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PREFVACKE

The studies presented in this thesis were carvied out
in the University Department of Medicine, Glasgow Royal
Infirmary, and completed in the Nuifield Departinent of
Obstetrics, Omxford University., The work was commenced
when I was registrar at the Victoria Infirmasry of Glasgow
and continued while 1 was senior registrar at Glasgow Royal
Maternity Hospital and held the Samuel Resecarch Scholarship
of the Royal College of Obstetricians and Gynaecologists.
The progress of the work and its development were discussed
with Professor A, 5, Douglas and Dr, G, P, McNicol in
association with whom it was published. The plaaning of the
research projects, the clinical management and laboratory
investigation were my own responsgibility,

Colleagues who collaborated in the studies included
Dy, J.TF. Davidson, Dr. C,R, M, Preantice, Mrs, Christine
Pidgeon, Mwrs., Allison Sandiford and Mrs. Hileen Cuunningham,
Much of the data in the thesis has already been published or has

been accepted for publication as shown below,
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CHAPTER 1

INTRODUCTION

My personal interest in the mechanisms of haemostasis
was aroused by frequent involvement as an obstetric house
officer and registrar with haemorrhagic complications of
pregnancy and parturition which from time to time resulted
in death of the patient, I discussed my interest in this field
with Professor R.G. Maciarlane and on his invitation spent
two weeks at the Medicél Research Council Blood Coagulation
Research Unit in Oxford, The opportunity of doing research
work in pregnancy was given to me by Professor A.S. Douglas
and from 1964 to 19671 was freed of clinical duties for one
day per week to work in the Uniyersity Department of Medicine,
Glasgow Royal Infirmary. The award of a Samuel Research
Scholarship by the Royal College of Obstetrics and Gynaecologists
in May, 1967 enabled me to .‘;pend my time equally, in alternate
weeks, between clinical obstetrics and gynaecology and
investigative work in Professor A,S, Douglas's Research
Laboratory,

My initial research project was to study the effect of normal

pregnancy on the fibrinolytic enzyme system and investigate the
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effect of normal parturvition on the coagﬁlation and
fibrinolytic systems, With this knowledge available the
behaviou-f eé the elatting ané. fib;:‘inolly.ticlmechénismé was
atuﬁied in certain ccmplicat%ioné .af pregnancy, pa¥ticu1arly
abruptio placentae,_ preﬁeclampsia and eclampaia.. This
werk is the subject of the the; sis. | |

The thesm begmfs with a brief hmtorical review of the
development of lmowledge of the effec;t of pregnancy on the
haemostatic mechanism and an account of current concepts
of the coﬁpoﬁénts and :Cunctwns of the ﬁbrinn}.ytig, enzyme
éystem and the coagulatmn mechanism,. After the intro~
duétory saection the thesis presents the rqﬁults of a serial
study.of the components of the fibfinolytic enzﬁrme sfstem
in healthy vwomen during normal pregnancy, labour and the
puerperium, A marked deviation from the findings in
normal :ion-;pxegnant subjects is shown fo develop during
préghancy} IPibrinolytic aativify in the peripheral blood
remained diminished during labour but levels of fibrin
breakdown products in the serum increased indicating that
lysis of fiiax'in was probably occurring in localised areas of

the vascular compartment,
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To define further the effect of childbirth on the
haemostatic mechanism, a detailed study of the coagulation
and fibrinolytic systems was undertaken in the second stage
éf labour, immédiately: heforé and after delivery of the
babhy, m thé cord bl;oodu and 1mmediately aftex. se?érétian
of thé: ;pla;centa. ’Aﬂ the héémosiétié méch#nisrh woﬁid
ﬂeemﬁa bé designed for ‘1oc(*.élhctioz:1 the behaviour of .¥he:
cloflzli:ing and fibzriﬁolytic. aysfezﬁs in the uterine ei.rt':ulation
was s;iudié& &uring and aﬁei*, ééparatioﬁ of the placz:énta at .
delivery By' caesarean section; | The pfocess of placental
separation waé ehmvzi to‘ﬁe accompanied by a @trikiﬁg 1o§a1
activation 61‘. ihe clotting rﬁeﬁhanisin m the ute‘lri_ne
circulz;tion which was bafely detectable in ‘venoué blood
taken from the arm, |

The thesis then goes on to de,écriba the findings in the
coagulation and fibrinolytic’ syétema in abruptio placentae and
evidence is produced which indicétes that intravascular clotting
takkes place in this compliéation of pregnancy and that the
fibrinolytic enzyme system is acti&ated simultaneously to
remove intravascular fibrin, Extremely high levels of break-

down products of fibrin were found in the presence of
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diminished systemic fibrinolytic activity, TFibrin break-
down products seriously disrupt both the clotting process
and pla;telét func:ti,oﬁ and i:hevixfi.pr\esénce ig likely to be a
niajér factér in the défeﬁ;five hééfﬂ;OSt#Sizﬂ of ébrﬁf)tiﬁ placentae.
The resulta of this investigation indicate that the transfusion
of 'fntfe.e's'h_'whc)le b_ljolc:\od and early 'va:g.inal‘ delivery a;x;e. the most
éffec;!;-i‘{r.a‘w'aéyﬂs‘; of,i'eﬁstoring \tlie haérxﬁo&taﬁic mecﬁ&niém ‘t;c:‘
nm‘vn'xélv én& timt ﬂle ﬁdmiﬁ\i‘s.t;:ai;iénn éi:‘ fibx‘inolytié inhii)itcrs
nﬁéfbe hé{zardous,

in patients withyre*eciampsia a,nd' eclamﬁs‘ia.ve:.:y low
1evelé. bf. i)las;minoggen acti;rétor were found and thé plasma
clots shov}éd a greater rebistance to iysis by umi{inése‘than
was present in normal pregnaﬁcy, The findings in-i_:he patients
with eclampsia were in keeping with an acute episode of intra-
vas cul‘ar fibrin deposition having preceded the onset of the
convulsions, ¥ibrin deposition in the vessels at the placental
site is known to be a feature of pre~eclampsia (Dixon and
Robertson, 1958)., An aberration of the fibrinolytic méchanism
in pregnancy resulting in intr"a*}ascu,lar fibrin deposition could
be of considerable aetialagical impo.rtance in the syndrome of

pre~eclampsia and the impaired placental function which occurs
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in this complication: Further knowledge in this area may
possibly define a use for fibrinolytic agents and open up a
new i‘ieldv-of rational treatménﬁ; |

Plan of the thesis

The thesis is presented in two volumes; "\foiume I
contains the text and references, and Volume II figures,

tables,y and an account of standard methods,
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CHAPTER 2

BLOOD COAGULATION AND FIBRINOLYSIS IN PREGNANGY

From all accounis, haemorrhage from the uterus during
childbirth has always been, and still remains, a major cause
of maternal death, Smellie (1756) writing on postpartum
haemorvhage recorvds that "this hazardous hasmorrhage is
known by the viclence of the discharge, wetting fresh cloths
ap fast as they can be applied; from the pulse becoming low
and weak, and the countenance turning pale; then the
extremities grow cold, she sinks into faintings, and, if the
discharge is not speedily stopped or diminished, is seiged
with convulsions, which often texrminate in death®, Hewson
(1771) veported on a patient at the British Lying«In Hospital
who had incoapgulable blood following delivery and he noted
that, on heating, the blood behaved like serum and was
probably "without the coagulable lymph', Despite this
observation, obstetric haemorrhage and defective blood
coagulation were not asgociated until De Lee (1901) vividly
described a case of fatal haemorrhage assoclated with abruptio
placentae and a nearly fatal haemorrhage following the delivery

of a stillborn macerated foetus; in both cases the blood failed
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to clot and De Lee concluded "that there ave altevations of
the blood ox blood vessels, of a texaporary nature, which
prevent its clotilng and thus during labouy ov operations
cause death",  De Lee suggested syphilis, malaria, or a
blood disease as possible causes, Willson (1922) described
a patient with "uteroplacental apoplexy" with irveversible
shock and.degth following caessarvean section and he postulated
"a toxin in the nature of a haemorvhagin! which causéd severe
uterine haemorrhage and also affected other areas of the hody.

Digckmann (1936) veporied two patients with severe
abruptio placentae who had bleeding from the gums and into
gubcutancond tissues and where the blood failed to clot in a test
tube, By further studies he was the first to show that the
plasma fibrinogen levels were a,bno;z:ema;‘ily low in patients with
severe abruptio placentae., Dieckmann suggested that massive
retroplacental haemorrhage mighi deplete the civculating blood
of fibrinogen. ILittle notice, however, appears to have been
taken of this observation and a review of haemorrhagic’
complications of pregnancy published 10 years later by Wolff
and Limarzi (1946) made no mention of fibrinogen depletion ox

coagulation failure as possible actiological faciors,
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The clinical syndrome of hypofibrinogenaemia was
established by Gross and Benz (1947) in a report on the
autopsy findings of three cases of amniotic fluid embolism,
Fibrinogen depletion subseguently began to be widely recog=
nised and the implication of a low plasma fibrinogen level led
Moloney, Egan and Gorman (1949) to infuse fibrinogen into a
patient with defective clotting associated with abruptio placentae.
In the same year Dillon and Schmitz (1949) reporied hypo-
fibrinogenaemia and haemorrhage associsied with fulminating -
eclampsia, Weiner, Reid and Roby (1950) described fibrinogen
depletion in a patient with prolonged retention of a dead foetus
and the same defect was subsequently reported in association
with septic abortion (Gonley, Ratnoff and Hartmann, 1951),
secondary postparium haemorrhage due to vretained placental
tissue (Nolan and Frick,. 1953), and caesarean section (Leary,
1956); In more recent years it has been shown that the low level
of circulating fibrinogen is not an isclated defect and reduced
platelet counts together with low levels of factor V and factor VIII
have been recorded in the few cases in which assays of these

factors were carried out (Sharp et al, 1958; Nilsen, 1963).



10.

The previous studles on the possible mechanisms
involved in the production of a coagulation defect will not be
reviewed herve bhut will be considered in Section 3 of the thesis
which deals with the coagulation and fibrinolytic systems in
complications of pregnancy. GCoagulation failure per se is
now realised to be of lese importance than the intravascular
mechanisms wheveby the condition is produced, as these will
determine the appropriate treatment; in certain circumstances
e, g. ampiotic fluid embolism, the intravascular events thems
selves rather than the blood loss may have fatel consequences.

The Coagulation System and Pregnancy

Interest in the effect of normal pregnancy on the blood
clotting mechanizm was undoubtedly aroused by the acute
coagulation disorders occurring in assoclation with pregnancy
and parturition, The behaviour of the coagulaiion system during
pregnancy, however, has been the subject of conflicting reports,
most probably due to the variety of clotting tests used for the
assay of coagulation factors. An incrvease in the level of plasma
fibrinogen in late pregnancy wag 'reparted by Dieckmann {1952)
and this finding was subsequently confirmed in a large number of

investigations (Ratnoff, Colopy and Pritchard, 1954; Fresh,
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Ferguson and Lewis, 1956; Gillman, Naidoo and Hathorn, 19859;
Ingram, Norris and Tanner, 1960; Talbert and Langdell, 1964),
Prothrombin ox factor Il hag been shown to be only slightly
affected by pregnancy; Ratnoff et al (1954) reported an average
value of 121% in late pregnancy and Pechet and Alexander (1961)
found entirely normal values for prothrombin using a method
which excluded reflection of factor X, .

A definite increase in factor VII but no change in the level
of factor V during pregnancy was reporied by Alexander et al
(1956) and these findings were confirmed by other investigators
{ﬁ‘l'essh et al, 1936; Kennan and Bell, 1957; Nilsen, 1963; Talbert
and Langdell, 1964; Kasper et al, 1964; Todd, 1965), An increase
of factor X in.late pregnancy was found by Fechet and Alexander
(1961), and also by Davidson and Tomlin (1963) and Nossel et al
(1966),

Controversy exisis regarding the effect of pregnancy on
factors VIII and I¥. Fresh et al {(1956) and Ratnoff and Holland
{1959) found thai factor VIII was within normal limits during
pregnancy but several more recent investigators have reporied an
increase not only in normal women but also in carriers of haesmo-

philia and Von Willebrand's disease (Strauss and Diamond, 1963;



12,
Preston, 1964; Rutherford et al, 1964; Talbert and Langdell,
1964; Nilsson and Kullaunder, 1967), Ratnoff and Holland (1959),
Rutherford et al (1964), and Kasper et al (1964) found a marked
increase of factor IX during pregnancy but other workers (Hoch,

956; Rous, 1963; Nilsson and Kullander, 1967) found no’

St

increase of factor IX and according to Todd (1968) factor IX may
increase in some pregnant women but the levels reached are
variable and never very high, -

Fibrinolysis and Preghancy.

As with the coagulation factors, alterations inthe fibrine
olytic system have been reported in pregnancy. Macfarlane
and Biggs (1946) mentioned that they found no evidence of
plasma proteolyiic activity in healthy wornen during pregnancy.
Margulis, Luzadre and Heodgkinson (1954) and Niesert (1955)
both reported a higher incidence of fibrinolytic activity in the
bleod during the puerperiuwm than in the antenatal period; this
wasg the opposite conclusion to that reached previously by
Cireulla and Luraschi (1953), Shea {1955) investigated fibrin=
olytic activity in 34 puerperal women and found activity in only

two, The discrepancies in these reports were most likely due

not only to diffevent methods but also to the fact that they werve
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carried out at room temperature., Fearnley, Revill and
Tweed (1952) demonstrated that fibrinolytic activity was
quickly destroyed at room temperature but was preserved by
keeping the plasma at ice temperature., Blesenski and Moore
(1958) employed a low temperatuve method and were the first
to report a gradual decrease of fibrinolysis in the blood
during pregnancy - the lowest values being present in the later
months of pregnancy and labour =~ and a vapid increase in
fibrinolytic activity developing in the early postpartum period,
'This depression of fibrivolytlic activity in pregnancy and lahour
was conflrmed by Shaper et al (1965} and subsequently these
workers {Shaper et al, 1966) reported that the veturn to normal
fibrinolytic activity, as measured by a dilute~blood clot lysis
time, took place durlng delivery of the baby before the cord was
clamaped, Brakman (1966) who recently studied fibrinolytic
activity during pregunancy by assaying the activity of the euglobulin
precipitate from the plasma on fibrin plates, found only a slight
decrease of activity, but his assays were performed on plasma
samples which had been stm;ed at ~20°C, Nilsson and Kullander
(1967) measured fibrinolytic activity by determining the activity

of plasma and resuspended euglobulin precipitate on unheated
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fibrin‘p].ates;;_ in the third trimester and iromediately before
and after delivery they found practically no fibrinolytic activity.
These authors also reported that fibrinelytic acilvity returned
to normal on the second day after confinernent.

d As with fibrinolytic activity the reporis on the components
of ‘the fibrinolytic ensyme system during pregnancy are not in
agreement, Fhillips and Skrodelis (1958) found that the
plasminogen level was increased during pregnancy., Shaper et
al {1965) and Brakman {1966) found no difference in plasminogen
levels between noneprégnant and pregnant women, Bralkonan
and Astrup (1963) using a fibrin plate method found the capacity
of the blood o inhibit urckinase, a plasminogen activator
oresent in urine, to increase selectively and significantly during
pregnancy. Using a clot lysis technique, however, Nilsson and
Rullander (1967) recently reported thai the inhibitors of
plasminagen activation by urokinase remained wnchanged duving
pregnancy.

The literature on the fibrinolytic enzyme system in pregnancy,
therefore, presents a number of veports which are at variance with
each other, This is most probably due to the use of different

assay methods and the varying effect of enzymes, activators and
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inhibitors of fibrinolysis in these systems. Considerable
caution is hence reguired in the interpreotation of results from
the techniques at present available for the study of fibrinolysis,
‘The recent application of jromunclogical methods to the
detection of breakdown products of fibzin oy fibrinogen in the -
circulation has allowed a new approach to the assessroent of
fibrinolytic activity in vive, as these products may veflect
fibrinolysis in response to fibrin deposition occurring in normal
and pathological circumstances, -

The mechanioms by which the changes in coagulation and
fibrinelyeis are brought about in pregnancy arve still obsoure,
A possible vole of hormones, particularly oestrogen has been

-~
4

suggestéd by a number of workers (Brakmon and Astrap, 1964;
Brehm, 1904; HEgeherg and Owren, 1964), The significance of
the changes in the haernostatic mechanism during pregnancy is
unknown but owing to the increase in concentration of several
coagulation factors and the decreased fibrinolytic activity,
pregnancy has been described as a "hypercoagulable" state
((orichson, 1965)., So far, however, no causal relationsbip

between intravascular thromboeis and increase in any known

—
4

coagulation factor has as yet been estahlished (Owren, 1965;



16,

Johnson, 1965), The alterations of the haemostatic system
t

in pregnancy have heen intevpretied as a defence mechanism
against-the risk of haemorrhage during parturition (Bavter,
1964; Beott, 1968). The vole of the coagulation system during
normal partuzition, however, has not been determined and the
contraction of the myometrium is genevally held to be the
imechanism which arrests bleeding from the placental site.
As discussed in the ensuing pages, a reflection of in vivo events
in any particular slivation:is more likely 0 be derived from

simultaneous study of the coagulation and fibhrinolytic systems.
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CHAPTER 3

CURRENT CONCEPTS OF THE COMPONENTS AND

FUNCTIONS OF THE COAGULATION AND

FIBRINOLY TIC MECHANISMS

The function of the haemostatic mechanism appears to be
the maintenanece: of an intact and patent vascular compartment.

In physiological circumstances the coagulation and
fibrinolytic mechanisms may be in a :staﬁe.of dynamic
equilibrium, the coagulation system laying down fibrin {o seal
any deficiencies in the vascular endothelium and the fibrinolytic
system removing the fibrin deposits after they have served
their haemostatic function (Sherry et al, 1959).

Blood Cloiting Svestem

Blood coagulation can be vegarded as the defence mechanism
designed to preserve the blood volume in the event of injury to
the vascular tree. The detailed chemistry of the complex
reactions involved in blood clotting is still unknown. The
‘cascade' hypothesis of coagulation proposed by Macfarlane (1964)
and the similar 'waterfall' scheme of Davie and Rainoff (1964)
suggest a unified function for the clotting factors. The clotiing

mechanism is viewed as a series of enzyme substrate reactions,
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the product of each reaction being an enzyme which reacts
with the nexi stage of the sequence, Macfarlane (1964) has
pointed out that such a sequence of reactions should act as a
biocheraical amplifier, the multiplicity of stages giving a
covresponding increase in response to an initial stimulus.
This theory also provides an explanation for the presence of
the large number of clotting factors which have been identified
in mammalian blood; the maore stages in the amplifier, the
more efficlent the haemostatic response 10 trauma. Esnouf
(1968) has recently produced evidence which modifics the
original cascade described by Macfarlane and this new concept
of the reactions which take place between the plasma protein
factors involved in blood clotting is shown in figure 1. Two
pathways have been delineated, as shown in figure 1, through
which prothrombia (factor II} may be coanverted to thrombin as
a physiological response to injury: the intrinsic mechanism
which is activated by contact of the blood with surfaces other
than the intact vascular endothelium and the extrinsic or
tissue pathway which requires a contribution from tissue.
The intrinsic pathway which depends on those factors within

the plasma itself is triggered when blood or plasma comes in
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contact with surfaces other than intact vascular endothelium.,
This activates factor XII and appears to initiate a chain of
chernical reactions involving successive activation of factor IX
and factor X, the factors XI, VIII and V acting as co=factors
for their respective enzymes and also increasing the specificity
of each stage (Esnouf, 1968). The extrinsic pathway consists
of reactions which depend on contact of the blood with injuved
tissue which releases one or more substances known generically
as tissue thromboplastin, The tissue factor reacts with factor
VII to form an agent which activates factor X. Activated factor
X then interacts with factor V to genervate a principle capable of
converting prothrombin (factor II) to thrombin., As shown in
figure 1, the intrinsic and extrinsic systems converge to form
the prothrombin converting principle but the nature of this
principle is not yet clear, Thrombin is a highly specific proteolytic
enzyme which converts the soluble protein fibrinogen into insoluble
strands of fibrin, in the meshes of which ave trapped cellulax
elements of the bleod., In figure 1 the factors which have been
shown to be increased in pregnancy are marked with an asterisk
and such changes could represent an enhanced capacity to form

fibrin particularly via the extrinsic or tissue system, The
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conversion of fibrinogen to fibrin takes place in three steps
(figure 2) (Scheraga and Laskowski, 1957). Thrombin splits
certain peptides from flbrinogen to form individual molecules
or monomers of fibrin; the fibrin monomers condense in a
polyraevisation step to form an insoluble fibrin network o
polymer which undergoes gelation to form fibrin, the final
visible ¢lot. In the preser = of fibrin stabillsing factor
(factor XIII) and calcium ions the clot is rendered stable and

insoluble (Lorand and Jacobsen, 1958),

The Fibrinelytic Hystem

The fibrinolytic enzyme system or plasminogen-plasmin
system has a basic structure similar to that of the coagulation
system and may have a physiological role complementary to
that of the coagulation systern in maintaining the patency of the
vascular tree by promoting the removal of fibrin (Sherry et al,
1959). Though of great complexity, this system has four main
components; plasminogen, plasmin, activators and inhibitors
(flgure 3). Plasminogen, a natural plasma J3-globulin, is
converted by activators to plasmin, a proteolytic enzyme which
under suitable clrcumstances breaks down {ibrin into soluble

degradation products. Flasmin will also dlgest fibrinogen in a
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manner similar to its action on fibrin and altack other plaswma
proteins. Plasminogen activators are found in almoszt all
tlssues of the hody except the liver and the placenta and -
are present in especially high concentration in the uierus
(Albrechison, 1957), Using a histochemical technique, Todd
(1964) has produced evidence to suggest that activity in the
tissues is concentrated round blood vessels especially veins
and venules, Physiological fibrinolytic activity in blood
appears to.be due to the presence of plasminogen activator
in normal plasma (Sawyer et al, 1960).

Inhibitors of both plasmin and plasminogen activators
are present in plasma and under normal physiological conditions
the plasma cavvies a considerable excess of antiplasmin (figuve
3) (Fletcher et al, 1959). Norman and Hill (1958) have shown
that there are at least two antiplasmins in serura; one in the

X, fraction (X ~macroglobulin) reacts quickly as a competitive

é
inhibitor of plasmin and the other in theog 1 fraction reacts

more slowly but firmly with plasmin to produce an inactive

complex.



Tibrinolysis In Vive » The Sherrey Hypothesis

Whenever a clot forms, plasminogen, as 2 result of its
affinity for fibrin, is incorporated in the fibrin meshwork
and it would appear that the function of plasma plasminogen
is.to endow any clots which may form with the means to bring
about their subsequent lysis.  Plasminogen appears to be
present in vive in a two phase system, as a soluble phase in
the plasma and as a gel phase. form in the thrombi and fibrinous
deposits {figure 4), Plasminogen aclivators have a selective
affinity for gel phase plasminogen (Bherry, 1966) and as a
result of the physical distribution, the biocheinical consequences
of plasminogen activation in the two phases ave entirely
different. According to Sherry's hypothesls when plasminogen
activator is present in plasma at physiological levels, i,e. in
low concentration, it brings about lysie of fibrin by diffusing
into the clot and activating plasminogen in closge physical
relationship to fibrin (righthand side of figure 4) and clot
dissolution proceeds relatively independent of plasma inhibitors,
In the plasma, on the other hand, the activation of plasminogen
produces an entively different result: under physiologlcal

clrcumstances plasminogen activation produces no detectable
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eifects on susceptible plasma proteins as the plasmin is

rapidly inhibited on its formation by the antiplasmin (left-

L3

hand section of figure 4), In this manner, the action of the
relatively non~specific enzyme plasmin appears to be
restricted in vivo to a highly specific action,that of digestion
of fibvin (Shervy et al, 1959; Fletcher et al, 1962). However,
if rapid activation of soluble plasma plasminogen occurs,
plasmin is produced in large amounts, the antiplasmin
mechanism is temporarvily overwhelmed and free plasmin
appears and persists in the circulation. Fibrinogen, which

is abundantly available as a subsceptible subsirate can be
destroyed by plasmin with the production of a severe coagulation
defect.,

When fibrin or fibrinogen is digested by plasmin, low
molecular weight fragments are released which retain antigenic
determinants of the parent fibrinogen (Nussenzweig et al, 1961).
These degradation products cannot be clotted };y thrombin and
hence can be found in serum, Fibrin or fibrivogen degradation
products are known {0 have a complex antlcoagulant effect and
have been shown "in vitro" to interfere both with normal {ibrin

polymerisation and the function of the platelets (Latallo, 1964;
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Fletcher, 1966); for these reasons they may produce a
serious haemostatic defect., On naked eye examination,
clots formed in the presence of fibrin ox fibwinogen degradation

products are loose and friable and thelr abnormal structure

G

has also heen demonstrated by the electron microscope (Bang

at al, 1962). The abnormality is due to the degradation products,
which lack the covrect structure to form a sound polyraer, being
incorporated with fibrin monomer.

The coagulation and fibrinolytic systems are known to react
with sach other al many levels e, g, hoth aystems can be
activated by activation of factor XII, platelets have antiplasmin
activity; fibrinogen, factors V and VIII, and prothrombin are
digested by plasmin, and fibrin degradation products bave an
antithrombin effect as well as inbibiting fibrin polymerisation
(McNieol, 1969). Despite these observations, however, the
concept of a dynamic equilibrium between clotting and lysis

still remains to be firmly established,

Summary

in the past 15 years there has been a substantial increase in
knowledge of the physiology of haemostasis, Fregnancy is kanown

10 be associated with an increase in the concentration of certain
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coagulation factors and a decrease in the level of fibrinolytic
activity but the vole of the haemostatic mechanism in
pregnancy and parturition is uncertain. The coagulation and
fibrinolyitic systems appear to be in a state of dynamic
equilibrium designed fo keep the vascular compartraent intact
and patent. In the following chagters the results of an
investigation of the dual mechanism of blood coagulation and
fibrinolysis in normal and abnormal pregnancy and parturition

are presented and discussed,
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CHAPTER 4

COMPONENTS OF THE FIBRINOLYTIC ENZYME SYSTEM

IN NORMAL PREGNANCY, LABOUR AND PUERPLERIUM

An increase in the conceniration of certain coagulation
factors, particularly fibrinogen, is known to occur as
pregnancy advances and the behaviour of the fibrinolytic
mechanism in human pregnancy is therefore of special
interest, Fibrinolytic activity has been reported to he
decreased in late pregnancy but many of the previous reporis
are single observations obtained under varying conditions
and conflicting results have been presented. The purpose of
this investigation was to elucidate the changes in the components
of the fibrinolytic enzyme system induced by pregnancy and
parturition by serial observations on a group of healthy women
followed throughout normal pregnancy, labour and the puerperium,

Patients and Methods

Ten healthy women with uncomplicated pregnancies were
serially studied from the first trimester ¢o term, during labour
and the puerperium. These patients were under the obstetric
care of the author and full consent was given by the patients who

were informed that the study related to problems with
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haeraorrhage during childbirth., The clinical details of these
patients ave shown in Table 1. In addition, a further 30
women were investigated six to eight weeks after normal
confinement to obtain reference data for the statistical
evaluation of the alterations of components of the fibrinolytic
enzyme system during pregnancy. Venous blood saraples
were taken with the minimum of venous occlusion and tests
of fibrinolytic aciivity were invariably carried out within a
L hour of collection of the blood which was kept at 4°C,

The following assays were performed as described in
Appendix 3.

(1) Fibrinogen Assay: the biochemical method of Ratnoff

and Menzie (1968) was used,

(2) Plasminogen Assay: the method of Alkjaersig et al (1959)

as described by McNicol and Douglas (1964) was used. The
caseinolytic assays weve performed in duplicate.

(3) Euglobulin Lysis Acilvity: the method of Nilsson and

Olow (1962) was used., Clot lysis times were measured at
3 0 2y . * 13
37 C and the tests were carrvied out in duplicate, Lysis

time and blood fibrinolytic activity ave inversely related,

hence a long lysis timne veflects low {ibrinolytic activity, and a
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short lysis time bhigh fibrinolytic activity. On a double
logarithmic plot, lysis times. and activity are linearly
related, and using such a plot lysis times can be expressed
ia arbritary units of activity assigning one unit a lysis time
of 300. minutes (Sherry et.al, 1959). . The euglobulin lysis
time is a reflection of the levels of plasminogen activator,
fibrinogen and plasminogen and provided that the levels of
fibrinogen and plasminogen are relatively constant, changes
in the euglobulin lysis time are a measure of variations in
plasrainogen activator levels in the plasma.

(4) Urokinase Sex :-sii:i'y'i‘i:y' Test: the method of McNicol et al

(1963) was used, In this test the lysis {ime of a plasma

clot formed in the presence of a standard araount of urokinase

is measured, The lysls time reflects the overall level of
inhibitors to urokinase induced fibrinolysiz. Results are
expressed in units based on a double logavithmic plot with a
lysis time of 10 minutes arb. itvarily assigned one unit of activity.
The lower the number of units the lower the sensiiivity to
urokinase induced lysis and, correspondingly, the higher the
degree of fibrinolytic inhibition.

(5) Thrombin Clotiing Time: the method described by Fleicher
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et al (1959) was used and the tesis were performed in duplicate.
The clotting time is prolonged by degradation products of
fibrin or fibrinogen.

(6) The Platelet Count: the method of Dacie (1963) was used

and duplicate counts were performed on venous blood.

Results

(1) ‘Tibrinogen The previously documented increase of plasma,

fibrinogen duving pregnancy was confirmed as illustrated in
flgure 5 and Tabkle 2, The mean fibrinogen level was slightly -
increased in early pregnancy at 346mg/ 1001l compared with a
mean level of 268mg/ 100ml found six weeks after delivery
(Table 8). The fibrinogen level gradually increased with the
duration of pregnancy to a mean value of 443mg/ 100ml at term.,
The rise of fibrinogen during pregnancy showed a significant
positive correlation with the period of gestation (R = +0,673,
p<0.001). The levels of fibrinogen remained virtually
unchanged during labour and decreased slightly during the first
week of the puerperium., At the sixth postnatal week the fibrin-
ogen levels were in the normal range for non-pregnant women.

(2) Plasminogen The levels of plasminogen followed serially

through pregnancy are shown in figure 5 and Table 3, Elevated
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levels of plasminogen were found as early as the fourth month
of pregnancy and the increased level of plasminogen during
pregnancy compared with the levels found six weeks after
delivery was highly significant (t = 5.556, p<0.001), A

slight decrease of the mean plasminogen level was found
during labour, In the first week of the puerperium the
plasminogen levels remained elevated but by the sixth postnatal
weel the levels were in the normal non~preghant range,

(3) Euglobulin Lysis Activity A marked decrease of

fibrinolytic activity during pregnancy was found, the euglobulin
lysis time increasing steeply after the first trimester (figure 6).
The reduction in fibrinolytic activity was most pronounced in

the third trimester and pevsisted throughout the first and

second stages of labour, In the first week of the puerperium
normal or slightly increasad fibrinolytic activity was found.
When the lysis tlmes are expressed as units of activity,
calculated as stated previously, the reduction of activator levels
has a significant negative corvelation with the period of gestation
(R = «0.839, p<0,001) as shown in figure 7 and Table 4. The
increase in {ibrinolytic activity in the flrst week of the puerperium
from the values found in the third trimester and in labour was

highly significant (¢ = 5.56, p<0.001).
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(4) Urokinase Sensitivity Test In this study normal pregnancy

did not appear to be agsociated with any significant change in
the level of inhibitors of plasminogen acitivation by urokinase
(Table 5).

(3) Thrombin Time No significant altervation of thrombin time

took place during pvegnancy, but a significant increase was
found in labour from the values present at 36-42 weeks of
pregnancy (Table 6).

(6) Platelet Count The mean platelet count was slightly lower

during pregnancy than the six week postnatal level and the
lowest level was recorded during labour. As shown in figure §
and Table 7. a significant rise of the platelet count was found
in the first week of the puerperium as compared with the level

found in labour (t = 2.4, p<0.02).

Discussion

An increase in the concentration of plasma fibrinogen and
factors VII, VIII, and X in association with pregnancy has been
reported (Pechet and Alexander, 1961; Kasper et al, 1964;
Talbert and Langdell, 1964) and the findings in this study have
shown that a coﬁsiderable deviation from the normal occurs in

the comiponents of the fibrinolytic enzyme system.



33.

The increase in the concentration of plasma fibrinogen
during pregnancy is well documented but few reports are
available on plasminogen levels during pregnancy.  Shaper
et al (1965) and Brakman {(1966) found no difference between
p].aémi_nogen levels in non=pregoant and pregnant women,
Shaper's report was on the levels found in 10 African women
at an unstated time in pregnancy and Brakman used a different
method. of plasminogen assay, rendeving comparisons difficult.
The results reported here of clearly increased levels of
plasminogen during pregnancy are in agreement with the more
recent findings of Nilsson and Kullander (1967). The increase
of plasminogen as shown in figure 5 appears to occur parl passu
with that of fibrinogen and the rise above normal levels in the
third trimnester is of the ovder of 66% in both fibrinogen and
plasminogen, Allowing for the expansion of plasma volume in
pregnancy, this represents a twofold increase in the absolute
amounts of circulating fibrincgen and plasminogen. By the
sizth postnatal week the levels of fibrinogen and plasminogen
have returned to normal. The concomitant increase of
plasminogen and fibrinogen during pregnancy would appear to

be consistent with the concept of a dynamic equilibrium between



clotting and lysis as a vise in the levels of these two
components might be predicted to influence the haemostatic
1}?}12»11(:@ in opposite divections.

Decreased fibrinolytic activity during late pregnancy was
first reported by Blezenski and Moore (1958) and confirmed
by Shaper et al (1963). - The ecuglobulin lysis timae depends on
the level'of fibrinogen, plasminogen and plasminogen activator.
The data presented thereflore suggest that the decreased
fibrinolytic activity observed during pregnancy represents a
decrease in the level of circulating plasminogen activator, as
although the plasma fibrinogen level is elevated, the plasminogen
concentration is raised to a proportionate extent. The mechanisyn
responsible for the decrease of effective levels of plasminogen
activator is unknown., Fhysical exercise and mental stress in
the non~pregunant are associated with a steep rise of activator
levels (Sherry et al, 1959). The mental and physical exertion
of labour, however, surprisingly appears to provoke no rise of
fibrinolytic activity and the low level of fibrinolytic activity
persists despite the strenuvous efforts and agitation of the second
stage of labour. In this study normal pregunancy did not appeas

to be associated with any significant change in the levels of
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Lex

selective increase in the capacity of the blood of pregnant
wormen to inhibit urokinase or urokinase induced fibrinolysis
was rveported by Brakman and Astrup {1963) who used a
different test system (the fibvin plate method) which. could be
influenced by other factors = for example, diffeving diffusion
rates of activators, enszywees. and inhibitors. Using a clot
lysis method Nilsson and Kullander (1967) have also reported
no significant change in the level of urokinaee lnhibitor during
pregnancy,

- No significant alteration in the platelet count was found
during pregnancy apart from the sharp increase in the level of
circulating platelets in the first week of the puerperium. The
platelet count during pregnancy has been the subject of conflicting
reports; a contlnuous increase In the platelet count during
pregnancy was reported by Mor et al (1960) and vecently .
Shaper et al {1968) recorded a progressive decrease as pregnancy
advanced.

The complex changes involving both coagulation and
fibrinolysis which accompany pregnancy ave difficult to interpret

in terms of physiological significance., The control of
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haemorrhage ig one of the obvious functions of blood
coagulaiion while that of fibrinolysis is the removal of
fibrin formed in blood vessels and elsewhere., 'The two
systerns appear to be designed for local action and normal
pregnancy seems to altev the haemostatic balance towards
an enhanced capacity to form {ibrin and a dlminished ability
to lyse fibrin, A possible interpretation is that the changes
during pregnancy may be a physiological development to
ensure the integrity of both the maternal and foetal civeulations
but such alterations may also establish a vulnerable state for
intravascular fibrin deposition,

The hypothesis of transient coagulation in the blood which
can obstruct the micro~circulation is a relatively new concept
in the aetiology of discase (Hardaway, 1966). In late pregnascy
certain syndromes occur where intravascular fibrin deposition
appears to be a feature aand the inhibitlon of fibvinolytic activity
may therefore be an lmportant aetiological factor, These
include complications such as acute tubular necrosis; Shechan's
syndrome, and the Shwartzman reaction, The vecent studies
on cerebral strokes in pregnancy {Jennett and Croas, 1967;

Crosa et al, 1968) have shown that thrombotic occlusion of the
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cerebral art»eries: has a much higher incidence in pregnant
than in non~pregnant women and resulls in a mortality three
times higher than is found in non-pregnant women of the
same age group.

Although the mechanisme whereby the alterations in
coagulation and fibrinolysis are hrought about in »regnancy
are still obsoure, knowledge of changes induced by normal
pregnancy may help in elucidating the pathogenenis of those
obstetric complications which may be associated with intra~-

vascular coagulation and haemorrhage.
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CHAFTER 5

THI ASSAY OF TIBRIN DEGRADATION PRODUCTS

AND THE LEVELS DURING NORMAL PREGNANCY,

LABOUR AND THE PUERPERIUM, AND AFTER

GAESAREAN SLCTION

The appreclation of the impovtance of the fibrinolytic
mechanism in recent years has stimulated the evolution of
new methods which enable more accurate assessment of
the level of activity of the fibrinolyiic enzyme system.,

When the proteolytic enzyme plasmin breaks down fibrin

or fibrinogen, degradaiion products of these proteins

appear in the cirvculation., Some of the fragments released
are incapable of undergoing further digestion by plasmin but
they retain ;antige.nic determinanis of the parvent fibrinogen
{(Nussenzweig et al, 1961; Alkjaersig et al, 1962); certain
degradation products cannot be clotted by thrombin and hence
can be found in serum,., Degradation products of fibrinogen
have been shown to interfere with ti’ze thrombin-fibrinogen
reaction (Latallo et al, 1964), the polymerisation of fibvin
(Fletcher, 1966), and the aggregation and adhesion of plateleis

(Kowalski et al, 1964; Wilson et al, 1968); for these reasons
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fibrin/ fibrinogen degradation products can produce a serious
haemostatic defect,

Immunological methods have recently been applied to the
assay of fibrinogen/ fibrin degradation products and of these
techniques the haemagglutination inhibition assay with
sensitized red cells as developed by Mevskey et al (1966) is
one of the most sensitive. The te’chniqﬁe was evolved from
the principles used in the guantitative assay of chorionic
gonadotrophin and growth hormone (Wide, 1962; Read et al,
1962). 'The basic reagenis in the assay ave antifibrinogen
antiserum, fibrinogen ceoated red cells and the unknown serum
sample..

The unknown serum sample is first titrated with a known
amount of the antiserum which is then bound proportionately
to the concentration of antigenic fibrinogen material in the
sample, The unbound fraction of the antiserum is next
gquantitated by adding fibrinogen coated red cells and this allows
the level of antigenic fibrinogen material in the unknown sample
to be calculated.

The accurate assay of circulating fibrin/ fibrinogen

degradation products is of considerable importance in the
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investigation of physiological and pathological mmechanisms
in coagulation and fibrinolysis as they represent good
evidence that fibrinolysis is taking place. The following
investigation was designed to establish the normal range of fibe
rinogen/ fibrin degradation produdts in the serum during normal
pregnancy, labour and the puerperium and after caesarean
section,

Fatients and Methods

The levels of fibrin/ fibrinogen degradation products were
studied in 250 healthy women during uncomplicaied pregnancy,
labour and the puerperium, and in 12 patienis following delivery
by lower uterine segment caesarean section. The blood
samples for this study were obtained when routine blood tests
were being taken during pregnancy, labour and the puerperium,

Preparation of samples

The blood samples (5ml) from an antecubital vein were
added immediately to plastic tubes containing glass beads and
Imog of the fibrinolytic inhibitor tranexamic acid to inhibit
fibrinolysis occenrring in vitro. Specimens were incubated at
37°C for two hours to ensuve complete fibvinogen~fibrin

conversion and the serum was then separated and stored in
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plastic tubes at »»300(: till assayed. Each tube had a code
number and when the assays were read the clinical details
were unknown.

Mathad of assay.

The assay was performed according to the method of
Merskey et al (1966) with minor modifications. All the
seruin.samples were adsorbed at 4°¢ for two hours with 1/5
volume of packed fresh sheep red cells and then assayed
immediately for fibevin/fibrinogen degradation products. The
microtitee system {Cooke Engineering Co,, California) was
employed and the sheep cells sensitised with fibrinogen were
from the same batch throughout the whole investigation., The
preparation of sheep :f@ﬁ‘i cells and sensitisation procedure
together with details of the assay method are described in
Appendix 3, Rabbit anti-human fibrinogen serum (Hoechst
Pharmaceuticals Lid.,) was used at a dilution of 1/4,000 and
the citrate buffer for the doubling dilutions contained tranexamic
acid in a concentration of 20mg/ 100ml. Three concentrations of
a. fibrinogen standard, elther a solution of puwified human
:I:'i.?:;rinogen {(Kabi Pharmaceuticals Litd,) or a standard pooled

plasma solution were included in each batch of assays. The
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clottable protein in the standard solutions was assayed by the
method of Ratnoff and Menzie (1968), The precision of the
assay for fibrinf/fibrinogen degradation products in serumn
was increased by using intermediate dilutions and the method
was reproducihble down to a level of 0.6-lug/ml.

In patients where a prolonged thrombin clotting time
(McNicol and Douglas, 1964) was present the test serumm was
incubated for 2 hours at 37°C with approximately 1/10 of its
volume of thrombin (100units/mi) to remove any residual.
throxabin clottable fibrinogen.. In the test samples where
elevated levels were demonstrated the assay was repeated
after further incubation with thrombin so that as far as
possible only imemunological reactive products were estimated
which were not clottable by thrombin.

_}{gsults

The results of the assay for fibrin/fibrinogen degradation
products in the serum during pregnancy, labour and the
puerperium in the 250 patients are shown in figure 9 and Table 9.
The mean level betweon the 18th and 24th week of pregnancy was
1.25%0. 53pg/ ml and no significant alteration of the level took

place until the flrst stage of labour when the mean level rose to



3. 4!3-’-2: Spg/ml, a highly significant vise (t = 4, 555, p<0.001).
A further increase in the mean level was found during the first
week of the puerperium; by the 6th week after delivery the
mean serum level had returned to 1. 864-:1. g/ ml.

In the 12 patients studied afier caesavean operations the
levels of fibrin/fibrinogen degradation products 2-4 hours
after operation were in the range 1, 6-20. Cpg/ml (mean 5. 83pg/ml).
Samples from the same 12 patients taken 3-8 days after operation
were in the range 1.5-108pg/ml (mean 21, Opg/ml), a significant
rise (figure 10 and Table 10). The levels were thus sub-
stantially higher afier caesarean operations than after normal

delivery.

Discugsion

The investigation of the fibrinolytic enzyme system in normal
pregnancy (Chapter 4) showed that the rise of plasma fibrinogen
during pregnancy was accompanied by a proportionate elevation
of plasma plasminogen, and the level of circulating plasminogen
activator was marvkedly diminished in late pregnancy and
throughout labour. The immunological assay employed in this
gtudy does not distinguish between the degradation products of

fibrin and those of fibrinogen, It is of interest that no significant
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alteration of the level of degradation products could be shown
during pregnancy despife the increase of plasma {ibrinogen.
A recent study by Woodfleld et al (1968) reported progressively
higher levels of degradation products in the second and third
trimester, but in the investigation reported in this chapter no
significant increase of the level was found until the onset of
labour,

The sharp increase in the levels of degradation products
during labour is reliable evidence that active fibrinolysis is
taking place, Increzsed amounts of fibrin/fibrinogen degradation
products could explain the significant increase in the thrombin
clotting time found during labour; reported in Chapter 4 (Table 6),
as these products ave known to interfere with the thrombin-
fibsfinage;r; veaction (Latallo et al, 1964). The rise of degradation
products takes place in the presence of a markedly diminished
fbrinolytic activity in the circulation; a cousistent finding in
labour, indicating that active fibrinolysis may be present in vivo
which is not reflected in the level of plasminogen activator found
for example in venous blood taken frowm the arm. Lysis of
circulating fibrinogen is not likely to take place in the presence

of diminished systeric fibrinolytic activity., This suggests that
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the degradation products are most probably a consequence of
lysis of fibrin in localised aveas of the vascular compartment,
Tibrin plagues and numerous intervillous thrombi are found on
the maternal side of the majority of normal placentae (Fox,
1963; Devi et al, 1968). The uterus is a potent source of
plasminogen activator (Albrechtson, 1957; Mackay, 1967) and
uterine action during labour is accompanied by transient
rayometrial ischaernia., Circumstances therefore may exist
for the local release of activator and this may then be absorbed
on placental fibrin with consequent local fibrinolytic activity in
the placental circulation. An enhanced fibrinolytic activity in
the uterine civculation during labour could be a natural defence
mechanism to maintain the maternal blood supply to the placenta
by ensuring the patency of the placental bed during labour,

The elevated levels of degradation products in the puerperium
after normal delivery are possibly related to the removal of
fibrin laid down t0 secure haemostasis in the uterus after
separation of the placenta. The higher levels found after delivery
by caesarean section may possibly reflect the more extensive
tissue damage associated with operative delivery,

These findings suggest that in norraal pregnancy and parurition
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the level of fibrin degradation products in the circulation may
be the end result of a complex dynamic system which adapts
to local requirements in the uterine civeulation during normal

labour and after delivery.
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CHAPTER 6,

CHANGES IN THE COAGULATION AND FIBRINOLYTIC

MECHANISMS DURING AND AFPTER NORMAL CHILDBIRTH

Parturition presents a serious challenge to the integrity
of the vascular compartment, but it has been penerally held
(Taylor, 1966; Donald, 1969) that contvaction of the
myometreium - the "living ligatures' of the uterus - is the
mechanism which, in the main, controls bleood loss at
delivery. In other situations where there is injury to the
vascular tree an efficlent blood coagulation system plays a
vital role in achieving effective haemostasis and preserving
the blood volume. In this chapter is described a detailed
sequential study of the coagulation and fibrinolytic systems
which was designed to determine the effect of the actual process
of normal childbirth and placental separation on the haemostatic

mechanigm.

Patients and Methods

Fifteen healthy patients with uncomplicated full term
pregnancies were studied and full and informed consent was
given by each patient for specimens of blood to be taken during
and following delivery, The timing of the blood samples was as

follows : (1) Late in the second stage of labour when the baby's
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head was distending the perineum.. (2) Imrmediately after
delivery of the baby while the placenta was separating in
utero i,¢, third stage of labmg.r'._ (3) Within one minute of
expulsion of the placenta. (4) Fifteen minutes after placental

delivery. (5) One hour after placental delivery, . () Twenty=~

four hours after deliverys (7) Three to five days after delivery.

The blood samples (Lbml) were taken into plastic syringes
from the arm vein with the minimum of venous occlusion:
9l of blood was mixzed with lml of 3.8% sodivm citrate in a
plastic tube for coagulation and fibrinolytic tests, 5ml was
added to a plastic tube containihg glass beads and lmg of
tranexamic acid for assay of fibrin/fibrinogen degradation
products, and 2ml to a plastic tube containing EDTA for
platelet counting., The coagulation and fibrinolytic assays were
invariably carried out within a half~hour of collection of the
blood which was kept at a%¢.

The following assays were performed as described in
Appendix 3.

(2) Coagulation Systern Assays

Recalcification time in plastic tubes,

Kaolin~cephalin clotiing time (Proctor and Rapaport, 1961).



49,
Partial thromboplastin time (Langdell et al, 1953).
Factor II (Prothrombin) (Owren and Aas, 1951).
Factor V (Bhanberge et al, 1967),
Factors VIII and IX (Breckenridge and Ratnoff, 1962).
Factor X (Denson, 1961).
One stage prothrombin time (Douglas, 1962).
Thrombin clotting time (McNicol and Douglas, 1964).
Platelet count (Dacie, 1963),

(b) Fibrinolytic Enzyme System Assays

Fibrinogen (Ratnoif and Menuzle, 1965).
Flaeminogen (Alkjaersig et al, 1959; McNicol and
Douglas, 1964).

Euglobulin lysis time (Nilsson and Clow, 1962).
Urokinase sensitivity test (McNicol et al, 1963),
Fibrin/ fibrinogen degradation products

(Merskey et al, 1966; Bonnar et al, 1969:).

Statistical Analysis. As the data comprised measurements

on a single group at different times, Wilcoxon's Signed Ranks
Test was used to determine the statistical significance of any
changes in the coagulation and fibrinolytic assays., The

principles of this test are described in Appendix 3.
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Results

() Coagulation Systers Assays

Tables 11 to 21 contain the vesults of the coagulation
tests in-the 15 patients during and after delivery. PFigure 11
shows the significant shortening of the plasma recalcification
time, kaolin=cephalin clotting time and pa.%i;ia,l throraboplastin
time which ogcurred during the third stage of 1ab§m* and
within, one minute of placental delivery., The recalcification
time decreased sharply during 'th‘e“r:hird stage of labour and
immediately after placentsl delivery (R = 8, p<0.002);
thereafter the recalcification time gradually increased and
the pre~delivery range of values wevre again found on the first
day of the puerperium, The kaolin«cephalin clotting time
showed. a significant but less dramatic shortening during the
third stage and immediately after placenial delivery (R = 6.5,
p<0,05), The plasma thromboplastin time shortened during
the third stage of labour and immediately following placental
delivery (R = 11.0, p=0.,01) but within 15 minutes the pre=
delivery values were restored,

Figure 12 shows the changes in the coagulation factors

which occurred before and after delivery.. A sharp increase in
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factor VIII activity occurred during delivery, the mean
factor VIII level rising from 212% in the second stage of
labour to 251% immediately after placental delivery
(R = 2.5, p<0.01),. The pre-delivery values of factor VIIT.
activity were restored one hour after delivery and the .
mean level . yemaingd avound 200% in the immediate
puerpervimm,. The mean level of factor V increased lmimediately
following placental delivery and on the first day of the
1;111e£*};}erium the levels of factor II (prothrombin) and factor V
were significantly lower than duving the fivet hour after
placental delivery, A normal level of factor I'X activity was
recorded in the second stage of labour and after placental.
delivery but a slight increase of the mean level was recorded
in the early pue :«:j_:serium. Factor X activity was increased
during the second stage of labour with a mean value of 166%
and the mean level decrveased to 112% between the 3rd and 5th
day of the puerperium.,

As shown in figure 13 no significant change occurred in the
prothrombin time and thrombin clotting time but a highly
significant increase of the platelet count was evident following

delivery, the mean platelet count increasing from 221,000 per
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com during delivery to 304,000 per cmm between the 3rd
and 5th day of the puerperium (R =0, p<0.002).

(b) Fibrinolytic Enzyme System Assays

“Tables 22 to 26 contain the cesults of the fibrinolytic

studies during and after delivery. Figure 14 shows the

t’ﬁ

significant decrease of plasma fibrinogen which cccurved
during the third atage of labour and in the first 15 minutes
following delivery of the placenta (R = 0, p<0.002). The
fibrinogen level then gradually increased and was at a-
higher level three to five days aftér delivery than during the
second stage of laboue, 7The plasminogen level showed a
slight but significant decrease during the third stage of
labour and immediately after placental delivery (R = 8.5,
p<0.01) but no increase of plasminogen was evident in the
early puevperium., The decreasec of fibrinogen and plasminogen
during the third stage of labour and immediately following
placental delivery showed a significant positive correlation
(v = +0.327, p<0.08) (figure 15), A marked inhibition of
euglobulin lysis activity was present in the second and third
stage of labour and for the first 15 minutes after delivery but

within one hour euglobulin lyeis activity was in the normal
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non~pregnant range and {ibrinolytic activity contipued in the
norxnal range ln the immediate puerperium, The change in
the euglobulin lysis activity hetween 15 minutes and one hour
after placental delivery was highly significant (R = 0, p<0,002).
No.change inthe level of inhibitors to urokinase induced lysis
was detected until the fivst day after delivery when a slight
but significent increase iwthe level of inhibitor was present
{R =.6,5, px0,002). During the second stage of labour the
levels of fihrin/ fibrinogen degradation products in'the serum
were increased but showed a wide vange of values {3,-8‘533,9pg/ ml)
and one houxr following the delivewry a further increase took
place, the level jincreasing to 5, ok, Tugl ml, The levels.
remalined elevated on the first day of the puerperium and

decreased slightly between the 3rd and 5th day of the puevperium,

Iﬂscuwioxy

Haemorrhage during childbirth is often associated with
uterine atony or soft tissue lace%-ation but in these circumstances
bleeding is usually readily controlled and is ravely fatal,
Although the precise mechanism of hoemostasis during normal

"

parturition is still uncertain it has been shown In recent years
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that fa;t_al obstetyvic haemorrhage is frequenily accompanied
by defective blood clotting.

The concentration of plasma fibrinogen and of factors VII
and ¥ is increased in late pPregnancy (Ratnoff et al, 1954;

Fechet and Alexandery 1961; Talbert and Langdell, 1964)

and recent studies have shown that factor VIII activity is also
increased {Nossel et al, $966; Nilsson and Kullander, 1967).
Fibrinolytic activity is known to be decreased in late pregnancy

and labour and o return to normal in the early puerperium
{Biczenski and Moowe, 1958; Shapewr et al, 1965; Bonnav et al, 196%)
The findings reported in this chapter concerning the coagulation

and fibrinolytic systems in the second stage of labour ave largely

in agreement with previous reports on these systems in late
preguancy.

In a previous study of the blood cloiting mechanism during
normal parturition, Ratnoff et al (1954) were unable to demonstrate
any consistent changes in the clotting tests; the tests performed
were the whole blood clotting time, thrombin time, plasma
fibrinogen, prothrombin assay and platelet count and on'i,:sr a few

of these tests were perviormed on any one paitieni. The sequential
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study presented here has showrt that strikiog changes do take
place in the coagulation and fibrinclytic systems during the
actual process of parturition,

In the coagulation system assays the shortening of the
recalcification time, keto,l-in,mﬁl‘zﬁlin clotting time and paxtial
thromboplastin time and the sharyp mc.wrwe in factors VI
and V activity in the peripheral blood during and immediately
following placeutdl separation suggestr that activation of the
clotting mechanlsm takes place during partuviition., Further,
the significant decrease of ﬂb:&ih@gen levels durving and after
placental separation would be in keeping with local deposition
of fibrin. The decreased levels of factors Il and V on the day
following delivery may veflect utilisation of these factors or
their digestion by plasmin,

The changes in the {ibrinolytic components during and
immediately followlng placental delivery are consistent with
fibrinolysis occurring as a response to local fibrin deposition;
the plasma plasminogen level decreased during the third stage of
labour and after placental delivery, and the level of fibrin/
fibrinogen degradation products in the ssruwm increased one hour

after childbirth and remained elevated in the carly puerperiuwm,
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Fibrinolytic activity as measured by the cuglobulin clot
lysis assay remained markedly reduced during the second and
third stage of labour and the sudden change from reduced to
noxmal activiiy took place between 15 minutes and one hour
after delivery. Biezenski and Moore (1958) using a semi~
guantitative plasma clot lygis method found that lytic activity
returned to normal within three hours of delivery, Shaper et al
(1966) reported that in African women the veturn to normal
fibrinolytic activity occurred as the child was delivered and
before the cord was clamped. The mechanism by which
fibrinolytic activity abruptly returns to normal within one hour of
delivery is unknovn., Xawano et al (1968) showed that placental
extracts contain high levels of inhibitors of fibrinolysis and he
suggested that the placenta itself iz responsible for the fibrinoclytic
inhibition which persists until after the placenta is delivered,

The concurrent findings in the blood coagulation and
fibrinolytic systems seem therefore to indicate that during
parturition the haemostatic mechanism has an important
cormnplementary function to the unique process of mayometrial
contraction,which by extravascular compression diminishes the

blood flow to the placental site. Life threatening postpartum
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haemorrvhage i a common complication in women severely
affected by Von Willebrandis disease, especially when ithe
facter VIII level 1o low and does not increase during pregnancy
(Biggs, 1966; Walker and Dormandy, 1968), suggesting that
the clotting mechanism has a vital role in preventing blood
losg during parturition, Iikewise'in abruptio placeniae where
a marked depletion of clotting factors may develop, serious-
and sometimes fatal haemovrhage from the uterus is not
uncommon, The increased levels of clotting factors duving
normal prégnancy may represent thereforve a physiological
d.évelopmem'iza' provide for the rapid and effective Laemostasis
which is reguired during partuvition,

It is of interesi that in the early puerperium a secondary
ncreane takes place in the level of fibrinogen, factor VIII
activity remains well above normal non-pregnant levels, and
the platelet count shows a steep rise, During the puevperium
the incldence of thrombo-embolic complications 1s three to four
times greater than during pregpancy (Husnei et al, 1967). The
vapid rise in circulating platelets and the increased levels of
fibrinogen and factor VIII together with the limited activity of

the mother which follows childbirth, are possible explanations
P
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of the predigpostion to thrombosis during the puerperium,
The abrupt veturn of normadl fibrinolytic astivity sfter delivery

may be.a protective mechanisr to combat this hazard,
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CHAPTER 7

DYNAMICHS OF THIE COAGULATION AND FIBRINOLYTIC

SYSTEMS IN THE UTERINE CIRCULATION DURING

PLACENTAL SEFPARATION AT CAESAREAN SECTION

As changes in the blood clotiing and fibrinolytic systems
had been detected in peripheral blood during normal
parturition, an attempt was rmade to find out if these
changes were a reflection of events in the uierine circulation.
The behaviour of the coagulation and fibrinolytic systems was
therefore investigated slmultaneously in the uterine circulation
and pevipheral blood during delivery by caesarean section,

Patients and Methods

Twelve patients with haemoglobin levels over 12g/ 100mi
were studied during and after delivery by elective caesarean
section. The patients were under the obstetric care of the
author and full consent was given by each patient for the
blood samples to be taken as part of an investigation into the
causes of haemorrhage during childbirth., After incision of
the abdominal wall and exposure of the uterus, blood samples
were taken simultaneously from a large veln on the surface

of the uterus in the reglon of the placental site and from an
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arm vein. A lower uterine segment caesarean operation
was then performed, Irmomediately after delivery of the
baby, blood samples were taken simulianeously from a
vein at the uterine fundus draining the placental bed and
from an avm veiln, these specimens being taken while
the placenta was separating spontaneously ‘'in utero'.
The placenta was then deliveredby cord traction and at
intervals of five and fifteen minutes after delivery of
the placenta, blood samples were taken from veins
draining the placenial site and simultaneously from arm
veins, After closure of the abdominal wall, approximately
25 minutes after placenial delivery, a blood sample. was
taken from an arm vein. In the posi=operative period
peripheral bleod pamples were taken at 2448 hours, 35
days, 6-9 days, and 10-14 days after operation. In several
instances blood samples were not obtained at all the times
specified due to the absence of an adeguate number of
suitable veins,

The blood samples (16~18ml) were taken by clean
venepuncture into plastic syringes: 2ml was used fox

measuring the whole blood clotting tizne, 9ml was mixed with
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1ol of 3.8 per cent sodium citrate in a plastic tube fow
coagulation and fibrinelytic tests, 3~bwl was added to a
plastic tube containing glass beads and lmg of tranesxamic
acid for assay of fibrin/fibrinogen degradation products,
and 1-2ml was added to a plastic tube containing EDTA
for platelet counting. When blood samples were obtained
at all the times specified the total quantity of blood
removed amounted to 144wl during the operation and §0ml
during the two weeks after operation.

The whole blood clotting time was measured in the
operating theatre in a portable water bath at S?OC and the
coagulation and fibrinclytic assays were performed within
a half hour of collection of the blood which was kept at 4:06.

The following assays were performed as described in
Appendix 3.

(2) Coagulation System Assays

Whole blood clotting time in plastic tubes
Recalcification time in plastic tubes
Kaolin- cephalin clotting timae

Partial thromboplastin time

One stage prothrombin time



Thrombin clotting time
Factors V, VIII and IX
Flatelet count .

- (b) Tibrinolytic Enzyme System Assays

Fibrinogen

Plasminogen

‘Buglobulin lysis activity

Urokinase sensitivity test

Fibein/ fibrinogen degradation products

Statistical Analy‘fsi:za

As the measurements were from a single group at
differvent stages, Wilcoxon's Signed Ranks Test was used to
determine the statistical significance of any changes in the
coagulation and fibrinolytic tests, The principles of this
test are outlined in Appendix 3.

Results

(a) Coagulation System Assays

Tables 27«35 contain the resulis of the coagulation tests
in the utevine veln blood and the peripheral blood taken
simultaneously before delivery and during and after placental

separation in the 12 patients, and the results in the pewvipheral
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blood in the two weeks following operation,

Tigure 16 shows the striking shortening of the whole
blood clotting time and veealcification time in plastic tubes
(Tables 27 and 28) which was found in the uterine blood
while the placenia was separaiting in utero. In two patients
the blood sample taken from the uterine vein during placental
separation clotted within seconds in the plastic syringe. The
whole blood cloiting time and recalcification time in the
uterine vein blood during placental sepavation were significantly
shortexr than the times recorded in the peripheral blood taken
simultaneously (R = 0; p<0.01), While the placenta was
sepavating the platelet count in uterine blood showed a slight
decrease but no change was detected in peripheral blood during
or immediately after placental separation. In the posti=-
operative period a marked rise in the platelet count was found,
the mean level steadily Increasing from 229,000 per conm at
Z=4 hours after operation to %78,0(‘30 ia@r coam at 10«14 days
after operation (Table 29 and figuve 16).

Figure 17 shows that during placental zeparation the
shortening of the kaolin cephalin clotting timae (Table 30),

partial thromboplastin time (Table 31), and the one stage
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prothrombin time (Table 32) was more marked in the uterine
vein blood than in peripheral blood., No significant change
was found in the thrombin clotting time in uterine ox peripheral
blood during or after placental separation (Table 33).

Figure 18 shows the striking increase in factor VIII
activity found in both uterine vein blood and peripheral blood
during and after placental separation; the mean factor VIII
activity in uterine blood rose from 141% before delivery to
336% during placental separation, and the simultaneous
samples of periphe:g‘al blood showed an increase from 148%
before delivery to 228% during placental separation., Factor
VIII activity as shown in figure 18 and Table 34 remained
elevated in both uterine blood and pervipheral blood following
delivery of the placenta but 2-4 hours after operation the
mean factor VIIL activity in peripheral blood had decreased to
155%. In the two weeks following delivery by caesarean
section the mean factor VIII activity was approximately 200%
with a fall to 143% at 10-14 days after operation. No change
was found in the level of factor IX or factor V in uterine or
peripheral blood with the exception of a slight increase of

factor IX activity 24-48 hours following delivery (Tables 35 and 36).
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As shown in figure 19 and 20, the shortening of the
kaolin cephalin clotiing time and partial thromboplastin
time which was found in uterine blood during and irmmediately
after placental separation showed a significant negative
correlation (p<0.01) with the increase of facior VIII activity

in uterine blood at this time,

(b) Fibrinolytic Enzyrae System Assays

Tables 37~41 countain the results of the fibrinolytic studies.
The only change found in the plasma fibrinogen level was a
decrease in the peripheral blood following the operation, the
mwean plasma level falling from approximately 400mg during
the operation to 346mg/ 100ml 2-4 hours after the operation
(figure 21 and Table 37). During the two weeks afteridelivery
by caesarcan section the plasma fibrinogen level steadily
increased and the highest level was present at 10-14 days
after operation when the mean level had risen to 536mg/ 100ml,
As shown in figure 21 the mean plasma plasminogen level
decreased slightly in both uterine blood and peripheral blood.
following placental sepavation and during the two weeks after
operation the mean plasminogen level remained virtually unchanged

(Table 38).
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Figure 42 shows the dramatic increase in the suglobulin
Lysis activity which was found in uterine blood during and
immediately after placental separation, the level of activity
being considerably higher than that recorded in the peripheral
blood taken at the same time (R = 3, p<0.05). A marked
inhibition of euglobulin lysis. activity was present in the
peripheral blood during and imroediately after separation of
the placenta but at 2-4 hours after operation euglobulin lysis
actlvity was in the novmal non~pregnant range and remained
so in the two weeks after opevation (figure 22 and Table 39).
The level of fibrinf fibrinogen degradation products increased
slightly in uterine blood during placental separation; in the
peripheral blood the mean level increased from 3. 53pg/ ml at
the end of the operation to 6.33pg/ val 2+4 hours later and during
the two weeks after operation a wide range of values was found
with peak levels at 6~9 days after operation when the mean
value was 13,43pug/ml (figure 22 and Table 40). No change in
the level of inhibitors to urokinase induced lysis was detected
in the uterine blood during or after placental separation and in
the peripheral blood the only change was a transient increase in
the level of urckinase inhibition occurring immediately following

placental separation (figure 22 and Table 41).
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DISCUSSION

In normal circumstances blood cloiting takes place at
sites of vasculay injury. The evidence presented here indicates
that in the ui:es;ine circulation a distinct activation of the
coagulation and fibrinolytic systems takes place during childbirth
at the time of placental separation. The wide diiference in
activity between uterine blood and peripheral blood taken
sirnultaneously indicates that in vivo a pronounced local activation
of the clotting mechanism may take place which produces only
minimal changes in blood taken remote from the area involved.
This was particularly evident in the shortening of the whole blood
clotting time in plastic tubes during placental separation when six
of the twelve patients had clotiing times of three minutes or less
in the uterine blood but only a slight shortening of the time took
place in the peripheral blood., A similar buf less pronounced
pattern of results was also found in the recalcification time, kaolin
cephalin clotting time, partial thromboplastin time, prothrombin
time, and the platelet count.

A definite increase of factor VIII activity was found in
uterine bleood and to a lesser extent in peripheral blood during and

immediately after placental separation but the factor IX level
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remained virtually unchanged, The assay procedure fow
factor IX was ideuntical to that of factor VIII except that the
substrate plasma employed was deficient in factor IX; the
sharp increase of factor VIII activity caunot therefore be
attributed to the presence of thromboplastin or some othexr
clotting accelerator which could influence the assay
procedure, At the present time very little is known of the
detailed chemistry of the pathways of the blood clotting
mechanism. Recent studies have indicated,; however, that
when the coagulation sequence is activated the fivst traces of
thrombin formed appear to act first on factor VIII producing
a movre reactive molecule which subsequently accelerates the
intermediate phases of blood goagulation (Ozge-Anwar et al,
1965; Rapaport et al, 1965; Davie et al, 1969)., The
shovtening of the clotting time, kaolin cephalin time and partial
thromboplastin time is related to the sudden increase of factox
VIII activity in the uterine circulation during placental
separation and probably reflects thrombin activity at the placental
gite due to the local release of tissue thromboplastin,

Brown and Stalkex (1969) showed in the hamster that

thromboplastin matevial can enter the maternal and foetal
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clrculation during placental separation. The investigation of
normal childbirth described in Chapter {6 showed that
transient shoxtening of clotting tests and an lncrease of
factor VIII activity take place in peripheral blood during
placental separation., The findings veported in this chapter
suggest that these changoes are directly due to activation of
the clotting mechanism in the uterine circulation producing
to a lesser extent a coagulant efiect in peripheral blood,

The potency of the mechanisms for keeping the clotting
of blood a local phenomenon and clearing the activated clotting
factors from the circulation is shown by the fact that the
pronounced changes in the uterine vein were transitory and
had almost disappeared by the time the blood reached the
peripheral civculation, This is probably why such a pronounced
coagulant effect has not been noted previcusly during parturition,
When studying changes in the haemostatic mechanisms caused by
alterations in a single organ it seems important, therefore, to
examine the blood divectly leaving the organ, as the changes
may not be detectable in the peripheral circulation. The plasina
containg potent inhibitors of such factors as thrombin (Seegers

and Mawvciniak, 1962), and activated factor X (Bigge et al, 1970),
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and activated clotting factors are apparvently removed by the
liver and the reticulo-endothelial system. (Spaet, 1962).

Fibrinolytic activity was reduced in both uvterine blood
and periphewval before delivery but during placental separation
the level of activity in the uterine blood was Qonsiderably
increased compared with that of the peripheral blood -~ findings
possibly due to plasminogen activator entering the circulation
at the placental site. After delivery by caesarean section
fibrinolytic activity in the peripheral blood followed a similax
pattera to that found after normal vaginal delivery (Chapter 6;
Bonnar et al, 1970 . ), the auglcbﬁlim lysis activity béihg in the
normal range at 24 hours aftey @peratien.

The levels of fibrinogen, plasminogen and factor VIII
were decreased two to four hours after operation and at the same
time levels of fibrin/fibrinogen degradation products in the
peripheral blood were increased, In the haemovrhagic complications
of péegnanczy, particularly abruptio placentae, much more striking
changes, but in'the same direction, have been found (Verstraete
et al, 1965; Bonnar et al, 1969 b)., Clearly, effective haemostasis

Jin the uterus during placental separation places heavy demands on
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the coagulation factors, and the high levels found in normal
pregnancy will provide a rveserve of haemosgtatic components
to meet this challenge.

The changes in the coagulation and fibrinolytic systems
in the two weeks after caesarean section are of special
interest as these may be aetiological factors involved in
thrombo~embolic complications which occur during this period.
The vaised factor VIII level and the progressive ixacxeaée in the
aumber of circulating platelets and fibrinogen concentration
over the two weeks after operation may be of particulaw
importance in predisposition to thronfosis; the increased
production of these factors may have been stimulated by theisr
utilization during placental separation. Emmons and Mitchell
(1965) reporied that the maximal increase in both the total
platelet count and aggregation wevre present avound the 10th post-
operative day., The increase in the levels of fibrin/fibrinogen
degradation products which was maximal at 6-9 days aftev
operation could reflect lysis of intravascular fibrin at this time
and suggeats that the stimulus to coagulation continues for

relatively long periods. If active intermediates of clotting
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continue to civculate they could contribute to the incidence of
thrombosis in the puerperium. The changes of the
haemostatic mechanisrm followlng caesgarean section would
appear to favour intravasculay clotting and such changes
together with the limited physical activity which often follows
operative delivery maj explain the relatively high incidence
of thrombo~embolic complications after caesarean section,

It has long been suspected that activation of the
coagulation mechanism may occur in a small part of the
circulation and yet produce little evidence of its existence in
conventional tests applied to blood collected from an antecubital
veln, 'The obsewvations reported in this chapter confirm the
interpretation of the changes in peripheral blood during normal
parturition and delivery by caesarean section,as evidence for
the stimulation of coagulation and fibrinelysis locally in the
uterus. This study also underlines the significance to be
attached to raised levels of factor VIII in one-stage assays on
peripheral blood as evidence for the existence of the local
stiraulation of coagulation somewhere in the body (Pefirick et al,

1965), These observations do not diminish the importance of
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wmyometrial contraction in the control of bleeding after
childbizth but they indicate that the coagulation system also

plays a vital role in the process.
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CHAPTER 8,

THE COAGULATION AND FIBRINOLYTIC

SYSTEMS IN THE NEWHBORN

Haemorrhage is still an important cause of perinatal
morbidity and mortality particularly in the premature
infant., The newborn infant is known to have a deficiency
of clotiing factors but to the author's knowledge there has
been no simultaneocus and comprehensive study of the
coagulation and fibrinolytic systems in the mothe » and coxrd
blood of the infant at the time of delivery. The findings
presented in Chapters 6 and 7 indicate that in the maternal
blood a pronounced activation of the coagulation and fibrinolytic
systems takes place in the uterine circulation during placental
separation. As the process of placental separation commences
during the delivery of the infant it may also have an effect on
the haemostatic system of the infant as well as the mother,
This chapter presents the results of a detailed investigation of
the blood coagulation and fibrinolytic mechanisms in the full

term infant and the mother immediately following delivery.



75.

Patients and Methods :

Ten healthy women,at texm with uncomplicated preg-
nancies,and their newborn infants were studied and full
consent was given by the mother for the specimens of blood
to be taken. The blood samples were taken imumediately
following delivery of the baby while the umbilical cord was
pulsating and prior to clamping of the cord. The baby's
blood sample (15 ml, ) was taken into a plastic syringe by
clean venepuncture of the wmbilical vein, Clamping of the
cord was delayed until pulsation had ceased to allow an extra
quantity of blood to pass to the infant which would more than
compensate for the venous blood sample. The mother's
blood sample (15 ml. ) was taken from an arm vein siraultaneously
with that from the baby. The 15 ml. blood sample was sub=-
divided immediately as follows : 9 ml. was mised with 1 ml,
of 3., 8% sodiurn citrate in a plastic tube at 4°c. for coagulation
and fibrinolytic tests, 4 ml, was added to a plastic tube
containing glass beads and 1 mg. of transexamic acid for assay
of fibrin/fibrinogen degradation products, and 2 ml., was added

to a plastic tube containing edetic acid for platelet counting,
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The coagulation and fibrinolytic assays were performed
within a half-hour of collection of the bloed which was kept
at 4°C. The following assays were performed by methods
described.in Appendix 3.

Coagulation System Assays @ - Recalcification time in

plastic tubes, kaolin-cephalin clotting time, partial
thromboplastin time, thrombin clotting time, prothrombin
time, coagulation factors II, V, VII, IX and X, and platelet
count, Factor VII was assayed by a one-stage method using
plasma with a congenital deficiency of factor VII (Biggs and
Macfarlane, 1962).

Fibrinolytic Enzyme System Assays @« Fibrinogen,

plasminogen, euglobulin lysis activity, urokinase sensitivity
test, and serum fibrin/fibrinogen degradation products.

Statistical Analysis '« Wilcoxon's Signed Ranks Test was

used in the statistical analysis of the paired measurements for

the mother and the baby.

RESULTS

The results of the coagulation system assays in the new-

born and in the mother immediately after birth are listed in
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Tables 42, 43A and 438, and the mean levels are compared

in Figuves 23 and 24, TFactor VII assays were performed

in gix of the ten babies due to insufficient test plasma in the
others (Table 43B), With the exception of the recalcification
time in plastic a highly significant difference was found between
the clotting tests in the newborn and the mother, The most
obvious difference was a prolongation in the newborn of the
Kaolin-cephalin clotting time, partial thromboplastin time and
one~stage prothrombin time; the small but significant difference
in the results of the thrombin clotting time probably reflects the
potency of the thrombin used in the test system.

The mean levels in the baby of factor II (54%), factor VII
(38%), factor IX (17%) and factor X (39%) were all low and a
highly significant difference was present between the value fox
these clotting factors in the newborn and the mother. In sharp
contrast to the low levels of the vitamin K dependent factors in the
baby the mean levels of factor V and factor VIII were found to be
considerably increased in both the baby and the mother (Figure 24).
No significant corvelasion was present between the levels of

factors II, VII, I¥X and ¥ in the mother and the baby but a highly
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significant correlation was found between the maternal and
neonatal levels of factor V and factor VIII (Table 43A). In
the newhora the platelet count was significantly higher than in
the mother but no corrvelation was present between the neonatal
and maternal levels.

The results of the fibrinolytic enzyme system assays
are shown in Table 44 and Figure 25, The fibrinogen and
plasminogen levels were significantly lower in the baby, the
mean values being approximately 50 per cent. of the levels
found in the mother., A highly significant difference was found
between the euglobulin lysis activity and the urokinase
sensitivity test in the newborn and the mother. The euglobulin
lysis activity in the baby (Mean 8,9 units) indicated a very high
level of fibrinolytic activity in contrast to the diminished
fibrinolytic activity present in the mother (Mean 0. 39 uaits].

The urckinase sensitivity test showed a much higher level
of urokinase inhibition in the baby (Mean 0. 12 units) than was
present in the mother (Mean 0. 81 units), The level of fibrin/
fibrinogen degradation products in the serum was significantly

lower in the newborn than in the mothew.
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DISCUSSION:

Blood coagulation in newborn infante has been the subject
of many investigations and low levels of the vitamin K.
dependent ¢lotting factors (factoys II, VII, IX and X) are well
known. Few investigations have heen periormed on the
fibrinolytic activity of the umbilical cord blood and conflicting
resulte have been published. For example, fibrinolytic
activity in the cord blood was found to be increased by Cope
and Bimmons (1958) and Berglund (1958) but not by Phillips and
Skrodetis (1958§ These discrepancies may be the result of
difievent test methods, the labile nature of plasminogen activator,
and the various ways in which the cord blood was obtained.
Previous investigations on the haemostatic mechanism in the baby
at birth have lavgely been performed on blood samples taken at
varying intervals after the cord was clarnped, usually by allowing
the blood to drip from the cut end of the cord, Blood obtained in
this way is llkely to be affected by stasis, trauwa to the vessels
and contamination by tissue extracts., During the first hali-minute
aftexr delivery there is a good umbilical blood flow of relatively

well-oxygenated venous blood (Dawes, 1968) and sampling of blood
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at this time by clean venepuncture is thevefore move likely to
| reflect accurately the coagulation and fibrinolytic status of
the newborn baby.

The data presented show striking differences between the
coagulation and fibrinolytic s;grst&améin tﬁe raother and the
néw’born infant, With the exception of the vrecalcification time
in plastic, the clotiing tests in the newborn were significantly
longer than the maternal ;ral.ues. Low levels of factoy II
(prothrombin), VI, IX and X ave in keeping with many previous
investigations in the newborn (Douglaﬁ and Davies, 1955; Fresgh
et al., 1956; Dyggve ', 1958, and others) and these low
neonatal lovels contrast with the raised levels of factors I, VII
and ¥ and the normal level of factor IX in the mother. The lack
of correlation and large differences between the maternal and
neonatal values eonfirm a placental barvier to these clotting
factors (Nossel et al, 1966; Cade et al, 1969). Contrazy to
previous reporis of normal levels of factors V and VIII in cord
blood (Quick et al, 1952; Kasper et al, 1964; Preston, 1964;
Cade et al, 1969), this study showed raised levels of factors V

and VIIT in the newborn and a highly significant covrelation
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between the maternal and neonatal levels, The high levils

of factors V and VIII in the umbilical vein at the time of

delivery may perhaps be due to activation of these factors as

a result of placental separation, rathew than transfer of these
factors from the mother, Davie, Hougie and Lundblad (1969)
have suggested that the first traces of thrombin that are

formed during coagulation have high affinities for factors VIII
and V converting them into {ar more reactive clotting factors,

It is likely that the high levels of factors V and VIII found in

the coxd blood are a transient phenomenon, As was described

in Chapter 7 the maternal venous blood draining the placental
site showed a shavp, although showrt-lived wise of these factors
immediately after delivery of the baby. Brown and Stalkex
(1969) have shown in the hamster that thromboplastin material can
enter the maternal and foetal civeculation during placental
separation, The entry of thvomboplastin of placental origin into
%I@ circulation of the baby and the mother during delivery may
explain the J,aised levels of factors V and VIII and the correlation
between the maternal and cord blood levels of these factors. The

presence of tissue thromboplastin would also account for the



shortened recalcification time in the cord blood despite the
low levels of coagulation factovs II, VII, I¥ and X, Indeed,
the very low levels of these factors in the baby at birth may
he paxtly due to thelr consumption at the time of delivery
rather than entlrely to hepatic immaturity ag genevally
accepted, The low level of many of the coagulation factors
in the newborn indicates the precaricus state of the clotting
mechanism in the normal neonate and accounts for the
increased susceptibility to haemorrhagic complications,

The findings in the components of the fibrinolytic enzyme
system show a distinct contrast between the mother and the
newborn., The levels of fibrinogen and plasminogen in the
baby were spproximately half the values found in the maternal
blood., Reduced levels of fibrinogen and plasminogen in the
newboxn have been weported previously (Cope and Mitchell, 1964;
Beller et al; 1966; PFisher et al, 1968); the low levels of
fibrinogen and plasminogen could be explained by either a
reduced production or increased utilizmation, The euglobulin
lysis tinoe indicated a brisk fibrinolytic activity in all the newborn
infants, the revevse of the situation of reduced activity in the

maternal blood, The cowd blood was also much less sensitive
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to urokinase-induced lysis than i:iléa maternal blood, indicating
a very much higher level of urokinase inhibitor in the infant,
Kawano and colleagues (1968) showed that the human placenta
had a high content of uvokinase inhibitor and the placenta may
be the source of thes;’ increased inhibitory activity in the infant
at birth.

The increased fibrinolytic activity in the newborn indicates
a bigh level of plasminogen actlvator in the baby'ﬂ circulation
ii%xrmediately after birth and may be the :'»:.eﬁul‘i; of stress and
transient hypoxia in the infant during vagioal deiivm'y. it is
su:rp:éiaing however that the attefzs and exevtion of labour does
not nfluence the reduced fibxﬁudiy’tic activity in the maternal
blood, A high level of plasminogen activator in the baby's
circulation may have a proteciive role for the rapid sleé:t’*amce of
intravascular fibvin which could vesult from the entyy of placental
thromboplastin into the circulation ow :'fs:;c:sm the trauwma of child.
birth. Increased fibrinolytic activity would however be a potentially
hozardous development in the presence of reduced levels of
coapulation factors., The high levels of clirculating inhibitor which

were also demonstrated in the baby would serve to protect the
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susceptible plasma proteins and confine the action of
plasminogen activator to the digesiion of {ibrin in accoxd
with Sherry's hypothesis of in vivo fibrinolysis (Sherry et al,
1959),  The abgence of any increase ‘»cf. the levels of fibyin
degradation products in the newhorn may be a reflection of
- the time factoy vathey than the absence of fibrin deposition;
serial measurement of the levels of fibrin degradaiion products
hn the infant during the first week of life would be of intevest.

in the preceding two chapters evidence was produced
that during childbirth an activation of the clotiing and fibrinos
lytic systems takes place in the wmwalernal circulation. This
investigation in the newborn suggests that a similar phenomenon
-takes place in the baby. The most likely esplanation appears
to be the entry of thromboplastin into the foetal and maternal
civeulation duving delivery. The flbrinolytic enzyme system
in the healthy ma.i:uré newborn however appears to be particularly
prepared for the removal of fibrin, Boyd (1966) has shown
that widespread intravaseulasr fibrin deposition is frequently
found in stillbovn infants; particularly following premature

separation of the placenta. According to Ambrus (1966) the
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level of {ibrinolytic activity and clvculating plasminogen is
congiderably reduced in the premaiure baby., An imapaired
fibrinolytic vesponse in the premature baby may predispose
to the persistence of fibrin which appears to be a predominant
feature of hyaline membrane discass,

Studies on the premature infant slmilar to those reported
in this chapter may help to elucidate the problems of
haemorrhage and respiratory distress syndrome in the premature

baby.
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SECTION 3,

THE COAGULATION AND FIBRINCLYTIC SYSTEMS

IN COMPLICATIONS OF PREGNANCY

Chapter 9 Fibrin degradation products in complications
of pregnancy.

Chapter 10 The coagulation and fibrinolytic mechanismns
in abruptio placentae,

Chapter 11 The coagulation and fibrinolytic systems in
pre~eclampeia and eclampsia.

Chapter 1Z2. Conclusion. and Summary.
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CHAPTER 9,

PIBRIN DEGRADATION PRODUCTS IN

COMPLICATIONS OF PRIEGNANCY

The levels of cireulating fibrin/fibrinogen degradation
products (F, D, P, ) may reflect fibrinolysis occurring
"in vivo! in response to intravascular fibrin deposition,
The part played by fibrinclysis in certain pathological
states has been the subjcae:t of much dispute, This bas been
particularly so in complicatious of pregnancy, where
evidence of enhanced fibrinolysis has rarely been demonstrated
in the circulating blood by clot lysis or fibrin plate techniques.
Chapter 5 described the development of the immunological
assay for measuring F, D, P, and the serum levels found in 450
healthy women during uncomplicated pregnancy, labour and
the puerperium, and in twelve patients following caesarean
section, This chapter presents the results of an investigation
of the levels of ¥, I, P, in the circulation of patients with
intrautevine death, abruptio placentae, eclampsia and post-parium

haernorrhage.
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Patients and Methods .

The obstetric complications investigated consisted of
twelve patients with abruptio placentae, four patients with
intrauterine death, two patients with eclampsia, and four
patients with post-parturm hasmorrhage. All of the twelve
patients with abruptio placentae had a moderate to severe
degree of concealed retroplacental hasmorrhage as evidenced
by the clinical state of the uterus and the presence of retro-
placental clot at delivery. In the patients studied afier
intrauterine death in the third trimester, spontaneous
expulsion of the foetus took place within fourteen days of the
diagnosis of intrauterine death. The levels of ¥, D, P, in the
two patients with eclampsia weve determined following the
eclamptic seizures. In the four patients with post-partum
haemorrhage, the serious blood loss occurred after placental
delivery and was in excess of one litve in each patient.

Blood samples were collected and assayed for serum
P, D, P, as described in Chapter 5 (pages 40-42).

The levels of serum F, D, P, found in the obstetric

cormpl ications studied are shown in Figure 26 and the mean
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levels found in the 250 healthy women during normal pregnancy,
labour and the puerperium (Chapter 5) ave included for
comparison., As shown in Figure 26 raised amounts of F, D, P,
were dfound in each complication and substantial levels were
detected in the sera of the patients with abruptio placentae., In
the two patieunts with eclampsia in late pregnancy the level of
F,.D.P. gradually increased over the four days after the
eclamptic seizuves, Inview of the high levels of ¥, D, P, found
in abruptio placentae and eclampsia these conditions were
further investigated in detail as described in Chapters 10 and 11,
In the first two weeks after intrautervine death the level of ¥, D, P,
was rmoderately elevated (16 ~ 48 pg/ml, ) and similar levels
were found in the four patients examined following post-partum
haemorrhage., In both the latter groups no evidence of enhanced
fibrinolytic activity was detected in the circulating plasma by the

euglobulin clot lysis raethod.

DISCUSSION

The raised levels of F, D, . suggest that in these
complications of pregnancy both intravascular fibrin formation

and fibwvin proteolysis are taking place in varying degrees, The
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placenta and decidua were obgserved by Seegers and Schneider
(1951) to be particularly rich in clot-promoting substance, and
in pregnant women dying soon after abruptio placentae emboli
of fibrin-like matevial have beeun found in the pulmionary
arterioles and in othew organs (Schneider, 1951; Mayer et al,
1954; Johnstone and McCallum, 1956; Beischer, 1961). The
activation of the fibrinolytic system is therefore likely to be a
direct or indirect protective response to intravascular clotting.
High levels of degvadation products of fibrin would also be in
accord with the concept that lysis of intravascular fibrin is due
to 1 ocal activation of plasminogen within the thrombi (Sherry et
al, 1959), The reduced levels of plasminogen activator in
pregnancy (Shaper et al, 1965; Nilsson and Kullander, 1967;
Boanar et al, 1969a) may be important in the pathogenesis of
such conditions as acute tubular necrosis in asseciation with
cornplications of pregnancy such as abruptio placentae, as low
levels of activator could delay the removal of intravascular fibrin
in the renal civculation; animal studies have shown thaf the
level of plasminogen activator in the endothelium of venal vessels
is decreased during pregnancy (Epstein, 1966).

The substantial levels of F. D, P, are of importance in

rvelation to the defective haemostasis which may present in abruptio
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placentae, as the degradation products can intevfere with
normal fibvrin polymerization, the thrombin-fibrinogen
reaction, and the functioning of the platelets, with the result
that clot formation may be delayed and defective, This aspect
is further discussed in Chapter 10 which deals with the
behaviour of the coagulation and fibrinolytic systems in abruptio
placentae, The increased levels of degradation products in
patients following eclamptic seizures also indicated that o morve
detailed study was vequired in patients with eclampsia to
elucidate the explanation for the abnormal levels of F, D, P,
found in the two patients with eclampsia, The investigation of
severe pre~eclampsia and eclampsia is described in Chapter 11.
Foetal death in utero is followed by a gradual depletion of
clotting factors (Pritchard and Ratnoff, 1955), Intravascular
coagulation has been widely incriminated as the usual cause of
f:lbr'inogen depletion in patients with a retained foetus (Pritchard,
1959; Hardisty and Ingram, 1965), The report of Lerner and
colleagues (1967) that the depleted coagulation factors after
intrauterine death were corrected by the administration of
heparin alone, without blood ox fibrinogen, and the findings in

this study of raised serum F.D, P, after initvauterine death are
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strong evidence that intravascular coagulation is the mechanism
responsible for the depletion of the cloiting factors.

The levels of ¥, D, P, were only slightly elevated in the
patients with post-partum haemorrhage in contvast to the
-patients.with abruptio placentae, in whom very high levels were
found,. Hardaway (1966) has shown experimentally tn dogs that
haemorrhagic shock is apsocdated with intravascular clotting if
hypotension occurs in association with circumstances which
favour clotting, such as in pregnancy where high levels of
coagulation factors are present. The presence of fibrin thronibi
in the pituitacry was noted by Sheehan and Murdoch (1938) in
their extensive report on necrosis of the anterior pituitary in
patients dying after haemovrhagic collapse at delivery, The
rapid restoration of the blood volume and correction of hypotension
probably limite the progression of intravascular fibrin formation
and may explain the rarity of Sheehan's syndrome following post-
partum haemorrhage in modern obstetric practice,

In Chapter 5 it was shown that the levels of I', D, I?, were
increased during normal labour and the puerperium., The
demonstration in this investigation of abnormal amounts of ¥, D, P,

suggests that intravasculazr fibrin deposition and fibrinolysis ave

<o i



occurving In varying degrees in abruptio placentae,
intrauterine death, eclampsia and postpartum haemorrhage,
The clinical outcome in these complications of pregnancy
probably depends on the balance between clotiing and lysis
as the condition evolves but both thrombotic vasculaxr

occlusion and defective haemostasis are possible sequelae.
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THE BEHAVIOUR OF THE COAGULATION AND

PIBRINOLYTIC MECHANISMS IN ABRUPTIO PLACENTAE

Abruptio placentae remaing one of the most serious hazards
of late pregnancy, and the coagulation defect which may accompany
this complication was first described in 1901 by De Lee. S8ince
the veport of Dieckmann (1936) the haemostatic defect in abruptio
placentae has been ascwyibed to fibrinogen depletion, but the
pathogenesis of the hypofibrinogenaewmia has not been adequately
elucidated, The main theories advanced in explanation of the
fibrinogen depletion and haermorrhagic diathesis associatiéd with
abruptio placentae include (1) deposgition of fibrin in intrauterine
clotting, i.e. loss of fibrinogen into the retropl acental haematoma
(Stouffer and Ashwowrth, 1958; Nilsen, 1963; Willoughby, 1966);
(2) liberation into the circulation of tissue thromboplastin which
produces intravascular coagulation with congequent fibrin
formation (Schueider, 1950, 1951, 1952, 1959; Beischer, 1961);
(3) primazry activation of the fibrinolytic enzyme system leading

to hyperplasminaermia and digestion of circulating fibrinogen
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(Moloney et al, 1949; Phillips et al, 1962).

Few documented veporis on abruptic placentae are
available where apeciilc coagulation studies and assessment of
fibrinolytic activity have been performed, largely because of
the emergency nature of the situations in which this complication
arises and the detailed laboratory procedures involved in many
of the assays, This chapter presents the results of a
detailed investigation into the coagulation and fibrinolytic
mechanisms and platelet function in a group of patients with
abruptio placentae,

A complex inter-velationship exists between the two
systems of blood coagulation and fibrinolysis, involving a balance
between clotting and lysis, Fibrinolytic activity "in vivo'" has
always been difficult to demonstrate and, as a consequence the
pari played by fibrinelysis in abruptio placentae has been much
disputed, The application of immmunological methods to the detection
of fibvin/fibrinogen degradation products (F, D), P, ) in the circulation
has enabled a new approach to be made to the agsessment of
fibrinolytic activity "in vivo', as these breakdown products provide
evidence that proteolytic digestion of fibrin or fibrinogen has

probably recently occurred,
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Patients and Methodg .

Teun patients with abruptio placentae wewre studied and
eight of these had a severe degree of mixed or concealed
accidental haemorrhage as evidenced by the clinical condition
of the patient, the gquantity of retroplacenial clot and the
delivery of a stillborn infant. The amount of replacement
transfusion given to these eight paﬁien’es varied between 2 and
6 litres of blood. The other two patients had a less serious
degree of premature separation of the placenta and the babies
were alive at birth.

Blood was collected using plastic syringes, and the
plasma samples were obtained by mixing 9 volumes of whole
blood and 1 wolume of 3, 8% sodium citrate and centrifuging at
4°c. Serum samples for F, D.P. assay were obtained by adding
the whole blood irnmediately afier venepuncture to tubes containing
glass beads and a standard amount of fibrinolytic inhibitowx
(Aminocaproic acid, 10—‘2' Molar or tranexawmic acid 10"3 Molasz) to
arvest fibrinolytic activity in the blood sample subsequent to the
collection of the specimen, Examination was also made of blood
issuing from the vagina in mixed accidental haemorzhage and of the

blood in proximity to the retroplacental clot at delivery of the placenta.
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The laboratory methods employed are described in Appendix
3.

Plasma fibrinogen levels were measured as thrombin
clottable protein by the method of Rainoif and Menzie (1965).
Plagminogen assays, euglobulin lysis times and thrombin
clotting times were carvied out as described by McNicol and
Douglas (1964)., The activity in the euglobulin clot lysis test
was expressed in avbitrary units of plasminogen activator, one
unit being equivalent to the reciprocal of a lysis time of 300
minutes. Prothrombin was assayed by a one~stage techuique
using the method of Owren and Aas (1951); factor V by the
method of Biggs and Macfarlane (1962); the factors VIII and IX
by a onewstage method as described by Breckenridge and Ratnoff
(1962). The platelet count was periormed according to the method
of Dacile (1963); platelet adhesiveness wéa measured by a
modified Hellem's technique (Hirsh et al, 1966) and A, D, P,
induced platelet aggregation as described by Born (1962). Fibyin/
fibrinogen degradation products were asaayed using tanned red
cells as described by Merskey et al (1966) with the modifications
described previously (Chapter 5; Bonnar et al, 1969c) and the serum
wasg incubated with one~tenth of its volume of thrombin (100 units

ral) to remove any residual thrombin-clottable fibrinogen, so that



as far as possible only producte irnmunologically identical to
fibrinogen but not clottable by thrombin were measured.
The values for norvmal pregnancy and labour were

determined by an investigation of 20 healthy pregnant women,

In figure 27 the levels of fibrinogen, serum ¥, D, P,,
plasminogen and plasmimmogen activator in the circulating blood
in the patients with abruptico placentae ave cowmpared with findings
in normal labour. The levels recorded are those obtained before
any specific therapy had been administered and either before the
transfusion of banked blood or shortly after the transfusion had
been started. The level of plasma fibrinogen found in normal
labour ranged from 230 to 600 mmp/100 ml but only one of the
patients was within this range and the remainder had levels of
between 35 and 200 mg/100 ml. In the eight patients with a severe
degree of abruptio placentae the level of serum ¥, D, P, was
substantially above that found in normal labousr (2-16pg ml). The
plasminogen levels in abruptio placentae were in the range 1.1 to
3.7 casein units ml, Seven of the ten patients had values between

Z and 4 casein wnits per ml which were much reduced when compared

to the level of plasminogen found in normal pregnancy and labour,
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although they were within the normal range for non-pregnant
subjects (Bonnar et al, 1969a). No significant difference was
present between the levels of circulating plasminogen activator,
as estimated by the euglobulin clot lysis time, in patients
studied during normal labour and in abruptio placentae, As
shown in figure 28 considerable overlap was found between the
platelet counts of patients with abruptio placentae and those in
normal labour,

In one of the ten patients, transient evidence of a systemic
proteolytic state was present (figure29), This patient had a
severe mixed accidental haemorrhage, and defective haemostasis
wag evident from the ocozing at the sites of venepunciurve. The
euglobulin clot lysis time indicated high levels of plasminogen
activator in the circulation but two hours latew, in this patient,
low levels of activator were preseunt, Both the plasminogen and
fibrinogen were at very low levels for pregnancy and the serum
I, D, P, level was more than 200 times the mean level found in
normal labour; the platelet count was also depressed., This
patient was given fibrinogen (4 gm over 2 hours) and the level of
plasma fibrinogen increased from §0mg to 140mg/100 wml but

during the sarae intewwval the level of circulating ¥F. D, P, increased
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from 600pg to 1200pg/ml serum. Spontaneous delivery occurred
five hours after admission and over 500ml of retroplacental clot
wag present, Post-parivm haemostasis was satisfactory althoujh
at the time of delivery the platelet count was less than 50, 000/
C. 10T,

One patient with a severe degree of abruptio placentae and
a haemorrhagic state at 34 weeks gestation is of particular
intevest as she veceived from her obstetrician no treatment prior
to delivery apart from a transfusion of 1 litre of banked blood,
In figure 30 the levels of plasmma fibrinogen, plasminogen, serumn
T, D.P. and platelets ave shows, and in figure 31 the thrombin
clotting ‘i:im:lte and coagulation factors II, V, VIII and IX, ‘ The
fibrinogen and plasminogen levels were markedly depressed and
the serum F,D, P, level was extremely high at 1280pg/ml. The
platelet counts 2 houre and 30 minutes before delivery were
75, 000 and 50, 000/c, mm, respectively; no aggregation of the
platelets could be detected after addition of A, D. P, and platelet
adhesiveness to glass was markedly reduced at 20 per cent,
The levels of coagulation factors II, V and VIII were found to be
abnormally low uniil after delivery. Following delivery the

level of civculating FDP rapidly decreasged, and the thrombin
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clotting time and the levels of factors II, V and Viiland
fibrinogen returned to normal, Reduced platelet adhesiveness
and absence of platelet aggregation were found in four
patients with abruptio placeniae who were investigated prior
to the infusion of whole blood.

In figure 32 are shown the spontaneous increase of the
plasma fibrinogen and decrease of serum ¥, D, P, after vaginal
delivery in a patient with abruptio placentae, The serial
observations performed on this patieat indicate that the
degradation products were quickly eliminated from the
circulation, In the patient shown in figure 32 urine assay for
F. D, P. when the serum level was 1260pug/ml showed a level of
40pg/ml. The ¥, D, P. in the urine may be the result of
excretion frora the circulating blood ov from the lysis of fibrin
in the venal vasculatuve,

In eight patients the blood issuing from the vagina in
mixed accidental haemorrhage and the blood gsurrounding the
retroplacental clot after delivery was examined for ¥, D, P, and
plasminogen, The levels of F, D, P, were significantly lower
than that found in the civculaging blood in the same patients and
the plasminogen level was similar £o that in the systemic plasma

(Table 45).
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DISCUSSION

The data presented in this chapter indicate that the depletion
of fibrinogen in abruptio placentae is only one part of a complex
syndrome involving the coagulation and fibrinolytic mechanisms.
The incidence of fibrinogen depletimi in abruptioc placentae has
been reported as varying from 5% (Bourne and Reedel, 1958) to
20% (Feeney, 1955; Hatton, 1961). The present results are in
accord with Nilsen (1963) who found that in nearly all cases of
abruptio placentae depletion of fibrinogen is present when
compared to the levels found in normal labour. In addition to low
levels of circulating fibrinogen a decrease in plasminogen and
extremely high levels of ¥, D, P, weve found in the presence of
diminished gsystemic fi brinolytic activity, Fibrinolytic activity
has in previous studies been assessed solely by clot lysis or fibrin
plate.technigues aand the activity demonstrated in the systemic
circulation was interpreted as indicating that fibrinolysis played no
part in the syndrome, Thé subsgtantial levels of I', D, P, in abruptio
placentae which have been demonsitrvated signify that active fibrin-
olygis is taling place. The lower levels of F. D, P, in the blood
igsuing from the vagina before delivery and in the blood in proximity

to the retroplacental clot after delivery, indicate that local fibrinolytic
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activity in the placental bed at the site of the retroplacental clot
is not the source of the high levels of the F, D, P, in the
circulation,

In the presence of diminished systemic fibrinolytic
activity a high level of F, D, . suggests that these products are
most likely the result of lysis of fibvin as opposed to lysig of
circulating fibrinogen, Low levels of fibrinogen and plasminogen
and large amounts of F, D, P, in the cilrculation would be
congistent with the concept that intravascular coagulation,
seneralised or localised to specific organs, had been followed
by activation of the fibrinolytic mechanism, Removal of fibrin
deposiis in puch circumstances may be mediated through
adsorpition of cirvculating plasminogen activator on the fibrin which
is then lysed by activation of plasminogen in close association with
fibrin, An alternative explanation could be that fibvin is lysed by
activator released from underlying endothelium (Todd, 1964;
Warren, 1964). The clearance of fibrin from the circulation would
seein to be simultaneous with its formation as shown by the sharp
fall of fibrin breakdown products after delivery (figure 32); this
would explain why evidence of widespread fibrin deposition has

rarely been reported in fatal cases. Although such fibrinolytic
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activity would appear to be a protective mechanismm against
vascular occlusion the release of large amounis of degradation
products of fibrin into the circulation will have impoxtant
biclogical effects.

Circulating F.D. P., particular the earily products of
digestion of fibrin or {fibrinogen, have a complex anticoagulant
effect and interfere both with the thrombin-fibrinogen reaction
and with the polymerisation of fibrin, "In vitro' I, D. P, also
block platelet aggregation and adhesion (Kowalski, 1964;

Wilson et al, 1968)., As found here in abruptio placentae no

A, D.P, induced aggregation of platelets could be demonstrated
and platelet adhesiveness was markedly depressed in the presence
of high levels of circulating F, D, P, In view of these profound
effects of ', D, P, on the coagulation mechanism and platelet
function it seems highly probable that breakdown products of fibrin
ave a major factor in the defective haemostasis of abruptio
placentae, These products will also, however, have a beneficial
role in inhibiting the process of fibrin deposition in the vasculax
tree. The friable nature of the clots forming in the presence of
breakdown products may be ewroneously interpretated as indicating
the presence of pathological proteolysis with lysis of fibrvinogen in

the circulation.
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éi’::udieﬁ on the amounts of fibrin and haemoglobin in the
bloed and clots recovered from the uterine cavity of patients
with abruptio placentae have shown that intrauterine fibrin
deposition is not of major imporitance in the genesis of the
depletion of the circulating fibrinogen (Pritchard and Brekken,
1967), The findings of this study indicate that in abruptio
placentae the most likely sequence of events leading to the
fibrinogen depletion and defective haemostasis is priméry
intravascular coagulation most probably as a result of coagulant
substances from the placental site enterving the civculation as
suggested by Schneider (1959). At the sites of fibrin deposition in
the vascular compartment, local activation of plasminogen to
plasmin would release large amounts of fibrin breakdown products
into the circulation., As found in one of the patients (figure 29),
the fibrinolytic activity which is usually coufined to local action
may extend transiently to the general civculafion as a systemic
proteolytic state (Fletcher et al, 1962).

Ag the clinical problem in abruptio placentae is short~lived
and the great majority of the patients survive, it is vewy difficult
to correlate the specific approach to management in any given
patieat with the clinical outcome., It is therefore unwise to be

‘

dogmatic at the present time about the managernent of abruptio
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placentae. In the context of a generalised haemostatic defect
operative interference would seem to be contra-indicated and
should be avoided if at all possible. The recent report of
Pritchard and Brekken (1967) on 141 cases of abruptio

placentae has shown that when vaginal delivery was accomplished
without trauwma, treatment with fibrinogen was ravely indicated.
Administration of fibrinopgen is one of the traditional methods

of treatment for the defective haemostasis in abruptio placentae,
The observation in this study that the I, D, P, level markedly
increased after infugion of fibrinogen vaises further doubis as to
the desirvability of this therapy.

Recently Reid and Chan (1968) observed that in flve pregnant
women bitten by the Malayan pit viper severe hypofibrinogenaemia
developed yet 1o bleeding problems avose, It is now known that
the action of this venom is to deplete fibrinogen without affecting
other coagulation factors. Depletion of fibrinogen per se is,
therefore, likely to be of less lmpozrtance in the defibrination
syndrome than the depletion of the other coagulation factors and
the disturbance of the clotting process and platelet function
induced by high levels of fibrin breakdown products.

The rapid decrease of the levels of fibrin breakdown producis

after delivery emphasises that prompt vaginal delivery without
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trauma is likely to be the most effective way of restoring
the haemostatic mechanism fto normal, The decreased levels
of factors II, V and VIII, and the disturbance of platelet
function indicates that the most rational approach to treatment
is the transfueion of fresh whole blood to provide a full
cornplement of coagulation factors and viable platelets, rathew
than a large quantity of routine bank blood which is deficient
in viable platelets and, in some measure, in factors V and
VIII, Hypovolaemia and shock have also been shown to
predispose to intravascular cloiting (Havrdaway, 1966) and
central venous pressure studies in patients with abruptio
placentae have demonstrated that severe hypovolaemia often
existe which is not reiflected in the arterial blood pressure
(O'Dwiscoll and McCarthy, 1966; De Valera, 1968; Muldoon,
1969). The rapid and adequate correction of the depleted
blood volume by monitoring of the central venous pressure may
also, therefore, be a factor in limiting the process of intra-
vascular fibrin formation,

The balance of evidence now available which casts more
light on the nature of the upset of haemostasis in abruptio

placentae suggests that therapy with fibrinolytic inhibitors such
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as amino-caproic acld or Trasylol may be potentially
hazardous in that such agents will inhibit plasminogen
activation in intravasculaw fibrin deposits and, thevefore,

they may carry a risk of promoting vascular occlusion and
such further complications as renal damage. The appreciation
that systemic fibrinolytic activity in pregnancy is already
markedly reduced has emphasised the potential hazard of

fibrinolytic ihhibitors in this context.
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CHAPTER 11

THE COAGULATION AND FIBRINCLYTIC SYSTEMS IN

PRE-ECLAMPSIA AND ECLAMPSIA

The aetiology of pre~eclampsia remains obscure.
Jeffcoate (1966) summarised many of the pathological factors
known to be associated with pre-eclampsia and affirmed that
it was a disease of theories. The possible role of the
coagulation and fibrinolytic systems was not included and this
aspect has recelved little attention, In some fatal cases of
eclampsia, however, a prominent finding has been widespread
fibrin deposition. McKay and colleagues (1953) found evidence
of widespread thrombusg formation at autopsy in 9 out of 10
eclamptic patients, while in patients who survived eclampsia,
liver biopsies showed fibrin thrombi., REarlier, Page (1948)
and Schneider (1951) suggested that the thrombi found at autopsy
in cases of eclampsia resulted from the release of thrombo-
plastic substances from the placental bed.

Recently electvon microscopic study of tissue obtained by
renal biopsy f{rom patients with pre-eclampsia has revealed

glomerular changes which appear to be specific for this disease.
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The lesion consists of swelling of the glomerular capillary
endotheliuvm, increase of intercapillary ce’lls and
deposition of an amorphous fibrinoid material within the
cells and beneath the basement membrane. (Pollak and
Nettles, 1960; Altchek, 1961). Mowrris and colleagues
(1964) by imraunofluorescent technigues showed that the
material in the glomeruli was identical to fibzrin,
Extensive fibrin deposition has also been shown in the
spiral artericles of the placental bed of patients with pre-
eclampsia (Dixon and I—&c;l:ne:ei:sscmg 1958) and this was
interpreted as being the effect of hypertension,

Lately evidence has been accumulating that the fibrino-
lytic system may be implicated in the mechanisms which
influence blood pressure and blood flow (Niewiarowski, 1968).

N
The physiological role of plasminogen activator is most likely
to keep the blood vessels free of fibrin deposits which might
interiere with blood flow, In situations where the secretion or
action of plasminogen activator is impaired fibrin deposition
would be more likely to occur and hyperviension may be a

compensatory mechanism to overcome increased peripheral
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resistance caused by intravascular fibrin,

To the author's knowledge there have been no detailed
and serial studies of components of the f brinolytic enzyme
gystem in a well-defined group of patients with severe pre-
eclampsia and eclampsia. The following inveatigation was
undertaken te throw some light on the role of the
coagulation and fibwinolytic rmechanisms in this complex

disease process.

PATIENTS AND METHODS

Ten patients with severe pre-eclampsia between 33 and
37 weeks gestation were studied and two of these patients
developed eclarapsia., The diagnosis of pre-eclampsia was
based upon the following critevia:

(1) a blood pressure of 150/100 mm, Hy. or over,

proteinuria of 1 g ox over per litre, and clinical

oedema.,

(2) An uncomplicated pregnancy and normmal blood

pregsure upto the 28th week of pregnancy,

(3) At the postnatal examination six weeks afteyr

delivery the patient had a normal blood pressure

and no proteinuria.
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The control series comprised 10 healthy women with
pregnancies uncomplicated by any signs of pre~eclampsia.
These patients were matched for age and gestation with the
group with pre-eclampsia,

Cne patient with ebilepsy was studied before and after
epileptic couvulsions to compare the findings with those in
the two patients who developedeclamptic fits.

Blood was collected using plastic syvinges and plasma
samples were obtained by mixing 9 volumnes of whole blood
to 1 volume of 3. 8% sodium citrate and centrifuging at
4°C. Serum samples for assay of fibrin/fibrinogen
degradation products (¥, D, P, ) were obtained by adding the
whole blood immediately after venepuncture to tubes
coutaining plass beads and a standard amount of tracexainic
acid as described in Appendix 3.

Plasma fibrinogen levels were measured by the method
of Rataoff and Menzie (1968), Plasminogen assays and
euglobulin lysis activity were carrvied out as described by
McNicol and Douglas {1964). The urckinase sensitivity test
was used as a measure of fibrinolytic inhibitor in the plasma

(McNicol et al, 1965). Serum F,D.P, were assayed as



113

descwribed in Chapter 5 (Bonnar et al, 1969C). Factor VIII
wae assayed by the one stage wmethod of Breckenridge and
Ratnoff (1962), The platelet count was performed according
to the method of Dacie (1963). These laboratory methods
are described in Appendix 3,

Histological studies were periormed on the kidneys of
a 24 year old patient with pre-cclampsia who died suddenly
24 hours after eclamptic seinures which developed
immediately after delivery. This patient had virtually no
antenatal care and was admitted following delivery at home.
Results:

In Figure 33 and Table 46 the levels of fibrinogen,
plasminogen and serum I, D, P, in the patients with severe
pre-eclampsia are compared with the control patients. No
piguificant differvence was found in the levels of fibrinogen or
plasminogen but the levels of serum I, D, P, in the patients
with pre-~eclampsia were significantly higher than in the
control patients.

Figuwre 34 and Table 47 show the findings for the euglobulin
lysis activity and the urokinase sensitivity test. Euglobulin

lysis activity and urokinase sensitivity were significanily less
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in the patients with severe pre-eclampsia, indicating that
in these patients lower levels of plasminogen activator and
highex levels of inhibitor to trokinase~induced lysis were
present in the circulating plasma than in the healthy
pregnant women matched for age and gestation.

In Figure 35 and Table 48 the levels of factor VIII and
the platelet count axa compared, No significant diifevence
was found in the isvels of factor VIII but the platelet counts
were significantly lower in the patients with pre-cclampsia
than in the control group: .

Serial findings in the two patients who developed
eclampsia are shown in figures 36 and 37,

The patient in figure 36 was admitied at 34 weeks
gestation with severe pre-aeclampsia and eclamptic seizures
developed the day after admission., Surgical induction was
not performed as the cervixz was assessed as unfavourable
and the obstetrician in charge decided on conservative
management; five days after the eclamptic seizures foetal
death occurred and the patient delivered spontaneously six
days later, Figure 36 shows the euglobulin lysis activity at

the lower limit of the normal range until after foetal death:
¥
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raised levels of fibrinolytic inhibitor are indicated by the
reduced sensitivity to urokinase-induced lysis; the level
of serum F,D.P. rose from 2, 5 to 60 pg/ml over the three
days after the eclamptic seizures and during this period the
platelet count was depressed. Only minor changes were
found in the levels of fibrinogen, plasminogen and factox
VIIL

Figure 37 shows serial results in a patient who
developed eclampesia immediately following delivery. Labour
was induced at 37 weeks on account of severe pre-eclampsia.
The day prior to induction of labour the euglobulin lysis
activity was markedly reduced and the change to normal which
normally takes place within ] hour of delivery did not occur
until the third day. This delayed return to normal fibrinolytic
activity was also found in another two of the patients with pre-
eclampsia. As shown in figuke 37 the serum ¥, D, P, level
was elevated prior to the onset of labour and in the three days
after the eclamptic seizuves the F. D, P, markedly increased
and far exceeded the levels found in the first week of the normal
puerperium; the platslet count was depressed until after

delivery,
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Figure 38 shows the serial findings in a patient with
epilepsy who was admitted at 38 weeks gestation. This
patient had no signs of pre~eclampsia and she had two
grand mal seizures while in hospital. As shown in figure

[5)

38 the level of ', D, P, did not increase following the

L

*

convulsions, the euglobulin lysis activity remained
depressed and reverted to normal levels following delivery,
and the urokinase sensitivity test and platelet count were
in the range of the control patienis.

In fipures 39 and 40 are shown the histological
sections of the kidney of the patient who died 24 hours after
eclamptic seizures., The intralobular arteries and afferent
arterioles were occluded by {fibrin which was also present
in the glomerular tufts,

DISCUSSION

The findings in this study indicate a difference in
certain factors concerned with coagulation and fibrinolysis
between patients with severe pre-eclampsia and healthy
women in late pregnancy. Recent studies which have been
reported on fibrinolysis in pre-eclampsia are difficult to

compare with the preseunt sevies because of different assay



117

methods and the types of patient studied, Nielsen {1969) found
no difference in fibrinolytic activity but the fibrin plate
technique which he employed does not permit accurate
guantitative assessraent of fibrinolytic inhibition and the
method may be influenced by differing diffusion rates of
activators, enzymes and inhibitors. Wardle and Menon (1969)
investigated a group of women with hypertension near term
or mild pre-eclampsia and found no obvious difference in
fibrinolytic activity from patients with normal pregnancies;
howevesw, they found higher levels of cryofibrinogen in the
hypertensive patients which were interpreted as indicating
a low grade intravascular coagulation, The patients in the
present study had severe pre-eclampsia and would not be
readily comparable to those gtudied by Wardie and Menon,
The significant differences found in this investigation of
pre-eclampsia were -
(1) greater depression of euglobulin lysis activity than
present in normal pregnancy;
(2) a higher level of inhibitor to urokinase-induced lysis;
(3} raised levels of serum F.D, P,

(4) reduced platelet counts.
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The lowered euglobulin lysis activity reflects reduced
levels of circulating plasminogen activator which could
result from a reduced production of activator in pre-
eclampsia or from the absorption of civculating activator
into intravascular fibrin, The increased resistance to
urokinase may be a factor in the reduced fibrinolytic
activity. In patients with renal disease, McNicol, Baralkat
and Douglas (1965) found reduced fibrinolytic activity and
higher levels of inhibitor to urokinase. The similar changes
in severe pre-cclampsia may therefore be related to the
renal changes which occur in this condition, The raised
levels of circulating ¥, D, P, most probably reflect local
fibrinolysis in areas of intravasculay fibrin. A wrelatively
low platelet count in severe pre-eclampsia has been previously
reported (V ard and MacAxthur 1948; Brain et al 1967) and this
could also be the result of increased consumption due to intra-
vascular coagulation.

In the two patients with eclampsia the level of serum ¥, D, P,
rose steeply over the three days after the eclamptic seizures
but no increase was found in the patient who had epileptic fits.

Increased plasma fibrinolytic activity has been found in animals
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after electrically induced convulsions (IMantl and Simon,

1948) and in patients following electroshock therapy

(Fletcher et al, 1963). TFollowing the convulsions of eclampsia
and epilepsy in late pregnancy plaswa fibrinolytic activity
remained depressed but high levels of I, I, P, appeared in
the patients with eclampsia. A possible explanation could be
that in the patients with pre-eclampsia intravasculay {ibrin
was present and the convulsions of eclampsia provoked an
increase of local fibrinolysis. Schueider (1947) and Page and
colleagues (1951) suggested that eclampsia may be a result

of sudden intravascular clotting; such an occurrence would
produce a vise of ¥, D, P, in the circulation, Raised levels
of ', D, P. may explain why some patienis with eclarapsia
develop bleeding from the gums, skin petechiae and excessive
bleeding from surgical incisions.

McKay (1965) has proposed that in pre-eclampsia a low
grade process of intravascular coagulation is present and that
the convulsions of eclampsia are the result of a sudden
agglutination of platelets and the formation of platelet and
fibrin thrombi which obstruct the cerebral mwicrocirculation, A

small number of publications have suppowrted the assunption of
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intravascular coagulation in pre-eclampsia. These include
Bellew (1964),Vassall and McCluskey (1965) and Hjort and
Rapaport (1965), The cause of intvavascular coagulation is
uncertain, The release of thromboplastin from. the placenta,
particularly from infarcts and ischaemic areas, has been
postulated. McKay and colleagues (1964) suggested that the
cause may be coagulation-activating components released
from platelets which have been destroyed by adhewring to the
syncytial trophoblast.

Placental infarcis and intervillous thrombil are a well-
known feature of pre-eclampsia and these changes are
probably an important factor in the placental insufficiency which
occurs in this syndrome. A disturbance of the balance between
coagulation and fibrinolysis in localised arveas of the vascular
compartment ~ particularly the placental and renal circulation -
could explain many of the features of pre-eclampsia. Fibrin
deposition in the matevrnal vessels supplying the placenta
particularly the spiral arterioles and consequent impairment
of placental blood flow may explain the placental insufficiency
which occurs in pre-eclampsia. Similarly fibrin deposition in
the renal vasculature could result in glomerular damage and

proteinuria, Hypertension may be the result of renal ischaemic
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changes or a é:ompensatory response which is mediated

in some unkanown way, to the presence of fibrin deposition
in the vascular compariment. The extensive fibrin
deposition shown in the vessels of the fatal case of
eclampsia would account for the development of acute renal
failure which may sometimes follow eclampsgia.

An important feature of the fibrinolytic inhibition in
pregnancy is the abrupt veturn to normal activity following
delivery or intrauterine death. The resolution of the
clinical signs of pre-eclampsia following delivery ox inira-
uterine death is well known. The observation that fibrinolytic
activity in some of the patients with pre~eclampsia did not
return to normal for 24-48 hours after delivery also indicates
a departure from the pattern of fibrinolytic activity found in
normal pregnancy.

The demonstration of fibwin by immunofiuorescent studies
in the renal glomeruli of patients with pre-eclampsia (Morvis
et al 1964) and the evidence of intravascular fibrin deposition
found in this study, raise the guestion as to the possible
therapeutic value of antithrombotic agents such as heparin and

dipyrimadole to counteract intravasculayr coagulation. Such



treatment could reduce thrombotic occlusion in the maternal
vasculature supplying the placenta and thereby improve
placental perfusion and foetal growth., The value of such
therapy would best be evaluated through carefully controlled
clinical trials which included a study of placental function
and changes in the coagulation and fibrinolytic factors,
Fibrinolytic therapy is another possibility but the fibrinolytic
agents at present available have considerable drawbacks and
investigation in pregnant animals would be required to assess
their effect on the foetus aud placenta before they could be
used iu this context,

Whether the ¢hanges found in this investigation ave
related to the pathogenesis of pre-eclampsia or are the effect
of the disease process cannot at present be answered,
Nevertheless these findings indicate that intravascular fibrin
deposition and disordered fibrinolytic activity are a feature of
severe pre-eclampsia., Further study of the coagulation and
fibrinolytic systems in pre-eclampsia and of the maternal
vasculature supplying the placenta may help to elucidate the
pathogenesis of this syndrorme and help to provide a rational

basis for effective treatment.
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CHAPTER 12,

CONCLUSIONS AND SUMMARY

The blood coapulation and fibrinolytic systems have
a key role in the body's defence mechanism and their
principal physiological function appears to be the maintenance
of the integrity of the vascular compartment. According to
current concepts the two systems may be in a state of dynamic
equilibrium, the coagulation system laying down a haemostatic
fibrin plug to seal any gaps which may occuxr in the vascular
endothelium, and the fibrinolytic system removing the intra-
vascular fibrin when it is no longer required. These physioclo-
gical systems are thus of major importance in the control of
both haemorrhage and thrombosis.

Pregnancy induces extensive changes in the haemnostatic
mechanism: the gradual increase in the concentration of
plasma fibrinogen and factors VII, VIII and ¥ is well-documented
and a decrease of fibrinolytic activity is known to develop in
late pregnancy. The work described in this thesis extends the

knowledge of the changes and functioning of the coagulation and
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fibrinolytic systems in both normal and abnormal pregnancy
and parturition.

The effect of normal pregnancy on the components of the
fibrinolytic enzyme system was investigated and a substantial
increase in the plasminogen level was found in the third
trimester, the increase occurring pari-passu with a
pronounced increase in fibrinogen concentration. The rise
in the level of these two components which influence 'the
haemostatic balance in opposite directions would seem to be
conaistent with the concept of a dynamic equilibrium between
clotting and lysis. In late pregnancy and during labour the
level of plasminogen activator in the plasma was greatly
decreased, whereas a normal level was present in the flrst
week of the puerperium., The mechanismes whereby the
alterations in coagulation and fibrinolysis are brought about in
preghancy are unkanown. The changeg evident in the circulating
plagma imply that the haemostatic system iz deviated towards
an enhanced capacity to form fibrin and a diminished ability
to lyse fibr\in. During normal labour, howevewr, the level of
fibrin/fibrinogen degradation products (F. D, P, ) sharply

increased indicating that active fibrinolysis was taking place.
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As gystemic fibrinolytic activity is consistently diminished
during labour, the increased levels of ¥, D, ¥, may be
explained by the lysis of fibrin in localised areas of the
circulation, such as in the maternal vasculature supplying
the placenta. In resiricted areas of the circulation the
fibrinolytic process may operate by a local release of
plasminogen activator which to a great extent may be
independent of the level of systemic fibrinoclytic activity.

During normal childbirth distinct changes in keeping with
activation of the clotting mechanism take place during and
immediately after placental separation. In the sequential
study of normal delivery, shortening of the clotting test results,
a sharp increase of factors VIII and V, and a decrease of plasma
fibrinogen were found as the placenta separated. Within one
hour of normal delivery the levels of gerum F, D, P, increased
and plasma fibrinolytic activity returned to normal non-pregnant
levels. The simultaneous study of the changes iu the uterine
circulat ion and peripheral blood at caesarean section confirmed
a striking activation of the clotting mechanism during placental
separation. The changes in the coagulation tesis in the utevine
circulation were largely a substantial amplification of those

found in the peripheral blood at normal childbirth, The potency
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of the mechanisms for keeping the clotting of blood a local
phenomenon is shown by the fact that the pronounced
changes in the uterine vein weve short-lived and had almost
disappeared by the time the blood reached the peripheral
cin:;:ulat‘lon.

The concurrent findings in the blood clofting and
fibrinolytic systems indicate that during parturition the
haemostatic mechanism appears to play an essential part
in controlling uterine haemorrhage. The increased levels
of clotting factors during normal pregnancy probably
represent, therefore, a physiological development to provide
for the rapid and effective haemostasis which is required
during parturition.

In the early puerperium a secondary increase took place
in the plasma fibrinogen, factor VIII remained elevated, and
the platelet count showed a pronounced rise. These changes
may be a response to the utilisation of these factors during
placental separation and they are likely to predispose to
thrombo-~-embolic complications, which are much more common
in the puerperium than during pregnancy. If, as would seem

likely, the stimulus to the puerperal changes, especially of
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the platelets, occurs during partuvition it is possible that
further knowledge may enable measures to be taken at
childbirth which prevent the posipartum changes in the
haemostatic mechanisms and thereby reduce the hazmard
of thrombo-embolism.

The findings in the coagulation and fibrinblytic systems
in the newborn are in sharp contrast to those in the mother.
Low levels of Vitamin K dependent clotting factors ave
well-known., Raised levels of factors V and VIII were found
in the newborn and a highly siguificant correlation between
the maternal and neonatal values, suggesting that during
normal delivery an activation of the clotting system takes
place in the baby's blood as well as_:’.n the maternal blood, due
apparently to the entry of thromboplastin into the foetal and
maternal circulation during placental separation., Fibrinolytic
activity was greatly increased in the newborn contrasting with
the diminished activity _in the maternal blood; | this could be
the effect of stress and hypoxia in the infant during labour and
delivery and may have a protective role for the rapid clearance
of intravascular fibrin. The high levels of circulating inhibitor
which were also found in the baby would serve to protect

susceptible plasina proteins and confine the results of plasminogen



activation fo the digestion of fibrin, Further studies of

the functioning of the coagulation and fibrinolytic systems
particularly in the premature infant may help to throw new
light on such complications as haemorvhagic disecase of the:
newborn and hyaline membrane disease.

The complication of pregnancy most likely to be
accompanied by defective haemostasis is abruptio placentae.
Detailed studies of patients with abruptio placentae showed
that fibrinogen depletion was only one aspect of the
disturbance of the haemostatic mechanism. Low fibrinogen
levels were accompanied by a decrease of plasminogen and
coagulation factors II, V and VIII. Substantial levels of
gerurmn I, D, P, were found in the presence of diminished
systemic fibrinolytic activity, which suggests that these products
are the result of local lysis of intravascular fibrin deposits
rather than circulating fibrinogen. Platelet aggregation was
markedly reduced in the presence of high levels of circulating
F.D.P. Inview of the profound effect of ', D, P, on the
clotting mechanism and platelet function their presence in high
levels is likely to be a major factor in the d@fective haemostasis

of abruptio placentae,
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The sequence of evenis leading to the haemostatic
defect in abruptio placentae would appear to be a primary
intravascular clotting and a simultaneous activation of the
fibrinolyiic system to remove the fibrin in the vascular
compartment. The activation of the clotting mechanism
which is confined to the uterine civculation during normal
placental separation presumably extends inito the generval
circulation in patients with premature separation of the
placenta. The administration of fibrinogen was found to
result in a sharp increase of the level of circulating ¥, D, P,
Corvection of the hypovolaemia by fresh whole blood to
provide a full complement of haemostatic components
including platelets seems to be the most rational appreach to
thevapy, with monitoring of the central venocus pressure as a
guide to the adequacy of blood volume replacement, On the
basis of these findings the use of fibrinolytic inhibitors may
be potentially hazardous in promoting vascular occlusion.
Vaginal delivery was shown to be followed by rapid fall in the
level of ¥, D, P, and a spontaneous vecovery of the depleted
clotting factors; early delivery without trauma is therefove
the most effective way of restoring the haemostatic process

to norimal.



Although the maternal mortality from pre-eclampsia
has been greatly reduced, this unexplained coroplication of
pregnancy is still associated with a high perinatal loss.
Investigation of a group of patients with severe pre~eclampsia
revealed evidence of a deviation from the findings in the
coagulation and fikrinolytic systems during normal pregnancy.
The efiective level of plasminogen activator in the plasma was
lower than found in normal pregnancy, a highexr level of
inhibitor to urokinase was present, the level of serum F, D, P,
wap increased and the platelet count reduced. The changes
could be explained by intravascular fibrin deposition as a
result of a disturbance of the balance between clotting and
fibrinolysis in localiséd areas of the vascular compartment.
Such a derangement, particularly in the maternal vascular
supply to the placenta and in the renal circulation, could produce
many of the features of pre-eclampsia. Narrowing and occlusion
of the spiral arterioles supplying the placenta, by mural thrombi,
“would explain the impairment of placental blood flow and the
development of placental infarction and ischaemia which occur
in this syndrome. A similar phenomenon in the renal

circulation could account for hypettension and proteinuria.
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Serial studies following eclampsia showed a steep rise of
the serum ¥, D, P, but no such increase was found after
grand mal seizures in late pregnancy. Eclamptic and
epileptic convulsions in pregnancy did not provoke any
increase of plasma fibrinolytic activity. Histological
examination of the kidneys in a fatal case of eclampsia
showed evidence of extensive fibrin deposition in the intra-
lobulax arteries, afferent arterioles, and the glomerular
capillaries. The rise of I, D, P, following eclampsia probably
therefore reflects local fibrinolytic activity ocecurring in
response to extensive intravascular fibrin deposition,

The evidence of intravascular coagulation in pre-eclampsia
raises the possibility of using auntithrombotic agents such as
heparin to prevent fibrin deposition in the maternal circulation.
A carefully controlled clinical trial is now in progress to
determine the value of such therapy in improving placental blodd
flow, placental function, and foetal growth in pregnancies
complicated by pre~eclampsia and foetal growth retardation.

The factors controlling local fibrinolytic activity ave
obviously of importance for the removal of intravascular fibrin
deposits. The placenta is a potent source of both {fibrinolytic

inhibitor and thromboplastin, The application of the techniques



for measuring tissue fibrinolytic activity to the endothelium
in the maternal vasculature supplying the placenta in both
normal pregnancy and pregoaancy complicated by pre-eclampsia
and placental ingufficiency would be of interest.

Much of the functioning of the cloiting and lytic systems
in normal and abnormal pregnancy remains to be elucidated
and this area of rescearch presents a new challenge to the
obstetrician, The number of therapeutic agents which influence
the clotting and fibrinolytic mechanisms is steadily increasing.
Further knowledge of the physioclogy and pathology of these
gystems in pregnancy may define a use for these agents and
open up a new field of rational treatment for several of the

hazards inherent in pregnancy.
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M,D, THESTS SUNMARY,

THI BLOOD COAGULATION AND FIBRINOLYTIC SYSTEMS

IN NORMAL, AND ABNORVIAL PREGNANCY,

by

John Bonnar.




ll

The introducterysection of the thesis presents
a brief historical review of the develcpment of
knowledge of the effect of pregnancy cn the haemostatic
mechanism and gives an acccunt of current concepts
of the compecnents and functions of the fibrinclytic

enzyme gystem and the blcod cletting mechanism.

The effect of pregnancy and parturition on the
cempenents of the fibrinolytic enzyme system was
investigated by serial studies of healthy women during
n~rmal pregnancy, labour and the puerperium. A marked
deviation from the findings in ncrmal non-pregnant
subjects wag found 4o develop during pregnancy. A
agubstantial increasge in the plasmincgen level was
found in the third trimester, the increase cceurring
pari~passu with a proncunced increase in the plasma
fibrincgen concentmation, In late pregnancy and
during labour the level of plasmincgen activator in
the plasma was greatly decreased, whereas a ncrmal

level wasg present in the first week of the puerperium.

A haemagglutination inhibition assay using sensi-
tized sheep red cells was used tc measure the level
~F fibrinogen/fibrin degradation preducts (F.D.P.)
during normal prégnancy, labour and the puerperium.

A sharp increase in the level of F.D,P. was found to



2.

occur during labour and in the puerperium, indicating

that active fibrinolysis was taking place at thesé’ times.

The effect of the process of childbirth and placental
geparaticrn on the haemostatic mechanism was investigated
by a detailed serial study of the coagulatioh and fibrinc-
lytic systems during and after delivery. Shortening of
cletting tests ~ recalcification time in plastic, kaolin-
cephalin clotting time and partial thromboplastin time -~
a sharp increase of Tactors VIIT and V, and a decreage
of plasma firrinocgen were found as the placenta separated.
Within one hour of nermal delivery the levels of serum
F,D.P. increased and plasma fibrinclytic activity returned
to normal non-pregnant levels. The effect of placental
geparation was further investigated by simultaneous
gtudy of the changes in the uterine circulation and
peripheral blocd at caegarean secticn while the placenta
wag separating., A striking activation of the cletting
mechanism wag found in the uterine circulation during
placental separation. The changes in the coagulation
tests in the uterine circulation were largely a substantial
amplification cof thesge found in the peripheral blocd
at normal childbirth. The concurrent findings in the
blood clotting and fibrinolytic systems suggest that

during parturition the haemostatic mechanism plays an
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egsential rcle in contrelling uterine haemorrhage.

In the early puerperium a secondary increase took

place in the level of plasma fibrincgen, facter VIII
remained elevated and the platelet count showed a
pronounced rise, These changes are probably a response

to the ubilization of these factors during placental
separation and are likely to predispose to thrombo-embolic

complications.

The coagulation and fibrinolyticvsystems in the
newborn were gtudied in cord blood taken immediately
the baby wag delivered., The findings in the newbcrn
were in sharp contrast to those in the mother. Low
levels of Vitemin X dependent clotting factors were
confirmed but raised levels of factors V and VIII were
found and a highly significant correlation between the
maternal and neonatal values., Iibrinolytic activity
was greatly increased in the newborn contrasting with
the diminished activity in the maternal blood., High
levels of circulating inhibitor were alsgc frund in the
cord bloed. The findings in the cord blocd suggest
that during normal delivery an activation of the clotting
mechaniiem takes place in the baby's blood as well as
in tke mauvernal bhlood, due apparently to the entry cf
thrombeplastin into the foetal and maternal cireulation

during placental géparation.
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Abruptio placentae is the complication of pregnancy
most likely to be accompanied ly defective haemcstasis.
Detaifed gtudies of patients with abruptio placentae
ghowed that low fibrinogen levels were accompanied by
a decrease of plasminogen and depletion of coagulation
factors II, V and VIII. 8ubstantial levels of serum F.D.P.
were found in the presence of diminished systemic fibrino-
lytic activity. As F,0.7. have a profound effect on
the clotting mechanism and platelet function their presence
in high levels is likely to be a major factor in the
defective haemosgtasis of abruptio placentae., The findings
sugeest that the activation of the clotting mechanism
which is confined to the uterine circulation during
normal placental separation extends intc the general
circulation in patients with premature separation of the

placenta.

Investigatipn of angroup of patients with severe
pre—eclampsia revealed evidence of a deviation frocm the
findings in the coagulation and fibrinolytic systems
during normal pregnancy. The effective level of plasmino-
gen activator in the plasma was lower than found in
nermal pregnancy, a higher level of inhibitor to urckinase
wag present, the level of serum F.D,P, was increased and
the platelet count reduced., The changes found in patients

with severe pre-eclempsia are in keeping with intravascular
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fibrin deposition. Serial gtudies following eclampsia
ghrwed a gteep rise ~f the serum F.D.P. but nc such
increase was found after grand mal seizures in late
pregnancy. Higstelogical examination of the kidneys
from a fatal case of eclampsia showed extensive fibrin
depogition in the renal vasculature. A disturbance of
the balance between clotting and fibrinolysis in local
areags such ag the uterine and renal circulations

could explain many of the features of the syndrome

cf pre-eclampsia. The evidence of intravascular
coagulation in pre-eclampsia raises the possibility

of using anti~thrombotic agents t~ counteract fibrin

depcsition in the maternal circulaticn,

Purther knowledge of the physiclogy and path-logy
of these coagulatirn and fibripnlytic gystems in
preghancy may define a rational use for agents influencing
these mechaniems and open up a new field ~f treatment

for several of the hazards inherent in pregnancy.
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Figures 1
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Figure 1

The 'cascade' or ‘waterfall' hypothesis of the sequence of

reactions in blood coagulation as modified by Esnouf (1968).
Each clotting factor or pro-enzyme is represented by a

Roman numeral in accordance with international agresment;
The letter 'a' added to the numeral represents the 'activated’
factor or enzyme, The factors marked with an asterisk are
those which have been shown to be increased in pregnancy.
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Figure 2

The stages in the conversion of fibrinogen to fibrin by thrombin.
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Figure 3

The basic components of the fibrinolytic enzyme system or
plasminogen - plasmin system,
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The physiological dual phase mechanism of plasminogen
activation in vivo as postulated by Sherry etal (1959 ).
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Figure 5 -

The levels of fibrinogen and plasminogen in pregnancy,
labour and the first week of the puerperium compared
with the fibrinogen and plasminogen levels in the control
group.  The figure is prepared from Tables 2, 3 and 8.
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The euglobulin lysis times recorded during pregnancy,
labour and the first weeks of the puerperium compared
with the findings in the control group (semi-log.scale ),
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Figure 7

The euglobulin lysis time expressed as units of activity
during pregnancy, labour and the first week of the
puerperium compared with the findings in the control group.
The figure is prepared from Tables 4 and 8.
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The platelet count during pregnancy, labour and the first
week of the puerperium compared with the platelet count in
the control group. The figure is prepared from Tables 7 and 8.
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The levels of fibrin/fibrinogen degradation products found
in the serum during pregnancy, labour and the puerperium
{ semi-log. scale ). The mean values and standard deviations
are shown in Table 9,
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The levels of fibrin [ fibrinogen degradation products in the
serum of 12 patients tested 2 - 4 hours after operation and
again 3 -8 days after operation.  The figure is prepared
from Table 10.
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Figure 11

The effect of normal delivery on the plasma recalcification
time in plastic tubes, the kaolin - cephalin clotting time and
the partial thromboplastin time ( mean values and standard
error of the mean). The significant shortening of these
clotting tests during the third stage and after placental
delivery is shown. The figure is prepared from Tables 11,
12 and 13.
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Figure 12

The effect of normal delivery on the activity of factors Il
X and X ( mean values and standard error of
The significant changes in the coagulation
The figure is prepared from Tables

V, VI,
the mean ).
factors are shown.

14, 15, 16, 17 and 18,
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Figure 13

The effect of normal delivery on the prothrombin time,
thrombin clotting time and platelet count ( mean values and
standard error of the mean ). The sharp increase in the
platelet count after delivery is shown. The figure is
prepared from Tables 19, 20 and 21.
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Figure 14

The effect of normal delivery on the fibrinolytic enzyme
system.  The changes in the levels of fibrinogen,
plasminogen, euglobulin lysis activity, urokinase inhibitor
and fibrin / fibrinogen degradation products are shown

( mean values and standard error of the mean ).

The figure is prepared from Tables 22, 23, 24, 25 and 26.
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Figure 15

The correlation between the changes in plasma fibrinogen
and plasma plasminogen during normal delivery,
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Figure 16

The whole blood clotting time in plastic, recalcification
time and platelet count in uterine vein blood and
peripheral vein blood during placental separation and
following delivery by caesarean section. The figure is
prepared from Tables 27, 28 and 29.
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Figure 17

The kaolin -cephalin clotting time, partial thromboplastin
time and prothrombin time in uterine vein blood and
peripheral vein blood during placental separation and
following delivery by caesarean section. The figure is
prepared from Tables 30, 31 and 32.
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Figure 18

The fevels of factors VIII, IX and V in uterine vein
blood and peripheral vein blood during placental separation

and following delivery by caesarean section.

The figure

is prepared from Tables 34, 35 and 36.
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Figure 19

The correlation between the changes in factor VI
activity and the kaolin -cephalin clotting time in uterine
vein blood during and after placental separation.
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The correlation between the changes in factor VIII
activity and the partial thromboplastin time in uterine
vein blood during and after placental separation.
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Figure 21

The plasma fibrinogen and plasminogen levels in uterine
vein blood and peripheral vein blood during placental
separation and following delivery by caesarean section.
The figure is prepared from Tables 37 and 38.
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Post--speration

Euglobulin lysis activity, fibrin [ fibrinogen degradation
products in uterine vein blood and peripheral vein
blood during placental separation and following delivery
is prepared from

by caesarean section.
Tables 39, 40 and 4l.

The figure
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The clotting tests in the maternal blood and cord
blood immediately after birth ( mean + standard error ).
With the exception of the recalcification time, the
clotting tests in the baby were significantly longer
than the maternal values. The figure is prepared
from Table 42 and the platelet counts from Table 43A,
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Figure 24

The coagulation factors in the maternal blood and cord
blood immediately after birth ( mean + standard error ).
Factors NI (prothrombin), VII, IX, and X in the baby
were markedly lower than in the mother but no
significant difference was present between factors V and
VIII in the baby and the mother. The figure is
prepared from Tables 43 A and 43 B,
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Figure 25

The components of the fibrinolytic enzyme system in

the maternal blood and cord blood immediately after

birth ( mean + standard error),  The high level of

fibrinolytic activity and reduced sensitivity to urokinase

in the baby contrasted sharply with the maternal values.
The figure is prepared from Table 44,
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Figure 26

Levels of fibrin/fibrinogen degradation products (F.D.P,)
in the serum of patients with abruptio placentae,
eclampsia, intrauterine death, and after post -partum
haemorrhage, compared with mean levels found in

250 healthy women in normal pregnancy, labour and
the puerperium (logarithmic scale ).
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Figure 27

The levels of fibrinogen, plasminogen, serum fibrin/
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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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 600 g /ml to 1200.ug /ml,



300

|
t el
200 ! % |
E Mﬁ/‘ FIBRINOGEN
() i . - ng/ 100 mi
00] e /
i
0 ; i
< I
4 |
: PLASMINOGEN
2- i -
- ! @M H H
& P oo T casein units/ml
]
)
1280y Grmamm==Q |
|
32‘0 1 = »
|
|
] pg /mi
|
20 :
1
!
5 b e 1} D
1504 : o
160 G P oeedpme™" PLATELETS
S0 E » 1000/cmm
0t— : - ;
1 3 5 1 9 1 2 3
HOURS DAYS
DELIVERY
Figure 30

Levels of fibrinogen, plasminogen, fibrin degradation
products (F.D.P.) and platelets in severe ahruptio

placentae before and after delivery.
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Thrombin clotiing time, factor 11, V, VII1 and 1IX
before and after delivery in the same patient as in
figure 30. |
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- Spontaneous decrease of serum fibrin / fibrinogen
degradation products (F.D.P.), (semi-log.scale) and
increase of plasma fibrinogen after vaginal delivery
in a patient with abruptio placentae.
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THE FIBRINOLYTIC ENZYME SYSTEM IN PRE-ECLAMPSIA
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The levels and mean values of fibrinogen, plasminogen,
and serum fibrin degradation products (F.D,P.) in 10
patients with severe pre-eclampsia as compared with
the findings in 10 healthy patients matched for age
and gestation, The figure is prepared from Table 46.
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Euglobulin lysis activity and urokinase sensitivity results
with mean values in severe pre-eclampsia compared

with the control patients. The figure is prepared from

Table 47.
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The levels and mean values of factor VIl and the
platelet count in patients with severe pre-eclampsia
compared with the control patients. The figure is
prepared from Table 48.



CHANGES in the FIBRINOLYTIC SYSTEM and PLATELET COUNT
after ANTEPARTUM ECLAMPSIA

Euglobulin Lysis

Urokinase Sensitivity
Test (Units)
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Serial findings in euglobulin lysis activity, urokinase
sensitivity test, serum fibrin degradation products
(F.D.P.), and platelet count following antepartum eclampsia
and foetal death in- utero. The shaded area indicates
the range for normal pregnancy prior to delivery.



CHANGES in the FIBRINOLYTIC SYSTEM and PLATELET COUNT
BEFORE and AFTER POSTPARTUM ECLAMPSIA
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Serial findings before and after postpartum eclampsia
in the plasma fibrinogen, plasminogen, euglobulin
lysis activity, serum fibrin degradation products (F.D.P.),
and platelet count. The shaded area indicates the
range for normal pregnancy prior to delivery.



THE EFFECT of EPILEPTIC SEIZURES AT TERM
on the FIBRINOLYTIC SYSTEM and PLATELET COUNT
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Serial findings in euglobulin lysis activity, urokinase
sensitivity test, serum fibrin degradation products
(F.D.P.), and platelet count, before and after grand
mal seizures at term. The shaded area indicates
the range for normal pregnancy prior to delivery.



Figure 39

Histological section of the kidney of a patient dying
after eclampsia showing fibrin thrombi in the
intralobular artery and extending into the afferent
arterioles of the glomeruli.

( Piero - Mallory stain ; x 175 diameter ).



Figure 40

Fibrin fragments within the capillaries of the glomerular
tuft in the same patient as figure 39.
( Piero - Mallory stain ; x 325 diameter ).
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Table 1

Fibrinolytic enzyme system in normal pregnancy,
labour and the puerperium; Details of patients:
studied serially

o Age Maturity
Patient (years) Farity at delivery
{weeks)
1 24 Q 39
10 24 0 38
Mean a5 1 =0

S.D, 4y 5 1 1.3




Table 2

Plasma fibrinogen {mg/ 100ml) during pregnancy,
labour and the puerperium

s et Gestation (weeks) e, Puerperium
Patlent 1, 18 18-24 24-30 3036 36-42 “%P°%F (14t week)
1 - 320 351 390 390 430 445
2 274 289 303 386 338 382 291
3 360 439 361 333 434 340 427
4 435 440 438 402 476 - 338
5 320 347 358 471 517 508 528
6 324 - 385  BB0 560 587 . 478
7 390 - 430 492 492 477 590

8 305 348 - 294 391 . 379 -
9 406 - 446 449 465 480 450
10 290 303 - 389 373 385 315
Mean 345 355 380 413 443 441 429
S.D. 55.7 61.5 51,4 78,0 70.4 78.6 99.5

Bach assay was done in duplicate and the values shown
are the average of the two assays. These data are
graphically displayed on figuve 5.



Table 3

Plasma plasminogen (casein units/ml) during pregnancy,
labour and the puerperium

Geastation (weeks) Puerperium

Pationt ;,.18 18-24 24430 30-36 36=42 “*PO% (15t weok)
1 - 4?-. ?8 4:4 98 59 05 ‘-‘1’0 7 4-?# 7 4045
3 4.43 4&‘4«’ 4:03 ot 4.4 ) 3.75 4:. 05 451 4/-'5
3 3..85 “ 4.25 5.05 . 5,37 4,5 5.05
4 5.1 ' 54 18 5-7 4:78 4‘»32 hat 6.35
5 3& 25 - 344 4;6 4*5 420 ?5 4.‘. 55
6 3,45 = 5,28 5.43 5.656 4.6 5,1
7 - goa 5137 5;33 508 5;38 5.4.,«‘
8 6- 1 6:0 6&{1 69 95 51 85 6;9 -
9 4,3 - 5.%5 5.15 4.4 3.9 3.9

10 4,7 - 5,1 4,8 5.2 3.9 4,1
Mean 4,38 5.23 4,97 5.06 5,00 4,04 4,82
SUD: 0192 ﬂné? OQ?& 0047 6069 0070 0.75

Kach assay was done in duplicate and the values shown
are the means of the two assays,s These data are
graphically displayed on figure 5,



Table 4

Euglobulin lysis time (units) during pregnancy,
labour and the puerperiam

: Gestation (weeks) Puerperium
Patient 15 18 1824 2430 30-36 36-42 "YU (14t week)
1 - 0.90 0,30 0.30 0,30 0,30 1.80
2 2.10 0,60 0.30 0.60 0.30 0.60 3.30
3 1,25 1,10 6.90 . 0,70 0,70 0.80 2,10
4 1,00 0,80 0.30 0.60 D.50 - . 1.40
5 1,30 = 0,25 0.25 0,27 - 1.00
6 15\80 had 9960 0.5G 0130 013() 1:60
7 - 0,90 0,40 0.20 0,20 0.20 2. 20
8 1;‘4&'3 OQéﬁ i 0.60 0633 e b

9 2,10 = 0.50 0.43 0,40 0.30 1,40
10 _‘1920 e 0153 0!30 '0030 0020 108@
Mean 1.52 0.82 0,45 0,45 0.35 0,39 1.84
S.D. 0.42 0.19 0,21 0,18 0,15 0.27 = 0,66

Each result is the mean of duplicate assays; patients 4, 5 and 8

delivered shertly after admission and a sample for euglobulin

lysis time was not obtained prior to delivery, These data are
grapbically dieplayed on figure 7.



Table b

Urokinase censitivity test (units) during pregnancy,
labour and the puerperium

‘Gestation (weeks)

. . Puerperium
Patient 1, 18 18+24 24=30 30%36 36w42 "2 (1t week)
1 hd A 16 2«34 1.75 1.}61 1364. 1.33
2 2,14 2.85 3,15 4.44 2.70 3,50 2. 90
3 3.75 3.75 5.40 -4.76 5,60 3.50 3.80
4 1,83 1,21 .50 - 1,50 1,20 1,18 1.40
5 1.60 2.20 2.30 1.70 1.78 2,60 1.60
6 - 1,80 2,80 2.60 3.06 4,34 3.50
7 - 5,30 4,81 4,80 = 4. 50 5.45
& 1.60 - 1,50 1.60 1.50 1,66 “

16 \:(}i 8{) - l.‘}‘ﬁ ) 2&60 Ea 88 2;.72: Zs 60
Mean 1.76 2.78 &a.76 2.73 2.39 2.72 2.62
S.D. 0.99 1.44 1:35 1.39 1.39 1,20 1,46

Bach test was periormed in duplicate and the values shown are

the average of the two assays, No significant alteration of the

urokinase sensitivity test tocok place during pregnancy, labour
and the last week of the puerperium,



Table 6

Thrombin clotting time (seconds) during pregnancy,
labour and the puerperium

Puerperium

s Gestation (weeks) i
Fatient 15,18 1824 24-30 30+36 36-42 PP (o week)
1 . 12,9 18,3 .- 12,9 11.8 13,1 11,9
2 14,9 14,0 13,6 12,7 13.3 14,0 12.6
3 T e 11.0 11,5 - 11,5 10.9 - 12.4
% 14,6 14,0 13.4 13,4 12,5 12,6 17.0
ﬁ 1214 1299 liué 10.8 11.5 13&6 -
6 10,7 - 11,8 12,2 13,8 14,0 12,2
9 1.0 in 10,9 14.5 12,9 16,1 14,3
8 11.9 14.2 14,0 13,2 13.4 13,7 =
9 15,3 14,4 14490 13,4 14.5 15.0 14,0
10 12.2 12.8 13,4 12,1 13,0 13,6 12,2
SbDA 1;81 1;201 1116 1:02 1&1“ 1d04 }-073

Bach test was done in duplicate and the values shown ave the
average of the two assays; The times recorded during
labour were siguificantly increased compared with those
recorded at 36~42 weeks' gestation {R = 0; p = 0,001
Wilcoxon's Signed Ranks Test).



iz

Platelet counts during pregnancy, labour and the puerperium

Crestation (weeks) Fuerperium

) 3 g

Fatient y,.18 18-24 24-30 30-36 36ed2 TEPOUT T ot week)
1 245 228 223 225 248 214 262
2 260 226 175 234 239 285 300
3 128 121 136 116 156 101 173
4 223 192 226 271 253 - 456
5 201 184 193 228 238 s 224
6 269 206 250 218 336 326 432
(. 160 - 210 198 294 175 252
8 223 172 244 195 180 115 -
9 23 - 210 184 192 148 385
10 213 = 247 204 162 1650 - 198

Mean 216 190 211 206 230 189 = 298

8.D. 43,7 36,8 35.8 42.8 58,1 80.4 103.0

Platelet counts {x1000) ner cmm are shown: each figure is the
mean of duplicate counts; the increase of the platelet count
during the first week of the puerperium is highly significant

(R =0; p=0,001 Wilcoxon's Signed Ranks Test).
These data ave graphically displayed on figure 8,



Table 8

Fibrinolytic enzyme system in pregnancy, control patients:
Fibrinogen, plasminogen, euglobulin lysis time, urokinase
sensitivity test, thrombin clotting time and platelet count

Patient Fibrinogen Plasminogen Euglobulin Urokinase -Thrombin Platelet

(mg/ 100ml) (units/ml) lysis time sensitivity time count
(units) = test (seconds) (X103/crmm)
(units)

i 328 2. 50 1.42 0.82 10.5 296
2 - 474 - 2435 1,80 - 0.60 - 9.5 215
3 381 3,00 0.28 2,13 10.0 142
4 351 Ze 40 1.58 0.5% 11,5 359
5 327 3.55 0.77 0.76 12,0 272
6 356 3,25 2,00 0.41 11.8 214
7 363 2. 585 1.00 1.48 12.0 192
8 - 339 2,65 3.33 1.58 11.5 142
9 418 2.75 0.91 1.54 13.0 298
10 254 3.15 R 1.18 1,07 11.8 198
11 293 4,05 1,00 1.93 12,56 278
12 292 3.580 1.00 1.53 12.8 444
13 187 2,65 2. 50 1.53 13.5 313
14 280 3,35 1,53 1.76 13.5 188
15 195 3,80 0,91 0.64 15.0 296
16 130 2.90 2485 1,69 14,0 231
17 198 3.50 0.55% 1.43 12,8 264
18 255 4,10 1.25 1.81 15.0 215
1S 148 2. 90 0.74 1. 64 13.5 202

20 191 3,15 1.00 1.63 12.5 207




Table 8 (continued)

Patient Fibrincgen Pl,'asminagehl ‘Euglobulin Urokinase Thrombin Platelet

(gl 100ml)  (units/ml) lysis time sensitivity time count
- (units) test (seconds) (%x103/cmm)
(units)
21 133 1,60 - 1.82 1.48 12.5 295
22 - 297 © 2,90 - 0,87 1.41 o 10.5 234
a3 - 308 2.50 - 0,80 1.50 11,5 290
24 ' 181 Z,00 1.67 .17 13.2 239
45 - 135 © 2,40 0.64 1,55 10.5 2la
26 135 2.00 S 2.14 \ Z.30 14.5 402
a1 286 2,65 © 2,00 1,82 11.0 187
28 229 1,75 1.00 C A4l 13.0 AL
29 Y - 2,25 1.67 2,02 10.5 214
30 310 3.00 ot 1.82 1,65 14,8 192
Mean - 268 2,84 - 1.39 1.50 . 12.4 250
S.D. 90.7 0.63 0.70 0.52 1.5 69.6

The results of the assays in 30 healthy women examined approximately
8 weeks after a normal pregnancy and spontaneous delivery.



Table 9

s

Serum fibrin/ fibrinogen degradation preoducts (FDP) and pregnancy

restation (week . Liabour Puerperium
Gestation (weeks) L.abo Puerpe

<18 18-24 24-30 30=36  36-Term st week 6th week

Mean level of
lml
FDP +5.D.  1.0550.36 1.2500.53 1.41%0.78 1.31%1.0 1.26%0.52 3.45%2.8 4.273.2 1.s6i1.7

(gl mi)

Y £
No, of 26

N 25 25 26 75 24 35
patienis

The levels of fibrin/ fibrincgen degradation products (FDP) found in the serum of 250 patients investi~
gated during pregnancy, labour and the puerperivm. The increase of the levels during labour compared

with the levels found in the 3zd trimester is highly sigpificant {t = 4,555; p<0.001}. The individual
values and the data in this thble are graphically displayed in figure 9.



Table 10

Serum fibrin/ fibrinogen degradation producis (FDP)
following caesavean section '

Post Operation

Patient 2«4 hours o 3-8 days
1 7.2 : 14.4
2 1.2 : 3.6
3 s B 35.2
4 2.5 20.0
5 1.6 108.0
6 Z0.0 20.0
7 1,6 6.0
8 3.0 1.5
9 3.6 5.0
10 10.0 26.0
11 3.6 6.4
12 7.6 6.4
Mean 5.8 21.0
S.D. - 5.2 : 293

Shown are the levels of fibrin/fibrinogen degradation
products {(FDP) in pg/ml of serum in 12 patients who
had blood samples taken 2=-4 hours following delivery
by caesarean section and again 3+8 days after
operation, The increase in the levels of FDP is
significant (R = 9, p<0.05; Wilcoxon's Signed Ranks
Test).

The data are graphically displayed in figure 10,



Table 11

Flasma vecalclfication time (minutes)
during and after normal delivery

Labour Placental Delivery Puerperium
Patient (stage) (minutes) ' (days)
Znd Srd 1 +15 +60 1sg 3«5
1 6.9 6.7 5.4 5.2 6.4 8.1 6.2
2 7.4 “ 5.5 6.3 5.3 8,8 5.0
3 5.9 5.2 4.7 5.3 4,3 6.3 w
4 5.5 4.0 3,9 4.1 4.8 5.9 -
5 6-2 ész 5,0 4,9 Te3 5.7 hat
6 (o 5.5 5.4 5.8 6.6 7.7 -
7 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 4o 5 2.6 4,5 5.1 5.2
10 6.9 B.l 6.1 - 6.5 5.2 5,4
11 4,2 3.8 3.5 - o 5.8 4,6
12 5.2 » “ 3.7 5,2 6.4 o
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
15 6.9 5.9 5.3 6.2 5.9 8.0 6.1
Mean 6.8 5.5 5.3 5.4 5,8 6.5 5.5
5.0, 1.3 1.1 1.1 1.4 6.9 1.2 0.6

Shown ave the plasma recalcification times {roinutes) per-
formed in plastic tubes in serial samples of pevipheral blood
during and after spontaneous vaginal delivery., The blood
sample before delivery (2nd stage of labour) was taken when
the baby's head was distending the perineum; the sample for
the 3rd stage was taken immediately following delivery of the
infant while the placenta was separating 'in utero'; the
samples after placental delivery were taken within 1 minute
of expulsion of the placenta and afier an interval of 15 minutes
and 1 hour., The shortening of the plasma recalcification
time during the 3rd stage of labour and within one minute of
placental delivery was highly significant (R = 0, p<0.002;
Wilcoxon's Signed Ranks Test),

The data are graphically displayed in figure 11,



Table 12

Kaolin-cephalin clotting time (seconds)
during and afier normal delivery

Labour Placental Delivery Puerperium

Patient (stage) (minutes) (days)
2nd 3rd 1 415 460 16t 3~5

1 45 &7 44 4.4 46 45 45

2 35 - 35 35 A0 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 - -

T 42 30 - 38 37 - -

8 46 42 44 43 43 42 41

9 43 4.3 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 -
14 50 49 45 49 46 50 45
15 40 40 39 39 43 42 37
Mean 4:4; 42 42 42 43 4d 40
S.D.: 5 5 4 4 4 4 5

Shown are the kaolin-cephalin clotting times {seconds) in
serial samples of peripheral blood during and after spontanw
eous vaginal delivery. The timing of the specimens was as
recorded in the legend to Table 11, When the kaolin cephalin
clotting tirae immediately prior to delivery (2nd stage) is
compared with the lower of the values recorded during or
immediately after placental separation (3rd stage and within
1 minute of placental delivery) the decrease ia significant

(R = 6.5, p<0.05; Wilcoxon's Signed Ranks Test),

The data are graphically displayed in figure 11,



Table 13

Partial thromboplastin time (seconds)
during and after normal delivery

Liabour Flacental Delivery Puerperium
Patient (stage) (roinutes) (days)
. 2nd 3vd 1 +15 460 st 3~5
1 51 39 3 - 53 55 56
2 73 - 63 80 76 54 67
3 71 69 69 69 70 14 -
4 65 60 56 61 67 57 -
5 69 60 62 68 69 67 -
6 57 47 45 52 66 61 e
7 74 57 - - 66 67 66 -
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 61 66 54 58
Mean 60 55 54 60 60 58 58
S.D. 9 7 8 9 10 7 6

Shown are the partial thromboplastin times (seconds) in serial
samples of peripheral blood during and after spontancous.
vaginal delivery. The timing of the specimens was as record-
ed in the legend to Table 11, When the partial thromboplastin
time immediately prior to delivery {(2nd stage) is compared to
the value recorded imunediately after delivery of the placenta
(1 minute) the decrease is highly significant (R = 11, p<0.01;
Wilcoxon's Signed Ranls Test),

The data are graphically displayed in figure 11,



Table 14

Factor Il {prothrombin) levels
during and after normal delivery

Placental Delivery

Puerperium

Liabouyr

Fatient (stage) {minutes) (days)
2nd  3vd 1 +15 460 1st  3-5
1 100 100 105 125 135 115 120
a 200 - 215 185 200 155 130

3 165 135 145 155 155 130 -

4 105 115 112 115 iia 105 -

5 130 150 130 130 120 98 -

6 195 190 210 170 160 130 -

7 100 150 - 150 140 - -
8 100 135 130 125 160 145 200
9 120 125 150 150 120 105 130
10 140 140 160 - a00 114 80
11 94 100 104 - 100 124 100

12 192 o - 150 250 130 e

13 180 180 190 190 210 180 -
14 130 130 115 145 140 76 135
15 160 160 175 150 115 145 120
Mean 143 139 149 149 158 125 127
¥ 38 23 42 26 35

SeD. 38

Shown are the perceniage levels of factor II (prothrombin) in
the peripheral blood during and after spontaneous vaginal

delivery. The timing of the blood samples was as recorded
The level of factor II on the first
day of the puerperium was significantly lower than the levels

in the legend to Table 11,

recorded during placental delivery {p<0,002; Wilcoxon's

Silgned Ranks Test),

The datadre graphically displayed in figure 12,



Table 15

Factor V levels during and after normoal delivery

Placental Delivery

Labouy Puerperium
Patient (stage) (minutes) (days)
Znd 3ed i +15 - 460 st 35
1 58 66 70 70 84 76 140
2 180 - 360 310 300 120 105
3 920 70 79 70 72 9% -
4 86 100 100 170 120 2 88
5 110 85 85 110 a5 - 110
6 160 100 140 100 100 180 -
7 160 160 - 130 130 100 -
8 &6 150 130 110 130 130 140
9 28 g8 20 98 115 105 160
10 100 100 100 f 156 72 70
11 T4 132 140 1t4 144 - 128
12 250 . - 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
Mean 134 127 148 154 153 114 130
S.D. 63 B0 82 77 73 29 44

- Shown are the pervcentage levels of factor V in the peripheral
blood during and afier spontaneous vaginal delivery,
timing of the blood gpecimens was as recorded in the legend

{o Table 11,

The

The decrease of factor V beitween 1 hour of
placental delivery and the first day of the puerperium is

significant (R = 11, p<0,05; Wilcoxon's Signed Ranks Test),

The data aregraphically displayed in figure 12.



Table 16

R RN T TS AL WO

Factor VII levels during and after normal delivery

l.abour Placental Delivewry Puerpevium
Patient (stage) (minutes) (days)
2nd. 3rd i +15 +60 st 3~5
1 170 170 205 185 145 110 215
2 216 - 264 312 240 312 320
3 192 198 198 198 115 240 e
4 335 308 364 378 343 - 294
5 154 137 154 143 154 196 o
6 186 226 284 186 119 - 132
7 216 528 - 240 216 276 -
8 235 YA 280 210 405 150 145
9 250 250 220 295 280 110 138
10 230 250 190 - 160 170 100
11 220 3220 470 - 185 320 310
12 190 “ & 140 230 210 -
13 230 220 220 220 215 180 -
14 165 175 165 158 163 131 137
15 189 203 245 238 308 280 196
Mean 212 a47 251 223 206 205 199

5.D. 44 29 87 70 67 75 82

Shown are the perceantage levels of factor VIII (antihaemo-
philic factor) in the peripheral blood during and after
gspontaneous vaginal delivery, The timing of the blood samples
was as recorded in the legend to Table 11, When the level of
factor VIII immediately prior to delivery of ihe baby (2nd stage)
is compared to the peak level of factor VIII recorded during or
immediately after placental delivery (3rd stage and 1 minute)
the increase of factor VIII is highly significant (R = 2.5, p<0.0}1;
Wilcoxon's Signed Ranks Test),

The data are graphically displayed in figure 12.



Table 17

R o e g (o

TFactor I¥ levels during and afier norinal delivery

Labouy Flacental Delivery Puerperium
Patient (stage) (minutes) (days)

2nd 3wd 1 +15 +60 ist 35
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 T4 55 80 76 100
6 135 160 130 115 135 210 98
7 &0 .95 .95 - 149 100 90
8 - o - m - 1290 90

9 120 B - 140 110 170 ~

10 180 160 138 160 93 108 -
() 82 74 83 64 66 88 100
12 76 76 68 47 100 140 125
Mean 101 105 929 185 102 121 124
8.D. 35 38 25 40 25 42 38

Shown are the percentage levels of factor IX in peripheral
blood during and afier spontaneous vaginal delivery. The
timing of the bleod samples was as recorded in the legend
to Table 11. The serial assays were performed in 12 of
the 15 patients in this group.

The data are graphically displayed in figure 12,



_T__gble 18

Factor X levels during and after normal delivery

Labour Placenial Delivery Puerperium
Patient (stage) (minutes) {days)

Znd 3rd ] +16 +60 1st 35
i 140 170 110 100 170 95 120
é 185 - 185 125 100 190 130

3 135 115 160 135 100 80 -

4 130 1156 130 130 130 175 -

5 240 25h0 240 250 200 190 -

6 186 110 150 150 170 20 ~-

7 210 170 - 190 210 - -
8 140 180 140 - 140 200 120
9 140 180 180 - 140 186 120

10 180 180 190 170 170 125 -
11 120 120 120 94 150 180 100
12 189 203 245 238 308 2890 94
Mean 166 163 163 158 164 162 112
5.0, 37 44 50 54 57 60 14

Shown are the percentage levels of factor X in the peripheral
blood during and afier spontaneous vaginal delivery.
timing of the blood samples was as recorded in the legend to
Table 11, The serilal assays were perforumed in 12 of the 15

patients in this group,

The data are graphically displayed in figure 12,

]

The



Table 19

One stage prothrombin time {(seconds)
during and after normal delivery

Liabour Flacental Delivery  Fuerperium
F atient (stage) (minutes) (days)
- 2nd 3rd i +15 +60 Ist  3=5
1 12.5 12.5 12.0 12.5 12,5 13.0 13,0
2 12.0 - 12.5 11.5 12.0 13.5 12.0
3 13.0 13,0 13,0 13.0 12.5 12,0 -
& 12,0 11.0 i1.0 11.0 13.0 11.5 =
5 1.0 10.5  .11.5 11,0 12.8B 12,5«
6 12.5  13.0 12,6 13.5 14.0 12.5 =
7 15.5 13.0 - 12.5 13,5 i5.0 -
8 15.0 14.5 13.5 15,0 14,0 12.0 14.9
9 15,5 15.0 14.5 14,5 14.5 15,0 14.0
10 15,0 15.0 16.0 - 15,0 15,0 13.0
11 13,5  13.0 3.0 - 14.5 i4.5 13,0
12 13.5 - - 14.0 13,5 13.0 -
13 12,0 12,0 12.6 1z2.0 12,0 12,5 =
14 14,0 14,0 15,0 14:5 14.0 15,0 15.0
15 11.5 12.0 12,5 12.0 12,0 13.0 12.0

Mean 13.3 12,9 12.9 12.8 13.3 13,3 13.3

5. 10, 1.4 1.4 1.5 1.4 1.0 1.2 1.0

Shown are the one stage prothrombin times (seconds) in the
peripheral blood during and afier spontaneous vaginal delivery,
The timing of the saraples was as recorded in the legend to
Table 11, The slight decrease of the prothrombin time in the
3rd stage of labour and following placental delivery was not
significant.

The data are graphically displayed in figure 13.



Table 207

Thrombin clotting time (scconds)
during and after normal delivevy

Liabour Placental Delivery Puerperium
Patient (stage) (minutes) (days)
- 2nd 3rd 3! +15 +60 lst 3-5
1 10,0 9.5 10.0. 9.5 10,0 9.0 10.0
p4 8.0 o 3.0 2.5 9.0 10.0 10,0
3 11,0 11.5  10.5 11.0 9.5 9.5 -
4 10.5 10,0 10,0 10,0 10,0 10.0 9.0
5 10.5 10,0 10.0 10.0 10.0 1i.0 -
6 9.5 10,0 10.0 11.0 10,0 9.0 o
7 10,0 10.5 - 10.0 11.0 - -
8 11.0 10,5 9.0 11.9 10.5 8.5 8.5
9 10.0 190.5 10,5 10,0 10,0 11,0 11,90
10 11,5 - - 11.0 10.5 10.0 e
il 10.5 10.5 11,5 11.5 10.0 10.5 o
12 8.5 9.0 2.0 2.0 10,0 9.5 -
13 10.5 10.0 10.0  10.5 10,0 10.0 10,5
Mean 10,1 10.2 2.9 10.3 10.0 2.8 9.8
B.D. 1.0 0.7 0.9 0.8 0.5 0.8 0.9

Shown are the thrombin clotting times in serial samples of
peripheral blood during and after spontancous vaginal delivery,
The timing of the specimens was as recorded in the legend to
Table 11, The serial thrombin clotting times were performed
in 13 of the 15 patients in this group and no significant change
was found duving or immediately following delivery,

The data are graphically displayed in figure 13,



Table 21

Platelet counts (x 1000) during and after normal delivery

L.abour Placental Delivery Puerperium

Fatient (stage) (minutes) (days)

dnd 3rd 1 +15 +60 1st 35
1 - 202 185 217 176 214 285
2 261 - 278 . 288 239 255 283

3 - 260 299 316 290 481 n

4 252 258 267 275 269 294 -
5 141 192 178 184 250 240 295

6 235 184 172 173 - - 1906 -

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 - 163 244 273
11 221 182 180 - 199 473 337
12 240 217 241 254 255 239 333

13 184 2056 166 202 202 160 -
14 - 308 451 v 263 &54 285
15 271 261 240 237 2006 274 332
Mean 241 221 218 220 217 2386 304
SeD. 42 56 42 54 42 37 25

Shown ave the platelet counts (x 1000 per cmwmn) in the
peripheral blood during and after spontancous vaginal delivery,
The timing of the blood samples was as recorded in the legend
to Table . The increase of the platelet count 3~5 days after
- delivery was highly significant (R = 0, p<0.002; Wilcoxon's
Signed Ranks Test).

The data are graphically displayed in figuve 13,



m:le 22

Plasma fibrinogen levels (mg/ 1G0wml)
during and after normal delivery

Liabour Placsntal Delivery Puerperium
Patient (stage) (xninutes) {days)
and Frd 1 +15 +60 lst =~ 3«5
1 419 372 479 399 439 405 379
4 480 - 330 414 435 - 382 -
3 351 363 432 321 - 316 363 -
4 320 334 Z51 261 277 493 -
5 353 311 330 314 318 - -
6 434 434 - 347 335 422 -
7 382 342 382 324 339 399 5as8
8 470 477 378 354 443 413 481
9 428 411 428 - 375 390 -
10 337 368 351 - 419 390 368
11 472 - - 426 4351 448 -
12 281 270 273 275 343 326 -
3 374 374 298 286 333 204 380
14 386 315 315 287 331 408 376
15 350 365 324 318 376 290 456
Mean 389 364 352 333 367 374 424
3.0, 60 54 66 53 54 51 64

Shown are the levels of plasma fibrinogen (mg/ 100m}l) in
serial samples of peripheral blood during and after spontans
eous vaginal delivery, The timing of the specimens was as
recorded in the legend to Table 11. The decrease of the
plasma fibrinogen level between the 2nd stage of labour and
15 minutes after placental delivery is highly significant

(R = 0, p<0.002; Wilcoxon's Signed Ranks Test),

The dataare graphically displayed in figure 14,



Table 23

Plasma plasminogen levels (casein units/ml)
during and after normal delivery

Liabour Placental Delivery Puerperium
Fatient (stage) (minutes) (days)
2nd 2rd 1 415 +60 ist  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 4.2 2.0 2.5 .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 -
) 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 3.1 23 - 2.3 2.1 4.8
9 3.3 3.2 3.0 - 3.2 2.8 -
10 2.4 2.2 2.2 - 2.3 2.3 2.3
i1 4.9 - - 5.7 5.0 5,2 .
12 2.6 2.3 2,6 2.4 2.6 2.5 =
13 3.5 3.4 3.1 3.1 3.3 3.3 2.3
14 3.3 3.3 5.4 3.5 3.5 2.4 2.7
15 3.2 3.3 3,4 3.1 3,1 2.8 2.4
Mean 3.03 2.78 Z2.78 3.04 2.97 2.75 2.54
5.0, 0.74 0.52 0.43 0.93 0.67 0.75 0.29

Shown are the plasma plasminogen levels (casein units/ml)
in gerial samples of peripheral blood during and aftex
spontaneous vaginal delivery, The timing of the specimens
wasg as recorded in the legend to Table 11, If the lower
level of plasminogen recorded between the 3cd stage and 1
minute of placental separation ie compared with the
plasminogen level in the 2nd stage the decrease is signif-
icant (R = 8.5, p<0.01; Wilcoxon's Signed Ranks Test).

The data are graphically displayed in figure 14.



Table 24

Plasminogen activator levels (euglobulin lysis time)
during and after normal delivery

Labour Placental Delivery Puerperium
Patient (stage) (minutes) (days)
Znd 3rd 1 +15 +60 Ist 3~5
1 0.29 0.30 0.29 0.33 0.91 1.25  1.11
2 0.35 - 0.35 0,35 0.85 0,73 1.15
3 0.40 0.43 0.43 0.37 0.50 1.00 -
4 0.43 0.40 0.43 0.45 1.67 1.43 -
5 0.33 0.33 0.50 0.71 1.82 1.50 -
) 0.45 0,3 - 0.71 1.6% - R
7 0.28 0.33 0.793 0.50 1.20 2,50 1,11
& 0.15 0.20 0,16 0.15 1.43 0.56 1,43
9 0.2 06.33 0.30 - 1.87 1.15 1,43
10 0.37 0.32 0.42 - 2,00 1,43 2,20
11 0.25 = - 0,45 1.43 1.36 ~
12 0.31 6,36 0.50 0.88 1.02 1.00 -
13 0.38 0,50 0.63 0.59 1,11 1,67 1.67
14 0.50 0,62 0.56 0.62 1.24 1.00 2.00
Mean 0.34 0.37 0.44 0.59 1,34 1.28 1,51
5.D. 0.09 0.11 0.16 0.44 0.44 0.48 0.42

Shown are the levels of plasminogen activator expressed in
units, calculated from the reciprocal of the euglobulin lysis
titne as described in the text (page 29), The timing of the
blood samples was as recorded in the legend to Table 11.
The increase in the level of plasminogen activator 1 hour
after delivery of the placenta is highly significant (R = 0,
p<0.002; Wilcoxon's Signed Ranks Test).

The data are graphically displayed in figure 14,



Table 25

Urokinase sensitivity test (uniis)
during and aiter normal delivery

J.abour Flacental Delivery Puerperium
Patient (stage) {minutes) (days)
2nd 3rd 1 +15 +60 ist 3«5
1 0.51 0.66 0.54 0.31 0,46 0,77 1,02
2 0.24 - 0.60 0.43 0.57 0,29 0.56
3 1.03 1.37 0,98 1.08 0.69 0.59 -
4 0,66 0,50 0.49 0.55 0,50 0,17 -
5 Q.73 0.87Y 0,72 0,73 0.69 0,51 -
6 .17 0,87 1,04 0,69 0.80 - 0.77
v 0.74 0.77 - 0,59 0.59 0,52 0,95
8 1.15 0,90 1.46 1.04 1,0} 0.72 0.71
9 1.27 1,23 1.17 0.96 1,18 0.84 1.30
10 1.66 1,25 1.19 - 1,07 0,73 0,56
11 0.8 1.05 1.29 - 1,15 0,60 0.95
12 1,70 o e 2,23 1,76 1.35 -
13 0.97 0,95 0.86 0.68 0.88 0.29 -
14 1.3¢ 1,16 6.91 1,02 0.93 .15 0.83
15 0.87 0,76 0,61 0.66 0,69 0.55 0,54
Mean 1.00 0.95 0,91 0.86 0,86 0.66 0.82
5.0, 0.41 0.25 0.31 0.46 0.34 0.31 0.24

Shown are the serial results of the urokinase sensitivity test
expressed in units calculated from the reciprocal of the clot
lysis time as described in the text on page . The timing
of the blood samples was as recorded in the legend to Table
1l. On the first day of the puerperium the sensitivity to
urokinase induced lysis was significantly less than that
recorded prior to delivery (2nd stage), i.e. the inhibition

to urokinase induced lysis was greater on the first day after
delivery than before delivery (R = 6.5, p = 0.002;
Wilcoxon's Signed Ranks Test).

The data are graphically displayed in figure 14,



Table 26

Fibrin degradation products {pg/ml serum)
during and after normal delivery

Labour Flacental Delivery Puerperium

Patient . (stage) . {minuies) . (days)

2nd 3rd i 415 +60 lat 3=-5

1 11.2 5.6 5,6 5.6 5,6 1.4 1.4

2 1,1 - 1.1 4o 8.8 8.6 2,2

3 4,0 4,0 4.0 8.0 8.0 4,0 -

4 2.8 1.4 L4 1.4 1,4 L4 -

5 1.2 1,2 1,2 1.2 Zyd 2,4 -

6 1,4 1.4 - 1.4 1.4 5.6 -

7 Te2 7.2 T2 - 14,4 3.6 3,6

8 2.6 2.6 2.6 - 2.6 2.6 1,8

9 Lt 2,6 2,6 - 2.6 2,6 2.6

10 3.4 - - 3.4 13,5 10.1 -

11 5,6 5.6 .4 11,2 1L.2 5,6 -

12 2.0 Z.0 2.0 2,0 Z2.0 1.0 1.0

13 22 L1 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
Mean 3,80 23,46 3,08 4,23 5,84 4,62 2,55
S.D, 2,93 2,28 2.27 3,35 4,68 3,04 1,18

Shown are the levels of serum fibrin/ fibrinogen degradation
products (rg/ml) in serial samples of peripheral blood during
and after spontaneous vaginal delivery. The tlming of the
specimens was as recorded in the legend to Table 11,

The dataare graphically displayed in figuve 14,



Tablez7

Whole blood clotting time in plastic (minutes) in uterine vein blood and peripheral vein blocd

during and after placental separation at caesarean section

Uterine Blood FPerivheral Blood
Patient Before Placenial separation Before Placental Separation End of
delivery {1} {2 (3) delivery (1) {2} {3} operation
i - 2 - 8 i4 i3 20 22 19
2 23 1.5 7.5 ig 21 19 20 Z8 24
3 - Z+5 17 7 22 i7 i8 - i7
4 - 8.5 - - - - - - -
5 39 28 14 - 31 33 26 - 15
o) 16 - .5 1 26 - 25 2G - - 20
7 17 i.5 3 20 ig 22 - - 32
g - iz - 15 - i7 i5 - -
2 14 = 28 28 26 - 23 28 e
s 26 11 i5 26 26 Z3 23 22 -
ii 17 < i2 i5 16 ig - 15 23
iz i5 21 15 - 22 - 22 - -
Mean 21 8 iz 18 22 28 21 23 21
S.D. & g 3 8 5 ) 3 5 6

The timing of the blood samples was as recorded in legend to Tahle 37,

The whole blood cleiting time in plastic in the sample from the uterine vein during placental
separation was highly significantly shorier than the time recorded in the simnultaneous
sample from the arm vein {R = 0; p<0.01; Wilcoxon's Signed Ranks Test).

The data are graphically displayed in figure 14,



Table 28

L

Plasma recalcification time in plastic {minutes) in uterine vein blood and peripheral vein blood
during placental separation and foilowing delivery by caesarecan section

Uterine Blood Peripheral Blood Post Operation

atient DBefore Flacental separation Beiore Placental separation End of 2=4 24-48 3«5 6=9 10-14
delivery (1y (2 {3} delivery {1) (2) {3) operation hours hours days days days

1 - 3.1 4.8 5.1 6.8 5.9 6.8 6.2 6.2 5.1 6.3 6.2 =~ 6.7
2 6.0 4.7 B.1 6.1 7.5 5.2 5.4 5.2 5.8 .1 - - 7.2 b.C
3 - 2.8 5.3 4.5 6.0 7.8 6.1 - 5.6 5.5 5.8 8.1 16.2 7.1
4 - - - 4.5 - 5.2 4.5 5.1 4.1 - 7.5 4.6 6.1 3.5
5 - 3.7 3.7 - 3.8 - - 3.8 - - 6.8 7.9 - -
6 1.4 5.8 4.4 - &.0 6.5 B.7 5.2 - 5.9 7.1 - 7.6 -
7 5.0 - 3.4 - 5.9 4.2 - - 6.1 6.7 4.1 - 4.2 -
8" 3.2 3.2 3.1 - 3.1 3.2 - - 3.5 - - 4,1 - -
9 6.1 4.0 5.0 5.8 7.8 4.5 6.8 6.5 - 5.7 4.8 4.7 7.0 6.8
io 5.8 - 4,2 4.7 7.0 5.2 5.7 6.4 - 5.1 6.3 6.6 7.0 -
11 8,8 6.8 5.4 5.5 8.5 7.0 6.8 4.8 8.0 5.2 7.2 8.1 5.5 6.2
iz 6.5 6.9 5.5 6.0 8.3 8.5 5.6 6.8 - 4.8 7.7 5.8 T.4 -
ean 6.1 4.5 4.5 5.4 6.3 5.7 5.9 5.6 5.6 5.7 £.3 6.1 6.8 5.9
D. 1.6 1.5 0.8 G.8 1.8 i.6 0.7 1.9 i.5 8.8 1.2 1.6 l.6 1.4
The timing of the blood samples was as vecorded in the legend to Table 37.

The shortening of the plasma recalcification fime in uierine vein blood during placental separation was highly

significant A\. - 3.5, p<6.01} and the recalcification time in the uterine blood was significanily
less than that in the peripheral blood sample taken simulianecusly {R = 0, p = §.01).

The data are graphically displayed in figure 16.



Table 29

Platelet counts in uterine vein bleced and peripheral vein blood
during placental separation and following delivery by caesarean section

‘lh

terine Blood FPeripheral Blood Post Operation

wient Before Placental separvation Before Placenial separation End of 2=4 24=48 3=5 6-9 10-1l4
delivery {1} (2) {3) delivery {1 {2} (3}  operation Thours hours days days days

i- - 331 318 310 315 375 313 374 342 293 310 31z BZ28 575
A 244 - 263 201 287 237 218 210 289 256 - 201 3087 348
3 - 116 137 - 136 121 151 128 - 147 199 227 231
4 ~ - - 247 200 265 259 244 239 - 28G 362 53¢ 698
5 359 302 322 - 310 - 385 - - 297 336 484 484 705
6 315 - - 325 351 - 363 - - 361 395 324 - 389
7 - - - - - - - - - - - - - -
8 - - - e - o - e - - - - - -
9 165 149 145 160 176 - 158 151 - 197 206 274 242 387
ig i72 130 176 - 160 181 155 164 - 175 246 300 311 -
11 i4Q i45 130 i58 156 176 163 166 142 115 - 298 266 332
12. 260 189 236 236 225 209 197 198 - 216 173 358 - 394
ean 228 195 216 234 223 222 229 204 233 229 268 310 362 478
D, &2 87 .80 67 76 &2 &2 78 83 7 76 76 129 156

The timing of the bleod samples was as recorded in the legend to Table 37,

The plaizlet counts in patienis 7 and & have been excluded as only a small number were available., At 10-14
days afier caesarean section the platelet counts were highly significantly increased fvom the levels at 3-5 days
after operation (R = 0; p = 0.002) and the platelet counts in the control patients (Table 8} {& = 6.2, p<0.001}.

h'

The data are graphically displayed in figure 16,



Kaolin cephalin clotting time {seconds) in uterine vein blood and peripheral vein blood
during placental separation and following delivery by caesarean section

Uterine Blood Peripheral Blood Fost Cperation
atient Before Placental separation Before Flacental separation End of 2ed:  24=48 35 5=9 10-1i4
delivery {1} (2}  {3) delivery 1) (2 {3} operation hours hours days days days
1 - 41 42 as 49 42 47 46 44 2 - - a4 41
2 46 40 46 44 45 43 46 46 47 56 - . 47 4% 54
3 - 31 356 35 38 42 39 - 37 35 39 39 37 £2
4 - - - 53 - 54 56 60 61 - 71 65 45 39
5 41 38 - 38 - 40 41 3 - - 37 44 40 - -
6 53 - - 16 29 - 46 - - 46 45 - - =
7 46 41 4l - 44 &1 - - 42 - e 42 e o
& 48 43 43 44 46 42 £2 46 47 46 43 - 43 42
9 55 - 56 59 61 - 60 58 - 51 48 41 53 39
ig 4 £2 4 48 45 44 43 44 - 48 £2 41 44 40
11 35 40 41 21 Y 39 47 44 41 41 46 42 43 38
12 36 35 37 35 38 37 37 36 - 36 38 34 39 -
ean 44,8 39.0  41.6 uw..m_.w 45.4 42.5 45.4 47.5 £5.6 43.2 46.2 43.4 43.7 43.1.
D. 6.9 3.8 5.6 7.4 6.4 4,5 7.3 7.3 7.7 5.9 9.8 8.8 5.0 6.2

The iiming of the blood samples was as shown in the legend ic Table 37,

The data are graphically displayed in figure 17.



Tabie 31

et

Partial thromboplasiin time {seconds) in uterine vein blood and peripheral vein blood
during placental separation and following delivery by caesarean section

Uterine Blood

Feripheral Blood

Fost Operation

itient Befove FPlacenial separation Before Placental separation Endof Z=~4 Z24=48 3=5 5-9 1014
delivery {1 (2) {3) delivery {1) (2} {3) operation hours hours days days days
i - 50 51 56 58 53 52 57 55 65 70 5% 57 60
2 53 55 54 53 56 54 55 54 52 63 - 72 68 71
3 - 53 56 58 63 64<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>