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CHAPTER 1 

INTRODUCTION  

My p erson a l in te r e s t  in  the m ech an ism s of h a em o sta s is  

w as arou sed  by frequent involvem ent as an o b ste tr ic  house  

o ffic er  and re g is tr a r  w ith h aem orrh agic com p lica tion s of 

pregnancy and parturition  which from  tim e to tim e resu lted  

in  death of the p atient. I d iscu sse d  m y in te r e s t  in th is  fie ld  

w ith P r o fe s s o r  R.G * M acfarlane and on h is  in vitation  spent 

two w eeks at the M edical R esea rch  Council B lood C oagulation  

R esea rch  Unit in  O xford. The opportunity of doing re sea r ch  

w ork in  pregnancy w as g iven  to m e by P r o fe s s o r  Â ,S .  D ouglas 

and from  1964 to 1967 I w as freed  of c lin ica l du ties for one 

day per w eek  to w ork in  the U n iversity  D epartm ent of M edicine, 

G lasgow  R oyal In firm ary . The award of a Sam uel R esea rch

S ch olarsh ip  by the R oyal C ollege of O b stetr ic s  and G yn aeco log ists
»

in  M ay, 1967 enabled  m e to spend m y tim e eq u a lly , in  a lternate  

w ee k s , betw een c lin ica l o b ste tr ic s  and gynaecology  and 

in v estig a tiv e  w ork in  P r o fe s s o r  A .S . Douglas*© R esea rch  

L aboratory ,

My in itia l r e se a r c h  p ro ject w as to study the e ffec t of norm al 

pregnancy on the fib r in o ly tic  enzym e sy stem  and in v estig a te  the
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effec t of n orm al parturition  on the coagulation  and 

fib r in o ly tic  s y s te m s # W ith th is knowledge availab le the 

behaviour of the clotting and fib rin o ly tic  m ech a n ism s w as 

studied  in  certa in  com p lication s of pregnancy, p articu larly  

abruptio p lacen tae , pro'^eclam psia and eclam psia# T h is  

w ork i s  the subject of the th e s is .

The th e s is  begin s w ith a b rief h is to r ic a l rev iew  of the 

developm ent of know ledge of the e ffec t  of pregnancy on the 

h a em o sta tic  m ech an ism  and an account of cu rren t concepts  

of the com ponents and functions of the fib r in o ly tic  enzym e  

sy stem  and the coagulation  m echanism * A fter the in tro*  

ductory sec tio n  the th e s is  p resen ts  the re su lts  of a se r ia l  

study of the com ponents of the fib r in o ly tic  enzym e sy stem  

in  healthy w om en during norm al pregnancy# labour and the 

p uerp erium , A m arked  deviation  from  the findings in  

n orm al non*pregnant su b jects i s  shown to develop  during  

pregnancy* F ib r in o ly tic  activ ity  in  the p erip h era l blood  

rem ained  d im in ished  during labour but le v e ls  of fib r in  

breakdown products in  the seru m  in cr e a se d  indicating that 

ly s i s  of fib r in  w as probably occurrin g  in  lo c a lis e d  areas of 

the v a sc u la r  com partm ent*



To define further the e ffec t of childbirth  on the  

h aem o sta tic  m echanism # a d eta iled  study of the coagulation  

and fib r in o ly tic  sy ste m s w as undertaken in  the secon d  stage  

of lab our, im m ed ia te ly  before and after d e liv ery  of the 

baby, in  the cord  blood# and im m ed iate ly  after separation  

of the placenta# A s the h aem osta tic  m ech an ism  would  

se e m  to be d esign ed  for lo c a l action  the behaviour of the 

clotting and fib r in o ly tic  sy s te m s  in the u terin e c ircu la tion  

w as studied  during and a fter  separation  of the p lacen ta  at 

d eliv ery  by ca esa rea n  section# The p r o ce ss  of p lacenta l 

separation  w as shown to be accom panied  by a strik in g  lo c a l  

activa tion  of the clotting  m ech an ism  in  the u terin e  

c ircu la tio n  w hich w as b arely  detectab le in  venous blood  

taken from  the arm#

The th e s is  then goes on to d escr ib e  the find ings in  the 

coagulation  and fib r in o ly tic  sy s te m s  in  abruptio p lacentae and 

ev id en ce i s  produced w hich in d ica tes  that in tra v a scu la r  clotting  

takes p lace in  th is  com p lication  of pregnancy and that the 

fib r in o ly tic  enzym e sy s te m  is  activated  sim u ltan eou sly  to 

rem ove in tr avascu lar  fib r in . E xtrem ely  high le v e ls  of break*  

down products of fib r in  w ere  found in  the p resen ce  of
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d im in ished  sy s te m ic  fib r in o ly tic  a ctiv ity . F ib r in  break*  

down products se r io u s ly  d is rupt both the clotting p r o c e ss  

and p la te le t function  and th e ir  p resen ce  i s  lik e ly  to be a 

m ajor factor  in  the d efective  h a em o sta s is  of abruptio p lacen tae. 

The r e su lts  of th is  in v estig a tio n  ind icate that the tran sfu sion  

of fr e sh  w hole b lood  and ea r ly  vaginal d e liv ery  are the m ost  

e ffec tiv e  w ays of resto r in g  the h aem osta tic  m ech a n ism  to 

norm al and that the ad m in istration  of fib r in o ly tic  inh ib itors  

m ay be hazardous*

In patients w ith p re* ec la m p sia  and e c la m p sia  v ery  low  

le v e ls  of p lasm inogen  activator w ere  found and the p lasm a  

c lo ts  show ed a grea ter  r e s is ta n c e  to ly s i s  by u rok inase than 

w as p resen t in  norm al pregnancy. The find ings in  the patients  

w ith e c la m p sia  w ere  in  keeping with an acute ep iso d e  of in tr  a* 

v a sc u la r  fib r in  d ep osition  having p reced ed  the o n set of the 

co n v u lsio n s, F ib r in  d ep osition  in  the v e s s e l s  at the p lacental 

s ite  is  known to be a feature of p re* ec la m p sia  (Dixon and 

Robertson# 1958)* An aberration  of the fib r in o ly tic  m ech an ism  

in  pregnancy resu ltin g  in  in tr  avascu lar fib r in  deposition  could  

be of con sid erab le  a e tio lo g ica l im portance in  the syndrom e of 

p re* ec la m p sia  and the im p a ired  p lacen ta l function  w hich o ccu rs
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in  th is  com plication# F u rth er knowledge in  th is  a rea  m ay  

p o ss ib ly  define a u se  for fib r in o ly tic  agents and open up a 

new fie ld  of rational treatm ent*

P lan  of the th e s is

The th e s is  i s  p resen ted  in two vo lu m es; V olum e 1 

contains the text and r e fe r e n c e s , and V olum e IÏ f ig u r e s ,  

ta b le s , and an account of standard m ethods#
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CHAPTER a 

BLOOD COAGULATION AND FIBRINOLY8I8 IN PREGNANCY

F ro m  a ll  a c c o u n ts , h a e m o rrh a g e  f ro m  th e  u te ru s  du rin g  

c h ild b ir th  h a s  a lw ay s b ee n , and  s t i l l  r e m a in s ,  a  m a jo r  c a u se  

of m a te rn a l  death* S m e llie  (1756) w ritin g  on p o s tp a r tu m  

h a e m o rrh a g e  r e c o rd s  th a t  " th is  h a z a rd o u s  h a e m o r rh a g e  is  

know n by the  v io le n ce  of th e  d is c h a rg e , w ettin g  f r e s h  c lo th s  

a s  f a s t  a s  th ey  can  be ap p lied ; f ro m  th e  p u lse  b eco m in g  low 

and  w eak , and  th e  co u n ten an ce  tu rn in g  p a le ; th e n  th e  

e x t r e m it ie s  g row  co ld , sh e  s in k s  in to  fa in tin g s , an d , if  the 

d is c h a rg e  i s  n o t sp e ed ily  s to p p ed  o r  d im in ish e d , i s  s e iz e d  

w ith  co n v u ls io n s , w h ich  o ften  te rm in a te  in  d e a th " , H ew son  

(1771) r e p o r te d  on à  p a tie n t a t th e  B r i t i s h  L y in g -In  H o sp ita l 

who h ad  in c o ag u lab le  b lood  fo llow ing d e liv e ry  and  he n o ted  

th a t ,  on h e a tin g , the  b lood  b eh av ed  lik e  s e ru m  and  w as 

p ro b ab ly  "w ithou t th e  coagulabl©  lym ph"* D esp ite  th is  

o b s e rv a tio n , o b s te t r ic  h a e m o rrh a g e  and  d e fec tiv e  b lood  

co ag u la tio n  w e re  n o t a s s o c ia te d  iin til De L ee  (1901) v iv id ly  

d e s c r ib e d  a c a s e  of f a ta l  h a e m o rrh a g e  a s s o c ia te d  w ith  ab ru p tio  

p la c e n ta e  and  a  n e a r ly  fa ta l  h a e m o rrh a g e  fo llow ing  th e  d e liv e ry  

of a  s t i l lb o rn  m a c e ra te d  fo e tu s ; in  both  c a s e s  th e  b lood  fa ile d
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to  c lo t and  De L ee  co n c lu d ed  " th a t th e re  a r e  a l te r a t io n s  of 

th e  b lood  o r  b lood  v e s se ls .,  of a  te m p o ra ry  n a tu re ,  w hich, 

p re v e n t i t s  c lo ttin g  and  th u s  d u rin g  la b o u r  o r  o p e ra t io n s  

c a u se  death"*  • D e L e e ■ su g g e s te d  syphilis-, ' m a la r ia , ,  o r  a  

b lood  d is e a s e  a s  %)oasibIe .causés* 'W illson (1922). d e s c r ib e d  

a p a tie n t w ith  "uteroplacental 'apo'plexy** w ith  i r r e v e r s ib l e  

shock- and  -death fo llow ing  c a e s a re a n  se c tio n  .and he  p o s tu la te d  

" a  tox in  in  th e  n a tu re  of a. h a e m o rrh a g in "  w h ich  c a u s e d  s e v e re  

u te rin e , h a e m o rrh a g e  and  a lso  a ffe c te d  o th e r  a r e a s  of th e  body* 

D ieck m an n  (1936) r e p o r te d  two^ p a tien ts -w ith  s e v e re  

ab ru p tio  p la c e n ta e  who h ad -b leed in g  f ro m  th e  -gums and in to  

su b cu tan eo u s t is s u e s  and w h e re  th e '.b lo o d .fa iled  to  c lo t in  a- t e s t  

tu b e . By f u r th e r  s tu d ie s  he  w as the  f i r s t  to  show  th a t the  

p la s m a  fib iriiiogen le v e ls  w e re  ab n o rm a lly  low  in  p a t ie n ts  w ith  

s e v e re  a b ru p tio  p la c e n ta e . D ieck m an n  su g g e s te d  th a t  m a s s iv e  

re tro p la c e n t 'a l  h a e m o rrh a g e  m ig h t d e p le te  th e  c irc u la tin g  b lood  

of fibidnbgen* L it t le  n o tic e , h o w e v e r, a p p e a rs  to  have  b een  

ta k e n  of th is  o b s e rv a tio n  and  a  rev iew  of h a e m o r rh a g ic  

c o m p lic a tio n s  of p re g n a n c y  p u b lish e d  1 0  y e a r s  l a t e r  by W olff 

and  L im a rz i  (1946) m ad e  no m e n tio n  of f ib r in o g e n  d ep le tio n  o r  

co a g u la tio n  fa ilu re  as p o s s ib le  a e tio lo g ic a l f a c to r s .
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T he c l in ic a l  sy n d ro m e  of h y p o fib rin o g o n a em ia  w as 

e s ta b l is h e d  by G ro s s  and  B enz (1947) In a  r e p o r t  on  the  

au to p sy  fin d in g s of th r e e  c a s e s  of a m n io tic  f lu id  em bo lism *  

F ib r in o g e n  d ep le tio n  su b se q u e n tly  b eg an  to  be w id e ly  reco g *  

n is e d  and  th e  im p lic a tio n  of a  low  p la s m a  f ib r in o g e n  le v e l  le d  

M oloney , E g an  and  G o rm a n  (1949) to  in fu se  f ib r in o g e n  in to  a  

p a tie n t w ith  d e fec tiv e  c lo t t in g 'a s s o c ia te d  w ith  a b ru p tio  p lacen tae*  

In  th e  sa m e  y e a r  D illo n  and  S c h m itz  (1949) r e p o r te d  h y p o - 

f ib r in o g e n a e m ia  and  h a e m o r rh a g e  a s s o c ia te d  w ith  fu lm in a tin g  ■ 

e c la m p s ia .  W e in e r , di^eid and  Roby (1950) d e s c r ib e d  f ib rin o g e n  

d e p le tio n  in  a  p a t ie n t w ith  p ro lo n g e d  re te n tio n  of a d ead  fo e tu s  

an d  tl%e sa m e  d e fec t w as  su b se q u en tly  r e p o r te d  in  a s s o c ia t io n  

w ith  s e p tic  a b o r tio n  (G onley , R atno ff and H a r tm a n n , 1951), 

s e c o n d a ry  p o s tp a r tu m  h a e m o r rh a g e  due to  r e ta in e d  p la c e n ta l 

t i s s u e  (N olan  and  F r ic k ,v  1953), and  c a e s a r e a n  s e c tio n  (L e a ry , 

1956). In  m o re  r e c e n t  y e a r s  i t  h a s  b een  show n th a t  th e  low  le v e l 

o f c i rc u la tin g  f ib r in o g e n  i s  no t an  is o la te d  d e fec t an d  re d u c e d  

p la te le t  co u n ts to g e th e r  w ith  low  le v e ls  of f a c to r  V an d  f a c to r  VIII 

h av e  b een  c o rd e d  Jn th e  few  c a s e s  in  w h ich  a s s a y s  of th e se  

f a c to r s  w e re  c a r r i e d  ou t (S h arp  e t a l , 1958; N il s en , 1963).



10.

T he p re v io u s  s tu d ie s  on the  p o ss ib le  m e c h a n ism s  

in v o lv ed  in  th e  p ro d u c tio n  of a  co ag u la tio n  d e fec t w ill no t be 

re v ie w e d  h e r e  bu t w ill be c o n s id e re d  in  S ec tio n  3 of th e  th e s is  

w h ich  d e a ls  w ith  the co ag u la tio n  and f ib r in o ly tic  s y s te m s  in  

c o m p ile a tio n s  of p regnancy*  C o agu la tion  fm lu re  p e r  se  is  

now r e a l i s e d  to  be of le s s  im p o r ta n c e  th an  th e  in t r  a v a s c u la r  

m e c h a n is m s  w hereby th e  co n d itio n  is  p roduced#  a s  th e s e  \v ill 

d e te rm in e  th e  a p p ro p r ia te  t r e a tm e n t ;  in  c e r ta in  c i rc u m s ta n c e s  

e .g *  a m n io tic  f lu id  e m b o lism , the  in t r  a v a s c u la r  ev e n ts  them * 

s e lv e s  r a th e r  th a n  the  b lood  lo s s  m ay  have  fa ta l  c o n se q u e n c e s . 

T he C o ag u la tio n  S y s tem  and  P re g n a n c y

I n te r e s t  in  th e  e ffec t of n o rm a l p reg n an c y  on th e  b lood  

c lo ttin g  m e c h a n ism  w as  undoub ted ly  a ro u s e d  by th e  acu te  

co a g u la tio n  d is o r d e r s  o c c u r r in g  in  a s s o c ia tio n  w ith  p reg n an cy  

and p a rtu in tio n *  T he b e h a v io u r  of the co ag u la tio n  s y s te m  d u rin g  

p regnancy#  how ever#  h a s  b een  th e  su b je c t of co n flic tin g  r e p o r t s ,  

m o s t p ro b ab ly  due to  th e  v a r ie ty  of c lo ttin g  t e s t s  u s e d  fo r  th e  

a s s a y  of co ag u la tio n  f a c to r s .  A n in c r e a s e  in  th e  le v e l of p la s m a  

f ib rin o g e n  in  la te  p re g n a n c y  w as  r e p o r te d  by D ieck m an n  ( 1 9 5 2 ) 

and  th is  find ing  w as su b se q u e n tly  c o n firm e d  in  a  la rg e  n u m b e r of 

in v e s tig a tio n s  (Ratnoff# C olopy and R r i tc h a r d ,  1954; F r e s h ,
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l^ e rg u so n  and  Lew is# 1956; G illm an# N aidoo and  H a th ô rn , 1959;

In g ra m , Noi*ris and  T a n n e r , I960; T a lb e r t  and L a n g d e ll, 1964), 

p ro th ro m b in  o r  f a c to r  ÎJ h a s  boon show n to  be  only  s lig h tly  

a ffe c te d  by p reg n an c y ; R atno ff et, a l (1954) r e p o r te d  an  a v e ra g e  

v a lu e  of 121% in  la ta  pregna^ncy and p e c h e t  and  A le x a n d e r  (1961) 

found e n t i r e ly  n o rm a l v a lu e s  fo r  p ro th ro m b in  u s in g  a m e th o d  

w hich  ex c lu d ed  re f le c t io n  of f a c to r  X . .

. A  d e fin ite  in c r e a s e  in  f a c to r  VII but no change in  th e  le v e l  

of f a c to r  V .during p re g n a n c y  w as r e p o r te d  by A lexander e t a t  

(1956) an d  .these fin d in g s w e re  c o n firm e d  by o th e r  in v e s tig a to r  a 

(F re s h  e t a l, 1956; K ennan  and B e ll, 1957; N il se n , 1963; T a lb e r t  

and  L ang  d e ll, 1964; K a s p e r  e t a l , 1964; T odd , 1965), An in c r e a s e  

of f a c to r  X in  l a t e  p re g n a n c y  w as ^ound by P e c h e t  and A lex a n d e r 

(1961), and  a lso  by D av idson  and T o m lin  (1963) and  N o sse l e t a l

(1966),

C o n tro v e rs y  e x is ts  re g a rd in g  the  e ffec t of p reg n an c y  on 

f a c to r s  VIII and  IX , F r e s h  e t a l (1956) and .Ratnoff and H o llan d  

(1959) found  th a t  f a c to r  VIII w as w ith in  n o rm a l l im i ts  d u rin g  

p reg n an c y  but s e v e ra l  m o re  re c e n t in v e s t ig a to r s  h av e  r e p o r te d  an  

in c r e a s e  n o t only  in  n o rm a l w om en but a lso  in  c a rx d e rs  of h a e m o ­

p h ilia  and  V on W ille b ra n d 'a  d is e a s e  (S tra u s s  and  D iam ond , 1963; \
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P re s to n ,-  1964; R u th e r fo rd  é t a l ,  1964; T a lb e r t  and  L a n g d e ll, 

1964; H ils  soii and  K iilla n d e r , 1967). R atnoff and  H o llan d  (1959), 

R tx th erfo rd  e t a l (l964)gf and  K a s p e r  et à l (1964) found a m arked  

in c r e a s e  Of f a c to r  IX d u rin g  p re g n an c y  but o th e r  w o rk e rs  (Koch, 

1956; R o s s , 1963; N ils so n  a*nd K u lla n d e r , 1967) found no 

in c r e a s e  o f f a c to r  XX and ac co rd in g  to  T odd (1965) f a c to r  IX m ay  

In crea se  in  so m e p re g n a n t w om en but th e  le v e ls  r e a c h e d  a r e  

v a r ia b le  and  n e v e r  v e ry  h ig h .

F ib r in o ly s is  and  P r e g n a n c y ,

A s w ith  the  co a g u la tio n  f a c to r s ,  a l té r a t io n s  in  th e  f ib r in ­

o ly tic  s y s te m  h av e  b ee n  r e p o r te d  in  p regnancy*  M a c fa r la n e  

and  B iggs (1946) m e n tio n e d  th a t th ey  found no ev id en ce  of 

p la s m a  p ro te o ly t ic  a c tiv ity  in  h e a lth y  w om en d u rin g  p re g n a n c y , 

M a rg u lis , ' Luzadi'C  and H odgk inson  (1954) an d  H ie s e r t  (1955) 

bo th  r e p o r te d  a  h ig h e r  in c id e n c e  of f ib r in o ly tic  a c tiv ity  in  th e  

b lood  d u rin g  th e  p u e rp e r iu m  th a n  in  the  a n te n a ta l p e r io d ; th is  

w as the  o p p o site  co n c lu s io n  to  th a t re a c h e d  p re v io u s ly  by 

C i r  cu ll a and  L u ra a c h i (1953). S h ea  (1955) in v e s tig a te d  f ib r in ­

o ly tic  a c tiv ity  in  34 p u e rp e r a l  w om en  and found a c tiv ity  in  only 

tw o . T he d is c re p a n c ie s  in  th e s e  r e p o r ts  w a re  m o s t  lik e ly  duo 

no t only to d if fe re n t m e th o d s  bu t a lso  to  th e  fa c t th a t th ey  w o re
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c a r r i e d  out a t ro o m  te m p e ra tu re *  F ea riiley #  R e v ill and  

T w eed  (1952) d e m o n s tra te d  th a t f ib r in o ly tic  a c tiv ity  w as 

qu ic ldy  d e s tro y e d  #  ro o m .te m p e ra tu re  but w as  p r e s e r v e d  by 

k eep in g  the  p la s m a  a t ic e  te m p e ra tu re *  B ie z e u sk i and M o o re  

(1958) em p lo y ed  a  low  te m p e r a tu r e  m e th o d  an d  w e re  th e  f i r s t  

to  r e p o r t  a g ra d u a l d e cr ea se  of f ib r in o ly s is  in  th e  b lood  

d u rin g  p re g n an c y  th e  lo w e s t v a lu e s  being  p r e s e n t  in  th e  l a t e r  

m o n th s of .p reg n an cy  and la b o u r  * and a  r a p id  in c r e a s e  in  

f ib r in o ly tic  a c tiv ity  develop ing  in  th e  e a r ly  p o s tp a r tu m  period*  

T h is  d e p re s s io n  of f ib r in o ly tic  a c tiv ity  in  p re g n a n c y  an d .lab o u r 

w as  c o n firm e d  by S h a p e r  e t a l (1965) and  su b se q u en tly  th e s e  

w ozdm rs (S h ap er e t a l , 1966) r e p o r te d  th a t th e  r^ itu rn  to  n o rm a l 

f ib r in o ly tic  a c tiv i ty , a s  m e a s u re d  by a d ilu te -b lo o d  c lo t ly s i s  

t im e , took  p la c e  d u rin g  d e liv e ry  of the  baby  b e fo re  the  c o rd  wa^s 

clam ped* B ra k m a n  (1966) who re c e n tly  s tu d ie d  f ib r in o ly tic  

a c tiv ity  d u rin g  p reg n a n c y  by a s sa y in g  the  a c tiv ity  of the  etig lobu lin  

p r e c ip i ta te  £z*om th e  p la s m a  on f ib r in  p la te s ,  found on ly  a  s lig h t 

d e c re a s e  of a c tiv i ty , but h is  a s s a y s  w e re  p e r fo rm e d  on p la s m a  

sa m p le s  w h ich  h ad  b een  s to r e d  a t N ils s o n  and  K u lla n d e r

( 1 9 6 7 ) m e a s u re d  f ib r in o ly tic  a c tiv ity  by d e te rm in in g  the  a c tiv ity  

of p la s m a  and  ra s u s p e n d e d  eugXobiiUn p re c ip i ta te  on u n h e a te d
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f ib r in  p la te s ;  in  th e  th i r d  t r im e s t e r  and im m e d ia te ly  b e fo re  

and a f te r  d e liv e ry  th e y  found p ra c t ic a l ly  no f ib r in o ly tic  activ ity*  

T h e se  a u th o rs  a lso  r e p o r te d  th a t  f ib r in o ly tic  a c tiv i ty  r e tu rn e d  

to n o rm a l on th e  seco n d  day a f te r  confinem ent*

^  A s w ith  f ib r in o ly tic  a c tiv ity  the  r e p o r ts  on  th e  com ponen ts 

of the  f ib r in o ly tic  en zy m e s y s te m  d u rin g  p reg n an c y  are not in  

ag reem en t#  P h i l l ip s  and S k ro d e lis  (1958^ found  th a t  th e  

p la sm in o g e n  le v e l  w as in c r e a s e d  du rin g  p regnancy*  S h a p e r  e t 

a l (1965) and B ra k m a n  (1966) found no d if fe re n c e  in  p la sm in o g e n  

le v e ls  b e tw een  non -p rO g n an t and p re g n a n t wom en* B ra k m a n  

and  A s tru p  (1963) u sin g  a  f ib r in  p la te  m e th o d  found the  ca p ac ity  

of th e  b lood  to  in h ib it u ro k in a s e # a p la sm in o g e n  a c tiv a to r  

p r e s e n t  in  u rine#  to  in c r e a s e  s e le c tiv e ly  and s ig n if ic a n tly  du rin g  

p regnancy*  U sing  a  c lo t ly s is , te ch n iq u e , h ow ever, N ilsso n  and 

K u U an d er (1967) r e c e n tly  r e p o r te d  th a t th e  in h ib i to rs  of 

p la sm in o g e n  a c tiv a tio n  by u ro k in a s e  rem ained  u n ch an g ed  d u rin g  

p re g n a n c y .

T he l i t e r a tu r e  on th e  f ib r in o ly tic  en zy m e s y s te m  in  p re g n a n c y , 

th e r e f o r e ,  p r e s e n ts  a n u m b e r  of r e p o r ts  w h ich  a r e  a t v a r ia n c e  w ith  

e a c h  o th e r .  T h is  i s  m o s t p ro b ab ly  due to th e  u s e  of d if fe re n t 

a s s a y  m e th o d s  and  th e  v a ry in g  e ffec t of e n z y m e s , a c t iv a to r s  and
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In M b ito rs  of f ib rm o ly s is  in  th e s e  sy s tem s*  C o n s id é ra b le  

c a u tio n  is  h en c e  r e q u ir e d  in  th e  in te rp r e ta t io n  of r e s u l t s  f ro m  

th e  te c h n iq u e s  a t p r e s e n t  a v a ila b le  fo r  the  stu d y  of f ib r in o ly e is .  

T he r e c e n t  a p p lic a tio n  of Irm m nio log ica l m e th o d s  to the  

d etection  of b reak d o w n  products of f ib r in  o r  f ib r in o g e n  in  th e  - 

c i r c u la t io n  h a s  a llo w ed  a  new  ap p ro ac h  to th e  a s s e s s m e n t  of ■ 

f ib r in o ly tic  a c tiv ity  in  v iv o , aa th e s e  p ro d u c ts  m a y  r e f le c t  

f ib r in o ly s is  in  r e s p o n s e  to  f ib r in  d ep o s itio n  o c c u r r in g  in  n o rm a l 

and  p a th o lo g ic a l c i r c u m s ta n c e s .  -

T he m e c h a n is m s  by w hich  the  changes in  co a g u la tio n  and  

f ib r in o ly s is  a r e  b ro u g h t abou t in  p reg n an c y  a r e  s t i l l  o b s c u re .

A p o s s ib le  ro le  of h o rm o n es, p a r t ic u la r ly  o es tro g en  has b een  

su g g e s t# d  by a  n u m b e r  of w o rk e rs  {Brakm an. an d  A s tru p ,. 1964; 

B re h rn , 1964; S g e b e rg  and  O w ren , 1964). T he s ig n if ic a n c e  of 

th e  ch an g es  in  th e  h a e m o s ta tic  m e c h a n is m  d u rin g  p re g n a n c y  is  

xxnicnown but ow ing to th e  in c r e a s e  iai c o n c e n tra tio n  of s e v e r a l  

co a g u la tio n  f a c to r s  and  th e  d e c re a s e d  f ib r in o ly tic  a c tiv ity , 

p re g n a n c y  h a s  b ea n  d e s c r ib e d  a s  a "hypeincoagu lab le" s ta te  

(E r ic h s o n , 1965). So f a r ,  h o w e v e r, no c a u s a l  re la t io n s h ip  

b e tw e en  int'xuiva,scular th ro m b o s is  a,nd in c r e a s e  in  any known 

co ag u la tio n  f a c to r  h a s  a s  y e t b een  e s ta b lis h e d  (O w ren , 1965;
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Jo h n so n , 1965). T h e  a l te r a t io n s  of th e  h a e m o s ta t ic  s y s te m
\

in  p re g n a n c y  h av e  b e e n  in te r p r e te d  a s  a  d e fen ce  m e c h a n is m  

a g a in s t  th e  r i s k  of h a e m o r rh a g e  d u rin g  p a r tu r i t io n  ( B a r te r ,  

1964; S c o tt , 1968)* T he ro le  of the co a g u la tio n  ay s te m  d u rin g  

n o rm a l p a rtrx ritio n , h o w e v e r, h a s  no t been d e te rm in e d  and th e  

c o n tra c t io n  of the  m y o m e tr iu m  i s  g e n e ra lly  h e ld  to  be the  

m e c h a n is m  w h ich  a r r e s t s  b leed in g  f ro m  th e  p la c e n ta l  site*

A s -d is c u s s e d  in  th e  en su in g  p a g e s , a  re fle c t io n  of in  v ivo  ev en ts  

in  any. p a r t ic u la r  s itu a tio n  i s  m o re  lik e ly  to  be d e r iv e d  f ro m  

aim txltaneoua stu d y  of th e  coagxilation and  f ib r in o ly tic  s y s te m s .
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C H A PT E R  3

CU R REN T C O N CEPTS O F TH E COM PONENTS AND 

FUNCTIONS O F THE COAGULATION AND 

F IB R IN O L Y T IC  MECHANISMS 

T he fu n c tio n  of th e  h a e m o s ta tic  m e c h a n ism  a p p e a rs  to  foe 

th e  m ain tenate jB - of an  in ta c t  and p a ten t v a s c u la r  c o m p a r tm e n t.

In  p h y s io lo g ic a l c i r c u m s ta n c e s  the  c o a g u la tio n  and 

f ib r in o ly tic  m e c h a n ism s  m ay  be in  a  s ta te  of dyn am ic  

e q u il ib r iu m , th e  co a g u la tio n  s y s te m  lay in g  down f ib r in  to  s e a l  

any d e f ic ie n c ie s  in  th e  v a s c u la r  en d o th e liu m  and  th e  f ib r in o ly tic  

s y s te m  rem o v in g  th e  f ib r in  d e p o s its  a f te r  th ey  h av e  s e rv e d  

th e i r  h a e m o s ta t ic  fu n c tio n  (S h e rry  e t a l , 1959)*

B lood  C lo ttin g  S y s te m

B lood  co a g u la tio n  can  be re g a rd e d  as th e  d efen ce  m e c h a n ism  

d e s ig n e d  to  p r e s e r v e  th e  b lood  v o lu m e in  th e  ev e n t of in ju ry  to  

the  v a s c u la r  t r e e .  T he d e ta ile d  c h e m is try  of th e  co m p lex  

re a c t io n s  in v o lv ed  in  b lood  c lo ttin g  is  s t i l l  unknown# T he

* cascade*  h y p o th e s is  of co ag u la tio n  p ro p o se d  by M a c fa r la n e  (1964) 

and  th e  s im i la r  ‘w a te rfa ll*  sc h e m e  of D avie  and R a tno ff (1964) 

su g g e s t a  u n if ied  fu n c tio n  fo r  th e  c lo ttin g  fa c to rs#  T he c lo ttin g  

m e c h a n is m  is  v iew ed  as  a  s e r i e s  of en zy m e s u b s t r a te  r e a c t io n s ,
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th e  p ro d u c t o£ ea ch  r e a c t io n  being  an en zy m e w hich  r e a c ts  

w ith  the  n ex t s ta g e  of the  seq u en ce  * M a c fa r la n e  (1964) h as  

p o in ted  ou t th a t such a  seq u en ce  of re a c tio n s  sh o u ld  ac t as  a* 

b io c h e m ic a l a m p lif ie r ,  th e  m u ltip lic ity  of s ta g e s  g iv ing  a 

c o rre sp o n d in g  in c r e a s e  in  re s p o n s e  to  an  in i t ia l  stim ulus*.

T h is  th e o ry  a ls o  p ro v id e s  an  ex p lan a tio n  fo r  th e  p re s e n c e  of 

th e  la rg e  n u m b e r of c lo ttin g  f a c to r s  w hich  h av e  b ee n  id e n tif ie d  

in  m a m m a lia n  b lood; th e  m o re  s ta g e s  in  th e  a m p lif ie r ,  th e  

m o re  e f f ic ie n t th e  h a e m o s ta tic  re s p o n s e  to traum a*. E sn o u f

( 1 9 6 8 ) h a s  re c e n tly  p ro d u c ed  ev id en ce  w h ich  m o d if ie s  the  

o r ig in a l  c a sc a d e  d e s c r ib e d  by M a c fa r la n e  and th is  new  co n cep t 

of th e  r e a c t io n s  w h ich  ta k e  p la c e  b etw een  th e  p la s m a  p ro te in  

f a c to r s  in v o lv ed  in  b lood  c lo ttin g  i s  show n in  f ig u re  1. Two 

pa th w ay s h av e  b ee n  delineated#  as show n in  f ig u re  1 , th ro u g h  

w hich  p ro th ro m b in  (fa c to r  II) m ay  be c o n v e rte d  to  th ro m b in  as 

a  p h y s io lo g ic a l re s p o n s e  to  in ju ry : th e  in t r in s ic  m e c h a n ism

w hich  is  a c tiv a te d  by c o n tac t of the  b lood  w ith  s u r fa c e s  o th e r  

th a n  th e  in ta c t v a s c u la r  en d o th e liu m  and the  e x t r in s ic  o r  

t i s s u e  pathw ay w hich  r e q u ir e s  a c o n trib u tio n  f ro m  tie  su e .

T he in t r in s ic  pathw ay w hich  depends on th o se  f a c to r s  w ith in  

th e  p la s m a  i t s e l f  is  t r ig g e r e d  w hen  b lood o r  p la s m a  co m es in
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c o n ta c t w ith  s u r fa c e s  o th e r  th an  in ta c t  v a s c u la r  en d o th e liu m .

T h is  a c tiv a te s  f a c to r  XÏÏ and. a p p e a rs  to  in i t ia te  a  ch a in  of 

c h e m ic a l r e a c tio n s  involv ing, s u c c e s s iv e  a c tiv a tio n  of f a c to r  DC 

and  f a c to r  %# the f a c to r s  XI# VIII and V ac tin g  as c o - f a c to r s  

fo r  th e ir, r e s p e c tiv e  en z y m es  an d  a lso  in c re a s in g  th e  .sp e c if ic ity  

of e a c h  s ta g e  (Esnouf# 1968). T h e ,e x tr in s ic  pathw ay  c o n s is ts  

of r e a c tio n s  w h ich  depend  on co n ta c t of th e  b lood  w ith  in ju re d  

t i s s u e  w h ich  r e le a s e s  one o r  m o re  su b s ta n c e s  Imown g e n e r ic  a lly  

as t i s s u e  th ro m b o p la s tin *  T he t is s u e  f a c to r  r e a c ts  w ith  f a c to r  

VII to  fo rm  an ag en t w h ich  a c tiv a te s  f a c to r  X . Acti%»-ated fa c to r  

X th e n  in te r a c ts  w ith  f a c to r  V to  g e n e ra te  a p r in c ip le  cap ab le  of 

co n v e rtin g  p ro th ro m b in  ( fa c to r  II) to  th ro m b in . A s show n in  

f ig u re  1 # th e  in t r in s ic  and e x t r in s ic  s y s te m s  co n v e rg e  to  fo rm  

the  p ro th ro m b in  co n v e rtin g  p r in c ip le  but th e  n a tu re  of th is  

p r in c ip le  is  no t y e t  clea^:. T h ro m b in  is  a  h igh ly  sp e c if ic  p ro te o ly tic  

en zy m e w hich  c o n v e r ts  th e  so lu b le  protein  f ib r in o g e n  in to  in so lu b le  

s t r a n d s  of f ib r in ,  in  the m e s h e s  of w hich  are  t r a p p e d  c e l lu la r  

e le m e n ts  of th e  b lo o d . In  f ig u re  1 th e  f a c to r s  w h ich  h av e  b ee n  

show n to  be in c r e a s e d  in  p reg n a n c y  a r e  m a rk e d  w ith  an a s te r i s k  

and  su ch  ch an g es cou ld  ^rep resen t an  en h an ced  c a p a c ity  to  fo rm  

f ib r in  p a r t ic u la r ly  v ia  th e  e x tr in s ic  o r  t i s s u e  s y s te m . T he
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c o n v e rs io n  of f ib r in o g e n  to  f ib r in  ta k e s  p la c e  in  th r e e  s te p s  

(fig u re  2) (S c h e ra g a  and I /a sk o w sk i, 19S7), T h ro m b in  s p li ts  

c e r ta in  p e p tid e s  f ro m  f ib r in o g e n  to  fo rm  in d iv id u a l m o le c n les  

o r  m o n o m e rs  of f ib r in ;  th e  f ib r in  m o n o m e rs  co n d en se  in  a  

p o ly m e r is a t io n  s te p  to fo rm  an in so lu b le  f ib r in  n e tw o rk  o r  

p o ly m e r  w h ich  u n d e rg o e s  g e la tio n  to fo rm  f ib r in ,  th e  f in a l 

v is ib le  c lo t. In  th e  p r e s e r  a of f ib r in  s ta b il is in g  fa c to r  

( fa c to r  XIII) and  c a lc iu m  io n s  th e  c lo t is  r e n d e re d  s ta b le  and 

in so lu b le  (L o ran d  and J a c o b s e n , 1958),

T he F ib r in o ly t ic  S y s te m

T he f ib r in o ly tic  en zy m e s y s te m  03; p la.sm inogen**plasm in 

s y s te m  h a s  a  b a s ic  s t r u c tu r e  s im i la r  to  th a t of th e  co ag u la tio n  

s y s te m  and  m ay  h av e  a  p h y s io lo g ic a l ro le  c o m p le m e n ta ry  to  

th a t  of th e  co ag u la tio n  s y s te m  in  m a in ta in in g  th e  p a ten cy  of the  

v a s c u la r  t r e e  by p ro m o tin g  th e  re m o v a l of f ib r in  (S h e rry  e t a l, 

1 9 5 9 ). T hough of g r e a t  co m p lex ity , th is  s y s te m  h a s  fo u r  m a in  

co m p o n en ts ; p la sm in o g e n , p la sm in , a c t iv a to r s  and  in îi ib ito rs  

(f ig u re  3), P la s m in o g e n , a  n a tu ra l  p la s m a  g lo b u lin , is  

c o n v e r te d  by a c t iv a to rs  to  p la s m in , a  p ro te o ly t ic  en zy m e w hich  

u n d e r  su ita b le  c i r c u m s ta n c e s  b re a k s  down f ib r in  in to  so lu b le  

d e g ra d a tio n  p ro d u c ts .  P la s m in  w ill a lso  d ig e s t  f ib r in o g e n  in  a
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m a n n e r  s im i la r  to  i t s  ac tio n  on f ib r in  and a tta c k  o th e r  p la s m a  

p r o te in s .  P la sm in o g e n  a c t iv a to rs  a re  found in  a lm o s t a i l  

t i s s u e s  of th e  body ex cep t th e  l iv e r  and th e  p la c e n ta  and 

a r e  p r e s e n t  in  e s p e c ia l ly  h ig h  c o n c e n tra tio n  in  th e  u te ru s  

(A lb re c h tso n , 1957), U sing  a M s to c h e m ic a l te c h n iq u e , T odd  

(1964) h a s  p ro d u c e d  ev id en ce  to  su g g e s t th a t a c tiv ity  in  the 

t i s s u e s  i s  c o n c e n tra te d  ro u n d  b lood  v e s s e ls  e s p e c ia lly  v e in s  

and  v e n u le s . P h y s io lo g ic a l- f ib r in o ly tic  a c tiv ity  in  b lood  

a p p e a rs  to be due to  th e  p re s e n c e  of p la sm in o g e n  a c t iv a to r  

in  n o rm a l p la s m a  (Saw yer e t a l , I960),

In h ib ito rs  of both  p la s m in  and p la sm in o g e n  a c t iv a to rs  

a r e  p r e s e n t  in  p lasm a, and  u n d e r  n o rm a l p h y s io lo g ic a l co n d itio n s  

th e  p la s m a  c a r r i e s  a  c o n s id e ra b le  e x c e s s  of a n tip la s m in  (fig u re  

4) (F le tc h e r  e t a l ,  1959)* N o3?man and H ill  (1958) h av e  show n 

th a t  th e r e  a r e  a t l e a s t  tw o a n tip la sm in s  in  s e ru m ; one in  the  

f r a c t io n  (oc,.«-m acroglobulin) r e a c ts  q u ick ly  as a co m p e titiv e  

in h ib i to r  of p la s m in  and th e  o th e r  in  th eo c   ̂ f r a c t io n  r e a c ts  

m o re  slow ly  bu t f i rm ly  w ith  p la sm in  to  p ro d u c e  an in a c tiv e  

co m p lex .
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F ib r in o ly s is  ïn  V ivo Tîie S h e r ry  H y p o th es is

W henever a  c lo t f o r m s ,  p la sm in o g e n , as  a  r e  emit of i ts  

a ff in ity  fo r  f ib r in ,  i s  in c o rp o ra te d  in  th e  f ib r in  m e sh w o rk  

and  it  w ou ld  a p p e a r  th a t  th e  fu n a tlo n  of p la s m a  p la sm in o g e n  

is . to  endow  any c lo ts  w h ich  m ay  fo rm  w ith  th e  m e a n s  to  b r in g  

abou t th e i r  su b se q u e n t l y s i s . P la sm in o g e n  a p p e a rs  to  be 

p r e s e n t  in  v ivo  in  a  two p h ase  s y s te m , a s  a  so lu b le  p h a se  in  

th e  p la s m a  and as a  gel phase: fo rm  in  th e  throm ibi and  f ib rin o u s  

d e p o s its  (fig u re  4 ). P la s m in o g e n  a c t iv a to rs  h av e  a  s e le c tiv e  

a ff in ity  fo r  g e l p h a se  p la sm in o g e n  (S h e rry , 1966) and  as a. 

r e s u l t  of th e  p h y s ic a l d is t r ib u t io n , th e  b io c h e m ic a l co n seq u en c es  

of p la sm in o g e n  a c tiv a tio n  in  th e  tw o p h a se s  a r e  e n t ire ly  

d if f e r  e n t . A c c o r  ding to  S he r  ry  ’ s , hy pothe e i a w hen  p i a s  m ln o g en  

a c t iv a to r  is  p r e s e n t  in  p la s m a  a t p h y s io lo g ic a l le v e ls ,  i . e .  in  

low  c o n c e n tra tio n , i t  b r in g s  about ly s is  of f ib r in  by d iffusing  

in to  th e  c lo t a n d  a c tiv a tin g  p la sm in o g e n  in  c lo se  p h y s ic a l 

re la t io n s h ip  to  f ib r in  (rig h th an d  s id e  of f ig u re  4) and  c lo t 

d is s o lu tio n  p ro c e e d s  re la t iv e ly  in d ep en d en t of p la s m a  in h ib i to r s .  

In  th e  p la s m a , on th e  o th e r  h a n d , th e  a c tiv a tio n  of p la sm in o g e n  

p ro d u c e s  an e n t ir e ly  d if fe re n t r e s u l t :  u n d e r  p h y s io lo g ic a l

c i r c u m s ta n c e s  p la sm in o g e n  ac tiv a tio n  p ro d u c e s  no d e te c ta b le
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e f fec ts  on su eco p tib lo  p la s m a  p ro te in s  as the  p la s m in  is  

ra p id ly  in h ib i te d  on i t s  fo rm a t io n  by the  a n t ip la s m in  (left-­

h an d  sectioxi of f ig u re  4), In  th is  m a n n e r ,  the  ac t io n  of the 

r e la t iv e ly  non-*specific en zy m e p la a m in  a p p e a r s  to  be 

r e s t r i c t e d  in  v ivo  to  a  h igh ly  sp e c if ic  a c t io n , th a t  of d ig e s t io n  

of f ib r in  (S h e r ry  e t aU 1959; F l e t c h e r  e t a l ,  1962). H o w e v e r ,  

if  r a p id  ac t iv a t io n  of so lu b le  p la s m a  p la sm in o g e n  o c c u r s ,  

p la s m in  is  p ro d u c e d  in  l a r g e  am o u n ts ,  the  a n t ip la s m in  

m e c h a n i s m  is  t e m p o r a r i l y  o v e rw h e lm e d  and f r e e  p la s m in  

a p p e a r s  and p a r e  is  ts  in  th e  c i rc u la t io n .  F ib r in o g e n ,  w hich  

i s  abundan tly  a v a i la b le  as  a  su b sc e p t ib le  s u b s t r a t e  can  be 

d e s t ro y e d  by p la s m in  w ith  th e  p ro d u c tio n  of a  s e v e r e  co ag u la t io n  

d e fe c t .

W hen f ib r in  o r  f ib r in o g e n  is  d ig e s te d  by p la s m in ,  low 

m o le c u la r  w eigh t f r a g m e n ts  a r e  r e l e a s e d  w hich  r e t a in  an tig en ic  

d e te rm in a n ts  of the  p a r e n t  f ib r in o g e n  (Nussepzweiig e t  a l ,  1961), 

T h e s e  d e g ra d a t io n  p ro d u c ts  canno t be c lo t te d  by th ro m b in  and 

h en ce  can  be found in  s e r u m .  F ib r i n  or f ib r in o g e n  d e g ra d a t io n  

p ro d u c ts  a r e  known to  h av e  a  co m p lex  an t ic o a g u la n t  e f fec t  and 

h av e  b ee n  show n ' ' in  v i t r o "  to in t e r f e r e  both w ith  n o r m a l  f ib r in  

p o ly m e r i s a t io n  and th e  fu n c tio n  of th e  p la te le ts  (H a ta l io ,  1964;
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F l e t c h e r ,  1966); for th e s e  r e a s o n s  they  m a y  p ro d u c e  a 

s e r io u s  h aem osta tic  d efect. On n aked  eye e x a m in a t io n ,  

c lo ts  f o rm e d  in  the  p r e s e n c e  of f ib r in  o r  f ib r in o g e n  degraxlation  

p ro d u c ts  a r e  lo o se  and f r ia b le  and  th e i r  a'bno,rmal s t r u c t u r e  

h a s  a lso  b e e n  dem onstrated  by the  e le c t ro n  m ic ro s c o p e  (Bang 

e t  a l ,  1 9 6 2 ) . T he a b n o rm a l i ty  is  due to th e  d e g ra d a t io n  p ro d u c ts ,  

w h ich  la c k  the  c o r r e c t  s t r u c t u r e  to  f o r m  a sound x>olymer, being 

in c o r p o r a te d  w ith  f ib r in  m onom er*

T h e  co ag u la t io n  and  f ib r in o ly t ic  s y s t e m s  a r e  know n to  r e a c t  

w ith  each  o th e r  at m a n y  le v e ls  e*g* both s y s te m s  can  be 

a c t iv a te d  by a c t iv a t io n  of f a c to r  XII, p la te le ts  h av e  a n t ip la s m in  

a c t iv i ty ;  f ib r in o g e n ,  f a c to r s  T  and  V I I I a n d  p r o th ro m b in  a r e  

d ig e s te d  by p la s m in ,  and  f ib r in  d e g ra d a t io n  p ro d u c ts  have  an 

a n t i th ro m b in  e f fec t  as  w e ll  as  inh ib iting  f ib r in  poly  m e  r  i s a t ion  

(M cM goI , 1969)* D e sp i te  th e s e  o b s e rv a t io n s ,  h o w e v e r ,  the 

co n cep t of a dynam ic  e q u i l ib r iu m  b e tw een  c lo tting  and ly s i s  

s t i l l  r e m a in s  to  be f i rm ly  es tab lished*

S u m m a ry

In the  p a s t  IS y e a r s  th e r e  h a s  b ee n  a  s u b s ta n t ia l  i n c r e a s e  in  

know ledge of the  phys io lo g y  of h a e m o s ta s is *  P re g n a n c y  i s  loiown 

to  be a s s o c ia te d  w ith  an  i n c r e a s e  in  th e  c o n c e n tr a t io n  of c e r t a in
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c o a g u la t io n  f a c to r s  and a  d e c r e a s e  in  tlie le v e l  of f ib r in o ly t ic  

a c t iv i ty  but th e  ro le  of the h a e m o s ta t ic  m e c h a n is m  in 

p re g n a n c y  and  p a r tu r i t i o n  is  u n c e r ta in .  T he c o a g u la t io n  and 

f ib r in o ly t ic  s y s te m s  a p p e a r  to be in  a  s ta te  of dynam ic  

e q u i l ib r iu m  d e s ig n e d  to  k eep  the  v a s c u la r  com x^artm ent in ta c t  

and  ps-tent'. In  the  fo llow ing c h a p te r s  the r e s u l t s  of an 

in v e s t ig a t io n  of th e  dual m e c h a n is m  of b lood  co a g u la t io n  and 

f ib r in o ly s i s  in  n o rm a l  and  a b n o rm a l  p re g n a n c y  and p a r tu r i t io n  

a r e  p r e s e n te d  and d isc u sse d *



26.

SEC TIO N  2

TH E COAGULATION AND FIBRINOLYTIC SYSTEMS IN 

NORMAL PREGNANCY AND P A R TU R ITIO N

C h a p te r  4

C h a p te r  5

C h a p te r  6

C h a p te r  7

C h a p te r  8

C o m ponen ts  of the  f ib r in o ly t ic  en z y m e  s y s te m  

in  n o r m a l  p re g n a n c y ,  la b o u r  and  p u e r p e r iu m  

A s s a y  of f ib r in  d e g ra d a t io n  p ro d u c ts  and le v e ls  

in  n o r m a l  p re g n a n c y ,  la b o u r  an d  p u e r p e r iu m  

and  a f te r  c a e s a r e a n  se c t io n  

C hanges  in  the  coag u la t io n  and  f ib r in o ly t ic  

m e c h a n is m s  during  and a f te r  n o r m a l  c h i ld b ir th  

D y n am ics  of the  coag u la t io n  and  f ib r in o ly t ic  

m e c h a n is m s  in  the  u te r in e  c i r c u la t io n  d u ring  

p la c e n ta l  s e p a ra t io n  at c a e s a r e a n  se c t io n  

T he co ag u la t io n  and f ib r in o ly t ic  s y s te m s  in  

th e  n ew b o rn



27.

C H A P T E R  4

COM PONENTS O F TH E  FIB RIN O LY TIC  E N ZY M E  SYSTEM

IN NORM AL PR EG N A N CY , LABOUR AND P U E R P E R IU M  

An i n c r e a s e  in  th e  c o n c e n tra t io n  of c e r t a in  co ag u la t io n  

f a c t o r s ,  p a r t i c u la r ly  f ib r in o g e n ,  is  known to  o c c u r  as 

p re g n a n c y  ad v an ces  and  the  b eh a v io u r  of th e  f ib r in o ly t ic  

m e c h a n is m  in  h u m a n  p re g n a n c y  is  th e r e f o r e  of s p e c ia l  

i n t e r e s t .  F ib r in o ly t ic  a c t iv i ty  h a s  b ee n  r e p o r t e d  to  be 

d e c r e a s e d  in  la te  p re g n a n c y  but m any  of th e  p re v io u s  r e p o r t s  

a r e  s in g le  o b s e rv a t io n s  o b ta in ed  u n d e r  v a ry in g  cond itions  

and  co n flic tin g  r e s u l t s  h av e  b ee n  p r e s e n te d .  T he p u rp o se  of 

th is  in v e s t ig a t io n  w as  to e lu c id a te  the  ch an g es  in  th e  co m p o n en ts  

of th e  f ib r in o ly t ic  en z y m e  s y s te m  in d u ced  by p re g n a n c y  and 

p a r tu r i t i o n  by s e r i a l  o b s e rv a t io n s  on a  g ro u p  of h ea l th y  w om en  

fo llow ed  th ro u g h o u t n o r m a l  p re g n a n c y ,  la b o u r  an d  th e  p u e r p e r iu m .  

P a t i e n t s  and  M ethods

T e n  h e a l th y  w o m en  w ith  u n c o m p lic a te d  p r e g n a n c ie s  w e re  

s e r i a l l y  s tu d ie d  f ro m  th e  f i r s t  t r i m e s t e r  to  t e r m ,  d u r in g  la b o u r  

and  th e  p u e r p e r iu m .  T h e s e  p a t ie n ts  w e re  u n d e r  th e  o b s te t r i c  

c a r e  of the  a u th o r  and  fu ll  c o n sen t  w as g iven  by the  p a t ie n ts  who 

w e r e  in fo rm e d  th a t  the  s tudy  r e l a t e d  to  p ro b le m s  w ith



h a e m o r r h a g e  d u r in g  c h i ld b ir th .  T he  c l in ic a l  d e ta i l s  of th e s e  

p a t ie n ts  a r e  show n in  T ab le  1. In  add ition , a  f u r th e r  30 

w o m en  w e re  in v e s t ig a te d  s ix  to  e igh t w eek s  a f te r  n o rm a l  

co n f in e m en t to o b ta in  r e f e r e n c e  d a ta  fo r  th e  s t a t i s t i c a l  

ev a lu a t io n  of th e  a l te r a t io n s  of com ponen ts  of th e  f ib r in o ly t ic  

en z y m e  s y s te m  d u r in g  p re g n a n c y .  Yenoit© b lood  s a m p le s  

w e re  ta k e n  w ith  the  m in im u m  of venous o c c lu s io n  and t e s t s  

of f ib r in o ly t ic  a c t iv i ty  w e re  in v a r ia b ly  c a r r i e d  out w ith in  a  

y h o u r  of c o l le c t io n  of th e  b lood  w hich  w as  k ep t a t

The fo llow ing a s s a y s  w e re  p e r f o rm e d  a s  d e s c r ib e d  in  

A ppendix  3.

(1) F ib r in o g e n  A s s a y : th e  b io c h e m ic a l  m e th o d  of R atnoff

and  M e n z ie  {196*5) w as u s e d ,

(2) P la s m in o g e n  A s s a y : th e  m e th o d  of A lk ja e r s ig  e t  al (1959)

as  d e s c r ib e d  by M c M co l and  D ouglas  (1964) w as  u s e d .  The 

c a s e in o ly t ic  a s s a y s  w e re  p e r f o r m e d  in  d u p l ic a te .

(3) E u g lo b u lin  L y s is  A c t iv i ty : the  m e th o d  of N i ls s o n  and 

Olow (1962) w as  u s e d .  C lo t ly s i s  t im e s  w e r e  m .e a su re d  at 

3?^C and th e  te s ta  w e r e  c a r r i e d  out in  duplicate#  L y s is  

t im e  and b lood  f ib r in o ly t ic  ac t iv i ty  a r e  in v e r s e ly  r e la te d ,  

h en c e  a  long ly s i s  t im e  r e f le c t s  low f ib r in o ly t ic  a c t iv i ty ,  and a
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s h o r t  ly s i s  t im e  h ig h  f ib r in o ly t ic  activity* O n a  double 

lo g a r i th m ic  p lo t ,  ly s i s  t im e s  , and. a c t iv i ty  a r e  l in e a r ly  

r e la te d ,  and u s in g  such  a  p lo t  l y â i s  t im e s  can  be e x j^ re ssed  

in. a r b r i t a r y  u n i ts  of a c tiv i ty  a s s ig n in g  one u n it  à  ly s i s  t im e  

of 300. m in u te s  (S h e rry  e t . a l ,  1959). The eug lo b u lin  ly s i s  . 

t im e  is  a  r e f le c t io n  of th e  le v e ls  of p la sm in o g e n  a c t iv a to r ,  

•fibrinogen and p la sm in o g e n  and p ro v id e d  th a t  th e  le v e ls  of 

f ib r in o g e n  and p la sm in o g e n  a r e  r e la t iv e ly  c o n s ta n t ,  ch an g es  

in  the eug lobu lin  ly s i s  t im e - a r e  a m e a s u r e  of v a r ia t io n s  in  

p la sm in o g e n  a,c tivator le v e ls  in  the  p la s m a .  '

(4) U ro k in a se  S e n s i t iv i ty  T e s t ;  the  m e th o d  of M cN ico l e t  al 

(1963) w as  usedv In  th is  t e s t  the  ly s i s  t im e  of a ,-p lasm a

clo t fo rm e d - in  the  p i 'c s e n c e  of a  s ta n d a r d  am oun t of u ro k in a s e  

i s  m e a s u r e d .  T he ly s i s  t im e  r e f le c t s  th e  o v e r a l l  le v e l  of 

in h ib i to r s  to  u ro k in a s e  in d u ced  f ib r in o ly s i s .  R e s u l ts  a r e  

e x p r e s s e d  in  u n its  b a s e d  on a  double lo g a r i th m ic  p lo t w ith  a 

ly s i s  t im e  of 10  m in u te s  arb_ itraeily a s s ig n e d  one u n it  of a c t iv i ty .  

The lo w e r  the  n u m b e r  of u n i ts  the  lo w e r  the  s e n s i t iv i ty  to 

u ro k in a s e  in d u ced  ly s i s  and , c o r re s p o n d in g ly ,  th e  h ig h e r  th e  

d e g re e  of f ib r in o ly t ic  in h ib i t io n .

(5) T h ro m b in  C lo ttin g  T im e : the m e th o d  d e s c r ib e d  by F le t c h e r
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e t al ( 1 9 5 9 ) w as  u s e d  and  the  t e s t s  w e re  p e r f o r m e d  in  duplicate# 

T he  c lo tt in g  t im e  i s  p ro lo n g e d  by deg3:adation p ro d u c ts  of 

f ib r in  o r  f ib r in o g e n .

(6) The P l a t e l e t  Count: the  m e th o d  of D ac ie  (1963) w as u s e d

and  d u p lic a te  coun ts  w e re  p e r f o rm e d  on venous blood*

R e s u l ts

(1) ■ F ib 'r in o g en  The p re v io u s ly  d o cu m en ted  i n c r e a s e  of p la s m a  

f ib r in o g e n  d u rin g  p re g n a n c y  w as c o n f irm e d  as  i l l u s t r a t e d  in  

f ig u re  5 and T a b le  2, T he m e a n  f ib r in o g e n  l e v e l  w as  s l ig h tly  

i n c r e a s e d  in  e a r ly  p re g n a n c y  at 345m g/ 100ml c o m p a r e d  w ith  a 

m e a n  le v e l  of 26Sm g/ 100m l found s ix  w eek s  a f te r  d e l iv e ry  

(T ab le  8). T he f ib r in o g e n  le v e l  g ra d u a l ly  i n c r e a s e d  w ith  the  

d u ra t io n  of p re g n a n c y  to  a m e a n  v a lu e  of 443m g/ 100 m l a t t e r m .  

T h e  r i s e  of f ib r in o g e n  d u r in g  p re g n a n c y  show ed  a  s ig n if ic a n t  

p o s i t iv e  c o r r e l a t io n  w ith  the  p e r io d  of g e s ta t io n  (R +0, 673, 

p < 0 .0 0 1 ) . T he  le v e ls  of f ib r in o g e n  r e m a in e d  v i r tu a l ly  

u n ch a n g ed  d u rin g  la b o u r  and  d e c r e a s e d  s l ig h tly  d u r in g  the  f i r s t  

w eek  of the p u e r p e r iu m .  At the  s ix th  p o s tn a ta l  w eek  the  f ib r in ­

ogen  le v e ls  w e re  in  th e  n o r m a l  ran g e  fo r  n o n -p re g n a n t  w o m en .

(2 ) P la s m in o g e n  T he le v e ls  of p la sm in o g e n  fo llow ed  s e r i a l ly  

th ro u g h  xpregnancy a r e  show n in  f ig u re  5 and  T ab le  3, E le v a te d
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le v e ls  of p la sm in o g e n  w e r e  found a s  e a r ly  as the  fo u r th  m on th  

of p re g n a n c y  and. th e  i n c r e a s e d  le v e l  of p la sm in o g e n  during  

p re g n a n c y  c o m p a re d  w ith  th e  le v e ls  found s ix  w eek s  a f te r  

d e l iv e ry  w as  h igh ly  s ig n if ic a n t  (t » 5* 556, p<0 , 0 0 1 ) .  A 

Blight d e c r e a s e  of the  m e a n  p la sm in o g e n  le v e l  w as  found 

d u rin g  l a b o u r .  In  th e  f i r s t  w eek  of th e  p u e r p e r iu m  the  

p la sm in o g e n  le v e ls  r e m a in e d  e le v a te d  bu t by th e  s ix th  p o s tn a ta l  

w eek  the l e v e l s  w a r e  in  the  n o rm a l  n o n -p re g n a i l t  range*

(3) E u g lo b u lin  L y s is  A c tiv i ty  A m a rk e d  d e c r e a s e  of 

f ib r in o ly t ic  a c t iv i ty  d u r in g  p re g n a n c y  w as found, th e  eug lobu lin  

ly s i s  t im e  in c r e a s in g  s te e p ly  a f te r  the  f i r s t  t r i m e s t e r  ( f ig u re  6 ) . 

T h e  re d u c t io n  in  f ib r in o ly t ic  a c t iv i ty  w as  m o s t  p ro n o u n c e d  in  

th e  t h i r d  t r i m e s t e r  and p e r s i s t e d  th ro u g h o u t th e  f i r s t  and  

se co n d  s ta g e s  of la b o u r .  In  the  f i r s t  w eek  of the  p u e r p e r iu m  

n o r m a l  o r  s l ig h tly  i n c r e a s e d  f ib r in o ly t ic  a c t iv i ty  w as found#

W hen th e  ly s i s  t im e s  a r e  e x p r e s s e d  a s  u n i ts  of a c t iv i ty ,  

c a lc u la te d  a s  s ta te d  p r e v io u s ly ,  th e  r e d u c t io n  of a c t iv a to r  le v e ls  

h a s  a s ig n i f ic a n t  ne g active c o r r e la t io n  w ith  th e  p e r io d  of g e s ta t io n  

(R % -0 .839#  p< 0 , 001) a s  shown in  f ig u re  7 and  T a b le  4 . The 

i n c r e a s e  in  f ib r in o ly t ic  a c t iv i ty  in  the  f i r s t  w eek  of the p u e r p e r iu m  

f ro m  the  v a lu e s  found in  the  th i r d  t r i m e s t e r  and in  la b o u r  w as  

h igh ly  s ig n i f ic a n t  (t 5* 56, p<0.001)*



(4) U ro k in a se  Senextiv ity  T o s t  In  th is  s tudy  n o r m a l  p re g n a n c y  

d id  no t a p p e a r  to  be a s s o c ia te d  w ith  any s ig n i f ic a n t  change in  

th e  le v e l  of in l i ib i to rs  of jdasna inogen  activa.tion by u ro k in a s e  

(T ab le  5).

(5) T h ro m b in  T im e  No s ig n if ic an t  a l te r a t io n  of th ro m b in  t im e  

took  p la ce  d u r in g  p re g n a n c y ,  but a  s ig n if ic a n t  i n c r e a s e  w as 

found in  la b o u r  fx*om the  v a lu e s  p r e s e n t  a t 36 -4 2  w eek s  of 

p re g n a n c y  (T ab le  6 ).

(6 ) P l a t e l e t  C ount T he m e a n  p la te le t  count w as  s l ig h tly  lo w e r  

d u r in g  p re g n a n c y  than  th e  s ix  w eek  p o s tn a ta l  le v e l  and  the  

low est, le v e l  w as  r e c o r d e d  d u rin g  la b o u r .  As show n in  f ig u re  8  

and  T a b le  7,. a s ig n if ic a n t  r i s e  of the p la te le t  count w as  found 

in  the  f i r s t  w eek  of the  p u e r p e r iu m  as  c o m p a re d  w ith  the le v e l  

found in  la b o u r  (t -  2 .4 ,  p<0*02)*

D is c u s s io n

A n i n c r e a s e  in  th e  c o n c e n tr a t io n  of p l a s m a  f ib r in o g e n  and 

f a c to r s  VII, VIII, and  X in  a s s o c ia t io n  w ith  p re g n a n c y  h a s  b een  

r e p o r t e d  (P e c h e t  and A le x a n d e r ,  1961; K a s p e r  e t  a l ,  1964; 

T a lb e r t  and L ang  do ll,  1964) and  th e  find ings in  th is  s tudy  have 

show n th a t  a  c o n s id e r a b le  d e v ia tio n  f r o m  th e  n o r m a l  o c c u r s  in  

th e  co m p o n en ts  of the  f ib r in o ly t ic  enzym e s y s t e m .



3 3 *

T he i n c r e a s e  in  th e  c o n c e n tra t io n  of p la o m a  f ib r in o g e n  

d u rin g  p re g n a n c y  i s  w e ll  d o cu m en ted  bu t few  r e p o r t s  a r e  

a v a i la b le  on p la sm in o g e n  le v e ls  d u r in g  p re g n a n c y .  S h a p e r  

e t  al ( 1 9 6 5 ) and JSralanan (1966) found no d if fe re n c e  be tw een  

p la sm in o g e n  le v e ls  in  n o n -p re g n a n t  and p re g n a n t  w om en . 

S h a p e r 's  r e p o r t  w as  on th e  le v e ls  found in  10 A f r ic a n  w o m en  

a t an tin s ta te d  t im e  in  p re g n a n c y  and B ra k m a n  t is ed  a d if fe re n t  

m ethod, of p la sm in o g e n  a s s a y ,  r e n d e r in g  c o m p a r is o n s  d if f icu lt .  

T h e  r e s u l t s  r e p o r te d  h e r e  of clea.rly  i n c r e a s e d  le v e ls  of 

p la sm in o g e n  d u r in g  p re g n a n c y  a r e  in  a g re e m e n t  w ith  the m o r e  

r e c e n t  f ind ings  of N i ls s o n  and K u lla n d e r  (1967), T he  in c r e a s e  

of p la sm in o g e n  as  show n in  f ig u re  5 a p p e a r s  to  o c c u r  p a r i  p a s s u  

w ith  th a t  of f ib r in o g e n  and th e  r i s e  above n o r m a l  le v e ls  in  the  

th i r d  t r i m e s t e r  i s  of the  o r d e r  of 66% in  bo th  f ib r in o g e n  and 

p la s m in o g e n .  A llow ing fo r  the  exp an s io n  of p la s m a  v o lu m e in  

p re g n a n c y ,  th is  r e p r e s e n t s  a  tw ofold  i n c r e a s e  in  th e  a b so lu te  

a m o u n ts  of c i r c u la t in g  f ib r in o g e n  and p la sm in o g e n .  By the  

s ix th  p o s tn a ta l  w ee k  th e  le v e ls  of f ib r in o g e n  and  jd a sm in o g e n  

h av e  r e tu r n e d  to  n o r m a l .  T he co n c o m itan t i n c r e a s e  of 

p la sm in o g e n  and f ib r in o g e n  d u ring  p re g n a n c y  w ould  a p p e a r  to 

be c o n s is te n t  w ith  the  co ncep t of a  dynam ic  e q u i l ib r iu m  b e tw een
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c lo tt in g  and ly s i s  as  a  r i s e  in  the  le v e ls  of th e s e  two 

co m p o n en ts  m ig h t  be p r e d ic te d  to  in f lu en ce  th e  h a e m o s ta t ic  

h%lai%ce in  o p p o s ite  d i r e c t io n s .

D e c r e a s e d  f ib r in o ly t ic  a c t iv i ty  d u ring  l a te  p re g n a n c y  w as 

f i r s t  r e p o r t e d  by B iè z e n s k i  and M oore  (1958) and  c o n f i rm e d  

by S h a p e r  e t al (1965). T he eug lobn lin  ly s i s  t im e  depends on 

th e  le v e l  'of: f ib r in o g o n , p la sm in o g e n  and p la sm in o g e n  a c t iv a to r .  

T he d a ta  p r e s e n te d  th e r e f o r e  su g g e s t  th a t  th e  d e c r e a s e d  

f ib r in o ly t ic  a c t iv i ty  o b s e rv e d  d u ring  pregnan.cy  r e p r e s e n t s  a  

d e c r e a s e  in  th e  le v e l  of c i rc u la t in g  p la sm in o g e n  a c t iv a to r ,  as  

a l though  th e  p la o m a  f ib r in o g e n  le v e l  is  e le v a te d ,  the  p la sm in o g e n  

c o n c e n tr a t io n  i s  r a i s e d  to. a  p ro p o r t io n a te  e x te n t .  T he m e c h a n is m  

r e s p o n s ib le  fo r  th e  d e c r e a s e  of e ffec tive  le v e ls  of p la sm in o g e n  

a c t iv a to r  is  unknow n. P h y s ic a l  e x e r c i s e  and m e n ta l  s t r e s s  in  

the  non-fpregnant a r e  a s s o c ia te d  w ith  a s te e p  r i s e  of a c t iv a to r  

le v e ls  (S h e rry  e t a l ,  1959). The m e n ta l  and  p h y s ic a l  e x e r t io n  

of la b o u r ,  h o w e v e r ,  s u r p r i s in g ly  a p p e a r s  to  p ro v o k e  no r i s e  of 

f ib r in o ly t ic  a c t iv i ty  and th e  low le v e l  of f ib r in o ly t ic  a.ctivity 

p e r s i s t s  d e s p i te  the  s t r e n u o u s  e f fo r ts  and a g i ta t io n  of the  seco n d  

s ta g e  of la b o u r .  In  th is  s tudy  n o rm a l  p re g n a n c y  d id  no t a p p e a r  

to  be a s s o c ia te d  w ith  any s ig n if ic a n t  change in  the  le v e ls  of
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s p e c if ic  in h ib i to r s  to  p la sm in o g e n  a c t iv a t io n  by u ro k in ase#

A s e le c t iv e  i n c r e a s e  in  the  c a p ac ity  of the  blood of p re g n a n t  

w o m en  to in h ib i t  n ro k ln a e e  o r  u ro k m a s e  in d u c e d  f ib r in o ly s is  

w as r e p o r t e d  by B ra k m a n  a/nd A s tru p  (1963) who u s e d  a 

d if fe re n t  t e s t  s y s t e m  (the f ib r in  p la te  m ethod) which, could  be 

in f lu e n c e d  by o th e r  f a c to r s   ̂ fo r  e x a m p le , d if fe r in g  d iffus ion  

r  a te  s of a c t iv a to  r  e , en z y m e  s . and in h ib i to r  s , Ü sing  a; c lo t 

l y s i s  m e th o d  N ils s o n  and  K u lla n d e r  (1967) have a lso  r e p o r te d  

no s ig n if ic a n t  change in  th e  le v e l  of u ro k in a s e  in h ib i to r  du ring  

p regnancy*

No s ig n if ic a n t  a l t e r a t i o n  in  the  p la te le t  count w as  found 

d u rin g  p re g n a n c y  a p a r t  f r o m  the s h a rp  i n c r e a s e  in  the  le v e l  of 

c i r c u la t in g  p la te le t s  in  th e  f i r s t  w eek  of th e  p u e r p e r iu m .  T he 

p la te le t  count d u r in g  p re g n an c y  h a s  b een  th e  s u b je c t  of co n flic ting  

r e p o r t s ;  a con tinuous in c .re a se  in  the p la te le t  count d u ring  

p re g n a n c y  w as  r e p o r t e d  by M or e t a l (I960) and re c e n t ly  

S h a p e r  et al (1968) recordc id  a p r o g r e s s iv e  d e c r e a s e  as p re g n an c y  

ad v an ce d .

T he co m p lex  changes  involv ing  both co ag u la t io n  and 

f ib r in o ly s i s  w hich  ac co m p a n y  p reg n an c y  a r e  d if f icu lt  to  intex^pret 

in  t e r m s  of phyB io logical s ig n if ic a n c e .  T h e  c o n t ro l  of



36*

h a e m o r rh a g e  is  one of the  obvious func tions  of b lood  

c o a g u la t io n  w h ile  th a t  of f ib r in o ly s is  is  the  r e m o v a l  of 

f ib r in  fo rm e d  in  blood v e s s e l s  and e lsew h ere#  T he  two 

e y s te m s  a p p e a r  to  be d e s ig n e d  fo r  lo c a l  a c t io n  and n o rm a l  

p re g n a n c y  s e e m s  to  a l t e r  the  h a e m o s ta t ic  b a la n c e  to w a rd s  

an  en h an ced  ca p a c ity  to  f o rm  f ib r in  and a  d im in ish e d  ab ili ty  

to  ly s e  f ib r in ,  A  p o s s ib le  in te r p r e t a t io n  is  th a t  the  changes  

d u r in g  p re g n a n c y  m a y  be a p h y s io lo g ica l  d ev e lo p m e n t to 

e n s u re  the  in te g r i ty  of bo th  the m a te r n a l  and fo e ta l  c i r c u la t io n s  

b u t such  a l te r a t io n s  m a y  a lso  e s ta b l i s h  a v u ln e ra b le  s ta te  fo r  

in t r a v a s c u la .1" f ib r in  d ep o s it io n .

The h y p o th e s is  of t r a n s i e n t  coag u la t io n  in  the  b lood  w hich  

can  o b s t r u c t  the m ic r o - c i r c u l a t i o n  is  a r e la t iv e ly  new  concep t 

in  the  ae tio lo g y  of d i s e a s e  (H ardaw ay , 1966), In  la te  p re g n a n c y  

c e r t a in  s y n d ro m e s  o c c u r  w h e re  i n t r a v a s c u l a r  f ib r in  d ep o s it io n  

a p p e a r s  to be a f e a tu r e  and  the in h ib it io n  of f ib r in o ly t ic  a c tiv i ty  

m a y  th e r e f o r e  be an  im p o r ta n t  a e t io lo g ica l  fac to r#  T h e se  

in c lude  c o m p lic a t io n s  su ch  as  acu te  tu b u la r  n e c ro s is #  S h e e h a n 's  

sy n d ro m e ,  and  the  S h w a rtzm a ji  r e a c t io n .  T he  r e c e n t  s tu d ie s  

on c e r e b r a l  s t r o k e s  in  p re g n a n c y  (Jen n e tt  and C r o s s ,  1967; 

Cx’Oss et al> 1 9 6 8 ) hcive show n th a t  th ro m b o t ic  o c c lu s io n  of the
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c e r e b r a l  a r t e r i e s  h as  a m u c h  h ig h e r  in c id e n c e  in  p re g n a n t  

th an  in  n o n -p re g n a n t  w om en  and r e s u l t s  in  a m o r ta l i ty  th r e e  

t im e s  h ig h e r  th a n  is  found in  n o n -p re g n a n t  w om en  of the  

sa m e  age gi'oup.

A lthough the  m e c h a n is m s  w h ereb y  the a l te r a t io n s  in 

co a g u la t io n  and  f ib r in o ly s is  a r e  b ro u g h t about in  p regn tm cy  

a.ra s t i l l  o b s c u r e ,  know ledge of changes in d u ced  by n o rm a l  

p re g n a n c y  m a y  licdp in  e lu c id a tin g  the p a th o g e n e s is  of th o se  

o b s te t r i c  e d m p lic a t io n s  w hich  m a y  be a s s o c ia te d  w ith  i n t r a -  

v a s c u l a r  co a g u la t io n  and haem ,orrhage*



38*

C H A P T E R  5

T H E ASSAY OF F IB R IN  DEGRADATION. PRODUCTS 

AND TH E L E V E L S  DURING NORMAL PR E G N A N C Y , 

LABOUR AND TH E P U E R P E R IU M , AND A F T E R  

CAESAREAN SECTION 

T he a p p re c ia t io n  of the  im p o r ta n c e  of the  f ib r in o ly t ic  

m e c h a n is m  in  r e c e n t  y e a r s  h a s  s t im u la te d  th e  evo lu tion  of 

new m e th o d s  w h ich  en a b le  m o r e  a c c u ra te  a s s e s s m e n t  of 

th e  le v e l  of a c t iv i ty  of th e  f ib r in o ly t ic  en zy m e  system *

W hen the  p ro te o ly t ic  en zy m e p la s m in  b r e a k s  down f ib r in  

o r  f ib r in o g e n ,  d e g ra d a t io n  p ro d u c ts  of th e s e  p ro te in s  

a p p e a r  in  th e  c ircu la tio n *  S om e of the f r a g m e n ts  r e l e a s e d  

a r e  in c a p a b le  of u n d erg o in g  f u r th e r  d ig e s t io n  by p la s m in  but 

they  r e t a in  a n tig en ic  d e te rm in a n ts  of the  p a r e n t  f ib r in o g e n  

(N u ssen sw e ig  e t  a l ,  1961; A lk ja e r s ig  e t a l ,  1962); c e r t a in  

d e g ra d a t io n  p ro d u c ts  canno t foe c lo t te d  by th ro m b in  and hen ce  

can  be found  in  s e r u m .  D e g ra d a t io n  p ro d u c ts  of f ib r in o g e n  

h ave  b ee n  show n to i n t e r f e r e  w ith  the  th ro m b in - f ib r in o g e n  

r e a c t io n  (L a t a lio  e t  a l ,  1964), the  p o ly m e r i s a t io n  of f ib r in  

( F le t c h e r ,  1966), and  the  a g g re g a t io n  and a d h e s io n  of p la te le t:  

(K ow alsk i e t  a l ,  1964; W ilso n  e t a l ,  1968); fo r  th e s e  r e a s o n s



39.

f ib r in / f ib r in o g e n  d e g ra d a t io n  p ro d u c ts  can  p ro d u c e  a  s e r io u s  

h a e m o s ta t ic  defect#

Im m u n o lo g ic a l  m e th o d s  h ave  re c e n t ly  b e e n  a p p l ie d  to  the  

a s s a y  of f ib r in o g e n / f ib r in  d e g ra d a t io n  p ro d u c ts  and  of th e s e  

te c h n iq u e s  the  h a e m a g g lu t in a t io n  in h ib i t io n  a s s a y  w ith  

s e n s i t i z e d  r e d  c e l ls  as  d ev e lo p ed  b y .M e rsk e y  e t  a l  (1966) is  

one of th e  m o s t  sen s it iv e#  The tech n iq u e  w as  ev o lv ed  f r o m  

th e  p r in c ip le s  u s e d  in  th e  q u a n t i ta t iv e  a s s a y  of c h o r io n ic  

g o n ad o tro p h in  and  g ro w th  h o rm o n e  -(Wide, 1962; R e a d  e t a l ,  

1962)# T he b a s ic  r e a g e n ts  in  th e  a s s a y  a r e  an tififorinbgen 

a n t i s e r u m ,  f ib r in o g e n  c o a te d  r e d  c e l ls  and th e  unknow n s e r u m  

s am p le  #

The unknow n s e r u m  s a m p le  is  f i r s t  t i t r a t e d  w ith  a known 

am o u n t of th e  a n t i s e r u m  w h ich  is  then  bound p ro p o r t io n a te ly  

to  the  c o n c e n tra t io n  of an tig en ic  f ib r in o g e n  m a t e r i a l  in  the  

sam ple*  T he unbound f r a c t io n  of the  a n t i s e r u m  is  n ex t 

q u a n t i ta te d  by adding f ib r in o g e n  co a te d  r e d  c e l l s  and  th is  a llow s 

th e  le v e l  of a n t ig en ic  f ib r in o g e n  m a te r i a l  in  the  unknow n sa m p le  

to  be ca lcu la ted#

T he  a c c u r a te  a,SBay of c i r c u la t in g  f ib r in / f ib r in o g e n  

d e g ra d a t io n  p ro d u c ts  is  of c o n s id e ra b le  im p o r ta n c e  in  the
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in v e s t ig a t io n  of p h y s io lo g ic a l  and  p a th o lo g ic a l  m e c h a n is m s  

in  co a g u la t io n  and f ib r in o ly s i s  as  they  r e p r e s e n t  good 

ev id en ce  th a t  f ib r in o ly s is  is  talcing p la c e .  T he fo llow ing 

in v e s t ig a t io n  w as  d e s ig n e d  to e s ta b l i s h  th e  n o r m a l  ran g e  of f ib ­

r in o g e n / f ib r in  d e g ra d a t io n  prodixcts in  th e  s e r u m  d u rin g  n o rm a l  

p re g n a n c y ,  la b o u r  and  th e  p u e r p e r iu m  and  a f te r  c a e s a r e a n  

s e c t io n .

P a t ie n t s  a n d  M ethods

T he le v e ls  of f ib r in / f ib r in o g e n  d e g ra d a t io n  p ro d u c ts  w e re  

s tu d ie d  in  250 h e a lth y  w o m en  d u rin g  uncom plica .ted  p re g n a n c y ,  

la b o u r  and  th e  p u e r p e r iu m ,  and  in  1 2  p a t ie n ts  fo llow ing d e l iv e ry  

by lo w e r  u te r in e  se g m e n t  c a e s a r e a n  se c t io n .  T he b lood 

s a m p le s  fo r  th is  s tudy  w e r e  o b ta in ed  w hen  ro u t in e  b lood  t e s t s  

w e r e  be ing  ta k e n  d u r in g  p re g n a n c y ,  la b o u r  and  th e  p u e r p e r iu m .  

P r e p a ra t io n  of s a m p le s

T he b lood  s am p le  s (5ml) f r o m  an an te  c u b i ta l  v e in  w e re  

ad d ed  im m e d ia te ly  to  p la s t ic  tu b e s  con ta in ing  g la s s  b ea d s  and 

I m g of the  f ib r in o ly t ic  in h ib i to r  t r a n e x a m ic  a c id  to in h ib i t  

f ib r in o ly s i s  o c c u r r in g  in  v i t r o .  S p e c im e n s  w e re  in c u b a te d  at 

37°C fo r  two h o u rs  to  e n s u re  co m p le te  f ib r in o g e n - f ib r in  

c o n v e rs io n  and th e  s e r u m  w as  then  s e p a r a te d  and  s to r e d  in
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p la s t i c  tu b e s  at - 2 0 ^ 0  t i l l  a s s a y e d .  Soxli tube  h ad  a code 

B m n b er  and w hen  th e  a s s a y s  w e r e  r e a d  th e  c l in ic a l  d e ta i ls  

w e r e  unknow n.

M ethod  o£ a s s  ay

T he a s s a y  w as  p e r f o r m e d  ac co rd in g  to  the  m e th o d  of 

M e rs k e y  e t  a l (1966) w ith  m in o r  m od if ica tions*  A ll the  

s e ru m , s a m p le s  w a re  a d s o rb e d  a t  4^C fo r  two h o u r s  w ith  1 / 5 

volume, of p ac k ed  f r e s h  sh e e p  r e d  c e l ls  and th e n  a s s a y e d  

im m e d ia te ly  fo r  f ib r in / f ib r in o g e n  d e g ra d a t io n  p r o d u c t s . The 

m ic ro ti t i i^ e -sy s tem  (Gooke E n g in e e r in g  C o* , C a l ifo rn ia )  w as 

em p lo y e d  and th e  sh e e p  c e l ls  s e n s i t i s e d  w ith  f ib r in o g e n  w e re  

f r o m  th e  s a m e  b a tc h  th ro u g h o u t th e  whole in v e s t ig a t io n .  T he 

p r e p a r a t io n  of sh e e p  r e d  c e l ls  and s e n s i t i s a t io n  p r o c e d u r e  

to g e th e r  w ith  d e ta i l s  of the  a s s a y  m e th o d  a r e  d e s c r ib e d  in  

Appendix 3* R a b b it  a n t i -h u m a n  f ib r in o g e n  s e r u m  (H oechst 

P h a im a ce u tic a3 ,a  L td , )  w as  u s e d  at a  d ilu t io n  of 1 /4 ,0 0 0  and  

the  c i t r a t e  b u ffe r  fo r  th e  doubling d ilu tions  co n ta in e d  t r a n e x a m ic  

a c id  in  a  c o n c e n t r a t io n  of 20m g/ 100m l. T h r e e  c o n c e n tra t io n s  of 

a  f ib r in o g e n  s ta n d a rd ,  e i th e r  a so lu t io n  of p u r i f ie d  h um an  

f ib r in o g e n  (Kabi P h a r m a c e u t i c a l s  L td . )  o r  a  s t a n d a r d  poo led  

p la s m a  so lu t io n  w e r e  in c lu d e d  in  each  b a tch  of a s s a y s .  T he
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c lo t tà b le  p r o te in  in  th e  s ta n d a r d  so lu t io n s  w as  a s s a y e d  by th e  

m e th o d  of R atnoff and  M en zie  (1965) # T he p r e c i s io n  of th e  

a s s a y  fo r  f ib r in / f ib r in o g e n  d e g ra d a t io n  pproducts in  s e r u m  

w as  in c r e a s e d  by u s in g  in te rm e d ia te  d ilu t io n s  and th e  m e th o d  

w as  re p ro d u c ilb le  down to  a le v e l  of O .é - lp g /m l*

In  j^atients w h e re  a  p ro lo n g e d  th ro m b in  c lo tting  t im e  

(M cN icol and  D o u g la s ,  1964) w as  p r e s e n t  th e  t e s t  s e r u m  w as 

in c u b a te d  fo r  2  h o u r s  a t  37^C w ith  a p p ro x im a te ly  1 / 1 0  of i t s  

v o lu m e  of th r o m b in  ( lO O units /m l)  to re m o v e  any residu.aT 

th ro m b in  clottafole f ib r in o g e n * . In  the  t e s t  s a m p le s  w h e re  

e le v a te d  le v e ls  w e re  d e m o n s t r a te d  the  a s s a y  w as  r e p e a te d  

a f te r  f u r th e r  in c u b a tio n  w ith . th ro m b in  so th a t  as  f a r  as 

p o s s ib le  only im m u n o lo g ic a l  r e a c t iv e  p ro d u c ts  w e re  e s t im a te d  

w h ich  w e re  no t c lo t ta b le  by th rom bin*

R e s u l t s

The r e s u l t s  of th e  a s s a y  fo r  f ib r in / f ib r in o g e n  d e g ra d a t io n

p ro d u c ts  in  th e  s e r u m  d u r in g  p re g n a n c y ,  la b o u r  and  the

p u e r p e r iu m  in  th e  250 p a t ie n ts  a r e  shown in  f ig u re  9 and T ab le  9*

T h e  m e a n  le v e l  b e tw een  th e  18th and  24th w e e k  of p re g n a n c y  w as 

4 Ê1, 2 5 -0 .  5 3 p g /m l and  no s ig n if ic a n t  a l te r a t io n  of th e  le v e l  took  

p la c e  u n ti l  th e  f i r s t  s ta g e  of la b o u r  w hen  th e  m e a n  le v e l  r o s e  to
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3. 4 5 -2 . 8 }j.g/ml, a h ighly  s ig n if ic an t r i s e  (t = 4. 555, p<0. 001)*

A f u r th e r  i n c r e a s e  in  the m e an  le v e l w as found d u r in g  the  f i r s t

w eek  of the  p u e rp e r iu m ;  by the 6 th  w eek a f te r  d e l iv e ry  the

■fm e an  s e r u m  le v e l  had  r e tu r n e d  to  1 . 8 6 - 1 , 7 p g /m l .

In the  12 p a t ie n ts  s tu d ied  a f te r  c a e s a r e a n  o p e ra t io n s  the  

le v e ls  of f ib r in / f ib r in o g e n  d e g ra d a tio n  p ro d u c ts  2 -4  h o u rs  

a f te r  o p e ra t io n  w e re  in the  ra n g e  1* 6-20* O pg/m l (m ean  5. 8 3 p g /m l) ,  

S am p le s  f ro m  the  s a m e  12 p a t ie n ts  taken  3 -8  d ay s  a f te r  o p e ra t io n  

w e re  in  the  ra n g e  1, 5 -1 0 8 p g /m i  (m ean  21. O pg/m l), a  s ig n if ic a n t  

r i s e  (f ig u re  10 and  T ab le  10). The le v e ls  w e re  thus s u b ­

s ta n t ia l ly  h ig h e r  a f te r  c a e s a r e a n  o p e ra t io n s  than  a f te r  n o rm a l  

d e l iv e ry .

D isc u s s io n

The in v e s t ig a t io n  of th e  f ib r in o ly tic  en zy m e s y s te m  in n o rm a l  

p re g n a n c y  (C h ap te r  4) show ed  th# t the  r i s e  of p la s m a  f ib r in o g en  

d u r in g  p re g n a n c y  w as  a c c o m p a n ie d  by a p ro p o r t io n a te  e lev a tio n  

of p la s m a  p la sm in o g e n , and the  le v e l  of c i rc u la t in g  p la sm in o g e n  

a c t iv a to r  w as m a rk e d ly  d im in ish e d  in la te  p re g n a n c y  and 

th ro u g h o u t la b o u r .  The im m u n o lo g ic a l  a s s a y  em p lo y ed  in th is  

s tudy  does  not d is t in g u ish  betw een  the  d e g ra d a t io n  p ro d u c ts  of 

f ib r in  and  th o se  of f ib r in o g en . It is  of i n t e r e s t  th a t  no s ig n if ic an t



a l te r a t i o n  of the  le v e l  of d e g ra d a t io n  p ro d u c ts  cou ld  be shown 

d u r in g  p re g n a n c y  d e s p i te  the  in c r e a s e  of p la s m a  fibrinogen*

A re c e n t  s tudy  by W oodfie ld  e t al (1968) r e p o r t e d  p r o g r e s s iv e ly  

h ig h e r  le v e ls  ox d e g ra d a t io n  p ro d u c ts  in  th e  s e c o n d  and  th i r d  

t r i m e s t e r ,  but in  the  in v e s t ig a t io n  r e p o r te d  in  th is  c h a p te r  no 

s ig n if ic a n t  i n c r e a s e  of th e  le v e l  w as  found u n ti l  the  o n se t  of 

labour#

T he  s h a rp  i n c r e a s e  in  th e  le v e ls  of d e g ra d a t io n  p ro d u c ts  

d u r in g  la b o u r  i s  r e l ia b le  ev id en ce  th a t  a c t iv e  f ib r in o ly s i s  i s  

tak ing  place* I n c r e a s e d  am o u n ts  of f ib r in / f ib r in o g e n  d e g ra d a t io n  

p ro d u c ts  cou ld  ex p la in  th e  s ig n if ic an t  i n c r e a s e  in  th e  th ro m b in  

c lo tt in g  t im e  found d u rin g  la b o u r ,  r e p o r te d  in  C h a p te r  4 (T ab le  6 ), 

a s  th e s e  p ro d u c ts  a r e  known to i n t e r f e r e  w ith  the  th r o m b in -  

f ib r in o g e n  x'e a c t io n  (L a t a lio  e t a l ,  1964)# T he r i s e  of d e g ra d a t io n  

p ro d u c ts  ta k e s  p la ce  in  the  p r e s e n c e  of a  m a rk e d ly  d im in is h e d  

f ib r in o ly t ic  a c t iv i ty  in  the  c i r c u la t io n ,  a  c o n s is te n t  f ind ing  in  

l a b o u r ,  In d ica tin g  th a t  ac t iv e  f ib r in o ly s is  m a y  be p r e s e n t  in  v ivo 

w h ich  is  not r e f le c te d  in  the  le v e l  of p la sm in o g e n  ac t iv  ato ;r found 

fo r  e x a m p le  in  venous  b lood  ta k e n  f ro m  the arm * L y s is  of 

c i r c u la t in g  f ib r in o g e n  is  no t l ik e ly  to ta k e  p la c e  in  the  p r e s e n c e  

of d im in ish e d  s y s te m ic  f ib r in o ly t ic  activity* T h is  su g g e s ts  th a t
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th e  d e g ra d a t io n  p rod iic te  a r e  m o s t  p ro b a b ly  a  co n seq u en c e  of 

ly s i s  of f ib r in  in  lo c a l i s e d  a r e a s  of th e  v a s c u la r  c o m p ar tm en t#  

F i b r i n  p la q u es  and n u m e ro u s  in te rv i l lo u s  th ro m b i  a r e  found on 

th e  m a te r n a l  s id e  of the m a jo r i ty  of n o r m a l  p la c e n ta e  (Fox*

1963; D evi e t  a l ,  1968). The u te ru s  is  a  p o te n t s o u rc e  of 

p la sm in o g e n  a c t iv a to r  (A lbrechtson*  1957; M ack ay , 1967) and 

u te r in e  a c t io n  d u r in g  la b o u r  i s  ac c o m p a n ie d  by t r a n s i e n t  

m y o m é tr ia l  i s c h a e m la .  C i r c u m s ta n c e s  t h e r e f o r e  m a y  e x is t  

fo r  the  lo c a l  r e l e a s e  of a c t iv a to r  and th is  m ay  th e n  be a b s o rb e d  

on p la c e n ta l  f ib r in  w ith  c o n s e q u e n t . lo c a l  f ib r in o ly t ic  ac tiv i ty  in  

th e  p la c e n ta l  c i r c u la t io n .  An en lianced  f ib r in o ly t ic  a c t iv i ty  in  

the  u te r in e  c i r c u la t io n  d u ring  la b o u r  cou ld  be a  n a tu r a l  defence  

m e c h a n is m  to  m a in ta in  th e  m a te r n a l  b lood  supp ly  to  the  p la c e n ta  

by e n s u r in g  th e  p a ten c y  of the  p la c e n ta l  bed d u r in g  la b o u r .

The e le v a te d  le v e ls  of d e g ra d a t io n  p ro d u c ts  in  th e  p u e r p e r iu m  

a f te r  n o rm a l  d e l iv e ry  a r e  p o s s ib ly  r e la te d  to  the  re m o v a l  of 

f ib r in  la id  down to  s e c u r e  h a e m o s ta s i s  in  th e  u te r u s  a f te r  

s e p a r a t io n  of the p la c e n ta .  The h ig h e r  le v e ls  found a f te r  deliveary 

by c a e s a r e a n  s e c t io n  m a y  p o ss ib ly  r e f le c t  th e  m o r e  ex te n s iv e  

t i s s u e  d am ag e  a s s o c ia te d  w ith  o p e ra t iv e  d e l iv e ry .

T h e s e  f ind ings  su g g e s t  th a t  in  n o rm a l  p re g n a n c y  and  paituxdtion
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th e  le v e l  of f ib r in  d e g ra d a t io n  p ro d u c ts  in  th e  c i r c u la t io n  m ay  

be th e  end r e s u l t  of a  co m p lex  dynam ic  s y s te m  w h ich  adap ts  

to  lo c a l  i-e qui r e m o n ta  in  the  u te r in e  c i r c u la t io n  d u r in g  n o rm a l  

la b o u r  a,nd a f te r  d e l iv e ry .
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CHAPTER 6.

CHANGES IN TH E COAGULATION AND FIB R IN O LY TIC  

ICXUIBIIISN:; jAuITTICR, I4'<:>Il]k/LAL]L,

P a r tu r i t i o n  p r e s e n t s  a  s e r io u s  c h a lle n g e  to  th e  in te g r i ty  

ox th e  v a s c u la r  compax’tm e n t ,  but i t  h a s  b een  g e n e ra l ly  h e ld  

(T a y lo r ,  1966; D onald, 1969) th a t  c o n t ra c t io n  of th e  

m y o m e tr iu m  « the  ’’liv ing  l i g a t u r e s ” of the  u te r u s  - i s  th e  

m e c h a n is m  w hich , in th e  m a in , c o n t ro ls  b lood lo s s  a t  

d e l iv e ry .  In o th e r  s i tu a t io n s  w h e re  th e r e  i s  in ju ry  to  the  

v a s c u la r  t r e e  an  e f f ic ien t  b lood coagu la tion  s y s t e m  p la y s  a  

v i ta l  r o le  in  ac h iev in g  e f fec t iv e  h a e m o s ta s i s  an d  p r e s e r v in g  

th e  b lood  v o lu m e . In th is  c h a p te r  is  d e s c r ib e d  a  d e ta i le d  

s e q u e n t ia l  s tudy  of the  co ag u la t io n  and  f ib r in o ly t ic  s y s t e m s  

w h ich  w as  d e s ig n e d  to  d e te r m in e  the  e f fe c t  of th e  a c tu a l  p r o c e s s  

of n o r m a l  c h i ld b ir th  and  p la c e n ta l  s e p a ra t io n  on th e  h a e m o s ta t ic  

m e c h a n ism .

P a t ie n t s  and  M ethods

F if te e n  h e a lth y  p a t ie n ts  w ith  u n c o m p lic a te d  fu ll  t e r m  

p r e g n a n c ie s  w e r e  s tu d ie d  and  fu ll and  in fo rm e d  co n se n t  w as 

g iven  by e a c h  p a t ie n t  fo r  s p e c im e n s  of b lood  to  be ta k e n  d u rin g  

and  fo llow ing d e l iv e ry .  The t im in g  of th e  b lood s a m p le s  w as as  

fo llow s : (1) L a t e  in  th e  se co n d  s ta g e  of laboux* w hen the  baby’ s
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h e a d  w as  d is ten d in g  th e  p e r in e u m , .  (2 ) Im m e d ia te ly  a f te r  

delivex^y of th e  baby w h ile  the. p la c e n ta  w as  s e p a ra t in g  in  

u te ro  i , e ,  t h i r d  s ta g e  of la b o u r , .  (5) W ithin  one m in u te  of 

ex p u ls io n  of th e  p la c e n ta .  (4) '.F ifteen m in u te s  a f t e r  .p lacen ta l  

d e l iv e ry ,  (5) One h o u r  a f te r  p la c e n ta l  de livery*  (6 ) Tw enty* 

fo u r  h o u rs  a f te r  d e l iv e ry ,  (7) -Three to  f ive  days a f te r  delivery# 

T he-b lood  sa m p le s  ( 16m l)  w e r e '  ta k en  in to  p la s t ic  sy r in g e s  

f r o m  the  a r m  v e in  w ith  th e .m in im u m  of venous occ lu s io n :

9m l of b lood  w as  m ix e d  w ith  1ml of 3*8% so d iu m  c i t r a t e  in  a  

p la s t ic  tube  fo r  coag u la t io n  and f ib r in o ly t ic  te s ta*  5m l w as 

added  to  a  p la s t ic  tube con ta in ing  g la s s  b ead s  and  Im g  of 

t r a n e x a m ic  ac id  fo r  a s s a y  of f ib r in / f ib r in o g e n  d eg ra d a t io n  

products*  and 2 m l to  a  p la s t ic  tube  c o n ta in in g  ED TA  fo r  

p la te le t  co u n tin g , T he co ag u la t io n  and f ib r in o ly t ic  a s s a y s  w e re  

in v a r ia b ly  c a r r i e d  out w ith in  a h a l f -h o u r  of c o l le c t io n  of the  

b lood  w h ich  w as  k ep t a t 4^C *

T he fo llow ing a s s a y s  w e re  p e r f o rm e d  a s  d e s c r ib e d  in  

A ppendix  3.

(a) C o a g u la t io n  System , A s s a y s  

Re c a lc if ic a t io n  t im e  in  p la s t i  c tube s *

K a o lin * cep h a lin  c lo tting  t im e  ( P r o c to r  and R a p a p o r t ,  1961),
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P a r t i a l  th r o m b o p la s t in  t im e  (Langclell e t  a l ,  1953).

F a c t o r  II (p ro th ro m b in )  (O w ren  and Aas* 1951).

F a c t o r  V (S hanberge  e t  al* 1967),

F a c t o r s  VIII and  IX (B re c k e n r id g e  and R a tn o ff ,  1962).

F a c t o r  X (D enson , 1961).

One s ta g e  p r o th ro m b in  t im e  (D ouglas , 1962).

T h ro m b in  c lo tt in g  t im e  (M cN icol and  D o u g la s ,  1964).

P l a t e l e t  count (D ac ie , 1963).

(b) F ib r in o ly t i c  E n zy m e  S y s te m  A s s a y s

F ib r in o g e n  (R atnoff and  M e n m e, 1966).

P la s m in o g e n  (A lk ja e rs ig  et a l ,  1959; M cN ico l and

D o u g las ,  1964).

F u g lo b u lin  ly s i s  t im e  (N ilsso n  and G low , 1962).

U ro k in a s e  s e n s i t iv i ty  t e s t  (M cN icol e t  a l ,  1963).

F ib r in / f i b r in o g e n  d e g ra d a t io n  p ro d u c ts

(M e rsk e y  e t  a l ,  1966; B o n n a r  e t a l ,  1969c).

S ta t i s t i c a l  A n a ly s i s . A s th e  d a ta  c o m p r is e d  m e a s u r e m e n t s  

on a s in g le  g ro u p  a t  d i f fe re n t  t i m e s ,  W ilco x o n ’s S ig n ed  R anks 

T e s t  w as  u s e d  to  detexuxiine the  s t a t i s t i c a l  s ig n if ic a n c e  of any 

ch an g es  in  the co a g u la t io n  and  f ib r in o ly t ic  a s s a y s .  The 

p r in c ip le s  of th is  t e s t  a r e  d e s c r ib e d  in  A ppend ix  3.
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R é s u l ta  '

(a) C o a g u la t ion S y s te m s  A s s a y s

T a b le s  11 to  21 co n ta in  th e  r e s u l t s  of th e  co ag u la t io n  

t e s t s  in  the  15 p a t ie n ts  d u ring  and after d e l iv e ry .  Figure. 11 

show s th e  s ig n if ic a n t-sh o r te n in g  of th e  p la s m a  c a lc i f ic  a tion

t im e ,  k ao l in -^ e p h a lin  c lo tt in g  t im e  and p a r t i a l ' th r o m b o p la s t in  

t im e  w hich  o c c u r r e d  during the t h i r d  s ta g e  of la b o u r  and  . 

w ith in , one: m in u te  of p la c e n ta l  .d e l iv e ry . T h e  r e  c a lc i f ic  a t ion  

t im e  d e c r e a s e d  sharply during  the  th i r d  s ta g e  of la b o u r  and 

im m e d ia te ly  a f te r  p d acen ta l delivean/ (B. -  0 , p<0 . 0 0 2 ); 

t h e r e a f t e r  th e  r e c a lc i f ic a t io n  t im e  g ra d u a l ly  i n c r e a s e d  and 

th e  pre?^delivery  ra n g e  of v a lu e s  w e re  ag a in  found  on the  f i r s t  

day of th e  p u e rp e r iu m *  T he k ao lin * o ep h a lin  c lo tting  t im e  

show ed  a  s ig n i f ic a n t  but l e s s  d r a m a t ic  sh o r te n in g  d u ring  the  

th i r d  s ta g e  and  im m e d ia te ly  a f te r  jR acen ta l d e l iv e ry  (R = 6 .5 ,  

p < 0 ,0 5 ) .  T he  p la s m a  th ro m b o p la s t in  t im e  s h o r te n e d  during  

th e  th i r d  s ta g e  of la b o u r  and im m e d ia te ly  fo llow ing p la c e n ta l  

d e l iv e ry  (R “ 1 1 .0 ,  p<0 . 01) but w ith in  15 m in u te s  the  pre^^ 

d e l iv e ry  v a lu e s  w e re  r e s t o r e d .

F ig u r e  12 show s the  changes  in  the  co a g u la t io n  f a c to r s  

w hich  o c c u r r e d  b e fo re  and a f te r .d e liv e ry * -  A s h a rp  i n c r e a s e  in
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f a c to r  VIII a c tiv ity  o c c u r r e d  d u rin g  delivery*  th e  m e a n  

fa c to r  VIII le v e l r is in g  f ro m  212%.in  th e  seco n d  s ta g e  of 

la b o u r  to  251% im m e d ia te ly  a f te r  p la c e n ta l delivex^y 

(R 5= 2. 5, p < 0 * 0 l),' T he pro*"delivery  v a lu e s  of f a c to r  VIII 

a c tiv ity  w e re  r e s to r e d  one h o u r a f te r  d e l iv e ry  and the  - 

m e a n  le v e l .r e m a in e d  a ro u n d  200% in  the  im m e d ia te  

p u e rp e riitm ^  T he m e a n  le v e l of f a c to r  V in c r e a s e d  im m e d ia te ly  

fo llow ing  p la c e n ta l d e liv e ry  and on the  f i r s t  day of the 

X uxerperium  the  le v e ls  of f a c to r  II (p ro th ro m b in ) and  fa c to r  V 

w e re  s ig n if ic a n tly  lo w er th a n  d u rin g  the  f i r s t  h o u r  a f te r  

p la c e n ta l d e l iv e ry , A nox’-mal le v e l of f a c to r  IX a c tiv ity  w as 

;reco rd ed  in  th e  seco n d  s ta g e  of la b o u r  and  a f te r  p la c e n ta l 

d e l iv e ry  but a  s lig h t in c r e a s e  of th e  m e mi le v e l w as r e c o rd e d  

in  th e  e a r ly  p u e rp e r iu m . F a c to r  X a c tiv ity  w as in c re a s e d  

d u rin g  th e  se co n d  s ta g e  of la b o u r  w itli a  m e an  v a lu e  of 166% 

and the  m e an  le v e l d e c re a s e d  to  112% b etw een  th e  3 rd  and 5th 

day of th e  p u e rp e riu m #

A s show n in  f ig u re  13 no s ig n ific a n t change o c c u r r e d  in  the  

p ro th ro m b in  t im e  and  th ro m b in  c lo ttin g  tim e  but a  h igh ly  

s ig n if ic a n t in c r e a s e  of th e  p la te le t  count w as ev id en t fo llow ing 

d e liv ery *  th e  m e a n  p la te le t  count in c re a s in g  f ro m  221*000 p e r
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Cînm d u rin g  d e liv e ry  to  30 4 ,0 0 0  p e r  cm m  b e tw e en  th e  3 rd  

an d  5th  day of th e  x m erp ^ riitm  {R -  0 , p<0#002),

(b) F ib r in o ly t ic  E n zy m e S y s te m  A asciys 

T a b le s  22 to  26 co n ta in  th e  r e s u l t s  of th e  f ib r in o ly tic  

s tu d ie s  d u rin g  and  a f te r  d e l iv e ry . F ig u re  14 show s th e  

s ig n if ic a n t d e c re a s e  of p la s m a  fibxdnogen w hich  o c c u r r e d  

d u rin g  th e  th i r d  s ta g e  of la b o u r  and  in  the  f i r s t  15 m in u te s  

fo llow ing  d e liv e ry  of th e  p la c e n ta  (R ~ 0> p<0*002). T he 

f ib r in o g e n  le v e l th e n  g ra d u a lly  in c r e a s e d  and w as a t a  

h ig h e r  le v e l  th i'o e  to  five  days a;£tér d e liv e ry  th a n  d u rin g  the  

se co n d  s ta g e  of la b o u r .  T he p la sm in o g e n  le v e l  show ed  a 

s lig h t bu t s ig n if ic a n t d e c re a s e  d u rin g  th e  th i r d  s ta g e  of 

la b o u r  and  im m e d ia te ly  a f te r  p lacentcil d e liv e ry  (r  8 .5 ,  

p < 0 .01) bu t no in c r e a s e  of p la sm in o g e n  w as ev id en t in  the  

e a r ly  p u e rp e r iu m . T he d e c re a s e  of f ib r in o g e n  and  p la sm in o g e n  

d u rin g  th e  th i r d  s ta g e  of la b o u r  and im m e d ia te ly  fo llow ing  

p la c e n ta l  d e l iv e ry  show ed  a  s ig n if ic a n t p o s it iv e  c o r i ’e la tio n  

(r  -  t o . 327, p< 0 .05) (fig u re  15). A m a rk e d  in h ib itio n  of 

eu g lo b u lin  ly s i s  a c tiv ity  w as p r e s e n t  in  th e  se c o n d  and th i r d  

o tage of la b o u r  and  fo r  the  f i r s t  15 m in u te s  a f te r  d e liv e ry  bu t 

w ith in  one h o u r  eu g lo b u lin  ly s is  a c tiv ity  w as in  th e  n o rm a l
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n o n * p reg n an t ra n g e  and  f ib r in o ly tic  a c tiv ity  con tin u ed  in  th e  

n o rm a l ran g e  in  th e  im m e d ia te  ̂ p u e rp o riu m , T he change in  

th e  euglobulin : ly a i3 a c tiv ity  be tw een  15 m in u te s  and one h o u r  

a f te r  p la c e n ta l d e liv e ry  w as h igh ly  s ig n ific an t (R ^ 0,: p<0.002)# 

No change in  ; th e  le v e l of in h ib i to rs  to  u ro k in a s e  in d u c e d  ly s is  

w as  - d e te c te d  uxxtil th e  .-first-day a f te r  d e liv e ry  w hen  a s lig h t 

but s ig n if ic a n t in crease in the le v p h  of ■ inhibitor w as  presen#

(R # 6 ,  5 » p<0 *G0 2 ),  ■ D u rin g  th e  s e c o n d 'a t  age. of la b e u r  th e  

le v e ls  o f -fib rin / f ib r in o g e n -d e g ra d a tio n  p ro d u c ts  in  th e  serum , 

w e re  ■ in creased  bu t show ed  a  w ide ran g e  of v a lu e s  (3* 8^2, 9{rg/ m l) 

and  one h o u r  fo llow ing  th e  d e liv e ry  à fu r th e r  in c r e a s e  took  

p la c e , the  le v e l in c re a s in g  to  5# 8^4, ?pg /m l*  T he le v e ls  

re m a in e d -e le v a te d  on th e  f i r s t  clay of the p u e rp e r iu m  and  

d e c re a s e d  s lig h tly  b e tw een  th e  3 rd  an d  5th day of th e  p u e rp e r iu m .

B is  CUB s lo p

H a e m o rrh a g e  d u rin g  chilclfoirth i s  o ften  a s s o c ia te d  w ith  

u te id n e  atony o r  so ft t i s s u e  la c e r a t io n  bu t in  th e s e  c i rc u m s ta n c e s  

b leed in g  is  u su a lly  r e a d i ly  c o n tro lle d  and is  r a r e ly  f a ta l .  

A lthough  th e  p r e c i s e  m e c h a n ism  of h a e m o s ta s is  d u rin g  n o rm a l 

p a r tu r i t io n  is  s t i l l  u n c e r ta in  i t  h a s  been  show n in  r e c e n t  y e a r s
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th a t  f a ta l o b s te t r ic  h a e m o rrh a g e  is  f re q u e n tly  acco m p a n ied  

by d e fec tiv e  M ood clo tting^

T he c o n c e n tra tio n  of p la s m a  f ib r in o g e n  and of f a c to r s  VII 

axid % is  in c r e a s e d  in  la te  p re g n an c y  (R atnoff e t  a l ,  1954;

B e c h e t and  A lexander'^  1961; T a lb e r t  and  L a n g d e ll, 1964) 

an d  r e c e n t  s tu d ie s  h av e  show n th a t f a c to r  VIII a c tiv ity  i s  a lso  

in c x 'c a se d  (H o sse l e t a l , 1966; N ils s o n  aaid K u lla n d e r , 1967), 

F ib r in o ly tic  a c tiv ity  is  know n to be d e c re a s e d  in  la te  p reg n an cy  

and  la b o u r  and  to r e tu r n  to  nox*mal in  the  e a r ly  p u e rp e r iu m  

{Biessensld and  M o o re , 1958; S h a p e r  e t a l , 1965; B o n n a r e t a l , 1969$). 

T he fin d in g s  r e p o r te d  in  th is  c h a p te r  c o n c e rn in g  th e  co ag u la tio n  

and  f ib r in o ly tic  s y s te m s  in  th e  seco n d  Stage of la b o u r  a r e  la rg e ly  

in  agi’e e m e n t w ith  p re v io u s  r e p o r ts  on th e se  s y s te m s  in  la te  

px’e g n a n c y .

In  a  p re v io u s  study  of th e  b lood c lo ttin g  m e c h a n is m  d u rin g  

n o rm a l p a r tu r itio n *  R atnoff e t  a l (1954) w e re  u n ab le  to  d e m o n s tra te  

a,ny co n sis ten t ch an g es  in  th e  c lo ttin g  te s ta ;  th e  te s te  p erform ed  

wex*e th e  w hole b lood  c lo ttin g  t im e , th ro m b in  t im e , p la s m a  

f ib r in o g e n , prothrom bin a s s a y  and p la te le t  coun t and  only  a few 

of th e s e  te s ts  w e re  p e r fo rm e d  on any one p a tie n t .  T he se q u e n tia l



55. ,

study  p r e s e n te d  h e r e  lia s  aliowri th a t  s tr ik in g  ch an g es  do ta k e  

p la c e  in  the  c o a g u la tio n  and  f ib r in o ly tic  s y s te m s  d u rin g  th e  

a c tu a l p ro c e s s  of p arturition . : . . .

In  th e  co a g u la tio n  s y s te m  a s s a y s  th e  sh o r te n in g  of the 

r-e ca lc if ic a tio n  time*,, kao lin ..eep lia lin . c lo ttin g  t im e  a n d 'p a r t ia l  

th ro m b o p la s tin  t im e  and th e  s h a rp  in c re a s e  in  f a c to r s  VIII 

'and V a c tiv ity  in  th e  p e r ip h e ra l  b lood  d u rin g  and  im m ed ih te ly  

fo llow ing  p lacen tM  sepa-ra tion  .suggestr th a t a c tiv a tio n  of th e  

d o t t in g  m e c h a n ism  taîcéE p la c e  du rin g  p a r tu r i t io n .  F u r th e r ,  

th e  .s ig n ifican t d e c re a s e  o f fib rinogen , le v e ls  d u rin g  and a f te r  

p la c e n ta l  s e p a ra t io n  w ou ld .be in  keep in g  w ith  lo c a l d e p o s itio n  

of fib rin*  .The d e c r e a s e d  le v e ls  of f a c to r s  II ■ and V on th e  d ay  

fo llow ing  d e liv e ry  m ay  r e f le c t  u t i l is a t io n  of th e s e  f a c to r s  o r  

th e i r  d ig e s tio n  by p lasm in*

T he ch an g es  in  th e  f ib r in o ly tic  co m p o n en ts  d u rin g  and 

im m e d ia te ly  fo llow ing p la c e n ta l d e liv e ry  a re  c o n s is te n t w ith  

f ib r in o ly s is  occurrin g  as a  re s p o n s e  to  lo c a l  f ib r in  d ep o sitio n ; 

th e  p la s m a  p la sm in o g e n  le v e l  d e c re a s e d  d u rin g  th e  th i r d  s ta g e  of 

la b o u r  and a f te r  p la c e n ta l d e l iv e ry , and th e  le v e l of f ib r in /  

f ib id n o g en  d e g ra d a tio n  p ro d u c ts  in  the  s e ru m  in c re a s e d  one h o u r 

a f te r  c h ild b ir th  and re m a in e d  e le v a te d  in  th e  e a r ly  p u e rp e r iu m .
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F ib r in o ly t ic  a c tiv ity  as m eastx red  by th e  eu g lo b u lin  c lo t 

ly s is  a s s a y  x-em ained m a rk e d ly  re d u c e d  d u rin g  th e  se co n d  and 

th i r d  s ta g e  of la b o u r  and the  su dden  change f ro m  re d u c e d  to 

n o rm a l a c tiv ity  took  p la c e  b e tw een  15 m in u tee  and one h o u r 

a f te r  d e l iv e ry . B ie a e n sk i and M oore (1958) u s in g  a  sem i*  

q u a n tita tiv e  p la s m a  c lo t ly s i s  m e th o d  found th a t  ly tic  a c tiv ity  

r e tu rn e d  to n o rm a l w ith in  th r e e  houi*s of d e l iv e ry . S h a p e r  e t a l 

(1966) r e p o r te d  th a t  in  A fr ic a n  w om en th e  r e tu r n  to  n o rm a l 

f ib r in o ly tic  a c tiv ity  o c c u r r e d  as  the  ch ild  w as d e l iv e re d  and 

b e fo re  th e  c o rd  w as c la m p e d . T he m e c h a n ism  by w hich  

f ib r in o ly tic  a c tiv ity  a b ru p tly  r e tu rn s  to  n o rn ra l w ith in  one h o u r of 

d e l iv e ry  is  unknowm. K aw ano a t al (1968) show ed  th a t  p la c e n ta l 

e x t r a c ts  co n ta in  h igh  le v e ls  of in h ib i to rs  of f ib r in o ly s is  and he 

su g g e s te d  th a t th e  p la c e n ta  i t s e l f  is  re s p o n s ib le  fo r  th e  f ib r in o ly tic  

in h ib itio n  w hich  p e r s i s t s  u n til a f te r  th e  p la c e n ta  is  de liv ered *

T he c o n c u rre n t  f in d in g s  in  th e  b lood  c o a g u la tio n  and 

f ib r in o ly tic  s y s te m s  s e e m  th e r e fo r e  to  in d ic a te  th a t du ring  

p a r tu r i t io n  th e  h a e m o s ta tic  m e c h a n ism  h as  an  im p o r ta n t 

c o m p le m e n ta ry  fu n c tio n  to  th e  un ique p r o c e ss  of m y o m é tr ia l  

c o n tra c tio n ,w h ic h  by e x tra v a sc ix la r  c o m p re s s io n  d im in ish e s  the  

b lood  flow  to  the  p la c e n ta l s i t e .  L ife  th re a te n in g  p o s tp a r tu m
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h aem o x 'rh ag e  i s  a  com m on c o m p lic a tio n  in  w om en  s e v e re ly  

a ffe c te d  by Von W 'illeb ran d ’s d is e a s e ,  e s p e c ia l ly  w hen  the  

f a c to r  VIII le v e l  is  low ' and doe's no t incx^ease duxdng %)regnancy 

(B ig g s , 1966; W a lk e r and  D o rn ian d y , 1968), su g g e s tin g  th a t 

th e  c lo ttin g  m e c h a n is m  h a s  a  v ita l  ro le  in  p re v e n tin g  b lood  

lo's a -d u rin g  par'tu:rition* L ik ew ise- 'in  a b ru p tio  p la c e n t he w h e re  

a  m a rk e d  d e p le tio n  of c lo ttin g  f a c to r s  m ay  d ev e lo p , s e r io u s  

and  s o m e tim e s  fa ta l  h a e m o r rh a g e  f ro m  th e  u te ru s  is  no t 

m rcom m on* T he in c r e a s e d  le v e ls  Of c lo ttin g  f a c to r s  d u rin g  

n o rm a l prdgnaxicy m ay  r e p r e s e n t  th e re fo r e  a  p h y s io lo g ic a l 

d ev e lo p m en t to  p ro v id e  fo r  th e  ra.pid and e ffe c tiv e  h a e m o s ta s is  

w h ich  is  r e q u ir e d  d u rin g  p a r tu r itio n *

I t  Is of in t e r e s t  th a t  in  the  e a r ly  p u ex 'p e riu m  a  se c o n d a ry  

in c r e a s e  ta k e s  p la c e  in  th e  le v e l  of f ib r in o g e n , f a c to r  VIIl 

a c tiv ity  r e m a in s  w e ll above n o rm a l non-^pregnant le v e ls ,  and  

th e  p la te le t  coun t show s a  s te e p  r ise*  D uring  th e  p u e rp e riu m . 

th e  in c id e n c e  of th ro m b o * e m b o lic  co m p lic a tio n s  is  th r e e  to  fo u r 

t im e s  g r e a t e r  th a n  d u rin g  p reg n a n c y  (H usni e t a l , 1967). T he 

ra p id  r i s e  in  c irc u la tin g  p la te le ts  and th e  in c r e a s e d  le v e ls  of 

f ib r in o g e n  and factox' VIII to g e th e r  w ith  th e  l im ite d  a c tiv ity  of 

the  m o th e r  w h ich  fo llo w s c h ild b ir th , a r e  p o s s ib le  ex p lan a tio n s
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of the  p red fsp o B tio n  to thx^ombosia d u rin g  th e  p u e rp e r iu m .

T he a b ru p t r e tu r n  of n o rm a l f ib r in o ly tic  a c tiv ity  a f te r  d e liv e ry  

m ay b e .a  p ro te c tiv e  m e c h a n ism  to combat th is  hazard .
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CHAPTER 7

DYNAMICS O F T H E COAGULATION AND FIB R IN O L Y T IC  

SYSTEM S IN  TH E U T E R IN E  CIRCU LA TIO N  DURING 

P L A C E N T A L  SE PA R A T IO N  A T CA ESA REA N SEC TIO N  

A s ch an g es  in  th e  b lood  c lo ttin g  and f ib r in o ly tic  s y s te m s  

h a d  b ee n  d e te c te d  in  p e r ip h e ra l  b lood d u rin g  n o rm a l 

X>ax"tux’it io n , an  a tte m p t w as  m ad e  to  fin d  out if  th e s e  

ch an g es  w e re  a  r e f le c t io n  of ev e n ts  in  th e  u te r in e  c i r c u la t io n . 

T he b e h a v io u r  of th e  co a g u la tio n  and f ib r in o ly tic  s y s te m s  w as 

th e r e fo r e  in v e s t ig a te d  s im u lta n e o u s ly  in  th e  u te r in e  c i rc u la t io n  

and  p e r ip h e ra l  b lood  d a r in g  d e liv e ry  by c a e s a r e a n  s e c tio n . 

P a t ie n ts  and  M ethods

T w elve  p a tie n ts  w ith  h aem o g lo b in  le v e ls  o v e r  12g/ 100m l 

w e re  s tu d ie d  d u rin g  and  a f te r  d e liv e ry  by e le c t iv e  c a e s a r e a n  

s e c tio n . T he p a tie n ts  w e re  u n d e r  th e  o b s te t r ic  c a r e  of the 

a u th o r  and  fu ll c o n se n t w as g iv en  by each  p a tie n t fo r  the 

b lood  s a m p le s  to  be ta k e n  as  p a r t  of an  in v e s tig a tio n  in to  the  

c a u s e s  of h a e m o r rh a g e  d u rin g  c h ild b ir th . A f te r  in c is io n  of 

th e  ab d o m in a l w a ll and  e x p o s u re  of the  u te r u s ,  b lood  sa m p le s  

w e re  ta k e n  s im u lta n e o u s ly  f ro m  a la rg e  v e in  on th e  s u r fa c e  

of th e  u te ru s  in  th e  re g io n  of the  p la c e n ta l s i te  and  f ro m  an
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a r m  v e in , A lo w e r  u te r in e  se g m en t c a e s a r e a n  o p e ra t io n  

w as th en  p e rfo rm ed *  Im m e d ia te ly  a f te r  de live i:y  of the  

baby, M ood sa m p le s  w e re  ta k e n  s im u lta n e o u s ly  f ro m  a 

v e in  a t the  u te r in e  fundus d ra in in g  th e  p la c e n ta l  b ed  and 

f ro m  an  a r m  v e in , th e s e  sp e c im e n s  being  ta k e n  w h ile  

th e  p la c e n ta  w as s e p a ra t in g  sp o n tan eo u sly  *in u te ro  A 

T he p la c e n ta  w as th e n  d e liv e  red by c o rd  t r a c t io n  and  a t 

in te rv a ls  of five and f if te e n  m in u te s  a f te r  d e l iv e ry  of 

th e  p la c e n ta , b lood  sa m p le s  w e re  ta k e n  f ro m  v e in s  

d ra in in g  th e  p la c e n ta l s i te  and s im u lta n e o u s ly  f ro m  a rm  

v e in s . A fte r  c lo s u re  of 'the abdom inal w a ll , ax>pi*oximateiy 

25 m in u te s  a f te r  p la c e n ta l  d e l iv e ry , a  b lood  sa m p le , w as 

ta k e n  f ro m  an  a r m  v e in . In  th e  p o s In o p e ra tiv e  p e r io d  

p e r ip h e ra l  b lood  sa m p le s  w e re  ta k e n  a t Z4-48 h o u r s ,  3*5 

d a y s , 6*9 d a y s , and  10*14 days a f te r  o p e ra t io n . In  s e v e ra l  

in s ta n c e s  b lood  s a m p le s  w e re  no t o b ta in ed  a t  a l l  th e  t im e s  

s p e c if ie d  due to  th e  a b se n c e  of an  ad eq u ate  n u m b e r  of 

su ita b le  v e in s .

T he b lood  sa m p le s  (16* 18m l) w e re  ta k e n  by c le a n  

v e n e p u n c tu re  in to  p la s t ic  sy r in g e s :  2m l w as u se d  fo r

m e a s u r in g  th e  w hole b lood  c lo ttin g  t im e , 9m l w as m ix e d  w ith
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1m l of 3. 8 pei' c en t so d iu m  c i t r a te  in  a  p la s t ic  tu b e  fo r 

co a g u la tio n  and  f ib r in o ly tic  t e s t s ,  3*5m l w as added  to  a 

p la s t ic  tube  co n ta in in g  g la s s  b ead s and Im g  of tran f.æ x am ic  

a c id  fo r  a s s a y  of f ib r in /f ib r in o g e n ,d e g ra d a tio n  p ro d u c ts ,  

and  l* 2 m l w as ad d ed  to  a  p la s t ic  tube co n ta in in g  ED TA  

fo r  p la te le t  co u n tin g . W hen b lood sa m p le s  w e re  o b ta in ed  

a t a ll  th e  t im e s  sx^ecified the  to ta l  q u an tity  of b lood  

re m o v e d  am o u n ted  to  144m l d u rin g  th e  o p e ra t io n  and  80m l 

d u rin g  the  two w eek s a f te r  0%)eration.

T he w hole b lood  c lo ttin g  tim e  w as m e a s u r e d  in  th e  

o p e ra tin g  th e a tr e  in  a  p o r ta b le  w a te r  b a th  a t 37^0  and the  

co a g u la tio n  and  f ib r in o ly tic  a s s a y s  w e re  p e rfo rx tied  w ith in  

a  h a lf  h o u r  of c o lle c tio n  of th e  b lood  w hich  w as  k ep t at 4^G.

T he fo llow ing  a s s a y s  w e re  p e r fo rm e d  as  d e s c r ib e d  in  

Aj>pendix 3.

(a) C o ag u la tio n  S y s te m  A ssa y s

W hole b lood  c lo ttin g  tim e  in  p la s t ic  tu b e s

Re ca lc  if! c a tio n  tim e  in  p la s t ic  tu b es

K aolin- c e p h a lin  c lo ttin g  tim e

P a r t i a l  th ro m b o p la s tin  tim e

O ne s ta g e  p ro th ro m b in  tim e
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T h ro m b in  c lo ttin g  t im e  

Factors V, VIII and IX

P la te le t  coun t

(b) F ib r in o ly t ic  E n zy m e S y s te m  A scay c
Hmnntwiw iiiiij.WiNiniiP 'im n iPl ti Wil' mi «*#«##

F ib r in o g e n

P la s m in o g e n  ^

E u g lo b u lin  ly s is  a c tiv ity  

tJ ro ld n a se  s e n s it iv i ty  t e s t  

F ib r in / f ib r in o g e n  d e g ra d a tio n  p ro d u c ts  

S ta t i s t ic a l  A n a ly s is

A s th e  m e a s u re m e n ts  w a re  f ro m  a s in g le  g ro u p  a t 

d if fe re n t s ta g e s ,  W 'ilcoxon 's S igned  R anks T e a t w as  u s e d  to  

d e te rm in e  the  s ta t i s t ic a l  s ig n ific a n c e  of any ch an g es  in  the  

co a g u la tio n  and  f ib r in o ly tic  t e s t s .  T he p r in c ip le s  of th is  

t e s t  a r e  o u tlin ed  in  A ppendix  3.

R e s u lts

T a b le s  27*35 co n ta in  th e  r e s u l t s  of th e  co a g u la tio n  te s t s  

in  th e  u te r in e  v e in  b lood  and th e  p e r ip h e ra l  b lood  ta k e n  

s im u lta n e o u s ly  b e fo re  d e l iv e ry  and  d u rin g  and, a f te r  p la c e n ta l 

s e p a ra t io n  in  th e  12 p a t ie n ts ,  and the  r e s u l t s  in  th e  p e r ip h e ra l
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b lood  in  th e  tw o w eeks fo llow ing  o p e ra tio n .

F ig u re  16 show s th e  s tr ik in g  sh o rte n in g  of th e  w hole 

b lood  c lo ttin g  tim e  and  r e  c a lc if ic  a tio n  t im e  in  p la s t ic  tu b es  

(Table© 27 and 28) w hich  w as found  in  the u te r in e  b lood  

w h ile  the  p la c e n ta  w as s e p a ra t in g  in  u tei-o . In  tw o p a tie n ts  

th e  b lood  sa m p le  ta k e n  f ro m  th e  u te r in e  v e in  d u rin g  jR acen ta l 

s e p a ra t io n  c lo t te d  w ith in  seco n d s  in  th e  p la s t ic  s y r in g e . T he 

w hole b lood  c lo ttin g  tim e  and  r  e c a l c if i c a tio n  t im e  in  the 

u te r in e  v e in  b lood  d u rin g  p la c e n ta l s e p a ra t io n  w e re  s ig n ific a n tly  

s h o r te r  th a n  th e  t im e s  r e c o rd e d  in  the  p e r ip h e ra l  b lood  ta k e n  

s im u lta n e o u s ly  (E » 0; p< 0 .0 1 ) , W hile the  p la c e n ta  w as 

s e p a ra t in g  th e  p la te le t  coun t in  u te r in e  b lo o d  show ed  a  s lig h t 

d e c r e a s e  bu t no change w as d e te c te d  in  p e r ip h e ra l  b lood  d u rin g  

o r  im m e d ia te ly  a f te r  p la c e n ta l s e p a ra t io n . In  th e  p o s t­

o p e ra t iv e  p e r io d  a m a rk e d  r i s e  in  the  p la te le t  count w as found , 

th e  m e a n  le v e l  s te a d ily  in c re a s in g  :f ro m .229, 000 per c m m  a t 

2*4 h o u rs  a f te r  o p e ra t io n  to 4 7 8 ,0 0 0  cm m  a t 10*14 days 

a f te r  o p e ra t io n  (T ab le  29 and f ig u re  16).

F ig u re  17 show s th a t d u rin g  p la c e n ta l s e p a ra t io n  the 

sh o rte n in g  of th e  k ao lin  cep h a lin  c lo ttin g  tim e  (T ab le  30), 

p a r t ia l  th ro m b o p la s tin  t im e  (T ab le  31), and th e  one s ta g e
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p ro th ro m b in  t im e  (T ab le  32) w as m o re  m a rk e d  in  th e  u te r in e  

v e in  b lood  th a n  in  p e r ip h e ra l  b lood . Ho s ig n if ic a n t change 

w as found in  th e  th ro m b in  c lo ttin g  tim e  in  u te r in e  o r  p e r ip h e ra l  

b lood  d u rin g  o r  a f te r  p la c e n ta l s e p a ra tio n  (T ab le  33),

F ig u re  18 show s th e  s tr ik in g  in c r e a s e  in  f a c to r  VIII 

a c tiv ity  found in  bo th  u te r in e  v e in  b lood  and p e r ip h e ra l  b lood  

d u rin g  and a f te r  p la c e n ta l  s e p a ra tio n ; th e  m e a n  fa c to r  VIII 

a c tiv ity  in  u te r in e  b lood  ro s e  f ro m  141% b e fo re  d e l iv e ry  to  

336% d u rin g  xdacen ta l se p a ra tio n ^  and the  s im u lta n e o u s  

s a m p le s  of p e r ip h e ra l  b lood  show ed an in c r e a s e  f ro m  148% 

b e fo re  d e l iv e ry  to  228% d u rin g  p la c e n ta l s e p a ra t io n . F a c to r  

VIII a c tiv ity  as show n in  f ig u re  18 and T ab le  34 r e m a in e d  

e le v a te d  in  bo th  u te r in e  b lood  and p e r ip h e ra l  b lood  fo llow ing 

d e liv e ry  of the  %)lacenta but 2 -4  h o u rs  a f te r  o p e ra t io n  the  

m e a n  fa c to r  VIII a c tiv ity  in  p e r ip h e ra l  b lood  h ad  d e c re a s e d  to  

155%. In  th e  tw o w eek s fo llow ing  d e liv e ry  by c a e s a r e a n  

s e c tio n  the  m e a n  fa c to r  VIII a c tiv ity  w as a i)p ro x im a te ly  200% 

w ith  a  fa l l  to  143% a t 10-14  days a f te r  o p e ra t io n . No change 

w as found in  the  le v e l of f a c to r  IX o r  f a c to r  V in  u te r in e  o r  

perix>heral b lood  w ith  th e  e x c ep tio n  of a  s lig h t in c r e a s e  of 

f a c to r  IX a c tiv ity  2 4 -4 8  h o u rs  fo llow ing  d e liv e ry  (T a b le s  35 and  36).
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A s show n in  f ig u re  19 and 20, the  sh o r te n in g  of the  1

k a o lin  c e p h a lin  c lo ttin g  tim e  and p a r t ia l  th ro m b o p la s tin  j

tim e  w hich  w as found in  u te r in e  b lood  du rin g  and im m e d ia te ly  

a f te r  p la c e n ta l s e p a ra t io n  show ed a  s ig n ific a n t n eg a tiv e  

c o r r e la t io n  (p<0«01) w ith  the  in c re a s e  of f a c to r  VIII a c tiv ity  

in  u te r in e  b lood  at th is  t im e .

(b) F ib r in o ly tic  E n zym e S y s te m  A ssa y s

T ab le s  37-41 co n ta in  the r e s u l t s  of the  f ib r in o ly tic  s tu d ie s .

T he only change fom id in  the  p la sm a  f ib rin o g e n  le v e l w as a  

d e c re a s e  in  the  p e rip h e i-a l b lood follow ing the o p e ra t io n , the  

m e a n  p la s m a  le v e l fa llin g  f ro m  ap p ro x im a te ly  400m g du ring  

the  o p e ra t io n  to  34om g/ 100m l 2 -4  h o u rs  a f te r  the  o p e ra tio n  

(fig u re  21 and  T ab le  37). D u rin g  the two w eeks a f te r id e l iv e ry  

by c a e s a re a n  se c tio n  the p lasm a f ib rin o g e n  le v e l s te a d ily  

in c r e a s e d  and  th e  h ig h e s t le v e l w as  p r e s e n t  a t 10 -14  days 

a f te r  o p e ra t io n  w hen  the  m e a n  le v e l h ad  r i s e n  to  536m g/ 100m l,

A s show n in  f ig u re  21 the  m e a n  p la s m a  %)lasminogen le v e l 

d e c re a s e d  s lig h tly  in  both  u te r in e  b lood and p e r ip h e ra l  b lood, 

fo llow ing  p la c e n ta l s e p a ra t io n  and du ring  th e  two w eek s a f te r  

o p e ra t io n  the  m e a n  ■plasminogen le v e l r e m a in e d  v ir tu a l ly  unchanged  

(T ab le  38).



66.
F ig u re  ZZ show s the d ra m a tic  in c r e a s e  in  th e  eu g lo b u lin  

ly s is  a c tiv ity  w h ich  w as  found in  u te r in e  b lo o d  d u rin g  and 

im x n ed ia te ly  a f te r  p la c e n ta l s e p a ra t io n , th e  le v e l of a c tiv ity  

being  c o n s id e ra b ly  h ig h e r  th an  th a t r e c o rd e d  in  th e  p e ri^ fh e ra l 

b lood  ta k e n  a t th e  sa m e  tim e  (R -  3, p< 0 ,0 5 ) , A m a rk e d  

in h ib itio n  of eu g lo b u lin  ly s i s  - a c tiv ity  w as p r e s e n t  in  the  

p e r ip h e r a l  b lood  d u rin g  and  im m e d ia te ly  a f te r  s e p a ra t io n  of 

th e  p la c e n ta  bu t a t 2 -4  h o u rs  a f te r  o p e ra tio n  eu g lo b u lin  ly s is  

a c tiv ity  w as in  th e  n o rm a l n o n -p re g n a n t ran g e  an d  re m a in e d  

so  in  th e  tw o w eek s a f te r  o p e ra t io n  (fig u re  ZZ an d  T ab le  39).

T he le v e l of f ib r in /f ib r in o g e n  d e g ra d a tio n  j^roducts in c r e a s e d  

s lig h tly  in  u te r in e  b lood  d u rin g  p la c e n ta l s e p a ra t io n ;  in  the  

p e r ip h e ra l  b lood  the  m e an  le v e l incx^eased f r o m '3 . 53pg/xnl a t 

th e  end  of the  o p e ra t io n  to  6. 33pg/ m l 2 -4  h o u rs  l a t e r  and d u rin g  

th e  two w eek s a f te r  o p e ra t io n  a w ide ran g e  of v a lu e s  w as found 

w ith  p ea k  le v e ls  a t 6*9 days a f te r  o p e ra tio n  w hen  th e  m e an  

v a lu e  w as 1 3 .4 3 p g /m l (fig u re  22 and T ab le  40). Ho change in  

the  le v e l of in h ib i to rs  to  u ro k in a s e  in d u ced  ly s i s  w as  d e te c te d  

in  the  u te r in e  b lood  d u rin g  o r  a f te r  p la c e n ta l s e p a ra t io n  and in  

th e  p e r ip h e ra l  b lood  th e  only  change w as a  t r a n s ie n t  in c r e a s e  in  

th e  le v e l of u ro k in a s e  in h ib itio n  o c c u rr in g  im m e d ia te ly  fo llow ing 

p la c e n ta l  s e p a ra t io n  (f ig u re  22 and T ab le  41 ),
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DISCUSSION

In n o rm a l c irc 'u m s ta n c a s  b lood  c lo ttin g  ta k e s  p la c e  a t  

s i te s  of v a s c u la r  in ju ry . T he ev id en ce  p r e s e n te d  h e r e  in d ic a te s  

th a t in  th e  u te r in e  c irc u la t io n  a  d is t in c t  a c tiv a tio n  of th e  

co ag u la tio n  and  f ib r in o ly tic  s y s te m s  ta k e s  p la c e  d u rin g  c h ild b ir th  

a t  th e  t im e  of p la c e n ta l  s e p a ra t io n . T he w ide d if fe re n c e  in  

a c tiv i ty  b e tw een  u te r in e  b lood  and  p e r ip h e ra l  b lood  talcen 

s im u lta n e o u s ly  in d ic a te s  th a t  in  v ivo  a  p ro n o u n ced  lo c a l  a c tiv a tio n  

of th e  c lo t t in g  m e c h a n ism  m ay  ta k e  p la c e  w h ich  p ro d u c e s  only 

m in im a l changea  in  b lood  ta k e n  re m o te  f ro m  th e  a r e a  in v o lv ed .

T h is  w as p a r t ic u la r ly  ev id en t in  th e  sh o r te n in g  of th e  w hole b lood  

c lo ttin g  t im e  in  p la s t ic  tu b e s  d u rin g  p la c e n ta l  s e p a ra t io n  w hen s ix  

o f th e  tw e lv e  p a tie n ts  h ad  c lo ttin g  t im e s  of th r e e  m in u te s  o r  le s s  

in  th e  u te r in e  b lood  but only  a  a lig h t sh o r te n in g  of th e  t im e  took  

p la c e  in  th e  p e r ip h e ra l  b lood . A s im i la r  bu t l e s s  p ro n o u n ced  

p a t te r n  of r e s u l t s  w as a ls o  found  in  the  r e c a lc i f ic a t io n  t im e , k ao lin  

c e p h a lin  c lo ttin g  t im e , p a r t i a l  th ro m b o p la s tin  t im e , p ro th ro m b in  

t im e , and  th e  p la te le t  count.

A d e f in ite  in c r e a s e  of f a c to r  VIII a c tiv ity  w as found in 

u te r in e  b lood  and  to  a  l e s s e r  ex te n t in  p e r ip h e ra l  b lood  d u rin g  and  

im m e d ia te ly  a f te r  p la c e n ta l  s e p a ra t io n  but th e  f a c to r  IX le v e l
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r e m a in e d  v ir tu a l ly  m ichanged . T he a s s a y  p ro c e d u re  fo r  

f a c to r  IX weis id e n tic a l  to  th a t  of f a c to r  VIII e x c e p t th a t  th e  

s u b s t r a te  p la s m a  em p lo y ed  w as d e f ic ie n t in  f a c to r  IX; th e  

s h a rp  in c r e a s e  of f a c to r  VIII a c tiv ity  canno t th e r e fo r e  be 

a t t r ib u te d  to  th e  p r e s e n c e  of th ro m b o p la s tin  o r  so m e o th e r  

c lo ttin g  a c c e le r a to r  w h ich  cou ld  in flu en ce  th e  a s s a y  

p ro ced u re#  A t th e  p r e s e n t  t im e  v e ry  l i t t le  i s  know n of th e  

d e ta ile d  c h e m is try  of th e  pathw ays of the  b lood  c lo ttin g  

m e c h a n ism . R e c e n t s tu d ie s  have  in d ic a te d , h o w ev e r, th a t  

w hen th e  co a g u la tio n  seq u en ce  is  a c tiv a te d  th e  f i r s t  t r a c e s  of 

th ro m b in  fo rm e d  a p p e a r  to  a c t  f i r s t  on f a c to r  VIII p ro d u c in g  

a  m o re  r e a c t iv e  m o le c u le  w h ich  su b seq u en tly  a c c e le r a te s  the  

in te rm e d ia te  p h a s e s  of b lood  co ag u la tio n  (O zge«A nw ar e t a l ,

1965; R a p a p o rt e t a l ,  1965; D av ie  e t  a l , 1969). T he 

sh o r te n in g  of th e  c lo ttin g  t im e , k ao lin  c e p h a lin  t im e  and  p a r t ia l  

th ro m b o p la s tin  t im e  is  r e la te d  to  the  sudden  in c r e a s e  of f a c to r  

VIII a c tiv ity  in  th e  u te r in e  c irc u la tio n  d u rin g  p la c e n ta l  

s e p a ra t io n  and  p ro b a b ly  r e f le c t s  th ro m b in  a c tiv i ty  a t  th e  p la c e n ta l 

s i t e  due to  the  lo c a l  r e le a s e  of t i s s u e  th ro m b o p las tin #

B row n an d  S ta lk e r  (1969) show ed in  th e  h a m s te r  th a t 

th ro m b o p la s tin  m a te r ia l  can  e n te r  th e  m a te rn a l  and  fo e ta l
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c irc u la t io n  d u rin g  p la c e n ta l s e p a ra tio n . T he in v e s tig a tio n  of 

n o rm a l c h ild b ir th  d e s c r ib e d  in  C h ap te r  6 show ed  th a t  

t r a n s ie n t  sh o r te n in g  of c lo ttin g  t e s t s  and  an in c r e a s e  of 

f a c to r  VIII a c tiv ity  ta k e  p la c e  in  p e r ip h e ra l  b lood  d u rin g  

p la c e n ta l s e p a ra t io n . T he fin d in g s r e p o r te d  in  th is  c h a p te r  

su g g e s t th a t  th e s e  ch an g es  a r e  d ire c tly  due to  a c tiv a tio n  of 

th e  c lo ttin g  m e c h a n ism  in  th e  u te r in e  c irc u la tio n  p ro d u c in g  

to  a  l e s s e r  e x te n t a  co ag u lan t e ffec t in  p e r ip h e ra l  b lood.

T he p o ten cy  of th e  m e c h a n ism s  fo r k eep in g  th e  c lo ttin g  

of b lood  a lo c a l  phenom enon  and  c le a r in g  th e  a c tiv a te d  c lo tt in g  

f a c to r s  f ro m  th e  c irc u la t io n  is  show n by the  fa c t th a t  th e  

p ro n o u n ced  ch an g es  in  th e  u te r in e  v e in  w e re  t r a n s i to r y  and  

h ad  a lm o s t d is a p p e a re d  by th e  t im e  the  b lood r e a c h e d  th e  

p e r ip h e ra l  c irc u la tio n . T h is  is  p ro b ab ly  why su ch  a  p ro n o u n ced  

co ag u lan t e ffe c t h a s  n o t been  n o ted  p re v io u s ly  d u rin g  p a r tu r itio n *  

W hen study ing  ch an g es in  th e  h a e m o s ta tic  m e c h a n ism s  c a u se d  by 

a l té r a t io n s  in  a  s in g le  o rg an  i t  s e e m s  Im p o rta n t, th e re fo r e ,  to  

ex am in e  th e  b lood  d ir e c t ly  le av in g  the  o rg an , a s  th e  ch an g es 

m ay  no t be d e te c ta b le  in  th e  p e r ip h e ra l  c irc u la tio n . T he p la s m a  

co n ta in s  p o te n t in li ib ito rs  of su ch  fa c to rs  a s  th ro m b in  (S eeg era  

and  M a rc in ia k , 1962), and  a c tiv a te d  fa c to r  X (Biggrj e t  a l , 1970),



70*

and  a c tiv a te d  c lo ttin g  f a c to r s  a r e  a p p a re n tly  re m o v e d  by the 

l iv e r  and  th e  r e tic n lo -e n d o th e lia l  system . (Spaet# 1962)*

F ib r in o ly tic  a c tiv ity  w as re d u ce d  in  bo th  u te r in e  blood 

and  p e r ip h e ra l  b e fo re  d e liv e ry  but d u rin g  p la c e n ta l  s e p a ra t io n  

the  le v e l of a c tiv ity  in  th e  u te r in e  blood w as o o n s id e ra b ly  

in c r e a s e d  c o m p a re d  w ith  th a t  of th e  p e r ip h e ra l  b lood  ■« find ings 

p o s s ib ly  due to  p la sm in o g e n  a c tiv a to r  e n te r in g  th e  c irc u la tio n  

a t  th e  p la c e n ta l  site* A fte r  d e liv e ry  by c a e s a r e a n  se c tio n  

f ib r in o ly tic  a c tiv ity  in  th e  p e r ip h e ra l  b lood fo llow ed  a  s im i la r  

p a t te r n  to  th a t  found a f te r  n o rm a l v ag in a l d e l iv e ry  (C h ap te r  6;

B om iar e t a l, 1970 th é  eu g lobu lin  ly s is  a c tiv ity  bdihg in  the  

n o rm a l ra n g e  a t  2*4 h o u rs  a f te r  operation*

T he le v e ls  of f ib rin o g e n , p la sm in o g e n  an d  f a c to r  VIII 

w e re  d e c re a s e d  tw o to  fo u r h o u rs  a f te r  o p e ra tio n  and  a t th e  sa m e  

tim e  le v e ls  of f ib r in /f ib r in o g e n  d e g ra d a tio n  p ro d u c ts  in  th e  

p e r ip h e ra l  b lood  w e re  in c re a s e d . In th e  h a e m o r rh a g lc  co m p lic a tio n s  

of p re g n a n c y , p a r t ic u la r ly  a b ru p tio  p la c e n ta e , m uch  m o re  s tr ik in g  

ch a n g es , but in 'th e  sa m e  d ire c tio n , have been  found (V o rs tra e te  

e t a l ,  1965; B onnar e t a l ,  1969 b). C le a r ly , e ffe c tiv e  h a e m o s ta s is  

in  th e  u te ru s  d u rin g  p la c e n ta l  s e p a ra tio n  p la c e s  h eav y  d em an d s on
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th e  co a g u la tio n  f a c to r s ,  and  the  h igh  le v e ls  found in  n o rm a l 

p re g n a n c y  w ill p ro v id e  a  r e s e r v e  of h a e m o s ta tic  co m p o n en ts 

to  m e e t th is  ch a lle n g e .

T he ch an g es  in  th e  co ag u la tio n  and  f ib r in o ly tic  s y s te m s  

in  th e  tw o w eeks a f te r  c a e s a re a n  se c tio n  a r e  of s p e c ia l  

in te r e s t  a s  th e s e  m ay  be a e tio lo g ic a l f a c to r s  in v o lv ed  In 

th ro m b o * e m b o lic  c o m p lic a tio n s  w h ich  o c c u r  d u rin g  th is  p e r io d . 

T he r a i s e d  fa c to r  VIII le v e l and  th e  p r o g re s s iv e  in c r e a s e  in  the  

n u m b e r  of c irc u la t in g  p la te le ts  and  f ib rin o g e n  c o n c e n tra tio n  

o v e r  th e  tw o w eek s a f te r  o p e ra tio n  m ay  be of p a r t ic u la r  

im p o r ta n c e  in  p re d is p o s it io n  to  th ro rd b o a is; th e  in c re a s e d  

p ro d u c tio n  o f th e s e  f a c to r s  m ay  have been  s t im u la te d  by th e i r  

u tilis ja tio n  d u rin g  p la c e n ta l  s e p a ra tio n . E m m o n s and  M itch e ll 

(1965} r e p o r te d  th a t th e  m a x im a l in c re a s e  in  both  th e  to ta l  

p la te le t  coun t an d  a g g re g a tio n  w e re  p r e s e n t  a ro u n d  th e  10th p o s t ­

o p e ra t iv e  day . T he in c r e a s e  in  th e  le v e ls  of f ib r in /f ib r in o g e n  

d e g ra d a tio n  p ro d u c ts  w h ich  w as m asd m al a t  6 -9  days a f te r  

o p e ra tio n  cou ld  r e f le c t  ly s i s  of in tra w a sc u la r  f ib r in  a t th is  tim e  

and  su g g e s ts  th a t  th e  s tim u lu s  to  co ag u la tio n  co n tin u es  fo r  

r e la t iv e ly  long  p e r io d s .  If a c tiv e  in te rm e d ia te s  of c lo ttin g
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con tinue  to  c i r c u la te  th ey  cou ld  co n tr ib u te  to  th e  in c id en c e  of 

th ro m b o s is  in  th e  p u erp eriu ro ,. The ch an g es of th e  

h a e m o s ta tic  m e c h a n ism  fo llow ing  c a e s a re a n  se c tio n  w ould 

a p p e a r  to  fa v o u r  in t r a v a s c u la r  c lo ttin g  and  su ch  ch an g es  

to g e th e r  w ith  th e  l im ite d  p h y s ic a l a c tiv ity  w h ich  o ften  fo llow s 

o p e ra tiv e  d e l iv e ry  m ay  ex p la in  th e  r e la t iv e ly  h ig h  in c id en c e  

of th ro m b o -e m b o lic  c o m p lic a tio n s  a f te r  c a e s a r e a n  se c tio n .

It h a s  long  been  su sp e c te d  th a t a c tiv a tio n  of th e  

co ag u la tio n  m e c h a n ism  m ay  o c c u r  in  a  s m a ll  p a r t  of th e  

c irc u la t io n  and  y e t p ro d u c e  l i t t l e  ev id en ce  of i ts  e x is te n c e  in 

co n v en tio n a l t e s t s  ap p lie d  to  b lood c o lle c te d  from , an  an te  cu b ita l 

v e in . T he o b s e rv a tio n s  r e p o r te d  in  th is  c h a p te r  c o n f irm  the  

in te rp r e ta t io n  of the  ch an g es iti p e r ip h e ra l  b lood  d u rin g  n o rm a l 

p a r tu r i t io n  an d  d e l iv e ry  by c a e s a re a n  sec tio n n as ev id en ce  f o r  

th e  s t im u la tio n  of co ag u la tio n  and  f ib r in o ly s is  lo c a lly  in  the  

u te ru s .  T h is  s tu d y  a ls o  u n d e r lin e s  the  s ig n if ic a n c e  to  be 

a tta c h e d  to  r a i s e d  le v e ls  of f a c to r  VIII in  o n e -s tag e , a s s a y s  on 

p e r ip h e ra l  b lood  a s  ev id en ce  fo r  th e  e x is te n c e  of th e  lo c a l 

s tim u la tio n  of co a g u la tio n  so m e w h ere  in  th e  body (P e:h rick  e t al» 

1965). T h ese  o b s e rv a tio n s  do not d im in ish  th e  im p o r ta n c e  of
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m y o m é tr ia l  c o n tra c tio n  in  th e  c o n tro l of b leed in g  a f te r  

c h ild b ir th  but th ey  in d ic a te  th a t  the  co ag u la tio n  s y s te m  a lso  

p la y s  a v ita l  ro le  in  th e  p ro cess*
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C H A P T E R  8.

TH E COAGULATION AND FIB R IN O LY TIC  

SYSTEM S IN TH E NEW BORN

H a e m o rrh a g e  i s  s t i l l  an  im p o r ta n t c a u sa  of p e r in a ta l  

m o rb id ity  and m o r ta l i ty  p a r t ic u la r ly  in  the  p r e m a tu re  

in fan t. T he n ew born  In fan t is  known to  have a  d e fic ien c y  

of c lo ttin g  f a c to r s  but to  th e  a u th o r 's  know ledge th e r e  h a s  

b een  no s im u lta n e o u s  and c o m p re h e n s iv e  study  of the 

co a g u la tio n  an d  f ib r in o ly tic  s y s te m s  in  th e  m o th e r  and  c o rd  

b lood  of th e  in fan t a t  th e  tim e  of d e liv e ry . T he find ings 

p r e s e n te d  in  C h a p te rs  6 and  7 in d ic a te  th a t  in  th e  m a te rn a l  

b lood  a  p ro n o u n ced  a c tiv a tio n  of th e  co a g u la tio n  and f ib r in o ly tic  

s y s te m s  ta k e s  p la c e  in  the  u te r in e  c irc u la t io n  d u rin g  p la c e n ta l 

s e p a ra t io n . A s th e  p r o c e s s  of p la c e n ta l s e p a ra t io n  co m m en ces  

d u rin g  th e  d e l iv e ry  of th e  in fan t i t  m ay  a lso  have  an e f fe c t on 

th e  h a e m o s ta tic  s y s te m  of th e  in fan t a s  w e ll a s  th e  m o th e r .

T h is  c h a p te r  p r e s e n ts  the r e s u l t s  of a  d e ta ile d  in v e s tig a tio n  of 

th e  b lood  co a g u la tio n  and  f ib r in o ly tic  m e c h a n ism s  in  the  fu ll 

t e r m  in fa n t and  th e  m o th e r  im m e d ia te ly  fo llow ing  d e liv e ry .
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P a t ie n ts  and  M ethods ;

T en  h e a lth y  wo m en , a t  t e r m  w ith  u n c o m p lic a te d  p r e g ­

n a n c ie s ,a n d  th e i r  n ew b o rn  in fan ts  w e re  s tu d ie d  and m il 

co n sen t w as g iven  by the  m o th e r  fo r  the  sp e c im e n s  of M ood 

to  be ta k e n . T he b lood  sa m p le s  w e re  ta k e n  im m e d ia te ly  

fo llow ing  d e l iv e ry  of the  baby w hile th e  u m b ilic a l c o rd  w as 

p u lsa tin g  and  p r io r  to  c lam p in g  of the  cord* The b a b y 's  

b lood sa m p le  (15 n il. ) w as ta k en  In to  a p la s t ic  sy r in g e  by 

c lean  v en e p u n c tu re  of th e  u m b ilic a l ve in . C lam ping  of the 

c o rd  w as d e lay ed  u n til p u lsa tio n  had  c e a se d  to  a llo w  an  e x t r a  

qu an tity  of b lood  to  p a s s  to  the  in fan t w hich  w ould  m o re  than  

co m p en sa te  fo r  th e  venous blood sa m p le . T he m o th e r 's  

b lood sa m p le  (15 ml* ) w as ta k e n  f ro m  an a r m  v e in  s im u lta n e o u s ly  

w ith  th a t  f ro m  th e  baby. The 15 m l, b lood  sa m p le  w as su b ­

d iv id ed  im m e d ia te ly  a s  fo llo w s : 9 m l. w as m illed  w ith  1 m l,

oox 3. 8% so d iu m  c i t r a te  in  a  p la s t ic  tube a t 4 G, fo r  co ag u la tio n  

and f ib r in o ly tic  te s b s ,  4 m l, w as added  to  a  p la s t ic  tu b e  

co n ta in in g  g la s s  b ead s  and  1 m g. of tra n re ix a m ic  a c id  fo r  a s s a y  

of f ib r in /f ib r in o g e n  d e g ra d a tio n  p ro d u c ts , and  2 m l, w as added  

to  a  p la s t ic  tu b e  co n ta in in g  e d e tic  a c id  fo r  p la te le t  counting*
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T he co ag u la tio n  and  f ib r in o ly tic  a s s a y s  w e re  p e r fo rm e d

w ith in  a  h a lf -h o u r  of c o lle c tio n  of the  blood w hich  w as k ep t 

oa t 4 G. T he fo llow ing  a s s a y s  w e re  p e r fo rm e d  by m e th o d s

d escrx b ed . in  A ppendix  3.

oacfuiacion o v s te m  A ssa v s  :* R e c a lc if ic a tio n  t im e  in  

p la s t ic  tu b e s , k a o lin -c e p h a lin  c lo ttin g  t im e , p a r t ia l  

th ro m b o p la s tin  t im e , th ro m b in  c lo ttin g  t im e , p ro th ro m b in  

t im e , co a g u la tio n  f a c to r s  II, V, VIII, IX and  X, and  p la te le t  

coun t. F a c to r  VII w as a s s a y e d  by a one « s ta g e  m e th o d  u s in g  

p la s m a  w ith  a  co n g e n ita l d e fic ien c y  of f a c to r  VII (B iggs and 

M a c fa r la n e , 1962).

F ib r in o ly tic  F  nay m e S y stem  A ssa y s  : « F ib r in o g e n , 

p la sm in o g e n , eu g lo b u lin  ly s is  a c tiv ity , u ro k in a s e  s e n s it iv i ty  

te s t ,  an d  s e ru m  f ib r in /f ib r in o g e n  d e g ra d a tio n  p ro d u c ts . 

S ta t i s t ic a l  A n a ly s is  W iico x o n 's  S igned  R anks T e s t  w as

u se d  in  th e  s ta t i s t i c a l  a n a ly s is  of th e  p a i r e d  m e a s u re m e n ts  fo r  

th e  m o th e r  and  th e  baby.

RESU LTS

T he r e s u l t s  of the  co ag u la tio n  s y s te m  a s s a y s  in  the  n ew ­

b o rn  and  in  th e  m o th e r  im m e d ia te ly  a f te r  b i r th  a r e  l i s te d  in
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T a b le s  42, 43A and 4 3 B, and the  m ean  le v e ls  a r e  c o m p a re d  

in F ig u re s  23 and 24. F a c to r  VII a s s a y s  w e re  p e r fo rm e d  

in s ix  of th e  te n  b ab ie s  due to  in su ff ic ie n t t e s t  p la s m a  in  the  

o th e rs  (T ab le  4 3 B), W ith th e  ex cep tio n  of the r e c a lc i f ic a t io n  

t im e  in p la s t ic  a h igh ly  s ig n if ic a n t d if fe re n c e  w as found b etw een  

th e  c lo ttin g  te s t s  in  the  n ew b o rn  and  th e  m o th e r . The m o s t 

obvious d if fe re n c e  w as a p ro lo n g a tio n  in  the  n ew b o rn  of the  

Id a o lm -c e p h a lin  c lo ttin g  t im e , p a r t ia l  th ro m b o p la s tin  tim e  and  

one - s ta g e  p ro th ro m b in  tim e ; th e  s m a ll  but s ig n if ic a n t d if fe re n c e  

in  th e  r e s u l t s  of th e  th ro m b in  c lo ttin g  tim e  p ro b a b ly  r e f le c ts  the  

po ten cy  of the  th ro m b in  u se d  in  the  te s t  sy s te m .

The m ean  le v e ls  in  th e  baby of f a c to r  II (54%), f a c to r  VII 

(38%), f a c to r  IX (17%) and f a c to r  X (39%) w e re  a l l  low  and  a 

h igh ly  s ig n if ic a n t d if fe re n c e  w as p r e s e n t  b e tw een  th e  v a lu e  fo r  

th e s e  c lo ttin g  f a c to r s  in  the  new b o rn  and th e  m o th e r . In s h a rp  

c o n t r a s t  to  th e  low  le v e ls  of the  v ita m in  K. d ep en d en t f a c to r s  in  the  

baby the  m e a n  le v e ls  of f a c to r  V and fa c to r  VIII w e re  found to  be 

c o n s id e ra b ly  in c r e a s e d  in  both  the  baby and th e  m o th e r  (F ig u re  24), 

No s ig n if ic a n t c o r r e la t io n  w as p r e s e n t  b e tw een  th e  le v e ls  of 

f a c to r s  II, VII, IX and  X in  th e  m o th e r  and  th e  baby bu t a h igh ly
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s ig n if ic a n t c o r r e la t io n  w as found betw een  the  m a te rn a l  and  

n e o n a ta l le v e ls  of f a c to r  V and  fa c to r  VIII (T ab le  43A). In 

the  n ew born  th e  p la te le t  coun t w as s ig n if ic a n tly  h ig h e r  th an  in  

the  m o th e r  but no c o r r e la t io n  w as p r e s e n t  b e tw een  th e  n eo n a ta l 

and  m a te rn a l  le v e ls .

T he r e s u l t s  o f th e  f ib r in o ly tic  engiyme system , a s s a y s  

a r e  show n in  T ab le  44 and  F ig u re  25. The f ib r in o g e n  and 

p la sm in o g e n  le v e ls  w e re  s ig n if ic a n tly  lo w er in  th e  baby, th e  

m e an  v a lu e s  being  a p p ro x im a te ly  50 p e r  cen t, of th e  le v e ls  

found in  the  m o th e r . A h igh ly  s ig n ific a n t d if fe re n c e  w as found 

b e tw een  th e  eu g lo b u lin  ly s is  a c tiv ity  and  th e  u ro k in a s e  

s e n s i t iv i ty  t e s t  in  the  n ew b o rn  and  the  m o th e r . T he eu g lo b u lin  

ly s is  a c tiv i ty  in  th e  baby (M ean 8. 9 u n its )  in d ic a te d  a v e ry  h igh  

le v e l of f ib r in o ly tic  a c tiv ity  in  c o n tra s t  to  th e  d im in ish e d  

f ib r in o ly tic  a c tiv i ty  p r e s e n t  in  th e  m o th e r  (M ean 0 . 3 9  u n its ) .

T he u ro k in a s e  s e n s it iv i ty  t e s t  show ed a m u ch  h ig h e r  le v e l 

of u ro k in a s e  in h ib itio n  in  the  baby (M ean 0, 12 u n its )  th an  w as 

p r e s e n t  in  th e  m o th e r  (M ean 0. 81 u n its ) . T he le v e l of f ib r in /  

f ib r in o g e n  d e g ra d a tio n  p ro d u c ts  in  th e  s e ru m  w as s ig n if ic a n tly  

lo w e r  in  th e  n ew b o rn  th an  in  th e  m o th e r .
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DISCUSSION;

B lood co ag u la tio n  in  n ew b o rn  in fan ts  h a s  boon th e  su b je c t 

of m any  in v e s tig a tio n e  and  low  le v e ls  of th e  v ita m in  K - 

d ep en d en t c lo ttin g  f a c to r s  ( fa c to rs  II# VII# DC and  X) a r e  w ell 

know n. F ew  in v e s tig a tio n s  have  been  p e r fo rm e d  on th e  

f ib r in o ly tic  a c tiv ity  of th e  u m b ilic a l c o rd  b lood  and  co n flic tin g  

r e s u l t s  h av e  b ee n  p u b lish ed . F o r  exam ple# f ib r in o ly tic  

a c tiv ity  in  the  c o rd  b lood  w as found to  be in c r e a s e d  by Cope 

and  S im m o n s (1958) and  B e rg lu n d  (1958) bu t n o t by P h il l ip s  and 

Skrodelië.(195S |)t T h e se  d is c re p a n c ie s  m ay  be th e  r e s u l t  of 

d if fe re n t t e s t  m ethods# th e  la b ile  n a tu re  of p la sm in o g e n  ac tiv a to r#  

an d  th e  v a r io u s  w ays in  w h ich  the  c o rd  b lood  w as o b ta in ed .

P re v io u s  In v e s tig a tio n s  on th e  h a e m o e ta tic  m e c h a n ism  in  th e  baby 

a t b ir th  h av e  la ,rg e ly  been  p e r fo rm e d  on b lood  s a m p le s  tak en  a t  

v a ry in g  in te rv a ls  a f te r  th e  c o rd  w as c lam p ed , u su a lly  by allow ing  

th e  b lood  to  d r ip  f ro m  th e  cu t end  of th e  c o rd . B lood o b ta in ed  in  

th is  w ay is  l ik e ly  to  be a ffe c te d  by s ta s is#  t r a u m a  to  th e  v e s s e ls  

and  co n tam in a tio n  by t i s s u e  ex tra c ts*  During th e  f i r s t  h a lf -m in u te  

a l t e r  d e l iv e ry  th e r e  is  a  good u m b ilic a l b lood  flow  of r e la t iv e ly  

w e ll* o x y g en a ted  v enous b lood  (Dawes# 1968) an d  sa m p lin g  of b lood
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a t th is  t im e  by c le a n  venepunc tu re i s  th e re fo re  m o re  lik e ly  to  

r e f le c t  a c c u ra te ly  th e  co ag u la tio n  and  f ib r in o ly tic  s ta tu s  of 

th e  n ew b o rn  baby .

T he d a ta  p r e s e n te d  show  s tr ik in g  d if fe re n c e s  betw een  th e  

co a g u la tio n  and  f ib r in o ly tic  sy s ten is in  th e  m o th e r  and  th e  

n ew b o rn  in fan t. W ith th e  ex c ep tio n  of th e  r e c a lc i f lc a t io n  tim e  

in  p la s tic*  th e  c lo ttin g  t e s t s  in  th e  n ew born  w e re  s ig n ific a n tly  

lo n g e r  th a n  th e  m a te rn a l  values* Low le v e ls  of f a c to r  II 

(pro throm bin)# . VII* DC and  X  a r e  in  k eep in g  w ith  m any  p re v io u s  

investigations in  th e  n ew b o rn  (D ouglas an d  D avies* 1955; F r e s h  

a t  a l . * 1956; D yggve ’* 1958* and o th e rs )  and  th e s e  low  

n e o n a ta l le v e ls  c o n tr a s t  w ith  th e  r a is e d  le v e ls  of f a c to r s  II* VII 

and  X an d  th e  n o rm a l  le v e l  of f a c to r  IX in  th e  m o th e r . The lack  

of c o r r e la t io n  and  la rg e  d if fe re n c e s  b etw een  th e  m a te rn a l  and  

n e o n a ta l v a lu e s  c o n f irm  a  p la c e n ta l  b a r r i e r  to  th e s e  c lo ttin g  

f a c to r s  (N o sse i e t  al* 1966; C ade e t al* 1969)^ C o n tra ry  to  

p re v io u s  r e p o r t s  of n o rm a l le v e ls  of f a c to r s  V an d  VIII in  c o rd  

b lood  (Q uick e t  al* 1952; K a sp e r  e t al* 1964; P re s to n *  1964; 

C ade e t  al* 1969)* th is  s tu d y  show ed r a i s e d  le v e ls  o f f a c to r s  V 

and  VIII in  th e  n ew b o rn  and  a  h igh ly  s ig n if ic a n t c o r r e la t io n
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b e tw een  th e  m a te rn a l  an d  n e o n a ta l levelb* The h igh  lev # la  

of f a c to r s  ¥  and  VIII in  th e  u m b ilic a l v e in  a t  th e  t im e  of 

d eliv ery  m ay  p e rh a p s  be due to  a c tiv a tio n  of th e s e  f a c to r s  a s  

a  r e s u l t  of p la c e n ta l  sep a ra tio n #  r a th e r  th a n  t r a n s f e r  of th e s e  

f a c to r s  f ro m  th e  m other*  Davie# B ougie and  L undb lad  (1969) 

h av e  su g g e s te d  th a t  th e  f i r s t  t r a c e s  of throm bin th a t  a r e  

fo rm e d  d u rin g  co ag u la tio n  h av e  h igh  a f f in itie s  fo r  f a c to r s  VIII 

and  V c o n v e rtin g  th e m  in to  f a r  m o re  r e a c t iv e  c lo ttin g  fac to rs*

It is  lik e ly  th a t  th e  h igh  le v e ls  of f a c to r s  V and VIII found in  

th e  c o rd  b lood  a r e  a t r a n s ie n t  phenom enon. A s w as d e s c r ib e d  

in  C h a p te r  7 th e  m a te rn a l  venous b lood d ra in in g  th e  p la c e n ta l 

s i te  show ed a  sharp#  a lth o u g h  s h o r t- l iv e d  r i s e  o f th e s e  fe ic to rs 

im m e d ia te ly  a f te r  d e l iv e ry  of th e  baby. B row n and  S ta lk e r  

( 1 9 6 9 ) h av e  show n in  th e  h a m s te r  th a t th ro m b o p la s tin  m a te r ia l  can  

e n te r  th e  m a te rn a l  and fo e ta l c i rc u la tio n  d u r in g  p la c e n ta l  

sep aration . T he e n try  of th ro m b o p la s tln  of p la c e n ta l  o r ig in  in to  

circu la tio n  of th e  baby an d  th e  m o th e r  d u rin g  d e liv e ry  m ay  

e x p la in  th e  r a i s e d  le v e ls  of f a c to r s  V and  VIII and  th e  c o r r e la t io n  

be tw een  th e  m a te rn a l  and  c o rd  blood le v e ls  of th e s e  f a c to r s .  The 

p r e s e n c e  of t i s s u e  th ro m b o p la s tin  would a ls o  ac co u n t f o r  the
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s h o r te n e d  re c a lc if lc a t io n  t im e  in  the  c o rd  b lood  d e s p ite  th e  

low  le v e ls  of co a g u la tio n  f a c to rs  II* VII* DC and  X, Indeed* 

th e  v e ry  low  le v e ls  of th e s e  f a c to r s  in  th e  baby  a t  b i r th  m ay  

be p a r t ly  due to  th e i r  co n su m p tio n  a t  th e  t im e  of d e liv e ry  

r a th e r  th a n  e n t ire ly  to  h e p a tic  im m a tu r i ty  a s  g e n e ra lly  

accep ted*  T he low  le v e l  of m an y  of th e  co ag u la tio n  f a c to r s  

in  th e  n ew b o rn  in d ic a te s  th e  p r e c a r io u s  s ta te  o f th e  c lo ttin g  

m e c h a n is m  in  th e  n o rm a l n eo n a te  and acco u n ts  f o r  th e  

in c r e a s e d  s u s c e p tib il i ty  to  h a é m o rr lm g ic  c o m p lic a tio n s  *

The fin d in g s in  th e  co m p o n en ts  o f th e  f ib r in o ly tic  enaym e 

s y s te m  show  a  d is t in c t  c o n t r a s t  be tw een  th e  mothex* and  th e  

new born* T he le v e ls  of f ib rin o g e n  and  p la e m ia o g e n  in  the  

baby  w e re  a .p p ro x im ate ly  h a lf  th e  v a lu e s  found in  th e  m a te rn a l  

blood* R ed u ced  le v e ls  of f ib rin o g en  and  p la sm in o g e n  in  th e  

n ew b o rn  have b een  r e p o r te d  p re v io u s ly  (C ope and  M itch e ll, 1964; 

B a ilo r  a t  al* 1966; F is h e r  a t  a l , 1968); the low  le v e ls  o f 

f ib r in o g e n  and  p la sm in o g e n  co u ld  be ex p la in e d  by e i th e r  a 

re d u c e d  p ro d u c tio n  o r  in c re a s e d  utilii^ation* T he eu g lo b u lin  

l y s i s  t im e  in d ic a te d  a  b r is k  f ib r in o ly tic  a c tiv ity  in  a l l  the  n ew born  

infants*  th e  r e v e r s e  of th e  s itu a tio n  o f re d u c e d  a c tiv i ty  in  th e  

m a te rn a l  blood* T he c o rd  b lood  w as a ls o  m u c h  le a s  s e n s i t iv e
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to  t i r o îd n a s e - in d u ced  ly s i s  th a n  th e  m a te rn a l  b lood , in d ic a tin g  

a  v e ry  m u ch  h ig h e r  le v e l of u ro k in a se  in h ib ito r  in  th e  infant*

K aw ano an d  co lle a g u e s  (1968) show ed th a t th e  h u m an  p la c e n ta  

h ad  a  h ig h  co n ten t o f u i'o k in aae  in h ib ito r  and  th e  p la c e n ta  m ay  

be th e  s o u rc e  of th e  in c r e a s e d  in h ib ito ry  a c tiv i ty  in  th e  in fan t 

a t  birth*

T he in c r e a s e d  f ib r in o ly tic  a c tiv ity  in  th e  n ew b o rn  in d ic a te s  

a  h igh  le v e l o f p la sm in o g e n  a c t iv a to r  in  th e  b a b y 's  c irc u la tio n  

im m e d ia te ly  a f te r  b i r th  and  m ay  be the  r e s u l t  of s t r e s s  and  

t r a n s ie n t  hyp o x ia  in  th e  in fan t d u rin g  v ag in a l delivery* It is  

s u r p r i s in g  h o w ev e r th a t  the  s t r e s s  and  e x e r tio n  of labour does 

n o t Influence th e  re d u c e d  f ib r in o ly tic  a c tiv ity  in  th e  m a te rn a l  

b lood . A h igh  le v e l o f p la sm in o g e n  a c t iv a to r  in  th e  ba,by* 8 

c irc u la t io n  m ay  have a  p ro te c tiv e  ro le  fo r  th e  r a p id  c le a ra n c e  of 

in t r a v a s c u la r  f ib r in  w h ich  cou ld  r e s u l t  f ro m  th e  e n try  of p la c e n ta l  

th ro m b o p la s tin  in to  th e  c ircu la tion  o r  from  th e  t r a u m a  of c h ild ­

b ir th .  In c re a s e d  f ib r in o ly tic  a c tiv ity  w ould h o w ev e r foe a  p o te n tia lly  

h a z a rd o u s  d ev e lo p m en t in  th e  p resen ce  of re d u c e d  le v e ls  of 

co a g u la tio n  f a c to r s .  T he h ig h  le v e ls  of c irc u la t in g  in h ib ito r  w hich  

w e re  a ls o  d em onstrated  in  th e  ba#y w ould s e rv e  to  p r o te c t  th e
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su s c e p tib le  p la s m a  p ro te in s  and  confine th e  a c tio n  o£ 

p la sm in o g e n  a c t iv a to r  to  the  d ig e s tio n  o£ f ib r in  in  a c c o rd  

w ith  S h e r ry 's  h y p o th e s is  of in  v ivo  f ib r in o ly s is  (S h e rry  e t  al# 

1959), T he a b s e n c e  of any in c re a s e  of the le v e ls  of f ib r in  

d e g ra d a tio n  p ro d u c ts  in  th e  n ew born  m ay be a  re f le c t io n  of 

the t im e  fa c to r  r a th e r  th a n  th e  ab sen ce  of f ib r in  d ep o s itio n ; 

s e r i a l  m e a s u re m e n t of the le v e ls  of f ib r in  d e g ra d a tio n  p ro d u c ts  

hm th e  in fa n t d u rin g  th e  f i r s t  w eek  of l ife  w ould be of in te r e s t .

in  th e  p re c e d in g  tw o c h a p te rs  ev id en ce  w as produced  

th a t  d u rin g  c h ild b ir th  an  a c tiv a tio n  of th e  c lo ttin g  and f ib rin e »  

ly tic  s y s te m s  tak es p la c e  in  th e  m a te rn a l  c irc u la tio n ^  T h is  

in v e s tig a tio n  in  th e  new b o rn  su g g e s ts  th a t  a  s im i la r  phenom enon  

■takes p la c e  in  th e  baby . T he m o a t lik e ly  ex p lan a tio n  appoêirs 

to  be th e  e n try  of th ro m b o p la s tin  in to  th e  fo e ta l  and  m a te rn a l  

■circulation during d e liv e ry . The f ib r in o ly tic  en zy m e s y s te m  

in  th e  h ea lth y  m a tu re  n ew b o rn  h o w ev er a p p e a rs  to  be p a r t ic u la r ly  

p r e p a r e d  fo r  the re m o v a l of f ib r in . Boyd (1966) h a s  show n 

th a t  w id e s p re a d  in t r a v a s c u la r  f ib r in  d e p o s itio n  i s  f re q u e n tly  

found in  s t i l lb o rn  infante# p a r t ic u la r ly  fo llow ing  p r e m a tu re  

s e p a ra t io n  of the  p la c e n ta . A cco rd in g  to  A m b ru s  (1966) the



85 .

le v e l  of f ib r in o ly tic  a c tiv i ty  and  c irc u la tin g  p la sm in o g e n  is  

c o n s id e ra b ly  re d u c e d  in  th e  p r e m a tu re  baby. An im p a ire d  

f ib r in o ly tic  re sp o n se  in  th e  p r e m a tu re  baby m ay p red isp o se  

to  th e  p e r s is te n c e  of f ib r in  w h ich  appears to  foe a  p re d o m in a n t 

f e a tu re  of hyaline m e m b ra n e  die e a s e  r

S tu d ies  on th e  p rem ature in fan t s im ila r  to  th o se  reported  

in  th is  c h a p te r  m ay  h e lp  to  ohicida.ta the  p rob lem s of 

h a e m o rrh a g e  and re sp ira to ry  d i s t r e s s  sy n d ro m e  in  th e  p r e m a tu re  

baby .
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SECTION 3,

THE COAGULATION AND FIBRINOLYTIC SYSTEM S 

IN COMPLICATIONS OF PREGNANCY

C h a p te r  9 F ib r in  d e g ra d a tio n  p ro d u c ts  in  c o m p lic a tio n s  

of p reg n an c y .

C h ap te r  10 The co ag u la tio n  and f ib r in o ly tic  m e c h a n ism s  

in  ab ru p tio  p la c e n ta e .

C h a p te r  11 T he co ag u la tio n  and f ib r in o ly tic  s y s te m s  in  

p r e - e c la m p s ia  and  e c la m p s ia .

C h a p te r  12. C onclusion , and Sum mary.
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CHAPTER 9.

FIBRIN DEGRADATION PRODUCTS IN 

COMPLICATIONS OF PREGNANCY

The le v e ls  of c irc u la t in g  f ib r in /f ib r in o g e n  d e g ra d a tio n  

p ro d u c ts  (F , D, P . ) m ay  r e f le c t  f ib r in o ly s is  o c c u r r in g  

”in  v iv o "  in  r e s p o n s e  to  in t r a v a s c u la r  f ib r in  d e p o s itio n .

The p a r t  p la y e d  by f ib r in o ly s is  in  c e r ta in  p a th o lo g ic a l 

s ta te s  h a s  b een  th e  su b je c t of m uch  d isp u te . T h is  h a s  been  

p a r t ic u la r ly  so  in  c o m p lic a tio n s  of p re g n a n c y , w h e re  

ev id en ce  of en h a n ced  f ib r in o ly s is  h a s  r a r e ly  b een  d e m o n s tra te d  

in  th e  c irc u la t in g  b lood  by c lo t ly s is  o r  f ib r in  p la te  te c h n iq u e s . 

C h a p te r  5 d e s c r ib e d  th e  d ev e lo p m en t of th e  im m u n o lo g ic a l 

a s s a y  fo r  m e a s u r in g  F . D, P . and the  s e ru m  le v e ls  found in  250 

h e a lth y  w om en d u rin g  u n c o m p lic a te d  p re g n a n c y , la b o u r  and 

th e  p u e rp e r iu m , and  in  tw elve  p a tie n ts  fo llow ing  c a e s a r e a n  

se c tio n . T h is  cha.pte r  p r e s e n ts  the r e s u l t s  of an  in v e s tig a tio n  

of th e  le v e ls  of F , D. P. in  the  c irc u la tio n  of p a t ie n ts  w ith  

in t r a u te r in e  d ea th , a b ru p tio  p la c e n ta e , e c la m p s ia  and  p o s t -p a r tu m  

h a e m o rrh a g e .
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P a t ie n t  s and  M ethods :

The o b s te t r ic  co m p lic a tio n s  in v e s tig a te d  c o n s is te d  of 

tw elv e  p a tie n ts  w ith  a b ru p tio  p la c e n ta e , fo u r p a t ie n ts  w ith  

in t r a u te r in e  d ea th , tw o p a tie n ts  w ith  e c la m p s ia , and  fo u r 

p a t ie n ts  w ith  p o s t- p a r tu m  h a e m o rrh a g e . A ll of th e  tw elve  

p a tie n ts  w ith  a b ru p tio  p la c e n ta e  h ad  a  m o d e ra te  to  s e v e re  

d e g re e  of c o n c e a le d  r e t r o p ia c e n ta l  h a e m o rrh a g e  a s  ev id en ce d  

by the  c l in ic a l  s ta te  of th e  u te ru s  and th e  p r e s e n c e  of r e t r o -  

p la c e n ta l  c lo t a t  d e l iv e ry . In th e  p a t ie n ts  studied  a f te r  

in t r a u te r in e  d ea th  in  the  th i r d  t r im e s t e r ,  sp o n tan eo u s 

ex p u ls io n  of th e  fo e tu s  took  p la c e  w ith in  fo u r te e n  days of th e  

d ia g n o s is  of in tr a i i te r in e  d ea th . The le v e ls  of F . D. P . in  the  

tw o p a t ie n ts  w ith  e c la m p s ia  w e re  d e te rm in e d  fo llow ing  the  

e c la m p tic  s e iz u r e s .  In the  fo u r p a t ie n ts  w ith  p o s t - p a r tu m  

h a e m o r rh a g e , the  s e r io u s  b lood lo s s  o c c u r r e d  a f te r  p la c e n ta l  

d e l iv e ry  and w as in  e x c e s s  of one l i t r e  in  each  p a tie n t .

B lood sa m p le s  w ere  c o lle c te d  and  a s s a y e d  fo r  s e ru m  

F , D, P . a s  d e s c r ib e d  in  C h ap te r  5 (p ag es 40-42},

RESU LTS

The le v e ls  of s e ru m  F . D. P . found in  th e  o b s te tr ic  

cornpl ic a tio n s  s tu d ie d  a r e  show n in  F ig u re  26 and  th e  m ean
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le v e ls  found in  th e  250 h ea lth y  w om en d u rin g  n o rm a l p re g n a n c y , 

la b o u r  and  th e  p u e rp e r iu m  (C h ap te r  5) a r e  in c lu d ed  fo r  

c o m p a r iso n . As show n in  F ig u re  26 r a is e d  am o u n ts  of F , D, P , 

w e re  rfound in  e a ch  co m p lic a tio n  and s u b s ta n tia l  le v e ls  w e re  

d e te c te d  in  the  s e r a  of the  p a tie n ts  w ith  a b ru p tio  p la c e n ta e . In 

the  tw o p a tie n ts  w ith  e c la m p s ia  in  la te  p reg n an c y  the  le v e l of 

F , D, P . g ra d u a lly  in c re a s e d  o v e r  the  fo u r days a f te r  the 

e c la m p tic  s e iz u r e s .  In v iew  of th e  h igh  le v e ls  of F , D, P , found 

in  a b ru p tio  p la c e n ta e  and  e c la m p s ia  th e s e  co n d itio n s  w e re  

f u r th e r  in v e s tig a te d  in  d e ta il  aa  d e s c r ib e d  in  C h a p te rs  10 and 11, 

In the  f i r s t  tw o w eeks a f te r  in tr a u te r in e  d ea th  th e  le v e l of F , D, P . 

w as m o d e ra te ly  e le v a te d  (16 « 43 [j.g/ml, ) and  s im i la r  le v e ls  

w e re  found in  the  fo u r  p a t ie n ts  ex am in ed  fo llow ing  p o s t-p a r tu m  

h a e m o rrh a g e . In bo th  the l a t t e r  g ro u p s no ev id en ce  of en h an ced  

f ib r in o ly tic  a c tiv ity  w as d e te c te d  in the c irc u la tin g  p la s m a  by the 

eu g lobu lin  c lo t ly s is  m ethod .

DISCUSSION

The r a i s e d  le v e ls  of F . D* P . su g g e s t th a t  in  th e s e  

c o m p lic a tio n s  of p re g n a n c y  both  in t r a v a s c u la r  f ib r in  fo rm a tio n  

and  f ib r in  p ro te o ly s is  a r e  tak in g  p la c e  in  v a ry in g  d e g re e s .  The
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p la c e n ta  and  d ec id u a  w e re  o b s e rv e d  by S e e g e rs  and  S ch n e id e r  

(1951) to  be p a r t ic u la r ly  r ic h  in  c lo t-p ro m o tin g  s u b s ta n c e , and 

in  p re g n a n t w om en  dying soon  a f te r  ab ru p tio  p la c e n ta e ,em b o li 

of f ib r in - l ik e  m a te r ia l  have been  found in  the p u lm o n a ry  

a r te r io l e s  and  in  o th e r  o rg a n s  (S ch n e id e r, 1951 ; M ay er e t a l,

1954; Jo h n sto n e  and  Me G alium , 1956; B e is c h e r , 1961). The 

a c tiv a tio n  of th e  f ib r in o ly tic  s y s te m  is  th e re fo r e  l ik e ly  to  be a 

d i r e c t  o r  in d i r e c t  pz*otective r e s p o n s e  to  in t r a v a s c u la r  c lo ttin g . 

H igh le v e ls  of d e g ra d a tio n  p ro d u c ts  of f ib r in  w ould a ls o  be in  

a c c o rd  w ith  th e  co n cep t th a t  ly s is  of in t r a v a s c u la r  f ib r in  is  due 

to  1 o ca l a c tiv a tio n  of p la sm in o g e n  w ith in  th e  th ro m b i (S h e rry  e t 

a i , 1959). T he re d u c e d  le v e ls  of p la sm in o g e n  a c t iv a to r  in  

p re g n a n c y  (S h ap er e t  a l , 1965; N ilsso n  and  K u lla n d e r , 1967;

B onnar e t  a l ,  1969a) m ay  be im p o r ta n t in  the  p a th o g e n e s is  of 

su ch  co n d itio n s  a s  a c u te  tu b u la r  n e c ro s is  in a s s o c ia t io n  w ith  

c o m p lic a tio n s  of p re g n a n c y  su ch  a s  a b ru p tio  p la c e n ta e , a s  low  

le v e ls  of a c t iv a to r  cou ld  d e lay  th e  re m o v a l of in t r a v a s c u la r  f ib r in  

in  th e  re n a l  c irc u la tio n ; a n im a l s tu d ie s  h av e  show n th a t the  

le v e l of p la sm ia io g eri a c t iv a to r  in  the  e n d o th e liu m  of r e n a l  v e s s e ls  

is  d e c re a s e d  d u rin g  p re g n a n c y  (E p s te in , 1966).

The s u b s ta n tia l  le v e ls  of F* D. P . a r e  of im p o r ta n c e  in  

r e la t io n  to  th e  d e fe c tiv e  h a e m o s ta s is  w h ich  m ay  p r e s e n t  in  a b ru p tio
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p la c e n ta e , a s  th e  d e g ra d a tio n  p ro d u c ts  can  in te r f e r e  w ith  

n o rm a l f ib r in  p o ly m e riz a t io n , th e  th ro m b in -f ib r in o g e n  

r e a c t io n , and  th e  fu n c tio n in g  of the  p la te le ts ,  w ith  th e  r e s u l t  

th a t  c lo t fo rm a tio n  m ay  be d e lay ed  and  d e fe c tiv e . T h is  a s p e c t  

is  f u r th e r  d is c u s s e d  in C h a p te r  10 w hich  d e a ls  w ith  the 

b e h a v io u r  of th e  co a g u la tio n  and f ib r in o ly tic  s y s te m s  in ab ru p tio  

p la c e n ta e . T he in c re a s e d  le v e ls  of d e g ra d a tio n  p ro d u c ts  in  

p a t ie n ts  fo llow ing  e c la m p tic  s e iz u r e s  a lso  in d ic a te d  th a t a  m o re  

d e ta ile d  s tu d y  w as r e q u ir e d  in  p a t ie n ts  w ith  e c la m p s ia  to  

e lu c id a te  th e  ezcplanation fo r  the  a b n o rm a l le v e ls  of F , D, P , 

found in  the  tw o p a tie n ts  w ith  e c la m p s ia . T he in v e s tig a tio n  of 

s e v e re  p re -e c la iT ip s ia  and e c la m p s ia  is  d e s c r ib e d  in  C h a p te r  11.

F o e ta l  d ea th  in  u te ro  is  fo llow ed  by a  g ra d u a l d ep le tio n  of 

c lo ttin g  f a c to r s  ( P r i tc h a r d  and  R atnoff, 1955). I n t r a v a s c u la r  

co a g u la tio n  h as  b een  w id e ly  in c r im in a te d  a s  th e  u s u a l c a u se  of 

f ib r in o g e n  d ep le tio n  in  p a t ie n ts  w ith  a  r e ta in e d  fo e tu s  (P r i tc h a rd :  

1959; H a rd i s ty  and  In g ra m , 1965). T he r e p o r t  of L e r n e r  and 

c o lle a g u e s  (1967) th a t  th e  de]pleted co ag u la tio n  f a c to r s  a f te r  

in t r a u te r in e  d ea th  w e re  c o r r e c te d  by the a d m in is t ra t io n  of 

h e p a r in  a lo n e , w ith o u t b lood o r  f ib rin o g en , and  th e  f in d in g s  in  

th is  s tudy  of r a i s e d  s e ru m  F . D, P , a f te r  in t r a u te r in e  d ea th  a r e
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s tro n g  ev id en ce  th a t  in t r a v a s c u la r  co ag u la tio n  is  the  m e c h a n ism  

re s p o n s ib le  fo r  the  d ep le tio n  of the  c lo ttin g  f a c to r s .

The le v e ls  of F , D, P , w e re  only s lig h tly  e le v a te d  in  the 

p a tie n ts  w ith  p o s t -p a r tu m  haem ox^rhage in  c o n t r a s t  to  the  

p a tie n ts  w ith  ab ru p tio  p la c e n ta e , in w hom  v e ry  h igh  le v e ls  w e re  

found,. H ard aw ay  (1966) h a s  show n e x p o rirn e n ta lly  in  dogs th a t 

h a e z n o rrh a g ic  shock  is  asso c ia ted  w ith  in t r a v a s c u la r  c lo ttin g  if  

h y p o ten sio n  o c c u rs  in  a s s o c ia tio n  w ith  c i r c u m s ta n c e s  w hich  

favour c lo ttin g , su ch  a s  In p reg n an cy  w h ere  h igh  le v e ls  of 

co ag u la tio n  f a c to r s  a r e  p r e s e n t .  The p re s e n c e  of f ib r in  th ro m b i 

in  th e  p i tu i ta ry  w as no ted  by S heehan  and M urdoch  (1938) in 

th e i r  e x te n s iv e  r e p o r t  on n e c ro s is  of the a n te r io r  p i tu i ta ry  in 

p a t ie n ts  dying a f te r  h a e m o rrh a g lc  c o lla p se  a t d e liv e ry . The 

ra p id  r e s to r a t io n  of th e  b lood vo lum e and  c o r r e c t io n  of hy p o ten sio n  

p ro b a b ly  l im its  th e  p r o g re s s io n  of in t r a v a s c u la r  f ib r in  fo rm a tio n  

and  m ay  ex p la in  the  r a r i ty  of S h eeh an 's  sy n d ro m e  fo llow ing  p o s t ­

p a r tu m  h a e m o rrh a g e  in  m o d e rn  o b s te tr ic  p r a c t ic e .

In C h a p te r  5 i t  w as show n th a t th e  le v e ls  of F . D. P . w e re  

in c r e a s e d  d u rin g  n o rm a l la b o u r and th e  p u e rp e r iu m . The 

d e m o n s tra tio n  in  th is  in v e s tig a tio n  of a b n o rm a l am o u n ts  of F , D. P . 

su g g e s ts  th a t in t r a v a s c u la r  f ib r in  d ep o s itio n  and f ib r in o ly s is  a r e
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o c c u r r in g  in  v a ry in g  d e g re e s  in  a b ru p tio  p la c e n ta e , 

in tra u te r ix ie  d ea th , e c la m p s ia  and  p o stip a rtu m  h a e m o rrh a g e . 

T he c l in ic a l  o u tco m e in  th e s e  co m p lic a tio n s  of p re g n a n c y  

p ro b a b ly  dep en d s on th e  b a lan ce  b etw een  c lo ttin g  and  ly s is  

a s  th e  co n d itio n  ev o lv es  but both  th ro m b o tic  v a s c u la r  

o c c lu s io n  an d  d e fe c tiv e  h a e m o s ta s is  a r e  p o s s ib le  se q u e la e .
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CHAPTER 10.

THE BEHAVIOUR OF THE COAGULATION AND 

FIBRINOLYTIC MECHANISMS IN ABRUPTIO PLACENTAE

A b ru p tio  p la c e n ta e  re m a in s  on© of th e  m o s t s e r io u s  h a z a rd s  

of la te  p re g n a n c y , and  the  co ag u la tio n  d e fec t w h ich  m ay acco m p an y  

th is  c o m p lic a tio n  w as f i r s t  d e s c r ib e d  in  1901 by De L ee . S ince 

th e  r e p o r t  of B ieck m an n  (1936) the  h a e m o s ta tic  d e fe c t in  a b ru p tio  

p la c e n ta e  h a s  been  a s c r ib e d  to  f ib rin o g en  d e p le tio n , but the  

p a th o g e n e s is  of th e  h y p o fib rin o g en aem ia  h a s  n o t been  ad e q u a te ly  

e lu c id a te d . T he m a in  th e o r ie s  ad v an ced  in  ex p lan a tio n  of the  

f ib rin o g e n  d ep le tio n  and  h a e m o rrh a g lc  d ia th e s is  a s s o c ia te d  w ith  

a b ru p tio  p lacenta©  in c lu d e  ( I )  d ep o s itio n  of f ib r in  in in t r a u te r in e  

c lo ttin g , i . e .  lo se  of f ib rin o g e n  in to  the  r e t r o p l  a c e n ta l h a e m a to m a  

(S to u ffer and A shw orth* 1968 ; N il sen , 1963; W illoughby, 1966);

(2) l ib e ra t io n  in to  the  c irc u la t io n  of t i s s u e  th ro m b o p la s tin  w hich  

p ro d u c e s  in t r a v a s c u la r  co a g u la tio n  w ith  co n seq u en t f ib r in  

fo rm a tio n  (S c im eid cr, 1950, 1951, 1952, 1959; B e is c h e r ,  1961);

(3) p r im a r y  a c tiv a tio n  of the  f ib r in o ly tic  en zy m e s y s te m  le ad in g  

to  h y p e rp la sm iiia e m ia  and d ig e s tio n  of c irc u la tin g  f ib rin o g en
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(M oloney e t a l , 1949; P h il l ip s  e t a l, 19&2).

F ew  d o cu m en ted  r e p o r t s  oa a b ru p tîo  p la c e n ta e  a r e  

a v a ila b le  w h e re  sp e c if ic  co ag u la tio n  s tu d ie s  an d  a s s e s s m e n t  of 

f ib r in o ly tic  a c tiv ity  h av e  been  p e r fo rm e d , la rg e ly  b e c a u se  of 

th e  em erg en cy  n a tu re  of th e  s itu a tio n s  in  w h ich  tM s co m p lic a tio n  

a r i s e s  an d  the  d e ta ile d  la b o ra to ry  p ro c e d u re s  in v o lv ed  in  m any 

of th e  a s s a y s .  T h is  c h a p te r  p r e s e n ts  th e  r e s u l t s  of a 

d e ta ile d  in v e s tig a tio n  in to  th e  co ag u la tio n  and f ib r in o ly tic  

m e c h a n is m s  and  p la te le t  fu n c tio n  in  a  g roup  of p a t ie n ts  w ith  

a b ru p tio  p la c e n ta e .

A co m p lex  in te r  « re la tio n sh ip  e x is ts  b e tw een  th e  tw o 

s y s te m s  of b lood  co ag u la tio n  and  f ib r in o ly s is ,  invo lv ing  a  b a lan ce  

b e tw een  clotting  and  l y s i s .  F ib r in o ly tic  a c tiv ity  ’*in vivo*' h a s  

a lw ay s been  d if f ic u lt to  d e m o n s tra te  and, a s  a  co n seq u en ce  th e  

p a r t  p la y e d  by f ib r in o ly s is  in  ab ru p tio  p la c e n ta e  h a s  been  m uch  

d isp u te d . T he a p p lic a tio n  of im m u n o lo g ica l m e th o d s  to  th e  d e te c tio n  

of f ib r in /f ib r in o g e n  d e g ra d a tio n  p ro d u c ts  (F . D. P . ) in  th e  c irc u la tio n  

h a s  en a b le d  a new  a p p ro a c h  to  be m ade to  th e  a s s e s s m e n t  of 

f ib r in o ly tic  a c tiv i ty  " in  v iv o " , a s  th e s e  b reak d o w n  p ro d u c ts  p ro v id e  

ev id en ce  th a t p ro te o ly t ic  d ig e s tio n  of f ib r in  o r  f ib r in o g e n  h a s  

p ro b a b ly  re c e n tly  o c c u r re d .



96.

P a tie n ts  and M ethods :

T en p a tie n ts  w ith  ab ru p tio  p la c e n ta e  w e re  s tu d ie d  and  

e ig h t of th e s e  h ad  a s e v e re  d e g re e  of m ix ed  o r  co n c e a le d  

a c c id e n ta l h a e m o rrh a g e  a s  ev id en ced  by the  c l in ic a l  co n d itio n  

of th e  p a t ie n t ,  th e  q u an tity  of r e tro p la c e n ta l  c lo t and  the  

d e liv e ry  of a  s t i l lb o rn  in fan t. T he am oun t of r e p la c e m e n t 

t r a n s fu s io n  g iven  to  th e s e  e ig h t p a t ie n ts  v a r ie d  b e tw een  Z and 

6 l i t r e s  of b lood . T he o th e r  two jDatients had  a le s s  s e r io u s  

d e g re e  of p r e m a tu re  s e p a ra tio n  of the  p la c e n ta  and  th e  b ab ies  

w e re  a liv e  a t b ir th .

B lood w as c o lle c te d  u s in g  p la s t ic  s y r in g e s ,  and  the 

p la s m a  s a m p le s  w e re  o b ta in ed  by m ix ing  9 v o lu m es  of w hole 

b lood  and 1 v o lum e of 3. B% so d iu m  c i t r a te  and  c e n tr ifu g in g  a t 

4^C . S e ru m  s a m p le s  f o r  F . D. P . a s s a y  w e re  o b ta in ed  by adding 

the  w hole b lood im m e d ia te ly  a f te r  v en e p u n c tu re  to  tu b e s  con ta in ing  

g la s s  b ead s  and  a  s ta n d a rd  am oun t of f ib r in o ly tic  in h ib ito r  

(A m in o cap ro ic  a c id , 10 M o la r o r  tra n e x a m ic  a c id  10 M o la r) to  

a r r e s t  f ib r in o ly tic  a c tiv ity  in the  blood sa m p le  su b se q u e n t to  the 

co lle c tio n  of th e  sp e c im e n . K xam ination  w as a ls o  m ade of blood 

is s u in g  f ro m  th e  v ag in a  in  m ix ed  a c c id e n ta l h a e m o rrh a g e  and  of the  

b lood  in  p ro x im ity  to  the  r e t ro p la c e n ta l  c lo t a t  d e l iv e ry  of th e  p la c e n ta .
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The la b o ra to ry  m ethocle em p lo y ed  a r e  d e s c r ib e d  in  A ppendix  

3.

P la s m a  f ib rin o g e n  le v e ls  w e re  m e a s u re d  a.s th ro m b in  

c lo tta b le  p ro te in  by th e  m ethod  of H atnoff and M enzie (1965). 

P lasm in ogen  a s s a y s ,  eu g lobu lin  ly s is  t im e s  and th ro m b in  

c lo ttin g  t im e s  w e re  c a r r i e d  out a s  d e s c r ib e d  by M cN icol and  

D ouglas (1964), T he a c tiv ity  in  th e  eug lo b u lin  c lo t ly s i s  t e s t  

w as e x p re s s e d  in  a r b i t r a r y  u n its  of p la sm in o g e n  a c t iv a to r ,  one 

u n it being  eq u iv a le n t to  the  r e c ip ro c a l  of a  ly s is  tim e  of 300 

m in u te s . P ro th ro m b in  w as a s s a y e d  by a  one « s tag e  tech n iq u e  

u s in g  the  m e th o d  of O w ren  and A as (1951); f a c to r  V by th e  

m e th o d  of B iggs and M a cfa rlan e  (1962); the  f a c to r s  VIII and ÏX 

by a  o n e« s tag e  m e th o d  a s  d e s c r ib e d  by B re c k e n r id g e  and R atnoff 

( 1 9 6 2 ). T he p la te le t  coun t w as p e r fo rm e d  a c c o rd in g  to  th e  m ethod  

of D ac ie  (1963); p la te le t  a d h e s iv e n e s s  w as m e a s u re d  by a 

m o d ified  H ellem *s te ch n iq u e  (H irsh  e t  a l , 1966) and  A. D, P .

Induced  p la te le t  a g g re g a tio n  ae d e s c r ib e d  by B o rn  (1962). F ib r i n /  

f ib r in o g e n  d e g ra d a tio n  p ro d u c ts  w e re  a s s a y e d  u s in g  ta n n ed  re d  

c e lls  a s  d e s c r ib e d  by M ersk ey  e t a l (1966) w ith  the  m o d ific a tio n s  

d e s c r ib e d  p re v io u s ly  (C h ap te r  5; B onnar e t a l, 1969c) and  th e  s e ru m  

w as in c u b a te d  w ith  o n e - te n th  of i t s  vo lum e of th ro m b in  (100 u n its  

m l) to  re m o v e  any r e s id u a l  th ro m b in -c lo tta b le  f ib rin o g e n , so  th a t
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as f a r  a s  p o s s ib le  only  p ro d tic ta  im m u n o lo g ica lly  id e n tic a l  to  

f ib r in o g e n  but n o t c lo tta b le  by th ro m b in  w e re  m e a s u re d .

The v a lu e s  fo r  n o rm a l p re g n a n c y  and  la b o u r  w e re  

d e te rm in e d  by an in v e s tig a tio n  of 20 h ea lth y  p re g n a n t w om en,

RESULTS

In f ig u re  27 th e  le v e ls  of f ib rin o g e n , s e r u m  F , D. P . , 

p la sm in o g e n  and  p la sm k n o g en  a c tiv a to r  in  th e  c i rc u la tin g  blood 

in  th e  p a t ie n ts  w ith  a b ru p tio  p la c e n ta e  a r e  c o m p a re d  w ith  fin d in g s 

in  n o rm a l  la b o u r . T he le v e ls  r e c o rd e d  a r e  th o s e  o b ta in ed  b e fo re  

any sp e c if ic  th e ra p y  had  b een  a d m in is te re d  and  e i th e r  b e fo re  the  

t r a n s fu s io n  of banked  b lood  o r  s h o r tly  a f te r  th e  tr a n s fu s io n  had  

b een  s ta rted *  T he le v e l  of p la s m a  f ib rin o g e n  found in  n o rm a l 

la b o u r  ra n g e d  f ro m  230 to  600 rng/lOO m l but only one of th e  

p a t ie n ts  w as w ith in  th is  ra n g e  and  th e  r e m a in d e r  h ad  le v e ls  of 

be tw een  35 and  200 m g / 100 m l. In the  e ig h t p a t ie n ts  w ith  a  s e v e re  

d e g re e  of a b ru p tio  p la c e n ta e  th e  le v e l of s e ru m  F . D, P . w as 

s u b s ta n tia lly  above th a t  found in  n o rm a l la b o u r  (2-l6}.ig m i). The 

p la sm in o g e n  le v e ls  in  a b ru p tio  p la c e n ta e  w e re  in  th e  ra n g e  1.1 to  

3. 7 c a s e in  u n its  m l. Seven of the te n  p a tie n ts  h ad  v a lu e s  betw een  

2 and  4 c a s e in  u n its  p e r  m l w hich  w e re  m uch  re d u c e d  w hen c o m p a re d  

to  th e  le v e l of p la sm in o g e n  found in  n o rm a l p re g n a n c y  and  la b o u r ,
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alth o u g h  th e y  w e re  w ith in  th e  n o rm a l ra n g e  fo r  n o n -p re g n a n t 

su b je c ts  (B onnar e t  a l ,  1969a), Ho s ig n if ic a n t d if fe re n c e  w as 

p r e s e n t  b e tw een  th e  le v e ls  of c irc u la tin g  p la sm in o g e n  a c t iv a to r , 

a s  e s t im a te d  by th e  eu g lobu lin  c lo t ly s is  t im e , in  p a t ie n ts  

s tu d ie d  d u rin g  n o rm a l la b o u r  and in  ab ru p tio  p la c e n ta e . A s 

show n in  f ig u re  28 c o n s id e ra b le  o v e r la p  w as found b etw een  the  

p la te le t  co u n ts  of p a tie n ts  w ith  ab ru p tio  p la c e n ta e  and  th o se  in  

n o rm a l la b o u r .

In one of th e  te n  p a t ie n ts ,  t r a n s ie n t  ev id en ce  of a  sy s te m ic  

p ro te o ly t ic  s ta te  w as p r e s e n t  (fig u re  29)* T h is  p a t ie n t had  a  

s e v e re  m ix e d  a c c id e n ta l h a e m o rrh a g e , and  d e fe c tiv e  h a e m o s ta s is  

w as ev id en t f ro m  th e  oozing  a t the  s i te s  of v e n e p u n c tu re . The 

eu g lo b u lin  c lo t ly s i s  tim e  in d ic a te d  h igh  le v e ls  of p la sm in o g e n  

a c t iv a to r  in  th e  c irc u la tio n  but tw o h o u rs  l a t e r ,  in  th is  p a tie n t, 

low  le v e ls  of a c t iv a to r  w e re  p r e s e n t .  Both the  p la sm in o g e n  and 

f ib rin o g e n  w e re  a t v e ry  low  le v e ls  fo r  p reg n a n c y  and  th e  s e ru m  

F , D, P . le v e l w as m o re  th an  200 t im e s  th e  m e a n  le v e l  found in  

n o rm a l la b o u r; th e  p la te le t  coun t w as a ls o  d ep re ssed *  T h is  

p a t ie n t  w as g iven  f ib rin o g en  (4 gm  o v e r  2 h o u rs )  and th e  le v e l of 

p la s m a  f ib rin o g e n  in c re a .se d  f ro m  80m g to  1 4 0 m g /l0 0  m l but 

d u rin g  th e  sa m e  in te rv a l  th e  le v e l of c irc u la tin g  F . D, P . in c re a s e d
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f ro m  600pg to  IZOOpg/ml s e ru m . S pontaneous d e liv e ry  o c c u r re d  

five  h o u rs  a f te r  a d m iss io n  and  o v e r  500m l of r e t ro p la c e n ta l  c lo t 

w as p r e s e n t .  P o s t - p a r tu m  h a e m o s ta s is  w as s a t is f a c to ry  although  

a t th e  t im e  of d e l iv e ry  th e  p la te le t  coun t w as l e s s  th a n  50, 0 0 0 / 

c. m m .

One p a tie n t w ith  a  s e v e re  d e g re e  of a b ru p tio  p la c e n ta e  and  

a  h a e m o r rh a g ic  s ta te  a t 34 w eeks g e s ta tio n  is  of p a r t ic u la r  

in te r e s t  a s  she  re c e iv e d  f ro m  h e r  o b s te tr ic ia n  no t r e a tm e n t  p r io r  

to  d e l iv e ry  a p a r t  f ro m  a  tra n s fu s io n  of 1 l i t r e  of banked  blood.

In f ig u re  30 th e  le v e ls  of p la s m a  fib rin o g en , p la sm in o g e n , s e ru m  

F .  D, P . and p la te le ts  a r e  show n, and in  f ig u re  31 th e  th ro m b in  

c lo ttin g  tim e  and  co ag u la tio n  f a c to r s  II, V, VIII and  IX, T he 

f ib rin o g e n  and p la sm in o g e n  le v e ls  w e re  m a rk e d ly  d e p re s s e d  and  

th e  s e ru m  F , D, P . le v e l w as  e x tre m e ly  h igh  a t 12B0f.tg/ml. The 

p la te le t  co u n ts  2 h o u rs  and  30 m in u te s  b e fo re  d e l iv e ry  w e re  

75, 000 an d  50, 0 0 0 /c. m m , re s p e c tiv e ly ; no ag g re g a tio n  of the  

p la te le ts  cou ld  be d e te c te d  a f te r  ad d itio n  of A, D, P , and  p la te le t  

a d h e s iv e n e s s  to  g la s s  w as m a rk e d ly  re d u c e d  a t 20 p e r  cen t.

T he le v e ls  of co ag u la tio n  f a c to r s  II, V and VIII w e re  found to  be 

a b n o rm a lly  low  u n til  a f te r  d e liv e ry . F o llow ing  d e liv e ry  the 

le v e l of c i r c u la t in g  F D P  ra p id ly  d e c re a s e d , and  the  th ro m b in
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c lo ttin g  tim e  and  th e  le v e ls  of f a c to rs  II, V and  V lllan d  

f ib rin o g e n  r e tu rn e d  to  n o rm a l. R ed u ced  p la te le t  a d lie s iv e n e s s  

and  a b se n c e  of p la te le t  a g g re g a tio n  w e re  found in  fo u r 

p a t ie n ts  w ith  a b ru p tio  p la c e n ta e  who w e re  in v e s tig a te d  p r io r  

to  th e  in fu s io n  of w hole blood.

In f ig u re  32 a r e  show n the  sp o n taneous In c r e a s e  of the 

p la s m a  f ib rin o g e n  and  d e c re a s e  of s e ru m  F . D. F . a f te r  v ag in a l 

deli%>'ex’y in  a  p a t ie n t w ith  abruplk) p la c e n ta e . T he s e r ia l  

o b se rv a tio n s  p e r fo rm e d  on th is  p a tie n t in d ic a te  th a t  th e  

d e g ra d a tio n  p ro d u c ts  w ero  qu ick ly  e lim in a te d  f ro m  th e  

c irc u la tio n . In  th e  p a t ie n t show n in f ig u re  32 u r in e  a s s a y  fo r  

F , D, P . w hen th e  s e ru m  le v e l w as l2B 0|i.g /m l show ed  a  le v e l of 

40p,g/m L T he F . D. P , in  th e  u r in e  m ay be th e  r e s u l t  of 

e x c re tio n  f ro m  the c irc u la tin g  b lood o r f ro m  th e  ly s is  of f ib r in  

in  th e  r e n a l  v a s c u la tu re .

In e ig h t p a t ie n ts  th e  b lood  is su in g  f ro m  th e  v ag in a  in  

m ix ed  a c c id e n ta l h a e m o rrh a g e  and the  blood su rro u n d in g  th e  

x^etre p la c e n ta l c lo t a f te r  d e liv e ry  w as ex a m in e d  fo r  F , D. P . and  

p la sm in o g e n . T he le v e ls  of F , D. P . w e re  s ig n if ic a n tly  lo w er 

th a n  th a t found in  the circula.# ing  b lood in  the  sa m e  p a tie n ts  and 

the  p la sm in o g e n  le v e l w as s im i la r  to  th a t in  th e  s y s te m ic  p la s m a  

(T ab le  46).
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DISCUSSION

The d a ta  p r e s e n te d  in  th is  c h a p te r  in d ic a te  th a t  th e  d ep le tio n  

of f ib r in o g e n  in  a b ru p tio  p la c e n ta e  is  only one p a r t  of a  co m p lex  

sy n d ro m e  in vo lv ing  th e  co ag u la tio n  and  f ib r in o ly tic  m e c h a n is m s .

T he in c id e n c e  of f ib r in o g e n  d ep le tio n  in  a b ru p tio  p la c e n ta e  h a s  

b een  r e p o r te d  a s  v a ry in g  f ro m  5% (B ourne  and  R e e d e l, 1958) to  

20% (F e e n e y , 1955; H atton , 1961). T he p r e s e n t  r e s u l t s  a r e  in  

a c c o rd  w itli N ils  en  (1963) who found th a t  in  n e a r ly  a l l  c a s e s  of 

a b ru p tio  p la c e n ta e  d ep le tio n  of f ib rin o g en  is  p r e s e n t  w hen 

c o m p a re d  to  th e  le v e ls  found in  n o rm a l la b o u r . In ad d itio n  to  low  

le v e ls  of c irc u la t in g  f ib rin o g e n  a  d e c re a s e  in  p la sm in o g e n  and 

e x tre m e ly  h ig h  le v e ls  of F . D. P . w e re  found in  th e  p r e s e n c e  of 

d im in ish e d  s y s te m ic  fi b r in o iy tic  a c tiv ity . F ib r in o ly tic  a c tiv ity  

h a s  in  p re v io u s  s tu d ie s  been  a s s e s s e d  so le ly  by c lo t ly s i s  o r  f ib r in  

p la te .te c h n iq u e s  and  th e  a c tiv ity  d e m o n s tra te d  in  th e  s y s te m ic  

c i rc u la tio n  w as in te r p r e te d  a s  in d ic a tin g  th a t  f ib r in o ly s is  p la y ed  no  

p a r t  in  th e  sy n d ro m e . T he s u b s ta n tia l  le v e ls  of F . D. P . in  a b ru p tio  

p la c e n ta e  w h ich  have  been  de m on s t r  a t e d s ig n ify  th a t  a c tiv e  f ib r in ­

o ly s is  i s  tak in g  p la c e . T he lo w e r  le v e ls  of F . D. P . in  th e  b lood  

is s u in g  f ro m  th e  v ag in a  b e fo re  d e l iv e ry  and in  th e  b lood  in  p ro x im ity  

to  the  r e t r o p la c e n ta l  c lo t a f te r  d e l iv e ry , in d ic a te  th a t  lo c a l f ib r in o ly tic
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a c tiv ity  in  th e  p la c e n ta l  bed  a t th e  s i te  of th e  r e t r o p la c e n ta l  c lo t 

is  n o t th e  s o u rc e  of th e  h igh  le v e ls  of th e  F* D* P . in  the  

c irc u la tio n .

In th e  p re s e n c e  of d im in ish e d  s y s te m ic  f ib r in o ly tic  

a c tiv i ty  a  h ig h  le v e l o f F . D. P . su g g e s ts  th a t  th e s e  p ro d u c ts  a r e  

m o s t lik e ly  the  r e s u l t  of ly s is  of f ib r in  a s  o p p o sed  to  ly s is  of 

c irc u la t in g  f ib r in o g e n . Low le v e ls  of f ib r in o g e n  and  p la sm in o g e n  

and la rg e  am o u n ts  of F , D. P* in  the  c ircu lc itio n  w ou ld  be 

c o n s is te n t  w ith  th e  co n c ep t th a t in t r a v a s c u la r  co a g u la tio n , 

g e n e ra l is e d  or  lo c a l is e d  to  sp e c if ic  o rg a n s , h ad  been  fo llow ed  

by a c tiv a tio n  of th e  f ib r in o ly tic  m e c h a n ism . R em o v a l of f ib r in  

d e p o s its  in  su c h  c i rc u m s ta n c e s  m ay  be m e d ia te d  th ro u g h  

a d s o rp tio n  of c irc u la t in g  p la sm in o g e n  a c t iv a to r  on th e  f ib r in  w h ich  

is  th en  ly s e d  by a c tiv a tio n  of p la sm in o g e n  in  c lo se  a s s o c ia t io n  w ith  

f ib r in . An a l te rn a t iv e  ex p lan a tio n  cou ld  be th a t  f ib r in  is  ly s e d  by 

a c t iv a to r  r e le a s e d  f ro m  u n d e rly in g  en d o th e liu m  (T odd, 1964; 

W a rre n , 1964), T he c le a ra n c e  of f ib r in  f ro m  th e  c i r c u la t io n  w ould  

s e e m  to  be s im u lta n e o u s  w ith  i ts  fo rm a tio n  a s  show n by th e  s h a rp  

fa ll  of f ib r in  b reak d o w n  p ro d u c ts  a f te r  d e l iv e ry  ( f ig u re  32); th is  

w ould  ex p la in  why ev id en ce  of w id e s p re a d  f ib r in  d ep o s itio n  h as  

r a r e ly  b een  r e p o r te d  in  fa ta l  c a s e s .  A lthough  su c h  f ib r in o ly tic
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a c tiv ity  w ou ld  a p p e a r  to  be a  p ro te c t iv e  m e c h a n ism  a g a in s t  

v a s c u la r  o c c lu s io n  th e  r e le a s e  of la rg e  am o u n ts  of d e g ra d a tio n  

p ro d u c ts  of f ib r in  in to  th e  c irc u la t io n  w ill have  im p o r ta n t  

b io lo g ic a l e f fe c ts .

C irc u la tin g  F , D. P . , p a r t ic u la r  th e  e a r ly  p ro d u c ts  of 

d ig e s tio n  of f ib r in  o r  f ib rin o g e n , have a  co m p lex  a n tico a g u lan t 

e ffe c t and  in te r f e r e  bo th  w ith  th e  th ro m b in - f ih r in o g e n  re a c tio n  

and  w ith  th e  p o ly m e r is a t io n  of f ib r in . "In  v itro* ' F , D. P . a ls o  

b lock  p la te le t  a g g re g a tio n  and  ad h e s io n  (K ow alsk i, 1964;

W ilson  a t  a l ,  1968). A s found  h e re  in  ab ru p tio  p la c e n ta e  no 

A. D, P . in d u ced  a g g re g a tio n  of p la te le ts  co u ld  be de m on s t r  a t e d 

and p la te le t  a d h e s iv e n e s s  w as m a rk e d ly  d e p r e s s e d  in  th e  p re s e n c e  

o l h igh  le v e ls  of c i rc u la tin g  F . D. P . In v iew  of th e s e  p ro fo u n d  

e ffe c ts  of F . D, P . on the  co ag u la tio n  m e c h a n ism  and  p la te le t  

fu n c tio n  i t  s e e m s  h igh ly  p ro b a b le  th a t b reak d o w n  p ro d u c ts  of f ib r in  

a r e  a  m a jo r  f a c to r  in th e  d e fe c tiv e  h a ,em o e ta s is  of a b ru p tio  

p la c e n ta e . T h e se  p ro d u c ts  w ill a ls o , h o w ev e r, have  a  b e n e fic ia l 

ro le  in  in h ib itin g  th e  p r o c e s s  of f ib r in  d ep o s itio n  in  th e  v a s c u la r  

t r e e .  T he f r ia b le  n a tu re  o f th e  c lo ts  fo rm in g  in  th e  p r e s e n c e  of 

b reak d o w n  p ro d u c ts  m ay  be e r ro n e o u s ly  in te rp r e ta te d  a s  in d ic a tin g  

th e  p r e s e n c e  of p a th o lo g ic a l p ro te o ly s is  w ith  ly s i s  of f ib r in o g e n  in  

th e  c irc u la t io n .
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ÇJtudies On the  am o u n ts  of fibrcin and  h aem o g lo b in  in  th e  

blood and  c lo ts  r e c o v e re d  fx*om th e  u te r in e  ca v ity  of p a tie n ts  

w ith  a b ru p tio  p la c e n ta e  have  show n th a t in t r a u te r in e  f ib r in  

d e p o s itio n  is  no t of m a jo r  im p o r ta n c e  in th e  g e n e s is  of the  

d e p le tio n  of th e  c irc u la t in g  f ib rin o g en  ( P r i tc h a r d  and  B rek k e n , 

1967). T he fin d in g s  of th is  s tu d y  in d ic a te  th a t  in  a b ru p tio  

p la c e n ta e  th e  m o s t lik e ly  se q u en ce  of ev en ts  le a d in g  to  the  

f ib rin o g e n  d e p le tio n  an d  d e fec tiv e  h a e m o s ta s is  is  p r im a r y  

in t r a v a s c u la r  co a g u la tio n  m o s t p ro b ab ly  a s  a  r e s u l t  of co ag u lan t 

s u b s ta n c e s  f ro m  th e  p la c e n ta l  s i te  e n te r in g  th e  c irc u la t io n  as 

su g g e s te d  by S ch n e id e r  (1959). A t th e  s i te s  of f ib r in  d ep o s itio n  in  

th e  v a s c u la r  c o m p a r tm e n t, lo c a l  a c tiv a tio n  of p la sm in o g e n  to  

p la s m in  w ould  r e le a s e  la rg e  am o u n ts  of f ib r in  b reak d o w n  p ro d u c ts  

in to  th e  c irc u la t io n . A s found in  one of the  p a tie n ta  (fig u re  29), 

th e  f ib r in o ly tic  a c tiv i ty  w h ich  is  u su a lly  co n fin ed  to  lo c a l ac tio n  

m ay  ex ten d  t r a n s ie n t ly  to  the  g e n e ra l  circula.# ion  a s  a  s y s te m ic  

p ro te o ly t ic  s ta te  (F le tc h e r  e t  a l, 1962).

A s th e  c l in ic a l  p ro b le m  in  a b ru p tio  p la c e n ta e  is  s h o r t - l iv e d  

and  the  g r e a t  m a jo r i ty  of the  p a t ie n ts  s u rv iv e , i t  is  v e ry  d iff icu lt 

to  c o r r e la te  th e  sp e c if ic  a p p ro a c h  to  m a n ag em en t in  any g iven  

p a tie n t w ith  th e  c l in ic a l  o u tco m e. It is  th e re fo r e  u n w ise  to  be 

d o g m a tic  a t th e  p r e s e n t  tim e  abou t th e  m a n ag em en t of a b ru p tio
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p la c e n ta e . In th e  co n tex t of a  g e n e ra l is e d  h a e m o s ta tic  d e fe c t 

o p e ra t iv e  in te r f e r e n c e  w ould  s e e m  to  be c o n tra - in d ic a te d  and 

sh o u ld  be av o id ed  if a t  a l l  p o s s ib le . The r e c e n t  r e p o r t  of 

P r i t c h a r d  and B rek k en  (1967) on 141 c a s e s  of a b ru p tio  

p la c e n ta e  h a s  show n th a t  w hen v ag in a l d e l iv e ry  w as  a x c o m p lish e d  

w ith o u t t r a u m a , trea -tm en t w ith  f ib rin o g en  w as r a r e ly  in d ic a ted . 

A d m in is tra tio n  of f ib rin o g e n  is  one of th e  t r a d i t io n a l  m e th o d s 

of t r e a tm e n t  fo r  th e  d e fe c tiv e  h a e m o s ta s is  in  a b ru p tio  p la c e n ta e . 

T he o b s e rv a tio n  in  th is  s tudy  th a t  th e  P . D. P . le v e l m a rk e d ly  

in c r e a s e d  a f te r  in fu s io n  of f ib rin o g en  r a i s e s  f u r th e r  doub ts a s  to  

th e  d e s i r a b i l i ty  of th is  th e ra p y .

R e ce n tly  R e id  and  C han (1968) o b se rv e d  th a t in  five  p re g n a n t 

w om en  b itte n  by th e  M alayan  p i t  v ip e r  s e v e re  h y p o fib rin o g e n a e m ia  

d ev e lo p ed  y e t no  b leed in g  p ro b le m s  a ro s e .  It i s  now  know n th a t 

th e  ac tio n  of th is  v en o m  is  to  d ep le te  f ib rin o g e n  w ith o u t a ffec tin g  

o th e r  c o a g u la tio n  f a c to r s .  D ep le tio n  of f ib rin o g en  p e r  se  is ,  

th e r e f o r e ,  lik e ly  to  foe of l e s s  im p o r ta n c e  in  th e  d e f ib r in a tio n  

sy n d ro m e  th an  th e  d ep le tio n  of th e  o th e r  co a g u la tio n  f a c to r s  and 

th e  d is tu rb a n c e  of th e  c lo ttin g  p r o c e s s  and  p la te le t  fu n c tio n  

in d u ced  by h ig h  le v e ls  of f ib r in  b reakdow n p ro d u c ts .

The r a p id  d e c r e a s e  of th e  le v e ls  of f ib r in  b reak d o w n  p ro d u c ts  

a f te r  delivex’y e m p h a s is e s  th a t p ro m p t v ag in a l d e l iv e ry  w ithou t
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t r a u m a  i s  l ik e ly  to  be th e  m o s t  e ffec t iv e  w ay  of r e s to r in g  

th e  h a e m o s ta t ic  m e c h a n is m  to  n o rm a l .  The d e c r e a s e d  le v e ls  

of f a c to r s  II, V and  VIII, and  th e  d is tu rb a n c e  of p la te l e t  

func tion  in d ic a te s  th a t  the  m o s t  r a t io n a l  a p p ro a c h  to  t r e a tm e n t  

i s  th e  t r a n s f u s io n  of f r e s h  w hole b lood  to  p ro v id e  a  fu ll  

c o m p le m e n t  of co a g u la t io n  f a c to r s  and  v ia b le  p l a t e l e t s ,  r a t h e r  

th a n  a  l a r g e  q u an tity  of ro u tin e  bank blood w hich  i s  d e f ic ie n t  

in v ia b le  p la te l e t s  and, in  so m e  m e a s u r e ,  in  f a c to r s  V and 

VIII. H ypovo lae rn ia  and  sh o ck  have  a lso  b een  show n to  

p r e d i s p o s e  to  in t r a v a s c u l a r  c lo ttin g  (H ardaw ay , 1966) and 

c e n t r a l  ven o u s  p r e s s u r e  s tu d ie s  in  p a t ie n ts  w ith  a b ru p t io  

p la c e n ta e  h av e  d e m o n s t r a te d  th a t  s e v e r e  h y p o v o la e m ia  often  

e x i s t s  w h ich  i s  no t r e f l e c te d  in the a r t e r i a l  b lood  p r e s s u r e  

(O *D risco ll  and  M c C arth y , 1966; De V a le ra ,  1968; M uldoon, 

1 9 6 9 ). T he r a p id  and ad eq u a te  c o r r e c t io n  of th e  d e p le te d  

b lood  v o lu m e  by m o n ito r in g  of the  c e n t r a l  ven o u s  p r e s s u r e  m ay  

a lso ,  th e r e f o r e ,  be a f a c to r  in  l im it in g  the  p r o c e s s  of in t r  a -  

v a s c u la r  f ib r in  fo rm a t io n .

The b a la n c e  of ev id en ce  now av a ila b le  w hich  c a s t s  m o re  

l ig h t  on th e  n a tu r e  of the  u p s e t  of h a e m o s ta s i s  in a b ru p t io  

p la c e n ta e  su g g e s ts  th a t  th e ra p y  w ith  f ib r in o ly t ic  in h ib i to r s  su ch
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as  am in o -cap x ’o le  a c id  o r  T ra s y lo l  m a y  be p o te n t ia l ly  

h a z a rd o u s  in  th a t  su ch  ag e n ts  w ill  in h ib i t  p la s m in o g e n  

a c t iv a t io n  in  i n t r a v a s c n l a r  f ib r in  d e p o s i ts  and, t h e r e f o r e ,  

th e y  m a y  c a r r y  a  r i s k  of p ro m o tin g  v a s c u la r  o c c lu s io n  and  

su ch  f u r th e r  c o m p lic a t io n s  a s  ren a l d a m a g e . T he a p p re c ia t io n  

th a t  s y s te m ic  f ib r in o ly t ic  a c t iv i ty  in p re g n a n c y  i s  alx*eady 

m a rk e d ly  r e d u c e d  h a s  e m p h a s is e d  the p o te n t ia l  h a z a r d  of 

f ib r in o ly t ic  ih h ib i to ra  in  th is  con tex t.
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CHAPTER 11

THE COAGULATION AND FIBRINOLYTIC SYSTEMS IN 

PR E-EC LA M PSIA  AND ECLAMPSIA

The ae tio lo g y  of p r e - e c l a m p s i a  r e m a in s  o b s c u re .

J e ffco a te  (1966) s u m m a r i s e d  m a n y  of the  p a th o lo g ic a l  f a c to r s  

known to  be a s s o c ia te d  w ith  p r e - e c l a m p s i a  and a f f i rm e d  th a t  

i t  w as a d i s e a s e  of th e o r i e s .  The p o s s ib le  r o le  of th e  

c o a g u la t io n  and  f ib r in o ly t ic  s y s te m s  w as no t in c lu d ed  and  th is  

a s p e c t  h a s  r e c e iv e d  l i t t l e  a t ten tio n . In so m e  fa ta l  c a s e s  of 

e c la m p s ia ,  h o w ev e r ,  a  p ro m in e n t  finding h a s  been  w id e s p re a d  

f ib r in  d ep o s it io n , M cKay and  c o l le a g u e s  (1953) found ev id en ce  

of w id e s p re a d  th ro m b u s  fo rm a t io n  a t au topsy  in  9 out of 10 

e c la m p t ic  p a t ie n t s ,  w hile  in  p a t ie n ts  who s u rv iv e d  e c la m p s ia ,  

l i v e r  b io p s ie s  show ed f ib r in  th ro m b i.  E a r l i e r ,  P a g e  (1948) 

and  S ch n e id e r  (1951) s u g g e s te d  th a t  the  th ro m b i  found a t  au topsy  

in c a s e s  of e c la m p s ia  r e s u l t e d  f ro m  the r e l e a s e  of th ro m b o -  

p la s t i c  s u b s ta n c e s  f r o m  the  p la c e n ta l  bed.

R ecen tly  e le c t ro n  m ic ro s c o p ic  s tudy  of t i s s u e  o b ta in ed  by 

r e n a l  b iopsy  f ro m  p a t ie n ts  w ith  p r e - e c l a m p s i a  h as  r e v e a le d  

g lonrieru lar  ch an g es  w hich  a p p e a r  to  be sp e c if ic  fo r  th is  d i s e a s e .
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T he le s io n  c o n s is ts  of sw elling  of the g lo m e r u la r  c a p i l l a ry  

en d o th e liu m , i n c r e a s e  of in te r  c a p i l la ry  c e l l s  and 

d e p o s it io n  of an a m o rp h o u s  f ib r in o id  m a te r ia l  w ith in  the  

c e l ls  and  ben ea th  th e  b a s e m e n t  m e m b ra n e .  (P o lia k  and 

N e tt le s ,  I960; A ltchek , 1961). M o r r i s  and  c o l le a g u es  

( 1 9 6 4 ) by im m u n o f lu o re sc a n t  te ch n iq u e s  show ed th a t  the 

m a te r i a l  in the  g lo m e ru l i  w as  id e n t ic a l  to  f ib r in .

E x te n s iv e  f ib r in  d ep o s it io n  h as  a lso  been  shown in  the  

s p i r a l  a r t e r i o l e s  ox the  p la c e n ta l  bed of p a t ie n ts  w ith  p r e ­

e c la m p s ia  (Dixon and R o b e r tso n ,  1958) and th is  w as 

i n t e r p r e t e d  a s  being the  e ffec t  of h y p e r te n s io n .

L a te ly  ev id en ce  h a s  been  accu m u la tin g  tha.t th e  f ib r in o ­

ly t ic  s y s t e m  m ay  be im p l ic a te d  in the  m e c h a n is m s  w hich

in f lu en ce  b lood p r e s s u r e  and blood flow (N iew iaro w sk l, 1968),
\

The p h y s io lo g ica l  ro le  of p la sm in o g e n  a c t iv a to r  i s  m o s t  l ik e ly  

to  k e e p  the blood v e s s e l s  f r e e  of f ib r in  d e p o s i ts  w hich  m ig h t 

in t e r f e r e  w ith  blood flow. In s i tu a t io n s  w h e re  th e  s e c r e t io n  o r  

ac tio n  ox p la sm in o g e n  a c t iv a to r  is  im p a i r e d  f ib r in  dep o s it io n  

w ould be m o re  l ik e ly  to  o c c u r  and h y p e r te n s io n  m ay  be a 

c o m p e n s a to ry  m e c h a n is m  to  o v e rc o m e  in c r e a s e d  p e r ip h e r a l
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r e s i s t a n c e  c a u s e d  by in t r  a v a s c u la r  f ib r in .

To the  author* s know ledge th e re  have  b een  no d e ta i le d  

and  s e r i a l  s tu d ie s  of co m p o n en ts  of th e  f ib r in o ly t ic  e nés y m e 

s y s te m  in a  w e l l -d e f in e d  g roup  of p a t ie n ts  w ith  s e v e r e  p r e ­

e c la m p s ia  and  e c la m p s ia .  The following in v e s t ig a t io n  w as 

u n d e r ta k e n  to  th ro w  so m e  lig h t  on the ro le  of the  

coagulation  and f ib r in o ly t ic  m e c h a n is m s  in th is  c o m p lex  

d i s e a s e  p r o c e ss .

PATIENTS AND METPIODS

T en  p a t ie n ts  w ith  s e v e r e  p r e - e c l a m p s i a  be tw een  33 and 

37 w eek s  g e s ta t io n  w e re  s tu d ie d  and  two of th e s e  p a t ie n ts  

d ev e lo p ed  e c la m p s ia .  The d ia g n o s is  of p r e - e c l a m p s i a  w as 

b a s e d  upon th e  fo llow ing c r i t e r i a :

(1) a  blood p r e s su r e  of 150/100 m m . Hg. o r  o v e r ,  

p r o te in u r i a  of 1 g o r  o v e r  p e r  l i t r e ,  and  c l in ic a l  

o ed em a .

(Z) An u n c o m p lic a te d  p re g n a n c y  and  n o r m a l  b lood  

p r e s s u r e  up  to  the  28 th  w eek  of p re g n a n c y ,

(3) At the  postna tad  e x a m in a tio n  s ix  w eek s  a f te r  

d e l iv e r y  the p a t ie n t  h ad  a  n o rm a l  b lood p r e s s u r e  

and  no p r o te in u r ia .
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The co ïi tro î  s e r i e s  c o m p r is e d  10 h ea lth y  w o m en  w ith  

"pregnancies u n c o m p lic a te d  by any s ig n s  of p r e - e c l a m p s i a .  

T h e s e  p a t ie n ts  w e re  m a tc h e d  fo r  age and g e s ta t io n  w ith  the  

g ro u p  w ith  p r e - e c l a m p s i a .

One p a t ie n t  w ith  e p i le p sy  w as s tu d ie d  b e fo re  and a f te r  

e p i le p t ic  co n v u ls io n s  to  c o m p a re  the  find ings w ith  th o se  in 

th e  two p a t ie n ts  who deve lopedes la rnp tic  f i ts .

B lood w as c o l le c te d  u s in g  p is ,s tic  s y r in g e s  and  p la s m a  

s a m p le s  wei*e ob ta ined  by m ix ing  9 v o lu m e s  of w hole b lood 

to  1 v o lu m e of 3. 8% so d iu m  c i t r a te  and  c e n tr ifu g in g  at 

4^C . Serum , sa.rn.ples  fo r  a s s a y  of f ib r in / f ib r in o g e n  

d e g ra d a t io n  p r o d u c ts  (F , D, P . ) w e re  o b ta ined  by adding the  

w hole b lood im m e d ia te ly  a f te r  v en e p u n c tu re  to  tu b e s  

con ta in ing  g la s s  beads  and  a s ta n d a rd  am o u n t of t r a n e x a m ic  

a c id  a s  d e s c r ib e d  in  A ppendix  3.

P l a s m a  f ib r in o g e n  le v e ls  w e re  m e a s u r e d  by the m ethod  

of R atnoff  and M onzie (1965). P la sm in o g e n  a s s a y s  and  

eug lobu lin  ly s i s  a c t iv i ty  w e re  c a r r i e d  out as  d e s c r ib e d  by 

M cN ico l and  D ouglas (1964), The u ro k in a se  s e n s i t iv i ty  t e s t  

w as  u s e d  a s  a m e a s u r e  of f ib r in o ly t ic  i.ah ib itor in the  p la s m a  

(M cN icol e t  a l ,  1965). S e ru m  F . D. P . w o re  a s s a y e d  a s
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d e s c r ib e d  in  C h a p te r  5 (B onnar  e t  al, Î969C ). F a c t o r  VIII 

w as  a s s a y e d  by the  one s ta g e  m e thod  ox B re c k e n r id g e  and  

R atnoff  ( 1 9 6 2 ), The p la te le t  count w as p e r f o r m e d  a c c o rd in g  

to th e  m e th o d  of D ac ie  (1963). T h ese  l a b o ra to ry  m e th o d s  

a r e  d e s c r ib e d  in  A ppendix  3.

H is to lo g ic a l  s tu d ie s  w e re  p e r f o rm e d  on th e  k id n ey s  of 

a 24 y e a r  o ld  p a t ie n t  w ith  p r e - e c l a m p s i a  who d ied  sudden ly  

24 h o u r s  a f t e r  e c la m p tic  s e i z u r e s  w hich  d ev e lo p ed  

im m e d ia te ly  a f t e r  d e l iv e ry .  T h is  p a t ie n t  h ad  v i r tu a l ly  no 

a n te n a ta l  c a r e  and  w as a d m it te d  follow ing d e l iv e ry  a t  hom e. 

R e s u l ts  :

In F ig u re  33 and  T ab le  46 the  le v e ls  of f ib r in o g en , 

p la sm in o g e n  and  s e r u m  F . D. P . in the  p a t ie n ts  w ith  s e v e r e  

p r e - e c l a m p s i a  a r e  c o m p a re d  w ith  the c o n t ro l  p a t ie n t s .  No 

s ig n if ic a n t  d if fe re n c e  w as found in  the  le v e ls  of f ib r in o g en  or 

p la sm in o g e n  but the  le v e ls  of s e r u m  F . D. P , in  the  p a t ie n ts  

w ith  p r e - e c l a m p s i a  w e re  s ig n if ican tly  h ig h e r  than  in  the 

c o n t r  ol p a t i e n t s .

F ig u re  34 and T ab le  47 show the f ind ings fo r  the  eug lobu lin  

ly s i s  a c t iv i ty  and the  u ro k in a s e  s e n s i t iv i ty  t e s t .  .Euglobulin 

ly s i s  a c t iv i ty  and u ro k in a s e  s e n s i t iv i ty  w e re  s ig n if ic a n t ly  l e s s
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in the  p a t ie n ts  w ith  s e v e r e  p r e - e c l a m p s i a ,  in d ic a t in g  th a t  

in  th e s e  p a t ie n ts  lo w er  le v e ls  of p la sm in o g e n  a c t iv a to r  and 

h ig h e r  le v e ls  of in h ib i to r  to  u r’o k in a se - in d u c e d  ly s i s  w e re  

p r e s e n t  in  th e  c i r c u la t in g  p la s m a  than  in  th e  h ea lth y  

p re g n a n t  w om en  m a tc h e d  fo r  age  and g e s ta t io n .

In F ig u re  36 and  T ab le  48 the le v e ls  of F a c to r  VIÎÏ and  

th e  p la te l e t  count are . c o m p a re d .  No s ig n if ic a n t  d if fe re n c e  

w as  found in the  l 3 V 0 l $  Ol; f a c to r  VIII but the  p la te l e t  coun ts  

w e re  s ig n if ic a n t ly  lo w e r  in  th e  p a t ie n ts  w ith  p r e - e c l a m p s i a  

th a n  in th e  c o n t ro l  groupi .

S e r ia l  f ind ings  in the  tw o p a t ie n ts  who d ev e lo p ed  

e c la m p s ia  a r e  show n in  f ig u re s  36 and 37,

The p a t ie n t  in  f ig u re  36 w as a d m it te d  a t  34 w eek s  

g e s ta t io n  w ith  s e v e r e  p r e - e c l a m p s i a  and e c la m p t ic  s e i z u r e s  

d ev e lo p ed  the  day a f te r  a d m is s io n .  S u rg ic a l  in d u c tio n  w as 

no t p e r f o r m e d  a s  the  c e rv ix  w as  a s s e s s e d  a s  u n fa v o u ra b le  

and  the  o b s te t r ic ia n  in c h a rg e  dec id ed  on c o n s e rv a t iv e  

m a n a g e m e n t;  f ive  days  a f te r  the e c la m p tic  s e i z u r e s  fo e ta l  

d ea th  o c c u r r e d  and  the p a t ie n t  d e l iv e re d  sp o n ta n e o u s ly  s ix  

days  l a t e r .  F ig u r e  36 show s th e  euglobu lin  ly s i s  a c t iv i ty  at 

the  lo w e r  l im i t  of the  n o r m a l  ra n g e  un til  a f t e r  fo e ta l  dea th ;
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r a i s e d  le v e ls  of f ib r in o ly t ic  in h ib i to r  a r e  in d ic a te d  by the 

r e d u c e d  s e n s i t iv i ty  to  u ro k in a s e - in d u c e d  ly s i s ;  th e  le v e l  

of s e r u m  F . D. P . r o s e  f ro m  2. 6 to 60 p g /m l  o v e r  th e  th r e e  

days  a f te r  the  e c la m p tic  s e i z u r e s  and d u rin g  th is  p e r io d  the 

p la te le t  count w as  d e p r e s s e d .  Only m in o r  ch an g es  w e re  

found in  the  le v e ls  of f ib r in o g en , p la sm in o g e n  and f a c to r  

VIII*

F ig u re  37 show s s e r i a l  r e s u l t s  in  a p a t ie n t  who 

d eve loped  e c la m p s ia  im m e d ia te ly  following d e l iv e ry .  L abour 

w as  induced  a t  37 w eeks on accoun t of s e v e r e  p r e - e c l a m p s i a .  

The day p r i o r  to  induc tion  of la b o u r  the  eug lobu lin  ly s i s  

a c t iv i ty  w as m a rk e d ly  re d u c e d  and th e  change to  n o r m a l  w hich 

n o r m a l ly  ta k e s  p la c e  w ith in  1 h o u r  of d e l iv e ry  d id  not o c c u r  

un til  th e  t h i r d  day. T h is  d e lay ed  r e tu r n  to  n o r m a l  f ib r in o ly t ic  

a c t iv i ty  w as  a l s o  found in  an o th e r  two of the  p a t ie n ts  w ith  p r e ­

e c la m p s ia .  A s show n in  figuW 37 the  s e r u m  F . D. P .  le v e l  

w as  e le v a te d  p r i o r  to  the  o n se t  of la b o u r  and  in  th e  t h r e e  days 

a f te r  the  e c la m p t ic  s e iz u r e s  the  D. P .  m a rk e d ly  in c r e a s e d  

and f a r  ex c e e d e d  the  le v e ls  found in  the f i r s t  w eek  of th e  n o rm a l  

p u e r p e r iu m ;  the  p la te le t  count w as  d e p r e s s e d  u n ti l  a f te r  

d e l iv e ry .
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F ig u re  38 show s the  s e r i a l  f ind ings in  a  p a t ie n t  w ith  

e p i le p sy  who w as a d m it te d  a t 38 w eeks  gestation* T h is  

p a t ie n t  h ad  no s ig n s  of p r e - e c l a m p s i a  and  she  h ad  two 

g ra n d  m a l  s e i z u r e s  w h ile  in  hospital* A s show n in f ig u re  

38 the  le v e l  of F . D. P .  d id  not in c r e a s e  fo llow ing  the  

convulsions^  the eug lobu lin  ly s i s  a c t iv i ty  r e m a in e d  

d e p r e s s e d  and  r e v e r t e d  to  n o rm a l  le v e ls  fo llow ing  d e l iv e ry ,  

an d  the  u r o k in a s e  s e n s i t iv i ty  t e s t  and p la te le t  count w e re  

in  the  ra n g e  of th e  c o n t ro l  p a t ie n ts .

In f ig u re s  39 and  40 a r e  shown th e  h is to lo g ic a l  

s e c t io n s  of th e  k idney  of th e  p a t ie n t  who d ied  24 h o u r s  a f te r  

e c la m p t ic  s e i z u r e s .  The in t r a lo b u la r  a r t e i ’ie s  and  a f fe re n t  

a r t e r i o l e s  w e re  o cc lu d ed  by f ib r in  w hich  w as a l s o  p r e s e n t  

in  th e  g lo m e ru la r  tu f ts .

DISCUSSION

The f ind ings  in  th is  s tudy  in d ic a te  a d if fe re n c e  in 

c e r t a in  f a c to r s  c o n c e rn e d  w ith  coagu la tion  and f ib r in o ly s is  

b e tw een  p a t ie n ts  w ith  s e v e r e  p r e - e c l a m p s i a  and  h ea lth y  

w om en  in la te  p re g n a n c y .  R e c e n t  s tu d ie s  w h ich  have  been  

r e p o r t e d  on f ib r in o ly s i s  in  p r e - e c l a m p s i a  a r e  d if f icu lt  to  

c o m p a re  w ith  th e  p r e s e n t  s e r i e s  b e c a u se  of d i f fe re n t  a s s a y
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m e th o d s  and  th é  ty p e s  of p a t ie n t  s tud ied , N ie ls e n  (19&9) found 

no d i f fe re n c e  in  f ib r in o ly t ic  ac tiv i ty  but the  f ib r in  p la te  

te ch n iq u e  w hich  he em p lo y ed  does  no t p e r m i t  a c c u r a te  

q u a n t i ta t iv e  a s s e s s m e n t  of f ib r in o ly t ic  in h ib ition  and  the  

m e th o d  m ay  be in f lu en c ed  by d if fe r in g  d if fu s io n  r a t e s  of 

a c t iv a to r s ,  e n z y m e s  and  in h ib i to r s , W ard le  and  Meiion (1969) 

In v e s t ig a te d  a g ro u p  of w om en  w ith  h y p e r te n s io n  n e a r  t e r m  

o r  m ild  pi*e«e c la m p s ia  and  found no obvious d ifferen ce  in 

f ib r in o ly t ic  a c t iv i ty  f r o m  p a t ie n ts  w ith  nommai p re g n a n c ie s ;  

how ever, they  found h ig h e r  le v e ls  of cryofibxdnogan in  the  

hyperctensive p a t ie n ts  w hich  w e re  in t e r p r e t e d  a s  in d ica t in g  

a  low g ra d e  in t r  a v a s c u la r  coagu la tion , T he p a t ie n ts  in  the  

p r e s e n t  s tudy  h a d  sevei^e p r e  - e cla.mps ia  and  w ould  no t be 

r e a d i ly  c o m p a ra b le  to  th o se  s tu d ie d  by W a rd le  and  Men on.

The s ig n if ic a n t  d i f fe re n c e s  found in  th is  in v e s t ig a t io n  of 

e c la m p s ia  w e r e  *

(1) g r e a t e r  d e p r e s s io n  of eug lobu lin  ly s i s  a c t iv i ty  than  

p r e s e n t  in  n o rm a l  p reg n an c y ;

(2) a  h ig h e r  le v e l  of in h ib i to r  to  u r o k in a s e - in d u c e d  ly s i s ;

(3) r a i s e d  le v e ls  of s e r u m  F . D, P .

(4) re d u c e d  p la te le t  coun ts .
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The lo w e re d  eug lobu lin  ly s i s  a c t iv i ty  r e f l e c t s  r e d u c e d  

le v e ls  of c i r c u la t in g  p la sm in o g e n  a c t iv a to r  w hich  could  

r e s u l t  f r o m  a re d u c e d  p ro d u c tio n  of a c t iv a to r  in  p re »  

e c la m p s ia  o r  f r o m  the  a b s o rp t io n  of c i r c u la t in g  a c t iv a to r  

in to  in t r  a v a s c u la r  f ib r in .  The in c r e a s e d  r e s i s t a n c e  to 

u ro k in a s e  m ay  be a  f a c to r  in  th e  re d u c e d  f ib r in o ly t ic  

activ ity . In p a t ie n ts  w ith  r e n a l  d ise ase^  M cN icol, B a ra k a t  

and  D oug las  (1965) found r e d u c e d  f ib r in o ly t ic  a c t iv i ty  and 

h ig h e r  le v e ls  of in h ib i to r  to  u ro k in a s e .  The s i m i l a r  ch an g es  

in  s e v e r e  p r e - e c l a m p s i a  m ay  th e r e fo r e  be r e l a t e d  to  th e  

r e n a l  ch an g es  w h ich  o c c u r  in  th is  condition . T he r a i s e d  

le v e ls  of c i r c u la t in g  F . D, P . m o s t  p ro b ab ly  r e f l e c t  lo c a l  

f ib r in o ly s i s  in  a r e a s  of in t r a v a s c u l a r  f ib r in .  A r e la t iv e ly  

low p la te l e t  coun t in  s e v e r e  p r e - e c l a m p s i a  h a s  b een  p re v io u s ly  

r e p o r t e d  (T a r d  and  M ac A r th u r  1948; B ra in  e t  a l  1967) and  th is  

cou ld  a l s o  be the  r e s u l t  of i n c r e a s e d  c o n su m p tio n  due to  in t r  a -  

v a s c u la r  co ag u la t io n .

In th e  two p a t ie n ts  w ith  e c la m p s ia  the le v e l  of se rum . F , D. P .  

r o s e  s te e p ly  o v e r  the  t h r e e  d ay s  a f te r  th e  e c la m p t ic  s e iz u r e s  

but no in c r e a s e  w as  found in  the p a t ie n t  who h ad  e p i le p t ic  f i ts .  

I n c r e a s e d  p la s m a  f ib r in o ly t ic  ac t iv i ty  h a s  been  found in  a n im a ls



119

a f t e r  e l e c t r i c a l ly  in d u ced  convu ls ions  (F a n tl  and S im on,

1948) and  in  p a t ie n ts  fo llow ing e le c t ro s h o c k  th e ra p y  

(F le tc l ie r  e t  a l ,  1963). Fo llow ing  the convulsions of e c la m p s ia  

and  e p i le p sy  in  la te  p re g n an c y  p la s m a  f ib rm o ly t ic  a c t iv i ty  

r e m a in e d  d e p r e s s e d  but h igh  le v e ls  of F . D. P . a p p e a re d  in  

th e  p a t ie n ts  w ith  e c la m p s ia ,  A p o s s ib le  ex p lan a t io n  could  be 

th a t  in  the  p a t ie n ts  w ith  p r e - e c l a m p s i a  I n t r a v a s c u la r  f ib r in  

w as p r e s e n t  and the  co n v u ls io n s  of e c la m p s ia  p ro v o k ed  an 

i n c r e a s e  of lo c a l  f ib r in o ly s is .  S ch n e id e r  (1947) and  P a g e  and 

c o l le a g u e s  (1951) su g g e s te d  th a t  e c la m p s ia  m ay  be a  r e s u l t  

of sudden  in t r  av a s  c u la r  c lo tting ; such  an  o c c u r r e n c e  w ould 

p ro d u c e  a r i s e  of F . D. P . in  the  c i rc u la t io n ,  R a is e d  le v e ls  

of F . D. P . m ay  ex p la in  why som e p a t ie n ts  w ith  e c la m p s ia  

develop  b leed in g  f r o m  the g u m s, sk in  p e te c h ia e  an d  e x c e s s iv e  

b leed in g  f r o m  s u r g ic a l  in c is io n s ,

M cKay (1965) h as  p ro p o s e d  th a t  in  p r e - e c l a m p s i a  a  low 

g ra d e  p r o c e s s  of in t r  av a s  c u la r  coagu la tion  is  p r e s e n t  and th a t  

th e  co n v u ls io n s  of e c la m p s ia  a r e  th e  r e s u l t  of a  sudden  

a g g lu tin a tio n  of p la te le t s  and th e  fo rm a tio n  of p la te l e t  and 

f ib r in  th ro m b i  w h ich  o b s t r u c t  the  c e r e b r a l  m ic ro c i r c u la t io n ,  A 

s m a l l  n u m b e r  of p u b lic a t io n s  have s u p p o r te d  th e  a s su m p tio n  of
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i n t r  a  v a s c u la r  co ag u la tio n  in  p r e -e c la m p s ia .  T h e se  inc lude  

S e l l e r  (1964),V a ssa l!  and  M cG luskey (1965) and  H jo r t  and 

K a p a p o r t  (1965), The c a u se  of in t r a v a s c u la r  co ag u la t io n  is  

u n c e r ta in .  The r e l e a s e  of th ro m b o p la s t in  f r o m  the  p la c e n ta ,  

p a r t i c u la r ly  f ro m  in f a r c t s  and  i s c h a e m ic  a r e a s ,  h a s  been  

p o s tu la te d ,  McKay and co l lea g u es  (1964) s u g g e s te d  th a t  the  

c a u se  m ay  be c o a g u la t io n -a c t iv a t in g  co m p o n en ts  r e l e a s e d  

f ro m  p la te le t s  w hich  have been  d e s t ro y e d  by ad lie r in g  to  the 

sy n c y t ia l  t ro p h o b la s t .

P la c e n ta l  in f a r c t s  and in te rv i l lo u s  th ro m b i  a r e  a w e ll -  

known f e a tu re  of p r e - e c l a m p s i a  and  th e s e  ch a n g es  a r e  

p ro b ab ly  an  im p o r ta n t  f a c to r  in  the  p la c e n ta l  in su f f ic ie n c y  w hich  

o c c u rs  in  th is  sy n d ro m e . A d is tu rb a n c e  of the  b a lan ce  betw een  

co ag u la t io n  and  f ib r in o ly s is  in  lo c a l i s e d  a r e a s  of th e  v a s c u la r  

c o m p a r tm e n t  » p a r t i c u la r ly  th e  p la c e n ta l  and  r e n a l  c i r c u la t io n  « 

cou ld  ex p la in  m any of the  f e a tu re s  of p r o - e c la m p s ia .  F ib r in  

d e p o s it io n  in the  m a te r n a l  v e s s e l s  supply ing  th e  p la c e n ta  

p a r t i c u la r ly  th e  s p i r a l  a r t e r i o l e s  and co n seq u en t im p a i rm e n t  

of p la c e n ta l  b lood flow m ay  exp la in  th e  p la c e n ta l  in su ff ic ien cy  

w hich  o c c u rs  in p r e - e c l a m p s i a .  S im ila r ly  f ib r in  d e p o s it io n  in 

th e  r e n a l  v a s c u la tu r e  could  r e s u l t  in  g lo m e ru la r  d am ag e  and 

p r o te in u r ia .  H y p e r te n s io n  m ay  be the  r e s u l t  of r e n a l  i s c h a e m ic
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ch a n g es  o r  a  c o m p e n s a to ry  re sp o n se , w hich  is  m e d ia te d  

in  so m e  unknown way, to  the  p r e s e n c e  of f ib r in  d e p o s i t io n  

in  th e  v a s c u la r  c o m p a r tm e n t .  The e x te n s iv e  f ib r in  

d e p o s i t io n  shown in  the  v e s s e l s  of the  fa ta l  c a s e  of 

e c la m p s ia  w ould acco u n t fo r  the  d ev e lo p m en t of a c u te  r e n a l  

f a i lu r e  w hich  m ay  s o m e t im e s  follow  e c la m p s ia .

An im p o r ta n t  f e a tu re  of the  f ib r in o ly t ic  in h ib it io n  in  

p re g n a n c y  i s  th e  a b ru p t  r e tu r n  to  n o r m a l  a c t iv i ty  fo llow ing 

d e l iv e r y  o r  in t r a u t e r in e  dea th . The r e s o lu t io n  of the  

c l in ic a l  s ig n s  of p r e - e c l a m p s i a  fo llow ing d e l iv e ry  o r  i n t r a ­

u te r in e  d ea th  is  w e ll  known. The o b s e rv a t io n  th a t  f ib r in o ly t ic  

a c t iv i ty  in  so m e  of th e  p a t ie n ts  w ith  p r e - e c l a m p s i a  d id  not 

r e tu r n  to  n o r m a l  f o r  24-48  h o u rs  a f t e r  d e l iv e ry  a l s o  in d ic a te s  

a  d e p a r tu r e  f r o m  th e  p a t t e r n  of f ib r in o ly t ic  a c t iv i ty  found in 

n o r m a l  p re g n a n c y .

The d e m o n s t r a t io n  of f ib r in  by im m u n o f lu o re s c e n t  s tu d ie s  

in  th e  r e n a l  g lo m e ru l i  of p a t ie n ts  w ith  p r e - e c l a m p s i a  ( M o r r is  

e t  a l  1 9 6 4 ) and  th e  ev id en ce  of i n t r a v a s c u la r  f ib r in  d e p o s it io n  

found in  th is  s tudy , r a i s e  the  q u es t io n  a s  to  th e  p o s s ib le  

th e ra p e u t ic  va lue  of a n t i th ro m b o tic  a g e n ts  su ch  a s  h e p a r in  and 

d ip y r im a d o le  to  c o u n te r a c t  in t r a v a s c u la r  co ag u la t io n . Such
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t r e a tm e n t  cou ld  r e d u c e  th ro m b o tic  o cc lu s io n  in  the  m a te r n a l  

va.B culature supp ly ing  the  p la c e n ta  and  th e re b y  im p ro v e  

p la c e n ta l  p e r f u s io n  and  fo e ta l  g row th . The v a lu e  of su c h  

th e ra p y  would, b e s t  be e v a lu a te d  th ro u g h  c a re fu l ly  c o n t ro l le d  

c l in ic a l  t r i a l s  w h ich  in c lu d ed  a  study of p la c e n ta l  func tion  

and  ch a n g es  in  th e  co agu la tion  and  f ib r in o ly t ic  f a c to r s .  

F ib r in o ly t ic  th e ra p y  is  a n o th e r  p o s s ib i l i ty  but th e  f ib r in o ly t ic  

ag e n ts  a t  p r e s e n t  a v a i la b le  have  c o n s id e ra b le  d ra w b a c k s  and 

in v e s t ig a t io n  in  p re g n a n t  a n im a ls  w ould be r e q u i r e d  to  a s s e s s  

t h e i r  e f fe c t  on the  fo e tu s  and p la c e n ta  b e fo re  they  cou ld  be 

u s e d  in  thisi con tex t.

W he ther  th e  changes  found in th is  In v e s t ig a t io n  a r e  

r e l a t e d  to  the  p a th o g e n e s is  of p r e - e c l a m p s i a  o r  a r e  the  e f fec t  

of th e  d i s e a s e  p r o c e s s  canno t a t  p r e s e n t  be a n s w e re d .  

N e v e r th e le s s  th e s e  find ings in d ic a te  th a t  i n t r a v a s c u l a r  f ib r in  

d ep o s i t io n  and  d i s o r d e r e d  f ib r in o ly t ic  a c t iv i ty  a r e  a  f e a tu re  of 

s e v e r e  p r e - e c l a m p s i a .  F u r th e r  s tudy  of th e  co a g u la t io n  and 

f ib r in o ly t ic  s y s te m s  in  p r e - e c l a m p s i a  and  of the m a te r n a l  

v a s c u la tu r e  supp ly ing  the p la c e n ta  m ay  h e l p  to  e lu c id a te  the  

p a th o g e n e s is  of th is  s y n d ro m e  and he lp  to  p ro v id e  a  r a t io n a l  

b a s i s  fo r  e f fec t iv e  t r e a tm e n t .



123.

C H A P TE R  12.

CONCLUSIONS AND SUMMARY

The b lood  coag u la t io n  and f ib r in o ly t ic  s y s t e m s  have  

a  k ey  ro le  in  th e  body’s defence  m e c h a n is m  and  t h e i r  

p r in c ip a l  p h y s io lo g ic a l  func tion  a p p e a r s  to  be th e  m a in te n a n c e  

of th e  in te g r i ty  of the  v a s c u la r  c o m p a r tm e n t .  A cc o rd in g  to  

c u r r e n t  co n c ep ts  th e  two s y s te m s  m ay  be in a  s ta te  of dynam ic  

e q u i l ib r iu m , th e  co ag u la t io n  s y s t e m  lay ing  down a  h a e m o s ta t ic  

f ib r in  p lug  to  s e a l  any gaps w hich  m ay  o c c u r  in  the  v a s c u la r  

en d o th e liu m , and  the  f ib r in o ly t ic  s y s t e m  re m o v in g  the  i n t r a ­

v a s c u la r  f ib r in  w hen i t  i s  no lo n g e r  r e q u i r e d .  T h e se  p h y s io lo ­

g ic a l  s y s te m s  a r e  th u s  of m a jo r  im p o r ta n c e  in  th e  c o n tro l  of 

both  haem ozT hage  an d  th r o m b o s is .

P re g n a n c y  in d u c es  e x te n s iv e  changes  in  the  h a e m o s ta t ic  

m e c h a n is m :  the  g ra d u a l  in c r e a s e  in th e  c o n c e n tr a t io n  of 

p l a s m a  f ib r in o g e n  and  f a c to r s  VII, VIII and  X is  w e l l -d o c u m e n te d  

and a d e c r e a s e  of f ib r in o ly t ic  a c t iv i ty  is  known to  deve lop  in 

la te  p re g n a n c y .  The w o rk  d e s c r ib e d  in  th is  th e s i s  ex ten d s  the  

know ledge of th e  ch a n g es  and  function ing  of the  co ag u la t io n  and
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f ib r in o ly t ic  s y s te m s  in bo th  n o rm a l  and  a b n o rm a l  p re g n a n c y  

and  p a r tu r i t io n .

The e f fe c t  of n o r m a l  p reg n an c y  on the  co m p o n en ts  of the  

f ib r in o ly t ic  enayrne s y s t e m  w as in v e s t ig a te d  and  a  su b s ta n t ia l  

i n c r e a s e  in  th e  p la sm in o g e n  le v e l  was found in  th e  th i r d  

t r i m e s t e r ,  th e  i n c r e a s e  o c c u r r in g  p a r i - p a s s u  w ith  a  

p ro n o u n ced  i n c r e a s e  in  f ib r in o g e n  co n c en tra t io n .  T he r i s e  

in  the  le v e l  of th e s e  two com ponen ts  w hich  in f lu en c e  the 

h a e m o s ta t ic  b a lan ce  in  opposite  d i r e c t io n s  w ould  s e e m  to be 

c o n s is te n t  w ith  th e  co ncep t of a  dynam ic  e q u i l ib r iu m  betw een  

c lo tting  and ly s i s .  In la te  p re g n a n c y  and d u rin g  la b o u r  the 

le v e l  of p la sm in o g e n  a c t iv a to r  in  the p la s m a  w as g r e a t ly  

d e c r e a s e d ,  w h e re a s  a  n o rm a l  le v e l  w as p r e s e n t  in  th e  f i r s t  

w eek  of the  p u e r p é r iu m .  The m e c h a n ism s  w h e reb y  the 

a l te r a t io n s  in  coagu la tion  and  f ib r in o ly s is  a r e  b ro u g h t about in  

p re g n a n c y  a r e  unknown. The changes ev id en t in  the  c i rc u la t in g  

p la s m a  im p ly  th a t  th e  h a e m o s ta t ic  s y s t e m  is  d e v ia te d  to w a rd s  

an en h an ce d  c a p ac ity  to  f o r m  f ib r in  and  a  d im in ish e d  ab il i ty  

to  ly se  fib idn . D uring  n o rm a l  laibour, h o w ev e r ,  the  le v e l  of 

f ib r in / f ib r in o g e n  degrada,tion  p ro d u c ts  (F. D. P . ) s h a rp ly  

i n c r e a s e d  in d ica t in g  th a t  ac tive  f ib r in o ly s is  w as  tciking p la c e .
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A s s y s t e m ic  f ib r in o ly t ic  a c t iv i ty  is  c o n s is te n t ly  d im in is h e d  

d u r in g  la b o u r ,  th e  i n c r e a s e d  le v e ls  of F . D, P . m ay  be 

e x p la in e d  by th e  ly s i s  of f ib r in  in  lo c a l i s e d  a r e a s  of the  

c i rc u la t io n ,  su c h  a s  in th e  m a te r n a l  v a s c u la tu r e  supplying- 

th e  p la c e n ta .  In r e s t r i c t e d  a r e a s  of the  c i r c u la t io n  the 

f ib r in o ly t ic  px*ocess m ay  o p e ra te  by a lo c a l  r e l e a s e  of 

p la s m in o g e n  a c t iv a to r  w hich  to  a  g r e a t  ex ten t m a y  be 

in d e p en d en t of the  le v e l  of s y s t e m ic  f ib r in o ly t ic  a c t iv i ty .

D u rin g  n o r m a l  c h i ld b ir th  d is t in c t  ch an g es  in  k ee p in g  w ith  

a c t iv a t io n  of the  c lo t t in g  m e c h a n is m  ta k e  p la c e  d u r in g  and  

im m e d ia te ly  a f t e r  p la c e n ta l  s e p a r a t io n .  In th e  s e q u e n t ia l  

study  of n o r m a l  d e l iv e ry ,  sh o r te n in g  of the  c lo t t in g  t e s t  r e s u l t s ,  

a  s h a rp  i n c r e a s e  of f a c to r s  VIII and V, and a  d e c r e a s e  of p la s m a  

f ib r in o g e n  w e re  found as  the  p la c e n ta  s e p a ra te d .  W ith in  one 

h o u r  of n o r m a l  d e l iv e r y  th e  le v e ls  of s e r u m  F . D. P .  i n c r e a s e d  

and  p la s m a  f ib r in o ly t ic  a c t iv i ty  r e tu r n e d  to  n o r m a l  n o n -p re g n a n t  

le v e ls .  T he  s im u l ta n e o u s  s tudy  of the  ch a n g es  in the  u te r in e  

c i rc u la ^  ion an d  p e r ip h e r a l  b lood  a t  c a e s a r e a n  se c t io n  c o n f i rm e d  

a  s t r ik in g  a c t iv a t io n  of th e  c lo ttin g  m e c h a n is m  d u r in g  p la c e n ta l  

s e p a r a t io n .  T he ch a n g es  in  the  coagu la tion  t e s t s  in  the  u te r in e  

c i r c u la t io n  w e re  l a r g e ly  a  s u b s ta n t ia l  a m p li f ic a t io n  of th o s e  

found in  th e  p e r ip h e r a l  b lood a t n o r m a l  c h i ld b ir th .  The po tency
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of th e  m e c h a n is m s  fo r  keep ing  the  c lo ttin g  of b lood  a  lo c a l  

p h en o m en o n  is  show n by th e  f a c t  th a t  the p ro n o u n c e d  

ch an g es  in  th e  u te r in e  v e in  w e r e  s h o r t - l iv e d  and  h ad  a lm o s t  

d i s a p p e a re d  by the  t im e  the  blood r e a c h e d  th e  p e r ip h e r a l  

c i r c u la t io n .

The c o n c u r r e n t  f ind ings  in  the  b lood c lo tt in g  and 

f ib r in o ly t ic  s y s te m s  in d ic a te  th a t  d u r in g  p a r tu r i t i o n  th e  

h a e m o s ta t ic  m e c h a n is m  a p p e a r s  to  p lay  an  e s s e n t i a l  p a r t  

in  c o n tro l l in g  u te r in e  h a e m o r rh a g e .  T he i n c r e a s e d  le v e ls  

of c lo tt in g  f a c to r s  d u r in g  n o rm a l  p re g n a n c y  p ro b a b ly  

r e p r e s e n t ,  t h e r e f o r e ,  a p h y s io lo g ic a l  d ev e lo p m e n t to  p ro v id e  

f o r  the  r a p id  and e f fec t iv e  h a e m o s ta s i s  w h ich  i s  r e q u i r e d  

d u r in g  p a r tu r i t io n .

In th e  e a r ly  p u e r p e r iu m  a  s e c o n d a ry  i n c r e a s e  took  p la c e  

in th e  p la s m a  f ib r in o g e n ,  f a c to r  VIII r e m a in e d  e le v a te d ,  and  

th e  p la te l e t  coun t show ed a p ro n o u n ced  r i s e .  T h e s e  changes  

m a y  be a  r e s p o n s e  to  th e  u t i l i s a t io n  of th e s e  f a c to r s  d u r in g  

p la c e n ta l  s e p a ra t io n  and  they  a r e  l ik e ly  to  p red is jp o se  to  

th ro m b o -e m b o l ic  c o m p lic a t io n s ,  w hich  a r e  m u ch  m o re  com m on  

in  th e  p u e r p e r iu m  th a n  d u r in g  p re g n a n c y .  If, a s  w ould  s e e m  

lik e ly ,  the s t im u lu s  to  the  p u e r p e r a l  ch a n g es ,  e s p e c ia l ly  of
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th e  p la te l e t s ,  o c c u rs  d u r in g  p a r tu r i t io n  i t  i s  p o s s ib le  th a t  

f u r th e r  know ledge m ay  en ab le  m e a s u r e s  to  be ta k e n  a t  

c h i ld b ir th  w hich  p re v e n t  th e  p o s tp a r tu m  changes  in  the  

h a e m o s ta t ic  m e c h a n is m s  and th e re b y  re d u c e  th e  ham ard 

of th ro m b o -e m b o l is m .

The find ings in  the  co agu la tion  and f ib r in o ly t ic  s y s te m s  

in  th e  new b o rn  a r e  in s h a rp  c o n t r a s t  to  th o se  in  th e  mothex».

Ltow le v e ls  of V itam in  K dependen t c lo tt in g  f a c to r s  a r e  

w e ll-know n . R a is e d  le v e ls  of f a c to r s  V and VIII w e re  found 

in th e  n ew b o rn  and  a h igh ly  s ig n if ic an t  c o r r e l a t io n  betw een  

th e  m a te r n a l  and  n eo n a ta l  v a lu e s ,  su g g es tin g  th a t  d u r in g  

n o rm a l  d e l iv e ry  an  a c t iv a t io n  of th e  c lo tting  s y s t e m  talces 

p la c e  in  th e  b ab y ’s b lood as  w ell  a s  in th e  m a te r n a l  blood, due 

a p p a re n t ly  to  the  e n t ry  of th ro m b o p la s t in  in to  the  fo e ta l  and 

m a te r n a l  c i r c u la t io n  d u r in g  p la c e n ta l  s e p a ra t io n .  F ib r in o ly t ic  

a c t iv i ty  w as g r e a t ly  in c r e a s e d  in th e  new born  c o n t ra s t in g  w ith  

the  d im in ish e d  a c t iv i ty  in  the  matex*nal blood; th is  cou ld  be 

the e ffec t  of s t r e s s  and hypoxia  in the in fan t d u r in g  la b o u r  and 

d e l iv e ry  and  m ay  have a  p ro te c t iv e  ro le  fo r  th e  r a p id  c le a r a n c e  

of in t r a v a s c u l a r  f ib r in .  The high le v e ls  of c i rc u la t in g  in h ib i to r  

w hich  w e re  a lso  found in  the  baby would s e rv e  to  p r o te c t  

su s c e p t ib le  p la s m a  p ro te in s  and confine the  r e s u l t s  of p la sm in o g e n
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a c t iv a t io n  to  th e  d ig e s t io n  of f ib r in .  F u r th e r  s tu d ie s  of 

the  func tion ing  of the  co agu la tion  and f ib r in o ly t ic  s y s te m s  

p a r t i c u la r ly  in  the  p r e m a tu r e  in fan t m ay  he lp  to  th ro w  new 

l ig h t on su ch  c o m p lic a t io n s  a s  h a e m o r rh a g ic  d i s e a s e  of the  : 

new b o rn  and  h y a lin e  m e m b ra n e  d is e a s e .

The c o m p lic a t io n  of p reg n a n c y  m o s t  l ik e ly  to  be 

a c c o m p a n ie d  by de fec tiv e  h a e m o s ta s i s  is  a b ru p t io  p la c e n ta e .  

D e ta i le d  s tu d ie s  of p a t ie n ts  w ith  ab ru p tio  p la c e n ta e  show ed 

th a t  f ib r in o g e n  d ep le tio n  w as  only one a s p e c t  of the 

d is tu rb a n c e  of th e  h a e m o s ta t ic  m e c h a n ism . Low f ib rin o g en  

le v e ls  w e re  a c c o m p a n ie d  by a  d e c r e a s e  of p la sm in o g e n  and 

co ag u la t io n  f a c to r s  II, V and VIII. S u b s tan t ia l  le v e ls  of 

s e r u m  F , D. P .  w e re  found in  th e  p r e s e n c e  of dim inished 

s y s te m ic  f ib r in o ly t ic  a c t iv i ty ,  w hich su g g e s ts  th a t  th e s e  p ro d u c ts  

a r e  the  r e s u l t  of lo c a l  ly s i s  of i n t r a v a s c u l a r  f ib r in  d e p o s i ts  

3rather th an  cii'cuxlating f ib r in o g en . P la te le t  a g g re g a t io n  w as 

m a rk e d ly  r e d u c e d  in  the  p r e s e n c e  of h igh  le v e ls  of c i r ’cu la tin g  

F . D, P . In v iew  of the  p ro found  a ffec t  of F . D. P .  on the 

c lo tting  m e c h a n is m  and p la te le t  function  th e i r  p r e s e n c e  in h igh  

le v e ls  i s  l ik e ly  to  be a m a jo r  f a c to r  in  the  d e fec t iv e  h a e m o s ta s i s  

of a b ru p t io  p la c e n ta e .
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The se q u e n ce  of ev en ts  lead in g  to  th e  h a e m o s ta t ic  

d e fe c t  in  a b ru p t io  p la c e n ta e  w ould a p p e a r  to  be a  p r im a r y  

in t r a v a s c u l a r  c lo tting  and a  s im u lta n e o u s  a c t iv a t io n  of the 

f ib r in o ly t ic  s y s t e m  to  r e m o v e  the  f ib r in  in  the  v a s c u la r  

c o m p a r tm e n t .  T he a c t iv a t io n  of th e  c lo ttin g  m e c h a n is m  

w hich  i s  confined  to  th e  u te r in e  c i rc u la t io n  d u r in g  n o r m a l  

p la c e n ta l  s e p a r a t io n  px 'esum ably  ex tends  in to  the  g e n e ra l  

c i r c u la t io n  in  p a t ie n ts  w ith  p r e m a tu r e  s e p a r a t io n  of the 

p la c e n ta .  T he a d m in is t r a t io n  of f ib r in o g e n  w as  found to  

r e s u l t  in  a  s h a rp  in c r e a s e  of the  le v e l  of c i r c u la t in g  F . D. P . 

C o r r e c t io n  of the  h y p o v o la em ia  by f r e s h  w hole b lood  to  

p ro v id e  a fu ll  c o m p le m e n t  of h a e m o s ta t ic  co m p o n en ts  

inc lud ing  p la te l e t s  s e e m s  to  foe the  m o s t  r a t io n a l  approa>ch to  

th e ra p y ,  w ith  m o n ito r in g  of the  c e n t r a l  venous  p r e s s u r e  as  a  

guide to  th e  ad eq u acy  of b lood  vo lum e rep la cem en t*  On the  

b a s i s  of th o se  f ind ings  the  u se  of f ib r in o ly t ic  in h ib i to r s  m ay  

be p o te n t ia l ly  h a s a r d o n s  in  p ro m o tin g  v a s c u la r  o cc lu s io n . 

V ag ina l d e l iv e ry  w as  shown to  be fo llow ed by r a p id  fa l l  in the 

le v e l  of F, D. P . and a spon taneous  r e c o v e ry  of th e  d e p le te d  

c lo t t in g  f a c to r s ;  e a r ly  d e l iv e ry  w ithout t r a u m a  i s  th e r e f o r e  

th e  m o s t  e f fec t iv e  w ay of r e s to r in g  the  h a e m o s ta t ic  p r o c e s s  

to  n o rm a l .
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A lthough the  m a te r n a l  m o r ta l i ty  f ro m  p r e - e c l a m p s i a  

h a s  b een  g r e a t ly  re d u c e d ,  th is  unexp la ined  coxnpXication of 

p re g n a n c y  is  s t i l l  a s s o c ia te d  w ith  a  h igh  p e r in a ta l  lo s s .  

In v e s t ig a t io n  of a  g ro u p  of p a t ie n ts  w ith  s e v e r e  p r e - e c l a m p s i a  

r e v e a le d  ev id en ce  of a  d ev ia tio n  f ro m  th e  f ind ings  in  the  

co ag u la t io n  and  f ib r in o ly t ic  s y s te m s  d u rin g  n o r m a l  p reg n a n c y .  

T he e f fec t iv e  le v e l  of p la sm in o g e n  a c t iv a to r  in  th e  p la s m a  w as 

lo w e r  th a n  found in  n o r m a l  p re g n a n c y , a h ig h e r  le v e l  of 

in h ib i to r  to  u ro k in a s e  w as p r e s e n t ,  the  le v e l  of s e r u m  F. D. P . 

w as  i n c r e a s e d  and  th e  p la te le t  count re d u c e d .  T he ch an g es  

cou ld  be ex p la in e d  by in t r a v a s c u l a r  f ib r in  d ep o s i t io n  a s  a 

r e s u l t  of a  d is tu rb a n c e  of the  b a lan ce  be tw een  c lo t t in g  and 

f ib r in o ly s is  in  lo c a l i s e d  a r e a s  of the v a s c u la r  c o m p a r tm e n t .

Such a  d e ra n g e m e n t ,  p a r t i c u la r ly  in the  m a te r n a l  v a s c u la r  

supp ly  to  the  p la c e n ta  and  in  th e  r e n a l  c i r c u la t io n ,  cou ld  p ro d u c e  

m any  of th e  f e a tu r e s  of p r e - e c l a m p s i a .  N a r ro w in g  and o c c lu s io n  

of th e  s p i r a l  a r t e r i o l e s  supply ing  the  p la c e n ta ,  by m u r a l  th ro m b i ,  

w ould  ex p la in  th e  im p a i r m e n t  of p la c e n ta l  b lood flow and  the  

d ev e lo p m e n t of p la c e n ta l  in fa rc t io n  and i s c h a e m ia  w h ich  o c c u r  

in  th is  s y n d ro m e .  A s im i l a r  phenom enon  in  th e  r e n a l  

c i r c u la t io n  cou ld  acco u n t fo r  h y p e r te n s io n  and  p r o te in u r ia .
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S e r ia l  s tu d ie s  fo llow ing  e c la m p s ia  show ed a s te e p  r i s e  of 

th e  s e r u m  F . D, P , but no su ch  incx*ease w as found a f t e r  

g ra n d  m a l  s e i z u r e s  in  la te  p reg n a n c y .  E c la m p t ic  and 

e p i le p t ic  co n v u ls io n s  in  p re g n a n c y  did not p ro y o k e  any 

i n c r e a s e  of p la s m a  f ib r in o ly t ic  ac tiv ity . H is to lo g ic a l  

e x a m in a t io n  of th e  k id n e y s  in  a fa ta l  c a s e  of e c la m p s ia  

show ed  ev id en ce  of e x te n s iv e  f ib r in  d e p o s it io n  in  th e  i n t r a ­

lo b u la r  a r t e r i e s ,  a f f e r e n t  a r t e r i o l e s ,  and  the  g lo m e r u la r  

c a p i l l a r i e s .  The r i s e  of  F. D. P . following e c la m p s ia  p ro b ab ly  

t h e r e f o r e  r e f l e c t s  lo c a l  f ib r in o ly t ic  ac t iv i ty  o c c u r r in g  in 

r e s p o n s e  to  e x te n s iv e  in t r a v a s c u l a r  f ib r in  d ep o s it io n .

The ev id en ce  of i n t r a v a s c u l a r  coagu la tion  in  p r e - e c l a m p s i a  

r a i s e s  th e  p o s s ib i l i ty  of u s ing  a n t i th ro m b o tic  a g e n ts  su ch  as  

h e p a r in  to  p r e v e n t  f ib r in  d ep o s i t io n  in  th e  m a te r n a l  c i rc u la t io n .

A c a re fu l ly  c o n t ro l le d  c l in ic a l  t r i a l  i s  now in p r o g r e s s  to 

d e te rm in e  the  va lue  of such  th e ra p y  i n  im p ro v in g  p la c e n ta l  b lodd 

flow, p la c e n ta l  func tion , and fo e ta l  g row th  in  p r e g n a n c ie s  

c o m p lic a te d  by p r o - e c l a m p s ia  and  fo e ta l  g ro w th  re tax ’dation .

The f a c to r s  c o n tro ll in g  lo c a l  f ib r in o ly t ic  a c t iv i ty  a r e  

obv iously  of im p o r ta n c e  fo r  the  re m o v a l  of i n t r a v a s c u l a r  f ib r in  

d e p o s i ts .  T he  p la c e n ta  is  a  p o ten t s o u r c e  of both  f ib r in o ly t ic  

in h ib i to r  and  th ro m b o p la s t in .  The ap p l ica tio n  of the  te c h n iq u e s
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f o r  m e a s u r in g  t i s s u e  f ib r in o ly t ic  a c t iv i ty  to  th e  en d o th e liu m  

in  th e  m a te r n a l  v a s c u la tu r e  supply ing  the  p la c e n ta  in  both 

n o r m a l  p re g n a n c y  and  p re g n a n c y  c o m p lic a te d  by p r o - e c l a m p s i a  

and  p la c e n ta l  in su f f ic ie n c y  w ould be of in t e r e s t .

M uch of th e  function ing  of th e  c lo ttin g  and  ly t ic  s y s te m s  

in  n o r m a l  and  a b n o rm a l  p re g n a n c y  r e m a in s  to  be e lu c id a te d  

and th is  a r e a  of r e s e a r c h  p r e s e n t s  a  new ch a lle n g e  to  the  

o b s te t r ic ia n .  The n u m b e r  of th e ra p e u t ic  a g e n ts  w hich  in f luence  

th e  c lo tt in g  and  f ib r in o ly t ic  m e c h a n is m s  is  s te a d i ly  in c re a s in g .  

F u r t h e r  know ledge of th e  p hys io logy  and  pa tho logy  of th e s e  

system ©  in  p re g n a n c y  m ay  define  a  u se  fo r  th e s e  ag e n ts  and 

open up a  new  f ie ld  of r a t io n a l  t r e a tm e n t  fo r  s e v e r a l  of the  

h a z a r d s  in h e re n t  in p reg n a n c y .
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The i n t r o d - u c t c i y s e c t i o n  o f  t h e  t h e s i s  p r e s e n t s  

a  B r i e f  h i s t o r i c a l  r e v i e w  o f  t h e  d e v e lo p m e n t  o f  

k n o w le d g e  o f  t h e  e f f e c t  o f  p r e g n a n c y  on t h e  h a e m o s t a t i c  

m ech an ism  a n d  g i v e s  a n  a c c c n n t  o f  c u r r e n t  c o n c e p t s  

o f  t h e  c o m p o n e n ts  a n d  f u n c t i o n s  o f  t h e  f i b r i n o l y t i c  

enzyme s y s t e m  an d  t h e  B lo o d  c l o t t i n g  m e c h a n is m .

The e f f e c t  o f  p r e g n a n c y  an d  p a r t u r i t i o n  on  ihe 

c o m p o n e n ts  o f  t h e  f i b r i n o l y t i c  enzyme s y s t e m  was 

i n v e s t i g a t e d  By s e r i a l  s t u d i e s  o f  h e a l t h y  women d u r i n g  

n-^rmal p r e g n a n c y ,  l a b o u r  an d  t h e  p u e r p e r i u m .  A m ark ed  

d e v i a t i o n  f ro m  t h e  f i n d i n g s  i n  n o rm a l  n o n - p r e g n a n t  

s u b j e c t s  was fo u n d  t o  d e v e l o p  d u r i n g  p r e g n a n c y .  A 

su b  S ta n  t i a , l  i n c r e a s e  i n  t h e  p la s m in o g e n  l e v e l  was 

fo u n d  in  t h e  t h i r d  t r i m e s t e r ,  t h e  i n c r e a s e  o c c u r r i n g  

p a r i - p a s s u  v / i th  a  p ro n o u n c e d  i n c r e a s e  i n  t h e  p la s m a  

f i b r i n o g e n  c o n c e n t a t i o n .  I n  l a t e  p r e g n a n c y  and  

d u r i n g  l a b o u r  t h e  l e v e l  o f  p l a s m in o g e n  a c t i v a t o r  i n  

t h e  p la s m a  was g r e a t l y  d e c r e a s e d ,  w h e r e a s  a  n o rm a l  

l e v e l  was p r e s e n t  i n  t h e  f i r s t  week o f  t h e  p u e r p e r i u m .

A h a e m a g g l u t i n a t i o n  i n h i b i t i o n  a s s a y  u s in g  s e n s i ­

t i z e d  s h e e p  r e d  c e l l s  was u s e d  t o  m e a s u re  t h e  l e v e l  

o f  f i b r i n o g e n / f i b r i n  d e g r a d a t i o n  p r o d u c t s  ( E . D . P . )  

d u rin g  n o r m a l  p r e g n a n c y ,  l a b o u r  an d  t h e  p u e r p e r i u m .

A s h a r p  i n c r e a s e  i n  t h e  l e v e l  o f  P .B .P .  was fo u n d  t o
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o c c u r  d u r i n g  l a b o u r  an d  i n  t h e  p u e r p e r i u m ,  i n d i c a t i n g  

t h a t  a c t i v e  f i b r i n o l y s i s  was t a k i n g  p l a c e  a t  t h e s e . ' t i m e s .

The e f f e c t  o f  t h e  p r o c e s s  o f  c h i l d b i r t h  a n d  p l a c e n t a l  

s e p a r a t i o n  on  t h e  h a e m o s t a t i c  m ech a n ism  w as i n v e s t i g a t e d  

b y  a  d e t a i l e d  s e r i a l  s t u d y  o f  t h e  c o a g u l a t i o n  a n d  f i b r i n o ­

l y t i c  s y s t e m s  d u r i n g  a n d  a f t e r  d e l i v e r y .  S h o r t e n i n g  o f  

c l o t t i n g  t e s t s  -  r e c a l c i f i c a t i o n  t im e  i n  p l a s t i c ,  k a o l i n -  

c e p h a l i n  c l o t t i n g  t im e  a n d  p a r t i a l  t h r o m b o p l a s t i n  t i m e  -  

a  s h a r p  i n c r e a s e  o f  f a c t o r s  T i l l  and T ,  a n d  a  d e c r e a s e  

o f  p l a s m a  f i b r i n o g e n  w e re  f o u n d  a s  t h e  p l a c e n t a  s e p a r a t e d .  

W i th in  one  h o u r  o f  n o r m a l  d e l i v e r y  t h e  l e v e l s  o f  se ru m  

P . I ) .P .  i n c r e a s e d  a n d  p l a s m a  f i b r i n o l y t i c  a c t i v i t y  r e t u r n e d  

t o  n o r m a l  n o n - p r e g n a n t  l e v e l s .  The e f f e c t  o f  p l a c e n t a l  

s e p a r a t i o n  was f u r t h e r  i n v e s t i g a t e d ,  b y  s i m u l t a n e o u s  

s t u d y  o f  t h e  c h a n g e s  i n  t h e  u t e r i n e  c i r c u l a t i o n  a n d  

p e r i p h e r a l  b l o o d  a t  c a e s a r e a n  s e c t i o n  w h i l e  t h e  p l a c e n t a  

was s e p a r a t i n g .  A s t r i k i n g  a c t i v a t i o n  o f  t h e  c l o t t i n g  

m e c h a n ism  w as f o u n d  i n  t h e  u t e r i n e  c i r c u l a t i o n  d u r i n g  

p l a c e n t a l  s e p a r a t i o n .  The c h a n g e s  i n  t h e  c o a g u l a t i o n  

t e s t s  i n  t h e  u t e r i n e  c i r c u l a t i o n  w ere  l a r g e l y  a  s u b s t a n t i a l  

a m p l i f i c a t i o n  o f  t h o s e  f o u n d  i n  t h e  p e r i p h e r a l  b l o o d  

a t  n o r m a l  c h i l d b i r t h .  The c o n c u r r e n t  f i n d i n g s  i n  t h e  

b l o o d  c l o t t i n g  a n d  f i b r i n o l y t i c  s y s t e m s  s u g g e s t  t h a t  

d u r i n g  p a r t u r i t i o n  t h e  h a e m o s t a t i c  m e c h a n is m  p l a y s  a n
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e s s e n t i a l  r o l e  i n  c o n t r o l l i n g  u t e r i n e  h a e m o r r h a g e .

I n  t h e  e a r l y  p u e r p e r i u m  a  s e c o n d a r y  i n c r e a s e  t o o k  

p l a c e  i n  t h e  l e v e l  o f  p l a s m a  f i b r i n o g e n ,  f a c t o r  V I I I  

r e m a in e d  e l e v a t e d  a n d  t h e  p l a t e l e t  c o u n t  sh o w ed  a  

p r o n o u n c e d  r i s e .  T h e se  c h a n g e s  a r e  p r o b a b l y  a  r e s p o n s e  

t o  t h e  u t i l i z a t i o n  o f  t h e s e  f a c t o r s  d u r i n g  p l a c e n t a l  

s e p a r a t i o n  a n d  a r e  l i k e l y  t o  p r e d i s p o s e  t o  th r o m b o - e m b o l i c  

c o m p l i c a t i  o n s .

The c o a g u l a t i o n  a n d  f i b r i n o l y t i c  s y s t e m s  i n  t h e  

n e w b o rn  w e re  s t u d i e d  i n  c o r d  b l o o d  t a k e n  i m m e d i a t e l y  

t h e  b a b y  was d e l i v e r e d .  The f i n d i n g s  i n  t h e  n e w b o rn  

w e re  i n  s h a r p  c o n t r a s t  t o  t h o s e  i n  t h e  m o t h e r .  Low 

l e v e l s  o f  V i t a m i n  K d e p e n d e n t  c l o t t i n g  f a c t o r s  w ere  

c o n f i r m e d  b u t  r a i s e d  l e v e l s  o f  f a c t o r s  V a n d  V I I I  w e re  

f o u n d  a n d  a  h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  t h e  

m a t e r n a l  a n d  n e o n a t a l  v a l u e s .  F i b r i n o l y t i c  a c t i v i t y  

was g r e a t l y  i n c r e a s e d  i n  t h e  n e w b o rn  c o n t r a s t i n g  w i th  

t h e  d i m i n i s h e d  a c t i v i t y  i n  t h e  m a t e r n a l  b l o o d .  H ig h  

l e v e l s  o f  c i r c u l a t i n g  i n h i b i t o r  w ere  a l s o  f o u n d  i n  t h e  

c o r d  b l o o d .  The f i n d i n g s  i n  t h e  c o r d  b l o o d  s u g g e s t  

t h a t  d u r i n g  n o r m a l  d e l i v e r y  a n  a c t i v a t i o n  o f  t h e  c l o t t i n g  

m e c h a n ism  t a k e s  p l a c e  i n  t h e  b a b y ’ s  b l o o d  a s  w e l l  a s  

i n  t h e  m a v e r n a l  b l o o d ,  d u e  a p p a r e n t l y  t o  t h e  e n t r y  o f  

t h r o m b o p l a s t i n  i n t o  t h e  f o e t a l  a n d  m a t e r n a l  c i r c u l a t i o n  

d u r i n g  p l a c e n t a l  s é p a r a t i o n .



A b r u p t i o  p l a c e n t a e  i s  t h e  c o m p l i c a t i o n  o f  p r e g n a n c y  

m o s t  l i k e l y  t o  b e  a c c o m p a n ie d  ty  d e f e c t i v e  b a e m o è t a s i s .
I

D e t a i l e d  s t u d i e s  o f  p a t i e n t s  w i t h  a b r u p t i o  p l a c e n t a e  

show ed t h a t  lo w  f i b r i n o g e n  l e v e l s  w e re  a c c o m p a n ie d  b y  

a  d e c r e a s e  o f  p l a s m i n o g e n  a n d  d e p l e t i o n  o f  c o a g u l a t i o n  

f a c t o r s  I I ,  V a n d  V I I I .  S u b s t a n t i a l  l e v e l s  o f  se ru m  F .D .P .  

w ere  fo u n d  i n  t h e  p r e s e n c e  o f  d i m i n i s h e d  s y s t e m i c  f i b r i n o ­

l y t i c  a c t i v i t y .  As F .D .D .  h a v e  a  p r o f o u n d  e f f e c t  on 

t h e  c l o t t i n g  m e c h a n ism  a n d  p l a t e l e t  f u n c t i o n  t h e i r  p r e s e n c e  

i n  h i g h  l e v e l s  i s  l i k e l y  t o  b e  a  m a j o r  f a c t o r  i n  t h e  

d e f e c t i v e  h a e m o s t a s i s  o f  a b r u p t i o  p l a c e n t a e .  The f i n d i n g s  

s u g g e s t  t h a t  t h e  a c t i v a t i o n  o f  t h e  c l o t t i n g  m e c h a n is m  

w h ic h  i s  c o n f i n e d  t o  t h e  u t e r i n e  c i r c u l a t i o n  d u r i n g  

n o r m a l  p l a c e n t a l  s e p a r a t i o n  e x t e n d s  i n t o  t h e  g e n e r a l  

c i r c u l a t i o n  i n  p a t i e n t s  w i t h  p r e m a t u r e  s e p a r a t i o n  o f  t h e  

p l a c e n t a .

I n v e s t i g a t i o n  o f  a i g r o u p  o f  p a t i e n t s  w i t h  s e v e r e  

p r e - e c l a m p s i a  r e v e a l e d  e v i d e n c e  o f  a  d e v i a t i o n  f r o m  t h e  

f i n d i n g s  i n  t h e  c o a g u l a t i o n  a n d  f i b r i n o l y t i c  s y s t e m s  

d u r i n g  n o r m a l  p r e g n a n c y .  The e f f e c t i v e  l e v e l  o f  p l a s m i n o ­

g e n  a c t i v a t o r  i n  t h e  p l a s m a  was l o w e r  t h a n  f o u n d  i n  

n o r m a l  p r e g n a n c y ,  a  h i g h e r  l e v e l  o f  i n h i b i t o r  t o  u r o k i n a s e  

was p r e s e n t ,  t h e  l e v e l  o f  s e ru m  F .D .P ,  m s  i n c r e a s e d  a n d  

t h e  p l a t e l e t  c o u n t  r e d u c e d .  The c h a n g e s  f o u n d  i n  p a t i e n t s  

w i t h  s e v e r e  p r e - e c l a m p s i a  a r e  i n  k e e p i n g  w i t h  i n t r a v a s c u l a r
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f i b r i n  d e p o s i t i o n .  S e r i a l  s t u d i e s  f o l l o w i n g  e c l a m p s i a  

shew ed  a  s t e e p  r i s e  --f t h e  s e ru m  F .D .P .  b u t  no s u c h  

i n c r e a s e  was f o u n d  a f t e r  g r a n d  m a l s e i z u r e s  i n  l a t e  

p r e g n a n c y .  H i s t o l o g i c a l  e x a m i n a t i o n  o f  t h e  k i d n e y s  

f ro m  a  f a t a l  c a s e  o f  e c l a m p s i a  show ed e x t e n s i v e  f i b r i n  

d e p o s i t i o n  i n  t h e  r e n a l  v a s c u l a t u r e .  A d i s ' t u r b a n c e  o f  

t h e  b a l a n c e  b e tw e e n  c l o t t i n g  a n d  f i b r i n o l y s i s  i n  l o c a l  

a r e a s  s u c h  a s  t h e  u t e r i n e  a n d  r e n a l  c i r c u l a t i o n s  

c o u l d  e x p l a i n  m any o f  t h e  f e a t u r e s  o f  t h e  s y n d ro m e  

c f  p r e - e c l a m p s i a .  The e v i d e n c e  o f  i n t r a v a s c u l a r  

c o a i g u l a t i o n  i n  p r e - e c l a a n p s i a  r a i s e s  t h e  p o s s i b i l i t y  

o f  u s i n g  a n t i - t h r o m b o t i c  a g e n t s  t o  c o u n t e r a c t  f i b r i n  

d e p o s i t i o n  i n  t h e  m a t e r n a l  c i r c u l a t i o n .

F u r t h e r  k n o w le d g e  o f  t h e  p h y s i o l o g y  an d  p a t h o l o g y  

o f  t h e s e  c o a g u l a t i o n  a n d  f i b r i n o l y t i c  s y s t e m s  i n  

p r e g n a n c y  may d e f i n e  a  r a t i o n a l  u s e  f o r  a g e n t s  i n f l u e n c i n g  

t h e s e  m e c h a n is m s  a n d  o p e n  u p  a  new f i e l d  o f  t r e a t m e n t  

f o r  s e v e r a l  o f  t h e  h a z a r d s  i n h e r e n t  i n  p r e g n a n c y .
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Figure  1
The 'cascade' or 'waterfall' h yp othes is  of t h e  s e q u e n c e  of 
reac t ion s  in blood coagulat ion  as modified by Esnouf (1968 ) .  
Each c lo tt ing  factor or p ro -en zy m e  is represented  by a 
Roman n u m era l  in accordance  with in tern at iona l  agreem ent;  
The letter 'a' added to t h e  num era l  rep re sen ts  th e  'activated' 
factor or en zy m e .  The factors marked with an a s ter isk  are  
t h o s e  w h ic h  have been sh ow n  to be in crea sed  in pregnancy .
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Figure 2
The stages in the conversion of fibrinogen to fibrin by thrombin.



THE • HBRÜMOLYTIC ENZYME SYSTEM
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Figure 3 
The basic components of the fibrinolytic enzyme system or 
plasminogen - plasmln system.
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Figure 4 
The physiological dual phase mechanism of plasminogen 
activation in vivo as postulated by Sherry et al ( 1959 ).
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Figure 5
The levels  of f ib r inogen  and p la sm in ogen  in  pregnancy,  
labour and th e  f ir s t  week of th e  pu erp er ium  compared  
with  t h e  f ib r in ogen  and p lasm inogen  leve ls  in th e  control  
group.  The f ig u r e  is prepared from Tables 2, 3 and 8.



EUGLOBULI N LYSIS TIME in N O R M A L  P R E G N A N C Y
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F igure  6
The e u g lo b u l ln  ly s i s  t im es  recorded d u r in g  p regn an cy ,  
labour and t h e  f ir s t  weeks of t h e  p u erp er iu m  compared  
w ith  t h e  f in d in g s  in t h e  control  group  ( s e m i - l o g . s c a l e  ).



LIN LYSIS ACTIVITY DURING PREGNANCYEUGÜ
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Figure 7
The euglobulln  lys is  t ime expressed as u n it s  of activity  
d uring  pregnancy, labour and the  f irst  week of the  
puerperium compared with th e  f indings  in th e  control group.  
The f igure  is prepared from Tables 4 and 8.



PLATELET LEVELS in PREGNANCY, LABOUR & PUERPEPJUAA
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Figure 8
The platelet co u n t  during  pregnancy, labour and th e  f irst  
week of th e  puerperium compared with the  platelet count in 
th e  control group. The f igure  is prepared from Tables 7 and 8.



16-0

C O

• o

•  o
•0

•0 e o

60

•0

6 • e•  e  o o e  6 06 6 0 0E

Term
Weeks of pregnancy LABOUR puerperium postnatal

Figure 9
The levels of f ib r i n / f ib r in o g e n  degradation products found  
in th e  seru m  during  pregnancy, labour and th e  puerperium  
( sem i- log ,  sca le  ), The mean values  and standard deviations  
are shown in Table 9.
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Figure 10
The leve ls  of f ibrin / f ibr inogen  degradation products in t h e  
s e r u m  of 12 patients tested 2 - 4  h o u r s  after operation and  
again 3 - 8  days after operation. The f ig u r e  is prepared  
from Table 10.
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F igure  11
The effect of normal del ivery  on t h e  plasma recalc if icat ion  
t im e  in plast ic  tu b es ,  t h e  kaolin -  c e p h a l in  c lott ing  t im e  and  
t h e  partial throm boplast in  t ime ( mean v a lu es  and standard  
err o r  of t h e  mean ). The s ig n i f ica n t  s h o r t e n in g  of t h e s e  
c lo tt ing  te s ts  d u r in g  th e  th ird  s tage  and after placental  
d elivery  is s h o w n .  The f ig u r e  is prepared from Tables 11, 
12 and 13.
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Figure 12
The effect of normal delivery on t h e  activity of factors II,  
V, V III ,  IX and X ( m e a n  va lues  and standard error  of 
t h e  mean ). The s ig n i f ica n t  c h a n g e s  in t h e  coagulat ion  
factors are  s h o w n .  The f igure  is prepared from Tables 
14, 15, 16, 17 and 18.
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Figure 13
The effect of normal delivery on th e  prothrombin time,  
throm bin  c lott ing  t im e and platelet c o u n t  ( mean v a lu e s  and  
standard error  of t h e  mean ). The sh a r p  in c r e a se  in th e  
plateiet c o u n t  after delivery is s h o w n .  The f ig u r e  is 
prepared from Tabies 19, 20 and 21.
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Figure 14
The effect of normal delivery on th e  f ibrinolytic  en zy m e  
system .  The c h a n g e s  in th e  leve ls  of f ibrinogen,  
p lasm in ogen ,  eu g lob u lin  lys is  activity, u rok in ase  inhib itor  
and fibrin / f ibr inogen  degradation products are  sh ow n  
( mean v a lu es  and standard error of th e  mean ).
The f igu re  is prepared from Tables 22, 23, 24, 25 and 26.
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F igu re  15
The c o rr e la t io n  between th e  c h a n g e s  In plasma f ib r in o g e n  
and plasma p la s m in o g e n  d u r in g  norm al de l ivery .
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F ig u r e  16
The w h o le  blood c lo t t in g  t im e  in p last ic ,  reca lc i f ica t io n  
t im e  and  platelet  c o u n t  in u t e r in e  v e in  blood and  
p er ip h era l  v e in  blood d u r in g  p lacental  s ep ara t ion  and  
fo l low in g  d e l ivery  by c a e s a r e a n  s e c t io n .  The f i g u r e  is
prepared from  Tables 27, 28 and 29.
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F ig u r e  17
The k a o l i n - c e p h a l i n  c lo tt in g  t im e,  partial th ro m b o p la s t in  
t im e  and p ro th rom b in  t im e  in u t e r i n e  v e in  blood and  
p er ip h era l  v e in  blood d u r in g  p lacental  s ep a ra t io n  and  
fo l lo w in g  d e l iv ery  by c a e s a r e a n  s e c t io n .  The f ig u r e  is
prepared from  Tables 30, 31 and 32.
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F ig u r e  18
The leva is  of factors  V I I i,  IX and V in u t e r i n e  v e in  
blood and  p er ip h era l  v e in  blood d u r in g  p lacenta l  sep a ra t io n  
and fo l low in g  d e l iv ery  by c a e s a r e a n  s e c t io n .  The f i g u r e  
is prepared from Tables 34, 35 and 36.
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F ig u r e  19
T he  c o r r e la t io n  b e tw een  t h e  c h a n g e s  in fac tor  VI I I  
act iv i ty  and  t h e  k a o l i n - c e p h a l i n  c lo t t in g  t im e  in u t e r i n e  
v e in  blood d u r i n g  an d  after  p lacenta l  s e p a r a t io n .
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F ig u r e  20
T he  c o r r e la t io n  betw een  t h e  c h a n g e s  in factor  VI11  
act iv i ty  and  t h e  partial th r o m b o p la s t in  t im e  in u t e r i n e  
v e in  blood d u r in g  and  after p lacenta l  s ep a ra t io n .
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F ig u r e  21

The p lasm a f ib r in o g e n  and p la s m in o g e n  le v e ls  in u t e r i n e  
v e in  blood and  p er iphera l  v e in  blood d u r in g  placental  
sep a ra t io n  and fo l low in g  d e l ivery  by c a e s a r e a n  s e c t io n .  
The f i g u r e  is prepared from Tables 37 and  38.
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F i g u r e  22

E u g l o b u l i n  l y s i s  a c t iv i ty ,  f ib r i n  /  f i b r i n o g e n  d e g r a d a t io n  
p r o d u c t s  in  u t e r i n e  v e i n  b lood a n d  p e r i p h e r a l  v e i n  
blood  d u r i n g  p la c e n t a l  s e p a r a t i o n  a n d  f o l l o w i n g  d e l i v e r y  
by c a e s a r e a n  s e c t i o n .  T h e  f i g u r e  is  p re p a r e d  fro m  
T ab les  39 ,  4 0  a n d  41 .



CLOTTING TESTS IN THE NEWBORN AND THE MOTHER
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F i g u r e  23

T h e  c l o t t i n g  t e s t s  in  t h e  m a t e r n a l  b lood a n d  c o r d  
blood im m e d ia t e ly  a f te r  b ir th  ( m e a n  + s t a n d a r d  e r r o r  ). 
W ith  t h e  e x c e p t io n  of t h e  r e c a l c i f i c a t i o n  t im e ,  t h e  
c l o t t i n g  t e s t s  in  t h e  baby w e r e  s i g n i f i c a n t l y  l o n g e r  
t h a n  t h e  m a t e r n a l  v a l u e s .  T h e  f i g u r e  is  p r ep a red  
f r o m  Table 42  a n d  t h e  p la te le t  c o u n t s  f r o m  Table 43A .



COAGULATION FACTORS IN THE NEWBORN AND THE MOTHER
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F ig u r e  24
T he  c o a g u la t io n  fac tors  in t h e  m aterna l  blood and  cord  
blood im m ed ia te ly  after  b irth  ( m ean  + s ta n d a rd  e r r o r  ). 
Factors  II (p r o th r o m b in ) ,  VI I ,  IX, and  X in t h e  baby 
w e r e  m arkedly  lower t h a n  in t h e  m o th er  but no  
s ig n i f i c a n t  d i f f e r e n c e  was p r e s e n t  b e tw een  fac tors  V an d  
VI11 i n t h e  baby an d  t h e  m o th er .  T he  f i g u r e  is  
prepared  from  Tables 43 A and 43 B.



THE FIBRINOLYTIC ENZYME SYSTEM IN THE NEWBORN AND IN THE MOTHER
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Flgu re  25
T h e  c o m p o n e n t s  of t h e  f ib r i n o l y t i c  e n z y m e  s y s t e m  in  
t h e  m a t e r n a l  blood a n d  cord  blood im m e d ia te ly  a f te r  
b ir th  ( m e a n  + s t a n d a r d  e r r o r  ). T h e  h i g h  leve l  of 
f i b r i n o l y t i c  a c t iv i ty  a n d  r e d u c e d  s e n s i t i v i t y  to u r o k i n a s e  
in  t h e  baby c o n t r a s t e d  s h a r p l y  w i th  t h e  m a te r n a l  v a l u e s  
T h e  f i g u r e  is  p rep ared  from  Table 44.
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F i g u r e  2 6
L eve ls  of f i b r i n / f i b r i n o g e n  d e g r a d a t io n  p r o d u c t s  ( F .D .P . )  
in  t h e  s e r u m  of p a t ie n t s  w ith  a b r u p t io  p la c e n ta e ,  
e c l a m p s i a ,  i n t r a u t e r i n e  d e a th ,  a n d  a f te r  post  - p a r t u m  
h a e m o r r h a g e ,  c o m p a r e d  w ith  m e a n  l e v e l s  f o u n d  in  
2 5 0  h e a l t h y  w o m e n  in  n o rm a l  p r e g n a n c y ,  la b o u r  a n d  
t h e  p u e r p e r i u m  ( l o g a r i t h m ic  s c a l e  ).
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Figure 27
The levels of fibrinogen, plasminogen, serum fibrin I 
fibrinogen degradation products (F.D.P. ) and plasminogen 
activator In 10 patients with abruptio placentae prior 
to treatment, as compared with the findings In 20 
healthy patients in normal labour.
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T he  p late let  c o u n t s  In t h e  s a m e  p a t ie n ts  as  in  f i g u r e  
27 b e fo re  blood t r a n s f u s i o n  w as  c o m m e n c e d .



FIBRINOLYSIS AND ABRUPTIO PLACENTAE. 
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Figure 29
The findings in a patient with severe abruptio placentae 
where transient evidence of a systemic proteolytic state 
was present as shown by the high level of plasminogen 
activator (euglobulin lysis time). Fibrinogen (4g)  
was given and the fibrin degradation products increased 
from 600jag/ml to 1200.ug /ml.
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Figure 30
Levels of fibrinogen, plasminogen, fibrin degradation 
products ( F. D. P. )  and platelets in severe abruptio 
placentae before and after delivery.
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F ig u r e  31
T h rom b in  c lo t t in g  t im e ,  factor  II,  V, V I 11 and IX 
before  a n d  after  d e l iv e r y  in t h e  s a m e  patient  as  in  
f i g u r e  30.
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Figure 32
Spontaneous decrease of serum fibrin I fibrinogen 
degradation products (F.D.P.), (semi-log.scale)and 
increase of plasma fibrinogen after vaginal delivery 
in a patient wltti abruptio placentae.
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Figure 33
The levels and mean values of fibrinogen, plasminogen,  
and serum  fibrin degradation products (F.D.P.) in 10 
patients with severe  p re-ec lam p sia  as compared with 
th e  f indings in 10 healthy patients matched for age 
and gestation. The f igure is prepared from Table 46.
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Figure 34
Euglobuiin iysis activity and urokinase sensit iv ity  results  
with mean values in severe  p re-ec lam p sia  compared 
with th e  control patients. The f igure is prepared from 
Table 47.
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Figure 35
The levels and mean values of factor VIII  and the  
platelet count  In patients with severe p re-ec lam p sia  
compared with th e  control patients. The f igure Is 
prepared from Table 48.



CHANGES in  th e  FIBRINOLYTIC SYSTEM  a n d  PLATELET COUNT
a fte r  ANTEPARTUM ECLAM PSIA

Eu globul in  Lysis 
Activity ( U nits  )

, U rok inase  Sensi t iv i ty  
I Test ( U nits  )

I S e r u m  F .D .P .
I ( j x g / m l )

300

200

P l a t e l e t s  
{ X 1 000 /  c. mm )100

0

Weeks
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F igure  36
Seria l  f in d in g s  in e u g lo b u l in  ly s i s  activity, u r o k in a s e  
s e n s i t iv i t y  tes t ,  s e r u m  f ibr in  degradation products  
(F.D.P.),  and platelet c o u n t  fo l lowing  antepartum  eclam psia  
and foetal death i n -  u tero .  The shaded area ind icates  
t h e  ran ge  for normal p r eg n a n cy  prior to de l ivery .



CHANGES in  t h e  FIBR IN O LY TIC  SYSTEM  a n d  PLATELET COUNT
BEFORE a n d  AFTER POSTPARTUM  ECLAM PSIA

F i b r i n o g e n  ( M g / l O O m I )

P l a s m i n o g e n  
( C a se in  u n i t s  / m l )I______I______I---------1
Euglobu l in  Lysis Activity 

( U nits  )

S e r u m  F . D . P  
.  ( j i g  /  ml )

P l a t e l e t s  ( x l O O O / c . m m )

DELIVERY and  
ECLAMPSIA

2 3 4

PUERPERIUM

F igure  37
Seria l  f in d in g s  before and after postpartum ec lam psia  
in t h e  plasma f ib r in o g e n ,  p la sm in o g en ,  e u g lo b u l in  
ly s is  activity, s e r u m  f ibr in  degradation products  (F.D.P.),  
and platelet c o u n t .  The shaded  area in d ica te s  t h e  
ran ge  for normal p reg n a n cy  prior to de l ivery .



THE EFFECT of EPILEPTIC SEIZURES AT TERM 
o n  t h e  FIBRINOLYTIC SYSTEM a n d  PLATELET COUNT

E u g lo bu l in  Lysis Activity  
{ U n i ts  )

U ro k in a se  S e n s i t iv i ty  Test 
( U n its  )

S e r u m  F .D .P , ( j i g / m i )

P la te le ts  ( x l O O O / c . m m l

1 À 2 I  3 i p 1 2  3 4

EPILEPSY DELIVERY ^ a y s

F igure  38
S er ia l  f in d in g s  in e u g lo b u l in  ly s is  activity, u r o k in a s e  
s e n s i t iv i t y  tes t ,  s e r u m  f ibr in  degradation products  
(F.D.P.),  and platelet c o u n t ,  before and after  grand  
mal s e i z u r e s  at term . The shaded  area ind icates  
th e  ran ge  for normal p reg n a n cy  prior to de l ivery .



F igure  39
Histological s e c t io n  of t h e  kidney of a patient dy ing  
after ec lam psia  s h o w in g  f ibrin  throm bi in t h e  
in tra lob u lar  ar tery  and ex ten d in g  into  t h e  a f feren t  
a r te r io le s  of t h e  g lo m e r u l i .
( P iero  -  M allory s ta in  ; x 175 d iam eter  ).



c

F igure  40
Fibrin fra g m en ts  w i th in  t h e  cap i l lar ies  of t h e  g lo m er u la r  
tuft in t h e  sam e  patient as  f ig u r e  39.
( P iero  -  Mallory s ta in  ; x 325 d iam eter  ).
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T able 1

F ib r in o ly tic  enaym e sy s te m  in norm al pregnancy, 
labour and the puerperium j D eta ils  of patients ' 

studied se r ia l ly

P atient
Age

(years) P ar ity M aturity  
at delivex’y 

(weeks)

1 24 0 39
2 21 0 40
3 21 1 40
4 22 2 41
5 27 1 41
6 22 0 40
7 25 2 42
8 30 3 40
9 34 2 38

10 24 0 38

Mean 25 1 40

S .D , 4 , 5 1 1*3



Table 2

P la sm a  fibrinogen  (m g/ 100ml) during pregn an cy,
labour and the puerperium

P atient 12-18
G estation  (weeks)  

18-24  24-30  30 -3 6 36*42 Labour P u erp er iu m  
(1 st  week)

1 320 351 390 390 430 445
2 274 289 303 356 338 382 291
3 360 439 361 333 434 340 427
4 435 440 438 402 476 338
S 320 347 358 471 517 508 528
6 324 355 550 560 587 478
7 390 430 492 492 477 590
8 305 348 m 294 391 379 m

9 406 446 449 465 480 450
10 290 303 389 373 385 315

Mean 345 355 380 413 443 ddl 429

S ,D . 55*7 6 1 .5 5 1 .4 7 8 .0 7 0 .4 7 8 .6 9 9 .5

Each a ssa y  w as done in  duplicate and the v a lu es  shown  
are  the average of the two a s s a y s .  T h ese  data are  

graphica lly  d isp layed  on figure 5 ,



Table 3

P la sm a  p lasm in ogen  (c a se in  u n its /m l)  during p regnancy,
labour and the puerperium

Patient 12-18
G estat ion  (weeks)  

18-24 24-30  30 -36 36-42 Labour P u erp er iu m  
(1st  week)

1 # 4 .7 8 4 , 9 8 5 ,0 5 4 , 7 4 . 7 4 ,4 5
Z 4 , 3 4 , 4 4 . 3 : 4 , 4 3 .7 5 4 ,0 5 4 ,4 5
3 3 . 85 -  , 4 .2 5 5 .0 5 5 .3 7 4 . 5 5 ,0 5
4 . 5 ,1 5 .1 8 5 .7 4 . 7 8 , 4 .8 2 m 6 ,3 5
5 3 ,2 5 3 , 4 4 . 6 4 . 5 4 .7 5 4 ,5 5
6 3 .4 5 # 5 ,2 8 5 .4 3 5 ,6 5 4 .6 5 ,1
7 5 . 8 5 .3 7 5 ,3 3 5 ,8 5 .3 8 5 . 4
a 6 ,1 6 . 0 6 .0 6 .0 5 5 ,8 5 6 .0 m

9 4 ,3 5 .3 5 5 .1 5 4 . 4 3#9 3 ,9
10 4 , 7 é* 5 ,1 4 . 8 5 .2 3 .9 4 .1

Mean 4 . 3 8 5 .2 3 4 .9 7 5 .0 6 5 .0 0 4* 64 4 ,8 2

S . D , 0 ,9 2 0 .6 7 0 . 7 8 0 ,4 7 0 .6 9 0 ,7 0 0 ,7 5

Each, a s sa y  w as  done in duplicate and the va lu es  shown  
are the m ean s  of the two a s s a y s .  T h ese  data are  

graphically  d isplayed on f igure 5.



T able 4

E uglobulin  ly s ia  t im e  (units) during p regnancy,
labour and the puerperium

P atien t 12-18
Gestation (weeks) 
18-24 24-30 30-36 36-42 Labour Puerperium  

(1st week)

1 0,90 0,30 0,30 0,30 0.30 1.80
a 2,10 0.60 0,30 0.60 0.30 0 .60 3.30
3 1,25 1,10 0 .90 0,70 0.70 0.80 2.10
4 1,00 0.80 0.30 0.60 0.50 m 1.40
5 1,30 «% 0,25 0 ,25 0.27 1.00
6 1,80 #4 0,60 0,50 0.30 0*30 1.60
7 0,90 0,40 0.20 0.20 0.20 2.20
8 1,43 Of 60 0.60 0.23 # -
9 2,10 0.50 0.43 0,40 0.30 1,40

10 1.20 m 0.53 0,30 0 ,30 0 ,20 1,80

Mean 1,52 0 .82 0 ,45 0,45 0 .35 0 .39 1.84

S tD . 0 ,42 0 ,1 9 0,21 0 ,18 0.15 0 .27 0 ,66

Each resu lt  i s  the m ean  of duplicate a ss  ays J patients 4 , B and 8 
d e liv ered  sh ortly  after a d m iss io n  and a sam ple for  euglobulin  

l y s i s  t im e  was not obtained prior  to d e liv ery . T h ese  data are  
graphica lly  d isp layed  on figure 7»



T able 5

U rok in ase  se n s it iv ity  t e s t  (units) during pregnancy,
labour and the puerperium

P a t ie n t 12-18
G e s ta tio n  (weeks)  

18 -24  24*30 30^36 36—42 L a b o u r P u e r p e r iu m  
(1 s t w eek)

I M* 2 .1 6 2 .3 4 1.75 1.61 I V. 64 1*33
2 2 ,1 4 2 .8 5 3 .1 5 4 .4 4 2 .7 0 3*50 2 .9 0
3 ■ ■ 3 .7 5 3 ,7 5 5 .4 0 4 .7 6 S. 60 3 ,5 0 3*80
4 1 .53 1.21 1 .50 1,50 1 .20 1* 18 1*40
5 1 .60 2 .2 0 2 .3 0 1.70 1 .78 2*60 1*60
6 1 .80 2 .8 0 2 .6 0 3 ,0 6 4 ,3 4 3 .5 0
7 m 5 .5 0 4 ,8 1 4 ,  80 ** 4 ,5 0 5*45
8 1 .60 4* 1 ,50 1.60 1,90 1*66 **
9 0 . 9 2 1.90 1 .60  ̂ 1 ,25 1*58 1,00

10 0 0 .8 0 1 .90 2 .6 0 2 ,8 9 2 ,7 2 2 .6 0

M ean 1 .7 6 2 .7 8 2 .7 6 2 .7 3 2 ,3 9 2 ,7 2 2.62

S.D * 0 . 9 9 1. 44 1 .35 1 .39 1 ,3 9 1 ,20 1 .4 6

E a c h  t e s t  w as p e r fo rm e d  in  d u p lic a te  and  th e  v a lu e s  show n a r e  
the  a v e ra g e  of th e  tw o a s sa y s*  No s ig n if ic a n t a l te r a t io n  of th e  
u ro k in a s e  s e n s i t iv i ty  t e s t  to o k  p la c e  d u rin g  p regnancy#  la b o u r  

and  th e  l a s t  w eek  of th e  p u e rp e riu m *



T able 6

Thrombixi clotting  tim e  (secon d s) during pregnancyi
labour and, the puerperium

P a tie n t 12-18
G e s ta tio n  (w eeks) 

18-24  24-30  30-36
, . P u erp er iu m

36-42  ^  (1 s t w eek)

1 1 2 ,9 13 .3 1 2 .9 11 .8 13 .1 1 1 ,9
2 1 4 .9 14 .0 1 3 ,6 12*7 13,3 14 ,0 12*6
3 A* 11.0 1 1 ,5 11 ,5 1 0 .9 *. 1 2 .4
4 14* 6 14 .0 1 3 .4 13.;4 12 .5 1 2 .6 1 7 .0
S 1 2 .4 1 2 .0 1 1 .6 1 0 .8 11 .5 1 3 .6
6 1 0 .7 1 1 .8 1 2 ,2 1 3 .8 14,0 1 2 .2
7 : 11 .0 1 0 .9 1 4 .5 1 2 ,9 16 ,1 1 4 .3
8 1 1 .9 1 4 .2 14* 0 1 3 .2 1 3 .4 1 3 .7
9 15 .3 1 4 .4 14* 0 1 2 ,4 1 4 .5 1 5 .0 14 ,0

10 1 2 .2 1 2 .8 1 3 .4 12.1 13,0 1 3 ,6 12 ,2

M ean 1 2 .9 1 3 .2 1 2 .8 1 2 ,6 1 2 .8 1 3 ,9 1 3 .3

S ,D * 1 .8 1 1 .21 1 .1 6 1 .02 1 .10 1 .0 4 1. 73

E a c h  t e s t  w as done in  d u p lic a te  and  th e  v a lu e s  show n a r e  th e  
a v e ra g e  of the tw o a ssa y s*  T he t im e s  r e c o r d e d  d u rin g  

la b o u r  w e re  s ig n if ic a n tly  in c r e a s e d  com paz 'ed  w ith  th o se  
r e c o rd e d  a t 36 -42  weeks-* g e s ta tio n  .(R !» 0> p s  0*001 

ViTiicolon's S ig n ed  R anke T e s t ) *



Table 7

P la te le t  counts during pregnancy# labour and the puex'perium

Patient 12-18
G estation  (weeks) 
18424 24-30  3 0 -3 6 36*42 Labour P u erp er iu m  

(1st  week)

I 245 228 223 225 248 214 362
2 : 260 226 175 234 239 285 300
3 128 121 136 116 156 101 173
4 223 192 226 271 253 m 456
5 201 184 193 228 238 «* 334
6 ' 269 206 260 218 336 326 432
7 ' 160 e 210 198 294 175 353
8 223 172 244 195 180 115 m
9 235 210 184 192 148 385

10 213 247 204 162 150 198

Mean 216 190 211 206 230 139 298

8*D . 4 3 .7 3 6 .8 3 6 .8 42. S 5 8 ,1 8 0 ,4 103 ,0

P la te le t  counts (xlOOO) per cmm. are shown? each  figure is  the 
m ean  of duplicate counts; the in c r e a se  of the p la te le t  count 
during the f ir s t  w eek  of the puerperium  i s  h ighly sign ificant  

(R 5Ï 0; p 0*001 WilcOKOn*s Signed Ranks Test)*
T h ese  data are graphica lly  d isp layed on figux^e 8,



T able 8

F ib r in o ly tic  enaym e sy s te m  in  pregnancy# con tro l patients:
F ib rin o g en , p la sm in ogen , euglobulin  ly s i s  tim e# u rok inase

se n s it iv ity  t e s t ,  throm bin  clotting tim e and p la te le t  count

P atien t F ib rin ogen  
(m g/ 100ml)

P la sm in o g en  
(units/ ml)

Euglobulin U rokinase  
l y s i s  t im e se n s it iv ity  

(units) t e s t  
(units)

Throm bin P la te le t  
t im e  count 

(seconds) (XlO ^/cm m )

1 328 2 ,5 0 1 .4 2 0 ,8 2 10 ,5 296
Z 474 ■ • 2 ,3 5 1,50 0 ,6 0 9 , 5 215
3 381 3 ,0 0 0 ,2 8 2 ,1 3 10 ,0 142
4 351 2 .4 0 1 ,5 8 0 .5 7 1 1 .5 359
5 327 3 .5 5 0 .7 7 0 .7 6 12 ,0 272
6 355 3 ,2 5 2 .0 0 0 .4 1 1 1 ,8 214
7 363 2 ,9 5 1 . 00 1 ,4 8 12 .0 192
8 ■ ■ 339 2 .6 5 3 .3 3 1 .5 5 1 1 ,5 142
9 418 2 .7 5 0 ,9 1 1 .5 4 13 .0 298

10 254 3 ,1 5 1 ,1 8 1 ,0 7 1 1 .8 198
11 293 4 ,0 5 1 .00 1*93 1 2 .5 278
12 292 3 ,5 0 1 .00 1 ,53 1 2 .8 444
13 187 2 .6 5 2 .5 0 1 ,53 1 3 .5 313
14 280 3 .3 5 1 .53 1 .7 6 1 3 .5 188
15 195 3 ,8 0 0 .9 1 0 .6 4 19 ,0 296
16 130 2 . 90 2 .8 5 1 ,6 9 14.0 231
17 198 3 .5 0 0 .5 5 1 .43 1 2 ,8 264
18 255 4 ,1 0 1 .2 5 1 ,81 15 .0 215
19 148 2 ,9 0 0 .7 4 1 ,6 4 1 3 .5 202
20 191 3 .1 5 1 .00 1 ,63 1 2 .5 207



T able 8 (continued)

P atient F ibrinogen  
(mg/ 100ml)

P lasm in ogen  
(units / ml)

Euglobulin  
ly s i s  t im e  

(units)

U rokinase
sen sit iv ity

te s t
(units)

Thrombin P la te le t  
t im e count 

(seconds) (XIO^/ cmm)

21 133 1.60 1 ,82 1 ,4 8 12 ,5 295
22 297 2 ,9 0 0 ,8 7 1.41 10 .5 234
23 308 2 .5 0 0 ,8 0 1*50 11 ,5 290
24 181 2 ,0 0 1 .67 2 .1 7 1 3 ,2 239
25 136 2 ,4 0 0 ,6 4 1 ,5 5 10 ,5 212
26 135 2 ,0 0 2. 14 2 ,3 0 14 .5 402
27 286 2 ,6 5 2 ,0 0 1 ,8 2 11 .0 187
28 229 1 ,76 1 ,00 2 ,4 2 13 ,0 272
29 272 2 ,2 6 1 ,67 2 ,0 2 1 0 .5 214
30 310 3 .0 0 1 .82 1 ,65 1 4 ,8 192

Mean 268 2 ,8 4 1 .3 9 1 ,50 1 2 ,4 250

S .D , 9 0 ,7 0 ,6 3 0 ,7 0 0 .5 2 1 .5 6 9 ,6

The resu lts  of the a s sa y s  in  30 healthy women exam ined  approxim ately  
8 w eek s after a norm al pregnancy and spontaneous d e livery .
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T ab le  10

S e ru m  f ib rin /f ib x û n o g en  d e g ra d a tio n  p ro d u c ts  (FD P) 
fo llow ing  c a e s a r e a n  se c tio n

P o s t  O p e ra tio n

P a t ie n t 2 -4  h o u rs 3 -8  days

1 7 .2 1 4 .4
2 - 7 .2 3 .6
3 2 .2 3 5 .2
4 ■ 2 .5 2 0 .0
5 1 .6 108 .0
6 2 0 .0 2 0 .0
1 1 .6 6 .0
8 3 .0 1 .5
9 3 .6 5 .0

10 10 ,0 2 6 .0
11 3 .6 6 .4
12 7 ,6 6 .4

M ean 5 .8 2 1 .0

S .D . 5 .2 29*3

Shown a r e  th e  le v e ls  of f ib r in /f ib r in o g e n  d e g ra d a tio n  
p ro d u c ts  (FD P) in  p g /m l of s e ru m  in  12 p a tie n ts  who 
h ad  b lood  s a m p le s  talcen 2 -4  h o u rs  fo llow ing  d e liv e ry  
by c a e s a r e a n  s e c tio n  and  ag a in  3 -S  days a f te r  
o p e ra t io n . T he in c r e a s e  in  th e  le v e ls  of F D P  is  
s ig n if ic a n t (R -  9* p< 0*05; W ilco x o n 's  S ig n ed  R anks 
T e s t ) .

T he  d a ta  a r e  g ra p h ic a l ly  d isp la y ed  in  f ig u re  10.



T ab le  i l

P la s m a  re c a lc i f ic a t io n  tim e  (m in u te s)
d u rin g  and a f te r  n o rm a l d e l iv e ry

L a b o u r P la c e n ta l  D e liv e ry  P u e r p e r iu m

P a tie n t (s tag e ) 
2nd 3 rd 1

(m inu tes)  
+ 15 f  60

(days) 
1 st 3-S

1 6 , 9 6 , 7 5 , 4 5 .2 6. 4 a. 1 6 .2
2 7 , 4 5 .5 6 .3 5 .3 8 , 8 5 ,0
3 S . 9 5 , 2 4 . 7 5 ,3 4 . 3 6. 3
4 5 ,5 4 , 0 3 , 9 4 .1 4 ,8 S. 9
5 6 ,2 6 . 2 5 ,0 4 . 9 7 ,3 5 . 7
6 7 ,2 5 ,5 5 . 4 5 .8 6 ,6 7 . 7
1 8 .2 5 , 8 7 .2 6 ,1 6 .9
8 6 .7 6 ,1 5 .5 5 .8 6 ,7 5 .5 5 , 8
9 9 .5 4 .6 4 ,  5 2 . 6 4 , 5 5 ,1 5 . 2

10 6 ,9 S, I 6.1 wm 6* 5 5 , 2 5 ,4
11 4 . 2 3 . 8 3 , 5 wk - 5 , 8 4> 6
12 5 ,2 3 .7 5 . 2 6 , 4
13 7 , 9 7 , 9 7 . 6 7 . 7 5 . 7 5 ,8
14 7 ,0 5 , 4 6 .3 5 ,3 6 , 6 6 ,0 5 .8
IS 6 , 9 5 , 9 5 .3 6 .2 5 , 7 8 ,0 6 .1

.M ean 6 . 8 5 . 5 5 .3 5 .4 5 , 8 6 , 5 5 .5

6 .D * 1 ,3 1 .1 1 .1 1 « 4 0 . 9 1 .2 0 . 6

Show n a r e  th e  p la s m a  r e  c a lc if ic a t io n  t im e s  (m in u te s)  p e r ­
form ed. in  p la s t ic  tu b e s  in  s e r i a l  s a m p le s  of p e r ip h e ra l  b lood  
d u rin g  and a f te r  sp o n tan eo u s v ag in a l d e l iv e ry . T he b lood  
sa m p le  b e fo re  d e l iv e ry  (2nd s ta g e  of la b o u r)  w a s  ta k e n  w hen 
th e  b a b y ’s h e a d  w as d is ten d in g  th e  p e r in e u m ; th e  sa m p le  fox“ 
th e  3 rd  s ta g e  w as  ta k e n  im m e d ia te ly  fo llow ing  d e liv e ry  of the  
in fan t w h ile  th e  p la c e n ta  w as s e p a ra tin g  ’in  u t e r o ’; the 
s a m p le s  a f te r  p la c e n ta l d e l iv e ry  w e re  talcen w ith in  1 m in u te  
of ex p u ls io n  of th e  p la c e n ta  and a f te r  an  in te rv a l  of 15 m in u te s  
and  1 h o u r . T he sh o r te n in g  of th e  p la s m a  c a lc if ic a t io n  
t im e  d u rin g  th e  3rd. s ta g e  of la b o u r  and  w ith in  one m in u te  of 
p la c e n ta l  d e l iv e ry  w as h ig h ly  s ig n if ic a n t (R 0# p < 0 ,002;
W ileo x o n ’s S igned  R an k s T e s t) .

T he d a ta  are g ra p h ic a lly  d isp la y e d  in  f ig u re  11.



Table 12

K aolin-cephalin  clotting tim e (second s)
during and after norm al d e liv ery

L a b o u r P u e r p e r iu m

P a tie n t (s tag e ) 
2nd 3 rd 1

(m in u tes) 
+ 15 f  60

(days)
1st 3 -5

1 45 47 44 44 46 45 45
2 35 " 35 35 .40 32 35
3 38 39 37 40 39 40
4 45 45 43 43 44 44
5 52 41 50 47 54 41
6 38 38 39 41 44 45 «
7 42 30 «• ■ 38 37 -
8 46 42 44 43 43 42 41
9 43 43 43 34 41 44 41

10 46 48 48 46 41
11 49 38 37 «. 41 40 47
12 43 45 42 46 43 46 32
13 42 42 43 41 40 42 M.
14 50 49 45 49 46 50 45
15 40 .40 39 39 43 42 37

M ean 44 42 42 42 43 42 40

S .D ,- 5 5 4 4 4 4 5

Shown a r e  th e  k ao lin -cep h a lx n  c lo ttin g  t im e s  (seco n d s) in  
s e r i a l  s a m p le s  of p e r ip h e ra l  b lood  du rin g  and  a f te r  sp o n ta n ­
eous v a g in a l d e l iv e ry . T he tim in g  of th e  sp e c im e n s  w as  a s  
r e c o rd e d  in  th e  le g en d  to  T ab le  11, W hen th e  k a o lin  c e p h a lin  
c lo ttin g  tim e  im m e d ia te ly  p r io r  to  d e liv e ry  (2nd s tag e ) is  
c o m p a re d  w ith  th e  lo w e r  of th e  v a lu e s  r e c o rd e d  d u rin g  o r  
im m e d ia te ly  a f te r  p la c e n ta l  s e p a ra t io n  (3 rd  s ta g e  and  w ith in  
1 m in u te  of p la c e n ta l  d e liv e ry )  th e  d e c re a s e  is  s ig n if ic a n t 
(R K 6.5# p < 0 .0 5 ; W ilco x o n ’s S ig n ed  R anks T e s t ) .

The data are grap h ica lly  d isp layed  in  figu re  11



Tabla 13

P a r tia l tlirom boplastin  tim e (seconda)
during and after norm al d e liv ery

P  a tie n t

L ab o u r P la c e n ta l  D e liv e ry  

(m in u te s) (days)
2nd 3 rd 1 + 15 +60 1st 3 -5

1 51 39 37 53 55 56
2 73 - 63 80 76 54 67
3 71 69 69 69 70 74 —
4: 65 60 56 61 67 57.
5 69 60 62 68 69 67 «

6 57 47 45 52 66 61 **•
7 74 57 - 66 67 66 r
8 59 57 54 56 56 58 63
9 60 56 54 47 46 54 62

10 48 58 52 « 53 52 56
11 56 62 51 51 59 52 51
12 50 51 49 60 49 50 50
13 48 53 45 55 49 58 —
14 51 48 56 51 49 60 58
15 62 58 59 6 i 66 54 58

M ean 60 55 54 60 60 58 58

S .D , ' 9 7 8 9 10 7 6

Shown a r e  th e  p a r t ia l  th ro m b o p la s tin  t im e s  (seco n d s) in  s e r ia l  
s a m p le s  of p e r ip h e ra l  b lood  d u rin g  and  a f te r  sp o n tan eo u s , 
v a g in a l d e l iv e ry . T he tim in g  of th e  sp e c im e n s  w as a s  r e c o r d ­
e d  in  th e  le g e n d  to  T ab le  11* W hen th e  p a r t ia l  th ro m b o p la s tin  
t im e  Im m e d ia te ly  p r io r  to  d e liv e ry  (2nd s tag e ) is  c o m p a re d  to  
the  v a lu e  r e c o rd e d  im m e d ia te ly  a f te r  d e l iv e ry  of th e  p la c e n ta  
(1 m in u te ) th e  d e c re a s e  is  h igh ly  s ig n ific a n t (R -  11, p< 0 ,0 1 ; 
W ilco x o n 's  S ig n ed  R an k s T e s t ) ,

The data are grap h ica lly  d isp layed  in  figu re  11*



Table 14

F a c to r  ï î  {p ro th rom bin ) le v e ls
d u rin g  and a f te r  n o rm a l d e liv e ry

L a b o u r ^ P la c e n ta l  D e liv e ry P u e r p e r iu m

P a t ie n t (s tag e ) (m in u te s) (days)
2nd 3 rd I + 15 +60 1st 3 -5

1 100 100 105 125 135 115 120
2 200 215 185 200 155 130
3 16S 133 145 155 155 130
4 105 115 112 115 112 105
5 130 160 130 130 120 98
6 195 190 210 170 160 130
t 100 ISO ISO 140 —
8 100 135 130 125 160 145 200
9 120 125 150 150 120 105 130

10 140 140 160 200 114 80
11 94 100 104 100 124 100
12 192 — 150 250 130
13 180 180 190 190 210 180
14 130 130 116 145 140 76 135
16 160 160 175 ISO 176 145 120

M ean 141 139 149 149 158 125 127

S*B* 38 27 38 23 42 26 35

Shown a r e  th e  p e rc e n ta g e  le v e ls  of f a c to r  II (p ro th ro m b in )  in  
th e  p e r ip h e r a l  b lood  d u rin g  and a f te r  sp o n tan eo u s v a g in a l 
d e liv e ry *  T he tim in g  of th e  b lood  sa m p le s  w as a s  r e c o rd e d  
in  th e  le g e n d  to  T ab le  11* T he le v e l of f a c to r  II on  th e  f i r s t  
day of th e  p u e rp e r iu m  w as s ig n if ic a n tly  lo w e r  th a n  th e  le v e ls  
r e c o rd e d  d u rin g  p la c e n ta l d e liv e ry  {p<0*002s W ilco x o n ’s 
S ig n ed  R anks Tost)*

T he d a ta  are g ra p h ic a lly  d isp la y e d  in  f ig u re  12



Table 15

F a cto r  V le v e ls  daring and after norm al d e liv ery

P a t ie n t

L ab o u r

(s tag e )

P l a c e n ta l D eliv e ry  

(m in u tes)

P u e rp e r iu m

(days)
2nd 3 rd 1 + 15 +60 1st 3 -5

1 58 66 70 70 84 76 140
2 180 360 310 300 120 105
3 90 70 79 70 72 96 —
4 86 100 100 170 120 90 88
5 110 85 85 110 85 110
6 100 100 140 100 100 180 •>
7 160 160 130 130 100 —
8 86 150 130 110 130 130 140
9 SB 88 90 98 115 105 160

10 100 100 100 156 72 70
11 74 132 140 114 144 * 128
12 250 «W — 300 300 120
13 215 205 205 210 205 120 ,*

14 180 180 190 180 180 130 130
15 230 210 230 180 180 140 230

M ean 134 127 148 154 153 114 130

S .D . 63 50 82 77 73 29 44

Show n a r e  the  p e rc e n ta g e  level© of f a c to r  Y in  th e  p e r ip h e ra l  
b lo o d  d u rin g  and  a f te r  sp o n tan eo u s v ag in a l d e liv ery *  T he 
tim in g  of th e  b lood  sp e c im e n s  w as  a s  r e c o rd e d  in  th e  le g en d  
to  T ab le  11, T he d e c re a s e  of f a c to r  Y b e tw e en  1 houx’ of 
p la c e n ta l  d e l iv e ry  and th e  f i r s t  day of th e  p u e rp e r iu m  is  
s ig n if ic a n t (R -  11, p<0*05; W ilco x o n 's  S ig n ed  R an k s T e s t ) .

The data are grap h ically  d isp layed  in  figu re 12.



Table 16

F a cto r  VIII le v e ls  during and after n orm al d e liv ery

P a tie n t

L ab o u r

(s tag e ) 
2nd 3 rd

P I ac en ta l D e live ry  

(m in u te s)
+ 15 +60

P u e  rp e  r iu m

(days)
1 st 3*5

S

1 170 170 205 185 145 110 215
2 216 - 264 312 240 312 320
3 192 198 198 198 115 240 to.
4 335 308 364 378 343 to. 294
5 154 137 154 143 154 196
6 186 226 284 186 119 132
7 216 528 # 240 216 276 .to
B 235 222 280 210 205 130 145
9 250 250 220 295 280 110 138

10 230 250 190 « 160 170 100
11 220 320 470 - 185 320 310
12 190 tot — 140 230 210
13 230 220 220 220 215 180 to#
14 165 175 165 158 168 131 137
15 189 203 245 238 308 280 196

ean 212 247 251 223 206 205 199

D. 44 99 87 70 67 75 82

Shown a r e  th e  p e rc e n ta g e  le v e ls  of f a c to r  VIII (a n tih a e m o - 
p h ilic  fa c to r)  in  th e  p e r ip h e ra l  b lood  d u rin g  and  a f te r  
sp o n tan eo u s  v a g in a l d e l iv e ry . T he tim in g  of th e  b lood  sa m p le s  
W3-S as r e c o rd e d  in  th e  le g e n d  to  T ab le  11, W h e n  th e  le v e l of 
f a c to r  VIII im m e d ia te ly  p r io r  to  d e liv e ry  of th e  baby  (2nd s tag e ) 
is  c o m p a re d  to  th e  p e a k  le v e l of factox* VIII r e c o rd e d  d u rin g  o r  
im m e d ia te ly  a f te r  p la c e n ta l d e liv e ry  (3 rd  s ta g e  and  1 m in u te) 
th e  in c r e a s e  of f a c to r  VIII i s  h igh ly  s ig n if ic a n t (R = 2*5, %)<0*01; 
W ilco x o n ’s S ig n ed  R an k s T est)*

T he d a ta  are g ra p h ic a lly  d isp la y e d  in  f ig u re  12.



T ab le  17

F a c to r  IX le v e ls  d u rin g  and a f te r  n o rm a l d e l iv e ry

L a b o u r
• ww, ^ W r  S#.

P la c e n ta l  D e liv e ry P u e r p e r iu m

P a t ie n t (s tage) (m inu tes) (days)
2nd 3 rd 1 + 15 +60 1st 3 -5

1 79 84 81 83 68 130 160
2 85 - 100 145 100 170 165
3 82 94 94 120 125 170 «

4 130 140 130 125 105 90 190
5 66 64 74 55 80 76 100
6 133 160 130 115 135 210 98
7 80 .95 ,95 « 140 100 90
8 « . * - * « • 120 90
9 120 - • » 140 110 170 —

10 180 160 138 160 93 108 -
11 82 74 83 64 66 88 100
12 76 76 68 47 100 140 125

M ean 101 105 99 105 102 131 124

8#D, 35 38 25 40 25 42 38

Shown a r e  the  p e r c e n ta g e  le v e ls  of f a c to r  IX in  p e r ip h e r a l  
b lood  d u rin g  s.nd a f te r  sp o n tan eo u s  v ag in a l  d e l iv e r y .  The 
t im in g  of the b lood  s a m p le s  w as  a s  r e c o r d e d  in  th e  le g en d  
to  T ab le  11, T he  sex’ia l  a s s a y s  w e re  p e r f o rm e d  in  12 of 
th e  15 p a t ie n ts  in  th is  g ro u p .

T he d a ta  are g ra p h ic a lly  d isp la y e d  in  f ig u re  12,



T ab le  IS

F a c to r  X le v e ls  d u rin g  and a f te r  n o rm a l d e liv e ry

P a t ie n t

L a b o u r

(s tage)

P la c e n ta l D e live ry  

(m inu tes)

P  ue rp e  r  iu m  

(days)
2nd 3 rd i + 15 +60 1st 3"5

1 140 170 110 100 170 95 120
z 185 « 185 125 100 190 130
3 135 115 100 135 100 80 «

4 130 115 130 130 130 175 —
5 240 250 240 250 200 190
6 180 110 150 150 170 90 *•
7 210 170 "» 190 210 «

8 140 180 140 140 200 120
9 140 180 180 140 180 120

10 180 180 190 170 170 125 —
11 120 120 120 94 130 180 100
12 189 203 245 238 308 280 94

M ean 166 163 163 158 164 162 112

S*D. 37 44 50 54 57 60 14

Shown a r e  the  p e r c e n ta g e  le v e ls  of f a c to r  X in  the  p e r ip h e r a l  
b lood  d u r in g  and  a f te r  sp o n tan eo u s  v ag in a l  d e live ry*  The 
t im in g  of th e  b lood  s a m p le s  w as  a s  r e c o r d e d  in  th e  le g en d  to 
T ab le  11* T h e  s e r i a l  a s s a y s  w e re  p e r f o r m e d  in  12 of the  15 
p a t ie n ts  in  th is  group*

T he d a ta  are g ra p h ic a lly  d isp la y e d  in  f ig u re  12.



T a b le  19

One s ta g e  p ro th ro m b in  t im e  {seconds)
d u rin g  and a f te r  n o rm a l d e l iv e ry

F  a t ie n t

L a b o u r

(s tage)

P la c e n ta l  D e l iv e ry  

(m inu tes)

X-gierperium

(days)
2nd 3 rd 1 + 15 +60 1st 3 -5

1 12 .5 12 ,5 12*0 12 .5 12 ,6 13 .0 13*0
2 13,0 12, 5 11 .5 12,0 1 3 .5 12 .0
3 13 .0 13.0 13,0 13.0 12 ,5 12 ,0 m
4 12 .0 11.0 11 .0 11*0 13.0 1 1 .5 4#
5 11.0 10 .5 11 .5 11 .0 12 ,5 12 .5
6 12 .5 13 ,0 12 .0 13 ,5 14.0 1 2 .5 -
7 15 .5 13 ,0 12 ,5 13 ,5 15 .0 •*
8 16.0 14 ,5 13 ,5 15.0 14 ,0 1 2 .0 14*0
9 15 ,5 15 ,0 1 4 .5 14*5 14 ,5 16 .0 14.0

10 15,0 15.0 16 ,0 15.0 15 .0 13*0
11 1 3 .5 13 ,0 13 ,0 1 4 ,5 14 ,5 13,0
12 1 3 ,5 B. 14 .0 1 3 ,5 13 .0
13 12.0 12 ,0 12 .0 12 .0 12 ,0 1 2 ,5
14 14 ,0 14 ,0 15 ,0 1 4 .5 14*0 15 ,0 15,0
15 1 1 .5 12 ,0 12 ,5 12 .0 12 ,0 13 .0 12*0

M ean 13 ,3 12*9 1 2 .9 1 2 ,8 13.3 13*3 13.3

8 .D , 1 .4 1 .4 1 .5 1 ,4 1 .0 1 ,2 1*0

Shown a r e  th e  one s ta g e  p ro th ro m b in  t im e s  (seco n d s)  in  the  
p e r ip h e r a l  b lood  d u r in g  and  a f te r  spo n tan eo u s  v ag in a l  d e l iv e ry .  
T he  t im in g  of th e  s a m p le s  w as  a s  r e c o r d e d  in  th e  le g e n d  to 
T a b le  11. T he  s l ig h t  d e c r e a s e  of the  p r o th ro m b in  t im e  in  the  
3 r d  s ta g e  of la b o u r  and  fo llow ing p la c e n ta l  d e l iv e ry  w as  not 
sign ifican t*

T he d a ta  a r e  g ra p h ic a lly  d isp la y e d  in  f ig u re  13.



T ab le  20

T h ro m b in c lo tt in ,g t im e  (seconds)
du r in g  and a f te r n o rm a l d e l iv e ry

L a b o u r P la c e n ta l  D e liv e ry P u e r p e r iu m

P a t i e n t (s tage) (m inu te  s) (days)
2nd 3 rd 1 + 15 +60 1st 3“ 5

1 10 ,0 9 .5 10 .0 9*5 10.0 9 .0 10.0
2 8 ,0 8 ,0 9 .5 9 ,0 10 .0 10.0
3 11 ,0 1 1 .5 10 ,5 11 .0 9 ,5 9 ,5 n .

4 1 0 ,5 10 ,0 10 ,0 10 .0 10 ,0 10 .0 9 .0
5 1 0 ,5 10 ,0 1 0 .0 10 .0 10 ,0 11 ,0
6 9 ,5 10 .0 10*0 11,0 10 .0 9 .0 -
7 1 0 ,0 1 0 .5 « 10.0 11 ,0 a, r .

a 11 ,0 1 0 .5 9 .0 11 .0 10 .6 8 .5 8 .5
9 10 ,0 1 0 .5 1 0 ,5 10 .0 10.0 11 .0 11 .0

10 11 ,5 « 11,0 10. 5 10 .0 «

11 1 0 .5 1 0 .5 1 1 ,5 11 .5 10 ,0 1 0 .5
12 8 .5 9 .0 9 ,0 9 ,0 10 ,0 9 ,5 •*
13 10. 5 10.0 10 .0 10*5 10 .0 1 0 .0 10 .5

M ean 10. 1 1 0 .2 9 .9 10 .3 10*0 9. 8 9 .8

S ,D , 1 .0 0 ,7 0 .9 0 .8 0 .5 0 .8 0 .9

Shown a r e  the  th ro m b in  c lo tt in g  t im e s  in  s e r i a l  s a m p le s  of 
p e r ip h e r a l  b lood  d u ring  and  a f te r  spo n tan eo u s  v a g in a l  d e l iv e ry . 
T he  t im in g  of th e  s p e c im e n s  w as  a s  r e c o r d e d  in  the  le g e n d  to 
T ab le  11, T he  sexual th ro m b in  c lo tting  t im e s  w e r e  p e r f o rm e d  
in  13 of the  15 p a t ie n ts  in  th is  g roup  and  no s ig n if ic a n t  change 
w a s  found  d u r in g  o r  im m e d ia te ly  follow ing delivex 'y .

T he d a ta  are g ra p h ic a lly  d isp la y e d  in  f ig u re  13,



T a b le  ZI

P la te le t  co u n ts  (x 1000) d u rin g  and a f te r  n o rm a l d e liv e ry

P a t i e n t

L a b o u r P la c e n ta l  D e liv e ry P u e r p e r iu m

(stage)  
2nd 3 rd 1

{m inutes) 
+ 15 +60

(days) 
1st 3 -5

1 202 185 217 176 214 285
2 261 278 288 239 255 283
3 260 279 316 290 281
4 252 258 267 275 269 294 -
5 141 192 178 184 250 240 295
6 235 184 172 173 - 190
7 211 100 145 168 201 -
8 269 312 241 197 190 233 291
9 168 238 195 158 174 214 329

10 195 179 180 'n, 163 244 273
11 221 182 ISO 199 273 337
12 240 217 241 254 255 239 333
13 184 205 166 202 202 160 -
14 308 251 263 254 285
15 271 261 240 237 206 274 332

M ean 221 221 218 220 217 238 304

S . D . 42 56 42 54 42 37 25

Shown a r e  th e  p la te l e t  coun ts  (x 1000 p e r  cm m ) in  th e  
p e r ip h e r a l  b lood  d u rin g  and  a f te r  spon taneous  v a g in a l  d e l iv e ry .  
T he  t im in g  of the b lood  s a m p le s  w as  a s  r e c o r d e d  in  the  le g e n d  
to  T ab le  . T he  i n c r e a s e  of the  p la te le t  count 3 -5  days a f te r  
d e l iv e ry  w as  h igh ly  s ig n if ic a n t  (K -  0, p< 0 .002 ; W ilcoxon*s 
S igned  R an k s  T e s t ) .

T he d a ta  a r e  g ra p h ic a lly  d isp lay ed  in  f ig u re  13.



T ab le  22

P la s m a  f ib r in o g e n  le v e ls  (m g/ 100m l)
d u rin g  and a f te r  n o rm a l delivex’y

L a b o u r P la c e n ta l  D e liv e ry P u e rp e r iu m .

P a t ie n t (s tage) (m inu tes) (days)
2nd 3 rd 1 + 15 +60 1st 3 -5

1 419 372 479 399 439 405 379
2 ■ ■ 480 — 330 414 435 382 -
3 351 363 432 321 316 363 -
4 320 334 251 261 277 293 -
5 353 311 330 314 318 —
6 434 434 - 347 335 422 -
7 383 342 382 324 339 399 528
8 470 477 378 354 443 413 481
9 428 411 428 ■m 375 390 —

10 33? 368 351 419 390 368
11 472 ** « 426 431 448 —
12 281 270 273 273 343 326 -
13 374 374 298 286 333 204 380
14 386 315 315 287 331 408 376
15 350 365 324 318 376 290 456

M ean 389 364 352 333 367 374 424

8#D# 60 54 66 53 54 51 64

Shown ai*e the  le v e ls  of p la s m a  f ib r in o g e n  (m g/ 100ml) in  
s e r i a l  s a m p le s  of p e r ip h e r a l  b lood  during  and  a f t e r  sp o n ta n ­
eo u s  v a g in a l  d e l iv e ry .  T he t im in g  of the  s p e c im e n s  w as  as  
r e c o r d e d  in  th e  le g e n d  to  T ab le  11. The d e c r e a s e  of the  
p la s m a  f ib r in o g e n  le v e l  b e tw een  the 2nd s ta g e  of la b o u r  and 
15 m in u te s  a f te r  p la c e n ta l  d e l iv e ry  i s  h igh ly  s ig n if ic a n t  
(li ^  0 1 p<0,002# W i l co x o n *s S ig n ed R anks Test)#

T he d a ta  are g ra p h ic a lly  d isp la y e d  in  f ig u re  14,



T ab le  Z\

P la s m a  p la sm in o g e n  le v e ls  (c a s e in  u n i ts /m l)
d u rin g  and a f te r  n o rm a l d e liv e ry

P a t ie n t

L a b o u r P la c e n ta l  D e liv e ry P u e  rp e  r iu m

(stage) 
2nd 3 rd 1

(m inu tes)  
+ 15 + 60

(days) 
1st 3 -5

1 2 .8 3 ,0 2 .7 2. 9 2 .9 2 ,6 3 .0
2 3 .2 - 3 .0 3 .0 3 .0 2 .9 -
3 2. 3 2 .2 2 .0 2 ,5 2. 3 2 .4 —
4 2 .5 2 .7 3 .0 2 .3 2 .7 2 .2
5 2 ,5 1 .8 « 2 .2 2 .6 2 .9 —
6 4. 1 3. 1 - 3 .2 3 .0 2. 8 -
7 2 .7 2 .5 3 .0 2. 6 2 .7 2 .3 2 ,3
8 2 .2 3. 1 2 .3 - 2 .3 2. 1 2, 8
9 3 .3 3 .2 3 .0 "* 3 .2 2 .8 * .

10 2 .4 2 .2 2 .2 - 2 ,3 2 .3 2 ,3
11 4 .9 5 .7 5 .0 5 ,2 —
12 2 .6 2 .3 2 .6 2 .4 2 .6 2 .3 —
13 3 .5 3 ,4 3. i 3. 1 3 .3 3 ,3 2 .3
14 3 .3 3. 3 3 .4 3 ,5 3 .5 2 .4 2 ,7
IB 3 .2 3 ,3 3 .2 3. 1 3. 1 2 ,8 2 .4

M ean 3 .0 3 2. 78 2. 78 3 .0 4 2. 97 2 ,7 5 2. 54

S .D , 0. 74 0 .5 2 0 .4 3 0 .9 3 0 ,6 ? 0, 75 0 .2 9

Shown a r e  the  p la s m a  p la sm in o g e n  le v e ls  ( c a s e in  u n i t s /m l )  
in  s e r i a l  s a m p le s  of p e r ip h e r a l  b lood during  and  a f te r  
sp o n tan eo u s  vag in a l d e l iv e ry .  The tim in g  of the  s p e c im e n s  
w as  as  r e c o r d e d  in  the  le g e n d  to T ab le  11, If  the lo w e r  
le v e l  of p la sm in o g e n  r e c o r d e d  be tw een  th e  3 r d  s ta g e  and 1 
m in u te  of p la c e n ta l  s e p a r a t io n  is  c o m p a re d  w ith  the 
p la sm in o g e n  le v e l  in  the  2nd s ta g e  the d e c r e a s e  i s  s ig n if ­
ic a n t  (R " 8 .5 ,  p<O.Oi; W ilco x o n 's  S igned  R an k s  T e s t ) .

T he d a ta  are g ra p h ic a lly  d isp la y e d  in  f ig u re  1



T a b le  24

P la s m in o g e n  a c t iv a to r  le v e ls  {euglobulin  ly s i s  t im e )
d u rin g  and a f te r  n o r m a l  d e l iv e ry

P a t i e n t

L a b o u r

(s tage )
2nd 3 r d

P la c e n t  a l D elive ry

(m inu tes)
1 +15 +60

P u e r p e r i u m

(days)
1st 3 -5

1 0 .2 9 0 ,3 0 0 ,2 9 0 .3 3 0 .9 1 1 .2 5 1.11
2 0. 35 0 .3 5 0 ,3 5 0 .8 5 0 ,7 3 1 .15
3 0 .4 0 0 .4 3 0 .4 3 0 ,3 7 0. 50 1.00 —
4 0 .4 3 0 .4 0 0 .4 3 0 .4 5 1 .6 7 1 .43 —
5 0 ,3 3 0 .3 3 0 .5 0 0 .7 1 1 ,8 2 1 .50 -
6 0 .4 5 0 .3 6 — 0 .7 1 1 .6 7 - ■
7 0 .2 8 0 .3 3 0 .7 3 0, 50 1 .20 2 .5 0 1. 11
8 0. 15 0 .2 0 0 .1 6 0 .1 5 1 .43 0 .5 6 1.43
9 0 ,2 3 0 .3 3 0 .3 0 — 1 .8 7 1 .1 5 1 .43

10 0 .3 7 0 .3 2 0 .4 2 — 2 .0 0 1 .43 2. 20
11 0. 25 **• . . 0 ,4 5 1 .43 1 .3 6 «
12 0 ,3 1 0, 36 0 .5 0 0 ,8 8 1 ,0 2 1 .00 ”
13 0 ,3 8 0 .5 0 0 .6 3 0 .5 9 1.11 1 .6 7 1 .6 7
Id- 0 .5 0 0, 62 0 ,5 6 0 .6 2 1 .2 4 1 .00 2 .0 0

M ean 0 .3 4 0 .3 7 0 • 44 0 .5 9 1 .3 4 1 .2 8 1.51

S .D , 0 .0 9 0 ,1 1 0 ,1 6 0 » 44 0 .4 4 0 .4 8 0 .4 2

Shown a r e  the  le v e ls  of p la sm in o g e n  a c t iv a to r  e x p r e s s e d  in  
u n i t s ,  c a lc u la te d  f r o m  the  r e c ip r o c a l  of the  eu g lo b u lin  ly s i s  
t im e  as  d e s c r ib e d  in  th e  te x t  (page 29 ) , T he  t im in g  of the 
b lood  s a m p le s  w as  as r e c o r d e d  in  the  le g e n d  to T ab le  11, 
T he in c r e a s e  in  the  le v e l  of p la sm in o g e n  a c t iv a to r  1 h o u r  
a f t e r  d e l iv e r y  of th e  p la c e n ta  is  h igh ly  s ig n if ic a n t  (R = 0» 
p < 0 ,0 0 2 ; W ilco x o n 's  S ig n ed  R anks T e s t ) ,

The d a ta  are g ra p h ic a l ly  d isp la y e d  in  f ig u re  14.



T ab le  25

U ro k in a s e  s e n s i t iv i ty  t e s t  (units)
d u r in g  and a f te r  n o r m a l  d e l iv e ry

L a b o u r p la c e n t a l  D e l iv e ry  P u e r p e r i u m

P a t i e n t (s tage) 
2nd 3 rd

(m inu tes)  
1 +15 +60

(days) 
1st 3 -5

1 0 .5 1 0 .6 6 0 .5 4 0 .5 1 0 .4 6 0 .7 7 1 .02
2 0 ,2 4 - 0 .6 0 0 .4 3 0 .5 7 0 .2 9 0 .5 6
3 1*03 1 ,3 7 0 ,9 8 1 ,0 8 0 ,6 9 0 ,5 9 —
4 0 .6 6 0 .5 0 0 ,4 9 0 ,5 5 0 ,5 0 0 , 17 —
5 0. 73 0 .8 7 0 ,7 2 0 ,7 3 0 .6 9 0 .5 1 •»
6 1. 17 0*87 1 .0 4 0 ,6 9 0 ,8 0 — 0 ,7 7
7 0. 74 0. 77 - 0 ,5 9 0 ,5 9 0 .5 2 0 .9 5
8 1, 15 0 ,9 0 1 ,4 6 1 ,0 4 1.01 0 .7 2 0 .7 1
9 1 .2 7 1 .23 1, 17 0 ,9 6 1, 18 0 .8 4 1 ,30

10 1 .6 6 1 .2 5 1 .1 9 — 1,0 7 0 .7 3 0, 56
11 0 * 86 1 ,0 5 1*29 ** U 15 0 .6 0 0 .9 5
12 1.70 - 2 ,2 3 1 ,7 6 1 ,3 5 -
13 0 .9 7 0 ,9 5 0 .8 6 0 ,6 8 0 ,8 8 0 .2 9 -
14 1 .3 8 1 ,1 8 0 .9 1 1 .02 0 ,9 3 1 .15 0 ,8 3
15 0 .8 7 0 .7 6 0 .6 1 0 .6 6 0 .6 9 0 .5 5 0 .5 4

M ean I .  00 0 ,9 5 0 .9 1 0 .8 6 0 ,8 6 0 .6 6 0 .8 2

S .D . 0 .4 1 0 .2 5 0 .3 1 0 .4 6 0. 34 0 ,3 1 0. 24

Shown a r e  th e  s e r i a l  r e s u l t s  of the  u ro k in a s e  s e n s i t iv i ty  t e s t  
e x p r e s s e d  in  u n i ts  c a lc u la te d  f r o m  the  r e c i p r o c a l  of the  c lo t 
l y s i s  t im e  as d e s c r ib e d  in  the  te x t  on page * T he t im in g  
of th e  b lood  s a m p le s  w as  a s  r e c o r d e d  in  th e  le g e n d  to  T ab le  
11, On the  f i r s t  day of th e  p u e r p e r iu m  th e  s e n s i t iv i ty  to 
u ro k in a s e  in d u c ed  ly s i s  w as  s ig n if ic a n t ly  l e s s  th a n  th a t  
r e c o r d e d  p r i o r  to  d e l iv e ry  (2nd s ta g e ) ,  i , e ,  th e  in li ib ition  
to  u ro k in a s e  in d u c e d  ly s i s  w as  g r e a t e r  on th e  f i r s t  day a f te r  
d e l iv e ry  th a n  b e fo re  d e l iv e ry  (R « 6 ,5 ,  p = 0.002»
W ilco x o n 's  S ig n ed  R an k s  T e s t ) .

T he  d a ta  are  g ra p h ic a l ly  d isp la y e d  in  f ig u re  14.



T ab le  26

F ib rin , d e g ra d a t io n  p ro d u c ts  (p g /m l se ru m )
d u r in g  and a f te r  n o rm a l  d e l iv e ry

L a b o u r P la c e n ta l  D e liv e ry P u e  r  pe r iu m

P a t ie n t (s tage) . (m inu tes) (days)
2nd 3 rd 1 + 15 +60 1st 3 -5

1 1 1 .2 5. 6, 5 ,6 5 .6 5, 6 1 . 4 1..4
2 1.1 — 1, 1 4 ,4 8 , 8 .8 .8 2 ,2
3 4*0 4 ,0 4 .0 8 .0 8 .0 4 ,0
4 2 , 8 1 .4 1 .4 1 .4 1 ,4 1 ,4
5 1 .2 1 ,2 1 ,2 1 ,2 2 .4 2 ,4 -
6 1 , 4 1 ,4 - 1 ,4 1 ,4 5. 6 —
7 7 ,2 7 , 2 7 . 2 1 4 ,4 3 ,6 3. 6
8 2 ,6 2. 6 2 ,6 2. 6 2 , 6 1 ,8
9 1 .7 2 , 6 2 ,6 2. 6 2, 6 2, 6

10 3 .4 - 3 .4 13 ,5 10. 1
11 5 ,6 5 .6 1 ,4 11 ,2 11, 2 5, 6
12 2 ,0 2 . 0 2 , 0 2 , 0 2 .0 1 .0 1,0
13 2 , 2 1.1 1, 1 1, 1 1. 1 8 . 8 4 .4
14 6. 8 6, 8 6 ,8 6 .8 6 , 8 6 ,8 3 . 4

M ean 3 , 8 0 3 , 4 6 3 , 0 8 4 , 23 5 , 8 4 4 ,6 2 2. 55

S .D , 2 , 93 2 , 2 8 2 . 2 7 3, 35 4 , 68 3 ,0 4 1, 18

Shown a r e  the  le v e ls  of s e r u m  f ib r in / f ib r in o g e n  d eg ra d a t io n  
p ro d u c ts  (p g /m l)  in  s e r i a l  s a m p le s  of p e r ip h e r a l  b lood  du ring  
and. a f te r  sp o n tan eo u s  v ag in a l  d e l iv e ry .  T he  t im in g  of the 
s p e c im e n s  wa-s a s  r e c o r d e d  in  the  le g en d  to  T ab le  11*

The d a ta  are g ra p h ic a l ly  d isp la y e d  in  f ig u re  14,
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T ab le  43 B

F a c to r  VII In the  n ew b o rn  and  the  m o th e r
b i r th

N ew born, M other

1 4E 140
E 53 180

3 50 350
4 17 370

5 45 200
6 21 210

M ean 38 242
8 . IX 15 95
t 5. 187
P <0, 01

F a c to r  VII w ae a s s a y e d  by na ln g  p la s m a  w ith  a  co n g en ita l  
d e f ic ie n c y  of th is  f a c to r .  T he a s s a y  w as p e r f o r m e d  in 
only s ix  m o th e r s  am i th e i r  b ab ie s  owing to  in su f f ic ie n t  t e s t  
p l a s m a  in  the  o th e r s .  The f a c to r  VII le v e ls  w e re  low  in 
th e  n ew b o rn  in  c o n t r a s t  to  th e  in c r e a s e d  le v e ls  in  th e  
m o th e r .  No c o r r e la t io n  w as  p r e s e n t  be tw een  th e  le v e ls  in  
th e  m o th e r  and  baby.
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TABLE 45.

T he le v e ls  of f ib r in  d e g ra d a t io n  p ro d u c ts  (F* D, P .  ) and  

p la s m in o g e n  in  p e r ip h e r a l  blood and b lood escapiaxg 

f r o m  th e  u te r u s  o r  in  p ro x im i ty  to  the r e t r o p la c e n ta l  

c lo t  in  a b ru p t io  p la c e n ta e  in the  s a m e  p a t ie n ts .

U te r in e  blood le v e ls  of F . D. P . a r e  s ig n if ic a n t ly  l e s s  

th a n  p e r ip h e r a l  b lood  (B. -  0, p < 0 . 01),

P la sm in o g e n  
c a s e in  u n i t s /m l )

P er ip h era l U terine P e  l ip h e ra l U te r in e
blood blood blood blood

690 86 2, 5 2, 2
435 54 3. 0 3, 5
650 ■ 82 2. 8 3 ,0
614 460 2, 1 2. 3

1220 614 1 ,2 1, i
652 538 1. 3 Ï .  35

1280 640 1. 2 1. I
480 480 3. 7 1 ,3

752^320 ■ 369-252 2. 2 - 0 . 9 2 . o io .  9



T A B L E  46

Fxbi’m o g en , p la sm in o g o ii  and  s e r u m  f ib r in / f ib r in o g e n  
d e g ra d a t io n  p ro d u c ts  (F D P ) în  p a t ie n t s  w ith  s e v e r e  pre*- 
e c la m p s ia  and  e c la m p s ia .  The c o n t ro l  v a lu e s  w e re  
th o se  o b ta in ed  f r o m  h ea lth y  p re g n a n t  w om en  m a tc h e d  fo r  
age and g e s ta t io n .

F ib r in o g e n  
(m g/lOO m l.  
P a t ie n ts  C o n tro l  s

P la s m in o g e n  Sex'um F , D, P .
(C ase in  U n i ts /m l)  (p g /m l)
P a t ie n t s  C o n tro ls  P a t i e n t s  C o n tro ls

380 298 2. 8 3 .4 4# 4 4. 0

342 400 2. 6 3. 2 5. 6 1. 0

322 358 3. 0 3. 3 2. 2 1 .7

278 450 2. 5 4. 1 1. 8 4. 0

312 380 3. 5 3 .2 26. 4 1. 0

352 345 2 .4 2. 6 12. 0 1. 0

336 370 2. 6 4. 1 10. 2 2. 2

472 340 3. 2 2 .7 10. 0 1. 0

270 304 2. 6 2 .8 13. 2 2. 2

505 440 4. 2 4. 5 3. 6 1. 0

357 369 2 .9 3 .4 8. 9 1. 9

77 61 0. 6 0 .7 7 .4 1. 2

t = 0 .397 t = 1 .522 . t  == 2 .9 6 8

N. 6. N. S. P < 0. 01



T ab le  47

E ug io b u lin  ly s i s  a c t iv i ty  (units) and  u ro k in a s e  s e n s i t iv i ty  
(units) in  p a t ie n ts  w ith  s e v e r e  p r e - e c l a m p s i a  and  e c la m p s ia .  

The c o n t ro l  v a lu e s  w e r e  th o se  o b ta in ed  f r o m  h e a lth y  
p re g n a n t  w o m en  m a tc h e d  fo r  age and g e s ta t io n .

E u g lo b u lin  L y s is  A c tiv ity  
(un its)

U ro k in a se  S e n s i t iv i ty  
(units)

P a t i e n t s C o n tro ls P a t ie n ts C o n tro ls

0 . 185 0 .2 5 0 0 ,6 7 0 0 .6 6 7

0 .2 2 7 0 .4 0 0 0 ,5 0 0 0 .6 6 7

0 . 167 0 .3 3 3 0 ,3 9 2 0 .7 1 4

0. 178 0 .3 3 3 0 .2 0 0 1. 176

0 .2 0 8 0 ,4 1 7 0 .4 1 7 0 .7 5 2

0. 178 0 .3 3 3 1 .408 1 ,176

0 . 152 0 .5 5 6 0 ,6 6 7 0 ,7 5 2

0 .2 3 8 0 ,2 0 0 0 .9 7 1 1 ,250

0 .2 5 0 0 ,3 1 3 0 .3 2 3 1.333

0 .2 0 8 0 .2 4 0 0 .6 6 7 1 .667

M ean  0. 199 0 .3 3 8 0 ,6 2 2 1 .015

S .D .  0 .0 3 0 0, 102 0 ,3 5 3 0 .3 5 0

t = 4, 144 t = 2 .5 0 7

p< 0 . 01 p<0 .0 5



T ab le  48

F a c to r  VIII a c t iv i ty  and  the  p la te le t  count in  p a t ie n ts  w ith  
s e v e r e  p r e - e c la m p s ia ,  and  e c la m p s ia .  The c o n t ro l  
v a lu es  w e re  th o se  o b ta in ed  f r o m  h ea lth y  p re g n a n t  w om en 
m a tc h e d  fo r  age  and  g e s ta t io n .

F a c t o r  VIII(%) P la te l e t s  (XIOOO p e r  
c. m.m)

P a t ie n ts C o n tro ls P a t ie n ts C ontre

156 140 155 230

180 205 144 200

150 200 176 175

184 260 162 195

310 235 118 262

100 175 88 254

94 230 178 180

300 116 85 198

85 145 192 176

335 138 100 160

Mean. 189 184 140 203

6 .D .  94 49 39 35

t  = 0. 150 t  == 3 .8 0 9

N. S.
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1.

A PPE N D IX  3 

METHODS

In  th is  s e c t io n  the  la b o ra to ry  m e th o d s  u s e d  in  the 

th e s i s  a r e  d e s c r ib e d ,  W ilco x o n 's  S igned  R an k  T e s t  

w h ich  w as u s e d  to d e te rm in e  the  s ig n if ic a n c e  of g ro u p  

ch an g es  is  a lso  ex p la in e d .

L a b o r a to r y  M ethods 

C o lle c t io n  of S a m p le s . F o r  co ag u la t io n  and f ib r in o ly t ic  

a s s a y s  the b lood  w as  o b ta in ed  by c le a n  v e n e p u n c tu re  

u s in g  p la s t ic  s y r in g e s  and  9m l of b lood  w as  added  to  Im l 

of 3 ,8  p e r  ce n t so d iu m  c i t r a t e  in  a  13 x 9 0m m  p la s t i c  tube 

(L u c k am  L t d . , K in g s to n  R oad , R aynes  P a r k ,  L ondon).

T h e  tu b e s  w e r e  k ep t on m e lt in g  ic e  and the  p la s m a  

s e p a r a t e d  by c e n tr i fu g a t io n  (600g foi’’ 10 m in u te s  at 4^C ).

T h e  a s s a y s  w e r e  p e r f o r m e d  w ith in  30 m in u te s  of the 

v e n e p u n c tu re  and  no c o r r e c t io n  of the  r e s u l t s  w as  m ad e  

fo r  d ilu tion  by c i t r a t e .

C o a g u la t io n  S y s te m  A s s a y s :

W hole B lood C lo tting  T i m e , C lo tting  t im e s  w e r e  p e r f o rm e d  

in  x^lastic tu b e s  by a  m o d if ic a t io n  of the m e th o d  of L e e  and



2,

W hite  (1913)* A m in im u m  of 10ml of b lood  w as  d ra w n  by 

c le a n  v e n e p u n c tu re  and th e  n ee d le  re m o v e d  f r o m  the  

p la s t i c  s y r in g e .  One m l  of b lood  w as  ad d ed  im m e d ia te ly  

to  two c le a n  d ry  p la s t i c  tu b e s  (13 x 90m m ) w hich  w e re  

o b s e rv e d  fo r  c lo t t in g  in  a w a te r  ba th  a t 3 7 ^ 0 ,  T he f i r s t  

tube  w as  t i l t e d  once  a  m in u te  u n ti l  c lo tting  o c c u r r e d .  The 

s e co n d  tube  w a s  le f t  u n d is tu rb e d  u n ti l  the  f i r s t  tube  c lo tte d  

and  w as  th e n  t i l t e d  a.t one m in u te  in te rv a l s  u n ti l  c lo ttin g  

took  p la c e .  T h e  end po in t w as  ta k en  as  th e  t im e  w hen  no 

b lood  r a n  down th e  s id e  of the  tube on t i l t in g  and  the  t im e  

th a t  th e  se co n d  tube  c lo t te d  w as  r e c o r d e d  a s  th e  w hole  

b lood  c lo tt in g  t im e .

P l a s m a  R e c a lc i f ic a t io n  T i m e , T h is  t e s t  w as  p e r f o r m e d  by

m ix ing  0 . 1ml a l iq u o ts  of n o n ^ co n tac ted  p la s m a  and  0. 9 p e r

oce n t s a l in e  a t 37 C in  65 x 10m m  p la s t ic  tu b e s  (L u c k am  L t d . , 

K in g s to n  R oad , R a y n e s  P a r k ,  London). T he t im e  ta k e n  fo r  

c lo ttin g  to  o c c u r  a f te r  th e  add ition  of 0, Im l  of 0 .0 2 5 M  

c a lc iu m  c h lo r id e  w as  r e c o r d e d .  E a c h  t e s t  w as  done in  

d u p lic a te  and  a  n o rm a l  c o n t ro l  w as  in c lu d ed  in  e a c h  b a tch  of 

t e s t s .



3.

K ao lin  C e p h a lin  C lo tting  T im e ,  T he m e th o d  u s e d  w as
i MiwHi HiryiiiWiiW riw i I  ........... #  , , # »!

b a s e d  on  th a t  of P r o c t o r  and R a p a p o r t  (1961)* T he t e s t  

depends on the  le v e l  of f ib r in o g e n ,  f a c to r s  II, V, VIII, IX, 

X, XI and  XII* E le v a te d  le v e ls  of one o r  m o r e  in d iv id u a l 

f a c to r s  o r  the  p r e s e n c e  of a c t iv e  in to rm e d ia te s  te n d  to 

r e d u c e . th e  c lo tting  t im e .  M in o r 'd e f ic ie n c ie s  in  s e v e r a l  

f a c t o r s  m a y  on th e  other, h an d  r e s u l t  in  p ro lo n g a t io n  of the  

c lo tt in g  t im e ,  0 . Im l  of p la s m a  w as a c t iv a te d  w ith  0 , Im l 

of p la te le t  s u b s t i tu te  ( P a rk e  D avis) and 0 . Im l  of k ao l in  

(5xng /m l sa l in e )  fo r  10 m in u te s  a t 37^C. A f te r  the  

ad d it io n  of 0 . 1ml 0.O25M  c a lc iu m  c h lo r id e  th e  c lo ttin g  

t im e  w as  r e c o r d e d .  E a c h  t e s t  w as done in  d u p lic a te  and  a 

n o r m a l  c o n t ro l  in c lu d e d  w ith  ea ch  b a tch  of t e s t s .

P a r t i a l  T h ro m b o p la s t in  T i m e . T he m e th o d  u s e d  w as  th a t  

of L a n g d e ll  e t  a l (1953). T h is  t e s t  is  s im i l a r  to  th a t  of 

the  k a o l in  c e p h a lin  c lo tt in g  t im e  ex cep t th a t  th e  p la s m a  is  

no t m a x im a l ly  c o n ta c te d  by kaolin* 0 , 1ml of p la s m a  w as 

m ix e d  w ith  0 . 1ml of s e r u m ,  0, 1ml of p la te le t  s u b s t i tu te  

and  0* 1ml of 0 ,0 2 5 M  c a lc iu m  c h lo r id e .  A s to p -w a tc h  w as 

s t a r t e d  on the  ad d itio n  of th e  c a lc iu m  c h lo r id e  and  th e



4.

c lo tting  t im e  reco rd ed *  E a c h  t e s t  w as  done in  d u p lic a te  

and  a  n o r m a l  c o n tro l  in c lu d e d  w ith  each  b a tch  of te s ts*

One S tag e  P r o th r o m b in  T i m e . T h is  t e s t  w a s  c a r r i e d  

ou t a t 37^C as  d e s c r ib e d  by D ouglas (1962). 0 , 1ml of

th e  c i t r a t e d  p la s m a  w as  m ix e d  w ith  0 . Im l  of a  s a l in e  

e x t r a c t  of hu m an  b r a in  and  0. 1ml of 0 . 025M c a lc iu m  

c h lo r id e  and  the  c lo tting  t im e  r e c o r d e d .  The t i s s u e  

e x t r a c t  and  c a lc iu m  a r e  p r e s e n t  in  o p tim u m  am o u n ts  and 

th e  c lo tting  t im e  r e f le c t s  the  am ount and sp e e d  of th ro m b in  

f o rm a t io n  and th e  r e a c t iv i ty  of the  f ib r in o g en .

T h ro m b in  C lo tting  T im e ,  T he m e th o d  u s e d  w as  th a t  

d e s c r ib e d  by M cN ico l and  D ouglas (196i}. To 0. im l  of 

p l a s m a  w as added  0, 3m l of ' th ro m b in  t i t r a t io n  m ix tu re*  

(S e e g e rs  and  S m ith ,  1942). T h ro m b in ,  0 ,1 m l  (6 

u n i t s /  m l)  w as  added  and the  c lo tting  t im e  of th e  m ix tu re  

r e c o r d e d  a t 3?^C . T he th r o m b in  t i t r a t io n  m ix tu r e  w as  

p r e p a r e d  im m e d ia te ly  b e fo re  u s e  by m ix ing  6m l of 0 . 9 p e r  

cen t s a l in e ,  Eml of 0 .7  p e r  cen t c a lc iu m  c h lo r id e ,  2m l of 

15 p e r  cen t a c a c ia  and  1ml t r i s  b u f fe r , 0. IM , pH 7*5.

The t e s t  i s  u s e d  as  an  in d ex  of defec tive  f ib r in  p o ly m e r i s a t io n .



5,

F a c t o r  XI (p ro th ro m b in )  A s s a y * A one s ta g e  m e th o d  w as 

u s e d  b a s e d  on th a t  d e s c r ib e d  by O w ren  and A as  (1951),

T h is  t e s t  w as  d e s ig n e d  so  th a t  the  only v a r ia b le  w hich  

w ould  d e te rm in e  the  p r o th ro m b in  t im e  w as  the  c o n c e n tra t io n  

of f a c to r  I I ,  F ib r in o g e n  and f a c to r  V w e re  p ro v id e d  by 

bovine p la s m a  f r o m  w hich  f a c to r s  II and VII h ad  b een  

r e m o v e d  by a b s o rp t io n  on b a r iu m  sulphate# and h u m a n  

s e r u m  w as in c lu d ed  to  r e s t o r e  the  f a c to r  VII r e m o v e d  by 

a b s o rp t io n .  U sing  s i l ic o n e  co a ted  p ip e t te s  0 . 1ml of a  

te n fo ld  d ilu tion  of the  p la s m a  w as  added  to  0, 1ml of th e  

h u m a n  s e ru m -b o v in e  p la s m a  m ix tu re  in  a p y r e x  tube ;

0 , 1ml of a  th r o m b o p la s t in  c a lc iu m  c h lo r id e  m ix tu r e  w as  

th e n  added  and  th e  s to p -w a tc h  s ta r ted *  T h e  tu b e  w as  t i l t e d  

co n tin u a lly  u n t i l  a  c lo t f o r m s ,  A n o rm a l  f r e s h  p la s m a  w as  

u s e d  as a  c o n tro l  and  th e  va lue  o b ta in ed  w as  ta k e n  as  

e q u iv a le n t  to  100 p e r  cen t p ro th ro m b in  c o n c e n tra t io n .  S e r i a l  

d ilu t io n s  w e r e  p e r f o r m e d  and the  d ilu tion  g ra p h  w as  p r e p a r e d  

on lo g a r i th m ic  p a p e r .  T he  p ro th ro m b in  co n ten t of the  t e s t  

s a m p le  w as  c a lc u la te d  by in te rp o la t in g  the  c lo tt in g  t im e  on 

th e  d ilu t io n  c u rv e  of th e  n o r m a l  p la s m a .



F a c t o r  V A s s a y . T he m e th o d  u s e d  w as b a s e d  on th a t  of 

S h a n b e rg e  et  a l (1967). F a c t o r  V d e f ic ie n t  p l a s m a  w as 

m a d e  by c o l le c t in g  n o r m a l  b lood  in to  o x a la te  and  s to r in g  

the  p l a s m a  a t  4 ^ 0  fo r  weeks., ' N o rm a l  f r e s h  .p la s m a  

w hich  was. assum ed , to  co n ta in  100 p e r  cen t f a c to r  V 

a c t iv i ty  w as  s e r ia l ly ^ i i lu te d  w ith  O w re n 's  b u f fe r  pH 7*3,

0 , 1m l of the  p la s m a  was? added  to  0 , 1m l of f a c to r  V . 

d e f ic ie n t  p la s m a  a t  37^C , 0 , 2m l of a  m ix tu re  of s a l in e

e x t r a c t  of b r a in  and 0, 025M c a lc iu m  d io r id e  w as  added  

to  the  p la s m a  and the  c lo tt in g  t im e  r e c o r d e d ,  E a c h  

d ilu t io n  w as  t e s t e d  in  d u p lic a te  and a g ra p h  p r e p a r e d  on  

lo g a r i th m ic  p a p e r ,  T he  t e s t  pls^sma w as m e a s u r e d  fo r  

f a c to r  Y a c tiv i ty  in  the  sam e, s y s te m .

F a c to r s  VIII and IX A s a a y s .  ̂ T h e s e  w e re  c a r r i e d  ou t by a  

one s ta g e  t e s t  a c c o rd in g  to  th e  m e th o d  of B re c k e n r id g e  and 

R atnoff  (1962) w h ich  depends- on the  c lo tting  t im e  of 

s u b s t r a t a  p la s m a  from, p a t ie n ts  w ith  c o n g e n ita l  d e f ic ien cy  

of f a c to r  VIII an d  f a c to r  IX . K ao lin  50m g w as  m ix e d  w ith  a 

1 in  4 d ilu t io n  of p la te le t  su b s t i tu te  and 0 , 1m l of the h o m o ­

g e n is e d  m ix tu re  w as  added  to  a s  m any  tu b e s  as r e q u i r e d  up
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to a iTiaximum of 6 tubes* 0 . 1ml of s u b s t r a te  p la s m a  w as

th e n  added  and th e  tube  in c u b a te d  fo r  10 m in u te s  a t  3 7 ^ 0 .

A f te r  8 m in u te s  a  1 in  10 and  1 in  100 d ilu tio n  of the  t e s t

p la s m a  in  O w ren*s b u ffe r  w as  p r e p a r e d  on m e lt in g  ic e .

At 10 m in u te s  0, 1ml of the  d ilu ted  p la s m a  w as  t r a n s f e r r e d

to the  in c u b a tio n  tube and, 0. 1ml of 0 , 0 25M c a lc iu m  ch lo r id e

oad d ed . A f te r  m ix in g  th e  tu b e s  w e re  le f t  a t  37 C b e fo re  

t i l t in g  co n tin u a lly  u n ti l  c lo tt in g  o cc u rred #  C lo tting  t im e s  

w e re  d e te rm in e d  in  d u p lic a te  fo r  d ilu tions  of bo th  t e s t  and 

c o n tro l  p la sm a s*  T he c u rv e  of th e  c lo tting  t im e  a g a in s t  

p l a s m a  c o n c e n tra t io n  w as  p lo t te d  on s e m i- lo g a r i th m ic  

p a p e r  and  th e  c o n c e n tra t io n  of the  t e s t  p la s m a  w as  o b ta in ed  

by in te rp o la t io n .

F a c t o r  X A s s a y .  The m e th o d  u s e d  w as th a t  of D enson  (1961). 

F a c t o r  X s u b s t r a te  p la s m a  and R u s s e l l ' s  T ip e r  Y en o m  (RVY) 

c e p h a l in  r e a g e n t  {D iagnostic  R e a g e n ts ,  O xford) w e r e  u s e d .

0, 1ml of a 1 in  10 d ilu tion  of the  t e a t  p la s m a  in  M ic h a e lis  

b u ffe r  pH 7 .3  v/as added  to  0 . 1ml of the  s u b s t r a te  p la s m a ,

0 . 1ml of the  R W  in  cep h a lin  w as  th e n  added . A f te r  30 

se c o n d s  0, 1ml of 0 .2 5 M  c a lc iu m  ch lo r id e  w as  added  and the
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c lo tting  t im e  r e c o r d e d ,  A c a l ib ra t io n  c u rv e  w as 

c o n s t ru c te d  on lo g a r i th m ic  p a p e r  by s im i la r ly  te s t in g  

d ilu t io n s  of n o rm a l  p la s m a .  T he a s s a y s  w e re  p e r f o r m e d  

in  d u p lica te  and the  t e s t  p la s m a  w as e x p r e s s e d  as  a 

p e r c e n ta g e  of the  c o n t ro l  p la s m a .

F ib r in o ly t ic  Ensayme S y s te m  A s s a y s ;

F ib r in o g e n  A s s a y . The m e th o d  u s e d  w as th a t  of R atnoff 

and  M enaie  {1968,), In  th is  a s s a y  f ib r in o g e n  is  c lo t te d  w ith  

th ro m b in  in  the  p r e s e n c e  of c ru s h e d  p y re x  g la s s ;  the  f ib r in  

so fo rm e d  is  h y d ro ly s e d  w ith  so d iu m  h y d ro x id e  and  the 

ty r o s in e  r e l e a s e d  i s  e s t im a te d  c a lo r im e t r ic a l ly *  A c o n s tan t  

X^roportion of ty ro s in e  in  the  f ib r in o g e n  m o le c u le  i s  a s s u m e d  

(1 :1 1 .7 ) ,

A ssa y  T e c lin iq u e , To a, 40m l p y re x  ce n tr i fu g e  tube  w as  

ad d ed  ”0.5ml** of c r u s h e d  g la s s ,  10ml of 0 .9  per ce n t  s a l in e  

and  0 .0 5 m l  of th ro m b in  ( P a rk e - D a v i s ,  1000 N . l . H .  u n i t s /m l ) ,

0 ,  5m l of th e  t e s t  p la s m a  w as  p ip e t te d  in to  th e  tube  w hich  w as 

th e n  th o ro u g h ly  a g i ta te d  on a  W h ir l im ix e r  (F is o n s ,  L oughborough , 

E n g lan d ) .  A f te r  le av in g  the  m ix tu re  fo r  10 m in u te s  at 4^C the  

m ix tu r e  w as  c e n tr i fu g e d  fo r  five  m in u te s  a t 500g. T he s u p e r ­

n a ta n t  w as  d i s c a r d e d  and  the  c ru s h e d  g la s s  w ith  a d h e re n t  

f ib r in  w as  w a sh e d  tw ice  w ith  10ml of s a l in e .  A f te r  f in a l
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c e n tr i fu g a t io n  and d é c a n ta t io n  of the  w ash ing  f lu id ,  1ml of 

10 p e r  cen t so d iu m  h y d ro x id e  so lu tion  w as  added  and the  

tube  w as  h e a te d  in  a bo iling  w a te r  ba th  fo r  10 m in u te s .  

E v a p o ra t io n  w as m in im is e d  by co v e rin g  the  tube w ith  an 

a lu m in iu m  cap* A f te r  cooling  to  ro o m  t e m p e r a tu r e ,  7m l 

of w a te r  w as  added  fo llow ed  by 3m l  of 20 p e r  ce n t so d iu m  

c a rb o n a te  so lu t io n  and im l  of F o l in -G io c a l te u .  T he m ix tu re  

w as  a g i ta te d  on a l?hirlim ixex%  A fte r  s tand ing  fo r  10 

m in u te s  to  allow  fo r  c o lo u r  d ev e lo p m en t,  th e  o p t ic a l  d en s ity  

a t  650mp w as r e a d  a g a in s t  a r e a g e n t  blank* S ta n d a rd  ty ro s in e  

so lu t io n s  w e re  p r e p a r e d  and  the am oun t of f ib r in o g e n  in  the 

t e s t  p la s m a  w as  c a lc u la te d  by c o m p ar in g  i t s  o p t ic a l  d en s ity  

w ith  th a t  of the  s ta n d a rd  ty r o s in e  so lu t io n s .

P la s m in o g e n  A s s a y .  T he  m e th o d  u s e d  w as th e  c a se in o ly t ic  

a s s a y  of R e m m e r t  and  Cohen (1949) as m o d if ie d  by A lk ja e r s ig  

e t  al (1959) and d e s c r ib e d  by M cN icol and D ouglas  (1964). 

A n tip la s rn in  is  f i r s t  d e s t ro y e d  by in cuba ting  the  p la s m a  w ith  

a c id .  T he a c id  Is n e u t r a l i s e d  w ith  a lk a l i  and  b u f fe r ,  

and  s t r e p to k in a s e  is  th en  added  to c o n v e r t  the  p la sm in o g e n  

to  p la sn r in .  T he p la s  m i n so p ro d u ced  is  a s s a y e d  by a 

c a s e in o ly t ic  te c h n iq u e ,  th e  am oun t of ty r o s in e  r e l e a s e d  f ro m
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the  c a. s e in  be ing  a mea,Siire o£ th e  am ount of p la s m in  

p re s e n t , .  3?or the  p la sm in o g e n  a s s a y s  in  the  s tu d ie s  

r e p o r te d  in  C hap ter 's  4 and 10 the  c a s e in  em p lo y ed  w as 

o b ta in ed  f r o m  L ig h t and Co. L td ,  , C o liiib rook .

S u b seq u en t su p p lie s  of c a s e in  f ro m  th is  s o u rc e  p ro v e d  

u n s a t i s f a c to ry  and 'H a m m a r s te n '  c a s e in ,  B r i t i s h  D rug  

H o u ses , w as  enaployed fo r  the o th e r  in v e s t ig a t io n s . The 

p la sm in o g e n  r e s u l t s  in  C h a p te r s  4 and 10 a r e  th u s  no t 

s t r i c t l y  c o m p a ra b le  w ith  th e  r e s u l t s  in  the  o th e r  in v e s t ig a t io n s  

T he c a s e in  so lu t io n  w a s  p r e p a r e d  by bo iling  fo r  20 m in u te s  

25gm  of c a s e in  in  500m l pho sp h a te  b u ffe r  0 . IM , pH 7.6*

T he so lu t io n  w as f i l t e r e d  w h ile  ho t and a f te r  cooling  the  pH 

w as r e a d ju s te d  to 7 ,6 .  T he so lu tion  w as th e n  d ia ly s e d  o v e r ­

n igh t a g a in s t  a  l a r g e  vo lum e of c o n s tan tly  s t i r r e d  p h o sp h a te  

b u f fe r .

A s s a y  T e c h n iq u e * To 0 , 5m l p la s m a  w as ad d ed  0 , 5rrü 1/ 6N 

h y d ro c h lo r ic  ac id .  A f te r  s tand ing  fo r  15 m in u te s  a t ro o m  

t e m p e r a tu r e  to  d e s t ro y  a n t ip la s rn in ,  0 .5 m l  l / 6 N  so d iu m  

h y d ro x id e  w as  added , fo llow ed  by 1, 0m l p h o sp h a te  b u ffe r ,

0. IM , pH 7 .6 ,  0 .5 m l  s t r e p to k in a s e  so lu tion  2 0 0 0 u n i ts /m l  

(V aridase^L ederX e) and  2 ,0 m l  5 p e r  cen t c a s e in  so lu t io n .
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A fte r  ad d itio n  of c a s e in  and th o ro u g h  mixing# th e  a s s a y

om ix tu re  w as in c u b a te d  a t 37 C fo r  62 m in u te s .  A t 2 

m in u te s  and 62 m in u te s , 2m l a l iq u o ts  w e re  ta k e n  and to 

e a c h  w as added  2m l 10 p e r - c e n t  t r i c h l o r a c e t i c  ac id .

A f te r  c e n tr i fu g a t io n  (500g fo r  10 rn im ites) Im l  of the  

s u p e rn a ta n t  w a s  added  to  5m l 0. 5N so d iu m  h y d ro x id e  and 

1 ,5 m l  5 p e r  cen t t r i c h l o r a c e t i c  ac id ,  fo llow ed  by 1 .5 m l  

d ilu te  (1:2) F o l in -C io c a l te u  re a g e n t .  A f te r  s tand ing  fo r  

15 m in u te s  fo r  co lo u r  d ev e lo p m en t,  the  o p t ic a l  d e n s i ty  of 

the 62 m in u te  s a m p le  w as  r e a d  a t 650mp w ith  the  2 m in u te  

s a m p le  as b lan k . T y ro s in e  r e l e a s e  w as  r e a d  off a  ■ ■

s ta n d a rd  cxirve; I c a s e in  un it e q u a ls  180pg ty r o s in e  r e l e a s e d  

in  X h o u r ,

E u g lo b u lin L y s i s A c tiv i ty , In  th is  t e s t ,  the  p la s m a  eug lobu lin  

f r a c t io n  is  p r e c ip i t a t e d  a t pH 6*4 and  low io n ic  s t r e n g th .  T he 

p r e c ip i t a t e  co n ta in s  p la sm in o g e n  a c t iv a to r  and p la sm in o g e n , 

a  q u a r t e r  of the  p la s m a  f ib r in o g e n , but w ith  only  t r a c e s  of 

the  p la s m a  a n t ip la s m in s  w hich  a r e  ch iefly  in  th e  su p e rn a ta n t  

(K ow alsk i e t a l ,  1959), B e c a u se  a n t ip la s rn in  i s  not p r e s e n t  

in  th e  c lo ts  m a d e  f ro m  th e  eug lobu lin  p r e c ip i t a t e ,  ly s i s  t im e s  

a r e  m u c h  s h o r t e r  th a n  th o s e  found w ith  c lo ts  m a d e  f r o m



n a t iv e  p la s m a ,  In  the  p r e s e n c e  of n o rm a l  c o n c e n tra t io n s  

of p la s m a  p la sm in o g e n  and f ib r in o g e n ,  the ly s i s  t im e  is  a  

m e a s u r e  of the  p la s m a  a c t iv a to r  a c t iv i ty ,  Low p la sm in o g e n  

c o n c e n t r a t io n s , even  in  th e  p r e s e n c e  of h igh  a c t iv a to r  

a c t iv i ty ,  le a d  to  p ro lo n g e d  eug lobu lin  ly s i s  t im e s  b e c a u se  

th e r e  i s  in su f f ic ie n t  p o te n t ia l  p la s m in  to d ig e s t  the  f ib r in  of 

the  clo t (M cN icol e t a l ,  1962),

The tech n iq u e  u s e d  w as  th a t  of N ils s o n  suid Olow (1962), 

To 9* 5m l of 0 ,0 1 4  p e r  ce n t a c e t ic  a c id ,  pH 5 .4 ,  w as added  

0 ,5 m l  p la s m a .  The m ix tu r e  w as kep t a t 4^C fo r  10 m in u te s  

and th e n  c e n tr i fu g e d  a t 4^C a t BOOg fo r  10 m in u te s .  The 

s u p e rn a ta n t  w as  disca>rcled and the  p r e c ip i ta te  d is s o lv e d  in  

0, 5m l of 0, IM b a r  b itone  b u ffe r ,  pH 7, 3 (so d iu m  d ie thy l 

b a rb i to n e ,  l l , 7 5 g m ;  H C l, 0, IN , 430m l; N a C l, 14. 6?gm ; 

d is t i l l e d  w a te r  to 1000m l), A f te r  c lo tting  w ith  th ro m b in ,  

0 ,5 m l  of a  2 N . l . H .  u n i t / m l  so lu t io n , the c lo t w as in c u b a te d  

a t 37^0  and  the  t im e  n e c e s s a r y  fo r  co m p le te  c lo t ly s i s  w as 

r e c o r d e d .  In  the se q u e n tia l  in v e s t ig a t io n  of th e  f ib r in o ly t ic  

ch an g es  d u r in g  and  a f te r  n o rm a l  c h i ld b ir th  and in  the  u te r in e  

c i r c u la t io n  d u r in g  c a e s a r e a n  se c tio n ,  c lo t ly s i s  w as  m e a s u r e d  

by au to m a t ic  r e c o rd in g  of the o p t ic a l  d e n s i ty  of th e  c lo t (C ash
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and  L e  a s k ,  1967).

S h e r r y  and A lk ja e r s ig  (1957) have  show n th a t  in  

filDrinolytic a s s a y s ,  a c t iv i ty  is  p ro p o r t io n a l  to th e  r e c ip r o c a l  

of the  ly s i s  t im e  and  a c c o rd in g ly  a lo g a r i th m ic  p lo t of ly s i s  

t im e  a g a in s t  u n its  of ac t iv i ty  show s a l in e a r  r e la t io n s h ip .

Such a p lo t can  be u s e d  to  e x p r e s s  o b s e rv e d  ly s i s  t im e s  in  

t e r m s  of a r b i t r a r y  u n its  of a c t iv i ty ,  as s u g g e s te d  by S h e r ry  

e t  al (1959), Such u n its  can  be u s e d  fo r  s t a t i s t i c a l  p u rp o s e s  

in  a n a ly s is  of d a ta .  In  the  p r e s e n t  s tu d ie s ,  a  ly s i s  t im e  of 

300 m in u te s  w as  a s s ig n e d  1 un it of a c t iv i ty .  O b s e rv e d  ly s i s  

t im e s  can  be c o n v e r te d  to  u n its  by dividing th e  ly s i s  t im e  in  

m.i nut es  in to  300,

U ro k in a s e  Sensitivity  T o s t , T h is  t e s t  w as c a r r i e d  ou t as 

d e s c r ib e d  by M cN ico l e t  al (1963) as an a s s a y  of f ib r in o ly t ic  

in h ib i to r  a c t iv i ty .  T he p la s m a  is  c lo tte d  in  the  p r e s e n c e  of 

a s ta n d a r d  am oun t of the  p la sm in o g e n  a c t iv a to rp i ro k in a s e ^  

and in  any one p a t ie n t  in  w hom  the f ib r in o g e n  and  p la sm in o g e n  

le v e ls  a r e  r e la t iv e ly  c o n s ta n t ,  changes  in  ly s i s  t im e s  w ill 

p ro v id e  a c o m p a ra t iv e  m e a s u r e  of o v e ra l l  f ib r in o ly t ic  

in h ib i to r  l e v e l s .  The t e s t  does not d is t in g u ish  b e tw e en  a n t i -  

a c t iv a to r  and a n t ip la s rn in  a c t iv i ty ,  a lthough  w ith  the  r e la t iv e ly
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h igh  c o n c e n tr a t io n  of u ro k in a s a  u s e d  in  the  t e s t  s y s t e m  

v a r ia t io n s  in  ly s i s  t im e s  a r e  m o r e  l ik e ly  to  be due to  

ch a n g es  in  a n t ip la s rn in  a c t iv i ty .  In  th is  a s s a y  0 .3 2 m l  of 

u ro k in a s e  (500 Floug- u n i t s /m l )  w as  added  to 0 ,2 m l  of 

p la s m a .  T he  m ix tu re  w as  c lo t te d  w ith  0, 1m l of th ro m b in  

(20 N . l . H ,  u n i t s /m l ) .  T he  ly s i s  t im e  of th e  p la s m a  c lo t 

a t  37^C w as  m e a s u re d *  T he r e s u l t s  can  be e x p r e s s e d  in  

m in u te s  bu t fo r  s t a t i s t i c a l  a n a ly s is  u n its  of a c t iv i ty  a r e  

used# one u n it  being  a r b i t r a r i l y  defined  a s  th e  r e c ip r o c a l  

o f  a  ly s i s  t im e  of 10 m in u te s .

A s s a y  of F ifoxdn/F ibrinQ gen D e g ra d a t io n  P r o d u c t s

F ib r i n /  f ib r in o g e n  d e g ra d a t io n  p ro d u c ts  (FD P) w e re  

a s s a y e d  on a  h a e m a g g lu t in a t io n  in h ib ition  s y s t e m  w hich  

w as a  m o d if ic a t io n  of the  m e th o d s  d e s c r ib e d  by M u ra k a m i 

e t  a l (1965) and  M e rs k e y  e t  a l (1966). T he  b a s ic  r e a g e n ts  

in  the  a s s a y  a r e  f ib r in o g e n -c o a te d  r e d  c e l l s ,  a n t i ­

f ib r in o g e n  s e r u m  an d  th e  t e s t  s e r u m  s a m p le .  T h e  unknown 

se rum , s a m p le  i s  f i r s t  s e r i a l l y  d ilu ted  and in c u b a te d  w ith  

th e  a n t i s e r u m  w hich  is  th e n  bound p ro p o r t io n a te ly  to  the  

c o n c e n tra t io n  of an t ig en ic  fib3rinogen m a te r i a l  in  th e  s a m p le .  

I f  no F D P  a r e  p r e s e n t  in  th e  d ilu ted  s a m p le  th e  m ix tu r e s
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w ill r e t a in  the  fu ll  am o u n t of f ib r in o g e n  antibody;, the  

m o r e  F D P  p r e s e n t  in  the  s e r u m  the lo w e r  th e  roB idual 

an tibody  th a t  w ill  r e m a in  in  the  in cu b a tio n  m ix tu r e .

A f te r  In cu b a tio n  th e  unbound f r a c t io n  of th e  a n t i s e r u m  

is  q u a n t i ta te d  by adding a  su sp e n s io n  of ta n n e d  

f o r m a l in i s e d  f ib r in o g e n -c o a te d  r e d  c e l l s .  T h e  le v e l  of 

an t ig en ic  m a t e r i a l  in  the  unknown s e r u m  s a m p le  can  be 

e s t im a te d  f r o m  the  d ilu tio n  of th e  s e r u m  w hich  in h ib i ts  

th e  ag g lu tin a tio n  of th e  c o a te d  r e d  cells*  T he m o r e  th e  

r e s id u a l  an tibody  in  the  s e r u m  m ix tu re s  th e  lo w e r  th e  

t i t r e  of in h ib i t io n  of r e d  ce l l  agglutination# and s im i l a r ly  

the h ig h e r  th e  t i t r e  of in h ib i t io n  the  h ig h e r  the c o n c e n tra t io n  

of F D P  in  the  unknow n s a m p le .  T he s e n s i t iv i ty  of the  

s y s t e m  is  c a lc u la te d  by a s sa y in g  a  s ta n d a rd  so lu t io n  of 

f ib  r  Wo g en o r  p o o led  p la s m a .  T he m i c r o t i t r e  s y s t e m  

(F low  L a b o r a to r i e s  L td ,  » Irv ine»  Scotland) f a c i l i t a te s  the  

u s e  of in te rm e d ia te  d ilu t io n s  to in c r e a s e  th e  p r e c i s io n  of 

a s s a y ,

p r e p a r a t i o n  of S e n s i t i s e d  S heep  C e l l s , F r e s h  sh e e p  r e d  

M ood c e l ls  w e re  w a sh e d  th r e e  t im e s  in  50 v o lu m e s  of s t e r i l e  

sa line#  th e  c e l l s  being  spun  a t  1000r , p . m .  One v o lu m e of
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8 p e r  ce n t  sh e e p  r e d  c e l l s  in  s a l in e  w as  th e n  m ix e d  w ith  an 

eq u a l v o lu m e of 3 p e r  c e n t  b u f fe re d  f o rm a l in  pH 7* Z and  the  

c e l ls  a g i ta te d  gen tly  f o r  18 h o u rs  a t  37^C w ith  a  m a g n e t ic  

s t i r r e r .  T he f o r m a l in i s e d  c e l ls  w e re  n ex t p a s s e d  th ro u g h  

th e  f i l t e r  of an  in t r a v e n o u s  in fu s io n  s e t  to  r e m o v e  any 

a d h e re n t  clump© of c e l l s .  The c e l ls  w e re  a g a in  w ash e d  

th r e e  t im e s  w ith  50 v o lu m e s o f  p h o sp h a te  b u f fe r  pH 6*4.

T he  f o rm a l in i s e d  c e l ls  w e re  s to r e d  a t 4 ^ 0  in  a  2 p e r  cen t 

s u s p e n s io n  in  p h o sp h a te  b u f fe r .  T an n ic  a c id  ( lO m g /m l 

w a te r )  w as  d i lu ted  1 in  400 w ith  pho sp h a te  b u ffe r  and  eq u a l 

v o lu m e s  of th is  f r e s h ly  p r e p a r e d  so lu t io n  and  Z p e r  cen t 

fox-m alin ised  cell© w e r e  m ix e d  and in c u b a te d  a t  Ô6^G in  a 

w a te r  b a th  fo r  1 h o u r  w ith  g en tle  s t i r r in g *  T he  ta n n e d  c e l ls  

w e r e  th e n  w a sh e d  th r e e  t im e s  w ith  30 v o lu m e s  of c i t r a t e  

b u ffe r  pH 6*4 and  m a d e  up to  a 4 p e r  cen t su sp e n s io n  in  

c i t r a t e  buffer#  T he c e l ls  w e re  s e n s i t i s e d  w ith  f ib r in o g e n  by 

m ix in g  equa l v o lu m e s  of the  ta n n e d  f o rm a l in i s e d  c e l ls  and a 

so lu t io n  of K abi p u r i f ie d  h u m a n  f ib r in o g e n  (2 0 p g /m l)  at 37^C 

fo r  one h o u r .  T he s e n s i t i s e d  c e l l s  w e re  th e n  w a s h e d  th r e e  

t im e s  a t 4^C w ith  50 v o lu m e  © of c i t r a t e  b u ffe r  pH 6 .4 .  T he 

d ilu e n t fo r  s to r in g  the  r e d  c e l ls  and fo r  th e  t e s t  s y s t e m  w as
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m a d e  up in  500m l q u a n t i t ie s  and c o n s is te d  o£ au to c la v e d  

c i t r a t e  b u ffe r  pH 6 .4  con ta in ing  0 .2 5  p e r  ce n t  h o r s e  s e r u m  

(W elcom e No* 5 H o r s e  S e ru m ) a d s o rb e d  w ith  sh e e p  r e d  c e l l s ,  

0 .0 1  p e r  can t sodium. 'a%ide and  0*02 p e r  cen t tram o sx am ic  

a c id .  T he s e n s i t i s e d  c e l l s  w ere :  s to r e d  in  3m l  a l iq u o ts  at 

4^C as  a 2. 5 p e r  cen t s u s p e n s io n  in  d ilu e n t,  this, q uan tity  

p ro v id in g  su f f ic ie n t  c e l l s  fo r  one m i c r o t i t r e  p la te ,

C o l le c t io n  of B lo o d 5 a m p le s  fo r  F D P  A s s a y . To inh ib it,  

any 'in  v i t r o '  f ib r in o ly t ic  a c t iv i ty  a f te r  c o l le c t io n ,  th e  b lood 

sp ec im e n s  (5ml) w ere  added  to, tu b e s  con ta in ing  0 .0 5 m l  of 

t ran e -u sam ic  a c id  (2 0 m g /m l) ;  g la s s  b ead s  w e re  a ls o  p r e s e n t  

in  the  tube to  p ro m o te  c lo tt in g , T he s p e c im e n s  w e re  

in c u b a te d  fo r  a t  l e a s t  two h o u r s  in  a  w a te r  b a th  a t  37^C and 

the  s e r u m  w as  th e n  r e m o v e d  a f te r  c e n tr i fu g a t io n .  The 

s e r u m  s a m p le s  w e r e  s to r e d  a t -2 0 ^ 0  un til  a s s a y e d .  In  

p a t ie n ts  who h a d  a  p ro lo n g e d  th ro m b in  c lo tting  t im e  the t e s t  

s e r u m  w as in c u b a te d  fo r  two h o u rs  a t  3?^C w ith  about 1/ 10 

of i t s  vo lum e of th ro m b in  (100 u m ts /m l )  to  re m o v e  any 

r e s id u a l  th ro m b in  c lo t ta b le  fib rinogen#  In  th e  t e s t  s a m p le s  

w h e re  r a i s e d  le v e ls  w e re  found, the  a s s a y  w as  r e p e a te d  a f te r  

f u r th e r  in c u b a tio n  w ith  th ro m b in ,  so th a t  a s  f a r  a s  w as
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p o s s ib le  only im m u n o lo g ic a l  r é a c t iv e  p ro d u c ts  v/hicb w e re

not c lo t ta b le  by th ro m b in , w e re  m e a s u r e d .

A s s a y  P r o c e d u r e  ̂ The t e s t  s e r u m  w as a d s o rb e d  fo r  two

h o u rs  a t  4^C w ith  l / 5 v o lu m e  of p ac k e d  f r e s h  sh e e p  r e d

c e l l s  to  re m o v e  any a n t i s p e c i e s  ag g lu tin in s .  T he m ix tu re

of c e l ls  and s e r u m  w as  then, c e n tr i fu g e d  and  th e  c l e a r  s e r u m

a s s a y e d  im m e d ia te ly  fo r  F D B  using, the  m i c r o t i t r e  s y s te m

(Cooke E n g in e e r in g  Co, * C a l ifo rn ia ) ,  S e r i a l  d ilu tio n s  of

th e  t e s t  s e r u m  w e r e  m a d e  in  m i c r o t i t r e  p la te s  (13cm  x 8 .3 c m )

w ith  ’V ’ sh ap ed  w e l l s .  R a b b it  an t i  «"human f ib r in o g e n  s e r u m

(HoechSt) in  a  d ilu t io n  of 1 /4000 to  l /  10»000 w as  added  and the 

op la te s  l e f t  a t 4 C for one hour* F r e s h ly  su sp e n d e d  s e n s i t i s e d

c e l l s  w e r e  added  to th e  p la te s  w hich  w e re  sealed»  gen tly

oa g i ta te d  and  le f t  at 4 G o v e rn ig h t  b e fo re  th e  r e s u l t s  w e r e  read* 

P o s i t iv e .a n d  n eg a tiv e  c o n t ro ls  w e re  in c lu d ed  w ith  e a c h  t e s t  

s e r u m  and , to  d e te rm in e  the  s e n s i t iv i ty  of the  s y s te m ,  th r e e  

c o n c e n tra t io n s  of a f ib r in o g e n  standard»  e i th e r  a  so lu t io n  of 

p u r i f ie d  h u m an  f ib r in o g e n  (Kabi) o r  a  s ta n d a rd  poo led  p la s m a  

w e re  in c lu d e d  in  ea c h  b a tc h  of a s s a y s .  T he en d  poin t w as 

ta k e n  as  th e  l a s t  d ilu t io n  show ing a  bu tton  o r  r in g  p a t t e r n  of 

c e l l s  w ith  no t r a c e  of ag g lu tin a tio n . T he s e n s i t iv i ty  of the 

F D P  a s s a y  w as  u su a l ly  in  the  ra n g e  0* 6«*l. B p g /m l,



19.

T e s t s  of P l a t e l e t  F u n c t io n :

P l a t e l e t  Count* B lood fo r  p la te le t  counting w as  c o l le c te d  

in to  p o ly s ty re n e  tu b e s  con ta in ing  EDTA* 0 , Im l  of b lood 

w as  added  to lOml of f r e s h ly  f i l t e r e d  fo rm o l  c i t r a t e  d ilu ting  

f lu id  in  a c le a n  t e s t  tube  (D acle , 1963), . T he  contents, of the  

tube w e r e  m ix e d  by in v e r s io n  20 t im e s  and an  im p ro v e d  

Heubauei* counting c h a m b e r  w as  f i l le d .  T h e  c h a m b e r  w as 

le f t  fo r  ZQ m in u te s  in  a h u m id  a tm o s p h e re  b e fo re  a  d i r e c t  

p la te le t  count w as  perfoarm ed. .

P l a t e l e t  A d h e s jv e n e a s . T he m e th o d  of H e l le m  (i960 )  as 

m o d if ied .b y  H i r s h  e t  al ( 1966) w as  u se d .  G la s s  b e a d  co lum ns 

w e r e  m a d e  by f i l l in g  a  le n g th  of t r a n s p a r e n t  v iny l p la s t ic  

tubing (P 0x4and  P l a s t i c s  L t d . , Kent) w ith  2 ,5 g  of B a llo t in i  

g la s s  b ead s  (0 ,5 7 m m  d ia m e te r )  to  give a  co lu m n  6c m  in  

le n g th .  B lood  w as  c o l le c te d  in to  a p la s t ic  sy r in g e  and m ix e d  

w ith  3 .8  p e r  cen t so d iu m  c i t r a t e  (nine v o lu m e s  of b lood  to  

one v o lu m e  of citx^ate) in  a  s i l ic o n is e d  g r a d u a te d  c e n tr i fu g e  

tube u s in g  p a r a f i lm  o v e r  the  end  of the  t u b e , T he b lood  w as 

le f t  at ro o m  t e m p e r a tu r e  fo r  30 to 45 m in u te s  and th e n  m ix e d  

by gen tle  in v e r s io n  20 t im e s .  Bml of the  b lood  w as added  to 

a  p o ly s ty re n e  tube  and 2m l d raw n  in to  a 2m l g ra d u a te d  p la s t ic
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sy ringe*  The sy r in g e  w as  f i t te d  to one end  of th e  g la s s  b ead  

co lu m n  and th e  b lood  w as  f o r c e d  th ro u g h  th e  co lu m n  at a 

c o n s ta n t  r a te  by an e l e c t r i c a l ly  d r iv e n  m e c h a n ic a l  pum p.

The b lood  is s u in g  f r o m  th e  o th e r  end  of the  co lu m n  w as 

c o l le c te d  in  a  p o ly s ty re n e  tu b e .  The two b lood  8a m p le s , 

b e fo re  and  a f te r  p a s s a g e  th ro u g h  the column^ w e r e  m ix e d  10 

t im e s  by in v e r s io n  and du p lica te  coun ts  p e r f o r m e d  on each  

s a m p le .  T he d if fe re n c e  be tw een  the two coun ts  w as 

e x p r e s s e d  as a p e r c e n ta g e  of the  in i t ia l  p ls .te le t count and 

th is  v a lu e  w as  ta k e n  as  an  index  of p la te le t  a d h e s iv e n e s s  in  

th e  s a m p le .  A p p ro p r ia te  c o r r e c t io n s  w er e  m a d e  depending 

on  the  p ac k ed  c e l l  v o lu m e  of the sa m p le  (Hellem» I960), 

P l a t e l e t  A g g re g a t io n , T he  tu r b id im e t r ic  m e th o d  d e s c r ib e d  by 

O 'B r ie n  (1962) and B o rn  and C ro s s  (1963) w as  u s e d  to  

m e a s u r e  p la te le t  a g g re g a t io n  by re c o rd in g  th e  ch an g es  in  

o p t ic a l  d e n s i ty  o c c u r r in g  as a r e s u l t  of the  a d d i t io n  of 0 . 1ml 

of a d e n o s in e  d iphospha te  (0 ,Z 5 p g /m l)  to  l , 9 m l  of p la te le t  

r i c h  p la s m a .  T he a p p a ra tu s  c o n s is te d  of an  SET* t i t  r a to r  

co n n e c te d  to a  g a lv an o m e te r*  A p e r s p e x  crivette w as  f i t te d  

onto the  t i t r a t o r  above a  m a g n e t ic  s t i r r e r  in  th e  l ig h t  pa th  

f ro m  the  photo**el©cti“ic  c e l l .  The changes  of o p tic a l  d en s ity
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a f te r  ad d itio n  of the a g g re g a t in g  agen t w e re  recorded  

e v e ry  30 seco n d s  fo r  10 m in u te  a a t ro o m  t e m p e r a t u r e .

T he m a x im u m  a g g re g a t io n  w as m e a s u r e d  by s u b tr a c t in g  

the  lo w e s t  o p tic a l  d en s ity  r e c o r d e d  f ro m  th e  o p t ic a l  

d e n s i ty  b e fo re  th e  ad d itio n  of A D P.

S ta t i s t i c a l  T e s t s

F o r  a n a ly s is  of the  d a ta  in  the in v e s t ig a t io n s  r e c o r d e d  

in  th is  th e s i s  S tu d e n t 's  t t e s t  w as u s e d  fo r  c o m p ar in g  

d if fe re n t  g ro u p s  of r e s u l t s  and w h e re  an a p p a re n t  relation-* 

sh ip  b e tw e e n  r e s u l t s  of d if fe re n t  t e s t s  w as found the  

c o r r e l a t io n  c o e ff ic ie n t  and eq u a tio n  of the  r e g r e s s i o n  line  

w as c a lc u la te d ,

WiXcoxon's S igned  R anks T e s t  (1945) w as u s e d  to 

a n a ly se  the  f ind ings  w hen  a s ing le  g ro u p  w as  e x a m in e d  at 

d i f fe re n t  s ta g e s  , T he t e s t  depends on the  fa c t  th a t  if no 

s ig n if ic a n t  d if fe re n c e  e x i s t s  be tw een  two se ts  of p a i r e d  

m e a s u r e m e n t s ,  any ch an ce  d if fe re n c e s  w h ich  a r e  p r e s e n t  

ought to c o n s is t  of about equa l n u m b e rs  of p lus  and m in u s  

d i f fe re n c e s .  T he ra n k  v a lu e  a a r e  su m m e d  as p lus o r  

m in u s  v a lu e s  and the  s m a l l e r  r a n k  to ta l  (R) d e te rm in e s  the 

s ig n if ic a n c e  of any d if fe re n c e  be tw een  the  g ro u p s  of



m e a s u r e m e n t s . The p ro b a b i l i ty  le v e ls  a r e  o b ta in ed  by 

r e f e r e n c e  to a ta b le  of R v a lu e s  r e la t iv e  to  the  n u m b e r  of 

th e  p a i r e d  m e a su re m e n tB  (L ang ley , 1968),


