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Abstract 

THE EFFECT OF TOURNIQUET APPLI CATION ON COAGULATI ON AS 

MEASURED BY THE THROMBELASTOGRAM® 

Chr i sta Choate Huda l l a , BSN , CCRN 

S choo l o f  A l l ied Hea lth Pro f e s s i on s - -Virg i n i a  Commonwea lth 

Univer s i ty , 1992. 

D i r ector : James Embrey , Ph . D . 

S even orthoped ic surgery pat i ents requ ir i ng the use o f  

a t ourniquet were stud i ed . The hypothe s i s  stated that 

tourn i quet app l icat i on does not a f f ect coagu l at i on . A tota l 

o f  5 b lood s amp l e s  were drawn per i operat ive ly ( preoperat ive , 

5 m i nutes a fter i nduction o f  anesthes i a , 30 m i nutes a fter 

tourn iquet i n f l at i on , 2 - 5 m i nutes a fter tourn i quet 

de f lat i on , and 30 minutes a fter tourn iquet d e f l at i on . For 

each s amp l e , TEG parameters ( R ,  R + k ,  MA and a )  were 

measured . 

The va lue f or each TEG parameter was compared by 

ana lys i s  o f  var i ance ( ANOVA) , then the samp l e s  were 

contrasted and exam ined by repeated mea sures ANOVA . None o f  

the TEG parameters showed a stat i st i ca l ly s i gn i f icant 

d i f f erence in the bl ood samp l e s  be f ore , dur i ng or a fter 

tourniquet app l icat ion . The hypothe s i s  cou ld not be 
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r e j ected at the a = . 0 5 level o f  s ign i f icance . A t test wa s 

used to exam ine the e f fect o f  anesthes i a  on coagulat ion . 

The TEG parameters i nd i cated a s ign i f icant relat i onsh i p  

between t h e  TEG values R and R + k ,  and a n e a r  s ign i f icant 

relat i onship between TEG values MA and a and the 

adm i n i strat ion of ane sthes ia . 

I t  was concluded that tourn iquet use does not e f f ect 

coagulat i on when applied 2 hours or le s s . However , 

anesthes i a  had a s ign i f icant e f f ect on TEG parameters R and 

R + k .  The clin i cal s ign i f i cance o f  th i s  e f fect was 

quest i onable s ince the type o f  anesthe s i a  var i ed in some 

patients , and none of the pat i ents in the study demonstrated 

symptoms of coagulopathy . 
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Chapter One 

I ntroduct ion 

Modern orthope d i c s  has  broadened its pract i c e  to 

i nc lude pat i ents of a l l  ages , f or a wide var i ety o f  

procedures . Th i s  has increased the need for anesth e s i a  care 

providers to  understand both the procedures and equ ipment 

that are emp l oyed today in orthoped i c s  ( Barash , Cu l l en & 

Sto e lt ing , 1 9 8 9 ) . One device that i s  frequent l y  u s ed i n  

orthoped i c  extrem ity surgery i s  the pneuma t i c  tourniquet . 

Thes e  tourn iquets a l low surgeons better operat i ng cond i t i ons 

becau s e  of dramat i c a l ly decre a s ed b l eed ing ( Barash , Cu l l en & 

Stoe l t i ng , 1 9 9 1 ) . Comp l ications a s  a result o f  the u s e  o f  

pneumat i c  tourn iquets are rare ( Pa lmer , 1 9 8 6 ) . However ,  one 

area that has not been stud ied is the e f f ect o f  rout i n e  

tourn iquet u s e  on the c l ott ing mechan i sm . 

Problem statement 

Does tourn iquet use on a lower extrem ity e f f ect 

coagu lat ion in hea lthy persons underg o i ng orthoped i c  

surgery? 

1 
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2 

statement of Purpose 

The purpose of this study was to investigate whether 

changes in coagulation occurred following tourniquet release 

and reperfusion of a lower extremity. 

Hypothesis 

The release of a tourniquet and reperfusion of the 

lower extremity does not effect coagulation as measured by 

the Thrombelastograph® (TEG). 

Variables 

Independent. The independent variable was the use of 

the pneumatic tourniquet. 

Dependent. The dependent variable was the effect of 

reperfusion on coagulation as measured by the 

Thrombelastograph® (TEG). 

Definition of Terms 

Routine tourniquet application. The pneumatic 

tourniquet inflates with a compressed gas. The tourniquet 

pressure is both adjustable and displayed numerically on a 

gauge. 

Effect on coagulation. The coagulation effect was 

analyzed by a Thrombelastograph® (TEG). Samples of venous 

blood were analyzed using four TEG parameters: Reaction 
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t ime ( R ) , C l ot format ion t ime ( R+K ) , A lpha a ng l e  ( a ) , and 

Max imum Amp l itude ( MA ) . 

Assumpt ions . 

1. The TEG was correct ly c a l ibrated and funct i oned 

accordi ng to the manu f a cture ' s  spec i f i cat i ons .  

2. A l l  measurements were a ccurate l y  recorded . 

3. The pati ent d i d  not have an und i agnosed 

coagu lopathy . 

4 .  Each pat i ent served a s  the i r  own contro l . 

5. A l l  b l ood samp les were un i f ormly drawn and p la ced 

in the TEG w i th i n  the 4 - 6 m i nute t ime p er i od . 

L im itat ions 

3 

1. Pat i ents wi th known coagul opathy were exc luded f rom 

the study . 

2. The type o f  anesthet i c  techn ique d i f f ered between 

pat i e nts . Ep idur a l  b l ock , or epidur a l  b l ock combi ned w ith 

gener a l  anesthesi a was used i n  most cases . Howeve r , 

subarachno id b l ock comb ined w i th gener a l  anesthesi a was used 

f or one pati ent . 

3. The samp l e  was chosen f rom the oper a t i ng room 

schedu l e  between January 1 to May 1, 1992. 
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4 

Del imitat i ons 

1. P a t i ents under the age o f  18 years and over the age 

of 65 years were exc luded from the study . 

2. The samp le was l im ited to those pat i ents schedu l ed 

f or e lect ive orthoped i c  surgery who requ i red the use o f  a 

lower extrem i ty tourniquet . 

conceptua l  Framework 

Coagu l a t i on . B l ood coagu l at i on i nvo lves the conversion 

of b lood f rom a f r ee - f low i ng l iqu i d  to a semi -so l id g e l . I f  

norma l amounts o f  c a l c ium , p l ate l ets and c l ott i ng f a ctors 

are present , a ser i es of react i ons occur end ing w ith the 

f orma t i on of f i br i n  ( Petrov itch , 1991). Many cond it i ons 

a f f ect this comp lex process . D i sease states , drug therapy , 

a nd other f a ctors are able to c ause e ither a coagu lopathy or 

other abnorma l coagu l a t i on prof i l e ( E l l ison , 1977). 

There are over 4 0  substances i n  the b l ood that e f f ect 

coagu l a t ion . Some of  these act as ant i coagu l a nts and some 

as procoagu l ants . Usua l ly the ant i coagu l ant act ivity 

predom inates , and the bl ood substances are i n  the i r  norma l 

f lu i d  state . T i ssue damage , however , causes substances to 

be r e l eased f rom the ( a )  vascu lar wa l l , ( b ) p l ate l ets , and 

( c )  b lood prote i ns wh i ch cause i ncreased procoagu l a nt 

a ct ivi ty . As a resu l t , procoagu lant act iv ity exceeds that 

of a n t i coagu l ant act ivity in the damaged area a l low ing c l ot 

f ormat ion to occur ( Stoe l t i ng , 1987). 
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Norma l b l ood coagu l a t i on is divided i nto f our basi c 

phases: (1) vascu lar spasm , (2) format ion o f  a p late let 

p lug , (3) procoagu l ant phase , and (4) r estorat i on o f  

vascu l a r  i ntegr ity ( Pr ice & Wi lson , 1982). 

1. Vascu l a r  spasm : Both nervous r e f l exes and 

myoge n i c  contract ion cause vascu l ar spasm . 

Vascu lar spasm occurs in  response to vesse l wa l l  

damage ; the more damaging the trauma , the more 

i ntense the vascu lar spasm . -A crush i ng i n j ury 

c auses a more intense spasm than does the c l ean 

cut o f  a surgeon ' s  kn i f e . The obv ious advantage 

of more intense spasm is the resu lt ing decrease 1n 

the amount o f  hemorrhage . Amputat i ng crush 

i n j ur i es i l lustrate the importance o f  vascu l ar 

spasm , because l etha l bl ood loss is f r equently 

prevented by the intense vascu lar spasm that 

occurs ( Petrov itch , 1 9 9 1 ) . 

2. Format ion of  the P l ate l et P lug: P l ate l et 

funct ion changes with def ects in  vascu lar 

integr ity , hypercoagu l a b i l ity , hypocoagu l abi l ity , 

and abnorma l it i es in  f i br ino lysi s .  An adequate 

p late l et count 1S essent i a l  for norma l c l otting to 

occur ( Franz  & Coet z ee , 1 9 8 1 ) . The recommended 

p l ate l et count for surgery is approximat e l y  

100,000 p e r  cubic mi l l imeter ( mm3) . However , the 

presence of adequate p l at e l et numbers does not 

5 
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prec lude p l at e l et dys funct ion a s  be i ng a c ause of  

coagu l opathy ( Mack i e  & P itt i l o , 1 9 8 5 ) . 

P late l et s  have un ique character i st ic s  that 

make them i ntegra l to the ent ire c l ott i ng proces s .  

They have a c t i n  and myos i n  mo lecu l e s  i n  the i r  

cytop l a sm a l l ow ing them t o  contract when 

nec e s sary . The se mo lecu l e s  are s im i l a r  to thos e  

f ound i n  mus c l e , and make p l ate lets i ntegr a l  to 

the proces s  o f  c l ot retract ion . I n  add i t ion , 

structures s imi lar to musc l e ' s  endop l a sm i c  

ret i cu lum , store c a l c ium ( Petrovi tch , 1 9 9 1 ) . 

Other structure s ,  conta ined i n  the cytop l a sm ,  are  

respons i b l e  for the synthes i s  o f  var i ous enz ymes 

i nvo lved ln the process of coagu l a t i on . S ome of  

the more important substances r e l e a s ed inc lude ( a )  

seroton i n  ( i ncreases the vascu l a r  pha s e ) , ( b ) 

adenos ine d i phosphate ( ADP ) ( i nduce s  aggregat i on ) ,  

( c ) f ibr i n - stabi l i z ing f a ctor ( strengthens f i br i n  

f iber network o f  the c l o t ) , and ( d )  growth f a ctor 

( st imu lates endothe l i a l  growth and hea l ing ) 

( Pa ckham & Mustard , 1 9 7 7 ) . In add i t ion , 

f ibr i nogen and p l a sminogen , abs orbed on the 

sur face of p l at e l ets , p l ay a r o l e  in i nh i b i t i ng or 

a c c e l erat i ng c l ot lys i s  ( Barrer & E l l i son , 1 9 7 7 ) . 

Ve s s e l  wa l l  damage resu lts i n  p l ate l et 

adhe s ion ( to the damaged reg ion ) , aggrega t i on 

6 
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( p l at e l ets adher i ng to each other ) and re l ease o f  

sUbstances that augment the coagu l at ion process .  

The function o f  the p late l et p lug i s  t o  decrease 

or stop h emorrhage . Th is occurs very rap i d ly i n  

response to vascu l ar damage . Thus , the p l ate l et 

p lug and vascu lar spasm are at work wh i l e  the rest 

o f  the c l ott i ng mechanism ( f ormat ion o f  a b l ood 

c l ot ) takes p l ace . The p l at e l et p lug d i f f ers f rom 

the b l ood c l ot in that the plate l et p lug o f ten 

does not occ lude sma l l  vesse l s .  The damaged area 

spec i f ic a l ly attracts p l ate lets , l eavi ng the rest 

o f  the vesse l lumen open . However , comprom ised 

l arge b l ood vesse ls requ ire a b lood c lot to stop 

h emorrhage ( Mack i e  & P i tt i l o ,  1 9 8 5 ) . 

The best laboratory test of  p l ate let funct ion 

i s  the bl eed ing t ime . Th is test l ends more 

i n f ormat i on than a p l ate let count because it 

indi cates whether p l at e l et dysfunct ion is present 

rather than j ust the sheer number o f  p l ate l ets 

present . De f i c i ent c l ott ing f a ctors a l so cause a 

pro l onged bl eed ing t ime and must be considered i n  

the d i f f erent i a l  d i agnosis when a pro longed 

b l eed i ng t ime is present ( Mo i r , 1 9 8 5 ) . 

3 .  The procoagu l ant phase: The procoagu l a nt phase 

consists of  the extr i nsi c coagu l a t i on pathway , the 

i nt r i nsi c coagu l at ion pathway , and the common 

7 
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pathway . The common coagu l at i on f actors i nvo lved 

in the s e  pathways are shown in Tab l e  1. 

Act ivat ion o f  the intr ins ic pathway , so-ca l led 

because i t  e x i sts with i n  the boundar i e s  of the 

b l ood ves se l , i nvolves f actors X,  XI , I X ,  a l ong 

with a ct ivat i ng fa ctors , XI I ,  VI I I , and V .  

Act i vat ion of  the extr ins i c  pathway , however , 

r equ ires t i ssue thrombop l a s t i n  that i s  r e l eased 

from the sur faces of  i n j ured - t i s sue l ocated 

outs ide the bl ood vesse l . Both c l ott i ng s equences 

lead to the act ivat i on o f  f actor X .  Th i s  i s  

usua l ly the rate- l imit i ng step o f  the coagu l a t i on 

cascade ; the rest of  the process ( the common 

pathway ) takes only 10 - 15 s econds . Th i s  pathway 

cUlmi nates in the format ion of f ibr i n  ( Petrovitch , 

1991) . 

The intr i n s i c  and extr ins ic pathways are 

s im i lar i n  many ways . Both pathways cons i s t  o f  a 

s e r i e s  o f  cha i n  react ions , i nvo lving d i v i s ion o f  

the c l ott i ng factor mo l ecu l e . The l arger port i on 

becomes an act ive enzyme , and sp l i ts a port ion of  

the next c l otting factor , thus a ct ivat i ng i t . 

Th i s  proce s s  progre sses to the forma t i on o f  f i br i n  

u n l e s s  i t  is  i nterrupted ( Petrov itch , 1991). 

8 
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Tab l e  1 

Coagu l a t i on Factors Necessary for Ma i ntenance o f  Norma l 

Hemostasis 

Factor 

I 

I I  

I I I  

IV 

V 

VI I 

V I I I  

I X  

X 

X I I 

X I I I  

F i br i nogen 

Prothromb in 

Synonym 

Tissue thrombop last in 

Ca l c ium 

Proacce l e r i n  

Serum prothromb in conversi on a c c e l erator 

Ant ihemoph i l i c Factor 

Chr istmas Factor 

P l asma thrombop last i n  

Hageman Factor 

F ibr in stabi l i z i ng Factor 

Note . From Human Anatomy and Physi o l ogy ( p . 4 6 7 )  by A .  P .  

Spence and E .  P .  Mason , 1 9 8 3 , Men lo Park , CA : 

Benj am i n / Cumm i ng . 

9 
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Ca l c ium i s  i ntegra l to the c l otting proce s s , and 

i s  requ ired for a l l  react ions except for two steps 

i n  the i nt r i ns ic  pathway ( see F igure 1 ) . 

The i ntr i n s i c  pathway d i f fers from the 

e xtr i n s i c  pathway in  severa l ways . The t r i gger ing 

mechan i sm for each pathway i s  d i f f erent . Wh i l e  

the extr i n s i c  pathway requ ir e s  t i s sue 

thrombop l a s t i n  and c a l c ium f or act ivat ion , the 

i ntr ins i c  pathway requ ires the activat i on 

o f  f a ctor X I I  and / or p l ate l et s  caused by trauma to  

the b l ood or contact w ith co l l agen . The i ntr i n s i c  

pathway i s  a l s o  s l ower than the extr i n s i c  pathway , 

tak ing 2 - 6 m i nutes to produce a b l ood c l ot . 

F i na l ly ,  there are many contro l s  present tha t  

l im it t h e  intr ins ic  pathway , whereas t h e  extr i n s i c  

pathway i s  l imi ted o n l y  by the amount o f  t i s sue 

thrombop l a s t i n  r e l e a s ed f rom the t i s su e s  a nd the 

quant i ty o f  fa ctor X,  V I I , and V in  the b l ood 

( Guyton , 1 9 9 1 ) . 

4. Restorat i on o f  va scular integr i ty :  The f i na l 

pha s e  o f  norma l b l ood c l ott ing cons i st s  o f  

proc e s s e s  that stabi l i z e  the f ibr in c l ot a nd 

s e cure hemosta s i s . These proce s s e s  invo lve f i br in 

stab i l i z ing factor , thrombin and c l ot retract i on . 

1 0  
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INTRINSIC MECHANISM 

Surface Factor lOl ---.� Activlted tactor XII 
(HAcWNn) 'oI�,.n £ak8l1ikrein (Fl9tch9r) 

.. K i ninoren (Fitz,.rald) 
hc:tor XI Attiveted factor XII 

Activated lector 

EXTRINSIC MECHANISM 

F igure 1 .  

(PTA) J �I+ 
Fattor IX • Activated IX 

(Chri&tmu) XI 

factor VIII Thrombin ... "ctivated factor VIII 
(AHf) �H 

Phospholipid 

FadO( X 
(Stuart) 

nuuelactor 

(thromboplastin) �---... ---( 

Activated factor X 

Fac10r VII 
(proconvertin) 

V Th rombin heto{ -'-'-'----'---4 .. � AI:ti"ated factor V (prOllcceltrin) CaH 

Factor XIII 

PlIo sph 01 ip Id 

FlbnnOllen ~ F1"ln 
Thrombin. "c:tivated 'actor XUI L ____ __ I Ca'· Ca'· 

r--t 

Coagu l a t i on cas cade and c l ot forma t i on . 

1 1  

Note . From Anesthes i a  and Co-Ex i st ing D i s e a s e  ( p .  5 7 7 )  by 

R .  K .  Stoe lt ing , S .  F .  D i erdor f , & R .  L .  McCammon , 1 9 8 8 , New 

York : Church i l l  Livingstone . 
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The b lood c l ot cons ists o f  p l ate l et s , c l ot t i ng 

f actors and b l ood prote ins . F ibr in thread s , 

f ormed i n  the procoagu l ant pha s e , make up the 

network structure h o l d ing the b l ood c l ot together . 

P l at e l et s  incorporated in  the c lot s ecrete a 

substance ca l led f ibr i n  stabi l i z i ng f actor ( FS F )  

( Roath & Franc i s , 1 9 8 5 ) . Th i s  substance 

strengthens the f ibr in threads by estab l i sh i ng 

cova l ent bond ing . 

Thromb in ' s  pos it ive f e edback e f f ect on  

f actors V and VI I I  acce l erates the proces s e s  in  

the coagu l at ion cas cade . Thromb in ' s  f eedback 

e f f ect on f actor V is of importance becaus e  i t  

acce l erates the converS lon o f  prothrombi n  to  

thromb i n . Th i s  causes the format i on o f  both more 

thromb in and f ibr in . The proce s s  can react ivate 

i ts e l f  aga in and aga in un l e s s  it  is term inated by 

the body ' s  regu latory proc e s s e s  ( Spence & Ma son , 

1983) . 

C l ot retract ion contr ibutes to the u l t imate 

s tate of hemosta s i s  by mechan ica l ly pu l l ing the 

wa l l s  of the comprom i sed bl ood ves s e l  together . 

I t  a l so  acts to expr e s s  most o f  the serum f rom the 

c l ot , l eaving a f a i r ly strong s o l id ma s s  that 

prevents hemorrhage . C l ot retract ion requ l r e s  

p late l et s , and requ ires the ir a b i l ity to  contract . 

1 2  
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The proc e s s  beg ins a f ew m i nutes a fter the c l ot i s  

f ormed and takes approx imate ly 3 0  t o  6 0  m inute s  t o  

comp l ete ( Roath & Franc i s , 1 9 8 5 ) . F igure 2 

dep icts the ent ire proce s s . 

5 .  C l ot lys i s  Dur ing the c l ot t i ng process ,  a 

b l ood c l ot o ften occ ludes the ent ire ves s e l . L i f e  

expectancy wou ld certa i n ly b e  reduced i f  

h emosta s i s  permanently c l os ed every i n j ured b lood 

vess e l . C l ot lys i s  i s  the proc e s s  that 

c le a r s  the b l ood ves s e l  ( hope fu l ly a fter hea l ing 

has occurred ) , restor ing bl ood f l ow ( S i lver & 

McGregor , 198 3 ) .  

Dur ing the procoagu lant pha s e , a l arge amount 

of p l a sm inogen , a prote in pres ent in the b l ood , i s  

i ncorporated i nto the bl ood c l ot . I t  r equ i r e s  

act iva t i on t o  c a u s e  c l ot lys i s . Th i s  i s  

a ccomp l i shed by thrombin , e n z ymes re l ea sed by 

t i s sue and the vasculature , and f actor Xlla ( the 

act ivated f orm o f  fa ctor XI I ( Roath & Franc i s , 

19 8 5 ) . with in a day a fter c l ot f ormat ion , 

a ct ivators cause the f orma t i on o f  enough p l a sm i n  

to start d i s so lving the c l ot . Th i s  proc e s s  occurs 

more readi ly in sma l l  ve s s e l s  than in  l arger ones . 

The corre spond ing re -open ing o f  the b l ood ves s e l  

1 3  
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@t�i' 

2. Plateltts 
Igglutinlte 

3. Fibrin 
appers 

1.Swend 
Yellitl 

F igur e  2 .  The c l ott ing proces s .  

4. Fibrin clot 
forms 

5. Clot rwtrKtion 
occurs 

1 4  

Note . From Textbook o f  Med ica l Phys i o l ogy ( p .  7 7 ) by A .  C .  

Guyton , 1 9 9 1 , Ph i l adelph i a : Saunders . 

occurs gradua l ly a l l owing the hea l ing proc e s s  to  

f in i s h  before comp l etely removing the protect ive 

c lot ( H irsh , 1 9 7 7 ) . 

Th i s  we l l -des igned and intr icate hemosta t i c  

system funct ions da i ly to protect the body f rom 

l i f e -threaten ing hemorrhage . However , w i thout the 

regu l atory processes  that e x i st to contr o l  i t , 

th i s  very system that protects the body from 
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1 5  

h emorrhage cou ld a l so cause such extens ive thrombos i s  a s  to 

cau s e  death . 

Regu l at i on of  coagu l at ion . Regu lat i on o f  the 

hemostat i c  proce s s  requ ires the comb i ned endeavors of  b lood 

f low , endothe l i a l  ves s e l  l in i ng ,  f ibr i n , macrophage systems 

and natura l a nt i coagu lants in order to prevent patho log i c  

c l ott ing . Once b l ood c l ot f ormat i on i s  i n i t i ated , the 

resu l t i ng c lot wou ld cont inue to grow i f  the proces s  was not 

i nterrupted ( Stoe l t i ng ,  1 9 8 7 ) . 

1. B l ood f l ow : Mo st o f  the coagu l a t i on f actors 

c ircu l ate l n  an i nact ive form in the bloodstream . 

When they become act ivated , norma l bl ood f l ow 

d i lutes them and washes them away from the s ite  o f  

i n j ury so the ir concentrat i ons can not r i se h i gh 

e nough to promote further c l ott ing . Thus , c l ot 

f ormat i on occurs on ly where the bl ood i s  not 

movi ng . Th i s  helps to keep the s ite  o f  c l ot 

f ormat i on loca l i z ed to the s ite o f  damage 

( Stoe l t i ng , 1 9 8 7 ) . 

2 .  Endothe l i a l  l i n ing :  The smooth endothe l i a l  

sur face that l i nes bl ood ves s e l s  prevents the 

act ivat i on o f  both the p l ate l et s  and the i ntr i ns i c  

coagu l at i on pathway ( S toe l t i ng , 1 9 8 7 ) . Norma l 

endothe l i a l  ce l l s secrete prostacyc l i n ,  an  

ant i coagu l ant . I t  reduce s p l ate l et ADP r e l e as e , 

i nh i b i t s  p l ate l et aggregat i on , and prevents the 
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grow i ng p l at e l et ma s s  f rom extend ing beyond the 

s it e  of i n j ury onto norma l endothe l ium . 

3. Natura l ant icoagu l ants : 

Ant i coagu l a nts are a l so  important i n  

m a i nt a i n ing homeosta s i s . Natura l 

a nt i coagu l ants not on ly prevent c l ot 

f ormat ion but a l so he lp prevent c l ot 

spread once it has formed . S ome o f  the 

more cornmon ant i coagu l ant s  are ( a )  

ant ithromb in I I I , ( b )  hepar i n , ( c )  

prote in C ,  and ( d )  prot e i n  S 

( Petrovitch , 1 9 9 1 ) . 

Ant ithromb in I I I  comb ines with and 

inact ivates thrombin . Macrophages then recogn i z e  

and term inate the inact ive comp l e x . Hepar in , 

wh i ch i s  produced by many d i f f erent ce l l s o f  the 

human body , comb ines with ant ithromb i n  I I I  

increas ing the a f f in ity o f  ant ithromb in I I I  for  

thromb in by a s  much a s  a thousand f o l d  ( Petrov itch , 

19 9 1) . 

1 6  

D i sorders o f  coagu l at ion . Surg i ca l pati ents are 

pred i sposed to coagu lopathy for many reasons ( Barash et  aI,  

1 9 8 9 ) . The s e  coagu l opath ies can be grouped into 

hypocoagu l ab l e  and hypercoagu l ab l e  state s . 

1 .  Hypocoagul abi l ity :  Th i s  r e f ers to a ny 

cond i t i on that pred i sposes a person to abnorma l 
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bl eed ing . There are severa l f actors that 

pred i spose a person to a hypocoagu l a b l e  

state . The e f f ects o f  anesthe s i a , drug 

therapy , hypotherm i a , and hemod i lut ion 

that o f ten occur dur ing surgery , c a n  

produce a hypocoagu lable state , a n d  i s  

con s idered i n  th i s  d i scus s ion ( G idd i ngs 

& Evans , 1 9 8 5 ) . 

Thrombocytope n i a  i s  a common cause o f  

a bnorma l bl eed ing i n  the surg i c a l  pat i ent and may 

result f rom many causes . Thrombocytopen i a  occurs 

through decre a s ed production ( chemotherapy ) , 

increased ut i l i z a t ion ( Ole) , increas ed d e struct i on 

( sp l enomega ly ) or ma s s ive bl ood trans fus ion 

( d i lut iona l )  ( G i lman , 1 9 9 0 ) . I n  add i t i on , 

extens ive t i s sue damage may cause abnorma l 

p l ate l et consumpt ion . For instance , ma s s ive 

t i s sue damage that occurs with crush i n j ur i e s  or 

burn s , cau s e s  so many aggregates to f orm that 

thrombocytopen i a  ensues ( S later , 1 9 8 5 ) . 

D i lut iona l thrombocytopen ia  results from 

mas s ive bl ood transfus ion . Stored bl ood cont a i n s  

f ew v i a b l e  p late lets and causes a d i lut i ona l 

thrombocytopen ia  that can s ign i f i cant ly a f f ect 

hemosta s i s  once approx imate ly 1 0  units of bl ood 

1 7  
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have been given ( Stoelt ing , D i erdor f , & McCammon , 

198 8 )  

18 
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However , the most common p l at e l et d i s orders 

are caused by pharmacologic agents . Med i c at i on s  

such a s  a nt i - i n f l ammatory agent s , ( ASA , 

I ndomethac i n , pheny l but a z one ) ,  prostag l a nd i n  

synthes i s  i nh i b itors ( ibupr o f en ) , ant idepre s sants 

( amitr ipty l ine ) a nd other drugs such as 

phenoth i a z ines , ethano l , d ipyr idamo l e , dextran , 

proprano l o l , and diphenhydramine are we l l  known 

f o r  c aus i ng funct i ona l p l atelet d e fects 

( Stoe l t i ng , 1 9 8 7 ) . 

I t  i s  not c l ear to what extent inha l at i ona l 

and i ntravenous narcot i c  ane sthet i c s  a lter 

p l ate l et funct i on ( Gotta , Gould , Sul l ivan , & 

G o l d i nger , 1 9 8 0 ) . Enf lurane and f entany l appear 

to  produce only i n s i gn i f i cant pro l ongat ion o f  

b l ee d i ng t ime ( Fauss , Meadows , Brun i & Quresh i ,  

1 9 8 6 ) . Ha l othane , i s o f l urane , n itrous oxide , and 

l oc a l anesthet i c  agents , on the other hand , 

i nter f ere w ith pl ate l et aggregat i on ( Borg & Mod i g , 

1 9 8 5 )  . 

Norma l ly ,  a ba l ance ex i st s  between the 

f ibr ino lyt i c  and coagu l a t i on systems . Patho l og i c  

f ibr inolyt i c  activity can cause a b l e ed i ng 

tendency dur ing surgery , and usua l ly occurs 

dur i ng , or a fter ma j or operat i ons ( S i lver & 

McGregor , 1 9 8 3 ) . Hemod i lut ion , str e s s  o f  surgery , 

1 9  
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and anesthet ic agents p l ay a ro l e  in patho logic 

f ibr inolys i s . I nha l a t i ona l ,  i ntravenous a nd loca l 

anesthet i c  agents a cce l erate the proces s  o f  

f ibr inolys i s . However , accord ing t o  Muravch i ck 

( 1991)  enhanced f i br inolys i s  in the surg i ca l  

pat i ent i s  probably a genera l i z ed response to  

per i operat ive stres s , not a drug- spec i f i c  

phenomenon . 

Hemodi lut ion can be a factor in  the 

hypocoagu l ab l e  states o ften s een in surg i c a l 

pat ient s . Co l l o ids such a s  dextran and hetastarch 

are more l ike ly to rema in in the intravascular 

spac e  for pro l onged per iods o f  t ime . Theref ore , 

l arge vo lumes o f  co l l o ids may cause coagu l at i on 

def ects , r e l ated to d i lut i on of both c l ott ing 

f actors and p l ate l ets . Dextran a l so  decre a s e s  

p late l et adhes ivene s s  wh i ch impa irs t h e  abi l ity to  

f orm the p late l et p lug ( Stoe l t ing & M i l l er ,  198 9) . 

Commonly a s s oc i ated w ith genera l ane sthe s i a , 

hypotherm i a  may be a factor in ane sthe s i a -re lated 

d i s orders o f  hemosta s i s . For every degree Ce l s ius 

dec l ine in temperature , the vi scos ity of the b l ood 

i ncrea s e s  2 - 3 % .  In addit i on , p l ate l et s  

s eque ster i n  the port a l  c ircu l a t i on a s  the body 

temperature f a l l s . I f  a su f f i c i ent number o f  

p late l et s  are removed from the c i rcu l at i o n  in  th i s  

2 0  



www.manaraa.com

manner , a hypothermia induced b l eed ing d i athe s i s  

occurs ( Schwart z , 1 9 8 8 ) . Th i s  coagu l opathy 

r evers e s  comp l ete ly with return of body 

t emperature to norma l va lues ( Va l e r i  et a l . ,  

19 8 6 )  . 

2 .  Hypercoagu l abi l ity :  Hypercoagu l ab i l ity i s  a 

hypoth et i c a l  concept imp lying that prethrombot i c  

changes c a n  b e  detected in  bl ood a nd a r e  important 

f or the deve l opment of thrombo s i s  or can be u s ed 

to pred ict thrombos i s  ( H irsh , 1 9 7 7 ) . Accord ing to 

S i lver ( 1 9 9 0 ) , there are f our ba s i c s ituat i ons 

that f avor inappropr iate thrombus f orma t i on ( a )  a 

reduced rate o f  bl ood f l ow , ( b )  reduced vascu l a r  

endothe l ia l  protect ive act ivity , ( c )  blood 

hypercoagu l abi l ity , and ( d )  impa ired f i br inolyt ic 

act ivity . 

Accord ing to Yardum i a n  and Mach i n , ( 1 9 8 5 ) , 

there are sever a l  f actors that may c ause a 

hypercoagu l a b l e  state . These inc lude ( a )  p l a t e l et 

d i s orders , ( b )  an increase in a ct ivated 

coagu l a t i on f a ctors , ( c )  a decrease in 

ant i c oagu lants ( ant ithromb in I I I ) , ( d )  d e f ect ive 

f ibr inolys i s , c igarette smok i ng , and ( e )  the u s e  

o f  contracept ive agents . I n  add it i on , var lOU S  

d i s e a s e  states cause a hypercoagu l a b l e  state 

( Franz  & Coet z ee , 1 9 8 1 ) . Because norma l 

2 1  
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coagu lat ion i s  requ i red for part i c ipat i on i n  the 

study , only those f a ctors i nduc i ng 

hypercoagu l abi l ity i n  the surg i c a l  pat i ent are 

d i s cu s s ed . Th i s  a l s o  inc ludes the e f f ects o f  

surgi c a l trauma and bl ood l o s s  ( E ldrup-Jorgensen 

et a l . ,  1 9 8 9 ) . 

Surg i c a l  trauma i nduces a hypercoagu l a b l e  

s t a t e  for s evera l reasons . The str e s s  caused by 

surg ica l trauma results i n  adrenerg i c  s t imu l at i on 

wh i ch increases both p l ate l et aggregat i on and 

adh e s ivenes s . Adrenerg i c  s t imu l at i on a l so caus e s  

t h e  r e l e a s e  o f  f actor VI I I  and i ncrea sed f a ctor 

V I I I  act i v i ty system i ca l ly .  I n  add i t ion , t i s sue 

trauma cau s e s  the re lease o f  procoagu l ants at  the 

operat ive s ite , as  we l l  a s  a r i s e  i n  the l eve l s  o f  

ai-ant i tryps in ( a  potent ant i p l a sm i n ) .  E l evated 

l eve l s  of ai-ant itryps i n  may be respons i b l e  for 

the decreased f i br ino lys i s  seen postoperat ive ly 

( Tuman , Sp i es s , McCarthy , & I vankov i ch , 1 9 8 7 ) . I n  

add i t ion , genera l i z ed decl ines i n  ant i thromb i n  I I I  

act i v ity occurs , both dur ing surgery and 

postoperat ive ly ( Fran z & Coet z ee , 1 9 8 1 ) . 

Surg i c a l  blood l o s s  causes a l o s s  o f  

coagu l at i on f actors and p l ate l et s . Comb i ned w i th 

other f actors , such a s  hemod i lut i on and drug 

e f fects , surg i c a l  pat i ents seem pred i sposed to a 

2 2  
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hypocoagu l able state . However , the coagu la t i on 

system appears to be st imu lated dur i ng progre s s ive 

b l ood l o s s . Th i s  may be caused by the i ncreased 

l eve l s  o f  renin , ang iotens in , and catech o l am ines 

that occur dur ing per i ods o f  b l ood l o s s . 

Accord i ng to Tuman et a l e ( 1 9 8 7 ) it  i s  l ike ly that 

the t i s sue trauma ( w ith re lease of t i s sue 

thrombop last i n ) , and e l evat ions in  s erum 

catecho l amine l eve l s  o f f s et the hypocoagu l a b l e  

tendency caused by the hemod i lut i on and l o s s  o f  

coagu l at i on fa ctors seen in  progr e s s ive b l ood 

l o s s . 

2 3  

The Thrombe la stogragh® mach ine . The Thrombe l a stograph® 

( TEG ) mach ine was deve loped by Hartert ln 1 9 4 7  ( Bj oraker , 

1 9 9 1) . Prel iminary results o f  its use were publ i shed i n  

1 9 4 8 . The mecha n i ca l ly operated opt ica l system prov ided a 

cont i nuous graph ic observat ion o f  b lood or p l a sma , and 

measured the ent ire coagu l ation proce s s  in vitro . The 

result i ng record ing ( s ee Figure 3 )  wa s termed a 

thrombe l a s togram ( TEG ) . 

The thrombe la stograph ma chine tests the b l ood samp l e  by 

f our bas i c  parameters ( a )  R ( react i on t ime ) , ( b )  R + k ( c l ot 

f orma t i on t ime ) , ( c )  a ( a lpha ang l e ) and ( d )  MA ( max imum 

amp l itude ) ( see Figure 4 ) . The react ion t ime represent s  the 

rate of thrombop l a stin generat ion and is i n f luenced by 
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Note . From " The Thrombe l a stograph i c  d i agnos i s  o f  hemostat ic 

d e fects " by Franz , R .  C .  & Coet z ee , J .  C . , 1 9 8 1 ,  Surgery 

Anna l s , 1 3 , p .  7 7 . 
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Note . From " The Thrombe l a stograph Coagu l a t ion Ana l y z e r "  by 

D .  G .  B j oraker , 1 9 9 1 ,  Anesthe s i o l ogy Rev i ew , 1 8 ( 4 ) , p .  35. 

f actors VI I I , I X ,  XI , and XI I .  The react i on t ime beg ins 

when the p in i s  inserted into the bl ood f i l l ed cup and 

proceeds to the po int where the amp l i tude o f  the graph 

reaches 2 m i l l imeter ( mm ) . Both K and the a are  indexes of  

the rate o f  f ibr in forma t i on and cros s - l ink i ng . The c lot 

forma t i on t ime ( K )  beg ins when the amp l itude of the tra c i ng 

i s  2 rom in  w idth and ends when the amp l itude reaches 2 0  rom . 
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The K i nterva l measures the rapid ity o f  f ibr i n  f ormat ion ; 

whereas ,  a repres ents the rate o f  c l ot growth and f ibr i nogen 

f unct ion . F i na l ly ,  MA ,  or max imum width , r e f l ects the c l ot 

strength and re lates to the modu lus o f  shear e l a st i c i ty 

( Bj oraker , 19 9 1) . 

Eva lua t i on o f  TEG resu lt s . Eva luat ion o f  the TEG 

tracing requ ires a know l edge of the norma l va lues f or each 

par ameter . The norma l R va lue i s  between 12 and 16 rom .  

TheR + K norma l va lue ranges from ·2 0  - 2 4  mm . Max imum 

amp l itude norma l l y measures between 5 0  and 7 0  mm , a nd the a 

ang l e  i s  norma l ly greater than 5 0 ° . 

1 .  Hypocoagu l abi l ity :  Thrombe l a stograph ic 

hypocoagu l a b i l ity i s  di agnosed by characte r i s t i c  

changes s e e n  in  the TEG tra c i ng that a f f ect the 

s i z e  o f  TEG var iabl es . P l ate l et d i sorders are 

d i agnos ed c l a s s i ca l l y by a norma l R va lue , 

pro l onged R + k va lue a nd a reduct ion i n  MA .  

Defects i n  thrombop l a s t i n  generat i on are shown by 

a pro longa t i on in R .  Th i s  may be seen in 

hemoph i l i a , hepa r i n  therapy , or h igh l eve l s  o f  

c ircu l a t i ng ant icoagu lants . De f i c ienc i e s  i n  the 

i ntr ins ic  pathway factors ( XI I , XI , I X ,  and VI I I )  , 

c ircu la t ing coagu lants , thrombocytope n i a  and 

qua l itat ive defects in  e i ther p late l et s  and / or 

f ibr inogen cau s e  a coagu l a t i on d e f e ct that i s  

shown by a pro l onged R + K .  A decr e a s ed a i s  seen 
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w i th thrombocytopenia , whereas a decre a s e  i n  MA 

i nd i cates e ither thrombocytopenia , a qua l itat ive 

p l at e l et d e f ect , or increased c i rcu l a t i ng 

a nt i coagu l a nts . 

2. Hypercoagu l abi l ity :  An a c c e l erated ons et and 

rate of f ibr i n  f orma t i on character i z e s  

hypercoagu l a b l e  states . Thrombe l a stography 

interprets hypercoagu l a b i l ity as an a c c e l erated 

rate o f  c l ott ing and increased f i rmne s s  o f  the 

f ormed c l ot ( Franz & Coet z ee , 1 9 9 1 ) . However , a 

hypercoagu l a b l e  TEG imp l i e s  an increas ed tendency 

f or c l otting and not thrombogenes i s , or actua l 

f ormat i on o f  c l ots . 

The e s s ent i a l  features o f  TEG 

hypercoagu l abi l ity are a reduct ion in both R ,  R + 

K ,  and a n  increase in  MA ( see F i gure 5 ) . However , 

i f  the hypercoagu l abi l ity i s  p l a sma r e l ated , then 

R i s  decrea sed proport iona l ly more than K ,  and MA 

rema ins l e s s  than 6 0  mm . I f  the hypercoagu l a b i l ity 

is p l ate l et r e l ated , then the thrombe l a stograph 

exh i b its a greatly decreased R a nd K and a n  MA 

more than 6 0  mm ( Franz & Coet z ee , 1 9 9 1 ) . 

Tourn iquets in orthoped ic surgery . Pneumat ic 

2 7  

tourn iquets are routi ne ly used i n  extremity surgery because 

the amount o f  bl ood loss is  o ften decre a s ed , thereby 

improv ing surg i c a l  operat ing condit ions ( Gruendemann & 
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F i gure 5. Character i st i c  TEG patterns . 

Note . From " The thrombe l a s tograph ic d i agnos i s  o f  hemostat i c  

defect s " by Franz , R .  C .  and Coet z ee , J .  C . , 1 9 9 1 ,  Surgery 

Anna l s , 1 3 , p .  8 2 . 
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Meeker , 1 9 8 7 ) . The tourn iquet pres sure and l ength o f  t ime 

the tourn iquet is i n f l ated var ies accord i ng to loca l 

pract i ce . 

1 .  Metabo l i c  e f f ects o f  tourn iguet i s chem ia : The 

comp l ete arrest of c i rcu l ation to the l imb 

produce s  anox i a  or i schemia both under and d i sta l 

t o  the t ourn iquet . As tourn iquet t ime cont i nues 

to i ncrea s e , the t i s sues o f  the extrem i ty become 

i s ch em i c  w ith a progress ive l y  decreased pH and 

Pa02 , and increa sed PaC02 and lactate ( K l enerman , 

B i swas , Hu lands , & Rhodes , 1 9 8 0 ) . When the 

tourn iquet is d e f lated , reperfus i on of the 

extremity " washes out " the products of anaerobic 

metabo l i sm , and they enter the gener a l  c ir cu lat ion 

( Lynn , F i s cher , Brandf ord , & Pendergra s s , 1 9 8 6 ) . 

Ogawa et a l . ( 1 9 9 0 )  found that hypox i a  exerts 

a comp l ex e f f ect on endothe l i a l  funct ion . Hypox i c  

t i s sue w a s  f ound to have an increa s ed endothe l ia l  

permeab i l ity and a d i s turbance i n  coagu l ant 

propert i e s . Procoagu lant act ivity on the ce l l  

sur face was found to be increa sed by hypo x i a , 

produ c i ng a hype rcoagu lable state . Th i s  cou ld 

provide ins ight as  to what may occur a s  a result 

o f  l imb i s chem ia caused by tourn iquet app l icat i on . 

The degree of anaerobic metabo l ites r e l e a s ed 

a fter tourniquet is chem i a  depends , in part , on 

2 9  
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whether the tourn iquet i s  app l ied to a upper or 

l ower extrem i ty . One study f ound a three f o ld 

h i gher increase in  end-t ida l carbon d i ox ide l eve l s  

f o l l ow ing the r e l e a s e  o f  a l ower extrem ity 

tourn iquet when compared to the r e l e a s e  o f  a upper 

extrem i ty tourn iquet . Th i s  was attr i buted to the 

d i f ference in  ske l eta l musc l e  ma s s  in  the upper 

and l ower extrem ity ( D ickson , Wh ite , Ki nney & 

Kambam , 1 9 9 0 ) . 

2 .  Tourn iquet t ime : The l onger the tourn iquet i s  

i n  p l ace the greater are the bi ochem i ca l changes 

i n  the e f f ected l imb ( Hargens et a l . , 1 9 8 7 ) . The 

t ime f or the intramuscu l a r  a c id-ba s e  ba l ance to  

return to  norma l i s  d i rect ly proport i ona l to  the 

tourn iquet t ime . After 1 hour of i s chem i a , 

recovery o f  norma l ac id-ba s e  ba lance occurs i n  the 

l imb within 2 0  minutes . Recovery l ncre a s e s  to  4 0  

m i nutes for tourn iquet per i ods o f  2 - 4 hours . 

However , a fter 5 hours , recovery o f  ac id-ba s e  

ba l ance c a n  requ i re 2 t o  3 hours ( K lenerman et 

a l . , 1 9 8 0 ) . S imi l a r ly , the t ime f or intramuscu l a r  

oxygen tens ion to ach i eve ba s e l ine va lues 

f o l l ow i ng tourn iquet r e l e a s e  are 10 m inute s  

f o l l owing 1 hour o f  i schem i a , and increa s e  to 1 2  

to  1 5  m i nutes a fter 2 hours , and 1 5  to 2 0  m i nutes 

a fter 3 hours tourniquet i s chem ia . Th i s  may 

3 0  



www.manaraa.com

re f l ect e ither pre ferent i a l  arter i ovenous shunt ing 

to other t i s sues or increa sed oxygen consumpt i on 

i n  the mus c l e  f o l l ow i ng the tourn iquet ' s  r e l e a s e  

( Heppensta l l , Ba lderston , & Goodw i n , 19 7 9 ) . 

Tourn iquets app l i ed f or l ong per i od s  cause 

more s evere and l a s t i ng damage to the mus c l e  ly ing 

beneath the tourn iquet than to the mus c l e s  d i st a l 

to  i t . The t ime a tourn iquet i s  i n f l ated , and 

whether an interm ittent r e l ease o f  the tourn iquet 

i s  used dur ing l ong inf l a t i on t imes appear to  be 

cr it ica l f actors in determ in ing the sever ity o f  

mus c l e  damage . E l evated crea t i n i ne phosphok inase 

( CPK ) and l actic a c id va lue s , seen in  human 

s tud i e s  beyond 2 hours o f  i s chem i a , re f l ect 

musc l e  changes at that t ime ( Shaw & Murray , 19 8 2 ) . 

Tourn iquet s are o ften d e f lated f or a per i od 

o f  10 - 2 0  mi nutes a fter 1 . 5  to 2 . 0  hours o f  

i n f l at ion a nd every hour therea fter regard l e s s  o f  

t h e  tourn iquet pres sure used . Th i s  tourniquet 

de f l a t i on t ime interva l a l l ows f or remova l o f  

anaerob i c  met abo l i c byproducts and return o f  

norma l t i s sue oxygen leve l s . Many sources state 

that th i s  " rest per iod "  i s  requ i red if greater 

than 2 hours o f  tourniquet time 1S necessa ry ( Shaw 

& Murray , 1 9 8 2 ) . However , th i s  po int i s  

controvers i a l  ( K lenerman e t  a l . , 1 9 8 0 ) . 

3 1  
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S ince inj ury to soft t i s sue beneath a 

t ourn iquet appears to be a d i rect e f f ect o f  

app l i ed pres sure and undu ly h igh pres sures may 

produce inj ury more rapidly , the lowest pres sure 

that ma inta ins the obj ect ive o f  a b l ood l e s s  f i e ld 

shou ld be used . The s e  m i n imum pressures f or 

hemost a s i s  are not we l l  def ined , however . For a 

standard tourniquet , common ly recommended cuf f  

pres sure s  for the arm are between 2 5 0 - 3 0 0 

m i l l imeters mercury ( mm Hg ) and between 3 0 0 - 4 0 0 

mm Hg for the l eg ( Shaw & Murray , 1 9 8 2 ) . 

3 .  The e f f ects o f  tourn iguet d e f lat i on : The body 

h a s  the a b i l ity to m i n im i z e  the e f f ects of the 

r e l ea sed i s chem i c  metabo l ites upon reper fus ion . 

F irst , upon tourn iquet def lation , the l a rge vo lume 

of b l ood conta ined in the venous s ide of the 

c ircu lat i on ( 5 0 %  as opposed to 1 . 5 % in the 

arter i a l  system ) has a di lut iona l e f f ect on the 

r e l ea s ed i schem ic metabo l ites so that changes 1n 

the a c id-ba s e  status o f  the indiv idua l are 

m i n im i z ed . Second , there 1S an e f f i c i ent 

bu f f er ing capac ity of the bl ood that helps to 

m i n im i z e  ac idos is  caused by metabo l ites ( K l enerman 

et a l . , 1 9 8 0 ) . Th is  bu f f er i ng capa c i ty 1S reduced 

by a nem ia , hypovo lem i a , metabo l i c a c ido s i s  and 

pre-ex i st ing vascu lar d i s ease ( Pa lmer , 1 9 8 6 ) . 

3 2  
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Summary 

Hemost a s i s  and coagu l a t i on r e f er to a comp l ex s e r i e s  o f  

react i ons that l ead t o  the contro l o f  b l eed ing through the 

f ormat i on of a p l ate l et and f i br in c l ot at the inj ury s ite . 

The thrombe l a stogram prov ides a s imp l e , and r e l i a b l e  method 

f or eva luat ing the k i net ics  of b l ood c l ot f ormat ion and i s  

s u i t a b l e  f o r  a s s e s s ing b l ood coagu l at i on in  the operat i ng 

room environment . 

I t  i s  we l l  known that tourniquet app l icat i on cau s e s  a 

var i ety o f  phy s i o log i c  changes in the d i st a l  extrem ity due 

to anaerob i c  metabo l i sm and i schem i a . I t  i s  l arge ly unknown 

a s  to  whether the mechan i sm o f  coagu l at i on i s  a l tered by 

thes e  changes and i s  the ba s i s  o f  th i s  study . Perhaps the 

anesthet i c  or surg i c a l management of thes e  pat i ents cou ld be 

improved by research in th i s  area . 
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Chapter Two 

Rev i ew of Literature 

Wh i le there have been numerous stud i e s  p e r formed on  the 

e f fects of tourn i quet use , none have examined what 

i n f luenc e , if  a ny , tourniquet use-might have on coagu l a t i on . 

A r ev i ew o f  l i terature from anesthe s i a , surg i c a l  and other 

j ourna l s  may a l l ow one to theor i z e  i f  any r e l a t i on sh ip 

e x i st s . Because the surg i c a l  pat i ent i s  a l s o e f f e cted by 

the stres s  o f  surgery and anesthes i a  wh i l e  the tourniquet i s  

i n  u s e , these e f f ects on the hemosta t i c  system a r e  a l s o  

d i s cu s s ed . 

The E f f e ct s  o f  Surgery on Coagul a t i on 

The occurrence o f  acqu ired coagu l a t i on defects dur ing 

surgery has made the mon itor ing of c lott ing important to 

thos e  i nvo lved in  pat i ent care ( How l and , Schwe i z er , & Gou l d , 

1 9 7 4 ) . O ' Br i en , Ether ington and Jami eson ( 1 9 7 1 )  exami n ed 

i ntraoperat ive changes ln p l at e l et funct i on . Ten pati ents , 

who s e  ages ranged from 1 7  - 8 5  years , were stud i ed . A l l  

pat i ents had ma j or thorac ic  surgery . 

3 4  
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P l a t e l et respons ivene s s  was ana ly z ed by a two stage 

t e s t i ng of p late l et aggrega t i on . stage 1 i nvo lved the 

abi l ity of p l ate l et s  to change shape and become " st icky " so 

they adhered to one a nother . Th i s  was i nduced by the 

add i t i on of ADP . stage 2 invo lved a " re l e a s e  react i on "  i n  

wh ich ADP was r e l e a s ed f rom w ith i n  the p l ate l et . Th i s  

f urther e l evated the ADP concentrat i on around the p l ate l et , 

i ncre a s ing p l ate let adhes ivene s s , aggregat ion , and 

encourag i ng the f ormat ion of a p l ate l et p lug . stage 2 was 

i nduced by co l l agen , but can a l so be i nduced by e i ther 

endogenous or exogenous ADP or ep i nephr ine . 

B l ood s amp l e s  were obta ined : ( 1 )  1 - 4 days be f ore the 

operat ion , ( 2 )  immed iately be f ore the operat i on , ( 3 )  dur ing 

the i nduct i on o f  genera l ane sthes i a  ( a fter adm i n i stra t i on o f  

e a c h  anesthet i c  drug ) , and ( 4 )  intraoperat ive ly . The t im ing 

of i ntraoperat ive s amp l e s was not spec i f i ed .  

Ten m i l l i l i ters ( m l ) o f  c itrated blood wa s co l l ected 

and centr i fuged w ith in 1 0  m inutes of c o l l ect i on . Two 

m i l l i l iters ( ml )  o f  the resu l t i ng p l at e l et-r i ch p l a sma was 

st i rred at 3 7 ° C  ln  an aggregometer to wh ich e i ther ADP or a 

" d i lute "  suspens ion of " ground -up co l l agen " . I f  comp l ete 

aggregat i o n  occurred , no  further add i t i on was made . I f  

d i s aggregat i on occurred , ADP 1 . 5  x 1 0� Mo lar ( M )  was  added 

exact ly 2 m i nutes l ater . Th i s  techn ique perm i tted 

exam inat i on o f  p l ate let activ ity . 
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P l a t e l et response to ADP decreased stead i ly w i th t ime 

in 9 of 10 pat i ents ( 9 0 % ) , unt i l  at l e a st 1 hour a fter the 

operat ion , and r eturned to norma l by the next day . P l ate l et 

r e sponse to co l l agen a l so  " decrea s ed temporar i ly at the end 

of the operat i on "  ( p . 7 4 2 ) . It  wa s shown that s ome a spect 

of a l ong operat i on caused a temporary decrea s e  i n  both 

p la t e l et aggregat i on and p l ate l et re lease of ADP . P l ate let 

count and vo lume did not cha nge . 

The authors recogn i z ed that the anesthet i c  agents used 

may have been r e spon s i b l e  for the changes seen i n  p l ate l et 

f unct i on . However , further decrea s e s  i n  p l ate l et r e sponse 

were " often observed " a fter the end of the anesthet ic . Th i s  

supported the conc lus ion that anesth e s i a  wa s not the cause 

o f  the obs erved p l ate l et defects . 

Franz and Coet z ee ( 1 9 8 1 )  stud i ed the e f f ects o f  surgery 

on the hemostat ic pro f i l e of 2 0  pat i ents underg o i ng a 

standard retropubic prostatectomy . B lood f or TEG ana ly s i s  

and coagu l at i on stud i e s  was obtained be f ore , dur ing , and 1 0  

days a fter surgery . It wa s not stated when intraoperat ive 

b lood s amp l e s  were obtained or how they were drawn . 

The results o f  the study demonstrated an lncrease in  

TEG hypercoagu l ab i l ity postoperat ively . Th i s  c o i nc ided with 

a dec l ine in  p l a sma f i br inolyt i c  and ant ithromb in I I I  

a ct ivity , a s  we l l  a s , a r i se in the leve l s  o f  a)-ant itryp s i n  

( a  potent ant i p l a smi n ) . It was conc luded that thes e  

f ind i ngs were con s i stent with s imi lar stud i e s  document ing 
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changes i n  both f i br i no lys i s  and i n  overa l l  coagu l ab i l i ty l n  

response t o  surg i c a l  stres s .  The TEG was recommended a s  an 

acceptabl e  test f or revea l ing hypercoagu l ab i l ity . 

But l e r  ( 1 9 7 8 ) stud i ed 5 0  pat i ents before , dur i ng and 

a fter e lect ive abdom ina l surgery . The pati ents were d iv ided 

i nto 3 groups ( a )  Group 1 ( n  = 2 6 )  had upper abdomina l 

surgery ( not i nvo lving spl enectomy ) , ( b ) Group 2 ( n  = 1 4 ) 

had a s p l enectomy ( i n whom the p l ate l et count was w i th i n  the 

norma l range be fore operat ion , and ( c )  Group 3 ( n  = 1 0 )  had 

a s p lenectomy with preoperat ive thrombocytopen i a . 

S er i a l  s amp l es o f  0 . 3 6 ml , free- f l ow ing , venous bl ood 

were taken by ven ipuncture u s i ng a two-syr i nge techn ique . 

The t e s t  s amp l e  was ant i coagu l ated w ith sodium c itrate 

s o l ut ion . B lood s amp l e s  were obta ined ( a )  1 day before 

operat i on , ( b ) a fter i nduct i on o f  anesthe s i a , ( c )  1 hour 

a fter i nc i s i on ,  ( d ) end of operat i on , ( e )  1 day a fter 

operat i on , ( f ) 3 - 4 days a fter operat i on , and ( g ) 7 days 

a f t er operat i on . The p l ate l et count , f ibr i nogen 

concentrat i on , factor VI I I  act ivity , as we l l  a s  

Thrombe l a stograph® va lues were ana l y z ed . 

I ntraoperat ive TEG va lues demon strated increased 

coagu l ab i l ity w ith a correspond ing decrease i n  R .  Th i s  

hypercoagu l a b i l ity was s i gn i f i cantly greater i n  Group 1 ,  

wh ich exh ib i ted a shortened R + k a s  we l l  a s  a marked 

shorten ing of R .  Po stoperat ive ly ,  a l l  Groups demonstrated a 

s ign i f icant shorten ing o f  R + k t ime and an increase i n  MA ,  
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wh i ch was most s igni f i cant l n  the pat i ents w i th preoperative 

thrombocytopen i a . 

The MA re f l ected the thrombocytope n i a  seen 

preoperat ive ly in  Group 3 pat i ents , but returned to norma l 

postoperat ive ly . One day a fter surgery , the K and MA va lues 

were f ound to  be e l evated in a l l  groups , but more so i n  

Group 3. The f ibr inogen concentrat ion was f ound to  

corre late better with MA than the p l ate l et count 

postoperat ive ly . Factor VI I I  activity was f ound to be 

e l evated i ntraoperat ive ly ,  but postoperat ive l eve l s  were 

f ound to  be h igher than intraoperat ive l eve l s . The TEG 

var i ab l e s , R and R + k were found to corre late best w ith 

f a ctor VI I I  act ivity . 

The hypercoagu l abi l ity seen dur ing surgery was 

attr i buted to  the adrenerg ic stimu l a t i on caused by surg ica l 

trauma wh ich i s  known to augment f actor VI I I  act ivity , 

i ncrea s e  p late l et adhe s ivene s s , and induce p late l et 

aggregat ion . Thrombe la stograph va lues taken postoperat ive ly 

indicated hypercoagu l a b i l ity . Th i s  hypercoagu l abi l ity was 

not nece s s ar i ly a s soc i ated with actua l thrombu s  f ormat i on , 

but rather , shou ld be regarded as  " a  seque l "  to  the 

hemostat i c  changes occurr i ng as  a result of surgery . 

The e f f ect o f  progress lve bl ood loss . Tuman et a l e 

( 19 8 7 ) stud ied the coagulat ion e f f ects of progres s ive b l ood 

los s on 8 7  adu lts undergoing genera l ane sthes i a  f or a 

var i ety o f  operat ions ( orthoped ic , abdomina l ,  cran i a l ,  
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thora c i c , and gyneco log i c ) . None o f  thes e  pat i ents had 

preoperat ive a l terat i ons in coagu l a t i on or l iver funct ion . 

B l ood coagu l a t i on prof i l es  were exam ined u s ing TEG . 

3 9  

B lood s amp l e s  were obta ined ( a )  5 m i nutes before 

i nduct i on o f  anesthe s i a , ( b ) 15  m i nutes a f ter i nduct ion , ( c )  

a fter each 5 %  i ncrement loss  o f  est imated b l ood volume 

( EBV ) , ( d )  at the end of surgery , and ( e )  2 hours 

postoperat ive ly . Pat i ents wi th an est imated b l ood l o s s  

( EBL ) exceed ing 0 . 1 5 EBV were g iven packed r e d  c e l l s  and 

crysta l lo i d  s o lut i on . Pat i ents wi th EBL l e s s  than 0 . 1 5 EBV 

rece ived only crysta l l o i d  s o lut i on . 

Thrombe l a stograph i c  ana lys i s  reve a l ed a trend toward 

hypocoagu l ab i l i ty a fter i nduction of gener a l  anesthe s i a  when 

compared to the pre i nduct i on state . Th i s  f i nd i ng was 

r e f l ected by pro longat i on o f  both R and K va lue s , and a 

decr e a s ed a and MA va lues . Moderate bl ood l o s s  ( greater 

than 0. 1 - 0 . 1 5 t imes the EBV ) induced a hypercoagu l a b l e  

state b y  TEG analys i s  ( decrea sed R and K va lue s , increa sed a 

and MA va lue s ) when compared to postanesthes i a  va lues . 

Add i t ional i ncrea ses  i n  coagu l ab i l i ty were seen in  pat i ents 

w ith EBL of 0 . 1 0 to 0 . 1 5 t imes the EBV . Two hours a fter the 

opera t i on , TEG parameters rema i ned hypercoagu l a b l e  when 

compared to the same va lues f o l low i ng induct ion o f  

anesthe s ia . 

I t  was conc luded that the decrea s ed coagu l at i on 

act ivity seen immed i ate ly a f ter the i nduct i on of genera l 



www.manaraa.com

4 0  

anesthes ia m ight correspond to a decreased l eve l o f  str e s s  

a nd l ower s erum catecho lamine l eve l s  when compared to the 

unanesthet i z ed preoperat ive state . I n  add i t i on , genera l 

anesthet i c s  were known to have e f f ects on b l ood coagu l at ion , 

e spec i a l ly p l a t e l et funct i on . Th i s  may have been a f actor 

i n  the postanesthes ia  hypocoagu l ab i l ity . 

I t  w a s  hypothe s i z ed that blood l o s s  ( w ith the 

correspond i ng l o s s e s  of coagu l a t i on fa ctors and p la t e l e ts ) , 

coup led w ith hemod i lut ion ( due to ' crysta l l o id r e p l acement ) , 

wou ld probably produce a hypocoagu l a b l e  state . On the 

contrary , the study f ound no evidence f or hypocoagu l a b i l ity 

a fter progr e s s ive b l ood l o s s . I n  fact , the coagu l a t i on 

system appeared to be s t imu l ated dur ing progr e s s ive b l ood 

loss . 

I t  was surm i s ed that incre a s ed leve l s  o f  ren i n , 

angioten s i n , a nd re lease o f  catecho lamines was l ike ly dur ing 

progre s s ive b l ood l o s s . P l ate l et adhes iven e s s  was known to 

i ncrea se s ign i f icantly a fter ang i ote n s i n  as we l l  a s  

catecho lamine adm i n i strat ion . The s e  f actors might have 

produced the hypercoagu lable state seen in  most of the 

pat i ents exper i enc ing moderate to ma s s ive b l ood l o s s . 

The E f f ect o f  Anesthe s i a on Coagu l a t i on 

Gotta et a l e ( 1 9 8 0 )  stud ied 3 0  pat i ents undergo ing 

ma j or operat ions to a s s e s s  a l terat ions in  p l ate let 

aggregat ion and funct ion dur ing anesthe s i a . Pati ents 
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rece i ved e i ther n itrous oxide , oxygen and e n f lurane i or 

n i trous oxide , oxygen and f entany l anesthe s i a . Preoperat ive 

p l at e l et counts , PT , and aPTT were norma l in a l l  patient s . 

A l l  pat i ents were even ly matched a s  to age , sex  and type o f  

operat i on . 

A l l  b l ood s amp l e s were obt a i ned v i a  a 1 6 -gauge centra l  

venous pres sure l ine . The f i rst 1 0  m l  o f  the b l ood s amp l es 

were d i scarded . A l l  samp l e s  were ana ly z ed for p l ate l et 

aggrega t i on a s  we l l  a s  thrombe l a stography . 

Untreated who l e  bl ood ( 0 . 3  ml ) was p ipetted i nto the 

TEG cuvette for ana lys i s . The p i ston was l owered into the 

samp l e , a nd " covered " with mi nera l o i l . The s amp l e s  f or 

p l at e l et ana lys i s  were prepared by centr i fug i ng who l e  bl ood 

for 10 m i nute s , r emoving 2 . 5  ml  of p l ate l et poor p l a sma f rom 

the top o f  the s amp l e , then centr i fug ing the rema 1n 1ng 

p l a sma f or 2 0  m i nute s . After 1 - 1 . 5  hour s , p l a t e l et s  were 

p laced in an aggregometer at 3 7  ° e .  Adenos i ne d i phosphate 

( 2  x 10� M concentrat ion ) ,  and co l l agen ( 0 . 2 6 mg / m l ) were 

added to each s amp l e . P l ate l et aggrega t i on was determ i ned 

u s ing Born ' s  turbid imetr ic techn ique , wh ich used a 

mechan i c a l  dev ice to chart a lterat ions in  opt i c a l dens ity a s  

an  i ndex o f  the number of p l ate l et s  in  suspens i on . The 

opt ica l dens ity decre a s ed in proport ion to the amount o f  

p late l et aggregates i n  a samp l e  because aggregat ion 

decre a s ed the number o f  p l ate lets in  suspen s i o n . 
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The resu lts ind icated that , with one except i on , a l l  

p late l et spec imens were aggregated by the ADP s o lut i on and 

thi s  response was not a ltered e ither by anesthes ia or 

operat i o n . S im i l a r l y , c o l lagen-treated spec imens showed no 

s igni f i cant a lterat ion in  the pattern of aggregat ion dur i ng 

the study per i od . Thrombe l a stography con f i rmed the absence 

of changes i n  e i ther c l ot f orma t i on or the deve l opment o f  

c lot tens i l e strength . 

Borg and Mod ig ( 1 9 8 5 )  stud ied - the e f f ects o f  loca l 

anesthet i c s  on p l ate l et aggregat ion in  hea lthy donors 

(N = 1 2 ) . B l ood s amp l e s  were stored at room temperature for 

1 hour . They were then prepared by a centr i fugat ion 

techn ique i nto p l ate l et - r i ch p l a sma with a p late l et count of  

300,000 per m i cr o l iter ( �L ) . A l l  12  p l ate let-r i ch p l a sma 

s amp l e s  were then exposed to l idoca ine , bup ivaca i ne and 

toca i n ide , " o f  d i f f erent concentrat i ons " a nd over " d i f f erent 

i ncubat i on t ime s "  ( p .  7 4 0 ) . Then p l ate l et aggrega t i on wa s 

t ested u s ing a 1 m icromo l e  ( �mo l )  so lution o f  ADP and a 1 

m icrogram per m i l l i l iter ( �g / m l ) co l l agen s o lut ion . Test ing 

was comp l eted within 3 hours o f  preparat i on , s ince p l at e l et 

react ivity wa s stated to gradua l ly decrease wi th storage o f  

the p l a sma . 

I t  was f ound that l i doca ine , bup iv i c a ine , and toca in ide 

caused i nh i b i t i on o f  p l ate let aggregat i on whether or not 

aggregat i on wa s induced by ADP or c o l lagen . I t  was 

ind i cated that the concentrations o f  loca l anesthe t i c s  
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needed t o  cause d i st inct and reproduc ible inh ibit ion were 

f a r  greater than those usua l ly used c l i n i ca l ly dur i ng 

cont i nuous l umbar epidura l anesthe s i a  ( LEA ) . However , in  

a l l  of  the anesthet i c s , l onger incubation t imes ( such a s  is  

seen i n  LEA )  produced s ign i f i cant ly greater p late let 

dys func t i on than short incubat ion t ime s . 

O f  the three l oca l anesthet ics  tested , l idoca ine was 

f ound to be the most e f fect ive in prevent ing p late let 

aggregat ion ; wherea s ,  toca in ide was the l east e f f ect ive . 

H i gher concentrat i ons o f  loca l anesthet ic agents caused a 

greater i nh i b i t i on o f  pl ate let aggregat ion . However , it  was 

noted that the inh i b itory e f f ects o f  the l oca l anesthet i c s  

were part ia l ly o r  tota l ly overcome by h igh concentrat ion s  o f  

ADP o r  c o l l agen ( 1 0 �mo l and 1 0  �g / ml ) . The s e  

concentrat i ons o f  ADP and c o l lagen wou ld not b e  atta inable 

phys i o l og i c a l ly ,  however . 

The study conc luded that the reported f ind i ngs l ent 

s trong support to an ant ithrombot ic e f f ect of l oca l 

anes thet i c s , part icu l a r l y l i doca ine . However , it caut i oned 

aga inst genera l i z at i ons to c l inical  pract i c e  s ince h igher 

concentrat i ons of loca l ane sthet ics than those used 

c l i n i ca l ly were needed to cause dec i s ive and reproduc i b l e  

i nh ib i t ion o f  p l ate l et aggregat ion . O n  the other hand , the 

increa s ed i nh i b itory e f fect , seen w ith pro l onged exposure to 

loca l anesthet ics , might be o f  c l i n i c a l  importance s i nce 

loca l anesthet ics  have contact with the bl ood f or l ong 
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anesthes i a . 

4 4  

Faus s , Meadows , Brun i and Qureshi ( 19 8 6 )  i nve s t i gated 

the e f fects of i s o f lurane and n itrous oxide on p late let 

aggregat ion both in  vivo a nd in  vi tro . Venous b l ood s amp les 

( 2 5  - 3 0  m l )  were obta i ned , centr i fuged to i s o l at e  

p late l et s , then the p l atel et-r ich p l a sma ( PRP ) w a s  d i luted 

w ith p late l et -poor p l a sma to a PRP of  a 15 0 , 0 0 0  - 2 0 0 , 0 0 0 / � L  

p l ate l et count . 

The i n  vitro exper i ment s were carr i ed out on hea l thy 

vo lunteers ( n  = 1 7 ) w ith two bl ood s amp l es drawn from each 

person . After ident ica l preparat i on o f  the b l ood s amp l e , a 

3 . 5  m l  p l at e l et samp l e  wa s p l a ced in  a Petr i d i sh and then 

stored in a a irt i ght chamber at 3 7  ° C . Samp l e s  were then 

e xposed to carbon d i oxide ( C02 ) , and humid i f i ed oxygen ( °2 ) . 

They were then d iv ided into groups ( a )  Group 1 ( i s o f lurane 

treated ) , ( b ) Group 2 ( n itrous oxide treated ) , 

( c )  Group 3 ( i s o f lurane / n itrous oxide treated ) and ( d )  Group 

4 ( control group ) . A 0 . 4 5 ml s amp l e  wa s w i thdrawn a fter 3 0  

m i nutes and transf erred to an aggregometer where p l ate let 

aggregat i on wa s mea sured . The agents used to s t imu l ate 

aggregat i on were ADP ( 2 . 5  - 5 . 0  �M ) , and c o l l agen ( 0 . 1 9 or 

0 . 0 8 mg / m l ) . The aggregat ion response was recorded f or 7 

m inutes a fter the addit ion o f  e i ther aggregat ing agent . 

The in  v i vo e f fects were a l so stud i ed . Two samp l e s  o f  

venous b l ood were obta i ned from 9 pat i ents undergo ing 
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e l ect i ve surgery . The pat i ents were d i v ided i nto 2 groups : 

( 1 ) contro l group ( b l ood samp l e  taken 1 / 2  hour be f ore 

i nduct ion of  anesthe s i a )  and , ( 2 )  exper iment a l  group ( bl ood 

s amp l e  taken 1 / 2  hour a fter i nduct i o n  of anesthe s i a . The 

exper iment a l  group was ma i nta i ned w i th 1 . 5 % I so f lurane and 

6 6 . 6 %  n itrous oxide . The bl ood s amp l e s  were centr i fuged and 

prepared i n  the s ame manner a s  above , then p l aced i n  the 

aggregometer and tested . 

I n  both the in  v i tro and i n  v�vo stud i e s , n itrous ox ide 

( 8 0 % )  and i s o f lurane ( 1 . 5 % )  demonstrated a sma l l  but 

s ign i f icant i nh i b i t ion o f  ADP - i nduced p l ate l et aggrega t i on . 

There was not a s igni f i cant i nh ib it ion o f  aggregat i on noted 

in the co l l agen-treated samp l es . The in  vitro add i t i on o f  

i s o f lurane t o  the n i trous ox ide treated s amp l e s  d i d  not 

a ccentuate the p l ate l et i nh i b i t ion caused by n itrous ox ide 

a lone . 

I t  was conc luded that s i nce none o f  the pat i ents in the 

study deve l oped any symptoms of abnorma l b l eed i ng , the 

degre e  o f  p l ate let dys funct ion caused by n itrous ox ide and 

i s o f lurane m ight not be c l i n i ca l ly s i gn i f i ca nt . I t  was 

suggested that in  pat i ents w i th m i ld congen i t a l  or acqu i red 

p late l et d i sorders , the e f f ects o f  these drug s m ight be 

important . 

E f f ect o f  ane sthet ic technique . Donadon i ,  Bae l e , 

Devu lder and Ro l ly ( 1 9 8 9 ) stud i ed the i n f luence o f  

anesthet i c  technique in  8 8  ASA I I  and I I I  pat i ents 
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undergo i ng tota l h ip repla cement . The subj ects were d iv ided 

i nt o  groups depend ing on anesthetic techn ique ( a )  Group I 

( genera l anesthes i a ) ,  ( b ) Group I I  ( ep i dura l anesthe s i a ) a nd 

( c )  Group I I I  ( ep idura l and genera l anesthes i a ) .  

B l ood wa s c o l l ected a fter ven ipuncture i n  tubes 

cont a i n i ng 0 . 1  vo lume o f  3 . 8 % o f  sod ium c itrate . S evera l 

l abora tory stud i e s  were performed ( PT ,  aPTT , f ibr i nogen , 

p l a sm i nogen , antithromb in I I I  ( AT I I I ) , prote in C ,  Q2-

ant ip l a sm i n  ( Q2AP ) , factor VI I I  activ ity , and von wi l l ebrand 

act ivity . Samp l es  were taken be fore the induction o f  

anes the s i a , at the end o f  surgery , o n  the f i rst 

postoperat i ve morn lng , and on the seventh postoperat ive 

morn i ng . 

The results demonstrated no s ign i f icant d i f f erences in  

( a )  the per i operat ive bl ood l o s s , ( b ) the  amount o f  f lu id 

adm i n i stered or ( c )  the amount o f  bl ood trans fused between 

the ep idura l group , and the other two groups . The a PTT wa s 

pro l onged i n  a l l  groups immed iately a fter surgery when 

compared to the i n it i a l  va lue , but th is  wa s on ly s l ight ly 

s ign i f i ca nt in Group I .  F i br i nogen , AT I I I  and p l a smi nogen 

were decreased s ign i f i cantly at the end of surgery in  a l l  

three Groups , but AT I I I  and p l a sm inogen returned t o  norma l 

f a ster i n  Group I I  than in the other Groups . Seven days 

a fter surgery , the p l a sma AT I I I  and p l a sminogen leve l s  were 

s ign i f i cantly h i gher in Group I I  than in  the other Groups . 

Because AT I I I  was cons idered the most important 
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phys i o logica l a ntagon i st of act ivated f actors I I , I X ,  X ,  XI , 

X I I , i t s  f a st r eturn to norma l wa s stated to  pos s ibly p l ay a 

bene f i c i a l  ro l e  i n  the prevent i on o f  DVT . 

I t  was conc luded that the i n f luence o f  the anesthe t i c  

techn ique cou l d  n o t  e a s i ly b e  separated from t h e  i n f luence 

of the surgi c a l  techn ique , pos i t i on ing o f  the pat i ent and 

f lu i d  rep l acement . The study demonstrated the i nc idence o f  

deep v e i n  thrombos i s  w a s  lower a fter ep idura l b l ock : 45 % 

a fter gener a l  a nesthe s i a , 2 5 %  a fter ep idura l anesthe s i a , and 

38% a fter both . Whether these e f f ects are due to changes i n  

the b l ood chemi stry , o r  t o  a decrea s e  in p l ate let 

aggregat ion ( caused by the loca l anesthet i c )  rema ins 

specu l at ive . 

The e f fects o f  hypotherm i a  and ac idos i s . Ferrara , 

McArthur , Wr ight , Mod l i n and McM i l l en ( 1 9 9 0 )  performed a 

retrospect ive study exam i n i ng 45 ma s s ive ly trans fused trauma 

pat i ents w ith s im i lar I n j ury Sever ity Score s . The mean 

pat i ent age wa s 2 8 . 5  years and the ma l e / f ema l e  rat i o  was 

3 : 1 . The s e  pati ents had no s i gn i f icant head i n j ur i e s  or 

concurrent med ica l d i seases . 

F l u i d  r e sus c i t at i on was per f ormed in  the f o l l ow ing 

manner : Crysta l l o id infus ion 3 t imes the b l ood vo lume lost 

was trans fused through two 1 4  or 16  gauge intravenous 

catheters .  When it was evident that bl ood products were 

needed , a th ird l arge bore s i te was usua l ly p l a ced 

centra l ly .  Centra l venous pressure , ur ine output , 
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rep l a ced . Al l pat i ent s i n  th i s  study were treated w i th i n  

these gu i d e l ines and had centr a l  venous pre s sures that 

i nd icated adequate card iac f i l l i ng . 
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Charts were rev i ewed for age , sex , mecha n i sm o f  i n j ury , 

I n j ury S ever i ty Score , vital  s igns on adm i s s i on , t ime f rom 

i n j ury to r e sus c i tat i on i n i t i at ion , durat i on o f  shock 

( systo l ic b l ood pres sure l e s s  than 8 0  rom Hg ) , presence o f  

ac idos i s , operat ive f i nd i ngs and procedure s ,  per i operat ive 

core temperature ,  and 2 4 -hour postoperat ive temperatur e . 

The number and type o f  a l l  bl ood products g i ven were 

r ecorded . 

The overa l l  morta l ity was 3 3 % ,  w ith the cause o f  death 

i n  s i x  pat i ents , irrever s i b l e  shock . A l l pat i ents who d ied 

had documented coagu l opathy . I n  f ive o f  thos e  pat i ents , 

uncontr o l l a b l e  b l eed ing was the cause o f  operat ive death . 

When surv ivors were compared to nonsurv ivor s , no d i f f erence 

was f ound i n  age , ma l e / f ema l e  rat i o , or I n j ury Sever i ty 

Score . However , nonsurv ivors rece ived more trans fus i ons o f  

PRBC than surv ivors , and were more l ikely t o  have a 

penetrat ing inj ury . Laboratory stud i e s  indi cated that 

nonsurvivors had a h i gher mean PT than surv ivors . 

Nonsurvivors were a l s o  more ac idot i c  ( pH 7 . 0 4 ± 0 . 0 6 vs 7 . 1 8 

± 0 . 0 2 ) , and more hypothermi c  than survivors ( 3 1  ± 1 ° C  vs 3 4  

± 0 . 7 ° C ) . The comb inat ion o f  severe hypotherm i a , ac idos i s , 
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a nd c l in ica l ly s evere coagu l opathy was , l n  part icu lar , more 

f requent in nonsurvivors than in surv ivors .  

The authors ind i cated that nonsurvi vors were 

s ign i f icant l y  more ac idot ic and hypotherm i c . Hypothermi a  

was a ssoc i ated w ith s evere coagu l opathy i n  8 5 % o f  the 

nonsurvivor s . Hypotherm i c , ac idot i c  pat i ents were found to 

deve l op s ign i f icant bleed ing d i sorders desp ite adequate 

b l ood , p l a sma , and p l ate let rep lacement . Coagu l at ion 

stud i e s  performed on thes e  pat ients were norma l ,  except f or 

the PT , wh ich was pro l onged . However , the PT va lues were 

we l l  w i th i n  the range o f  surg i c a l  hemostas i s . 

The s tudy suggested that the tota l vo lume o f  

trans fus i on , s ever ity o f  ac idos i s , hypotherm i a , and the 

deve l opment of c l i n i c a l  coagu lopathy stat i st i ca l ly 

d i st i ngu i shed nonsurv ivors from surv ivors . The comb inat i on 

o f  ac idos i s  and hypothermia w i th coagu l opathy had the 

h ighe s t  morta l ity ( 9 0 % ) . Once coagu lopathy had deve l oped , 

FFP and p l ate l et transfus i ons were ine f f ect i ve i n  correct i ng 

it . I t  was stated that hypotherm i a  wa s an underapprec i ated 

cause of l etha l coagu lopathy in  the pat i ent requ i r ing 

m a s s ive trans fus i on . 

The Thrombe la stograph® as a Mon i tor o f  Coagu l a t i on 

A compa r i son o f  T EG to other tests . Howl and , Schwe i z er 

and Gou ld ( 1 9 7 4 ) compared intraoperative coagu lat ion 

measurements aga inst T E G  va lues from 1 5 8  pat i ents . A 
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comb inati on o f  TEG , act ivated c l ot t i ng t ime ( ACT ) , and 

act i vated part i a l  thrombop l a s t i n  t ime ( aPTT ) were performed 

1 5 4  t imes ; TEG , aPTT and Hemochron® ( another brand o f  ACT ) 

was conducted 7 4  t imes . The init i a l  screen i ng s amp l e  was 

obta i ned immed iately be f ore operat ion , usua l ly f r om a 

centr a l venous pres sure ( CVP ) catheter , and subsequent 

s amp l es were drawn , when i nd i cated , e ither a s  a f o l l ow-up o f  

therapy or because o f  abnorma l bl eed ing . 

The TEG was f ound to detect the most c lott i ng prob l ems 

requ i r i ng therapy ( whether the c l ott i ng abnorma l ity was 

hypercoagu la b i l ity or hypocoagu lab i l ity ) in a l l  the tests 

perf ormed . The best overa l l  TEG var i a b l e  f or detecting both 

coagu l opathy appeared to be the R-t ime . A lthough the aPTT 

was f ound to be " re l a t ive ly use l es s "  in detect i ng 

hypercoagu l ab i l ity , it  wa s s l ight ly super ior to the TEG i n  

determ i n i ng hypocoagu lable states . I n  eva luat i ng the speed 

of obt a i n ing resu l t s  from the d i f ferent methods used , the 

study revea l ed that the ACT and Hemochron® had the advantage 

of obt a i n i ng data rap i d ly ( l e s s  than 5 m i nutes ) ,  whereas the 

aPTT requ i red 3 0  to 4 0  minutes and the TEG at l east 2 0  

minutes to  obt a i n  results . However , the ACT and Hemochron® 

d id not prov ide any d i agnost ic inf ormat ion . On ly the TEG 

a nd aPTT a s s i sted in determin ing the cause of c l ott ing 

abnorma l i t i es . 

Kang et a l e ( 1 9 8 5 )  stud ied TEG e f fect ivenes s  i n  both 

detecting coagu l at i on change s and gu iding b l ood product 
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r ep l acement therapy i n  6 6  pat i ents who underwent l iver 

trans p lantat i on . Al l pat i ents exh ib i ted a coagu l opathy 

preoperat i ve ly . Two groups o f  pat i ents were s tud ied . Group 

1 was mon i tored and treated accord i ng to laboratory tests 

[ PT ,  aPTT , thromb i n  t ime ( TT )  , rept i lase t ime , f actor I ,  I I , 

V ,  V I I ,  V I I I , I X ,  X ,  XI , XI I leve l s , f i br in degradat i on 

product ( FO P )  l eve l , eug l obu l in lys i s  t ime ( ELT ) and 

p late l et count ] and Group 2 was mon itored and treated 

accord i ng to  TEG var i ables . The spec i f i c number o f  pat i ents 

in each group was not ident i f i ed .  A l l  pat i ents had two 

i ndwe l l i ng 8 . 5  French catheters , a pu lmonary artery 

catheter , and an arter i a l  l i ne . Norma l s a l ine was used to 

f lush the pres sure mon itor ing catheters . 

Coagu l at i on tests were obta ined ( a )  be f ore i nduct i on o f  

anesth e s i a , ( b ) 3 0  m i nutes a fter i nc i s i on , ( c )  5 m i nutes and 

30 m i nutes i nto the anhepat ic stage , and ( d )  5 and 3 0  

m i nutes a fter reper fus i on o f  the donor l iver . Post 

perfu s i on b l ood samp l e s  were then taken ( a )  every 2 hours , 

a nd ( b )  a fter every 6 l iters o f  adm i n i stered b l ood volume . 

A b lood s amp l e  o f  0 . 3 6 ml wa s taken f or the TEG test . 

Depend i ng on the va lue obtained , the coagu l opathy was 

treated . For examp l e , a prol onged R ( R  > 1 5  rom ) was treated 

w i th 2 un i t s  o f  fresh- frozen p l a sma , and a decrease i n  MA 

( MA  < 4 0  mm ) was treated with 1 0  un its  o f  p l ate l et s . When 

the coagu l at i on defects did not improve , 6 un its  o f  

cryoprec i p itate was adm i n i stered . 
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The resu lts re f l ected a genera l ly poor corre l a t i on 

between convent i ona l laboratory tests and the TEG va lues . 

Thi s  was attr ibuted to dev i at i ons in  the i nd ividua l data and 

other maj or phy s i o l og i c  changes that occurred dur ing l iver 

trans p lant o f  wh i ch standard l aboratory tests might not be 

part i c u l ar ly s ens i t ive . 

The amount o f  bl ood transfused to those pat i ents 

mon itored w ith TEG was compared to thos e  pat i ents who were 

mon itored w ith standard laboratory ' tests . The TEG-mon i tored 

Group rece ived f ewer un its of packed red b l ood c e l l s  ( 1 7 ± 

1 2 . 9  units vs . 2 6 . 7  ± 2 3 . 8  un its ) , fresh- frozen p l a sma ( 1 8 . 3  

± 1 2 . 5  vs . 2 6 . 7  ± 2 4 . 1 un its ) and a decrease i n  the tota l 

f lu ids i nfused ( 2 0 . 2  + 1 1 . 2  l iters vs . 3 1 . 4  ± 1 9 . 2  l iters ) 

when compared to the other Group . However , the TEG 

mon itored Group rece ived more p l ate l ets ( 2 0 . 8  ± 1 2 . 8  vs . 

1 4 . 1  ± 1 3 . 7  un its ) and cryoprec ip itate ( 1 7 . 2  ± 8 . 5  vs . 1 0 . 2  

± 4 . 5  un its ) . The number o f  bl ood donors the pat i ents from 

e ither Group rece ived were s im i lar ( 6 7 . 9  ± 4 3 . 9  vs . 7 1 . 4  ± 

6 3 . 4 ) . The study conc luded that the TEG wa s a r e l i able 

mon itor of  coagu l at ion . 

Sp i e s s  et a l e ( 1 9 8 7 ) stud i ed the use o f  TEG a s  an  

ind icator o f  post-card iopu lmonary bypass coagu l opath i e s  i n  

3 8  pat i ents who had e ither coronary artery bypass o r  va lve 

rep l acement surgery . B l ood samp l e s  were taken ( a )  b e f ore 

card i opu lmonary bypa ss ( CPB)  , ( b ) 4 5  m i nutes a fter the start 

o f  bypa s s , ( c )  3 0  m i nutes a fter adm i n i strat i on o f  protam ine , 
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a nd ( d )  postoperat ive ly . B l ood samp l e s  were eva luated by 

aPTT , PT , ACT , p l ate l et count , f i br inogen , FOP , and TEG . 

The s amp l es were obta i ned from an arter i a l  catheter a fter 

d iscard ing 1 0  ml of b l ood . 

5 3  

The resu lts o f  the study showed a weak , pos it ive 

corre l a t ion between the TEG and rout ine coagu lat ion tests 

pre-bypas s ; however , post-bypa ss test resu lts r e f l e cted no 

corre l a t ions . I t  was stated that the TEG mea sured the 

i nteract i on between the p l at e l et sur face and the coagu l at i on 

cascade wh ich was changed dur ing CPB . Rout ine laboratory 

tests a l so were not able to measure these changes . I n  

add i t i on , the postoperat ive data suggested the TEG was a 

better pred i ctor o f  postoperat ive b l eed i ng ( 8 0 % )  than the 

ACT coagu l at ion prof i l e ( 5 0 % ) . 

I t  was conc luded that the R va lue o f  the TEG was the 

var i a b l e  most sens it ive in detecting the hepa r i n  e f f ect . 

However , wh i l e the TEG cou ld be succes s fu l ly used to 

e f f ective ly mon itor l ow dose hepar in therapy , i t  prov i ded no 

d i scr im i nat i on between adequate and i nadequate 

hepar i n i z a t i on and wa s , there fore , not recommended as a 

mon itor o f  hepar i n i z at i on dur ing card iopu lmonary bypa s s . 

I mportance o f  the TEG . Lee , Taha , Tra i nor , Kavner , and 

McCann ( 1 9 8 0 )  compared TEG w ith aPTT wh i l e mon itor i ng 

hepar i n  therapy i n  pat i ents ( N  = 6 0 )  w ith deep ve i n  

thrombos i s  ( OVT ) . Of  these pat i ents , Group 1 ( n  = 4 1 )  

rece i ved hepa r i n  via  a cont inuous infus i on pump , and Group 2 
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( n  = 1 9 ) had an i nterm ittent i nfus i on . The pat ient ' s  

hepar i n  dosage was adj usted based upon the R va lue obta i ned 

from the TEG . A R va lue o f  1 . 5  to 2 t imes norma l ( norma l = 

1 2  - 1 6  mm) was s e l ected as  de s irable for each pat i ent . The 

TEG a nd a PTT were per f ormed tw ice da i ly .  

The results i nd i cated that hepa r i n  dosages were 

decre a s ed in 2 7  of the 4 1  pat i ents ( 6 5 . 9 % )  be i ng treated 

w ith cont i nuous i nfus i on to ma inta in the de s i red R va lue . 

O f  the 1 9  pat i ents receiv ing heparin i nterm i ttent ly , only 4 

( 2 1 . 1 % )  needed the i r  dosages reduced be l ow the i n i t i a l  

leve l . I n  1 , 1 0 7  aPTT tests perf ormed on thes e  pat i ent s , 

only 2 6 % showed a therapeut ic e f fect at thes e  reduced 

dosages of hepar in . The rema in ing 7 4 %  reve a l ed l it t l e  or no 

change f r om the ba s e l ine va lues pr ior to hepar i n  therapy . 

I t  was demonstrated that the inc idence o f  s er i ous 

b l e ed i ng l n  pat i ents rece iving hepar i n  therapy was  2 0  - 2 5 % . 

However , there were no bl eed ing comp l i cat i ons i n  the 

pat i ents treated w ith hepa r i n . The extreme sens i t i vity o f  

the T E G  to  the e f fects o f  hepa r i n  a l lowed e f f ect i ve 

a nt icoagu l at i on w i th less  drug . The system was recommended 

a s  a pract i ca l  and inf ormat ive means of detecting 

coagu l at i on problems . 

Zuckerman , Cohen , Vagher , Woodward and Capr i n i  ( 1 9 8 1 )  

compared the TEG wi th common coagu l at i on tests ( hematocr i t , 

p l at e l et count , PT , PTT , f i br in and FOP ) . Two groups were 

s e l ected ( a )  Group 1 ( n  = 14 1 )  compr i s ed norma l vo lunteers , 
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and ( b )  Group 2 ( n  = 1 2 1 ) , pat i ents w ith cancer . Group 2 

pat i ents were s e l ected because ma l ignancy was known to 

i nduce a hypercoagu lable state . 

5 5  

The resu l t s  i nd i cated that TEG var i ab l e s  were more 

accurate than the laboratory var iables  in d i f f erent i at i ng 

between the two Groups . Only 7 2 . 3 % o f  Group 2 pat i ents were 

correct ly c l a s s i f i ed by the standard l aboratory tests , 

wherea s  9 6 . 7 %  o f  the se pat i ents were ident i f i ed by TEG 

var i ab le s . Th i s  was attr i buted to' the h igher rate o f  f a l s e  

negat ives and decreased sens i t iv ity of  standard l a boratory 

tests to the f act that standard laboratory c l ott i ng 

measurements end w i th the f ormat ion o f  the f irst f i br i n  

strand s . However , the TEG mea sured the proce s s  o f  

h emostas i s  i n  who l e  bl ood from the i n i t iat i on o f  c l ott i ng to  

the f ina l stages o f  c l ot lys i s  or  retract i on . A lthough 

there was a strong corre lat i on between the TEG var i ab l e s  and 

the common coagu l at i on laboratory tests i n  th i s  study , the 

TEG var i a b l e s  conta ined add i t i ona l i n f ormat i on that went 

beyond the f i rst stages of c l ot format i on . Th i s  add i t i ona l 

i n f ormat i on made the TEG test more sens it ive to changes in  

the hemostat i c  ba lance of coagu lat i on and r e l ated systems . 

The Phys i o l ogi c E f f ects of Tourn iquet Use 

Tourn iquet i s chem i a . Tountas and Bergman ( 1 9 7 7 ) stud i ed 

the u ltra structura l ( appearance of the m i tochondr i a  and 

s arcop lasmic  ret icu lum ) and h i stochem i c a l  changes caused by 
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i schem i a  i n  both human and monkey musc le . Ten pat ient s , 

aged 1 9  - 7 3  years and undergo i ng operat i ons on the hand , 

were stud i ed . These procedures were per formed w i th a 

tourn i quet i n  p lace f or 1 - 2 hours . Spec imens o f  human 

mus c l e  were obta i ned every 3 0  m i nutes of tourniquet t ime . 

I n  add it ion , two monkeys were stud ied and subj ected to 

cont i nuous tour n i quet i schem i a  f or a per i od of 6 hours . 

B iops i e s  o f  mus c l e  and nerve were a l so  taken at one ha l f  

hour i nterva l s . N e i ther the tourn iquet pres sure nor 

anesthe t i c  techn ique were ment i oned . 

5 6  

Spec imens were stud i ed by both l ight and e l ectron 

m icroscopy . B i ops i e s  o f  human musc l e  obta i ned at operat i on 

showed no s ign i f i cant changes i n  musc l e  structure w i th 

tourn i quet t imes o f  1 - 2 hours . The an ima l study genera l ly 

co incided w ith human stud ies  for shorter tourniquet t imes . 

However , b i ops i e s  o f  pr imate forearm f l exor mus c l e s  for 

per i ods l onger than 2 hour s revea led evidence o f  s ign i f icant 

a ltera t ions . I ntrace l lu l ar edema and other changes l eading 

to ce l l  death occurred a fter 3 hours o f  tour n i quet t ime . 

Tourn i quet t imes greater than 4 hours resulted in permanent 

structura l and funct i ona l damage to mus c l e  and nerve . 

The i nvest igators perf ormed an addit i on a l  exper iment to 

exam i ne whether i schem i c  mus c l e  changes in  the monkey cou ld 

be de l ayed i f  bl ood f l ow was restored f or 3 0  m inute s  a fter 3 

hours o f  i s chem i a . The tourn i quet was then re- i n f l ated f or 

2 a dd it iona l hours . The authors conc luded that restorat i on 
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o f  c i rcu l at i on a fter a per i od o f  i schem i a  had a 

myoprotect i ve e f f ect ; it  wa s found to prevent 

u ltras tructura l  change s in the mus c l e s  for at  least the 

succeedi ng 2 hour per i od . 

5 7  

Heppensta l l  e t  a l . ( 1 9 7 9 )  stud i ed pathophys i o log i c  

e f f ects o f  i schem i a  d i sta l to a tourn iquet o n  the h i nd l imb 

o f  the dog . Twenty-four , adu lt , mongre l  dogs o f  equal  sex 

d i str i but ion were ane sthet i z ed w ith pentobarb i t a l  ( 2 0  mg / kg )  

a nd i ntubated . The tourn iquet pressure used was 3 5 0  rom Hg . 

The dogs were d i v i ded into 4 groups ( a )  Group 1 ( 1  hour 

i schem i a ) ,  ( b ) Group 2 ( 2  hour i s chemi a ) , ( c )  Group 3 ( 3  

hour i schem i a ) ,  and ( d )  Group 4 

( 3  succes s ive 1 hour interva l s  o f  i schem i a  s eparated by 1 0  

m inute s  o f  tourniquet release and reper fus i on ) . 

Once anesthet i z ed ,  a GoreTex® membrane was inserted 

i nt o  the r ight quadr iceps mu scle d i sta l to the tourn iquet 

with the use of a l arge bore need l e . An anox ic s o lution was 

then perfused through the membrane , a l l ow i ng for measurement 

of °2 , CO2 , and pH . Samp l e s o f  the s o lut i on were obta i ned at 

15 m i nute s , 1 hour , and 2 hours f o l l ow i ng de f l at ion . In  

add i t ion , the la ct ic acid leve l wa s measured 1 m i nute a fter 

de f lat ion . A b i opsy of the a f f ected musc l e  was taken at  2 

and 2 4  hours post-de f l at i on . After 2 weeks o f  recovery , the 

procedure was repeated on the oppos ite leg . 

The results revea led that a severe state o f  t i s sue 

hypox i a , hypercarb i a , and ac idos i s  occurred w i th tourn iquet 
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i schem i a . A l i near decrease in  oxygen ten s ion was noted . 

I ntramuscu l a r  oxygen decreased from a rest ing va lue o f  2 2  + 

4 Hg , to 0 by 2 5  m i nutes o f  i schem i a . The amount o f  t ime to 

return o f  norma l oxygen tens i on was proport i on a l  to 

tourn iquet t ime : 1 0  m i nutes a fter 1 hour i schem i a , 1 2  - 1 5  

a fter 2 hours , and 1 5  t o  2 0  a fter 3 hours . I n  genera l ,  the 

va lues recorded for Group 4 were very s im i lar to Group 1 and 

2 ,  even though a tota l o f  3 hours o f  tourn iquet t ime was 

u s ed i n  Group 4 .  The musc le biops·y samp l e s  revea l ed early 

degenerative changes a fter 1 hour o f  i schem i a , that 

progres sed w ith 2 hours of i schem i a . These degenerat ive 

changes were noted to i ncrease 2 4  hours l ater . Any 

permanent e f f ects were not ment i oned . 

It  was conc luded that tourn iquet t ime shou ld not exceed 

1 to 1 . 5  hours i f  comp l icat i ons are to be avo ided . I f  

further t ime i s  requ i red , the tourn iquet should be 

i nterm ittent ly r e l ea sed for 1 0  mi nutes at every 1 -hour 

i nterva l be f ore r e i n f l a t i on of the tourniquet to permit 

metabo l i c byproducts to be removed and a l l ow norma l t i s sue 

oxygen l eve l s  to return . 

Patter son and K l enerman ( 1 9 7 9 )  stud i ed the e f f ect o f  

pneumat ic tourn iquets on the u ltrastructure o f  ske l et a l  

mus c l e  i n  rhesus monkeys . The actua l number o f  subj ects and 

tourn iquet pres sures were not ment i oned . After induct i on o f  

genera l anesthe s i a , a Kidde® tourn iquet cu f f  w a s  app l ied t o  

the upper th igh o f  the r i ght lower l imb f or per i ods l a st ing 
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from 1 t o  5 hours . B i ops i es were taken from the musc l e  

l y i ng both under the tourn iquet , and d i st a l  t o  the 

tourn i quet , immed i a t e ly be fore and a fter tour n i quet release . 

Samp l e s  from the oppos ite l imb were used a s  contro l s . After 

b i opsy , a m i n imum of 15 muscle f i bers were prepared , then 

exam i ned under a Ph i l ips® EM 3 0 0  e l ectron m i croscope . 

The results showed that the t ime a tour n i quet i s  l e ft 

i n  p l ace i s  a cr i t i ca l f actor i n  determ i n i ng whether or not 

severe damage occurs to the muscle - ly ing underneath . 

Tourniquets app l i ed for long per i ods caused more s evere and 

l a s t i ng d amage to the mus cle lying beneath the tourn iquet 

than to mus c l e s  l y i ng d i st a l  to it . I t  wa s conc luded that 3 

hours i s  probably c l o s e  to the l im i t  o f  t ime that a musc l e  

can to l erate susta ined tourniquet compress i on and h i gher 

tourn i quet pres sures may produce detr iment a l  e f f ects more 

rap i d l y . There fore , the lowest e f f ect i ve pres sure that 

produces a s at i s factory blood l e s s  f i e l d  shou ld be used . 

System i c  e f fects o f  tourn iquet appl icat i on . K lenerman 

et a l . ( 1 9 8 0 )  stud i ed the systemic and loca l e f f ects o f  

tourniquet app l icat i on in  adu lt rhesus monkeys and i n  

pat i ents undergo ing tota l knee rep lacement . A l l  subj ects 

were anesthet i z ed under genera l  anesthe s i a . 

An ima l stud i e s : The number o f  a n ima l subj ects wa s 

not g iven . The r ight interna l carot id artery wa s 

cannu lated for bl ood pre s sure mea surement and the 

r ight i nterna l j ugu lar for bl ood s amp l i ng .  In  
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add i t i on , a catheter was p l aced in the f emora l 

ve i n  o f  the exper iment a l  l imb , and passed 

retrograde to the area o f  tourn iquet app l i c at i on . 

An i n f ant- s i z ed Kidde® tourn iquet cuf f  was used at 

300 rom Hg i n  a l l  a n ima l s . Samp l e s  were taken f rom 

the r ight atr ium over a per iod o f  1 minute to 

establ i sh contro l s  f or ac id-ba se status and 

pota s s ium . After release o f  the tourn iquet , 

samp l e s  were taken s imu ltaneous ly from both the 

i nt erna l j ugu l a r  route and the f emora l ve i n  for 2 

hours . 

Resu lts reve a l ed that the ac id-ba s e  ba l ance 

took l onger to recover w i th longer tourn iquet 

t imes . For instance , 2 0  minute s  were requ i red for 

recovery a fter 1 hour o f  tourniquet t ime wh i le 4 0  

m i nutes were requ i red a f ter 2 - 4 hours o f  

tourniquet t ime o r  i n f lat i on . 

C l i n i c a l  stud i e s : N i ne pat ients ( 3  men and 6 

women ) , average age 6 8  years , undergoing tota l 

knee rep l acement were a l so stud i ed . Genera l 

anesthe s i a  was used for a l l  pat i ents . The r ight 

i nterna l j ugu lar ve in wa s cannu l ated , and a 

catheter p l a ced into the atr ium for bl ood 

s amp l i ng .  An Esma rch ' s  bandage was used to 

exsangu i nate the l imb , then a 10 cm Kidde® 

tourn i quet cu f f  was inf lated at a pres sure o f  

6 0  
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twice the pre- induction systo l i c pres sure . 

Base l ine va lues were aga i n  taken be f ore tourn i quet 

def l a t i on . Immed i ate ly be f ore def l at i on , s amp l e s  

o f  b l ood were taken from the IJ and f emor a l  ve i n  

o f  the operated l imb . When the tourniquet was 

r e l e a sed , s amp l e s  were taken s imu ltaneou s l y  f rom 

the f emor a l  need l e  and IJ f or 1 5  m i nute s , then 

i nterm ittent ly from the j ugu lar cannu la for 2 

hours . Tourniquet t ime ranged f rom 7 0  to 1 8 6  

m inute s . 

6 1  

The results o f  both o f  the an ima l and human stud i e s  

suggested that the longer the tourniquet w a s  i n  p l ace , the 

greater were the biochem i ca l changes in the l imb . When the 

tourn iquet was released , samp l e s  taken f rom the r i ght s ide 

of the heart showed l i tt le or no change in  ac id-base status . 

Although the pota s s ium leve l s  leaving the i schemic l imb were 

e l evated , none of the samp l es mea sured from the r ight atr ium 

showed a s ign i f i cant r i s e  in  potass ium . The authors 

i nd i cated that th i s  is probably due to a d i lut i ona l e f fect 

by the l arge vo lume of blood on the venous s ide of the 

c i rcu l at i o n . I n  add i t i on , the pH o f  the blood samp l e s  

rema i ned stable a fter reper fus ion of the extrem i ty , and was 

attr i buted to both a d i lut i ona l e f fect a s  we l l  a s  the 

e f f ic i ent buf fer i ng capac i ty of the bl ood . 

The authors conc luded that system i c  changes produced by 

tourniquet use f or up to 3 hours were not marked and were 
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read i ly r evers ible , providing that the b l ood pres sure and 

ac id-base status o f  the subj ect was stab l e . The s amp l ing 

techn i que wa s cr i t i c i z ed by the authors because o f  a we l l 

known stream i ng e f fect o f  bl ood with in the vena cava . Th i s  

e f f ect had been known t o  a f f ect the mea surement o f  venous 

oxygen in e s t imat ions of card iac output . I n  add it ion , the 

l oca l ac id-base ba l ance wa s found to recover in l e s s  than 4 0  

m inutes w i th tourn iquet t imes o f  a s  much a s  3 hours . The 

authors stated that the pract ice of releas ing the tourniquet 

at 2 hours for a per i od of 5 to 1 0  m i nutes to a l l ow a 

" breath i ng per i od "  may not be appropr i ate . Three hours are 

r ecommended a s  the upper t ime l im i t  f or s a f e  use of a 

tourniquet . 

Lynn et a l e ( 1 9 8 6 )  stud ied the system ic re sponses to  

tourn iquet re lease in  1 5  ch i ldren , ASA I - I I I , aged 6 

months to  1 5  years . O f  the chi ldren stud i ed , l ower 

extrem i ty tourniquet was used in 1 3 , and upper extrem i ty 

t ourniquet in  2 .  Seven ch i ldren had bi later a l  l ower 

extrem ity surgery . I n  5 pat ients , tourn i quets were used 

s er ia l ly ( the second tourn iquet was i n f l ated a fter the f irst 

had been d e f l ated ) . I n  one pat ient , tourniquets were 

i n f l ated and def lated s imu ltaneous ly . 

After induct ion o f  genera l ane sthe s i a , the extrem i ty 

underg o i ng surgery was exsangu inated with an  Esmarch bandage 

and the tourniquet i n f lated to a pres sure � 7 5  mm Hg h i gher 

than the ch i ld ' s  awake systo l i c bl ood pre s sure . Heart rate 
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and rhythm , b l ood pres sure , temperature ,  r e sp i ratory rate 

a nd arter i a l  b l ood samp l e s  were observed at  spec i f ied t imes 

( a )  a fter i nduct i on of anesthe s i a  ( contro l ) , ( b ) immed iately 

preced i ng tourn iquet def lat ion , and ( c )  I ,  3 ,  5 ,  a nd 1 0  

m i nutes a fter d e f lat ion o f  the pneuma t i c  tourn i quet . 

When surgery invo lved two extremit ies , tourn iquets were 

r e l eased s equent i a l ly ( with one except i on ) , and data were 

co l lected at the t ime each tourn iquet was d e f l ated . 

The r e l e a s e  o f  pneumat ic tourn iquets resu lted i n  a 

5 - 1 0  mm Hg tran s i ent decrea s e  in b l ood pres sure , l a s t i ng 

l e s s  than 1 0  m i nutes . Tourn iquet r e l e a s e  a l l owed i s chem i c  

metabo l it e s  to  enter the genera l c i rcu lat i on , cau s i ng a 

m ixed respiratory and metabo l i c ac idos i s . Wh i l e  the 

respiratory ac idos i s  was qu i ck ly compensated in  pat i ents 

w ith one tour n iquet in use , the metabo l ic ac idos i s  per s i sted 

f or more than 1 0  minutes a fter two tourn iquets were 

r e l ea s ed . The degree o f  metabo l i c a c ido s i s  increa s ed a s  

i schem i c  t ime and the is chem i c  area increa s ed ( l ower l imb 

greater than upper l imb ) . The largest change in pH was seen 

when b i l atera l lower extremity tourn iquets were r e l e a s ed 

s imu ltaneous ly . I t  i s  i ntere sting that when bi later a l  

tourniquets were used sequenti a l l y , lactate leve l s  ( wh i ch 

had i ncreased a f t er the f i rst tourn iquet r e l e a s e )  rema ined 

e l evated dur ing the i n f lat ion t ime of the second tourn iquet . 

Thi s  l act ic ac idos i s  d i d not c l ear unt i l  a fter the second 

tourn i quet had been def lated . The authors ind i cated that 
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th i s  might repres ent l eakage of ac ids from the second 

tourn iqueted extrem ity via bone c i rcu lat i on . 

6 4  

T i s sue hypox i a ,  i schem ia and coagu l at i on . Er iksson , 

Rep l og l e  a nd G lagov ( 1 9 8 6 )  stud ied reper fus i on o f  ske l eta l 

mus c l e  a fter a per i od of i schem ia in  2 9  anesthet i z ed ,  

spontaneous breath ing cats . Occ lus i on o f  bl ood f l ow wa s 

accomp l i shed by a tourn iquet i n f l ated at 3 0 0  rom Hg , and was 

con f irmed by a m i croscope focused on the area . Occ lus i ons 

of 1 ,  2 ,  4 ,  6 ,  8 , and 1 0  hours were stud i ed , with a m i n imum 

o f  4 cats i n  e ach group . Just be fore r e l ea s e  o f  the 

tourn iquet , the exposed ves s e l s  of the leg were observed 

under a m i croscope . At the end of obs ervat i on , mus c l e  

b i ops i e s  were taken and the spec imens prepared f o r  e l ectron 

microscopy . 

The results revea led that the bl ood d i d  not c l ot i n  the 

occ luded ves s e l s  dur ing the per i od of tourn i quet use . C lot 

f o rmat i on was noted a fter severa l minutes a fter tourn iquet 

d e f l a t i o n  and l imb reperfu s i on . Fo l l owing tourn iquet 

re l e a s e , arter i o l e s  occ luded f or more than 2 hours increased 

the i r  d i ameter trans ient ly by about 5 0 % , and reper fus i on o f  

the extrem ity occurred . The d i ameter o f  most arter i o l e s  

r eturned to ba s e l ine w i th in 5 minute s . Venu l e s  d i sp layed 

s ome d i lat ion , but of less magn itUde and l onger durat i on 

than arter i o l e s . I n  addi ti on , the f l ow ve loc ity seemed to 

i ncrease i n  a l l  ve s s e l s  upon reper fus i on and r eturned to  

bas e l ine a fter about 5 m i nutes . However , th i s  d i d  not 
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prevent the re-occ lus i on o f  f l ow that wa s seen ln  mus c l e s  

occ luded l onger than 6 hours . 

6 5  

Upon tourniquet def lat ion , blood f l ow cea sed ( in one 

musc l e  occ luded f or 6 hours and ln a l l  mus c l e s  occ luded 

l onger than 6 hours ) , a fter a 3 to 5 5  minute per i od o f  

reperfus ion . These mus c l e s  were noted to have numerous t iny 

embo l i  a nd thromb i in the vascul ature dur i ng reperfus i on 

that eventua l ly seemed to cause the obstruct ion o f  f low .  

with i n  m i nutes these proce sses progres sed to a comp l ete 

obstruct i on o f  the ent ire va scu lar tree . 

The authors stated these f i ndings may imp ly one o f  two 

th ings . E ither there i s  e ither a progres s i on o f  the 

i s chem i c  i n j ury a fter the reestabl i shment of f l ow , or the 

i n j ury to the t i ssue act ivated coagu l at i on , and only 

requ ired more p l ate l ets , f i br i n , and other components 

( supp l i ed dur ing the per i od o f  reperfus ion )  to  occ lude the 

vascu l ar tree . 

Ogawa et a l e ( 1 9 9 0 )  stud ied the e f fect o f  hypox i a  on 

cap i l lary endothe l i a l  ce l l  funct ion and coagu lant funct i on . 

Microva s cu l ar endothe l i a l  cu ltures , grown in  cu lture d i shes , 

were exposed to hypoxia by p l ac ing them in an incubator 

attached to  a hypox ia chamber . The chamber regu l ated the 

oxygen concentra t i on , humidity and CO2 content of the 

environment . At interva l s  throughout the exper iments , the 

oxygen content of the culture med ium bath ing the ce l l s  was 
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determ i ned by analyz ing the d i s so lved gas . The pH o f  the 

med i um was kept constant throughout the exper iment . 

6 6  

The resu l t s  demonstrated that hypoxia d irectly 

r egu l at ed the coagu lant propert ies o f  m i crova s cu l ar 

e ndothe l ium . Cons iderab l e  shi fts in oxygenation were 

requ ired for endothe l i a l  permeab i l ity to be d i sturbed enough 

to i nterfere w ith the ma i ntenance of hemosta s i s . I t  was 

conc l uded that the e f f ects o f  hypox i a  on coagu l a nt function 

r e lated to a red irect ion o f  prot e in biosynthes i s  w i th the 

suppr e s s ion of certa in prote ins and induct ion of other s . 

Summary 

Many art i c l es  have been wr itten about tourn i quet 

i schemi a  a nd the var i ety of chem i c a l  changes induced by 

anaerobic metabo l i sm and i schemia . It i s  large ly unknown a s  

to whether coagu lat i on i s  a f f ected by thes e  changes , and i s  

the bas i s  o f  th i s  study . The Thrombe l a stograph® i s  a 

sen s i t ive instrument that moni tors the ent ire coagu lat i on 

proces s . The TEG va lues obta ined can be used to d i agnose 

many coagu la t i on abnorma l i t i e s  and provide u s e f u l  

i n f ormat i on to a i d in the ane sthet ic management o f  pat i ents 

who requ ire the use o f  a tourniquet . 
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Chapter Three 

Methodology 

Des ign 

The purpose o f  th i s  study was to invest igate whether 

changes in coagu l a t i on occur f o l l owing tourn iquet use on the 

l ower extrem i ty . The study des ign wa s quas i -exper imenta l 

( Po l it & Hung l er , 1 9 8 5 ) . 

Popu l a t i on ,  Sampl e ,  and Sett ing 

The study popu lation cons i sted o f  orthoped ic surgery 

pat i ents pres ent ing to a mid-at lant ic , un ivers ity , teaching 

hosp ita l .  A l l  pat ients were schedu l ed for e l ect ive surgery 

a nd requ i red the use of a tourn iquet on the l ower extrem i ty . 

A s amp l e  o f  conven i ence or sequent i a l  samp l e  was emp l oyed . 

B l ood s amp l e s  were co l l ected per ioperat ive ly . The 

f irst samp l e  was co l l ected preoperat ive l y ; wherea s ,  a l l  

other spec imens were col lected a fter the pat i ent had been 

anesthet i z ed in  an operat ing room suite . 

Orthoped ic pat ients who met inc lus ion c r iter ia were 

admitted to the res earch samp l e . The f o l l owi ng criter i a  

were used : 

6 7  
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1 .  Pat i ents must undergo orthoped ic surg ica l 

procedures invo lving the use o f  a thigh tourn i quet . 

2 .  Pat i ents in  the study must have base l ine norma l 

c l ot t i ng status and no h i story o f  coagu l opathy . 

6 8  

3. Pat i ents i n  the study must be between the age of  1 8  

and 6 5  years . 

4 .  Pat ients i n  the study cou ld not have had recent 

( le s s  than one week ) exposure to qu i n i d ine , a sp i r i n , 

r i f amp i c i n , hero i n , hepa r i n , cou�ad i n , and nonstero i da l  

ant i - in f l ammatory drugs . 

5 .  Pat i ents i n  the study must be w ith in 2 0 % o f  the i r  

idea l body we i ght . 

f orm . 

6 .  Pat ients i n  th i s  study must s ign a i n formed consent 

Morbi d ly obese , hypertens ive ( systo l i c blood pres sure 

> 2 0 0 rom Hg , d i asto l i c bl ood pres sure > 1 1 0  mm Hg ) , trauma 

pat i ents , and pat i ents w i th recent cytotox i c  treatment f or 

ma l ignancy ( w i th i n 6 months o f  the study ) were exc luded . 

Protoco l 

Pat i ents were s e l ected from the operat i ng room schedu le 

a s  they met sampl i ng criter i a . I n f ormed consent was 

obta i ned p r i or to i n i t i at i ng the study . 

On the contra latera l arm to the pr imary per ipher a l  

intravenous catheter ( IV ) , a n  1 8  gauge i ntravenous catheter 
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was p laced i n  the antecub ita l fossa w ith a l ow rate IV o f  

Dextrose 5 %  and water t o  keep the ve in open . 

6 9  

The TEG mach ine was warmed f or 3 0  m i nutes pr i or to 

draw i ng the f irst bl ood s amp l e . B l ood s amp l e s  were drawn in  

the f o l l owing manner , us ing a two syri nge techn ique : 

1 .  5 m l  o f  bl ood was drawn o f f  and d i scarded . 

2 .  0 . 7  m l  o f  bl ood was drawn i n  a TB syr inge f or 

s amp l ing .  O f  t h i s  blood , the f i rst 0 . 3 5 cc were d i s carded . 

The l a st 0 . 3 5 cc of th i s  bl ood wa s put into the TEG cuvette 

4 - 6 m i nutes a f ter ven ipuncture . The p i ston was l owered 

and ra i s ed 2 t imes and left in the lowered pos i t i on . Four 

drops o f  m i n er a l  o i l  were p l aced on the sur face of the 

s amp l e  to prevent premature dry ing of the s amp l e . The TEG 

graph was then marked w i th an i n it i a l  ref erence po int . 

Mark ing the TEG graph a l so  i n it i ated s imu ltaneous CTEG 

ana lys i s  of the TEG trac i ng . 

B lood s amp l e s  were co l l ected at the f o l l owing 

i nterva l s : 

Samp l e  1 .  

Samp le 2 .  

Samp l e  3 .  

S amp l e  4 .  

Samp l e  5 .  

Samp l e  6 .  

Prior to i nduct ion ( I n the hold ing area ) 

1 0  m i nutes a fter induct ion 

3 0  m i nutes a fter tourniquet app l i ca t i on 

3 - 5 m i nutes a fter tourn iquet def lat ion 

3 0  minutes a f ter tourn iquet def l a t i on 

A postoperat ive hemog lobin and hematoc r i t  

were drawn a n d  recorded . 
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A tota l o f  f ive bl ood samp l e s  were taken for ana lys i s  

o n  a l l  pat i ents in  the study . Five m i l l i l iters o f  b lood wa s 

withdrawn and d i s carded pr ior to each test samp l e  s ince 

t i s sue contam inants and intravenous f luid cou ld potent i a l ly 

confound the results . 

Pat i ents rece ived e i ther genera l anesthe s i a , ep idura l 

anesthe s i a , or a combination of both . One pat i ent underwent 

sp ina l anesthes ia comb ined w ith genera l ane sthes i a . A l l  

pat i ents undergo ing genera l anesthe s i a  rece ived spec i f i c 

agents : Mida z o l am ,  sod ium th iopenta l ,  sub l ima z e , vecuron ium 

a nd / or suc c i ny l cho l i ne , and i s o f lurane and n itrous oxide for 

i nh a l a t ion . The use o f  morph ine s u l fate ( MS )  was opt iona l .  

The dose o f  MS was restr icted to 1 0  mg or l e s s  s ince l arge 

dosages have been a s s oc iated with hypocoagu l abi l ity . 

I ntravenous loca l anesthet ics were not a l l owed on study 

pat i ents dur ing the procedure s i nce they have a l s o  been 

a s s oc i ated w ith hypocoagu labi l ity . Mon itor ing wa s carr ied 

out i n  the rout ine manner . The bl ood pres sure cu f f  was 

p laced on the arm oppos ite the s ite where the b lood samp l e s  

were drawn . 

I nstrumentat ion 

Nat ive who l e  bl ood coagu l at i on was mea sured by the 

Haemoscope Thromboe la stograph® Ma ch i ne ( TEG ) . The TEG 

r ecords the process o f  bl ood coagu l at ion , inc lud i ng 

f ibr ino lys i s . The resu lt is  a measure o f  the k i net i c s  o f  
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c l ot format i on and qua l ity . The Computer i z ed 

Thrombe l astogram® Ana l y z er ( CTEG ) i s  a computer s o ftware 

system l inked e l ectron i ca l ly to the TEG mach ine . Because 

the CTEG mon i tors the TEG graph produced by the TEG mach ine , 

i t  provides an  ana ly s i s  o f  each parameter in  numer i c  and 

graph i c  f orm . 

The TEG i s  sens it ive to a l l  the interact ing c e l l u l ar 

and p l a smat i c  components in  the bl ood that may a f f ect the 

rate or structure of a c l ott ing spmp l e . The overa l l  prof i l e  

can b e  qua l itat ive ly interpreted ( TEG graph i c  trac i ng )  or 

quant i tat ive ly i nterpreted ( TEG parameters :  R ,  R + K ,  MA 

a nd a )  i n  terms o f  the hypocoagu lable , norma l or 

hypercoagu l ab l e  state of the samp l e , and the degree o f  lys i s  

( Ha emos cope , 1 9 9 1 ) . 

The TEG had two cy l indr i c a l  samp l ing cuvettes a l l ow i ng 

two mea surements to be carr ied out s imu l taneous ly . Those 

cuvette s  were ma inta ined at a temperature of 3 7  ° Ce l s ius . 

When i n  operat ion , each cuvette i s  rotated around a vert ica l 

ax i s  at  an  ang l e  o f  4 . 5 ° .  Ins ide the cuvette , a 

cyl indr i c a l ,  sta i n l e s s  stee l p i ston i s  freely suspended from 

a tors ion w i re l eaving a space o f  1 m i l l imeter ( rom ) between 

the p i ston and the cuvette . A mirror attached to the 

tors ion wire re f l ected the l ight from a s l it l amp onto a 

str ip o f  photograph ic f i lm .  

As l ong a s  the samp le rema ins f luid , the p i ston rema ins 

mot ion l e s s , mak ing a stra ight l i ne on the graph . As the 
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b l ood c l ot deve l ops , f i brin strands beg in to form . These 

f ibri n  strands attach the cuvette to the p i ston , and the 

o sc i l l at ions of the cuvette are transmitted to the p i ston 

v i a  the connect ing f i br in strands . Un i ntent iona l 

osc i l l a t ion o f  the p i ston is e l iminated by an  o i l - f i l l ed 

damp ing dev i c e . 

7 2  

As the f ibr in format ion and e l astic ity o f  the b lood 

c l ot progres s e s , the osc i l lat i ons of the p i ston i ncrease 

proport i onate ly . Th i s  results in a progress ive i ncrease of  

the de f lec t i ons o f  the r e f l ected l ight source , and 

product i on o f  the character i st i c  TEG tra c i ng . 

An e l ectromecha n i ca l transducer converts the rotat i ona l 

movement o f  the p i ston into an e l ectr ica l s i gna l that i s  

amp l i f ied .  Th i s  e l ectr ica l s igna l dr ives an  

e lectromechan i c a l  pen motor that records the rotat i ona l 

movement on a chart ca l led the thrombe la stogram . The graph 

moves at a speed of 2 mm/ m i n . 

Data Ana lys i s  

A l l  nume r i c  data were obta ined f rom the CTEG . The data 

were ana l y z ed by an ana lys is o f  var i ance ( ANOVA ) or a 

repeated measures ANOVA for a l l  samp l e s . The accepted a lpha 

l eve l of s ign i f icance was . 0 5 .  A t test was used to examine 

any e f f ect ane sthe s i a  might have had on coagu l at i on . 
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Chapter Four 

Resu lts 

The s amp l e  popu l a t i on for th i s  study con s i sted o f  9 

pat i ents undergo ing orthoped ic lower extrem ity surgery that 

i nvo lved the use of a pneumat ic tourn iquet . See  Table 2 f or 

demograph i c  data . A th igh tourniquet was ut i l i z ed in a l l  

c a s e s  a t  a pres sure o f  3 5 0 mm Hg . The surg ica l procedures 

perf ormed on the samp l e  populat i on were repres ented by 4 

ante r i or cruc iate l igament reconstruct ions , 1 repa i r  o f  

nonun l 0n f emur fracture , 1 repa ir o f  ruptured ach i l l e s  

tendon , 1 ank l e  f i xat ion , and 2 tota l knee rep lacements . 

Each pat i ent ut i l i z ed in the study wa s screened accord ing to 

the s amp l e  admi s s ion criter i a . No deviat ions f rom the s e  

criter i a  occurred . Each pat ient served a s  the i r  

own contro l . F ive bl ood samp l e s  were drawn : 

Samp l e  1 ( S l )  preoperat ive 

S amp l e  2 

S amp l e  3 

Samp l e  4 

Samp l e  5 

( S 2 )  1 0  minutes a fter induct ion o f  anesthes i a  

( S 3 )  3 0  minutes a fter tourn iquet i n f lat i on 

( S 4 )  2 - 5 mi nutes a fter tourn iquet de f l at i on 

( S 5 )  3 0  minutes a f ter tourniquet d e f lat i on 

7 3  
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Tab l e  2 

Demograph i c  Data 

P a t i ent 

1 

2 

3 

4 

5 

6 

7 

Note . GA 
El 
E2 
SP 
EBL 
TT 

Age Sex TT(min) Anesthes ia 

3 3  M 5 0 0  1 0 1  GA 

4 4  F 5 0  1 2 5 GA 

2 2  M 5 0  1 0 5  GA 

2 3  M 5 0  1 2 8  E 1 / GA 

3 3  M 1 0 0  1 2 3  S P / GA 

5 7  F 1 0 0  9 1  E2 

2 7  M 5 0  1 2 0  E1 / GA 

= Genera l Anesthe s i a  
= Ep idur a l  ( l idoca ine 3 ml and f e ntany l only ) 
= Ep idura l ( l idoc a i ne test dose and ma i ntenance ) 
- Spina l ( pontoca ine 2 ml and ep inephr ine ) 
- Est imated bl ood loss 
- Tourn iquet time 
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Thrombe la stograph ic parameters R ,  R + k ,  MA ,  and a were 

measured for each samp l e . Mean va lues were determ ined for 

each TEG parameter for the f our samp l e  t imes ( se e  Tab l e  3 ) . 

The data were ana l y z ed by a repeated measures ana lys i s  o f  

var i ance ( ANOVA ) a fter exc lud ing S l . Thus , there were f our 

repeated measures inc luded in the ana lys i s  of data ; a l l  

perf ormed wh i l e pat ients were under anesthes i a . Two o f  the 
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Tab le 3 

Ar ithmet i c  TEG Means 

Samp l e  

S l  

S 2  

S 3  

S 4  

S 5  

R ( mm )  R + k ( mm )  MA ( mm) a Ang le ( 0 )  

3 7 . 1  + 1 3 . 7  5 7 . 4  ± 2 1 . 3  5 1 . 3  ± 8 . 6 0 2 5 . 8  + 1 3 . 5  

2 8 . 3  ± 9 . 8 0 3 7 . 4  ± 1 9 . 6  6 1 . 3  ± 1 6 . 8  3 5 . 1  ± 1 8 . 4  

3 2 . 0  ± 1 1 . 6  4 5 . 2  ± 1 4 . 3  5 6 . 3  ± 1 1 . 3  3 5 . 1  ± 1 2 . 7  

1 6 . 1  + 1 2 . 6  2 9 . 9  + 1 8 . Q  5 7 . 9  + 1 8 . 1  3 6 . 9  ± 2 0 . 6  

1 2 . 8  + 1 3 . 0  2 9 . 5  ± 1 8 . 5  6 1 . 3  + 9 . 1 0 4 2 . 1  ± 9 . 7 0 

f ema l e  pat ients were not cons idered in  the data ana lys i s  

s ince the i r  b l ood c l otted be fore i t  cou ld be p l aced into the 

TEG cuvette . 

Rea ction T ime (R) 

An ana lys i s  of variance ( ANOVA ) d id not revea l any 

s ign i f i cant d i f f erences between the l ength of R 

over t ime [ F ( 3 , 1 8 ) = 1 . 6 9 0 ,  £ = . 0 2 5 ] . These r e l at i onsh ips 

are presented in Table 4 .  

Although the overa l l  e f fect o f  tourniquet use 

was not s ign i f icant , mean d i f f erences between the length of  

R a nd the b l ood samp l e s  were exam ined . The mean d i f f erences 

of the b lood samp l e s  were then exam ined a s  
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Tab l e  4 

E f f ect o f  Tourn iquet Use on React ion Time (R) 

Source 

R / Time 

Error 

6 3 6 . 2 6 0  

2 2 5 9 . 3 1 0 

3 

1 8  

Mean Sq 

2 1 2 . 0 8 7  

1 2 5 . 5 1 7  

F-rat i o  

1 . 6 9 0  . 2 0 5  

contrasts . An ANOVA reve a l ed that the contrast between S 2  

and S 4  w a s  s ign i f i cant ( 2 < . 0 5 ) . These c ontrasts were 

presented in Tab l e  5 .  

Rea ct ion T ime and Rapi dity o f  Fibr i n  Bu i l dup (R + k)  

7 6  

An ana lys i s  o f  var iance d id not reve a l  any s ign i f icant 

d i f f erences between the length of R + k over t ime [ F ( 3 , 1 8 ) 

= 1 . 5 2 9 , 2 = . 2 4 1 ] . These r e l at i onships are d i sp layed i n  

Tabl e  6 .  A lthough the overa l l  e f fect o f  a 

tourn iquet use  wa s not found to be s ign i f i cant by 

R + k ,  mean d i f f erences between the l ength o f  R + k and the 

b lood s amp l e s  were exam ined . The se mean d i f f erences were 

then exam ined as  contrast s .  An ANOVA d id not reve a l  any 

s ign i f i cant contrasts between bl ood samp l e s . Thes e  

contrasts a r e  shown in Tab le 7 .  
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Tabl e  5 

contrasts o f  Sampl e s  f or R a t  D i f f erent Sampl e T imes 

Samp l e  

S 2  - S 3  

8 3  - S 4  

S 4  - S 5  

S 3  - S 5  

S 2  - S 5  

Mean Sq 

3 5 5 . 7 1 6  

6 2 0 . 4 0 1  

9 2 . 8 9 3  

1 , 1 9 3 . 4 2 3  

2 4 6 . 0 3 6  

Note . * = 2 < . 0 5 

Tab l e  6 

F-rat i o  

1 . 3 2 1  

1 . 7 4 1  

0 . 3 6 1  

6 . 1 8 9  

1 . 0 5 8  

. 2 9 4  

. 2 3 5  

. 5 7 0  

. 0 4 7 * 

. 2 6 5  

E f f ect o f  Tourn iquet use on Rapi dity o f  Fibr i n Bu i ldup 

(R + k) 

Sourc e  

R + k 

Error 

6 3 6 . 2 6 0  

3 , 7 7 8 . 1 7 9  

3 

1 8  

Mean Sq 

3 2 0 . 9 6 1  

2 0 9 . 8 9 9  

F-rat i o  

1 . 5 2 9  . 2 4 1  

7 7  
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Tab l e  7 

contrasts o f  Sampl es for R + k at D i f ferent Sampl e T imes 

S amp l e  

S 2  - S 3  

S 3  - S 4  

S 4  - S 5  

S 3  - S 5  

S 2  - S 5  

Mean Sq 

5 6 7 . 0 0 0  

1 , 0 5 6 . 5 7 1  

8 5 . 7 5 1  

1 , 7 4 4 . 3 2 1  

3 2 2 . 3 2 1  

Max imum E l a s t i c i ty o f  C l ot (MAl 

F-rat io 

1 . 2 7 4  

2 . 2 3 8  

0 . 1 8 4  

4 . 6 1 8 

1 . 4 2 5  

. 3 0 2  

. 1 8 5  

. 6 8 3  

. 0 7 5  

. 2 7 8  

7 8  

An ana lys i s  o f  var i ance d id not revea l any s ign i f icant 

d i f f erences i n  the w i dth of MA over t ime [ F ( 3 , 1 8 ) = 0 . 3 6 4 , 

R = . 7 8 0 ] . Thes e  re lat ionsh ips are presented i n  Table 8 .  

A lthough the overa l l  e f f ect of a tourn i quet use was not 

s ign i f i cant for MA ,  mean d i f f erences between the width of MA 

and the b l ood samp l e s  were exami ned . These mean d i f f erences 

were then exam ined as  contrasts . However , an ANOVA d i d  not 

reve a l  any s ign i f i cant contrasts between bl ood samp l e s . 

These contrasts are d i sp l ayed in Table 9 .  
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Table 8 

E f fect o f  Tourn iquet use on MA 

Source 

MA / T ime 

Error 

Table 9 

1 2 3 . 3 2 1  

2 , 0 3 4 . 1 7 9  

3 

1 8  

Mean Sq 

4 1 . 1 0 7  

1 1 3 . 0 1 0  

F-ra t i o  

0 . 3 6 4 . 7 8 0  

contra sts o f  Sampl es for MA at D i f ferent Sample Times 

Samp l e  T ime 

S2 - 8 3  

8 3  - 8 4  

84  - 8 5  

S 3  - S 5  

8 2  - S 5  

Mean Sq 

7 2 . 3 2 1  

5 1 . 5 7 1  

6 0 . 0 3 6  

0 . 3 2 1  

6 3 . 0 0 0  

F-rat i o  

0 . 1 8 5  

0 . 5 6 8  

0 . 3 9 9 

0 . 0 0 2  

0 . 2 8 3  

. 6 8 2  

. 4 7 9  

. 5 5 1  

. 9 7 0  

. 6 1 4  

Rate o f  C l ot Growth and Fi br inogen Funct ion (a Angl e) 

7 9  

An ana lys i s  o f  var iance did not revea l a s ign i f icant 

d i f ference in  the a angle over t ime [ F ( 3 , 1 8 ) = 4 0 . 9 0 5 , p -
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. 8 8 1 ] . These re lat i onsh ips are presented i n  Table 1 0 . Mean 

d i f f erences between the Q ang l e  and the b l ood samp les were 

then exami ned . An ANOVA d id not reve a l  a ny s ign i f icant 

contrasts ( see Tab l e  1 1 ) . 

Table 1 0  

Ef f ect o f  Tourn iguet use on the Q Angl e 

Source 

Q Ang / T ime 

Error 

S S  

1 2 2 . 7 1 4 

3 3 4 4 . 4 1 1  

3 

1 8  

Mean Sq 

4 0 . 9 0 5  

1 8 5 . 8 0 1  

The E f f ect o f  Anesthes i a  on TEG Re sults 

F-rat i o  

0 . 2 2 1  . 8 8 1  

S amp l e s  1 and 2 were compared for each TEG var i able 

us ing a t test to see if  the adm i n i strat i on o f  anesthes i a  

had a n  e f f ect o n  coagu l at i on i n  the exper iment . These 

r e l at i onsh ips are pres ented in Tab le 1 2 . The results 

revea l ed a s ign i f i cant d i f f erence between both the length of  

R and R + k f or S 2  a s  compared w ith S l . The MA and Q ang le 

approached s ign i f i cance . 
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Table 1 1  

contrasts o f  S ampl es for a angl e at D i f ferent S ampl e  T imes 

S amp l e  Mean Sq F-rat io 

S2  - S 3  1 1 2 . 0 0 0  0 . 2 8 7  . 6 1 2  

S 3  - S 4  4 6 . 2 8 6  0 . 5 9 1  . 4 7 1  

S 4  - S 5  6 9 . 1 4 3  0 . 1 5 9  . 7 0 4  

S 3  - S 5  2 2 8 . 5 7 1  0 . 5 2 8  . 4 9 5  

S 2  - S 5  2 0 . 5 7 1  0 . 0 4 5  . 8 3 9  

Table 1 2  

Sampl e 1 Compared w i th Sampl e  2 

Effect of Anesthe s i a  on bl ood sampl es as  mea sured by TEG 

Var i a b l e  

R ( I ) - R ( 2 )  

R + k ( l ) - R + k ( 2 )  

MA ( I ) - MA ( 2 )  

a ( l )  - a ( 2 )  

Note . *12 < . 0 5 

Mean 
D i f ference 

1 3 . 5 0 0  

1 9 . 4 2 9  

- 9 . 5 7 1  

- 1 1 . 0 7 1  

6 2 . 6 8 7  . 0 3 6 *  

6 3 . 1 8 2  . 0 1 9 * 

6 - 1 . 9 7 0  . 0 9 6  

6 - 2 . 1 2 3 . 0 7 8  

8 1  
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Chapter F ive 

D i scu s s i on 

The purpose o f  t h i s  study was to determine whether 

tourniquet use e f f ects blood coagu l a t i on as mea sured by TEG . 

The hypothes i s  stated that tourn iquet use does not a f f ect 

TEG resu lts . The study f a i led to rej ect the hypothes i s  at 

the R = . 0 5 l eve l o f  s ign i f icance . None of the TEG 

parameters revea l ed a stat i st i ca l ly s ign i f i cant d i f ference 

in the b l ood s amp l e s  be fore , dur ing or a fter tourn iquet 

app l i cat i on , but further exami nat ion o f  the R-t ime 

measurement demonstrated one s ign i f i cant contrast between 

s amp le s . 

TEG Parameters 

Of the 2 0  tota l data compa r l sons that were comp l eted 

between the 4 TEG va r i ables ( R ,  R + k ,  MA ,  a )  and the 5 

s amp l e s , there was only one contra st , an R var i able , that 

revea led a va lue that was s i gn i f icant ( 5 3 - 5 5 ) . Becaus e  o f  

the l a rge number of compar i sons made , R wa s adj usted by the 

Bonferroni correct ion , to a s sure that th i s  one s igni f i cant 

va lue was not due to chance . A more severe c r i terion was 

8 2  
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s e le cted ( R  = . 0 1 ) . Thus , the contrast between S 3  and S 5  

was not s ign i f i cant a t  R = . 0 4 7 . 

Compa r i son to Prev i ous stud i e s  

8 3  

There have been no previ ous stud i e s  comp l eted that 

compared the e f f ect of tourniquet use on b l ood coagu l at i on . 

However , Ogawa et a l e ( 1 9 9 0 )  stud i ed the e f f ect o f  hypox ia 

on cap i l l ary endothe l i a l  ce l l  funct i on and coagu l a nt 

funct i on . They conc luded that hypoxia  d i rect ly regu l ated 

the coagu l ant propert ies  of m i crovascu l a r  endoth e l ium by 

redirect i ng prote in bi osynthes i s ; suppre s s i ng certa i n  

prote ins , a n d  i nduc i ng other s .  

I n  th i s  study , the TEG results were not compared to 

rout ine coagu l at i on tests as rout ine coagu l a t i on tests 

measure only a part o f  the coagu lat ion ca scade . The TEG 

mea sured the ent i re coagu l at i on proces s ;  the TEG gave 

d i f f erent resu lts than expected from rout ine coagu lat ion 

tests . 

Limitat i ons 

The sma l l  samp l e  S l z e was a maj or l im itat i on o f  th i s  

study . stat i s t i c a l  s i gn i f icance may be more d e f i n i t ive w ith 

a l a rger samp l e  s i z e . I n  add i t ion , the resu lts may have 

been d i f f erent i f  pat i ents d i d  not have to undergo the 

stress of surgery and the a f fects of anesthe s i a . The 

anesthet i c  d i d  stat i st i ca l ly e f f ect TEG var i a b l e s  R and 
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R + k when 8 1  was compared with S 2  by t test i n  th i s  study . 

The fact that prev i ous stud ies have documented that certain 

anesthet i c s  can a f fect coagu lation r a i s e s  quest ions a s  to 

whether d i f f erent types o f  anesthet ic techn iques may have 

skewed results in some way . There was no way to contr o l  for 

d i f f erences i n  b lood loss , hemod i lution ( due to f lu i d  

rep la cement ) and temperature , wh ich d i f f ered between 

pat i ents . 

D i f f i cu lt i es 

Obta i n i ng samp l e s of bl ood was a ma j or d i f f icu lty ln  

thi s  study . Obt a i n ing a f ree- f l owing bl ood s amp l e  i s  

e s s ent i a l  so  a s  not t o  art i f i c i a l ly act ivate coagu l a t i on . 

However , the b l ood appeared to be so hypercoagu l a b l e  a fter 

tourn iquet d e f l a t i on that samp l e s  were d i f f i cu l t  to obta in . 

I n  two subj ects , the study had to be aborted because the 

s amp l e  cou ld not be obta ined from the intravenous samp l ing 

catheter or from any other s ite . I n  addit ion , the 

re l at ive ly l ong per iod of t ime requ ired to get mea surement s 

f or a l l  the TEG var i ables ( at least 2 0  minutes ) l im ited data 

c o l l ect ion due to heavy use of the ma chine by other 

anesthes i a  providers . 

Recommendat ion f or Future Stud ies 

Based on the resu lts o f  th is study , it i s  recommended 

that a greater number of pat ients be inc luded . I t  may be 
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bene f ic i a l  to study subj ects who are not as soc i ated with 

both surgery and anesthe s i a  s i nce these f actors makes data 

i nterpreta t i on more d i f f icult . Perhaps a s im i lar study on 

hea l thy pat i ents not undergo ing surgery and / or anesthe s i a  

wou ld h e l p  to s eparate these e f f ects from any e f f ects that 

m ight be caused by tourniquet use . I f  anesthe s i a  i s  used , 

the same techn ique shou ld be used f or a l l  pat i ents to avo id 

conf ound i ng results . I n  addit i on , samp l ing may be made 

eas i er by u s i ng an arte r i a l  l ine . pr imed w ith 0 . 9  norma l 

s a l ine . 

Summary 

The TEG parameters o f  R + k ,  MA ,  and a ang le prov ided 

s im i l a r  results . For the TEG parameter o f  R ,  the contrast 

between S 2  and 8 4  seemed s ign i f i cant at f irst , but a fter 

Bonferron i correct i o n  it  wa s determ i ned that the contrast 

was not s ign i f i cant . Based on the data from the study , the 

hypothes i s  f a i led to be r e j ected at the . 0 5 l eve l o f  

s ign i f icance . When TEG parameters were compared for S 1  and 

S 2  to  determ i ne the e f f ect anesthes i a  had on coagu l ation , a 

s ign i f i cant d i f f erence exi sted between both the l ength o f  R 

and R + k for 8 2  as compared with 8 1 . I t  was conc luded that 

anesthe s i a  had a s i gn i f i cant e f f ect on coagu l at i on a s  

measured by R ( £  = . 0 3 6 )  and R + k ( £  = . 0 1 9 ) , and that 

tourn iquet use does not appear to a lter TEG va lues for 

i n f l at ion t imes less than approx imate ly 2 hours . 
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I n formed Cons ent Form 

The E f f ect o f  Tourn iquet Appl i cat i on 

On System i c  Coagu l at ion 

I ntroduct ion : 

9 3  

You are be ing asked to part ic ipate i n  a research study 

because the procedure that you are s chedu l ed f or i nvolves 

the u s e  of a tourn iquet . Th i s  devi ce a l l ows your surgeon 

better operat ing condit ions becaus e  of dramatica l ly 

decreased b l eed ing , wh ich improves operat ing cond i t ions . 

Comp l ications a s  a resu lt o f  the use o f  the tourn iquet are 

rare . One area that has not been stud i ed i s  whether or not 

rout ine tourn iquet app l icat i on e f f ects coagu l at i on . Th i s  1S 

the purpose o f  the study : To f i nd out i f  there are any 

changes i n  your b l ood ' s abi l ity to coagu l ate , or f orm a 

c lot , caused by the tourn iquet app l icat i on . 

What the study invo lves : 

The subj ects in  the study are orthoped ic surgery 

pat i ents s chedu led to have a lower extrem ity tourn iquet 

Pt . i n i t i a l s  
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under genera l anesthe s i a . A l l  subj ects i n  the study w i l l  

have a tota l o f  f ive bl ood samp l e s  taken v i a  an IV , or 

i ntravenous catheter , wh i ch w i l l  be i n s erted in the ho lding 

area pri or to surgery . One blood s amp l e  w i l l  be taken 

s le ep . F ive m i l l i l i ters of bl ood preoperat i ve ly ,  and the 

other f our a fter the pat i ent is w i l l  be w i thdrawn pr i or to 

e ach s amp l e  taken for test i ng . Th i s  i s  important s ince 

t i s sue contami nants , intravenous f lu i d , etc . , can confound 

the result s . 

Bene f its : 

The purpos e  o f  th i s  study i s  to ascerta i n  whether or 

not tourn iquet app l i cat i on a f f ects the body ' s  c l ot t i ng 

mechan i sms . w i th better understand i ng o f  any c l ot t i ng 

probl ems that m ight be caused by tourniquet app l i cat i on , 

perhaps f uture pat i ent s may bene f it f rom improved anesthet i c  

o r  surg i c a l  management . 

Ri sks , I nconven i ences , D i scomforts : 

There i s  e s s ent i a l ly no r i sk to the pat i ent undergo i ng 

thi s  study . There i s  a sma l l  r i sk o f  i n f ect i on , but no more 

than wou ld be expected w i th rout ine IV therapy . The tota l 

amount o f  b l ood used in s amp l ing i s  sma l l . A 

thromboelastograph , wh i ch wi l l  be used to test the bl ood 

s amp l e s , i s  ava i lable  at no cost to the pat i ent at Mev . 

Pt . i n i t i a l s  
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Alternat ive Therapy 

I f  you do not w i sh to part i c ipate in  th i s  s tudy , your 

surgery wi l l  be per f ormed without any bl ood samp l i ng or 

col l e c t i on of data for the study . 

Cost o f  Part i c ipat i on 

There are no extra costs for part i c ipat i on in  th i s  

study . However ,  you w i l l  st i l l  be respon s i b l e  f or a l l  

rout ine anesth e s i a  costs . 

Pregnancy 

9 5  

Wh i le there i s  no add i t iona l r i sk a s  the result o f  th i s  

study t o  pregnant pat ients , genera l anesthe s i a  itse l f  can be 

ha z ardous to an unborn f etus . P l ea s e  not i fy your 

anesthet i st i f  there i s  any chance that you cou l d  be 

pregnant . 

Research Re l ated I njury 

I understand that in  the event o f  any phys i c a l  and / or 

menta l i n j ury result ing f rom my part i c ipat ion in  th i s  

research proj ect , V i rg i n i a Commonwea lth Un i vers ity wi l l  not 

o f fer compensat i on . 

I f  inj ury occurs , med i ca l  treatment wi l l  be ava i lable 

b i l led to me or approp r i ate th ird party insurance . 

at the MCV Hosp ita l s . Fees for such treatment w i l l  be 

Conf ident i a l i ty o f  Records 

I understand that my name and ident ity w i l l  be kept 

Pt . I n it i a l s  
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conf ident i a l . I understand that the results o f  th i s  study 

may be pub l i shed , but that my ident ity wi l l  not be revea led . 

withdrawa l 

I f  you have any quest ions please fee l free to ask them . 

You may l e ave the study at any t ime without j eopard i z ing 

your anesthe s i a  care . 

Current Te lephone Numbers 

Human Research Comm i ttee ( 8 0 4 ) 7 8 6 - 0 8 6 8  

Chr i sta C .  Huda l l a ( 8 0 4 ) 7 8 6 - 9 8 0 8 or ( 8 0 4 ) 7 8 6 - 1 3 2 4  

Dr . M .  Nakatsuka ( 8 0 4 ) 7 8 6 - 1 3 2 4  

The nature , purpose , method , r i sks , benef i t s , and 

a lternat ives have been thorough ly exp l a ined to me . After 

be i ng g iven th i s  i n format ion , I do hereby g ive consent to 

part i c ipate i n  the res earch pro j ect . 

A l l  subj ects w i l l  rece ive a copy o f  th i s  cons ent form . 

S ignature Date 

W itne s s  S i gnature Date 

I nvest igator S ignature Date 
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Append ix C 

Raw Data 
Raw Data : TEG Resu lts 

I TEG RESULTS : Pat i ent # 1 I 
I Sampl e I R (mm) I RK (mm) I MA (mm) I Ang ( 0 )  I 

S l  1 4 . 0  2 1 . 0  6 6 . 0  5 4 . 5  

S 2  2 1 . 5  2 7 . 0  7 0 . 0  5 3 . 0  

S 3  1 6 . 5  2 1 . 5  6 2 . 0  5 9 . 0  

S 4  1 . 5  8 . 0  8 4 . 0  6 3 . 0  

S 5  5 . 0  1 4 . 0  6 1 . 0  4 4 . 0  

I TEG RESULTS : Pat i ent # 2  I 
I Sampl e I R (mm) I RK (mm) I MA (mm) I Ang ( 0 )  I 

S l  3 0 . 5  4 8 . 5  5 0 . 0  2 4 . 5  

S 2  2 7 . 0  4 1 . 0  5 7 . 5  2 8 . 5  

S 3  3 5 . 5  4 5 . 5  7 5 . 5  4 6 . 0  

S 4  1 6 . 0  2 5 . 0  7 0 . 0  4 0 . 5  

S 5  3 5 . 5  4 6 . 0  7 5 . 5  4 5 . 0  
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I TEG RESULTS : Pat i ent # 3  I 
I Sampl e I R (mm) I RK (mm) I MA (mm)  I Ang ( O ) I 

S 1  5 6 . 0  7 9 . 5  4 5 . 0  1 8 . 0  

S 2  3 4 . 5  5 6 . 0  4 2 . 5  1 7 . 0  

S 3  3 3 . 5  5 3 . 0  3 9 . 5  2 2 . 5  

S 4  3 8 . 5  5 6 . 0  3 7 . 5  2 2 . 5  

S 5  2 2 . 0  4 8 . 0  4 8 . 0  2 5 . 0  

I TEG RESULTS : Pat ient #4  I 
I Sampl e I R (mm) I RK (mm) I MA (mm) I Ang ( 0 )  I 

S 1  4 5 . 0  7 4 . 5  4 3 . 0  1 7 . 0  

S 2  3 5 . 0  5 5 . 5  4 9 . 0  2 3 . 0  

S 3  4 5 . 0  6 0 . 5  5 7 . 0  3 0 . 0  

S 4  1 3 . 0  4 0 . 0  4 1 . 0  2 2 . 0  

S 5  3 . 0  1 0 . 0  6 1 . 5  4 9 . 0  

I TEG RESULTS : Pat i ent # 5  I 
I Sampl e I R (mm) I RK (mm) I MA (mm) I Ang ( 0 )  I 

S 1  4 5 . 0  7 4 . 5  4 3 . 0  1 7 . 0  

S 2  3 5 . 0 5 5 . 5  4 9 . 0  2 3 . 0  

S 3  4 5 . 5  6 0 . 5  5 7 . 0  3 0 . 0  

S4  2 0 . 5  4 0 . 0  4 1 . 0  2 2 . 0  

S 5  3 . 0  4 9 . 0  6 1 . 5  4 9 . 0  
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I TEG RESULTS : Pat i ent # 6  I 
I Sampl e I R (mm) I RK (mm) I MA (mm) I Ang ( 0 ) I 

S 1  3 9 . 5  6 1 . 0  5 5 . 5  2 0 . 0  

S 2  9 . 5  1 8 . 5  9 0 . 5  3 4 . 0  

S 3  2 1 . 5  3 4 . 5  5 5 . 5  3 0 . 5  

S 4  2 . 5  6 . 5  7 0 . 5  6 7 . 5  

S 5  2 . 0  8 . 5  6 8 . 5  5 0 . 0  

I TEG RESULTS : . Pat i ent # 7  I 
I Sampl e I R (mm) I RK (mm) I MA (mm) I Ang ( 0 ) I 

S l  2 9 . 5  4 2 . 5  5 7 . 0  3 0 . 0  

S 2  3 5 . 3  8 . 5  7 0 . 5  6 7 . 5  

S 3  2 6 . 5  4 1 . 0 4 7 . 5  2 8 . 0  

S 4  2 1 . 0  3 4 . 0  5 5 . 0  2 0 . 5  

S 5  1 9 . 0  3 1 . 0  5 3 . 0  3 2 . 5  
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