is no additional risk of pregnancy loss if placen-
tal puncture is required.    
 While the above metaanalysis confi rmed the safety of 
second- trimester amniocentesis, in experienced hands 
the procedure - related loss may even be lower  [13 – 15] . 
The most recent American College of Obstetricians 
and Gynecologists practice bulletin suggests that a risk of 
procedure induced of less than 1 in 300 to 1 in 500 should 
be used for counseling  [4] .   

Early amniocentesis ( <14 weeks’ gestation)
 Performing amniocentesis at  < 14 weeks ’  gestation was 
once considered an alternative to CVS for patients who 
desired prenatal diagnosis. However, recent randomized 
controlled studies have shown that these earlier proce-
dures have an increased procedure - induced pregnancy 

Maternal risks are quite low, with amnionitis occurring 
only rarely. However, cases of maternal sepsis, some of 
which have led to maternal death, have been reported  [9] . 
These are usually associated with bowel fl ora such as 
Escherichia coli  and underscore the importance of avoiding 
inadvertent bowel penetration during the procedure. 
Minor maternal complications such as transient vaginal 

Figure 55.2     Technique of amniocentesis in twin gestations, 
performed under concurrent ultrasound guidance. (A) Fluid 
aspirated from the fi rst amniotic sac. (B) Indigo carmine injected 
into the fi rst amniotic sac. (C) Second tap in the 
ultrasonographically determined location of the second fetus. 
Clear fl uid confi rms that the second amniotic sac was 
successfully aspirated.  Reproduced from Elias  et al   [6]  with 
permission from Elsevier.   

(A)

(B)

(C)
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fl oating in the syringe. It is important to differentiate villi 
from the small amount of decidua that is usually also 
present. Villi have a branching frond - like appearance 
whereas decidua is amorphous. If necessary, a dissecting 
microscope can be used to confi rm the adequacy of the 
sample. If additional villi are required, a second attempt 
is performed with a new catheter. In general, two aspira-
tions can be safely performed. On rare occasions, three 
attempts may be required but the risk of pregnancy loss 
is slightly increased when this is necessary. 

 Villi are retained in a transport medium and transferred 
to the laboratory, where they are dissected free of decidua 
and blood clots using fi ne forceps. Cytogenetic studies are 
performed either by direct harvest (cytotrophoblast cells) 
after an overnight incubation or after establishment of in
situ  cultures (mesenchymal core cells) that are harvested 
at 5 – 8 days. Chorionic villi are an excellent source for 
DNA for enzymatic analyses. 

 Following CVS, fetal heart activity is verifi ed by ultra-
sonography and the patient discharged. Patients are 
informed that a small amount of bleeding or spotting is 
not unusual and is without consequence. They should 
notify the physician of heavy bleeding, leakage of fl uid, 
or fever. Unsensitized Rh - negative patients are given 
RhIG. Maternal serum AFP screening for fetal neural tube 
defects or a detailed ultrasound is necessary at 15 – 18 
weeks ’  gestation; AFP assay results are not affected by the 
prior invasive procedure.  

Transabdominal chorionic villus sampling
 Transabdominal CVS is now widely used as a comple-
ment to transcervical sampling. Placentas especially 

loss rate and a 10 - fold increased risk of club foot  [16 – 23] . 
Accordingly, amniocentesis should not be performed 
prior to 14 weeks ’  gestation and preferably should be 
deferred until 15 weeks or later.   

Chorionic villus sampling

 Chorionic villus sampling involves suction aspiration of 
individual villi from the site of the developing placenta 
(chorion frondosum). The procedure can be performed by 
either a transcervical approach using a catheter or transab-
dominally using a needle. Studies have shown that the 
sampling routes are equally safe and effective  [24] , with 
the best results coming from centers skilled in both pro-
cedures. This assures sampling of any placental location 
and allows the operator to choose the safest approach on 
an individual basis. 

Transcervical chorionic villus sampling
 The optimal time to perform transcervical sampling is 
between 11 and 14 weeks ’  gestation. Prior to CVS, fetal 
viability and normal fetal anatomy and growth are con-
fi rmed by ultrasound. In addition, ultrasound is used to 
identify the location of the placenta, evaluate uterine 
position, assure appropriate bladder fi lling, eliminate the 
possibility of additional demised gestational sacs that 
could contaminate the sample, locate uterine contractions 
that may distort the sampling path, and image the cervix 
as it enters into the uterine cavity. 

 The procedure is performed with a plastic catheter 
(1.5   mm external diameter) which encloses a metal obtu-
rator ending in a blunt tip which extends just distal to the 
tip of the cannula. Absolute contraindications include 
maternal blood group sensitization and active cervical 
infection with gonorrhea or herpes. 

 The patient is placed in the lithotomy position. The 
vagina is cleansed with povidone - iodine solution, a 
speculum inserted in a sterile fashion and the cervix and 
vagina further cleansed. The catheter and obturator are 
curved slightly, introduced transcervically under concur-
rent ultrasonographic visualization, and directed into the 
placenta, parallel to its long axis (Fig.  55.3 ). It is important 
that the catheter is inserted into the plane of the chorion 
frondosum and avoids injury to the membranes or 
decidua. Once the catheter is well within the placenta, the 
obturator is withdrawn and the catheter connected to a 
20 or 30   mL syringe containing approximately 5   mL tissue 
culture medium and a small amount of heparin. Chorionic 
villi are obtained by slowly removing the catheter as 
negative pressure is created by retracting the syringe 
plunger. An adequate sample is at least 5   mg (approxi-
mately fi ve moderate - sized villi), but 10 – 25   mg is 
preferred.   

 Adequacy of the sample should be confi rmed immedi-
ately after retrieval by direct visualization of the villi 

Figure 55.3     Transcervical chorionic villus sampling.  
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parallel to the membrane. With each of these passes the 
needle is slightly redirected to sample different sites. The 
needle is then withdrawn under continuous negative 
pressure. The amount of villi obtained by transabdominal 
CVS is about half that usually obtained by transcervical 
aspiration  [25] . However, such smaller amounts are still 
adequate for diagnostic testing. If a repeat sampling is 
required, a new needle is used.   

 Variations in technique for transabdominal CVS have 
been proposed in addition to the  “ freehand technique ”  
described above. Other approaches use small forceps 
with cutting abilities or double - needle systems. We fi nd 
that a biopsy guide is quite helpful in defi ning the exact 
site and angle for needle insertion. 

 Transabdominal CVS may be used throughout the late 
second and third trimesters to obtain late placental biop-
sies for rapid fetal karyotype analysis, thus offering 
an alternative to cordocentesis and late amniocentesis. 
This is particularly helpful in cases of oligohydramnios. 
Transcervical CVS cannot be used beyond 14 – 15 weeks ’  
gestation.

Safety comparisons

Pregnancy loss after chorionic
villus sampling
 Although post - CVS loss rates (calculated from the time of 
the procedure until 28 weeks ’  gestation) are appro-
ximately 1% greater than those after amniocentesis 
(2.5% versus 1.5%), this comparison fails to take into con-
sideration that the background miscarriage rate at 11 – 13 
weeks is approximately 1% greater than at 15 – 16 weeks. 
To compare the two procedures appropriately, studies 
must enroll all patients in the fi rst trimester, assign them 
to either approach, and then calculate the frequency of all 
subsequent losses, including spontaneous and induced 
abortions. In 1989, the Canadian Collaborative CVS/
Amniocentesis Clinical Trial Group  [26]  reported such a 
prospective randomized trial and demonstrated equiva-
lent safety of CVS and second - trimester amniocentesis. In 
over 2650 patients assigned to either procedure, there was 
a 7.6% loss rate in the CVS group and a 7.0% loss rate in 
the amniocentesis group (95% CI 0.92 – 1.30, RR 1.10). No 
signifi cant differences were noted in the incidence of 
preterm birth, low birthweight, or rate of maternal com-
plication. The investigators concluded that these data 
 “ may reassure women on the safety of fi rst trimester 
CVS ”   [26] . 

 A multicenter, prospective, nonrandomized study has 
been performed in the USA and enrolled 2235 women 
in the fi rst trimester who chose either transcervical CVS 
or second - trimester amniocentesis  [27] . An excess pre-
gnancy loss rate of 0.8% in the CVS group over the 
amniocentesis group was calculated, which was not 
statistically signifi cant. Repeated catheter insertions were 

amenable to this approach include those located in the 
fundus or on the anterior uterine wall. 

 With the patient in the supine position, an insertion 
path that avoids the bowel and bladder and allows the 
needle to be placed within the placenta, parallel to the 
chorionic membrane, is chosen by ultrasonographic 
examination. The abdominal skin is cleansed with 
povidone- iodine solution and the area draped in a fashion 
similar to amniocentesis. The skin may be infi ltrated with 
local anesthetic but this is usually not necessary because 
any discomfort usually occurs secondary to uterine punc-
ture. A standard 20 gauge spinal needle with stylet is 
inserted percutaneously through the maternal abdominal 
wall and myometrium. The tip is advanced into the long 
axis of the placenta under concurrent ultrasound moni-
toring (Fig.  55.4 ). Once in place, the stylet is withdrawn 
and a 20   mL syringe containing approximately 5   mL of 
media with heparin is attached to the needle and the 
plunger pulled back until moderate pressure is felt. Some 
centers will attach a biopsy aspiration device (Cook Ob/
Gyn, Spencer, IN) to the syringe to facilitate one - handed 
retrieval. We have found this to be unnecessary. Chorionic 
villi are obtained by moving the needle through appro-
ximately 3 – 7 passes through the placenta, remaining 

Figure 55.4     Transabdominal chorionic villus sampling performed 
(A) in an anterior placenta and (B) in a posterior placenta.  
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the trial performed 1987 – 89  [24]  to only 1.3% in their most 
recent experience of 1997 – 2001  [21] . These data strongly 
suggest the value of operator experience. 

Limb reduction defects
 As with amniocentesis, a risk of fetal damage appears to 
exist if CVS is performed too early in gestation. For CVS 
this, gestational age  “ period of vulnerability ”  exists when 
procedures are performed under 9 weeks ’  gestation. 

 Firth  et al   [34,35]  reported fi ve occurrences of severe 
limb abnormalities out of 289 pregnancies sampled by 
CVS between 56 and 66 days. Four of these cases had the 
unusual but severe oromandibular - limb hypogenesis 
syndrome, which occurs in the general population at a 
rate of 1 in 175,000 births  [36] . Burton  et al   [37]  then 
reported on 14 more post - CVS cases of limb reduction 
defects (LRD) ranging from mild to severe, only two of 
which occurred when sampling was performed beyond 
9.5 weeks. The infrequent occurrence of LRD after CVS 
was echoed by the American College of Obstetricians 
and Gynecologists, who stated that a risk for LRD of 1 in 
3000 would be a prudent upper limit for counseling 
patients  [4] . 

 The WHO experience has been expanded and now 
contains information on 216,381 procedures  [38] . These 
data have been used to analyze the frequency of limb 
anomalies, their pattern, and their associated gestational 
age at sampling. No overall increased risk of LRD or any 
difference in the pattern of defects was identifi ed when 
compared with the general population. The WHO also 
investigated a possible temporal relationship between 
CVS and LRD  [38] .They evaluated 106,383 cases stratifi ed 
by the week at which the procedure was performed. The 
incidence of LRD was 11.7, 4.9, 3.8, 3.4, and 2.3 per 10,000 
CVS procedures in weeks 8, 9, 10, 11, and more than 12, 
respectively. Only the rate at week 8 exceeded the back-
ground risk of 6.0 per 10,000 births. The association of 
LRD and early gestational age sampling has been further 
supported in reports by Brambati  et al   [39]  and Wapner 
et al   [40] . Brambati  et al   [39]  had a LRD incidence of 1.6% 
for procedures performed in weeks 6 and 7, 0.1% in week 
8, and 0.059% (population frequency) in week 9. 

 Patients can be reassured that performing CVS beyond 
10 weeks ’  gestation does not increase the risk of any 
type of fetal anomaly. CVS sampling before 10 weeks is 
not recommended, except in very unusual circum-
stances, such as when a patient ’ s religious beliefs may 
preclude a pregnancy termination beyond a specifi c ges-
tational age  [3] . However, these patients must be 
informed that the incidence of severe LRD could be as 
high as 1 – 2%  

Overall safety of chorionic villus sampling
 The Committee on Genetics of the American College of 
Obstetricians and Gynecologists  [4]  considered all the 

signifi cantly associated with pregnancy loss, with cases 
requiring three or more passes having a 10.8% spontane-
ous abortion rate, compared with 2.9% in cases that 
required only one pass. 

 Eight US centers later participated in a second National 
Institute of Child Health and Human Development 
(NICHD)- sponsored collaborative study to address the 
relative safety of transcervical and transabdominal CVS 
 [24] . Subjects in whom either procedure was technically 
feasible were randomized into transabdominal and tran-
scervical arms. Loss rates were nearly identical in the 
two groups. With availability of both transcervical and 
transabdominal CVS, total loss rates decreased over the 
rate seen in the initial trial described above, which only 
included transcervical CVS, obliterating even the nonsig-
nifi cant arithmetic difference between amniocentesis and 
CVS loss rates. 

 Further information comes from a Danish randomized 
trial  [28]  which assigned 1068 patients to transcervical 
CVS, 1078 to transabdominal CVS, and 1158 to second -
 trimester amniocentesis. Overall, there was a slight 
increased risk of pregnancy loss following CVS (95% CI 
1.01 – 1.67, RR 1.30) compared with amniocentesis which 
was completely accounted for by an excess of losses in 
the group sampled transcervically (95% CI 1.30 – 2.22, RR 
1.70), the technique with which this group of investiga-
tors had the least experience. Excess loss following tran-
scervical CVS has not been replicated in four other direct 
comparisons  [24,29 – 31,63] . There was no difference in 
loss rates between transabdominal CVS and amniocente-
sis (95% CI 0.66 – 1.23, RR 0.9). 

 A prospective, randomized, collaborative comparison 
of more than 3200 pregnancies, sponsored by the European 
Medical Research Council, reported that CVS had a 4.6% 
greater pregnancy loss rate than amniocentesis (95% CI 
1.24 – 1.84, RR 1.51)  [32] . The present consensus is that 
operator inexperience with CVS accounts for the discrep-
ancy between this trial in which operators were only 
required to perform 30  “ practice procedures ”  and the 
other major studies performed by physicians already per-
forming CVS in clinical practice. The US trial consisted of 
seven experienced centers and the Canadian trial 11, 
whereas the Medical Research Council trial used 31. 
There were, on average, 325 cases per center in the US 
study, 106 in the Canadian study, and 52 in the European 
trial.

 Chorionic villus sampling, particularly the transcervi-
cal approach, has a relatively prolonged learning curve. 
Saura et al   [33]  suggested that over 400 cases may be 
required before safety is maximized. The role of experi-
ence as demonstrated by three sequential NICHD spon-
sored trials is of interest. In three sequential studies in 
which the majority of operators remained relatively con-
stant, the postprocedure loss rate following CVS fell from 
3.2% in the initial trial performed 1985 – 87  [27]  to 2.4% for 
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mitotic index, with many spontaneous mitoses available 
for immediate chromosome analysis, whereas the mesen-
chymal core requires culture. Because these multiple 
tissue sources arise from slightly different lineages, the 
reliability of CVS results needed to be confi rmed. 

 We now know with certainty that genetic evaluation of 
chorionic villi provides a high degree of accuracy, particu-
larly in regard to the diagnosis of common trisomies. The 
US collaborative study revealed a 99.7% rate of successful 
cytogenetic diagnosis, with only 1.1% of the patients 
requiring a second diagnostic test, such as amniocentesis 
or fetal blood analysis, to further interpret the results 
 [42,44] . In most cases, the additional testing was required 
to delineate the clinical signifi cance of mosaic or other 
ambiguous results (76%), whereas laboratory failure 
(21%) and maternal cell contamination (3%) also required 
follow - up testing. As laboratories have become more 
familiar with handling and interpreting villus material 
and operators have become more skilled in obtaining 
adequately sized samples, the need for additional evalu-
ation has continued to decrease.  

Array comparative genomic hybridization
 Currently prenatal genetic evaluation using banded met-
aphase karyotypes can identify fetal aneuploidy and 
other genomic imbalances that are 5   Mb (million base 
pairs) or larger. Smaller imbalances such as the common 
deletion leading to DiGeorge syndrome (22q11.2) are also 
pathologic but will not be routinely identifi ed. However, 
new technologies using molecular approaches can iden-
tify these smaller microdeletions and duplications and are 
now available for clinical use. 

 Array comparative genomic hybridization (Fig.  55.5 ) 
 [45]  can identify imbalances as small as 100   Kb (kilobases) 
by hybridizing patient DNA fragments to arrays having 
up to a million or more probes. Two types of arrays 
are presently in clinical use: targeted arrays in which 
only probes in areas of known pathogenicity are used 
and whole genome arrays using representative probes 
throughout the whole genome. Each type of array has 
advantages. Targeted arrays make counseling abnormal 
results easier since only known disorders with well -
 described phenotypes are identifi ed but will miss poten-
tially novel imbalances that may be disease causing. 
Whole genome arrays will also identify more fi ndings 
of uncertain clinical signifi cance, making counseling 
complex.

 The value of array technology in prenatal diagnosis has 
been demonstrated for pregnancies complicated by fetal 
structural anomalies  [46 – 48] . Arrays may reveal signifi -
cant fi ndings in 5% or more of these cases with normal 
karyotypes. The use of arrays in pregnancies without 
identifi ed anomalies is still being investigated but 
will probably add additional information since many 
microdeletion/duplication syndromes will not have 

above data and rendered the following conclusions and 
recommendations.
    •      Transcervical and transabdominal CVS, when per-
formed at 10 – 12 weeks ’  gestation, are relatively safe and 
accurate procedures and may be considered acceptable 
alternatives to mid - trimester genetic amniocentesis.  
   •      Until further information is available, CVS for clinical 
application should not be performed before 10 weeks ’  
gestation.
   •      CVS requires appropriate genetic counseling before the 
procedure is performed, an operator experienced in per-
forming the technique, and a laboratory experienced in 
processing the villus specimen and interpreting the 
results. Counseling should include comparing and con-
trasting the risks and benefi ts of amniocentesis and CVS.  
   •      Although further studies are needed to determine 
whether there is an increased risk of transverse digital 
defi ciency following CVS performed at 10 – 12 weeks ’  ges-
tation, it is prudent to counsel patients that such an 
outcome is possible and that the estimated risk may be in 
the order of 1 in 3000 births.      

Diagnostic studies

Cytogenetics
 Analysis of either chorionic villi or amniotic fl uid cells has 
certain pitfalls that should be recognized by the obstetri-
cian  [41 – 43] . First, cells may not grow, or growth may be 
insuffi cient to perform analyses. Although now uncom-
mon, failure of amniotic cell cultures still occurs. Chorionic 
villus cultures are likewise usually successful and in fact, 
may require fewer days for growth than amniotic fl uid 
cell cultures. 

 A second potential laboratory problem is that  in vitro
chromosome aberrations may arise in amniotic fl uid or 
villus cultures. In fact, cells containing at least one addi-
tional structurally abnormal chromosome are detected in 
1 – 3% of all amniotic cell cultures  [43] . If such cells are 
confi ned to a single culture fl ask or clone, the phenome-
non is termed pseudomosaicism and is not considered 
clinically important. If a chromosome abnormality is 
detected in more than one fl ask or clone, true mosaicism 
is said to exist, and is considered clinically signifi cant. 

 While amniocentesis has been available for over three 
decades, CVS is a relatively new procedure and although 
almost 10 years was required to learn the unique aspects 
of evaluating placental tissue, this is now well under-
stood. As opposed to cells retrieved by amniocentesis, 
which are predominantly extravasated fetal cells, chori-
onic villi have three major components: an outer layer of 
hormonally active syncytiotrophoblast, a middle layer 
of cytotrophoblast from which syncytiotrophoblast cells 
are derived, and an inner mesodermal core containing 
fetal blood capillaries. The cytotrophoblast has a high 
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amounts of maternal decidual tissue occurs more fre-
quently with a small sample size, making selection of 
appropriate tissue by the laboratory diffi cult. In experi-
enced centers in which adequate quantities of villi are 
available and laboratory personnel are skilled in villus 
preparation, this problem has disappeared  [44,49] . 
Choosing only whole, clearly typical villus material and 
discarding any atypical fragments, small pieces, or frag-
ments with adherent decidua will avoid confusion. 
Therefore, if at the time of sampling the initial aspiration 
is small, a second pass should be performed rather 
than risk inaccurate results. When proper care is taken 
and good cooperation and communication exist between 
the sampler and the laboratory, prevention of even 
small amounts of contaminating maternal tissue can be 
accomplished.

Confi ned  placental mosaicism
 Another potential associated with CVS is mosaicism con-
fi ned to the placenta  [50] . Although the fetus and placenta 
have a common ancestry, chorionic villus tissue will not 
always refl ect fetal genotype  [44] . Although initially there 
was concern that this might invalidate CVS as a prenatal 
diagnostic tool, subsequent investigations have led to a 
clearer understanding of villus biology, so that accurate 
clinical interpretation is now possible and may in some 
cases add clinically relevant information. It should be 
recalled that mosaicism also occurs in 0.25% of amniotic 
cell cultures and is only confi rmed in 70 – 80% of abortuses 
or livebirths  [43,64] . 

 Discrepancies between the cytogenetics of the placenta 
and fetus can occur because early in development the 
cells contributing to the chorionic villi become separate 
and distinct from those forming the embryo. Specifi cally, 
at approximately the 32 – 64 - cell stage, only 3 – 4 cells 
become the inner cell mass and form the embryo, whereas 
the remainder become precursors of the extraembryonic 
tissues. Mosaicism can then occur through two possible 
mechanisms  [51] . 

 An initial meiotic error in one of the gametes can lead 
to a trisomic conceptus that normally would spontane-
ously abort. However, if during subsequent mitotic divi-
sions one or more of the early aneuploid cells loses one 
of the trisomic chromosomes through anaphase lag, the 
embryo can be  “ rescued ”  by reduction of a portion of its 
cells to disomy. This will result in a mosaic morula with 
the percentage of normal cells dependent on the cell divi-
sion at which rescue occurred. Because only a small pro-
portion of cells is incorporated into the inner cell mass 
and perhaps because the embryo is less tolerant of aneu-
ploid cells than the placenta, the abnormal cells are fre-
quently isolated in the extrafetal tissues, resulting in 
 “ confi ned placental mosaicism. ”  

 In the second mechanism, mitotic postzygotic errors 
produce a mosaic morula or blastocyst with the distribu-
tion and percent of aneuploid cells dependent on the 

easily identifi able  in utero  anomalies. However, this 
enthusiasm must be tempered by the anticipated fi ndings 
of uncertain clinical signifi cance which, depending on the 
type of array chosen, may exceed 2%.  

Maternal cell contamination
 Chorionic villus samples typically contain a mixture of 
placental villi and maternally derived decidua. Although 
specimens are thoroughly cleaned and separated under a 
microscope, some maternal cells may occasionally remain 
and grow in culture. As a result, two cell lines, one fetal 
and the other maternal, may be identifi ed. In other cases, 
the maternal cell line may completely overgrow the 
culture, thereby leading to diagnostic errors, including 
incorrect sex determination  [42,44] , and potentially to 
false - negative diagnoses, although there are no published 
reports of the latter. 

 Direct preparations of chorionic villi are generally 
thought to prevent maternal cell contamination, whereas 
long - term culture has a rate varying from 1.8% to 4%. 
Fortunately, when this occurs, the contaminating cells are 
easily identifi ed as maternal and should not lead to clini-
cal errors. Contamination of samples with signifi cant 

Figure 55.5     This fi gure illustrates the general principle 
underlying comparative genomic hybridization which is used to 
identify DNA deletions or duplications. In this technique, 
fl uorescently labeled DNA from a normal control sample is 
mixed with a test sample which is labeled with a different 
colored dye. The mixture is then hybridized to an array 
containing hundreds of thousands of small, well - defi ned, DNA 
probes. Regional differences in the fl uorescence ratio of gains/
losses can be detected and used for identifying abnormal regions 
in the genome.  Courtesy of Dr Ronald Wapner. Modifi ed from 
Reddy et al   [45]  with permission from Lippincott Williams and 
Wilkins.   

Label patient DNA
with Cy5 with Cy3

Hybridize DNA to olgonucleotide

microarray

Analyze Cy3/Cy5 fluorescence ratio
of patient to control

Cy3/Cy5 ratio <1
Duplication

Cy3/Cy5 ratio >1
Deletion

Mix

Label control DNA



www.manaraa.com

Chapter 55 Genetic Amniocentesis and Chorionic Villus Sampling    461

placental mosaicism occurs with trisomy 16. Confi ned 
placental mosaicism for chromosome 16 most often leads 
to severe intrauterine growth restriction, prematurity, or 
perinatal death, with less than 35% of pregnancies result-
ing in normal, appropriate - for - gestational - age, full - term 
infants  [56,58 – 60] .  

Enzymatic and DNA analyses
 Most biochemical diagnoses that can be made from amni-
otic fl uid or cultured amniocytes can also be made from 
chorionic villi  [3] . In many cases, the results are available 
more rapidly and effi ciently when villi are used because 
suffi cient enzyme or DNA is present to allow direct analy-
sis rather than requiring tissue culture. However, for 
certain rare biochemical diagnoses, villi will not be an 
appropriate or reliable diagnostic source  [61] . To ensure 
that appropriate testing is possible, the laboratory should 
be consulted before sampling. 

 Because many of these disorders are autosomal reces-
sive or X - linked and have a 25% or greater risk of result-
ing in an affected pregnancy, performing prenatal 
diagnosis by amniocentesis is not recommended because:
    •      the procedure is usually not carried out until 15 weeks ’  
gestation or later, compared to 10 – 12 weeks ’  gestation for 
CVS, and  
   •      amniocentesis does not yield suffi cient DNA for many 
analyses without additional weeks of cell culture  [41] .    
 There are potential laboratory pitfalls of CVS biochemical 
analysis, including maternal cell contamination, failure to 
optimize laboratory conditions for chorionic villi analyses 
(e.g. appropriate controls matched for gestational age), or 
investigator inexperience with a particular assay.     

timing of nondisjunction. If mitotic errors occur early in 
the development of the morula, they may segregate to the 
inner cell mass and have the same potential to produce 
an affected fetus as do meiotic errors. Mitotic errors occur-
ring after primary cell differentiation and compartmen-
talization has been completed lead to cytogenetic 
abnormalities in only one lineage. 

 The mechanism of meiotic (trisomy) rescue can lead to 
uniparental disomy (UPD). This occurs when the original 
trisomic cell containing two chromosomes from one 
parent and one from the other expels the unmatched chro-
mosome, resulting in progenitor cells containing a pair of 
chromosomes from a single parent. UPD has clinical con-
sequences when the chromosome pair involved carries 
imprinted genes in which expression is based on the 
parent of origin. For example, Prader – Willi syndrome 
may result from uniparental maternal disomy for chro-
mosome 15. Therefore, a CVS diagnosis of confi ned pla-
cental mosaicism for trisomy 15 may be the initial clue 
that UPD may be present. Because of this, when trisomy 
15 (either complete or mosaic) is confi ned to the placenta, 
evaluation for UPD by amniotic fl uid analysis is required 
 [52,53] . In addition, chromosomes 7, 11, 14, and 22 are 
believed to be imprinted and require similar follow - 
up  [54] . 

 Confi ned placental mosaicism not associated with UPD 
has been shown to alter placental function and lead to 
fetal growth failure or perinatal death  [55 – 57] . Although 
the effect is limited to specifi c chromosomes, the exact 
mechanism by which the presence of an abnormal cell 
line within the placenta alters function is unknown. The 
most striking example of the clinical impact of confi ned 

    Mrs Smith is a 29 - year - old gravida 1, para 0 presenting 
for genetic counseling at 12 weeks ’  gestation because of a 
fi rst - trimester combined screen giving her a 1 in 100 risk 
of fetal Down syndrome. 

 After a complete pedigree is performed and no other 
genetic risks are identifi ed, the patient is informed that 
because of her increased risk of aneuploidy she may wish 
to consider undergoing invasive prenatal diagnosis. At 12 
weeks’  gestation the preferred procedure is CVS. She is 
informed that although there is approximately a 2.5% risk 
of pregnancy loss following the procedure, most of these 
miscarriages are unrelated to the sampling. The procedure -
 induced risk of loss is approximately 1 in 200. This is a 
similar risk compared to amniocentesis so there is no 
advantage to waiting until 16 weeks to have an amnio-
centesis performed. She is also informed that previous 
concerns that CVS may cause fetal LRD do not apply 
because this does not occur if the procedure is performed 
after the 10th week. 

 Other potential risks include a small chance of bleeding 
and spotting. Rare complications include leakage of fl uid 
and maternal infections. She is informed that the results 
of the CVS karyotype are very accurate but in approxi-
mately 1% of cases an extra cell line may be present in the 
placenta which may require further evaluation, including 
amniocentesis.

 The patient decides to undergo the CVS procedure. 
Prior to the procedure, her physician performs a cervical 
culture for gonococcus, which is negative. Her blood type 
is checked and she is found to be A negative with a 
negative antibody screen. She has a transcervical CVS 
procedure without diffi culty and receives 300    μ g RhIG 
immediately following the CVS. In 7 days, she receives a 
call from the genetic counselor telling her that she is 
having a chromosomally normal son. She is advised that 
CVS does not test for spina bifi da so that at 16 weeks she 
should have a maternal serum AFP drawn and an ultra-
sound to evaluate fetal anatomy.  

CASE PRESENTATION 
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     The fi rst open maternal - fetal operation was performed 
nearly 30 years ago. The indications for intervention have 
remained largely constant from the fi rst decade of fetal 
surgery to the start of the fourth decade and the basic 
tenets of fetal surgery also have remained consistent. The 
three basic tenets are: (1) the pregnant woman should 
undergo minimal risk to her health; (2) the fetal disease 
should be severe and progressive; and (3) fetal interven-
tion should have a high likelihood for reversing fetal 
disease. While the diseases treated have remained the 
same, the approach to fetal interventions has changed 
dramatically. Initial fetal surgical procedures depended 
on maternal laparotomy and hysterotomy. This approach 
evolved into maternal laparotomy with uterine endos-
copy and most recently into percutaneous approaches. It 
appears that the less invasive approaches are associated 
with a less complicated postoperative recovery for the 
mother, but morbidity is not eliminated  [1] . 

 As the proposed indications for fetal surgical interven-
tions and the number of procedures performed have 
expanded, so too have the centers at which they are per-
formed and the number of physicians performing them. 
Nevertheless, the availability and proven utility of these 
procedures remain very limited when compared with the 
number of fetuses with malformations. One of the respon-
sibilities of physicians with an interest in prenatal diag-
nosis and intervention is to determine training needs and 
oversight for operators and centers involved in this fi eld. 
It is unclear how many centers would be needed given 
the rarity of these malformations in which a fetal surgical 
approach may be effective and the even smaller pro-
portion of those with malformations that may need 
fetal intervention. We must achieve a delicate balance 
between the ease of accessibility and surgical experience. 
International fetal surgery consortiums such as Eurofetus 
and the North American Fetal Therapy Network 
(NAFTNet) are leading efforts to study and guide fetal 
surgery through multicenter registries and trials.  

Open fetal surgery ( hysterotomy)

 The feasibility of performing a hysterotomy with subse-
quent closure of the gravid human uterus was tested in 
the primate. The maternal safety in this series of primate 
fetal surgeries was reassuring, including subsequent fer-
tility  [2] . The human experience is now quite extensive, 
both from our own center and others  [1,3,4] , and has been 
primarily associated with the large numbers of fetal spina 
bifi da repairs. We currently reserve hysterotomies for 
repair of spina bifi da and resection of fetal tumors causing 
hydrops fetalis. 

Risks and benefi ts 
 We recently reviewed our experience at the University of 
California, San Francisco (UCSF), with maternal hyster-
otomy (Table  56.1 )  [1] . Eighty - seven hysterotomies were 
performed between 1989 and 2003. There were signifi cant 
postoperative complications. In the early experience, 
pulmonary edema related to multiple tocolytic use, par-
ticularly nitroglycerin, and aggressive fl uid management 
were signifi cant problems  [5] . Transfusion for intraopera-
tive blood loss was not uncommon. Pregnancy outcomes 
were also adversely affected by high rates of premature 
rupture of membrane and preterm labor. The mean time 
from hysterotomy to delivery was 4.9 weeks (range 0 – 16 
weeks). The mean gestational age at the time of delivery 
was 30.1 weeks (range 21.6 – 36.7 weeks). Others have had 
similar experiences with respect to an increased risk of 
preterm delivery following hysterotomy  [6,7] . Most of the 
morbidity associated with hysterotomy has decreased 
with experience. Signifi cant pulmonary edema or blood 
loss is now rare, and the mean gestational age at the time 
of delivery following in utero  repair of myelomeningocele 
(MMC) is now around 34 weeks.   

 The practical aspects of hysterotomy and postopera-
tive management have evolved since the early years of 
experience. The following is a description of our current 

Queenan’s Management of High-Risk Pregnancy: An Evidence-Based Approach, Sixth Edition. Edited by John T. Queenan, Catherine Y. Spong, 
Charles J. Lockwood.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.
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been a case of placenta accreta in a fetal surgical patient of 
ours in a subsequent pregnancy (approximately 80 
patients and 40 subsequent pregnancies). 

Technique
 Prior to surgery, the patients are premedicated with 
indomethacin and a cephalosporin. Compression stock-
ings and pneumatic antithrombotic boots are placed on 
the lower extremities. General anesthesia is initiated, with 
high levels of a halogenated inhalational agent to maxi-
mize uterine relaxation. A Foley catheter is placed to 
drain the bladder. An epidural catheter is placed for post-
operative pain control. Following prepping and draping, 
ultrasound transducers with sterile covers are used to 
identify fetal lie and placental location. The latter will 
determine the need for exteriorization of the uterus to 
allow access to the posterior aspect in cases of an anterior 
placenta. The transverse skin incision is generally a third 
of the way between the pubic symphysis and the umbili-
cus, lower with an anterior placenta, so that the uterus 
can more easily be exteriorized. Usually, the rectus 
muscles need to be at least partially transected to allow 
appropriate exposure. 

 Once the peritoneal cavity is entered, the ultrasound 
transducer is placed directly on the uterine serosa and the 
edge of the placenta is identifi ed and marked. The general 
strategy is to place the hysterotomy as far from the pla-
centa as possible, with the direction of the incision paral-
lel to its edge. This will minimize the risk of extension 
towards the placenta, as placental bed bleeding cannot 
generally be controlled. The additional determinant for 
the site of the hysterotomy is the fetal surgical site and 
fetal position. Frequently, transuterine (hands on serosal 
surface of uterus) fetal manipulation will achieve success-
ful position. 

approach. Lengthy discussions regarding the risks, bene-
fi ts, and alternatives of the procedure are important, 
including the experimental nature of the surgery. We gen-
erally differentiate the risks to the mother, the fetus, and 
the pregnancy in our counseling. The risks to the mother 
are similar to other major abdominal surgery, although in 
this case there is no direct physical benefi t to her. In addi-
tion, there are the risks associated with aggressive toco-
lytic therapy and bedrest in a hypercoagulable state. The 
risks to the fetus are primarily vascular instability and 
hypoperfusion intraoperatively, leading to injury or 
death, and prematurity resulting from postoperative 
complications. The risks to the pregnancy are primarily 
preterm labor, premature rupture of membranes, and 
preterm delivery. Infectious complications are rare, except 
when premature rupture of membranes leads to chorioam-
nionitis. An important additional counseling point is that 
all subsequent deliveries, including the index pregnancy, 
must be by cesarean section. Data regarding future fertil-
ity are reassuring, with no increased incidence of infertil-
ity in the UCSF experience in those patients subsequently 
attempting pregnancy  [8] . Experience from the Children ’ s 
Hospital of Philadelphia (CHOP) suggests a substantial 
risk of uterine rupture in subsequent pregnancies that 
may be as high as 17%. This is higher than the risk after 
previous low transverse cesarean delivery (1% or less) or 
classical cesarean delivery (4 – 5%). Another potential risk 
in subsequent pregnancies is placenta accreta. The reason 
for this is that the uterine location of the hysterotomy inci-
sion performed in the second trimester is not in the same 
area as a cesarean delivery uterine entry site. There is an 
increased risk of placenta accreta in any setting where 
implantation occurs in an area of uterine scarring. 
Multiple incisions will increase the likelihood of implan-
tation in such an area. To our knowledge, there has not 

Table 56.1    Maternal morbidity and mortality for 178 interventions at UCSF with postoperative continuing pregnancy and divided into 
operative subgroups 

Operative technique Open hysterotomy Endoscopy FETENDO/
Lap-FETENDO

Percutaneous
FIGS/Lap-FIGS

All interventions 

Patients with postop continuing pregnancy 79 68 31 178
Gestational age at surgery (weeks) 25.1 24.5 21.1 24.2
Range (weeks) 17.6–30.4 17.9–32.1 17.0–26.6 17.0–32.1
Gestational age at delivery (weeks) 30.1 30.4 32.7 30.7
Range (weeks) 21.6–36.7 19.6–39.3 21.7–40.4 19.6–40.4
Interval surgery to delivery (weeks) 4.9 6.0 11.6 6.5
Range (weeks) 0–16 0–19 0.3–21.4 0–21.4
Pulmonary edema 22/79 (27.8%) 17/68 (25.0%) 0/31 (0.0%) 39/178 (21.9%) 
Bleeding requiring blood transfusion 11/87 (12.6%) 2/69 (2.9%) 0/31 (0.0%) 13/187 (7.0%) 
PTL leading to delivery 26/79 (32.9%) 18/68 (26.5%) 4/31 (12.9%) 48/178 (27.0%) 
Premature rupture of membranes 41/79 (51.9%) 30/68 (44.1%) 8/31 (25.8%) 79/178 (44.4%) 
Chorioamnionitis 7/79 (8.9%) 1/68 (1.5%) 0/31 (0.0%) 8/178 (4.5%) 

FETENDO, fetal endoscopic surgery; FIGS, fetal intervention guided by sonography; PTL, preterm labor. 
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control, and to avoid tissue desiccation and abruption 
secondary to uterine decompression. The fetus can be 
monitored using either a pulse oximeter and/or sono-
graphic surveillance of the fetal heart. During the surgery, 
continued relaxation of the uterus is monitored by palpa-
tion, and the serosal surfaces are irrigated with warm 
saline. If the uterus begins to contract, options include 
increasing inhalational agents, use of nitroglycerin or 
loading with magnesium sulfate, or a combination of the 
above.

 Following the procedure on the fetus, the uterine 
closure begins. This is usually the time we initiate the 
bolus of magnesium sulfate, followed by a maintenance 
dose. The uterus is closed in two layers of No. 0 polygly-
colic monofi lament suture. Full - thickness interrupted 
stay sutures are placed fi rst but not tied, then the continu-
ous suture is placed. Prior to tying the continuous suture, 
a catheter is used to refi ll the amniotic cavity under 

 Initial uterine entry can be performed either using the 
Bruner – Tulipan trocar or direct cutdown. The initial entry 
is then extended using the Harrison uterine stapler. Use 
of ultrasound is critical to confi rm that the stapler com-
presses no fetal part or loop of cord, and is defi nitively 
intraamniotic. The stapler fi res a line of dissolvable staples 
8   cm long and cuts in between them. This produces a 
hemostatic myometrial incision with the membranes 
tacked to the myometrium, minimizing the risk of dissec-
tion. Occasionally, bleeding from the myometrial edge, 
particularly at the apices, requires placement of atrau-
matic clamps or a fi gure - of - eight stitch. Specially designed 
Harrison– Moran backbiting retractors provide further 
hemostasis and exposure (Figs  56.1  and  56.2 ).   

 Once the hysterotomy incision is appropriately hemo-
static, attention can be turned to the fetus. Only that part 
of the fetus needed to perform the procedure should be 
exteriorized. This is important for fetal temperature 

Figure 56.1     Summary of open fetal surgery 
techniques. (A) The uterus is exposed 
through a low transverse abdominal 
incision. Ultrasonography is used to 
localize the placenta, inject the fetus with 
narcotic and muscle relaxant, and aspirate 
amniotic fl uid. (B) The uterus is opened 
with staples that provide hemostasis and 
seal the membranes. Maternal anesthesia 
and monitoring are shown. (C) Absorbable 
staples and backbiting clamps facilitate 
hysterotomy exposure of the pertinent fetal 
part. A miniaturized pulse oximeter 
records pulse rate and oxygen saturation 
intraoperatively. (D) After fetal repair the 
uterine incision is closed with absorbable 
sutures and fi brin glue. Amniotic fl uid is 
restored with warm lactated Ringer 
solution.
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Indications for open fetal surgery

  Myelomeningocele 
 The most common indication for hysterotomy - based fetal 
intervention currently in our center is MMC. This is a 
birth defect with sequelae that affect both the central and 
peripheral nervous systems. A change in cerebrospinal 
fl uid (CSF) dynamics results in the Arnold – Chiari II mal-
formation and hydrocephalus. The abnormally exposed 
spinal cord results in lifelong lower extremity neurologic 
defi ciency, fecal and urinary incontinence, sexual dys-
function, and skeletal deformities. This defect carries 
enormous personal, familial, and societal costs, as the 
near normal lifespan of the affected child is characterized 
by hospitalization, multiple operations, disability, and, 
occasionally, institutionalization. Although it has been 
assumed that the spinal cord itself is intrinsically 

ultrasound guidance with lactated Ringer solution. The 
fl uid is replenished to a level of low normal fl uid, then 
the stay sutures are tied. When it is assured that the suture 
line is hemostatic and hydrostatic, the abdominal wall is 
closed in layers in the usual fashion. 

 Postoperative recovery in our unit is accomplished in 
the labor and delivery suite. For pain control, the preop-
eratively placed epidural catheter is used for the fi rst 48   h. 
Intravenous magnesium sulfate is continued for 24   h and 
oral nifedipine then initiated. Indomethacin is continued 
for a total of 48   h, with ductal constriction surveillance 
performed by fetal echocardiography daily. The nifed-
ipine is continued long term. Activity is limited to bedrest 
for the fi rst 48   h postoperatively and then liberalized. 
Upon discharge, patients are still encouraged to limit 
activity. Close outpatient follow - up with weekly visits 
and ultrasounds is our routine.  

Figure 56.2     Drawing of the operating room 
set - up. Note that there are two monitors at 
the head of the table, one for the fetoscopic 
picture and the other for the real - time 
ultrasound image.  
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CHOP. For lesions with single large cysts, thoracoamni-
otic shunting has also been successful  [14] . 

 Our group pioneered the use of maternal steroids for 
treatment of large microcystic or solid appearing CPAMs 
 [15] . The hypothesis is that steroids would cause matura-
tion of the microcystic CPAM and slow growth. We and 
others have shown successful resolution of hydrops in 
80% of fetuses with large microcystic CPAMs and hydrops 
 [16] . What is unclear is the benefi t of maternal steroids 
for large nonhydropic microcystic CPAMs. Others have 
administered steroids for large macrocystic CPAMs 
without success. 

  Sacrococcygeal  t eratoma 
 Hysterotomy is the most common fetal surgical approach 
to treat fetuses in high - output failure and hydrops with 
large sacrococcygeal teratomas (SCT). Most neonates with 
SCT survive, and malignant invasion is unusual. However, 
the prognosis of patients with SCT diagnosed prenatally 
(by sonogram or elevated α  - fetoprotein [AFP]) may be 
less favorable. There is a subset of fetuses (fewer than 
20%) with large tumors who develop hydrops from high -
 output failure secondary to extremely high blood fl ow 
through the tumor. Because hydrops may progress quite 
rapidly to fetal death, close sonographic follow - up is criti-
cal. Attempts to interrupt the vascular steal phenomenon 
by sonographically guided or fetoscopic techniques have 
not yet been successful. Excision of the tumor reverses the 
pathophysiology if it is performed before  “ mirror syn-
drome ”  (maternal preeclampsia) develops in the mother. 
Hysterotomies in these cases may involve quite large inci-
sions because of the size of the masses. 

Fetoscopic surgery

 With advances in technology and familiarity with endo-
scopic techniques, application of this technique to fetal 
surgery (FETENDO) was natural. Common sense would 
suggest that the smaller the incision in the uterus, the 
lower the risk of subsequent pregnancy complications. 
At UCSF, endoscopic approaches (Lap - FETENDO) were 
fi rst applied to pregnancies complicated by diaphrag-
matic hernia, urinary tract obstruction, and twin – twin 
transfusion.

 The initial pioneering approach involved maternal 
minilaparotomies, with direct exposure of the uterus. 
Ultrasound is used to determine the point of entry and 
the laparotomy site, depending on placental location and 
fetal lie. Once the uterus has been exposed, stay sutures 
are placed and a 3 – 5   mm step trocar advanced into the 
amniotic cavity under direct ultrasound visualization. 
Initially, several trocars were required for  in utero  dissec-
tions, placement of staples, etc. Later, many procedures 
could be performed through a single trocar using an 

malformed in children with this defect, recent work sug-
gests that the neurologic impairment after birth may be 
caused by exposure and trauma to the spinal cord  in utero , 
and that covering the exposed cord may prevent the 
development of the Chiari malformation  [9] . 

 Since 1997, more than 200 fetuses have had  in utero
closure of MMC by open fetal surgery. Preliminary clini-
cal evidence suggests this procedure reduces the inci-
dence of shunt - dependent hydrocephalus and restores 
the cerebellum and brainstem to a more normal confi gu-
ration. However, clinical results of fetal surgery for MMC 
are based on comparisons with historical controls, 
examine only effi cacy, not safety, and lack long - term 
follow- up. The National Institutes of Health (NIH) ’ s 
Management of Myelomeningocele Study (MOMS) 
recently published that prenatal surgery results in a 
reduction in death or the need for a shunt at 12 months 
of age and improves motor outcomes at 30 months but is 
associated with maternal and fetal risks  [10] . Prenatal 
surgery is associated with other favourable secondary 
outcomes including reducing hindbrain herniation at 12 
months (no evidence of herniation in 36% of prenatal 
versus 4% of postnatal cases), doubling the ability to walk 
without orthotics (42% in prenatal versus 21% in postna-
tal cases), and increasing function by two or more levels 
than that expected based on the anatomic level of the 
defect (32% versus 12% in postnatal cases). Prenatal 
surgery was also associated with maternal and fetal risks 
including preterm birth (80% of prenatal versus 15% of 
postnatal cases), uterine thinning or dehiscence at the 
surgical site in (35% in prenatal cases), and higher rates 
of fetal bradycardia, oligohydramnios, placental abrup-
tion, and the need for transfusion at delivery  [10] .  

  Congenital  p ulmonary  a irway  m alformation 
 Congenital pulmonary airway malformation (CPAM), 
previously termed congenital cystic adenomatoid malfor-
mation (CCAM), leading to hydrops is another indication 
for hysterotomy. Although CPAM often presents as a 
benign pulmonary mass in infants and children, some 
fetuses with large lesions die  in utero  or at birth from 
hydrops and pulmonary hypoplasia  [11] . The pathophys-
iology of hydrops and the feasibility of resecting the fetal 
lung have been studied in animals  [11,12] . Experience 
managing more than 200 cases suggests that most lesions 
can be successfully treated after birth, and that some 
lesions resolve before birth  [13] . Although only a few 
fetuses with very large lesions develop hydrops before 26 
weeks ’  gestation, these lesions may progress rapidly and 
the fetuses die in utero . Careful sonographic surveillance 
of large lesions is necessary to detect the fi rst signs of 
hydrops, because fetuses developing hydrops can be suc-
cessfully treated by emergency resection of the abnormal 
lobe in utero . Fetal pulmonary lobectomy has proven to 
be surprisingly simple and quite successful at UCSF and 
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Indications for fetoscopic surgery

  Congenital  d iaphragmatic  h ernia 
 The fundamental problem in babies born with a congeni-
tal diaphragmatic hernia (CDH) is pulmonary hypopla-
sia. Research in experimental animal models and later in 
human patients over two decades has aimed to improve 
growth of the hypoplastic lungs before they are needed 
for gas exchange at birth. Anatomic repair of the hernia 
by open hysterotomy proved feasible but did not decrease 
mortality and was abandoned. Fetal tracheal occlusion 
was developed as an alternative strategy to promote fetal 
lung growth by preventing normal egress of lung fl uid. 
Occlusion of the fetal trachea was shown to stimulate fetal 
lung growth in a variety of animal models. Techniques to 
achieve reversible fetal tracheal occlusion were explored 
in animal models and then applied clinically, evolving 
from external metal clips placed on the trachea by open 
hysterotomy or fetoscopic neck dissection, to internal tra-
cheal occlusion with a detachable silicone balloon placed 
by fetal bronchoscopy through a single 5   mm uterine port, 
as described above. 

 Our initial experience suggested that fetal endoscopic 
tracheal occlusion improved survival in human fetuses 
with severe CDH. To evaluate this novel therapy, we con-
ducted a randomized controlled trial comparing tracheal 
occlusion with standard care. Survival with fetal endo-
scopic tracheal occlusion (73%) met expectations (pre-
dicted 75%) and appeared better than that of historic 
controls (37%), but proved no better than that of concur-
rent randomized controls. The higher than expected sur-
vival in the standard care group may be because the study 
design mandated that patients in both treatment groups 
be delivered, resuscitated, and intensively managed in a 
unit experienced in caring for critically ill newborns with 
suspected pulmonary hypoplasia. 

 Attempts to improve outcome for severe CDH by treat-
ments either before or after birth have proven to be 
double- edged swords. Intensive care after birth has 
improved survival but has increased long - term sequelae 
in survivors, and is expensive. Intervention before birth 
may increase lung size, but prematurity caused by the 
intervention itself can be detrimental. In our study, babies 
with severe CDH who had tracheal occlusion before birth 
were born on average at 31 weeks, as a consequence of 
the intervention. The observation that their rates of sur-
vival and respiratory outcomes (including duration of 
oxygen requirement) were comparable to infants without 
tracheal occlusion who were born at 37 weeks suggests 
that tracheal occlusion improved pulmonary hypoplasia, 
but the improvement in lung growth was adversely 
affected by pulmonary immaturity related to earlier 
delivery. 

 The current results underscore the role of randomized 
trials in evaluating promising new therapies. This is the 

endoscope with an operating channel. Initial caution 
regarding this approach led to similar perioperative 
management compared with hysterotomy cases. This 
included general anesthesia, use of multiple tocolytics, 
and prolonged hospitalization. One important difference 
even initially was that patients could labor following 
FETENDO procedures. 

 Since these initial cases, endoscopic procedures have 
become less invasive with smaller instruments passed 
through 3   mm ports. This may explain why pregnancy 
outcomes and pulmonary edema rates were initially 
similar comparing the hysterotomy and endoscopy 
groups, although transfusions were required less fre-
quently in the latter cases (see Table  56.1 )  [1] . The interval 
from procedure to delivery was also little changed, as was 
the gestational age at delivery. In our experience, many 
of the deliveries still required cesarean section to accom-
modate EXIT procedures  [1,17] . This is highly specialized 
delivery with hysterotomy in which the cord is not 
clamped until airway management is secure. It involves 
strategies similar to those used for open surgery, includ-
ing uterine relaxation with general anesthesia, myome-
trial incision hemostasis with staples, and fetal monitoring. 
The endoscopic procedures that necessitated EXITs were 
balloon tracheal occlusions for congenital diaphragmatic 
hernias. This was also amongst the most frequent indica-
tion for an endoscopic fetal surgical approach at UCSF. 

Percutaneous fetoscopic surgery
 Currently, we rarely use the more invasive Lap - FETENDO 
and have since progressed towards a percutaneous 
approach using a smaller 2 – 3   mm endoscope with an 
operating channel. We have used this technique for 
balloon tracheal occlusions, fetal cystoscopies, and laser 
ablation in monochorionic twin gestations complicated 
by severe twin – twin transfusion. Based on our early expe-
rience and that of others  [13] , we anticipate that the risks 
with percutaneous microendoscopy will be similar to per-
cutaneous sonography - guided procedures (see below). 
The perioperative management is very different com-
pared to the more invasive procedures. Although patients 
are treated with prophylactic indomethacin and antibiot-
ics, uterine relaxation from inhalational agents is not 
required and may in fact be detrimental. Therefore, we 
generally use regional anesthesia. Ultrasound is again 
critical for safe uterine access to determine the best entry 
point. This is based on fetal position, placental location, 
membrane position in multiple gestations, and uterine 
vascularity. Postoperative tocolytic therapy is usually 
based on contraction activity. A 24 – 48 - h course of 
indomethacin or nifedipine is often all that is required. In 
cases where there are signifi cant postoperative changes in 
uterine size, such as with interventions for twin – twin 
transfusion syndrome (TTTS), prophylactic intravenous 
magnesium sulfate may be helpful. 
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  Twin –  t win  t ransfusion  s yndrome 
 Twin – twin transfusion syndrome (TTTS) is a complica-
tion of monochorionic multiple gestations resulting from 
an imbalance in blood fl ow through vascular communica-
tions. Both twins are compromised, albeit in different 
ways. The recipient twin is generally the larger twin and 
receives an excess of blood and can develop high - output 
cardiac failure. The donor twin is generally the smaller 
twin and shunts blood to the recipient twin and can 
develop renal failure from a low - output state. 

 Twin – twin transfusion syndrome is the most common 
serious complication of monochorionic twin gestations, 
affecting between 4% and 35% of monochorionic twin 
pregnancies, or approximately 0.1 – 0.9 per 1000 births 
each year in the USA. Yet despite the relatively low inci-
dence, TTTS disproportionately accounts for 17% of all 
perinatal mortality associated with twin gestations  [27] . 
Staging for TTTS was pioneered by Quintero based on 
sonographic measurements. The diagnosis is made by a 
combination of polyhydramnios in the recipient twin 
and oligohydramnios for the donor twin. Standard 
therapy has been limited to serial amnioreduction, which 
appears to improve the overall outcome but has little 
impact on the more severe end of the spectrum in TTTS. 
In addition, survivors of TTTS treated by serial amniore-
duction have an 18 – 26% incidence of signifi cant neuro-
logic and cardiac morbidity. Selective fetoscopic laser 
photocoagulation of communicating vessels, pioneered 
by de Lia  [28] , has emerged as the generally accepted 
best treatment for advanced stage TTTS, as demonstrated 
in a randomized trial in Europe  [29] . Fetoscopic laser of 
intertwin vessels for TTTS is now the most common 
indication for fetoscopic surgery worldwide. Some 
centers, including ours, routinely use advanced fetal 
echocardiogram data to further stratify the severity of 
TTTS.

  Urinary  t ract  o bstruction 
 As a group at UCSF we are particularly enthusiastic about 
the potential of fetal intervention in bladder outlet 
obstruction by percutaneous fetal cystoscopy. Fetal ure-
thral obstruction produces pulmonary hypoplasia and 
renal dysplasia, and these often fatal consequences can be 
ameliorated by urinary tract decompression before birth. 
The natural history of untreated fetal urinary tract 
obstruction is well documented, and selection criteria 
based on fetal urine electrolyte and  β 2 - microglobulin 
levels and the sonographic appearance of fetal kidneys 
have proven reliable  [30 – 33] . The vast majority of fetuses 
with urinary tract dilation do not require intervention. 
However, fetuses with bilateral hydronephrosis and 
bladder distension resulting from urethral obstruction 
subsequently developing oligohydramnios require treat-
ment. Depending on the gestational age, the fetus can be 

second NIH - sponsored trial comparing a new prenatal 
intervention for severe fetal CDH. The fi rst trial showed 
that complete surgical repair of the anatomic defect 
(which required hysterotomy), although feasible, was no 
better than postnatal repair in improving survival and 
was ineffective when the liver as well as the bowel was 
herniated  [18] . That trial led to the abandonment of open 
complete repair at our institution and subsequently 
around the world. Information derived from that trial 
regarding measures of severity of pulmonary hypoplasia 
(including liver herniation and the development of the 
lung:head ratio [LHR]  –  the area of contralateral lung in 
the axial plane at the level of a four - chamber view of 
the heart, normalized to head circumference) led to the 
development of an alternative physiologic strategy to 
enlarge the hypoplastic fetal lung by temporary tracheal 
occlusion and to the development of less invasive 
fetal endoscopic techniques that did not require hyster-
otomy to achieve temporary, reversible tracheal occlusion 
 [19,20] . 

 Our ability to accurately diagnose and assess severity 
of CDH before birth has improved dramatically. Fetuses 
with CDH who have associated anomalies do poorly, 
whereas fetuses with isolated CDH, no liver herniation, 
and an LHR above 1.4 have an excellent prognosis (100% 
in our experience). In this study, fetuses with an LHR 
between 0.9 and 1.4 had a chance of survival greater than 
80% when delivered at a tertiary care center. The small 
number of fetuses with LHR below 0.9 had a poor prog-
nosis in both treatment groups, and should be the focus 
of further studies  [21] . 

 Because tracheal occlusion does work in enlarging 
hypoplastic lungs, approaches to tracheal occlusion 
other than that used here might be benefi cial. Although 
the duration of occlusion in this study (36.2    ±    14.7 
days) is comparable with that studied in animal models 
 [22,23] , the optimal timing and duration of occlusion are 
not known in humans. Short - term occlusion later in ges-
tation and earlier occlusion (with possible reversal  in
utero ) were initially studied in animal models with the 
potential benefi t of improved type II pneumocyte func-
tion[24,25] . The group in Leuven, Belgium, has led the 
effort to study the benefi t of percutaneous, reversible 
balloon tracheal occlusion in human fetuses with severe 
CDH. The balloon is placed percutanaeously with feto-
scopic guidance around 28 weeks and then is removed 
with percutaneous fetoscopic guidance approximately 4 
weeks later  [26] . Survival has been shown to be 
improved compared to a cohort that had standard post-
natal care. This technique allows for vaginal delivery, 
potentially closer to the family ’ s home. Our group has 
also adopted this approach and is studying this tech-
nique under the guidance of the Food and Drug 
Administration (FDA).  
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protruding out of the needle like hooks) are then deployed 
and energy delivered to the device to create thermal 
injury to the tissue. The device we currently use measures 
the temperature at the tines. This allows us to use an 
energy level to provide the quickest possible obliteration 
of the vascular communications. This is of benefi t as there 
are theoretical concerns regarding the differential oblit-
eration of arterial and venous vessels, which might place 
the normal twin at risk for exsanguination. Ultrasound is 
also used to monitor the procedure and welfare of the 
normal twin. Thermal injury can be monitored by watch-
ing for the characteristic out - gassing in the tissue. Once 
active energy delivery to the device has ceased, color fl ow 
Doppler can be used to detect any residual fl ow, in both 
the cord and the abnormal fetus. Once absence of blood 
fl ow is confi rmed, the tines are retracted and the device 
then withdrawn. 

 We have not found an increased frequency of adverse 
outcomes with a transplacental approach. We have had 
good success with this approach with a survival rate over 
90% and a mean gestational age at delivery of over 35 
weeks and an average time from procedure of over 11 
weeks. There has been no maternal pulmonary edema or 
blood loss  [38] . 

 There are a few complicated FIGS procedures that may 
require maternal laparotomy to allow fetal positioning 
and sonography directly on the uterus (Lap - FIGS). A 
few simple structural cardiac defects that interfere with 
development may benefi t from prenatal correction. For 
example, if obstruction of blood fl ow across the pulmo-
nary or aortic valve interferes with development of the 
ventricles or pulmonary or systemic vasculature, relief of 
the anatomic obstruction may allow normal development 
with an improved outcome. Alternatively, congenital 
aortic stenosis may lead to hypoplastic left heart syn-
drome  [39] . Stenotic aortic valves have been dilated by a 
balloon catheter placed using both FIGS and Lap - FIGS in 
order to prevent the evolution of hypoplastic left heart 
syndrome. Led by the group in Boston, results have been 
promising but not proven  [40] .  

Conclusion

 In summary, fetal surgery has evolved considerably since 
its birth at UCSF two decades ago. The indications remain 
quite limited, but numerically have the potential to 
expand as patients and providers become increasingly 
informed. Recent advances in the development of less 
invasive fetal endoscopic (FETENDO) and sonography -
 guided techniques (FIGS) have extended the indications 
for fetal intervention. 

delivered early for postnatal decompression. Alternatively, 
the bladder can be decompressed  in utero  by a catheter 
vesicoamniotic shunt placed percutaneously under sono-
graphic guidance  [34,35] . Treatment with shunting has 
been relatively disappointing, as shunts often migrate or 
do not remain patent. Even when adequately decom-
pressed, the obstructed bladder may not cycle correctly, 
resulting in a severe bladder dysfunction requiring 
surgery after birth. We have now developed a percu-
taneous fetal cystoscopic technique to disrupt posterior 
urethral valves through a single 3   mm port. This tech-
nique would allow the bladder to continue to cycle 
normally  [36] .    

Fetal intervention guided
by sonography

 The fi rst fetal procedure, developed in the early 1980s, 
was percutaneous sonographically guided placement of 
fetal bladder catheter shunt. Many other catheter - shunt 
procedures have been developed and described  [37] . 
More recently, we have developed percutaneous sono-
graphically guided radiofrequency ablation procedures 
for management of anomalous multiple gestations. All 
these procedures we now group as  “ fetal intervention 
guided by sonography ”  (FIGS). 

 Fetal intervention guided by sonography is used to 
sample or drain fetal blood, urine, and fl uid collection, 
to sample fetal tissue, to place catheter shunts in the 
fetal bladder, chest, abdomen, or ventricles, and to 
perform radiofrequency ablation (RFA). The most 
common indication at UCSF is RFA for acardiac twins/
twin reversed arterial perfusion (TRAP) sequence or 
monochorionic twins for selective reduction. Other oper-
ators have used bipolar coagulation or umbilical cord 
ligation for similar indications. Compared with the 17 -
 gauge RFA needles we use, these techniques are more 
invasive, using at least 3   mm trochars. Additionally, the 
length of the cord or its position may preclude use of 
these instruments. The perioperative management of 
these patients is similar to the current percutaneous 
FETENDO patients. 

 The procedures are performed under spinal anesthesia, 
with prophylactic antibiotics and indomethacin. 
Postoperative tocolysis is rarely necessary and the patients 
are frequently discharged within hours of the procedure. 
Ultrasound is critical for both the planning and execution 
of the procedure. We attempt to avoid entry into the sac 
of a normal twin if at all possible. The RFA needle is 
guided into the abdominal cord insertion of the abnormal 
twin under ultrasound guidance. The tines (thin wires 
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neural tube defects 194
induced 16
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cesarean delivery 416
prolonged pregnancy 392
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incidence 445
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MTHFR C677T gene 445
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prophylactic in multiple gestations 321
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271–2
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acute 274–5
adjunctive management 276–7
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unfavourable 403
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anesthesia 436–7
antibiotic prophylaxis 407
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on demand 406
diabetes mellitus 176
evidence-based operative considerations 

406–8
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fetal distress 410
fetal status 436
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gestational diabetes 172
HELLP syndrome 284, 285
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subsequent to 465
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406
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vasa previa 387
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CFTR gene mutations 44
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pulmonary embolism 125, 127
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preterm birth 339, 374
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459–60
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congenital malformations 458
cytogenetic diagnosis 459
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genetic counseling 459
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maternal cell contamination 460
miscarriage risk 457–8
patient safety 458–9
septated cystic hygroma 57–8, 61
sickle cell disease 96
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chromosome abnormalities

IUGR 65
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disseminated intravascular coagulation 

303
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thrombosis risk 123

coagulation cascade 122, 305
disseminated intravascular coagulation 302
dysregulation biomarkers 353
pregnancy 131, 132

coagulopathy, amniotic fl uid embolism 301
cocaine dependence 27
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placenta accreta 388

coma, eclampsia 285
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timing 436

comparative genomic hybridization 459–60
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congenital cytomegalovirus (CMV) 226
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asthma in pregnancy 184, 185
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468

congenital rubella syndrome 220
congenital syphilis 222
congenital toxoplasmosis 223
congenital varicella 227
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preterm delivery 347
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chronic hypertension 207
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preterm labor prevention 375–6, 380
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pathogenesis 225, 226
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preterm delivery 348–9
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clinical presentation 124
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chronic hypertension 207
epilepsy 198–9
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fi ve-minute rule 305
gestational diabetes 171
HELLP syndrome 284–5
HIV infection 251
multiple gestations 322, 323
placenta previa 385
preeclampsia 282–3, 287
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seizures during 198
sickle cell disease 95
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see also breech delivery; cesarean delivery; 

preterm delivery
delta virus infection 239, 240
dental amalgam, mercury exposure 35
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postpartum 254, 434
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diabetes mellitus 174–6
chronic hypertension 205
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dietary management 169–70, 176
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pancreatic transplant patients 163–4
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perinatal mortality 174
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diet

diabetes mellitus management 176
gestational diabetes management 169–70

dietary recommendations
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diethylstilbestrol (DES), in utero exposure 272
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dioxin toxicity 37
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platelet transfusion 304
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fetal arterial 67–8
fetal growth restriction 67–71
fetal venous 68–9, 70
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Doppler velocimetry 79, 83, 86
chronic hypertension 207
middle cerebral circulation 67, 308–9, 310, 

312
multiple gestations 322

Down syndrome
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detection 320
fi rst-trimester sonographic screening 55–7
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56
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multiple gestations 60
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sequential 60
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ductus arteriosus, patent 52

maternal 139–40
ductus venosus

Doppler waveform 67
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Dutch famine, World War II 8
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labor 286
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lung transplant 165
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emergency care 301–5, 306
emphysema, lung transplant 165
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123

energy
requirement in pregnancy 6
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polyhydramnios 331
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after PPROM 366
malaria 232
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two-dimensional cross-sectional imaging 48, 
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multiple gestations 316
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systemic lupus erythematosus 213
velocity 5
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recurrent spontaneous abortion 266
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discordant 334
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indications 469–71
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fi brinolysis 123
physiology 121–3
platelet plug formation 121–2

heparin
antiphospholipid antibody syndrome 108, 

116, 215, 265, 266
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chronic hypertension treatment 206
preeclampsia 287
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subclinical 179
treatment 179

hypoxemia 68–9
fetal adaptation 70

hypoxia
amniotic fl uid embolism 301
intrapartum 445–6

hypoxic ischemic encephalopathy 445
hypothermia 450
uterine rupture 417
vaginal birth after cesarean delivery 420

hysterectomy
adherent placenta 294
postpartum hemorrhage 292–3
uterine rupture 417

hysterotomy 464–8
benefi ts 464–7
cesarean section in subsequent pregnancies 

465
closure 466–7

cesarean delivery 407–8
congenital pulmonary airway malformation 

468
counseling 465
indications 467–8
myelomeningocele 468
postoperative recovery 467
risks 464–7
sacrococcygeal teratoma 468
technique 465–7

idiopathic thrombocytopenic purpura (ITP) 
102–3

delivery route 104
splenectomy 103

immunity, adaptive/innate 348
immunoglobulin E (IgE), asthma during 

pregnancy 184
immunologic disorders

alloimmune thrombocytopenia 104
recurrent spontaneous abortion 265–6
see also autoimmune conditions

immunosuppressive agents 146
effects on baby 166
transplant patients 161–2, 164

incontinentia pigmenti 261
indomethacin 190

cervical insuffi ciency 277
polyhydramnios 332
preterm labor prevention 378–9, 380

infections
asthma during pregnancy 184
intraamniotic 374
intrauterine subclinical 272, 274
neonatal 164
perinatal 218–28
PPROM risk 365, 370
preterm birth 339
preterm delivery 347
recurrent spontaneous abortion 262
risk with amniocentesis 455
see also named conditions and diseases; viral 

infections
inferior vena cava, Doppler waveform reverse 

fl ow 69, 70
infl ammation

cervical length 340
decidual-amnion-chorion 348–9

informed consent, vaginal birth after cesarean 
delivery 420

inhibin-A, Down syndrome screening 59
inotropic agents 145
Institute of Medicine (IOM) guidelines for 

weight gain in pregnancy 10, 12
insulin

gestational diabetes levels 170
during labor 176
management during labor 176
maternal glycemia regulation 175
postpartum requirement 175

insulin resistance 168
gestational diabetes 170

integrase inhibitors 245, 249
interleukin 8 (IL-8), preterm delivery 347, 349, 

350, 351, 352
internal iliac artery embolization in 

postpartum hemorrhage 293, 295
interpregnancy interval, vaginal birth after 

cesarean delivery 418
intracranial aneurysm rupture risk 139
intracranial hemorrhage (ICH), fetal 

thrombocytopenia 104, 105
intracranial translucency (IT) 61
intramembranous (IM) pathway 329
intrauterine fetal death (IUFD) 79, 314

antepartum testing 79–81
fetal movement decrease 79–80
maternal complications with multiple 

gestations 319
monoamnionicity 318
multiple gestations 317
nonstress test 80
risk 79
see also fetal demise

intrauterine growth restriction (IUGR) 64–71
antiphospholipid antibodies 115
antiphospholipid antibody syndrome 265
asthma in pregnancy 186
asymmetric 65
defi nition 64, 65
diagnosis 64, 86
Doppler ultrasound 67–71
immunosuppressive agents 166
inherited thrombophilias 112
liver transplantation 164
malaria 232
management 66–71
monoamnionicity 318
multiple gestations 316, 322
neonatal encephalopathy 447
oligohydramnios 333
outcome 65–6
risk factors 65
symmetric 65
systemic lupus erythematosus 212, 215
systolic:diastolic ratio 83
vascular adaptation late-stage changes 

69–70
vascular bed deterioration 70
women with physical disabilities 256

intrauterine transfusion 1
RhD alloimmunization 310, 312

intravascular transfusion (IVT), RBCs 310
intravenous immunoglobulin (IVIG)

antiphospholipid antibody syndrome 215
idiopathic thrombocytopenic purpura 103

intraventricular hemorrhage (IVH)
magnesium sulfate for prevention 448–9
prevention with corticosteroids 375–6

iodide 180–1
iodine

endemic defi ciency 178
toxicity 17

iron
requirements in pregnancy 14
toxicity 17

iron defi ciency anemia 14–15
blood transfusion 100
diagnosis 14–15
erythropoietin 100
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iron defi ciency anemia (cont.)
microcytic 99
prevalence 14
prophylaxis 99
treatment 99–100

iron supplementation
dosage 100
intravenous 100
maternal nutrition 14–15
normocytic anemia 100
oral preparations 99, 100

Jarisch-Herxheimer reaction 222
Jewish heritage, Eastern European

carrier screening 42, 43, 44–5, 45–6
Fanconi anemia type C carrier screening 43

Johanson-Blizzard syndrome 66

karyotype see fetal karyotype
Kell antibodies 310, 311
ketamine, epidural anesthesia 190
ketorolac, postoperative analgesia 437
kick counts 79–80
kidney, anatomic changes in pregnancy 152
killer cell immunoglobulin-like receptors (KIR) 

265–6
Korotkoff sounds 204
kyphoscoliosis, posttraumatic 256

labetalol 181
hypertension treatment 155, 206

labor
analgesia 434–6
asthma in pregnancy 189–90
augmentation in vaginal birth after cesarean 

delivery 419
dystocia 392
eclampsia 286
epilepsy 198–9
failure to progress 409–10
fetal condition continuous readout 3
HIV infection 250, 251
insulin management in diabetes mellitus 176
management for breech delivery 426
polyhydramnios 331
protracted 297

prolonged pregnancy 392
seizures during 199
sickle cell disease 95
women with physical disabilities 256, 258
see also preterm labor

labor induction 399–404
amniotic fl uid embolism 403
cesarean delivery following failed induction 

400
complications 402–3
contraindications 399, 400
elective 399–400
failed 402–3
hyponatremia 402
hypotension 402
indications 399, 400
management 403–4
maternal risks 400–1
oxytocin 402
pediatric issues 400–1
postterm 395
preeclampsia 443
preinduction assessment 401
prior cesarean delivery 403–4
sonographic cervical length measurement 

402
success prediction 401–2
unfavourable cervix 403
uterine overactivity 402
uterine rupture 403
vaginal birth after cesarean delivery 418–19

lactation
dietary recommendations 10, 18–19
maternal nutrition 18
multivitamin supplements 11
see also breastfeeding

lactic acidosis 245
lamellar body count (LBC) 75, 76
lamivudine 246, 250
lamotrigine 195, 196, 197, 200
large for gestational age, vaginal birth after 

cesarean delivery 416
laser cone, cervical dysplasia treatment 272
lead toxicity 33–4
lecithin:sphingomyelin ratio 75
lefl uomide 162
left ventricular failure, amniotic fl uid 

embolism 302
left ventricular fi lling, mitral stenosis 135
lemon sign 61
leukotriene receptor antagonists 188
levothyroxine 179, 181
limb abnormalities

amniocentesis 456
chorionic villus sampling 458

liver transplant patients 164
local anesthetics 434
loop electrosurgical excision procedure (LEEP), 

cervical dysplasia treatment 272
low birthweight infants, asthma in pregnancy 

184
lung transplantation 165
lungs, fetal

congenital pulmonary airway malformation 
468

fl uid 328–9
hypoplastic 470
tracheal occlusion 470

lungs, fetal maturity 75–7, 367, 374
cascade tests 76
diabetes mellitus 176
gestational diabetes 77
indications for assessment 75
labor induction 400, 401
multiple tests 76
predictive value of tests 76
reduction in testing 77
testing in gestational diabetes 171

lupus anticoagulant 214, 264
lupus fl ares 210, 211–12

diagnosis 213
lupus nephritis, maternal 156, 158
lupus nephropathy 212
lupus syndrome, neonatal 210

systemic lupus erythematosus impact 212
lymphocytic hypophysitis 178

macrocytic anemia 98–9
folate defi ciency 99

macrosomia
diabetes mellitus 176
excessive weight gain in pregnancy 19
gestational diabetes 171
labor induction 400
prolonged pregnancy 392
vaginal birth after cesarean delivery 416

magnesium
maternal nutrition 15–16
toxicity 17, 286

magnesium sulfate
cerebral palsy prophylaxis 376, 448–50
dosage in renal disease 157
eclampsia 286, 287
neuroprotection

preterm birth 449–50
preterm labor 376

preeclampsia 287
preterm labor 190, 338, 376, 379
seizure prophylaxis 181

eclampsia 286
tocolysis 342

magnetic resonance imaging (MRI), placenta 
accreta 388

magnetic resonance (MR) venography, DVT 
124–5

malaria 231–2, 232–3
clinical features 231
complications 232

diagnosis 231–2
prevention 232
treatment 232

malpresentation
cesarean delivery 410
see also breech delivery

Marfan syndrome, maternal 141
marine oils, maternal nutrition 17
maternal conditions 9–13
maternal mortality 131, 133

cesarean delivery 406
Eisenmenger syndrome 140

maternal serum α-fetoprotein (MSAFP), 
placenta accreta 388

maternal stress, preterm delivery 346–8
matrix metalloproteinases (MMPs) 351

decidual 350
preterm delivery 347

McDonald procedure for cerclage 273–4, 278
measles, mumps and rubella (MMR) 

vaccination 221
meconium aspiration syndrome, prolonged 

pregnancy 392
meiotic errors 460
meiotic nondisjunction, folate defi ciency 261
meiotic rescue 461
membrane rupture

HIV infection 250
polyhydramnios 331

Mendelian diagnosis 453
Mendelian disorders

carrier screening 42–4
genetic screening 41–5, 45–6
newborn screening 45
partner testing 45–6
prenatal diagnosis 45

Mendelian inheritance 41–2
meperidine 198
mercury toxicity 34–5, 37
metformin 170
methacholine challenge test 185
methadone 26, 27
methimazole 180
methotrexate contraindication 213, 214
α-methyldopa 155
methylergonovine 290
microcephaly, in utero antiepileptic drug 

exposure 196
microcytic anemia 99
micturition, fetal 328
middle cerebral circulation

Doppler ultrasound 68
Doppler velocimetry 67, 308–9, 310, 312
impedance 67

mineral intake, toxicity 17–18
minimal change disease 153
miscarriage

amniocentesis-induced 455–6
chorionic villus sampling 457–8
lead level risk 33
malaria 232
sporadic 260
see also abortion; fetal loss

misoprostol
postpartum hemorrhage 298
uterine atony 291
uterine rupture 403

mite allergy 190
mitotic errors 460–1
mitral stenosis 135–6
mitral valve prolapse 136
mobility, women with physical disabilities 254
molar pregnancy, chronic hypertension 205
molybdenum toxicity 17
monoamnionicity 318
monochorionic diamniotic placentation 315, 

316
monochorionicity

complications 314, 317, 318
fetal intervention guided by sonography 471

monozygosity, fertility treatment 318
mosaicism, placental confi ned 460–1
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MTHFR A1298C gene, inherited 
thrombophilias 112

MTHFR C677T gene
cerebral palsy 445
inherited thrombophilias 112

mucolipidosis type IV, carrier screening 45
multifetal pregnancy reduction (MPR) 317, 

319–20, 323
elective fi rst-trimester 315

multiorgan damage, multiple gestations 
317

multiple gestations 314–22, 323
amniocentesis 454
anatomic abnormalities 320–1
antenatal surveillance 322
antepartum management 319–20
back-bleeding of dead fetus 317
cervical cerclage 321
chorionicity 315–16
chromosome abnormalities 320
delivery 322, 323
discordant anatomic abnormalities 317–18
Doppler velocimetry 322
Down syndrome screening 60
embryology 315
fetal complications 316–18
fetal loss 316–17
gestational diabetes 318, 319, 323
HELLP syndrome 319, 323
intrapartum period 322
intrauterine growth restriction 316, 322
maternal obstetric complications 318–19
multiorgan damage 317
neurologic impairment 314–15
nuchal translucency measurement 60, 320
nutritional requirements 13
oligohydramnios 334
perinatal mortality 395–6
perinatal outcomes 314–15
postterm 395–6
prenatal diagnosis 320–1
preterm delivery 317

prevention 321
preterm labor 317
ultrasound 322
zygosity 315–16
see also twin pregnancy

multiple sclerosis 253
women with physical disabilities 256

multivitamin supplements 11
containing folic acid 17
maternal nutrition 13–14

muscle cramp 128
mycophenolate mofetil 146, 162

embryopathy 162, Plate 19.1
Mycoplasma hominis 348, 349
myelomeningocele, hysterotomy indication 

467–8
myometrium, overstretched in 

polyhydramnios 331

naltrexone 27
nasal bone absence/hypoplasia, Down 

syndrome 58
National Quality Forum (NQF) consensus 

standards 440
natural killer (NK) cells 265–6
necrotizing enterocolitis 376
Neisseria gonorrhoeae 365, 366
neonatal alloimmune thrombocytopenia 

(NAIT) 104–5, 106
neonatal encephalopathy 445

antecedents 446
brain imaging 448
brain injury patterns 448
defi nition 445
differential diagnosis 446
genetic factors 446
IUGR 447
preeclampsia and fetal demise 450–1
risk factors 446, 447
task force 447–8

watershed injury pattern 448
see also hypoxic ischemic encephalopathy

neonatal infections, liver transplantation 164
neonatal lupus syndrome 210

systemic lupus erythematosus impact 212
neonatal mortality

breech delivery 425
prevention with corticosteroids 375–6
prolonged pregnancy 392, 394

neonatal outcome 387.121
neonates

death with preterm birth 337
herpes simplex virus 224
vitamin K defi ciency 198
weight in prolonged pregnancy 392

neostigmine 435
nephrotic syndrome, maternal 152–3

management 153
thromboembolism risk 157

Neu-Laxova syndrome, IUGR 66
neural tube defects

antiepileptic drugs 194, 195
diagnosis 453
drug-induced 16
folate defi ciency 16, 17, 20
intracranial translucency 61
screening 55, 60–1

multiple gestations 320
neurologic impairment, multiple gestations 

314–15
nevirapine 247

contraindication in pregnancy 245
New York Heart Association classifi cation, 

cardiac disease 131, 132
Niemann-Pick disease type A, carrier screening 

45
nifedipine

eclampsia management 287
hypertension treatment 206
preterm labor prevention 378

nitric oxide, exhaled (eNO) 185
non-steroidal anti-infl ammatory drugs 

(NSAIDs)
postoperative analgesia 437
systemic lupus erythematosus 213, 214

nonnucleoside reverse transcriptase inhibitors 
(NNRTIs) 245, 247, 250

nonstress test (NST) 79, 80, 86
with Amniotic Fluid Index 81
biophysical profi le 81
diabetes mellitus 176, 176
gestational diabetes 171
nonreactive 80
prolonged labor prevention 393
systemic lupus erythematosus 213

nontechnical surgical skills (NOTSS) for 
operative vaginal delivery 431–2

Noonan syndrome, IUGR 66
NPH insulin, maternal glycemia regulation 

175
nuchal fold thickening 58
nuchal translucency (NT)

cystic hygroma Plate 7.1
measurement 55–7, 61

multifetal pregnancy 60, 320
septated cystic hygroma 57–8

nuchal translucency (NT) sonography 55–7
Down syndrome 57
with serum assays 59

nucleoside reverse transcriptase inhibitors 
(NRTIs) 245, 246–7, 250

nutriments, transfer to fetus 5, 6
nutrition, maternal 4–20

breastfeeding 18
dietary recommendations for pregnancy/

lactation 10, 18–19
distribution 6
fetal growth 4–7
fetal growth curves 5
maternal conditions 9–13
multifetal pregnancy 13
nutritional assessment 9–11

nutritional interventions 13–18
pregnancy outcome 4
records of food intake 10–11

nutritional assessment
24-hour recall method 9–10
maternal nutrition 9–11
standardized survey 10
see also nutrition, maternal

nutritional growth restriction 5
nutritional interventions, maternal nutrition 

13–18

obesity
gestational diabetes 11–12
hypertension 11–12
pregnancy outcome 11–13
small for gestational age infants 12
women with physical disabilities 254
wound infections 12

obstetric hospitalist 441
obstetric patient safety committee 441
oligohydramnios 332–4

associations 333–4
clinical signifi cance 332–3
congenital malformations 332, 333
defi nition 332
diagnosis 332
fetal urinary system malformation 328
idiopathic 333
IUGR 333
management 334
multiple gestations 334
postdate pregnancy 333
preterm premature rupture of membranes 

333
scoring system 332
twin pregnancy 333–4, 334
twin-twin transfusion syndrome diagnosis 

470
umbilical artery end-diastolic fl ow 68

omega-3 fatty acids 17
preterm birth 339

opiates
dependence 26–7
postoperative analgesia 437

opioids 434
oral glucose tolerance test (OGTT) 169

diabetes mellitus 176
postpartum in gestational diabetes 171

organic solvents, toxicity 36
oxygen, transfer to fetus 5, 6
oxygen supplementation, asthma in pregnancy 

189
oxytocin

adherent placenta 290
labor induction 402
postpartum hemorrhage 290
uterine atony 290
uterine rupture 403, 419

oxytocin receptor, preterm delivery 347
oxytocin receptor antagonists 379

P-selectins 122
packed red blood cells (PRBC) 303

amniotic fl uid embolism 304
pain

unrelieved 434
see also analgesia, obstetric

pancreatic transplant patients 163–4
paradoxical embolism, maternal 139
parathyroid hormone (PTH) 15
parenting, women with physical disabilities 

255
parvovirus B19 218–20, 228

clinical manifestations 218
diagnosis 218–19
management 219–20
transmission 218

pathogen-associated molecular pathogens 
(PAMPs) 348, 349

patient-controlled analgesia, intravenous, 
postoperative analgesia 437
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patient-controlled epidural analgesia 435–6
postoperative analgesia 437

patient education, asthma during pregnancy 
187, 190

patient safety 439–42, 443
Adverse Outcome Index 439–40, 442, 443
amniocentesis 454–5
anonymous event reporting system 441, 443
checklists 440–1
chorionic villus sampling 458–9
computerized order entry 441
crew resource management 441
culture measures 440
evidence for improvement tools 442
guidelines 440–1, 442
induction for preeclampsia 443
measurement 439–40
obstetric hospitalist 441
obstetric patient safety committee 441
outcome measures 439–40
outside expert review 440
perinatal patient safety nurse 441
process measures 440
protocols 440–1, 442
safety attitude questionnaire 441
simulation 442
standardization of fetal monitoring 

assessment 441–2
team training 441
tools for improving 440–2

pelvic artery occlusion, placenta accreta/
percreta 294

pelvic pressure pack 293
postpartum hemorrhage 295

Pena-Shokier phenotype 66
penicillin

allergy 235, 236
group B streptococcal infection 234, 235
syphilis treatment 222

perinatal death
chronic hypertension 207
HELLP syndrome 284
multifetal pregnancy 13

perinatal infections 218–28
perinatal medicine, advances 1, 2, 3
perinatal mortality

asthma in pregnancy 184
cesarean delivery 406
multiple gestations 395–6
underweight women 7–8

perinatal patient safety nurse 441
perinatal team 3
perineal lacerations 392
peripartum cardiomyopathy (PPCM) 141–3

management 142, 143
recurrent 142–3
risk factors 142

peritoneal closure, cesarean delivery 408
pesticides, toxicity 35, 37
pharmacotherapy, alcohol/substance abuse 

26–7
phenobarbital 194

alcohol abuse withdrawal 27
bilirubin conjugation by fetal liver 310, 312

phenytoin 194–5, 196, 200
pheochromocytoma, chronic hypertension 205
phosphatidylglycerol (PG) 75–6
phototherapy 310, 312
physical disabilities, maternal 253–7, 257–8

antepartum consultation 254
autonomic dysrefl exia 256, 257–8
barriers to care 254–5
bladder dysfunction 253
cerebral palsy 257
delivery 256, 258
labor 256, 258
medication use 254, 255
mobility 254
multiple sclerosis 256
parenting 255
planning for baby care 257
pregnancy outcomes 255–7

preterm birth 256
psychosocial risk factors 254
respiratory function 256
rheumatoid arthritis 256–7
skin integrity 254, 256
spinal cord injuries 253, 255–6, 257–8
urinary tract infection 253, 256, 257
venous thromboembolism 253
weight gain 253–4

physical violence/abuse, women with physical 
disabilities 254

placenta 5–6
adherent 289–90, 294, 297–8
confi ned mosaicism 460–1
manual removal with cesarean delivery 407
migration 384
retained 289
systemic lupus erythematosus 211
trapped 289

placenta accreta 293–6, 387–8
clinical presentation 388
diagnosis 388
imaging 388
incidence 387–8
management 293–6
pathophysiology 388
risk after hysterotomy 465
risk factors 387–8
unexpected at delivery 296

placenta percreta
management 293–6
postpartum hemorrhage 293–6
unexpected at delivery 296

placenta previa 382–5
case presentation 388–9
classifi cation 382, 383
clinical presentation 382
complications 384–5
delivery mode/timing 385
diagnosis 382–4
incidence 382
management 384
placental migration 384
risk factors 382
ultrasound 383–4
uterine incisions 385

placental α-microglobulin 1 (PAMG-1) 365
placental abruption

antiphospholipid antibody syndrome 265
chronic hypertension 207
decidual hemorrhage biomarker 353
inherited thrombophilias 112–13
maternal complications with multiple 

gestations 318, 319
PPROM 349–50
preterm delivery 349–50

decidual hemorrhage biomarker 353
placental hormones 5, 6
placentation, abnormal 318, 319
plasma osmolality 151
plasma volume in pregnancy 131, 132
plasminogen activator inhibitor 1 (PAI-1) 123

inherited thrombophilia 111–12
levels in pregnancy 108, 109

plasminogen activator inhibitor 2 (PAI-2) 123
Plasmodium (malaria) 231
platelet α-granules 122
platelets

activation 121–2
adhesion 121
aggregation 122
count in HELLP syndrome 284–5
plug formation 121–2
postpartum hemorrhage 295
recruitment stimulation 304, 305
transfusion 303–4

idiopathic thrombocytopenic purpura 103
pneumonia

sickle cell disease 94–5
varicella 227

polychlorinated biphenyls (PCBs) 35–6, 37
polycystic ovarian syndrome 262

polyhydramnios 330–2
anencephaly 329
associations 331
complications 331
congenital malformations 331
defi nition 330
diabetes mellitus 176, 331
diagnosis 330–1
erythroblastosis fetalis 331
fetal anomalies 331
idiopathic 331
labor 331
management 331–2
postpartum hemorrhage 297–8
renal agenesis 328
sequelae 331
twin pregnancy 334
twin-twin transfusion syndrome diagnosis 

470
ponderal index see body-length ratio
postdate pregnancy

oligohydramnios 333
see also prolonged pregnancy

postpartum depression 434
women with physical disabilities 254

postpartum hemorrhage 289–97, 297–8
activated factor VIII 295
adherent placenta 289–90, 294, 297–8
aortic clamping 295
arterial embolization 292, 295
blood products 295
conservative management 295–6
fl uid administration 295
hysterectomy 292–3
internal iliac artery embolization 293, 295
magnesium supplementation 15–16
maternal complications with multiple 

gestations 318, 319
mechanical control 291
pelvic pressure pack 293, 295
persistent 295
placenta accreta 293–6
placenta percreta 293–6
polyhydramnios 297–8
postoperative management 295
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retained placenta 289
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surgical control 291
temporizing management 295
trapped placenta 289
uncontrolled 295
uterine atony 290–3
uterine brace sutures 291
uterine devascularization 291–2
uterine inversion 296–7
uterine tamponade 291

posttraumatic stress disorder (PTSD)
recurrent spontaneous abortion 266
unrelieved pain 434

potassium chloride intracardiac injection 
317

Potter syndrome, oligohydramnios 333
prednisone 161
preeclampsia 280–4

abnormal angiogenesis 281
antiphospholipid antibodies 115
antiphospholipid antibody syndrome 265
asthma in pregnancy 184
cardiac transplant patient 166
chronic hypertension 205, 207, 208
defi nition 280
delivery 282–3, 287
diagnosis 280
fetal demise 450–1
hydralazine 287
hypocalciuria 15
hypothyroidism 181
inherited thrombophilias 112
labor induction 443
liver transplantation 164
lupus fl are differential diagnosis 211
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magnesium sulfate 287
management 281–4
maternal complications with multiple 

gestations 318, 319
multifetal pregnancy 13
pathophysiology 281
perinatal outcome 281
plasminogen activator inhibitor 1 levels 112
postpartum management 283–4
prediction 287
prevention 287
proteinuria 153
renal disease 158
renal transplantation patients 163
severe 280, 281, 287

management 282–3
severity 280
sickle cell disease 95, 96
systemic lupus erythematosus 212, 215
thrombocytopenia 103
transplant patients 165
weight gain during pregnancy 8

pregnancy (general)
adverse cardiac events 133
blood volume 131
dating 63–4

fi rst trimester 63
second/third trimesters 63–4

dietary recommendations 10, 18–19, 20
energy requirement 6
hemostatic changes 108, 109
high risk 394
outcome

adverse 7–9
maternal nutrition 4
obesity 11–13

physiologic changes 131, 132
anesthesia 436–7

sickle cell disease 93–4
weight gain 6, 7–9
see also prolonged pregnancy

pregnancy-associated plasma protein A 
(PAPP-A) 57, 61

Down syndrome diagnosis 320
with NT measurement 59, 320

preimplantation genetic screening (PGS) 261
preimplantation genetics 3
prematurity

adverse outcomes 321
multiple gestations 314

prenatal care, comprehensive 27, 28–9, 30
prenatal diagnosis, indications 453
preterm birth

abruption-associated 349–50
acute-phase reactant infl ammatory 

biomarkers 353
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antibiotic therapy 339
asthma in pregnancy 184, 186
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cervical cerclage 339–41 
cervical changes 339–40
cervical length 339–40, 341, 354–5
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consequences 374
costs 337
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348–9
defi nition 337, 346
etiology 346–51
handicap risk 337
immunosuppressive agents 166
incidence 346
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infl ammatory biomarkers 352–3
likelihood ratios 351–2
liver transplantation 164
magnesium sulfate neuroprotection 449–50
markers of fi nal common pathway 353–5
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medically indicated 346

monoamnionicity 318
multifetal pregnancy 13
multiple gestations 314, 317 
malaria-induced 232
omega-3 fatty acids 339
pathogenesis 346–51
placental abruption 353
PPROM 339, 342, 346
prediction 351–3
prevention 337–43
progesterone prophylaxis 341–3
prostaglandins 347, 351
proteomics 352–3
racial factors 337, 348
rate 337
retained placenta 289
risk with hysterotomy 465
spontaneous 271, 346
social phenomenon 337–8
systemic lupus erythematosus 212, 215
tocolytic agents 338
women with physical disabilities 256–7
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activity restriction 376–7
antibiotic prophylaxis 377
assessment 375
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case presentation 380
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corticosteroids 375–6, 380
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delivery mode 380
diagnosis 375
evaluation 374, 375
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377
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management 374–80
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375–6
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prophylaxis 375–6
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hysterotomy 465
screening tests 374
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antibiotic therapy 339
cerclage complication 276, 370
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cesarean delivery 371
clinical course 365–6
complications 366
diagnosis 365
emergency cesarean delivery 356
evaluation 366–7
fetal demise 366
fetal membrane resealing 370
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group B streptococcal infection 235–6, 237
labor induction 369–70
latency to delivery 365
liver transplantation 164
management 367–70, 371
maternal complications with multiple 
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mechanisms 364
near-term 367
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placental abruption 349–50

prediction 364–5
preterm birth 339, 342
preterm delivery 346
prevention 365
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resuscitation 356
risk factors 364–5

hysterotomy 465
special circumstances 370
systemic lupus erythematosus 212, 215
tocolytic agents 369
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primidone 194
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cervical insuffi ciency 277
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preterm birth prevention 341–3
preterm delivery 346
preterm labor prevention 377
recurrent spontaneous abortion 262
safety 342
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progestogens, preterm birth prevention 342
prolonged pregnancy 391–3, 394, 395–6, 396–7
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cesarean delivery 392
complications 391–2
defi nition 391
delivery timing 393
etiology 391, 392
fetal risk 391–2
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intrapartum management 396
management 392–3, 394, 395–6
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neonatal mortality 392, 394
nutritional growth restriction 5
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prevalence 391
prevention 392–3, 394, 395–6
prognosis 396
stillbirth 392, 394, 395

propranolol 181
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prostacyclin PGI2 351
prostacyclin PGI2 synthase 351
prostaglandin(s), preterm delivery 351
prostaglandin E2

cervical ripening 190
preterm delivery 347
uterine atony 290, 291
uterine rupture 403

prostaglandin F2α 347
uterine atony 290–1

prostaglandin synthetase inhibitors, 
polyhydramnios 332

protease, preterm delivery 346, 351
protease-activated receptor (PAR) type 1 350
protease inhibitors 245, 247–9, 250
protein C defi ciency 108

inherited thrombophilia 110–11
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conjoined 314
fetal demise 472
fetal growth 4–5
oligohydramnios 333–4, 334
polyhydramnios 334
weight discordancy 334

twin reverse arterial perfusion (TRAP) 314, 
471, 472
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oxytocin 403, 419
risk factors 417
risk with prior cesarean delivery 403–4, 

416–19
sequelae 417
vaginal birth after cesarean delivery 420

uterine scar, sonographic evaluation 419
uterine tamponade, postpartum hemorrhage 

291
uterine wall stress 350
uterus
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