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each tablet,

capsuleor Sco.

teaspoonful
of elixir
. 5l B (23% alcohol)
hyoscyamine sulfate 0.1037 mg
atropine sulfate 0.0184 mg
hyoscine hydrobromide 0.0065 mg

phenobarbital Yarl16 2ma

each
Donnatal each
No2  Exentab
0.1037 mg 0.3111 mg.
00194 mg 0.0582 mg.
0.0065 mg 0.0195 mg.

Y% ari32dama (¥ arl486ma

Brief summary. Side elfects: Blurring of vision, dry mouth, difficult
urination, and flushing or dryness of the skin may occur on higher
dosage levels, rarely on usual dosage. Administer with caution to
patients with incipient glaucoma or urinary bladder neck obstruc-
tion as in prosiatic hypertrophy. Contraindicated in patients with
acute glaucoma, advanced renal or hepatic disease or a hyper-
sensitivity to any of the inaoredients



eaoh tablet
_ capsuleor Sce. ,
i e D“ﬁghfac G :
O elixie : [elgizic] - . BE ;
 (23% sloohol) Rio > . ot - dosage Ievels rarely on usual dosage. Administer with cautson o

mm‘ patients with incipient glaucoma or urinary bladder neck obstruc-

i 0.0194 mg. 00194 mg.  00582mg. tion as in prostatic hypertrophy. Contraindicated in patients with.
hycscme hydrobromide 0.0065 mg. 00065mg.  00195mg. -acute glaucoma, advanced renal or hepaltic disease or 4 hyper-
_phenobarbital (Ygr)162mg. (% gr)324mg. (% gr)486mg. sensitivity to any of the ingredients.
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8 BOGDANOVE: GONADOTROPHIN RELEASING FACTOR(S)
1
|
Pineal
Possible short loops
?
¥
b
' Extra- 21 3 J Y 4 VR E VI
| hypothalamic Hypo- A.nt?rior Peripheral > Gonad
I CNS thalamus Pituvitary Clearance
T ba 6b
Possible long loops
il
Interoceptive neural inputs Genitalia
efc.
Exteroceptive neural inputs

Fig. 2—Major components of brain-pituitary-gonadal control system. Boxes represent loci (generally organs) of physiological responses
to stimuli. Arrows, which constitute responses as well as stimuli, represent signals (which may be either neural or humoral). To con-
serve space, some arrows have been numbered: 1) pineal secretion (melatonin?); 2) afferent and efferent neurons ; 3) hypophysiotrophin
secretion; 4) LH, FSH, etc. in portal venous blood; 5) LH, FSH, etc. in peripheral blood; 6a) gonadal steroid secretion; 6b) eggs or

sperm.

served—plus any changes which may also have oc-
curred without being detected—had been induced
by administration of crude, or even partially purified,
hypothalamic extracts, it was simply impossible to
attribute the response(s) to specific components of
the extracts. Thus, acid extracts of rat (or sheep,
or pig, or steer) hypothalamus could release TSH,
growth hormone, ACTH, LH, FSH, and, under
some conditions, MSH (melanophore-stimulating
hormone, or intermedin). At the same time, they
could inhibit release of prolactin. The extent to
which these, and other, effects could be attributed
to the presence of specific hypophysiotrophic
molecules in these extracts still remains to be deter-
mined. Until all such demonstrations have been re-
produced, using “RFs” of unequivocal purity, our
views of how the hypothalamus might exert its
effects on pituitary secretory activity will have to
remain indefinite.

This was the urgent reason for the intense and
sustained efforts of the several laboratories which
were engaged in the great releasing-factor hunt of
the last decade. The task of collecting and extract-
ing hundreds of thousands of hypothalamic frag-
ments from sows and cows and ewes, in order to
obtain, at the end of nearly 10 years, the smidgins
of purified materials needed to define the chemical

structures of the RFs, can truly be described as epic.
The results of these Augean labors have finally begun
to be visible. The structure of the thyrotrophin re-
leasing hormone TRF (or TRH, using Schally’s
nomenclaturet) was discovered barely a year be-
fore that of the single decapeptide molecule which
appears able to release both LH and FSH (Baba,
et al, 1971). The name of this molecule has not
yet been settled. Schally has given it the quasi-
acronym “LH-RH/FSH-RH,” but the same mole-
cule is being prepared synthetically, by Abbott
Laboratories, under the name of GnRH (for
gonadotrophin-releasing hormone).

Far more important than what this compound
should be called is the question of what it can do;

¥ Schally has proposed (Schally, Arimura, et al,
1968) that the RFs be called RHs (for releasing hor-
mones) on the basis that they ought to be recognized
as full-fledged members of the community of hormones.
Guillemin and others (Burgus and Guillemin, 1970; Bog-
danove, 1972) have objected to Schally’s terminology, for
several reasons. Still other nomenclature has recently been
proposed (Saffran, 1972). Debate about etymological
propriety seems pointless since these compounds will be
known best by the names under which they are distributed
by the pharmaceutical companies which undertake to mass
produce them. Therefore, despite my previous objections, I
will refer to Schally’s LH-RH/FSH-RH as GnRH.
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40 BHATNAGAR: CHEMICAL CHANGES IN AMNIOTIC FLUID

acidosis nor hypothermia were associated with
clinical respiratory distress syndrome in the full-term
infant. When trachial aspirates were obtained from
prenatal, or. from premature infants while they were
still hypothermic, he found little or no phosphatidyl
dimethyl ethanolamine which meant that the meth-
ylation pathway was not functioning. As the infants
were put into an incubator and temperature brought
up, increasing amounts of PDME were found in
trachial aspirates which indicated that the heat sup-
plied to them was activating this pathway. These
findings suggested that the methylation pathway is
vulnerable to external insult. Yet if this were the case,
then some full-term infants should also show re-
spiratory distress, which they do not. Gluck’s ex-
planation for this is based on his evidence that
early in gestation the methylation pathway is the
more important but at about the 35th week the
choline incorporation pathway takes over causing the
surge of lecithin. As the choline incorporation path-
way is not vulnerable to external insult, it is pro-
ducing sufficient quantities of surfactant for the
full-term infant not to have respiratory distress: Thus
the premature infant is at a disadvantage because
at around 30-34 weeks gestation when the methy-
lation pathway is dominant and vulnerable to external
insult, the choline incorporation pathway has not
yet assumed maximal function, and hence, sufficient
surfactant is not being produced. The only lab find-
ing that Gluck reports in support of his hypothesis
is that in vitro, the methylation pathway is markedly
inhibited below a pH of 7.2; in vivo, exposure to
cold or hypothermia or hypoxia causes acidosis in
the neonate, which could then inhibit the methyl-
ation pathway.

With all this data, we now have the basis for
developing a method for the prediction of re-

22

zé \

-
®

|1

-
»
—

-
~

™
—

Concentration (mg/ 100 mi)
et
S

o

/] N
4 7 \\ 0
2 ]
18 20 22 24 26 28 . SQ 32 34 36 38 Term
Gestation (Weeks)
[:—E] Lecith'in [===] sphingomyelin )

Fig. 2—Concentrations of sphingomyelin and lecithin in
amniotic fluid during gestation. (Reprinted with permission
from Gluck, Hosp. Pract. 6:45, 1971.)

spiratory distress in the neonate by measuring lec-
ithin and sphingomyelin in amniotic fluid. Although
lecithin and sphingomyelin are measured individu-
ally, the results are reported in terms of the ratio
of lecithin to sphingomyelin. Once the ratio starts
getting higher than 1 or 2, one might be able to
give some indication about whether respiratory
distress could be predicted in that fetus were it de-
livéred at that time. The method we have developed
and are using at present is a modification of Gluck’s
original method (Gluck, Kulovich, et al, 1971) and
is outlined in Fig. 4. Three mililiters of amniotic
fluid are taken to which are added 3 ml of methanol
and 6 ml of chloroform in a centrifuge tube. The
whole is extracted once, centrifuged, and the lower

@

a,8-Diglyceride CDP- choline Phosphatidyl choline
(Lecithin)
@ CDP- ethanol- _
amine +CH;3
Phosphatidyl- +CH, Phosphatidyl - __*CHy _  Phosphatidyi—
ethanolamine methylethanolamine dimethylethanolamine
(PE) (PME) (PDME)

Fig. 3—Two postulated pathways for lecithin Biosynthesis.
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44 YANNONE: HORMONAL CHANGES IN PREGNANCY
G
C=0
ACE\L TATE J::éjﬁm »umE,:.@ﬁ
0350 0,50 0350
CHOLESTEROL Pregnenolone Dehydroepiondrosterone  16d-Hydroxydehydro-
Sulfate Sulfate iondrosteron
H3 CH3 epiondro e
\ Z.o / ¢e0 1 0 S""°'°
(17-hydroxylase) OH /&jﬂﬁ-hﬂmﬂu@ﬁ
HO HO HO
Pregnenolone I7-Hydroxypregnenolone Dehydroepiandrosterone 16 @-Hydroxydehydro-
l ‘ epiandrosterone
1 ) |
! | 1
r Relative block in 368-Hydroxysteroid dehydrogenase activily ]
| \ |
PLACENTAL | \L

21-hydroxylation
ng -hydroxylation

PROGESTERONE ='PROGE STERONE »‘ I7-HYDROX Y-

PROGESTERONE —> ANDROSTENEDIONE

l 2/-hydroxylation

113 -hydroxylation 118 -hydrox ylation

CHjy CH20H
] ]
S C=0
[0} [0}
16 a-Hydroxy- Corticosterone Cortisol
progesterone

ALDOSTERONE

0o
HO

[0}
113 -Hydroxyandrostenedione

Fig. 1—Pathways of steroid metabolism in the human fetal adrenal cortex. The major secretory products are boxed in. (Reprinted
with permission from Villee. New Eng. J. Med. 281: 473, 1969.)

As depicted in Fig. 3, the placenta produces
estrogens from androgens of maternal and fetal
adrenal origin. Androstenedione, DHEA, and testos-
terone are converted by the placenta to estradiol
and estrone. It is estimated that the mother and
fetus each contribute about 50% of the androgens
which are made into these 2 estrogens. Since the
ability to 16a-hydroxylate androgens is essentially
limited to the fetal adrenal and liver, the fetus is
the major contributor of 16«-hydroxylated andro-
stenedione, DHEA, and testosterone which are
converted by the placenta to estriol. The maternal
contribution to estriol at term is less than 10% and
probably arises from her adrenal androgens which
escape conversion to estradiol and estrone on passage
through the placenta to fetus. In the fetus, however,
her androgens can be hydroxylated at the 16«

position before recirculation back to the placenta
where synthesis to estriol can occur.

The above information indicates that the
clinical assay in pregnancy of plasma progesterone
or its major metabolite, pregnanediol, in the urine
would mirror placental integrity. On the other hand,
estrogen assays, particularly urinary estriol, would
reflect fetal integrity.

Hormone Secretion Patterns and Effects in Nor-
mal Gestation.

A. Progesterone. The corpus luteum appears
to be the initial source of progesterone in preg-
nancy. Subsequently, it is produced by the placenta
in increasing amounts from maternal cholesterol.
This transition of secretion from one gland to the
other is shown in Fig. 4. Both plasma 17«-hydroxy
progesterone and progesterone of corpus luteum
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ACETATE

CHOLESTEROL CHy

C=0
CIO
ﬁéjﬁ =

Pregnenolone

(38-hydroxysteroid
dehydrogenase -1somerose )

B
Cc=0
63-Hydroxyprogesterone
i
o \ C=0
Progesterone wj
I ) |
OH
"-

6a-Hydroxyprogesterone

N
%,

0350

Pregnenolone Sulfate

o
x
0o-0
i%uz
O w

\

20a-Dihydroprogesterone

Fig. 2—Principal precursors and metabolites of progesterone
in the human placenta. The major steroid secreted by the
placenta (progesterone) is boxed in. (Reprinted with per-
mission from Villee. New Eng. J. Med. 281:473, 1969.)

origin are seen to peak at 3-4 weeks after ovu-
lation. At 6-8 weeks post-ovulation, the proges-
terone reaches a nadir while the 17a-hydroxy pro-
gesterone continues to decline. Since the placenta
lacks significant 17«-hydroxylase capability, it is as-
sumed that the secondary rise in progesterone reflects
placental function. It is of interest to note that
HCG—believed to maintain the corpus luteum of
pregnancy—continues to rise while both hormones
of corpus luteum origin are declining.

The secondary rise in placental progesterone
continues to increase progressively to a maximum
plateau at 36-40 weeks. This is seen from our data
in Fig. 5, where the level at 8 weeks of 2 micro-
grams % increases linearly to about 14 micrograms
% at term. The curve seems to parallel that of
placental weight and is of similar configuration to
that of urinary pregnanediol as depicted in Fig. 6.

It is important to note that no significant drop
in progesterone occurs prior to labor. However,
during parturition we and others have found a
slight downward trend of mean values and this may
be a reflection of placental ischemia secondary
to the uterine contractions. There is a rapid drop
in the plasma progesterone after delivery of the
placenta verifying the hormone’s short half-life.

It has been estimated that the term placenta

45

produces 200-300 mgms of progesterone daily. The
role of this large amount of hormone is not well
defined, but possible metabolic functions are:

1. The maintenance of growth and development
of the fetus; for example, it is a precursor
steroid for the synthesis of cortlcmds by the
fetal adrenal cortex.

2. An immunosuppressive agent to protect the

feto-placental homotransplant.

3. A defense mechanism acting on the myo-
metrium to prevent premature expulsion of
the fetus.

. Prepare the breasts for lactation.

. Mediate a variety of biochemical events;
for example, antagonize at the renal tubule
the effects of the increased aldosterone con-
centration found in pregnancy.

TN

B. The Estrogens. Quantitatively, estriol is the
major estrogen of human pregnancy. Its biologic
potency, however, is significantly less than that of
estradiol and estrone. The urinary excretion curve
for estriol is presented in Fig. 7; the amount rising
from low early levels to high levels at term. An
acceleration in the increase is apparent during the
last few weeks. There seems to be a good correla-
tion between the estriol curve and that for the
fetal weight. Klopper, reviewing the literature, found
the average levels to be 10.1, 14.2, 19.8, and 26
mgms at 28, 32, 36, and 40 weeks respectively.
Similar curves for urinary estradiol and estrone
have been found, but the amounts are in the micro-
gram range. These two estrogens, like estriol, prob-
ably reflect the status of the feto-placental unit.
Munson in our group has assayed unconjugated
estradiol in the plasma of normal pregnancies. A
mean value of 200 nanograms % in early pregnancy
(9-16 weeks) rose to 1196 nanograms % dur-
ing the last 8 weeks. A curve configuration similar to
urinary estrogen excretion patterns was obtained.

I suspect that the estrogenic effects of preg-
nancy are primarily due to estradiol, the most po-
tent of these 3 estrogens. It mediates the growth and
function of the maternal reproductive organs and
probably is important to fetal growth and develop-
ment. The reason for the large mass of estriol pro-
duction is not clear. There is little evidence at the
moment that it is involved in the start of human
labor.

A biochemical effect of estrogen in pregnancy
or when given to a woman exogenously is the in-
creased liver synthesis of certain steroid hormone
binding globulins. The increased hormone binding
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Fig. 3—Synthesis of estrogens by the human placenta. The pathways for the conversion of C19 steroids to estrogens are shown.
The major estrogens secreted by the placenta are boxed in. (Reprinted with permission from Villee. New Eng. J. Med. 281: 473, 1969.)

results in elevated concentrations of serum thy-
roxine (also the PBI), plasma cortisol, and testos-
terone. However, the amount of free or unbound
hormone, and presumably the biologically active
fraction, is unchanged. Unless this estrogen effect
is taken into account, the clinician can be misled
by the elevated laboratory result. The only excep-
tion to this physiologic change is for plasma cortisol
in pregnancy. The large amount of placental pro-
gesterone in pregnancy plasma competes with corti-
sol for binding sites on transcortin and increases
the free cortisol fraction. Therefore the pregnant
woman is actually in a state of mild adrenal hyper-
corticism.

C. Human Placental Lactogen (HPL). This
polypeptide hormone secreted by the syncitial
trophoblast is immunologically similar to but distinct
from human growth hormone. Metabolically it ap-
pears to be a weaker growth hormone. Its pattern
of secretion into the blood is shown in Fig. 8; the
increasing concentration throughout pregnancy
parallels the curve for placental weight. Like pro-
gesterone, its blood concentration reflects placental
rather than fetal integrity. Fetal death may not
significantly drop the level for a period of time as
long as the materno-placental circulation is intact.
The placental secretion is essentially unidirectional
into the mother; much lower levels being found in
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mature labor. The theory most often advanced to
explain the mechanism which institutes parturition
is the progesterone-block concept. This maintains
that progesterone suppresses myometrial contractility
during gestation and labor begins upon withdrawal
of the hormone. However, our studies and those of
others have not shown a significant and consistent

drop in circulating progesterone prior to labor’s

onset. These findings do not exclude a protective
role for progesterone as an effective decrease may
occur that is not apparent in the circulating levels.
One possibility that we investigated was that the
concentration of free and active progesterone de-
creased with advancing pregnancy because of in-
creased protein binding of the hormone. However,
we found the percentage of binding to remain
constant throughout pregnancy, which meant that
as the total progesterone concentration rose so did
the concentration in the bound and unbound frac-
tions. With this negative finding we have turned to
studies which may show decreased progesterone
levels within the myometrial cells. Our results are
too preliminary to draw conclusions. '

In spite of our ignorance as to how labor starts,
we are not totally devoid of therapeutic agents. Within
reason labor can be induced at term with oxytocin.
It is much less effective earlier in pregnancy. Pros-
taglandins such as F2« appear to be effective at term
as well as earlier in gestation. However, on parenteral
use in the first 2 trimesters, the therapeutic-toxic
difference becomes too narrow. This problem may
be overcome by using the prostaglandin locally in
the vagina to induce an indicated abortion or
premature labor. Lastly, with judicious use of
intravenous alcohol in premature labor, the expul-
sion of the fetus can be delayed a few days to a
few months in about 65% of the patients.

D. Estriol and Complicated Pregnancies. The
most important clinical consideration at the moment
is the value of serial estriol determinations in the
management of high-risk pregnancies. While it can
be helpful in certain complications of pregnancy such
as diabetes mellitus, toxemia, and dysmaturity to
evaluate the fetal status, it is not without pitfalls.
First the clinician is at the mercy of the quality
control of the laboratory doing his assays. Inaccurate
results can lead to false security or ill-timed termi-
nation of pregnancy. Even with a good laboratory,
the results may not always reflect the true status of
the pregnancy. Unfortunately, our knowledge of
estrogen metabolism in pregnancy is inadequate to
explain such discrepancies any better than it can
explain why Rh iso-immunized jeopardized preg-

YANNONE: HORMONAL CHANGES IN PREGNANCY

nancies do not show subnormal estriol levels. Even
more disconcerting is the fact that excellent clinicians
using good laboratories are reporting perinatal
losses in diabetic pregnancies no better or even

Y HPL.
Control (8)
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Fig. 8—Human placental lactogen (HPL) in serum. The
80 black dots represent individual values, the open circles
represent the means for 4 week intervals and the vertical
lines the standard error of the mean. The dash lines show
the upper and lower limits of all determinations in the con-
trols. (Reprinted with permission from Samaan, et al. Am.
J. Obstet. Gynec. 104:7§1; 1969.)
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Fig. 9—Mean serum levels of chorionic gonadotrophin in
normal pregnancy. The curves are based on results reported
by various authors using different bioassay and immunoassay
methods. Curve 1: uterine weight increase in rats; Curve 2:
ovarian hyperemia in rats; Curve 3: complement fixation;
Curve 4: hemagglutination. (Reprinted with permission
from Fuchs and Klopper ‘(eds.). Endocrinology of Preg-
nancy, First Edition. New York: Harper and Row, 1971.)
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GREISS: UTERINE BLOOD FLOW DURING PREGNANCY 53

et al, 1968). Therefore, our primary atten-
tion should be directed to the second part of the
equation accompanying the illustration. This shows
that placental blood flow varies directly with the per-
fusion pressure (UABP-IUP-UVBP) and inversely
with the resistance of the spiral arterioles supplying
the intervillous space (R;p;,) and the resistance im-
parted to the blood vessels as they course through
the myometrium (R.). The effects of various stimuli
on these resistances are summarized in Table 1. All
vasodilator stimuli exert inconsequential or no effect
while all vasoconstrictor stimuli are capable of pro-
ducing marked persistent reductions in flow. Four
observations are of particular pertinence to the
clinician: 1) Under normal circumstances, the plac-
ental vasculature approaches maximal vasodilata-
tion (Greiss, 1966). This means that we have no ef-
fective way of further increasing placental blood
flow. It also means that placental perfusion will vary
directly with and in proportion to changes in sys-
temic blood pressuret (Fig. 3), that is, a 30% de-
crease in systemic blood pressure will cause a 30%
decrease in placental blood flow. 2) Endogenous or
exogenous vasopressor hormones or drugs (Fig. 4)

Myometrium and
Endometrium

Amniotic
Cavity
Draining Vein
uvepP
Intrauterine
Pressure

Uterine artery

UABP

Uterine Blood = Non-placental Blood +

Placental Blood

Flow Flow Flow
= UABP-UVBP ; _UABP-IUP-UVBP
Riu-n_"' Re RiPL. + Re

Fig. 2—Schematic representation of those factors determining
placental and non-placental uterine blood flow. Note that the
reactivity of the non-placental vasculature (R:y-py) is different
from that of the placental vasculature (R;py), the extrinsic
vascular resistance (R.) imparted by contracting myometrium
affects both vasculatures similarly, and that by increasing intra-
uterine and intervillous space pressures, myometrial contractions
decrease placental perfusion pressure. UABP and UVBP
indicate uterine arterial and venous pressures, and IUP equals
intrauterine (intra-amniotic) pressure.

t For practical purposes in the absence of uterine con-
tractions, perfusion pressure is determined primarily by ar-
terial blood pressure.

and sympathetic nerve stimulation (Fig. 5) cause
significant vasoconstriction (increase Rip;) usually
proportionately greater than that induced in other
peripheral vascular beds. This means that although

120

70| “] " !H W
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60 |

Uterine Blood Flow (% of Control)

i
o

@ =0riginal values
Experiment 13-1
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[l L ) 1 L L i L L .
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o

Fig. 3—Graph of the relationship between perfusion pressure
and uterine blood flow at term gestation in the ewe indicating
that the dominant placental vasculature is almost maximally
dilated and that placental perfusion decreases linearly with
decreases in the systemic blood pressure. (Reprinted with
permission from Greiss. Am. J. Obstet. Gynec. 96: 41, 1966.)
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Fig. 4—Original tracing of the effect of norepinephrine on
uterine blood flow in the gravid ewe. Circled numbers indicate
uterine conductance values. Such profound vasoconstriction
and decrease in uterine blood flow is typical of the action of
endogenous adrenal medullary hormones and peripherally
acting vasopressor agents. (Reprinted with permission from
Greiss. Am. J. Obstet. Gynec. 112: 20, 1972.)
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Fig. 5—Original tracings of the effect of lumbar sympathetic nerve stimulation on uterine blood flow in the pregnant ewe. Although
sympathetic tonus is low during resting conditlons, profound uterine vasoconstriction is evoked by maternal hemorrhage. (Reprinted
with permission from Greiss and Gobble: Am. J. Obstet. Gynec. 97: 962, 1967.)

uterine contractions (Borrell, et al, 1964; Ramsey,
et al, 1963). Under optimal conditions, brief epi-
sodes of intervillous stasis evoke no evidence of fetal
distress. However, when such episodes are superim-
posed upon a fetoplacental unit already compromised
with respect to placental perfusion, fetal hypoxia
will be manifested initially by late d;:celeratlon of the
fetal heart rate with respect to uterine contractions,
later by progressive fetal acidosis and finally by per-
sistent bradycardia signaling incipient fetal ‘demise
(Hon and Quilligan, 1968).

Labor. During strong myometrial contractions,
placental perfusion temporarily ceases. For illustra-
tive purposes, let us assume that intervillous flow
stops for 30 seconds of a 45 second contraction and
45 seconds of a 60 second contraction. The effects
of such contractions on mean placental blood flow
are illustrated in Fig. 8. As the duration and fre-
quency of myometrial contractions increase, mean
placental flow progressively decreases. If labor

begins when placental flow is optimal, even the most
active contractions (solid line) cause no fetal jeo-
pardy. However, when flow is suboptimal initially,
active labor will evoke fetal distress (long dashed
line) and when the pre-labor flow is borderline, even
mild labor will cause distress or fetal death (short
dashed line). It is evident, therefore, that labor is
inherently stressful to the fetus. This fact must be
remembered whenever patients with high-risk preg-
nancies begin spontaneous or induced labor.

' Hemorrhage. Maternal hemorrhage is a most
potent stimulus of adrenal medullary hormone secre-
tion and sympathetic nerve stimulation. Acute mod-
erate hemorrhage (500-750 ml. within 15 minutes)
causes minimal changes in maternal blood pressure
and pulse rate. However, these parameters are
maintained by peripheral vasoconstriction with an
inevitable decrease in placental blood flow (Fig. 9).
Acute severe hemorrhage (1500 ml. in 15 minutes)
evokes a further increase in peripheral and uterine
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. RHESUS 66-2
~ TERM PREGNANCY

Minutes

Fig. 6—Original tracing of the effect of spontaneous uterine contractions on uterine blood flow in the term-pregnant Rhesus monkey
The uterine blood flow trace is the inverse image of the intrauterine pressure pattern. Uterine blood flow achieves maximum levels
during myometrial diastole only. Therefore, mean utérine blood flow will decrease as the frequency of contractions increases and
the duration of myometrial diastole decreases. (Reprinted with permission from Greiss and Anderson. Clin. Obstet. Gynec. 11: 96,
1968.)

Hypothetical Relationship Between
Fetal Condition and Placental Blood Flow

100

Optimal Oxygenation
Normal Growth

~
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Sub-optimal Oxygenation
Retarded Growth

Inadequate oxygenation- Progressive acidosis
Late FHR deceleration - Limited survival time

-

H
(©)

Severe hypoxia - Persistent bradycardia
Short survival time

Mean Percent of Optimal Placental Blood Flow
(8]
o)

0

Fig. 7—Hypothetical relationship between placental blood flow and the status of the fetus. Of the many parameters determining
fetal well-being, placental blood flow is the most variable and the parameter most subject to pathologic change. The significance of
detrimental influences on placental blood flow increases as the pre-stress level of flow decreases.

vasoconstriction with an associated decrease in sys-
temic blood pressure. Together, these two factors
cause a marked decrease in placental perfusion
(Greiss, 1966). Figure 9 shows that acute severe
hemorrhage may rapidly compromise the fetus even
when the pre-hemorrhage status of placental per-

fusion is optimal. At slower rates of blood loss, the
degree of peripheral vasoconstriction necessary to
maintain maternal integrity will be less because of
compensatory shifts of body fluids into the vascular
compartment, and placental perfusion will not be re-
duced so drastically. Therapy for blood loss should
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Hypoihétical Relationship Between
Fetal Condition and Placental Blood Flow
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Fig. 8—Effect of uterine contractions on mean plaicental blood flow. As the duration and ffequency of contractions increase, mean
flow progressively decreases. If labor begins with optimal blood flow,: placental perfusion is more than adequate even during very
active contractions (solid line). However, if placental perfusion is borderline before labor such as occurs with toxemia, even mild

contractions may cause fetal distress or demise (short dashed line).

be directed toward correcting the vascular volume-
capacity discrepancy. Optimally, this should be ac-
complished with whole blood. However, in emergency
situations when blood is not available or is- being
readied, rapid intravenous infusions of salt solutions
or blood substitutes will still improve placental per-
fusion significantly (Boba, et al, 1966). ,
Non-hemorrhagic Hypotension. Except for
hemdrrhagic and septic shock, most circumstances
that decrease maternal blood pressure do not change
placental vascular resistance. Therefore,‘placental
blood flow will decrease in proportion to the degree
of hypotension. Such circumstances occur most fre-
quently following spinal anesthesia for cesarean sec-
tion. The effects of a typical clinical situation on
placental blood flow are illustrated in Fig. 10. It
should be evident that only those fetuses in the

suboptimal environment prior to anesthesia will be
in jeopardy and only those in the lower suboptimal
range may die. This is especially true since hypoten-
sion of this severity is usually corrected promptly.
Generally, hypotension will respond to a combination
of left-uterine displacement and a rapid intravenous
infusion of 500—1000 ml. of salt or dextrose solution
(Greiss and Crandell, 1965). The former relieves
pressure on the inferior vena cava, thus increasing
venous return to the heart and cardiac output. The lat-
ter reduces the vascular volume-capacity disparity in-
duced by sympathetic nerve paralysis and peripheral
vasodilatation. However, some patients do not re-
spond to these techniques, and vasopressor therapy
becomes necessary. At this point, a knowledge of the -
vasomotor control of the placental blood vessels is
requisite for the selection of that vasopressor agent
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Hypothetical Relationship Between
Fetal Condition and Placental Blood Flow
ACUTE HEMORRHAGE
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Fig. 9—Effect of acute sudden hemorrhage on placental blood flow in the ewe. Prompt therapy with whole blood or blood volume
expanders is necessary to protect the fetus even if pre-hemorrhage conditions were optimal.

most beneficial to placental perfusion. The effects of
two agents, ephedrine and metaraminol?, on plac-
ental blood flow are depicted in Fig. 10 (James,
et al, 1970). By acting primarily on the heart
with minimal uterine and peripheral vasocon-
striction, ephedrine accomplishes the greatest im-
provement in placental blood flow. Metaraminol
improves maternal blood pressure by acting in roughly
equal amounts on the heart and peripheral blood
vessels. Therefore, the beneficial effect of improved
blood pressure is partially offset by placental vaso-
constriction so that the fetal environment is improved
less effectively. The difference between the two agents
becomes significant when one considers flow responses
in a fetus with initial borderline placental perfusion
(short dashed line, Fig. 10). Ephedrine therapy im-
proved perfusion sufficiently to produce a live al-
though probably depressed infant while metaraminol

therapy was inadequate to accomplish even this out-
come. Not shown in Fig. 10 are the effects of pri-
marily peripherally acting pressor agents such as
phenylephrine.* Such agents cause so much placental
vasoconstriction that despite restoration of normal
blood pressure, placental perfusion is not improved
and may even decrease further (Greiss and Crandell,
1965). _

The above illustrations depict the effects of in-
dividual conditions upon placental blood flow. In
clinical practice, it should be evident that such con-
ditions may occur concomitantly, and actually there
is a positive tendency for this to happen. Therefore,
placental perfusion is often reduced by multiple
factors. Our ability to minimize the effect of these
factors on the fetal environment may make the dif-
ference between a healthy child and a stillborn or
retarded infant.

t Aramine®, Merck Sharp & Dohme

* Neo-Synebhfine@, Wintﬁrop Labs.
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Hypothetical Relationship Between
Fetal Condition and Placental Blood Flow
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Fig. 10—Effect of hypotension induced by spinal anesthesia on placental perfusion. Only those fetuses with initial suboptimal
placental blood flow will be affected by marked hypotension (dashed lines). If vasopressor therapy is required, appropriate selection
of the drug according to its mode of action may be crucial to fetal survival.
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Placental Circulation™

ELIZABETH M. RAMSEY, MD.

Visiting Professor of Obstetrics and Gynecology, University of Virginia

School of Medicine, Charlottesville, Virginia

One of the most important developments of
recent years in the field of uterine physiology has
been the recognition that the endometrial changes
occurring during the menstrual cycle and those
associated with pregnancy are interlocking, sequen-
tial events in an ordered progression from the first
day of the cycle to parturition—and not separate
phenomena as was formerly believed. No com-
ponent of the endometrium illustrates this pro-
gression more strikingly than does the vasculature.

Much of the story of uterine vascular pattern
and circulatory mechanism is based upon studies
in the rhesus monkey, employing in vivo techniques
inapplicable to clinical patients. (These studies
were carried out in the Department of Embryology,
Carnegie Institution of Washington at Baltimore.)
Subsequent checking of the monkey findings against
their human counterparts, in operative and necropsy
specimens, etc., has shown the monkey to be a
valid experimental model with reproductive sys-
tem anatomy and physiology closely similar to the
human (Ramsey and Harris, 1966).

Following the menstrual slough the vasculature
regenerates pari passu with the endometrial stroma
and glands (Fig. 1). Initially a long capillary net-
work forms between the stumps of spiral arteries in
the basalis and the epithelial surface. Subsequently,
muscular and elastic layers forming around the capil-
laries transform them into true arteries. It may be
noted parenthetically that this is a more accurate
description than the familiar statement that “spiral
arteries grow toward the endometrial surface.” A
rich capillary bed remains in the immediately sub-
epithelial layer and connects the arteries with veins
which run perpendicularly toward the myometrium.

Although the follicular phase of the cycle is
frequently referred to as the ‘“growth phase,”

* Presented at the 43rd Annual McGuire Lecture
Series, December 3, 1971, at the Medical College of Vir-
ginia, Richmond.

MCV QUARTERLY 8(1): 61-68, 1972

growth of spiral arteries continues unabated during
the corpus luteum phase and even further on, as
we will see. Indeed, vascular growth during the
lutein phase outstrips stromal growth, so that the
increasing length of the arteries must be accomo-
dated within the endometrium by ever increasing
coiling (Fig. 1).

Fig. 1—Camera lucida drawings of the vascular bed at three
stages of the menstrual cycle in the rhesus monkey. Left.
postmenstrual; Center. postovulatory; Right. late secretory.
Myometrium stippled. (Reprinted with permission from
Bartelmez. Contrib. Embryol. 36:153-182, 1957.)

The implanting ovum achieves its first contact
with the maternal blood supply when the penetrating
trophoblast both taps and engulfs capillaries of the
subepithelial network (Fig. 2), permitting maternal
blood to seep, under very low pressure, into the

61
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RAMSEY: PLACENTAL CIRCULATION

Fig. 3—Photomicrograph of a portioni of a monkey placenta
in situ. Chorionic plate above; entrance of an endometrial
spiral artery into the intervillous space at the left. Carnegie
Collection C-477, 29th day of pregnancy, section 47b.

and anchorage is increased. The coils are more
fully smoothed away in the monkey than in man,
probably because monkey endometrium undergoes
the greater stretching.

The terminal dilatations of arteries communi-
cating with the intervillous space appear to be
the result of the weakening of the vessel wall
brought about by replacement of muscle and
elastic tissue by trophoblast. Appearirig first as an
intraluminal accumulation (Fig. 5a), the tropho-
blastic cells gradually invade and replace the
vessel wall (Fig. 5b). The invasion is earlier in
the monkey and baboon than in the human, but it
is deeper and more extensive in the latter. Humah
cytotrophoblast penetrates the endometrial stroma
as well as entering the arterial lumen and invasion
of the wall proceeds from without as well as from
within (Fig. 6). The more drastic elimination of
normal vascular wall resistarice in man doubtless
occasions the larger and more persistent terminal
dilatations of human uteroplacental arteries. A
further result of greater trophoblastic activity in
the human is the erosion of arteries all the way
to the midendometrium where branches arise from
the main spiral stems. These branches then com-
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municate with the intervillous space which ex-
plains why there is a proportionately greater num-
ber of arterial entries in humans than in monkeys.
Upon occasion the trophoblastic action, in con-
trary fashion, may cause occlusion of branches
or even main arterial stems.

Venous drainage, at all stages of the reproduc-
tive cycle, is a less dynamic affair than arterial
inflow. The basic venous pattern in the endome-
trium is a grid with dilatations into venous lakes
at the junction of vertical and lateral limbs. These
relationships continue into pregnancy with certain
of the vertical channels increasingly distended as
they are required to accommodate the ever in-
creasing volume of placental blood. Other channels
are passively obliterated by external compres-
sion.

On the physiological side there is again con-
tinuity between prepregnant and pregnant states.
From the standpoint of circulation, this is most
apparent in the persistence of an intrinsic con-
tractile potential in the spiral arteries. This is
manifested during the menstrual cycle by isolated
contractions at the myoendometrial junction which
produce ischemia leading to foci of endometrial
necrosis and slough (Bartelmez, 1957), and in
pregnancy by intermittency of flow through indi-
vidual spiral arteries into the intervillous space
(Martin, McGaughey, et al, 1964).

The opposite number to uteroplacental cir-
culation is of course fetoplacental circulation. Pro-
pelled by the vis a tergo of fetal blood pressure,
fetal blood courses through the umbilical arteries
into the subdivisions which run laterally through
the chorionic plate. Finally, the vessels dip into the
substance of the placenta and travel through the
arborizations of the fetal villous tree. ‘They pro-
ceed in comparable subdivisions to the terminal
villi. There the fetal capillary bed, coming into its
closest proximity to maternal blood in the inter-
villous space, forms the ultimate area of maternal-
fetal exchange. Oxygenated blood returns via ves-
sels running through the same villous stems to the
umbilical vein and thence to the fetal body (Martin
and Ramsey, 1970).

The mechanism of circulation within the pla-
ce;ita, first hypothesized upon the basis of ana-
tomical data, has been established by radioangi-
ographic studies (Donner, et al, 1963). Especially
with cineradioangiography, it is possible to visualize
directly the inflow of arterial blood to the intervillous
space (Fig. 7), its circulation through the space, and
finally its drainage back to uterine veins,
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Fig. 4—Diagrammatic representations of the course and configuration of the uteroplacental arteries in the rhesus monkey and man,
at comparable stages of gestation. (Reprinted with permission from Harris and Ramsey. Contrib. Embryol. 38: 43-58, 1'566.)

The propulsive force throughout is the head
of maternal blood pressure which drives blood
into the intervillous space in discreet, fountainlike
“spurts.” The incoming blood wafts aside the villi
surrounding the orifices of entry, but once the

propulsive force is reduced, in part by the. baffle
action of the villi, the blood disperses lateraily crowd-
ing the existing content of blood through the ve-
nous orifices in the basal plate into the uterine
drainage channels (Fig. 8). During uterine con-
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Fig. 5a—Photomicrograph of uteroplacental arteries in the
monkey illustrating early accumulation of trophoblast within
the lumen of the artery. Carnegie Collection C-477, 29th
day of pregnancy. (Reprinted with permission froni Wislocki
and Streeter. Contrib. Embryol. 27:1-66, 1938.)

Fig. 5b—Photomicrograph of uteroplacental arteries in
monkey illustrating subsequent replacement of the arterial
wall without trophoblastic penetration of stroma. Carnegie
Collection C-629, 53rd day of pregnancy. (Reprinted with
permission from Ramsey. Contrib. Embryol. 33:113-147,
1949.)°

tractions both inflow and outflow cease, in whole
or in part, depending upon the strength of the con-
traction (Ramsey, Martin, McGaughey, et al, 1966).
The volume of the placental pool, however, is main-
tained. That is to say, the old concept that “contrac-
tions squeeze the placenta like a sponge” is incor-
rect; rather blood is trapped in the placenta during
contractions.

Radioangiography of the fetal side of placental
circulation (Martin, Ramsey, and Donner, 1966)
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Fig. 6—Photomicrograph of a human uteroplacental artery
showing replacement of wall and penetration of stroma by
trophoblast. Carnegie Collection 10117, 85th day of preg-
nancy. (Reprinted with permission from Ramsey. Prenatal
Life. Wayne State University Press, 1970, pp. 37-53.)

shows the progress of blood from the fetal body into
the capillary network of the fetal cotyledons and
back via the umbilical vein. Double injection of a
radiopaque medium (Ramsey, Martin, and Don-
ner, 1967), that is, into fetal and maternal circula-
tions in rapid succession, permits visualization of the
1:1 relationship between maternal spiral arteries
and fetal cotyledons (Fig. 9).

Two points of clinical interest emerge from the
foregoing. The first is that placental circulation
ceases during strong contractions. That this may
present the fetus with periods of anoxia is clear and
should contractions be unduly prolonged, as the
result of pathology or medication, it could indeed
be critical. Second, and somewhat mitigating the
implied threat of the cessation of flow, is the fact
that the pool of placental blood is preserved
throughout. Thus, under normal conditions, con-
tinued maternal-fetal exchange is made possible.

And that exchange, of course, is the whole
purpose of the long and elaborate procession of
vascular changes from Day 1 of the menstrual cycle
to parturition.
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Fig. 9—Spot films made during a combined fetal and maternal injection study. (A) taken 3 seconds after injection of contrast
material into the fetal circulation; (B) taken 2 seconds after immediately subsequent maternal injection. (FC) fetal cotyledon;
(SA) endometrial spiral artery;—*spurts” into the intervillous space. Carnegie Collection Monkey 65/80, 152nd day of pregnancy.
(Reprinted with permission from Ramsey, et al. Am. J. Obstet. Gynec. 98: 419-423, 1967.)
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Fig. I—Fetal heart rate tracing of early deceleration. There was no evidence of depression at birth.

toring the pressure from the abdomen as well as
demonstrating marked early deceleration due to
compression of the fetal heart. This tracing was
recorded with the father present in the labor room.
He had expressed a strong interest in having this
monitoring equipment used on his wife when she
was in labor. After application of the scalp elec-
trode it was noted that there were falls to levels
of 80 beats per minute or less with every contrac-
tion. However, the acmes of both the deceleration
and the uterine contraction occurred approximately
simultaneously. The prediction was that the baby
would show no evidence of depression, and such
was the case. l

Figure 2 is that of a patient with Rh disease
who went into spontaneous labor at 35 weeks after
an amniocentesis. The fetal heart rate tracings
show marked deceleration with contractions which
are interpreted as the variable type due to cord
compression. Since this was a high-risk baby, I
would have had to deliver this patient by cesarean
section if I had not had the instrumentation to pre-
cisely monitor the fetus during her labor. In spite of
the fetal heart rate tracings, I was required to watch
the patient during a labor lasting several hours,

following which she delivered a baby without evi-
dence of depression. The normal delivery was best
for the mother and for the baby, but it was cer-
tainly harder on the physician.

Figure 3 shows an instance in which the phy-
sicians managing the patient did not understand
the significance of fetal heart rate tracing. This
episode occurred in our early experience at M.C.V.
In addition to marked late deceleration, frequent
premature contractions are also noted. This infant
died while preparations were being made for
cesarean section after the physicians had been
watching this pattern for a prolonged period of
time.

It should be pointed out that not every fetus
will observe the same degree of reserve, so that
some infants will exhibit utero-placental insuffi-
ciency with relatively mild uterine contractions,
whereas other fetuses will exhibit very little re-
sponse to even marked hypertonus.

Figure 4 is included to show a tracing which
was presented in one of our obstetrical conferences.
It is typical of the longer tracing which should
always be consulted for evidence of progression with
passage of time. The pattern is that of variable de-
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Fig. 4—Fetal heart rate tracing of variable deceleration from tight umbilical cord. There was no evidence of depression at birth.

celeration with a rounding off of the shoulder of the
recovery phase. By following this pattern, we saw
that there was a prolongation of recovery most con-
sistent with a progressive cord problem. The infant
delivered before evidence of anoxia appeared in the
chart, without evidence of depression. There was as
predicted, a tight cord around the neck.

While I feel that the technology required for
electronic monitoring of the fetus has reached a
degree of development adequate for clinical use, a
few words of caution seem to be in order.

1. The emotions of the obstetrician are
treated much more roughly than previ-
ously since he is committed to a vigilance
which may last several hours in contrast
to simply performing a cesarean section
which might or might not be of benefit
to the mother and fetus.

2. The instruments are only slightly more
fool-proof than the obstetricians using
them and do have weak links; for ex-
ample, an integral part of the units uti-
lized at M.C.V. is a Statham® strain

gauge. Over a period of 6 weeks, about
twelve hundred dollars’ worth of these
strain gauges were rendered inoperable
by improper technique—an occurrence
that has not been unique to M.C.V.
Reading the tracings requires an active in-
terest and practice which appears to
make it difficult to establish the tech-
nique in a new hospital unless someone
is there to instruct the obstetricians in
the technique and to act as a back-up
consultant.

External monitors and accessories to con-
vert present monitoring units to external
monitoring are beginning to appear
which will increase acceptability of elec-
tronic monitoring. These instruments gen-
erally work on the Doppler principle
which is utilized in most well-known in-
struments such as the Doptone® to detect
the fetal heart. Though this type of in-
strumentation has been demonstrated
here, we have not seen any which we
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