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He thought he san an Argument
at proved he was the Pope
He looked agan and found 1t was
A Bar of Mottled Soap
A factso dread  he fanely sud
“‘Extingusshes all hope!
Liwis CARrROLL

PREFACE

In produang a book on blood coagulation there1sa nisk of! f}xlhni
¢en two stools On the one hand 1t 1s difficult to make 2 bool

suffictently advanced in ime and thought to mterest the established
workers 1n the subject, while on the other 1t 13 bikely to be too
voluminous and erudite for the cl pathologust or physiolog
who though not primanly interested 1n coagulation w ould Lke to
know what developments are taking place

Beng aware of these difficulties we have tned toavoid them with
what degree of success remams to be scen The book presents for
mstance 2 number of hutherto unpublished expeniments which
particularly those relaung to the new concept of plasma thrombo-
plasun may mterest other workers There are descriptions of the
technical methods that must be used in the tnvesugation of clotting
defects and attempts to explam their rational basis (or the lack of 1)
which may be uscful to pathologists Nearly half the book 18 given
up to descriptions of the chmeal states which artsc from or produce
defective clotting and to the problems of therr diagnosis and treat-
ment. Lastly any general sunvey of research on coagulatton pro-
vides for the student of the saentific method magmificent examples
of the dangers of pl and fied conclu-
sions The fact that we oursclves have probably fallen mto such pit-
falls as often and as heawily as anyone else docs not detract 1n the
least from the value of the lessons that cant be leamt from such a

survey

Much of the cost of the expenmental work descnibed has been met
from ts from the Medical Research Counail and from the
Nuffield Foundation Haematological Research Fund  We wish to
thank Dr E. Bidwell and Dr A_S Douglas for therr great help in
reading both the manusenpt and the proofs and also Miss Evelyn
Beer for the Line drawings  We are grateful to Professor L J Witts

xxm






PREFACE TO THE SECOND EDITION

The progress i research on blood coagulauon made dunng the
past four years has involved extensise rewnung of the ongnal
text of tus book m order to make the second edition an up-to-date
account of the subject. The first editron appeared just as the impor-
tance of the thromboplastin generaung system of the blood was
begmnnng to be recogmzed since 1ts publication advance m know-
l:(i;g: resultng from thus recogmtion has begun to gan impetus
The scparation of Christmas disease from hacmophilia and the use
of the boplasun g test 1n the duagnosts and prog
of anumber of clotng defects and in the asnay ofindividual clotung
factors are all recent advances which we hope are covered by the
1evision and expansion of the corresponding sections of thus second
edition

But incvitably the specd of rescarch outstrips the efforts of authors
Enmm and publshers A sigmificant growth of knowledge n

lood coagulation scems now to be taking place along biochemscal
lines  Just as the study of the thrombmn-fibnnogen reaction has
revealed a biochemucal basis for the action of thrombm so a study
of thromboplastin g 15 bepnning to provide a biock 1
basis for part of the early stages of coagulation It 1s possible that the
chemical 1denufication of the lipord coagulation factors may soon
be achieved  If the naturc of these factors and of any reactions
which they may undergo can be established this wil{ mark the
begnning of a new era 1n rescarch on normal coagulation abnormal
bleeding and the problem of thrombosis

We wish to express our grattude to Dr Ethel Bidwell for her
advice 1n prepanng the manusenpt and for her help in reading the
proofs We thank Professor P A Owren for reading the manu-
senipt of Chapter XVII and making valuable suggestions We
are grateful to the publishers of the Journal of Physiology and to
Drs \;l R. Merz and M Whener for permussion to pubfxsh Tables
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CIIAPTER 1

THE GROWTH OF hkNOWLEDGE OF
BLOOD COAGULATION

INTRODUCTION

Unul about fifteen years ago nterest 1 blood coagulation was
maly restricted to the relanvely few people who were actually
engaged on 1ts invesugation  This does not mean that the volume
of work on this subject was small 1t was enormous  Probably no
other brological process of simular extent has been so contnuously
and intensively investgated Throughout the world there have
grown up schools of workers for whom the study of blood coagula-
ton has iccn therr ife s work. Even m 1863 Lister 1n fus classical
paper which demolished the current theory of clotung
wrote that coagulanon has engaged the best energies of many very
ablemen  sothatitmightw cli;:ccm presumptuous 1n me to hope
to commumicate anything new regarding it Since that tme new
contnibutions have appeared wath an ever mcreasing veloaty and
in the year 1953/54 over 600 papers on blood coagulation were
published

To the ummtated, the fascination that this work has for ats
devotees must seem difficule to understand.  But 2 number of
explicable factors operate to develop thus attraction so that once
mvolved 1n 1t the new recrut 15 almost powetless to draw back
To begin with the spontancous transformation of flurd blood to
solid cFot has 2 sumulatuing cffect on the cunosity ltke that produced
by a well-executed conjunng tnick. One feels that so simple and
stnking a phenomenon must have a simple and striking explanation,
and the urge to discover itis immediate  Next, there s the deceptive
ease with which the work can be started  All that 1s needed 15 a few
glass tubes and a watch a supply of blood and ingenwity Later the
more mechanically minded mvestigator will discover that almost
equally good results can be obtamed by apparatus of Limutless
complexity fo{ coagulanion ler:df wself to beng recorded by

.

e, p p ic and p
methods comgl:tc of course with the latest mechanical and
1 develop Thereafter exp are casy to plan
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concemned with many subsidary desclopments such as synthenc
sesins and water rvpdfmt surfaces

The high flights of academe research have now come down to
carth so to speak 1n every hospatal laboratory almost m every
doctor s consulung room  The pathologust whether he ket 1t or
not may be expeeted to carry out and presumably to understand,

estip: 1n blood coagulanon that would have been considered
erudite by the most advanced of the acadenuc workers 2 few years
ago Prothrombin determinanons by one or ta stage methods and

othrombin conssmpuon tests are sounne procedures and the

epann resistance test, tests for anbeoagulants and the assay of
antthaemophibc globulin  may on occanon leptimately be
required  Unless they are experts m ths field the chmcan and the
pathologuse are luble to become bewldered when they seek the
theoreucal foundations on which these tests are based and from
which thesr results can be judged  The exsting hterature s not very
conducnve ta clanty of thought on the part of the new reader m fact
some of ats wgredients would be more digestible by the habuuat
comsumer of crme fieton  The number of ahases false clues

fhcting and fall ded to be found there

‘wuclg arome the vy of the most prohific wnter of detecuve
nov

It 15 the modest purpose of this book to attempt to reduce this
profusion to the smallest posnble rendue of uscful and sober facrs
to sort out the diffesent names whuch really belong to the same thing
the different things which hase had the same name. the things which
probably do exist from the things which probably do not and o
present what 13 known about the probable ways in which the things
swhich remain react together to produce aclot At each stage some
account will be given of the tnterpretation placed on ther results by
ndidual workers and an attempt wall be made to emphanze those
wterpretatsons swluch account for the observanions of different
groups of workers In this way theory can be sunplified because
although fifty or more substances have been proposed by vanous
anthors there 1 Emm’n agreement about r:huvely few Ina work
of this sort much sel and 1 le and many ad-
muable contnbutions may scem to be sgnored This cannot be
avarded 1f blood coagulation zesearch s to be presented v a coherent
sequence of pragress sn knowledge

From thi dand we bope smphfied basis the signsfi
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and to carry out and provide unlimited opportunities for being most
satisfymgly clever Endless expennmental combimations and permu-
tations can be worked through with an excitement that would be
famhar to the player of roulette or the follower of football pools
Always ttseems the next will be the winning combmation revealing
the one clue that has been nussed by everyone else the flash of
lummation that will show the long sought” simple explanation of
blood coagulation Undaunted by the perpetual postponement of
thus revelation the mvestigator enters the last stage of Exs evolution
as a coagulation worker and becomes a maker of theortes He may
become 5o enamoured of these children of his imagmnation that he
loses sight of the facts on which their exustence was founded, and fails
to recognize new facts which mught indicate their abandonment  He
argues he pours out a flood of hterature he defends his theories
agamst all comers  He founds another school of blood coagulation
research
There are of course more serious reasons for embarkmg on ths
work Blood coagulation has an obvious 1f at present unspecified
1mportance in the haemostatic mechamism It 15 2 common observa-
tion that people wath defective blood clotting may die of haemor-
thage or lead Lves of almost perpetual disabality A proper
understanding of coagulation and the faults to wlich 1t 15 Irable 15 of
real importance and the search for the cause and cure of haemopluha
actuated much of the work done duning the past century Itisa
measure of the compleaty of the problem that these ltmited and
practical objectives have not been reached For many years the
results of coagulation research could only be described as hiterary and
hilosophical and its practical contributions to medical science were
muted to the introduction of citrates and ovalates as useful anti-
coagulants and the diagnostic recognition of the long clottng time
n haemophiia  The ordinary doctor therefore was able to regard
with tolerant detact and the e 10n candidate with only
temporary dismay the almost ludicrous growth of confuston n
this subject
During the last few years this position has completely changed
Blood coagulation research has led to the discovery of 2 new vitanun
the recognition and treatment of a whole range of newly defined
haemorrhagic diatheses 1t has rased practical problems in genetics
and eugencs ntroduced wath all thexr attendant problems anti-
coagulant drugs for the treatment of thrombosis and has been
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of the other components The value of an hy pothesis was defined by
Newton m 1672 when he wrote  For the best and safest method of
philosopluzing seems 0 be first to mguire diigently mto the pro-
perties of things and of establishing those properties by expeniments
and then to proceed more slowly to hypotheses for the explanation
of them  For hypotheses should be subservient only i explanung
the propertics otro things  but not assumed n deternuming them
unless 50 far as they may furmish expenments  The mere contem-
plation of phenomena without adeas 13 not screntific anvestigation
But of facts without sdeas ace blind 1deas without facts are stenile
1n blood coagulation the 1dcas have tended to get out of hand their
matn purpose the sumulation of cxrcnm:nt being often forgotten
in consequence the lterature 1s full of stenle hypotheses which
beaause Rucy cannot be proved or duproved lead to no further
experiment and worse stall full of hy potheses which masquerade as
facts and are assumed by the unentical reader to represent real
knowledge There has been a tendency to postulate the existence
of a new factor whenever a phenomenon 1s observed which cannot
be readily explaned and later 1t 15 often difficult to distinguish
between what 13 established and what s postulated
The value of hypotheses can best be illustrated by a line of research
which had results of great pracucal importance the dicovery of
prothrombin  In 1845 Buchanan obseryed that when the fibnin from
clotted blood was washed a coagulant substance was present in the
bqud which would clot hydrocele fluds  Schmude (1861 1862
1892) confirmed these findings and observed that an active coagulant,
fibrn ferment or thrombin could be extracted from serum by
alcohol precipitation On the other hand if fresh unclotted blood
was run 1nto aleohol no stmilar substance could be ssolated  These
observanons led 1o the suggestion that an active coagulant appeared
1n the blood dunng clotung  This was a most useful hy, o&ms it
explained the observed facts and immeduately led to further experi-
ments It was found for example that well washed extracts of tissues
which promoted the clotting of cooled blood would not clot the
fibnnogen miade from plasma by the salt precpitation method of
Hammarsten (1877 1899) whereas the fibnnogen was rapudly
clotted by Schiudt s fibnin ferment from serum It therefore scemed
unlkely chat the fibtn ferment came from the ussues and 1t was
postulated that an macnve precursor of the fibnn ferment was pre-
sent 1 the plasma an 1dea giving mse to the first version 0'}’ the
<
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of the more useful tests can be better apprectated, and some further
understanding of the pathologcal states due to defective coagulanon
may be gamed Tt will be complamed no doubt that even this
restricted pr ton 15 dep glv complicated  Some will say
as they always have sad that these factors co-factors activators
and mhubitors are probably artefacts or mere figments of the
imagmation  But each of the clotting factors whch are presented
as entities 1n thys book has, by 1ts simple absence from the blood
produced a specrfic hacmorrhagic diathests m man  Even mn these
days of multitudimous deficiences we have yet to see so objectivea
manifestation as haemorthage produced by the sunple deficiency of
a figment

THE DIFFICULTIES OF RESEARCH IN BLOOD COAGULATION

The present confusion 13 partly due to a fature on the part of
some workers to realize that the mvestigation of blood coagulanon
15 not easy as 1t deceptively appears at first sight but extremely
difficult  Long processes of evolutton he behind the clotting
mechanism and 1ts supetfiaral smplicity 15 akan to the simplicity of
gemus The blood contans wathm 1tself not only the clotung factors
that will mtiate accelerate and lunit coagulation as required but
slso a seres of safety devices to prevent coagulation occum?
wnthin the vessels and for dissolving fibnn which 1s no longer useft

"The main difficulty an the mnvestigation of this svstem 1s the extra~
ordiary restnction of the avalable approach  Fibrn formation 1s
the only phenomenon that can be used as an indscaror by the expen-
menter With the possible exception of platelet agglonnanon no
ather observable change physical or chenucal takes place dunng
coagulation In consequence everythung that 15 leamnt about coagu~
lavon has to be mferred from the occurrence of fibnn formanon
Te 1s now recogmzed that this process ss the end result of a fong chan
of reactions and each hnk m thus chan must be studied by 1ts effect
on the final stage The further removed the observation 1s from this
stage the more indirect must be the informanon

TITE PROBLEM OF THE FYPOTHESIS

In any sctentific mvestigation the sequence of observation hvpo-
thesis_expenment and interence form the structure by which new
knowledge 1s gamed  In blood coagulation the pecubtar nature of the
problem has favoured the growth of the hypothesis at the expense
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same and 1f these different names do refer to one substance which
wterpretation of their activity 1s the more probable Innally thes
confuston 1s unavoidable but the progress towards sunplification 1
te logy would be facilitated 1falfsc1mmu could appreciate the
inherent uncertanty of therr own conclusions and the probable
value of the expeniments of other workers

A different terminologrcal confusion has ansen from the unavord-
able Linutation of knowledge cxsting at a particular ume - Mellanby
(1909 and 19302 1solated 2 muxture of protemns from plasma by dilu-
ton and aadification to pH s3  Mellanby aalled this fraction
fibnnogen though it 1s now clear that 1t contatns at least three other
factors of importance prothrombin Factor V and antthaemophilic
globulin  Mellanby thought that fibnnogen and prothrombin were
closely assocuated factors and he could not be expected to recogruze
the presence of factors which had not been discovered. Other
workers who held the view that the clotung of fibrinogen was mnde-
pendent of factors other than thrombin used such comphicated sub-
strates as oxalated plasma or plasma treated with Ca,(PO,)s and
called them fibnnog 1 though fibnnogen was actually
only one of several activ e components hable to comphicate therr ex-
periments  Other workers came to the conclusion that the active
Ennu le of bramn extracts was cephalin and having accepted this

ypotﬂcsxs fele yustified m referring to crude tissue extracts as cepha-
i’ in their published works

Supposedly Pure Factors

The ISO{JUOH of fractions from plasma has led to many mteresung
and important expenments  Using ssolated prothrombmn 1t was
possible to show that prothrombin was converted quantianively to
hrombin  Similarly tﬁc role of accel of blood clotting could
not have been studied without some attempt to 1solate the accelerat-
ing substances  But two difficultics anse from the use of these
wsolated substances  The substance 1solated from plasma may bear
little resemblance to 1ts prototype m plasma The pracess ogxsoh-
tion may sphit off some essential part of the molecule This diffi-
culty can never be avoided entirely Then the substance 1solated
from plasma 1s pure 1n 2 very hmited sense A factor may be freed
from constituents rccogmzca' by a particular worker but 1t cannot
be known to be free from unrecognized substances ‘Thus prothrom-
b prepared by modern methods 1s free from antithrombin the
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so-called classical theory of blood cosgulanon (Schmudt 1892 Mora-
witz 1905)  This may be wntten

Tissue Extract

Prothrombin ———-——~ Thrombmn

Fibrinogen M» Fibon

Thus theory invalved five coagutation factors and of these throm-
b fibonogen and fibrun had already been ssolated from plasma or
clotted blood and werse generally accepted as real entittes Prothrom-
bm on the other hand, was 2 hypothencal substance which was not
and could not be generally aceepted at the time that it was proposed
The hypothesis of the existence of prothrombin was fruitful because
it led to very many subsequent expenments In 1900 Mellanby
wolated a substance from plasma which though not coagulant tself
could be converted mto 2 coaguhint  Eagle (19352) and later 1
1047 Owren demonstrated that the amount of thrombin formed was
directly propornional to the amount of this precursor present It 1s
because the observations of very manv workers can be explamed
by the exutence of prothrombin that 1t can now be accepted a5 a
real entity 1 blood coagulation though the properties attnbuted
to 1t have varied according to the view of blood coagulation cur-
rently held

THE SOURCES OF CONFUSION
Multsple Termuology

Termmology may be a very umportant source of confuston
blood coagul worh gul factors when they are first
proposed have a tenuous clum to reality and nothing but the
accumubation of confirmatory evidence over many years can
mmprove ther posinon A factor m transiton towards general
recogmuon may cause chaotic confusion  The conception of the
factat may vary with the work of mdividual expenimenters and the
same factor may have musteadingly vaned names For example
serum has been sad to contan serum prothrombin conversion
aceelerator Factor VII comvertin serum aceclerator globulin the
Chrstmas factor  plasma_thromboplasin  antecedent and  co-
thromboplastin (Chapter V) These terms are based on the inter-
pretanon of ex] rimental results and 1t 15 far from simple to know
whether all of these factors are distinet entines or 3f they are the
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of the plasma contained two clotung factors only prothrombin and
fibnogen  In 1911, Addis made a senes of observations on the
clottng defect in haemophilra which are as balluant today as they
were when first published. He found that the clottng of hacmo-
hilic blood was accelerated by the addinon of Mcll:miy s fraction
?rom normal plasma, even after the fibanogen had been removed
from 1t Addus accepting as a fact Mellanby s inference about the
compositton of thus frachon humself mferred that st was the normal
prothrombin wlich corrected the clotung defect 1n haemophila
He then made the hy pothesis that the clotang d~fect in hacmophiia
was due to an mactve state of its prothrombm  The hyponcu
which 15 put forward 23 2 conclusion of hus paper was accepted as
a fact by subscquent workers and resulted in considerable confusion
When 1t was shown that the prothrombin i haemophilia 1
normal Addis work was forgotten. Not for many years was 1t
known that the normal globulin fraction contains besides prothrom-
bin and fibnnogen other clotung factors and mn particular the ant-
haemophihic factor 1€ Addis had stated hus observations rather than
his hypothesis m fus lusions work on h philia would
prob:{) y have been advanced by twenty-five years
Hypotheses are frequently worded n such a way that they app-ar
to be statements of fact and when made by respected authonities are
often acccEtcd assuch It has been sud that platelets do not contan
hromboplasunbutsupply theacnvator whichconver veplasma
thrombopl {thrombopl gen) to an active state (Quick
19502} This statement refers to a hy gothcm and not to 2 fact Or
They (Ware and Seegers 19482 and b) have found that the accelerator
15 present n both plasma and serum but 1t has different charactensties n the
two media the p{z’smz type being the macnve or precursor form and
the serum type the active form of the factor thatws the real accelera-
tor of prothrombin conversion  (Olwin and Fahey rgs0) The
part of thus statement 1 1talies refers to observation and the latrer
part to hypothesis In the ongtnal work Ware and Seegers were
careful to separate observation and hypothesis but i reporting by
their assocuates the distinction 15 less obvious Or It was also
demonstrated then that factor V 1s an active substance a precursor
or proenzyme which 1s activated durng the clottng process
(Owren 1950a) This statement also 1s hypothetical and not a state-
ment of observation, despute the musleading use of the word demon-
strated  Thus in the work of the three greatest modem schools of
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anshaemophshic globulin Factor V and fibnnogen, but this does
not 1mply the isolanon of a functionally pure substance

Tte Measurerrent of Coagulation Factors

A substance cannot be studied sarentifically until 1t can be mea-
sured but how can it be possible to asub whose very
exstence 15 m doubt: Moreover a method for the measurement of 2
substance may be both reasonable and useful m one era of blood
coagul h but the mterp of the results of the test
may be revolutiomzed by new expenments Thus 1 1935 Quick’s
one-stage test was both a great advance m coagulation technique
and also thought to be a rehable method for measuiring prothrombta
Today Quuck s test 15 stll 2 valuable tool though it 1s to be doubted
if at often gives a measure of prothrombin  The value of con~
clusions from a test must depend on existing knowledge and as this
advances previous conclusions must be reviewed

Unnecessary confusion may also anse from sheer carelessness
Thus there are two common methods of expressing the results of
the one-stage prathrombun test in whach the final figure 1s expressed
as a percentage of normal These two methods bear no numencal
relation to each other and yet m wnitten commumcanons the method
selected 15 often not specified

Confuston of Fact with Inference and Hypothesis

In blood coagulation research !ﬁc processes of observation
wnference and makmg hypotheses are so closely imter-related that 1t
15 sometames difficult to separate them  Yet 1t ts essentral that the
distnction should be made If an expenment 1 carefully carried
out the reagents cleatly speaified and the results luaidly desenbed
the author %ns contobuted a statement of fat which 15 of lastmg
importance  The logical ls{mmzs drawn from such observanons
may appear to be valid at the tme of the experiment but may be
shown to be fallactons at any later time by an extension of know-
ledge Making a hypothess 1s not a logical process it s an effort of
the imagmation gomg beyond facts and inference into supposinon
In self 2 hypothesis can provide no evidence or even a basis for
argument but only a plan for future action

The way 1n which these things can be mistaken for each other 1
best hustrated by a number of examples  In 1909 Mellanby carned
our expeniments from whach 1t was inferred that 2 globulin fracion
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classieal theory have dealt with a limuted aspect of the subject they
will be considered under separate headings

THE TIROMBIN-FIBRINOGIN REACTION

The thrombin-fibnnogen reaction has been studied by many
workers partly at least because 1t 15 the simplest of all coagulation
reactions  The prop of thrombmn and fit have been
studied and the reaction between the two has been observed with
the electron mucroscope It has been shown by many workers that
when thrombm 15 added to fibnnogen the clotting time of the
fibrinogen 1s inversely proportional to concentration of thrombin,
Methods for the of thrombin and fibnnogen have
been devised  Using a method for the measurement of thrombun st
has been possible to study thrombin formation 1n plasma and
muxtures of factors solated from plasma

TIHE FORMATION OF TIROMBIN

Prothrombin
As already stated prothrombin was a hypothetical sub when
tp d. Its establust s real coagul factor depended
on two lines of h Finstly 1f prothrombin 1s removed from

plasma then no écmg occurs cven if all other factors are imcnz
n optimum proportions Thus Bordet and Delange (1914) showed
that prothrombin could be d from plasma by adsorption
with Ca,(PO.): and thie supernatant plasma from this adsorption

often called adsorbed plasma oulcf not clot on the addiion of
tissue factor and aalaum I some of the substance removed from
the C2,{PO4)s by elution was added to the adsorbed plasma clotting
occurred rapudly  These invaluable expenments which have been
confirmed on bl d d that clotting can
be prevented by the removal of a substance and instrated by s
restoration. This work lud the foundation for the second line of
approach to the problem  the 1solation of prothrombin from plasma

Thus ssolation followmng the method of Bordet and Delange has
been effected by Nolf (19.8 1045) Owren (1947) Fand and Nance
(19482) Ware and Seegers (19482) etc A natural sequel to the
olation of prothrombm was the d that the amount
of thrombn formed 1s directly proportional to the amount of pro-
thrombun present (Eagle 1935 Herbert 1940 Owren 1947 etc.)

Recently Seegers McClaughry and Fahey (1950) have shown that




2z BLOOD COAGULATION

blood coagulation research st 15 not always easy to make the funda-
mental distinction between what 1s acrually found and what 1s sug-
gested which m tself shows how difficult 1t may be to make the
disinction  In spite of this dfficulty 1t 15 essentral that an attempt
should be made to distmguish observation from deduction and
hypothesss

A hypothests based on previows research 15 the clue which stmu-
Jates experimental work A good hypothests 1s therefore one which
15 unambiguously worded, which 15 1n keeping with all previous
facts and which arouses suffictent mterest to sumulate farther ex~

nments to discover more facts According to this view the
fxc othesis 15 the begmning rather than the end of an expenment
and the hypothests should be stated at the begmmning rather than at
the end of}; scienufic contnibution  If this were dane the confusion
mught be less and other workers mught be able to discover the
observed facts from published communcations with less difficaley

It may be relevant to fiush this phitosophecal argument with 2
guotat;lon from an author whose reports are seldom concluded with

theses

)Thc pool of blood coagulation 15 well stacked Anybody can
pull up what looks like a fi b But of ‘the fish 15 later examumed
dispasstonately 1t often reveals itself to be a frog mdeed sometimes
a winkle We once caught 2 fish that proved to be sphagnum
It 15 our practice 1o attempt to keep the joumnal volume down by
first ascertamng tf the fish’ caught six or twelve months ago — can
be caught agan — and to find out what happens on cunng  Even
with thus practice we find 1t difficult to discard all the frogs winkle
and sphagnum  (Link 1944)

THE CLASSICAL THEORY OF BLOOD COAGULATION

The outhine of the work leading to the discovery oi:ipxothrombm
which forms the basis of the classical theory of blood coagulation
has already been summanzed It 15 not proposed to deal 1 detarl
with the earher controversies on blood clotng but to give some
account of the great mass of work winch confirmed the classical
theory and then to indicate very bnefly some of the dimdent
theories with which this subject has been beset from its eathest
stages  Since the majonity of the studies which have confirmed the
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v1ew 15 supported by Fagle and Harns (1937? Tagnon ct al (194.),
Tagnon (194~) and Ferguson (1949) who showed that proteolytic
enzymes could form thrombin from prothrombun and by Macfarlane
and Pilling (19462) and Macfaclane (1947) who showed that soya-
bean trypsin miubitor which 15 anti-proteolytic infubats the action
of ussue extracts On the otherhand Mertz Seegers and Smuth (1939)
held that the tissue factor 15 required quantitamsely for thrombin
formation  This problem wall be discussed 1n Chapter lV/

Platelets

Bordes and Delange (191.) recognized that platelets have throm-
boplasue activaty and these authors often used platelet extracts
(cytozyme) as a source of thromboplastin - More recent study has
suggested that while platelets ¢ t h hromt
plastn component their acuvity s different from that of bran
extracts  They requre to react with plasma components which are
not required by bram extracts This problem will be consrdered
greater detaal in Chapter VI

Calem

Stnce Arthus and Pagds (1890) observed that calerum precipitants
inhibited coagulation an effect that was reversed when calaum was
added few have doubted that calaum 15 required for coagulation
Schrude thought that caleum was required for the reaction between
fibnnogen and thrombin but Hammarsten (1899) showed that thus
was not 50 M (1905) therefore recogmzed that caleium
must be thvolved in the iitial phases of blood clotting

Vines (1921) and Quick (1940) found that greater amounts of
oxalate were requred to prevent coagulation than should be
necessary to neutralize all the 1onized calaum present. Thus fact
has suggested that the calaum taking part 1n blood coagulation 15
present i a combmed form  Ferguson (1932 suggested that 2 cal-
aum cephalin compound was formed  Quick {1940) believed that
calclum was incorporated 1 the prothrombin molecule  Wohhisch
and Paschkis (1924) have shown that 1f coagulation 1s prevented by
xlﬁso, and the tomzed caleum removed by dulysis no clottng

occur unless calctum 15 added  Sabbatnt (1900) demonstrated

that relatively small amounts of calcium are required for clottng
Wohlisch (1929) suggested that the gross excess of oxalate may be
necessary to depress 10m1zation to !h\ssl;:vcl
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thrombin can be formed from prothrombin even of sigmificant
amounts of all other recogmzed coagulanion factors are absent
Prothrombin therefore appears to be the one essennal precursor of
thrombin existing 1 the plasma and this under optimum con-
dions 15 comverted to thrombwn quanttanvely The practical
mmportance of this hine of research was mereased by observations
which Iead to the belief that several haemorthagte states were caused
by prothrombim deficiency

The [issue Fattor

The role of nssue extracts m blood coagulation was recogmized
many years ago when 1t was found thar exudates nich 1n cells coagu-
fate more readily than those with few cells Bird plasma collected
wath special precaunions and freed from cells remans flmd ande-
fimtely but coagulates rapsdly on the addion of a trace of tissue
Juice Ithas now been shown that the coagulation of mammatian
blood can be delayed very considerably by the removal of cells and
products of cell breakdown {Cramer and Pringle 1913 Brnkhous
1947 Quick 19472 etc) The tissue factor differs from thrombin
m that 1t resists bothng by which thrombmn 15 destroved and
although tissue extracts accelerate the dotnng of plasma freed from
ussue produces they do not contain thrombm because they will not
clot fibrnogen prepared free from prothrombin

The chemical nature of the tissue factor has been mvestigated
Border and Delange (xor3) thoughe that thromboknase {or cyto-
zyme) was 3 bpoud of the lecxthin group  Grana and Levene (1922),
Wadsworth Maltaner and Maltaner (1927, 1929 and 1931}, Tocan-
uns (19443 and b etc) and many other workers considered that the
Ipord was cephalin However Fischer and Hecht (1034) showed that
mereasing punification of cephalin progressvely decreased ars
thromboplastic actnaty  Howell (1p121 emphasized that whie
aleoholic extracts of tissues resist borling aqueous extracts which
are powerfully thromboplastic lose ther acavity on heating He
suggested that in the‘nssues the ipord component 15 assocated with
aprotem and the isolanon of a punfied hpo-protean thromboplasin
by Chargafleral (1944) supports this view

The mode of acuon of the tissue factor has also been studied
Many workers have held that 1 15 an enzyme which accelerates
thrambin formauon but which does not ‘affect the amoune of
thrombin formed and 15 not consumed dunng the reacion This
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some part n mantanng nommal fudity of itravaseular blood
Heparin 15 not present i messurable amounts 1 normat blood but
appears m large amounts 1 anaphylacue shock following peprone
3 after exp to romzng srad and occanomll
determines 3 haemorthagic dssthesis {Waters Markowatz and
Jaques 1935 Jaques and Waters 1941 Cnsallt and Cotlessa 1950)

RBRINOLYSIS
Tollowng surgreal b hage adrenabin iy
and the secretion of adrenalins as 2 resule of fear blood collected
clots 1n the normal way but 1f the dots are allowed to wand at
37 € the fibnn 15 dissohved. Nolf (1908 19.8 et} believed that
the agent sesponsible for lyus an enzyme of plasma ongin later called
fibumolysim or plasnun ph}d sorre part 1 normal coagubinon
Lenggenhager (1946) also holds this view for he clums that a plasma
fibnnolyne enzyme {thromb lysin bberates th Lot
(¢ } from prothrombek (prothrombokinun)
Whether or not this enzyme really plays any part 1 coagulanon
1s undecrded but st 1s reasonable to suppose that 2 fibninolytic enzyme
may be important i dusalving intrat asculae clote

1. Tl 3y

All the evidence outhned above supports and ehiborates the
chissscal theory of blood coagulaton  According to this theory
prothrombin 15 2 nple wb which s g ty d
to thrombm under the mfl of thromboplastin and ealaum
Fhanogen s converted to fibnn by thrombn and the speed of the
reacwion 1s controlled by the amount of thrombun present  From all
of thy work a2 coherent wiew of coagulation emerged which ex~
planed the great myonty of observations

e e Ry
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INHIBITORY SUBSTANCES
Schiude (1892} rec that ¢ disappeared rapd}
from serum after coagulation bemg comverted to 'metathrombin
and claimed that thrombm conld be restored by the action of aaids
and atkahes Morawitz &:905) and later Mellanby (1909) showed
that weak solutions of thrombmn clotted fibrinogen more readily
than oxalated plasma  Quuck {1938) showed that this anuthrombic
activity was assoctated with the albumin fraction of plasma  Astrup
and Darling (1942} studted the mechamsm of mactnation of
thrombin by annthrombin and showed that this was a slow pro~
gresave process  Klen and Seegers {1950) have shown that the
antthrombin 1s capable of neutrahzing enormous amounts of
thrombin  Lyttleton {1050) has shown that the mactivation process
15 complex and cannot be expluned m terms of simple first ot
second order mteractions
The discovery of heparm by McLean {1916) was followed by an
mereasmg nterest 1n anticoagulant substances  Howell and Holt
{1918} found that the action of heparin was dependent on 2 fracion
of plasma protemns precipated between 3 and * saturavon with
fphate Howell dered that hepann intubited the
formation of thrombin and based hus theory of blood coagulation
on this belief  Mellanby (19353} and Quuck (1938) showed that
hepann was mamly an ihabitor of the thrombmn-fib feaction
mn plasma It has hitle effect on the thrombin-fibrinogen reaction
takang place between pure soluhons of thrombin and fibnnogen 1t
activity depending on association with a protein m the albummmn frace-
ton of plasma The chemical compostion of hepanin was clanfied by
Jorpes and Bergstrom (1937)  The 1solation of hepann in a relatively
pure form led to 1ts extensive tse i the treatment of thrombosts
Collingwood and MacMahon (1912) first postulated the exustence
of an antithromboplastn 1n plasma and Tocantins (19432 and b
19442 and b x945§ and Tocanuns and Carrol (19493) who have
gven evidence in support of its exustence hold that st 15 present
m excess 1 haemop Tocantms and Carrol (19493) have
ssolated an minbtory substance from plasma which they consider
to be an antithromboplastin  The cvnfv:ncc for the existence of thus
substance 15 sull more or less indirect and untl further mforma.
non 1s avatlable 1t must be considered to be a hypothetical sub:
The role of these mhibitory substances 1 normal coagulation 15
sull sn doubt, but 1t 1s reasonable to suppose that they may play

A 1
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TIE TISSUT FACTOR ACTS AS A COAGULANT OF TIBRINOGEN

The early recogmtion of the importance of tissuc extraces has
naturally Jed to vanious interpretations of theit role in blood coagula-
non Wooldnidge (1883 1889) and later Mills and Guest (1921}
have held that the ussue factor acts as a direct coagulant of fibrino-~
gen  Wooldndge postulated two ty pes of fibnnogen fibrmogen A
1n the tissues and fibrinogen B 1n the blood  The direct combination
of these two led to clotting  Fibnnogen A occurred in the plasma as
well asin the tissues and was 2 part o?plum: which separated out on
standing 1n the cold Ths fraction may correspond to the plasma
thromboplastin of other workers Wooldndge was aware that
tissue extracts would not clot fibnnogen prepared from plasma by
sale precipitation but he held that this isolated fibrnogen was an
artetact which bore hule functional relavonshup to his plasma
fibrimogen B Wooldridge s theory had the disadvantage that it was
not susceptible to expenimental proof

FROTHROMBIN 1S DERIVED fROM THE TISSUES

Nolf (1908) and Fischer (1934) both thought that prothrombin
was demned from the tissues  Nolf suggested that it arose from
leucocytes and endothelial cells and Fischer that 1t was denved from
muscle These theones ate contradicted by the uolaton of pro-
thrombin from cell-free plasma and the demonstration that the tissue
factor 15 not consumed dunng clotung  Thus view was probably en-
couraged by the difficulty in prepaning tissue extracts free from plasma

THE THEORY OF STUBER AND LANG

Stuber and Lang (1930) observed that glycolysis appeared to run
parallel to blood clotung and that substances wlich mereased or
decreased glycolysis shortened or Iengthened the coagulation ume
and concluded Jm glycolysis promoted coagulation This theory
rested on the barest analogy and the assertions on which 1t 1s based
have been dented by Hartmann and Kuhnau {1930) who showed
that plasma freed from sugar clotted with CaCl, and that in hae-
mophilia glycolysis proceeded at a normal rate though coagulation
was delayed This hypothests served lietle purpose since 1t failed to
explam observed facts and led to no uscquc(pcnmcms

THE THEORY OF HOWELL

Howell (1935) who mesuigated the intubitors of blood coagula-
tion 1 detad held the view that prothrombin was converted to
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Thys theory made possible quantitative methods for the measure-
ment of prothrombin  The "develop of these methods was
encouraged by the climcal importance of prothrombin deficiencyin
Jsaundice and newborn infants and the use of dicoumarn to produce

hypoprothrombinaemia for the treatment of thrombosts

The techmques in use are all based on the classical theory and they
may be sud to be the cul mg pomt 1 its useful The

&

methods have proved mvaluable chmcally but have mtroduced
difficulties which the classical theory cannot explam  In the one-stage
method of Quick (1935a) 1t 15 assumed that the speed of thrombin
formation in the presence of opnmum proporuons of thrombo-

tastin and calciom 1s proportional only to the amount of prothrom-

in present  As be seen later this assumpnon 15 not true
i plasma the speed of thrombin formanon 1s affected by factors
other than prothrombin  In the two-stage technique proposed
by Warner Brinkhous and Smuth (1936) 1t 15 assumed that the
amount of thrombm formed 15 controlled entirelv by the amount of
prothtombin present This assumption 15 also mvalid  The two
techmques often give conflicting results because each records a
different aspect of the coagulanion process and neither measutes
prothromt fically The vol cont about
these methods have anisen from the fact that the theory on which
they are based does not account for all the phenomena of blood
coagulation

DEVIATIONS FROM THE CLASSICAL THEORY OF
BLOOD COAGULATION

The outhne of expenmental work which has supported the classi-
cal theory of blood coagul gwves an ump of steady
rogress along a single Ime of argument In fact throughout the
Emory of this work there have been many disndent views  Some of
these diversions have been useful in that they were based on valuable
expenments and sumulated others  Some of the observations could
not be explamed m terms of the classical theory and foreshadowed
the modern chaos which has resulted from attempts to modufy the
classical theory  Many of these theories will be outlined because no
picture of blood coagulation would be complete without some
p of the th 1 difficulties which beset the worker i
s ficld.
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bogen 15 necessary This 15 present m excess m plasma but has not
been 1solated The formation of fibnn 15 due to the union snto 2
single complex of thrombozyme bogen and fibrnog
When mammalian plasma 1s trested witha clatmous preaipitate of
Ca,{PO,}s or AOH) the mam part of the thrombozyme 15 re-
moved leaving behind the fibnnogen and protens of hepanc
ongin

In 1945 Nolf s views arc cxpressed 1 more modern terms

“The classical theory according to which thrombun 1s formed from
a single plasma sut prothrombm 15 ¢ dicted by a study of
plasma adsorbed with Cay(PO,)s and the protens which adhere to
the preaipitate From this study 3t 1s clear that the prothrombn of
the plasma 1s not a single substance but a muxture of tw o substances
which can be separated one from the other by Ca,(PO,)s Bothare
protems one s absorbed by Ca (PO.)s (thrombozyme) and the
other remains dissolved in the supernatant adsorbed plasma (throm-
bogen)

From these extracts Nolf s view of blood coagulaion may be
expressed as follows

Thrombozyme Tissue Factor

{Prothrombn)~—_ _ Calaum

Thrombogen ~—— &ﬂ:»j ~ Fibnn
P

Fibrinogen - Thrombin

The essential feature of this theory 15 the belief that a factor in

addition to the classical prothrombin'is necessary for the clotung of
fibnnogen

THE THEORY OF BORDET

Bordet's (1920) theory like that of Nolf was put forward to
explan a number of experimental findings wiich could not be
accounted for by the classical theory of blood coagulation It was
observed that the blood of birds collected mto paraffin lined con-
tamers clotted more slowly than that collected mto glass tubes This
fact suggested that some substance present m the arrculaung blood
was altered by contact with glass  Bird and rabbut plasma freed from
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thrombin by calctum alone and that in the arculatng blood this
reaction was prevented by a combmaton of heparm and prothrom-
b In the presence of thromboplastin the heparm was mactivated
and the prothrombin was freed to react with calcium  Thus theor
mmmedutely suggested further expenments Insignificantly sm:
amounts of hepatmn can be found m normal blood (Mon{}musc,
Stewart and Jaques 1949) Mellanby (19353) and Quick (1938}
have shown that heparin 1n association wath the albumm fraction of
plasma mhibits the thrombin-fibrmogen reaction  Mellanby
(19352) showed that thrombin was formed in the presence of
hepatin

THE THEORY OF NOLF

The theory of Nolf1s i rather a special category  Nolf s views on
blood coagulation anticipated the findmngs of Fater authors and some
of his experiments are clear and stmple and have been confirmed by
many subsequent workers These particular findings cannot be
explamed m terms of the classical theory of blood coagulation
Nolf s work 15 therefore of the greatest importance but unfortu-
nately s views were often obscurely expressed and the relevant
expenments difficult to extricate from his writings  The develop-~
ment of s views may be illustrated by quotations from hus con-~
clusions which have been translated as follows

Nolf (1908) “The previous researches of the author have led lum
to consder the coagulation of the blood as the result of @ mutual
recipitation of three proten substances of the plasma  throm-
Eo e thrombogen and fibnnogen Thrombozyme 1s secreted by
the leucocytes and endothelial cells*  The majonity of the tissue cells
do not contain thrombozyme Thev only contamn substances which
without bemg necessary for coagulation accelerate the process
derably These sub are said to be thromboplasuc
Nolf s thrombozyme 15 equivalent to the prothrombin of other
workers and he postulates the existence of another substance m the
plasma thrombogen whuch 1s necessary for dlotung
Nolf (1928) The accumulated evidence leads to the belief that
Hammarsten s fibnnogen 1s a real constituent of normal plasma
But Nolfhas shown that 1t 15 incapable of uniting wath thrombozy me
(prothrombun) as long as 1t 15 1 the frcscncc of this substance m
isolation  For the union to be possible a third substance throm-
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bogen 15 necessary  Thus 1s present in excess 1 plasma but has not
been ssolated  The formation of fibrn 15 due to the unton mto 2
smgle complex of thrombozyme thrombogen and fibnnogen’
When mammahan plasma is treated with a gelatmous preapitate of
C1,(PO,)s or AI{OH), the man part of the thrombozyme 15 re-
moved leaving belund the fibrnogen and protems of hepane
ongin

In 1945 Nolf s views are expressed i more modern terms

*The classteal theory according to which thrombin s formed from
a single plasma substance prothrombin 15 contradicted by a study of
plasma adsorbed wath Ca,{PO,)s and the protems which adhere to
the preaiputate From this stady 16 15 clear that the prothrombin of
the plasma 13 not a single substance but a mivture of tw o substances
which can be separated onc from the other by Ca,(PO.)s Both are
protems onc 1 absorbed by Ca,(PO.), (Jl'rombo me) and the
other remains dissols ed m the supernatant adsorbed plasma (throm-
bogen)

From these extracts Nolf s view of blood coagulatron may be
expressed as follows

Thwmboz&m: Tissue Factor

(Prothrombin)— Calaum

Thrombogen —  — — - Fibnn
T

Fbmnogen Thrombin

The essential feature of thus theory 15 the belief that a factor 1n

addition to the classical prothrombin 1s necessary for the clottng of
fibnnogen.

‘THE THEQRY OF BORDET

Bordet s (1920) theory Lke that of Nolf, was put forward to
explan 2 number of expenmental findings which could not be
accounted for by the classical theory of blood coaguliton It was
observed that the blood of birds collected mto paraffin Lined con-
tamers clotted more slowly than that collected 1nto glass tubes This
fact suggested that some sub resent in the 1 blood

]

p loo
was altered by contact with glass Bird and rabbut plasma freed from
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most cells by centnfoging . paraffin lned contamers clotted
very slowly on the addition of calcium and after coagulation had
accutred the serum contamed much prothrombin (serozyme) On
the addition of thromboplastm (cytozyme) the serum formed
thrombm more rapidly than the ongmal plasma (Bordet and De-
lange 1012 Bordet 1020}

Bordet sug gested that the plasma contaned a substance pro-
serozyme which was altered by contact with foreign surfaces and
calctum to form serozyme which reacted with a tissue factor to form
thrombin  Tihus theory may be expressed as follows

Contact Ca++

Proserozyme Serozyme
Serozyme-- cytozyme Thromt
Thrombin+ Fibrinogen Fibrin

Thus theory postulates a pro-prothrombn (proserozyme) and has
the major disadvantage that 1t mvolves a hypothencal substance
whose existence cannot be proved by any 1n vitro experiments
Bordet s work has therefore often not received the attention that 1t
deserves because hus theory has been remembered while hus expen-
ments were forgotten Bordet s experiments can also be explaned
by the development of an accelerator of blood coagulation on con~
tact of the blood with glass and during coagulation  Thus interpreta~
tion 15 probably more 1n agreement wath recent experiments than
the theoty proposed by Bordet

MODERN DFVELOPMENTS IN BLOOD
COAGULATION

Recent studies 1n blood coagulation have led to a change of the
mamn focus of mterest For many vears study centred on the con-
version of prothrombin to thrombm Work tmtiated by the
observations of Nolf suggested that the mechanism of this conversion
was complex factots other than tissue extracts or thromboplastin
and calcium being mvolved  These studies have led o an mnqury
mto the nature of thromboplastn and the ongm of thromboplastic
actvity from blood constituents  Today many workers are therefore
studymng the reactions which precede the conversion of prothrombn
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to thrombin  From this work 1t 15 clear that thromboplastin 1
formed 1n the blood by a senes of reacnons much hypothetical
discussion about the nature of these reactions has resulted and many
new coagulation factors have been bom  The confusion 1s now
naturally considerable and 1t 1s becomung very difficult for the new
reader to distinguish those factors which have eamned respectability
by surviving the attacks of many gencrations of research workers
from upstarts whose expectation of hife 1 limited

In this book emphasis will be laid on observations which have been
confirmed by at least two groups of workers In this way stis hoped
that the factors with the greatest probability of survival have been
given promumnence



CHAPTER XI

THROMBIN FIBRINOGEN
THE THROMBIN-FIBRINOGEN REACTION AND
FIBRIN

The appearance of fibrin in plasma follows the action of thrombin
on fibrinogen ‘Thrombimn 1s formed as the product of a complicated
chain reaction the stages of which are not yet clear Logically the
stages m thrombin formation should be described before discussing
the properties and action of thrombin - This logteal sequence cannot
be followed because the mitial phases leading to thrombm forma-
tion can be studied only by observing their effect on fibnn forma-
tion An understanding of the thrombm-fibriogen reactron must
precede a study of thrombm formaton

FIBRINOGEN

Fibrinogen may be defined as the plasma protem clotted by
thrombin 1t 15 2 globulin of molecular weight about 400 coo-
500000 (Nanminga 1946 Edsall et al 1047) The molecule 15 3-4
tumes larger than other plasma globulins 1t 15 elongated bemng about
700-1000 A 1n length and 30-50 A m width  According to Wohhsch
and Kiesgen (1936) fibrnogen belongs to the fibnllar group of
protems and Baley Astbury and Rudall (1943) from X-ray
diffraction studies believe that 1t belongs to the myosin-keratin

Fibnnogen 1s precipatated from human plasma by §-} saturation
with ammonmum sulphate The 1so-clectric pomnt 15 at pH 55
(Nordbo 1927) Fibrinogen s destroyed by heating to 47 C

PREPARATION OF FIBRINOGEN

Fibrmogen 1s usually prepared from plasma by precipitation with
salts alcohol or ether The methods used for 1ts preparation have
vaned with the view of blood clotung held by expenmental workers
and the type of expenments for which the fibrmogen was used
Some of the man methods are outlned 1n Table 1 H. ten
(1879) who was primarily nterested mn fibrimogen used the fraction
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Tazua t

METHODS US#D £OR THE FEIZALATION OF FIREINOCEN

Method wsed fr Number of Re-
Auther Source of Fibrinogen Pvrnrh:lv{ precipitationg
hammanten Hore plasma An cquil volume of &7
18) sirurated NaCl
Mellanby Bird plasma Plasma diluted 1o x and 1
{1909 20d £933) sadfedtopil 53
Cekada (1926) | Cat plara  naruranon with NaCl ]
Mistone (19422) | Oxalated human plasma | § naturston wuh 10
(NH),50,
Jagues (1943) Oxalated human plasma | M phosphate buffer 3
Asrup (1944) Oxalated  ox  plasma | § sateranon with 3
treated with G,?PO.). (NH SO,
Keckwick ¢t sl | Cierated human plasma | 11 volames per cent of a
(1946) ctheratorwos C
Owren (1957} Oumalited Setz filtered | } saturstion with F3
ox plasma treated with | (NR,),SO,
C1,(POL),
Cohn (1950) $luman blood collected [ 6 volumes per cent of °
wo 3 pov-wernble ﬂl alcohol at —2 C.
vessel and calowm re- pliss
moved by ion exchange
reun Treated  wath )
BiSO, i

precipitated by saturated sodim chlonde and freed this component
trom other plasma protemns by repeated precprtanons Mellanby
(1909 and 1930) who studied the formation and achion of thrombin
used the fracnon of plasma protens precipitated by dilunon and
aadificanon 10 pH 53 Some workers (Owren 1947 Cohn 1950)
have removed prothrombin from the plasma before preapitating
the fibnnogen  The species of animal used has varied as has also the
method for making mrmpmnon

The punty of products used as fibrnog 1 has vaned
considerably Two mam critena can be applied to these prepara-
tions Sice fibrinogen 15 defined as the protein clotted by thrombin
the punity of a fibnnogen solution can be assessed by chcrmmmg
the amount of protein which remauns after the fibrinogen 1s removed
by coagulanon with thrombin  Using thus cnterion Avery and
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Monroe (1948) showed that the fibrmogen prepared by Jaques’
(1943) phosphate buffer method was much purer that prepared
by precipitation with ammonwm sulphate or sodmm chlonde
The substance prepared by ether precipitation s also relanvely
pure (Keckwick et al 1955) The second method of assessing the
purity of a fibrimogen preparation 1s to determine what other sub-
stances can be demonstrated  Thus fibrnogen made by Mellanby s
method contams Factor V, prothrombm, plasminogen and the
antthaemoplubic globuln m addition to fll}:’nnogcn Fibrinogen
prepared by any of the known methods still contams the antthae-
mophilic globulin and usually ako plasminogen This second
method of assessing the punty of fibnmogen 1s m practice the
most useful For any particular experiment care can be taken to ex-
clude factors of known importance For example 1n experiments
destgned to measure the amount of prothrombin present 1 a sample
of defibrnated plasma 1t 1s important that the fibnnogen used as an
indicator of thrombm formation should be free from prothrombin

‘We have found that the preparation of fibrinogen used by Jagues
13 most relable and the techmque 1s descnibed in the appendix

THE MEASUREMENT OF FIBRINOCEN

The determmation of fibnnogen presents no difficulties 1f 1t 1
assumed that 1t 15 converted quantiratively mto fibrn by thrombin
The fibnnogen 1s removed from the solution to be tested by coagula-
tion with thrombmn  The fibrin 15 carefully collected on a glass rod
and washed to remove other protemns that may adhere to it The
amount of fibrin recovered can then be estimated by a variety of
methods one of which 15 given 1 the appendix

THROMBIN

Thrombm may be defined as the active coagulant of fibnnogen
which appears m plasma during 115 coagulation ' From 1ts precipita-
tion by ammomum sulphate Astrup and Darhing (1941) concluded
that thrombin belongs to the albumin group of protems Lamy and
Waugh 1953 esumate the molecular weight as 45000  Other
acuve preparations Were said to have a molecular weight of 75 000
(Astrup T044) Electrophorests shows three components with
1soelectric points 3 6 4 1 and 4 7 (Scegers 1950) n atrate activated
thrombm (see Chapter IV) Thrombin 1s preciputated | pH
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51 and 3 4 and 11 destroyed by strong acds and alkalies and by
heanng to 60 C The E‘unﬁcd substance contamns o phosphorus
{Chargaff Z:ff and Cohen 5940 Astrup and Darling 1941) or
claum (Ferguson 1937}

PRIPARATION OF TIROMBIN

Thrombun 15 formed from prothrombin 1n plasma by the action
of thromboplasn and calaum  Schnude (189.) preaprtated 1t
from fresh serum with alcohol  Mellanby (1933) made a globulin
fraction of plarma by dilution and aadification to pH s3 from
which on ding the hrombm s 1y g d
thrombin  Astrup and Du{mg (1941) prepared a globulin fraction
of plasma by the same method and thrombun was formed from1t by
adsmg bect lung thromboplastin and calewum chlonde  The throm-
bin was then precpitated with acctone and extracted from the
preapitate with 09 per cent sahne, Secgers et al (1938) used 2
sumlar method with the exception that prothrombin was used
instead of the crude globulin fraction.

Highly punfied thrombin has been prepared from solated
prothrombin by Scegers etal (1950) by the action of sodium atrate
Ustng this method no extraneous clotting factors are added and the
produce must therefore be sud to be pure  This punfied product
when tested electrophorctically was found to consist of three com-
ponents Thus there 15 some doubt about the cherucal punty of
even the best preparations of thrombin

Relatvely crude preparations made from the globulin fracuon of
stored blood-bank plasma by recalaifi and acetone p
tion have as much as 50 unuts of thrombin per mg of dried substance
By more elab hod: punfi greater acuvity (950
units per mg ) can be aclueved In practice much of the thrombin
15 lost 1n punficanon and for most purposes solutions of thrombin
contaming 1-20 ynts per ml are uwsually sufficient  The prepara-
tion of a hughly punfied substance 15 not necessary for many ex-
penments A sumple and effective method of preparation 15 given
n the appendix

THE THROMBIN-FIBRINOGEN REACTION

The most mmportant property of both thtombin and fibrnogen
15 ther reacuon together to form fibin  With the study of thu
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reaction which 15 apparently the simplest of the whole cham of
reactions leading to clotting the mam difficulty of all quanutative
work on blood coagulation 15 revealed Usmg crude or partually
punfied biological materals 1t 15 not possible to obtam exactly
reproducible results With carefully standardized condinons the
results of comparable expenments will be stmular but seldom
denti

Two mam methods have been used to follow the thrombm-
fibnnogen reaction In the first the increasmg turbidity of the solu-
ton contaming fibrinogen and thrombin 1s followed photometric-
ally (Nygaard 1941} Thus method probably measures the speed of
polymenzation of fibrmogen molecules which leads to coagulation
when the network of polymenzed molecules 1s sufficiently dense to
give the semblance 0; solidity By this method coagulation 15 an
metdent 1 the reaction and the turbidity of the muxture mcreases
after coagulation as usually recogmzed 15 complete

CLOTTING TIME
60

504
40+
30
20+ °

104

0O 4 8 12 s 20
THROMBIN UNITS

Fg 1 A number of dilunons of throrbin topical (Roche) were made and o x ml of each
dilution was added to 0 4 ml fibrmogen and the clotting time 1n seconds was recorded The
Tesults of thus test are shown on the hyperbolic curve  The strarght line graph shows the
clotting tume plotted against the reczprocal of the thrombin concentrauon
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As Lemn (1948) has emphasized coagnhuou 18 an arbitrary stage in
the reaction betw cen thrombin and fibnnogen and 2 study of coagu-
lation alone wall grve lietle sdea of the type of reaction 1n progress
From the practical pomnt of view, 1t 15 the formation of a blood clot
which 1s important and the majonity of workers have followed the
thrombin-fibnnogen reaction by tecording the time taken for
fibrnogen to clot wath different concentrations of thrombin - When
the clotting ames are related to the concentration of thrombm a
hyperbolic curve such as that shown 1 Fig 1 15 obtaned. Thus
cune aan usually be converted to an approximate stearght line by
plotung the reaiprocal of the concentration of thrombin agamst the
clotung time  Thus strasght line passes very near to but not quite
through the ongin because however strong the concentration of
thrombin the fibrinogen takes some ime to clot Thus strasghe hne
relanonshup probably has no deep theoretical sigmificance but 15
important becausc 1t forms the bass of the two-stage methods for
the estmation of prothrombin  Astrup and Darling (1941) have
shown that impure preparations of ﬂgnnogcn do not show this
{’chuon and they should not be used for the two-stage prothrom
1n test

TIHE NATURE OF THE THROMBIN-TIBRINOGEN REACTION

Schrmde Yng) beheved that fibnnogen was converted to fibnn
enzymatically by thrombin  That tus view 1s correct 13 suggested
by the fact that thrombin will convert many tmes 1ts weight of
ﬁtnnogm to fibnn (Eaple 193sb Scegers et al 1945 Mornson
1947) Some doubts on the enzyme nature of thrombin arose from
the fact that much of the thrombin added to fibnnogen disappears
dunng coagulation  This disappearance has now been shown to be
due to the adsorbtion of thrombin by fibrin and therefore cannot
be used as evidence agamnst the enzyme nature of thrombn action
(Klemn and Seegers 1950)

From 2 study of the thrombin-fibnnogen reaction 1n pure sola-
tions Lemn (1948) Ferry (1948) and Stemner and Laki {1951) have
suggested that the change from fibrinogen to fibun 15 due to the
polymentzation of individual fibnnogen molecules Laki and Mom-
maerts (1945) suggcsr:d that the clotting of fibrinogen takes place in
two stages In the first the thrombum acts on fibnnogen and 1n the
second the altered fibnnogen molecules aggregate At pH s 1 the
first stage takes place but clotting does not occur unless tic solutron
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ss neutralized Lak and Mihaly (1949) found that 10dination of the
tyrosine molecules i fibrnagen also mhbited the aggregation phase
of clotting

The chemical alteranon 1n fibnnogen which occurs dunng
dlotting 1 not fully worked out but 1t has been suggested by
Baumberger (1941) that the SH groups present m fibnnogen may
be oxidized by thrombin to form an S-8 lkage

Thromb
2{Fibrinogen SH)

Thus supposition 15 supported by observanons of Lorand (1954) on
the structure of fibon (see lng

Lyons (19452 and b} has also supported the two-stage hypothests
for the thrombin-fibaunogen reaction  Lyons” hypothesis tvolves
two types of thrombm and fibrmogen  In the first stage fibrmogen
& 15 converted to fibrhogen B by thrombin A In the second stage
fibrinogen B 1s converted to fibom by thrombin B At the moment
this view 15 not substantiated and has the disadvantage of proposing
the exastence of four hypothencal factors whose reality cannot easily
be proved

From the work of Badey Bettelt Lotand and Middlebrook
(1951) 1t appears that the acton of thrombin on fibnnogen feads
to the appearance of terminal glycme molecules which are not found
n unaltered fibnnogen  Lorand {1954} has shown that the appear-
ance of these terminal glycote molecules follows ) F

Fibrinogen S-S Fibunogen

the sphittng o
from fibrmogen of a fbnnopeptide of molecular weight 4000
8000 The peptide 15 hughly andic and s removal from fibno-
ogen leads to a loss of negative charges which nught predispose
to polymerzation and fibrin formation

ISie:ry Tr’oll and ?fac}zm.m (1?54) shovs"cd ﬂ‘nt thrombin can
spht a syn Iphonyl-arg thvl
cxs)tcr with the Iiberation of m{t}xyl aleohol” Lorand (1954} suggests
that thrombn probably splits argmylglycme bonds

Ths worh confirms the probable enzyme action of thrombin and
12 suggested that fibrn formaton mvolves theee stages firse 2adic
groups are removed then the molecules polymenze and finally
cvidence from the structure of natural clots suggest that n physto-
logieal fibnn formatron the fibrm 1 strengthened by other possibly
§-§ Imkages under the mfluence of calcum and some substance
present mn blood but lacking from purified soluttons of fibrmogen
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and thrombin {Lorand 1954 sce also section on the structure of
fibnn) According to Shulman (r9s3) the blood factor 15 1n the
albumtn fraction of bovine serum

THE CONDITIONS WHICH INFLUINCE THE THROMBIN-TIBRINOGIN
REACTION

The thrombin-fibnnogen reaction can be studied using punfied
fibnnogen or whole plasma as the substrate When whole pi’axma 1
used suimnocs other than fibrnogen may have a great cffect on the
clotung ume  On the other hand 1f punfied solutions of fibnnogen
are used the observed reaction between thrombin and fibnnogen
may bear hitle resemblance to that oceurnng i plasma

Usng punfied solunions many factors may alter the s with
which thrombin and fibnnogen react Many solutions of fibrinogen
deposit 3 wlute sediment on standing 1n the cold This substance
readily redissols es on warmung and has been called soluble fibnn b
Hammarsten (1879) and Eroﬁbnn by Apitz (1938) [t reacts mu
more rapudly to thrombmn than does the supernatant solution
(Owren 1947} It has been suggested that this form of fibnnogen 15
an mtermedite product m the polymenzaton of fibnnogen to
fibnn (Lemn 1948) 1€ different preparations of fibanogen contan a
vanable amount of this substance their reaction to thrombin wll
naturally be vanable  Owren (1947) has suggested that the profibnn
shoul(; be removed by centnfuging in the cold before the fibnnogen
18 Lse

Astrup (1944 1947) and Owren (1947) have shown that many
other factors may mfluence the speed of the reaction between
thrombmn and fibnnogen  Owren found that the concentration of

fibrinogen 1s tmportant larly with dilute thromt 1
the optimum being at about o 1 gm. per cent  Astrup and Owren
have both d d p of the conc o

neutral salts 1n the solunon an excess leadmg to delayed clotung
Alteranions 1 pH beyond the range 6 5 to 7 5 are also important
the opumum temperature 1s 37° C  Fibnnogen prepared from
different species behaves differently to the same thrombin solution
The closng tume 15 affected by the presence of other proteins
In plasma many of the factors which influence the thrombin-
fibonogen reaction 1 pure sol are lly lled
The salt concentratton and pH do not vary greatly from one sample
of plasma to another The concentration ofgﬁbnnogm 1s fanly con-
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TABLE 2
The clotting times in seconds of samples of normal and
pathologteal plasma on the add tion of thrombun
S"“”;E}C”;’ ';'”" * Nornal Pattent
Jaundiced patient 25§ 49
83 195
175 265
1 18
185 39
‘Infant 14 20
s 23
14 18
s 21
12 16
16 40
10 26§
9 23
los 57
ars 60
25 39
Tasie 3
The thrombun clotting times of pla ma swith and
without the addon of Mjso CaCl
Clotting time an seconds | Clotting ¢ me m setonds
Substrate on the addition of throm | of the addition of throm-
bin aned salime bin and CaCl,
Plasma from patiencs wth 19 95
Tiver dysfunctions 14 os
1 9
17 9
16 7
5 n
12z 8
Plasma  from newbom 19 &
mfants 3T 12
48 13
32 16
20 12
3 I
2 3
Normal plasma 14 9s
Normal plasma_adsorbed 24 ,,
wnth an excess of BaSO,
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stant 1n normal plasma though the level 15 usually greater than the

P for the thrombin-fib reaction In consequence
some authors have preferred to follow the thrombin-fibrmogen
reaction in plasma rather than 1n punfied solutions A difficulty
the use of plasma Lies 1n the fact that different samples of plasma may
vary in the speed with which they clot on the additon of thrombin
and tmportant but unknown factors will comphicate the results {see
Table 2) Tor cxample an mfant s plasma nearly alwayshas a slower
cloting time than an adult s plisma on the addinon of thrombin
(Biegs 1951)

When the fibranogen from plasma 1s preapitated by 33 per cent
saturanon with ammonium sulphate the preapitate dissolved m
saline and the solution dualysed 1t 15 found that thus ibrnogen has a
longer clotting ime on the addition of thrombin than has the onginal
plasma  When plasma 1s treated with a large amount of BaSO. and
the preapitate removed by centnfug he sup plasma has
a longer clottng time wath thrombun than has the onginal plasma
In plasma samples wath a relatiy ely long clotting ime on the addinion
of thrombin the clotng time may be shortened by the presence of
claum Similarly after adsorbtion with BaSO, the clotting tme
may be shonmc«f by CaCl, (Table 3) Ware Fahey and Seegers
{1948) have shown that platelet extracts accelerate the thrombin-
fibrnogen reaction

It 15 clear that very hittle 15 known about the thrombimn-fibnnogen
reaction 1n plasma. The exustence of factors which accelerate the
reaction 1s not certain but the possibility of ther exastence should be
bome n mind 1f only because 1t 15 very difficult to distinguish be-
tween factors which aceelerate thrombin formation and those whrch
accelerate the thrombin-fibimogen reaction

In plasma 1t 15 sometimes found that some of the fibrnogen may
be clotted non-speaifically by substances other than thrombin  For
example Eagle and Harns (1937) have shown that plasma s dJotted

by papan  Chargeff and Bendich (1943) and Chargaff and Zuff
(1941) have shown that other sub: such as PE? T
nunhydnn p 1 hth Ipk can clot

Iy

gen The majonty of these coagulants are oadizing agents
and from thus fact Cf:z.rg:ﬂ' (1945) has suggested that oxadatron may
occur dunng normal coagulaton  Cummine and Lyons (1948)
found that onl( certan plasma samples were clotted with naph-
thoguimone and held that the coagulation was due to the presence of
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fibrinogen B 1n the solution  They supposed that thus coagulation
was due to the oxidation by the naphﬂ}:o wnone of sulph-hydryl
groups present 1n the fibnnogen molecule leadmg to the formation
of d.l—sﬁphlde lmkages between the fibrinogen molecules and the
formation of a lattice of fibn  Since fibrmogen 15 not coagulated
by naphthoquinone mn all plasma samples 1t 15 suggested thar
fibrinogen contaimng these available sugplhhydrvl groups 1s not
normally present in the blood stream but 1s the product of a reaction
between normal fibnnogen termed by them ‘fibanogen A and 2
component of thrombin known as thrombin A The effect of this
reaction 18 to expose sulph-hydryl groups which are normally
blocked 1 some way The exposure of these groups results in the
formation of fibrinogen B which 1s then capable of bemng coagulated
by oxidizing agents such as ninhydun and naphthogmnone The
presence of fibnnogen B which can be demonstrated accordmg to
Lyons by the coagulant effect of naphthoqunone on oxalated
b?;od mdicates that some activation of thrombin A has occurred m
vivo this activation bemg the result of some thrombotic or pre-
thrombone state the demonstranion of which 1s of considerable
chinieal interest  Though the coagulation of fibimogen by naphtho-
quinone undoubtedly occurs i certam cases the mterpretation placed
on this phenomenon by Lyons and the climeal sigmficance attributed
by him to 1t now appear to be m considerable doubt

THE MEASUREMENT OF THROMBIN

Thrombn 15 usually measured mn umits which are defined by the
speed of clotmg of fibrnogen  There are varous defimtions which
have been used (see Table 4) The vanetv of factors which may
mfluence the reaction means that the conditions under which coagu-
lation occurs must be very ngidly controlled  Owren (1947) there-
fore defines Ins thrombm umit very carefully He says

One thrombm umt has been defined m this study as equal to the
amount of thrombimn which 1n 2 volume of 1 cc contatning 0 1 per
cent of fresh pro-fibnn-free human fibrnogen at a temperature of
37 C and pH 73 and sodium chlonde concentration of 0 154 M
causes coagulation m 15 seconds

Having once made this defimition a caltbration curve of the con-
centrations of thrombin and their corresponding clotting tumes can
be made and from this unknown solutions can be compared with
known solutions 1n terms of thrombin umts
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Taus 4
TII CRITIAIA USID BY YARIOUS AUTIIONS
TO DRFINE 4 UNIT OF TTIROMAIN
Clotting fime equ vo-
Author S butrate Condinions speesfied | bent to 1 Il.hmmbm
wnip
Mellanby (1917) 1¢¢ offbrmogen Tm;.‘aému 40 munutes
3
Warner Brnkhous and | 1 c¢ offbanogen Temgnmn 15 seeonds
Smith (1936) (throm | conuaining  o0o8- [ 2628 C.pH 73
bin toptcal Roche) o1 gm per cent [ 73
Lenggenbager (1940 1 cc. amed | Temperature 60 seconds
gEmhg ) Plasma+a drop a0 C.
§ per cmt CaCly
Axrup and Dachiog | 1 cc oxaleed | Tempetature 30 secands
(1941) plama wrc
Keckwnck, Mackay and | 1ce.0f Gbnnogen Tempetatute 18 weonds
Record (1946} contwmng o1 e
©3 gnu per cent
Ovwren (1947) 1 c.c.of Gbninogen Tempetature 15 seconds
mmmn;m%m. 17°C. pH 1)
ceot and free | NaCloaseM
o pro-fibnn

Ths absolute definiion of a thrombin umt enables thrombin
solutions of constant strength to be prepared but i pracuce the
errors involved m determiming the umt in different liboratories will
be large  This difficulty can be ¢l d by d g a standard

reparation of known activity 1n a reference [zl;cmory This has
Eecn done for the preparation described by Wamer Bankhous and
Sranth (1936) Evenn one laboratory different batches of fibrmogen
prepared 1n the same way vary 1n their reaction to thrombrn {Table
5) Fibnnogen samples prepared by different methods are even more
vanable 1 their reaction, In practice the varable reaction of
duffe fibrinogen prep makes 1t ble to devise 2
umversal thrombin unt which will be a Phcab’]c m all Laboratonies
without frequent reference to a standard. Fortunately 1t 15 usually
not necessary to have 2 umversal umt all that 15 required 1s that the
results of a single experiment mvolving thrombmn units shall have 2
constant entenon for the definition of the umie It 15 not difficult
to ensure a constant unt for so circumsenbed a problem
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TABLE §
In this experiment 0 1 ml amounts of the different

thrombin concentrations were added to o4
amounts of each of the fibrinogen preparations

Samples of fibrinogen made by the phospha e
bufler method tested with the same
solutions of th ombi

Concentration Clotting time n seconds of
of thrombin different fibrinogen samples
wt unitsfm!

1 2 3 4
20 9 pes 7 9
8 10 12 8 10
10 13 17 ] 10 12
8 16 20 | 12 b
5 22 31| 18 a3
3 36 46 25 36
2 54 70 | 4 61
1 9 | 364 | 77 | 18

FIBRIN

Fibrn 15 a substance formed from fibrmogen after the action of
thrombin  Fibnn appears to have the same gross chermeal con-
stituents as fibrnogen though Lorand and Middlebrook (1952)
have shown that the termmnal groups of bovine fibrmogen are
tyrosine and glutamie acid while those of fibnn are tyrosine and
glyeme When thrombin 15 added to fibrmogen the formaton of
fibrin can be studied wath the electron microscope (Van Zandt et al
1947 Porter et al 1940) Within 15 seconds of mixing end to end
Iinkage occurs between particles of the order of size of fibrinogen
molecules  Later these Ebnls are aggregated into bundles which
have regular cross striations of different density (sce frontisptece)

Ferry and Mornson (1947) have made a detaled study of the
factors which nfluence the structure of fibrin clots They have
found that tw o types of clot can be differentrated one 15 transparent
and very fnable and the other O}nquc non-fnable and with a
tendency to retract and expel the solvent The character of the clots
depends on the conditions under which cloting occurs  High
fibriogen concentranion favours opacity Increase m pH and 1onic
concentration gives mse to transparent clots The factors which
encourage the formatton of transparent clots are those which delay
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clotting and reduce the forces of attraction between fibnnogen
molecules From theie work Ferry (1948) suggests that fibnnogen
molecules are held together by both primary and sccondary link-
ages The primary linkages 1015 suggested, are catalysed by throm-
bin whereas the sccondary forces of attraction account for the effect
of 1ome strength and pH etc on the structure of the resulung clot
Lorand (1950) has studied the solubility of fibnn clots 1n 30 per
cent urea He finds that fibnnogen clotted in plasma 15 msoluble 1n
urea whereas clots formed in punfied solunons of thrombin and
fibnnogen are soluble  Lorand holds the view that the clots that
form n punfied fibrmogen solutions are held together by secondary
Iimkages only whereas 1n those formed mn plisma the hnkages are
renforced by pnmary bonds The solution of fibrin 1n urea reclots
sponuncous{;' 1f the urea s removed by dualysts This process can be
rz‘:utcd many times and by using large volumes of solvent any
enng thrombin should be ehimunated  Since the fibnn always
clots on removal of the urea 1t scems probable that thrombin induces
some permanent change n the fibnnogen molecule which pre-
disposes to polymenzation Lorand has found that the fardure of
clots formed 1n plasma to dissolve 1 urea depends on the presence
of a factor present i normal scrum and on the presence of calaum
The msoluﬁlc plasma clots arc soluble 1 a mixture of urea and
thiogly collic acid suggesting that S-S bonds may be mvolved n
natural clottng (Lorand 1954}

SUMMARY TO CHAPTER 11

The cloting of fibnnogen with thrombtnt the final stage of
coagulation and the only directly observable phenomenon follows
a cham of earlier reactions information about winch 1s all indirect

Vanous procedures for the punfi of thrombin and fibnnog:
are desenibed  As usually prepared neither of these substances are
freed from all other proteins

“When thrombun clots punfied fibnnogen the clottng time of the
fibnnogen 1s ty rc]gtcd to the thromt Many
factors affect the speed of clotting A umit of thrombin activity ean
be defined m terms of fibnmogen or plasma cloting times the
determunation of such umts wall vary very much from one laborato
to another No attempt has been made to establish an absolute
thrombin untt for expenments described 1n this book.
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The clotting of fibrmogen 15 due to the polymenzanon of altered
fibnnogen molecules It 15 thought that thrombin removes saidic
groups from the fibrmogen which then polymerizes In blood clots
the wmon of the polymenzed fibnn molecules 15 probably
strengthened by 8-S hnkages
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PROTHROMBIN

In the classical theory prothrombin was proposed as a hypothetical
precursor of thrombin ~ Evidence has now confirmed the probable
eastence of prothrombin and two lines of research have produced
much g infe Prothrombin has been 1solated from
plasma and the propertics ofthe 1solated substance have been studied
In add for the of prothrombin activity
hase been devised and these methods have been used to study
haemorrhagie disorders in panents

THE PREPARATION AND PROPERTIES OF
PROTHROMBIN

Prothrombin can be separated from some of the other plasma
constituents by differential preapitation waith salts such as ammomem
sulphate, or by chzngmi Sx: proten solubility by altening pH and
1onic ¢ or dsorbtion on to tnorganic precp
eg Ca(PO.), (Bordet and Declange 1914) Mg(OH), (Fuchs
1920) Al(OH), {Quick 1933b) and BaSO, (Dale and Walpole
1916; Some of the methods that have been used are summanzed
m Table 6 A simple method using Al{OH), or BaSO, as ad-
sorbant 13 described 1 the appendix

c prop of these prothrombm products are vamable The
substances prepared by aad or salt preapitation readidy generate
thrombin i the presence of ssue thromboplastin and calaum. If
different dilutions of these preparations are used 1t 15 found that the
amount of thrombin formed 1s propornonal to the amount of
substance present (Eagle 1935 Herbert 1940}

substances made by adsorbtion do mot react well wath
thromboplastin and calawm  Thrombm 1s formed very slowly
{Ware and Seegers 19482, Owren 1947 Fantl and Nance 1948) or
not at all (Nolf 1945) At first this nonreactivity was thought to be
due to denatufation but 1t was found that rapid thrombun formation
could be restored by adding to the 1solated prothrombin the plasma
from which the prothrombin had been removed (Owren 1947

. »
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Tares §
Methods § 1 the preparatson of prothrombm
Medsod for the
Meshod for Methed for Die adrcsprion
Adr Blasma used § removai of ssolat on of the prrtfieation of
Sbes ragent globul n fraceron: F olhromsbir
Mellanby | Ird plasma § None Plasma € luted 10 % | Nome
{rg00 and and sadified 1o pH
1910} 33
Border aud | Bied and | None Nosne C3, (PO, Pro-
Delange | eabbur tombin' relessed
{1934} plasma with CQ,
Howelt Owlsted | None Whols plams pre- § None
{iot4a) cat plasma apitated with  an
cqual  volome of
acetons
Cekada Oxalated | Plama Whale plasma pre- | None
{19 6} cat plasma | heaed  to { opstared with ace
56 C tone and on sale
ton  prothrombm
prmpnzr«! by 1s
50 per cent sanwa
tionw sth{NH,),50,
Meltanby Oxalazed Nene Plasra diluted 10 X | None
{1910} cat plasia and scsdfied to pH
53 Sotutsosn geated
it €O, snd re
precipstated
Seegens Oralated Nane Plasma dduted 10 % | Dwolved  globubins
{1040} 0% plasma nd sadified 1o pH | treated wath Mg{OH),
53 Prothrombin released
wih &
Nalf (945} { Huwzn None None Ca (PO Pro-
Plasma d'srmnbm seleawed
phosphatz
buﬁ‘zr wpH 8
Seegerserat | Ovalared None Pl dilvted 15 X | Dissolved g!ubuhm
{1645} o plasma. and aadified 10 pH § treated  Mp{OH),
Waze and s1 Prothrosmbm 1c
Seegeny fewsed wih  CO,
{194%) and rvprmpmmd by
65 cent sauza
o s (NH3,50,
Gwren Oxalsced | Flasma Plasmz & futed 16 X | Dissolvedglobut nead
RIS o and | heated to | and sadifed to pi | sorbed wath Mg(ORD,
uttan 56 C and eothrombis
plasm weleaed wxh €O,

Prothrombin_repre-
apwated at gpH s 3
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Tasta 6 fiont )
- lethad for the
Mihadfn | Method S the adierpt ' enf
Avihee | Plamms wd | poms alof | Lulution of the Far @onef
Tromages | gobu n fratin poochrom. 5
Cutrsted | Heared to | Plsmadiued o % | Dusheed  globulm
e s | oy Cturs | bnd sonbdiad 10 pIF derked e
e, i
it 3 thiombin  Telewed
wih 2 manze of
sodum acrtae an,
acne aad ar pH
§ 345
Fal and | Oxaluwed | None Nore Fiasms shorbed wth
tance | rabbtor 150 and she pro-
(48} | boman Sombin relesed
plamms with ghorphace buf
ferat gl

Nolf 1935 "Ware and Seegers 19482 Fantl and Nance 1948) Thus
sddirion also causes an merease m the total amount of thrombin
formed (Fig 2} This unreactve prothrombin appears to be the
truc procursor of thrombim because 12 will form thrombux very
slowly mn the presence of sodsum aitsate alone (Seegers MeClaughry
and Fahey 1950) and st must therefore contan all that 18 essenuat
for thrombmn formauon When varping concentrauons of ths
prothrombin are tested 3t 1s found that the amount of thrombin
formed depends on the amount of prothrombin present {Qwren
1947,

Fr{xm these experiments it appears that prothrombin is the essen-
tial precussor of thrombin but that another substance which 1 nat
adsotbed by morganic precipitates accelerates thrombn formuanen
Thus sbstance will be alled Factor V beaause Owren (59473 wsed
this name and fie made the most careful study of 1ts propernes
Recentdy Owren {1950} has proposed a new rame for Factor V
pro-accelerin  thi name will not be used because the expenmental
proof that Factor V 15 3 procursor substance 15 not yet sufficient
{see Chapter V)

e prothrombm prepared by salt or acid preaptanon consti-
tutes about 1-3 gm per 100 mi plasma and 1 known to contamn
fib Factor V' the an} phibic globulin and plisminogen
but no annthrombin By no enitena can these products be sad 1o
be pure
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To prepare prothrombin by adsorbtion one of the many avalable
agents must be selected "Ware and Seegers (1048¢) prefer Mg(OH),

THROMBINUNITS

14

e
2.4 6 8 101214 16
TIME IN MINUTES

B T e oottt Faror bons costamm and clenn i

o0

which 15 sad to adsorb both prothrombin and Factor V. These two

copstituents are separated by differennial precspmanon wath am-
dphate Inthislab ry 1t has been found that Mg{OH),

adsorbs protiu'ombm much mote readily than Factor V and 2 separa-

son can be achieved by adsorboon alone Owren (1947) tested

BaSO, AHOH) CaPO. and Mg(OH), He found that all of
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these substances adsorb some Factor V and that BaSO, adsorbs more
Factor V than the other preparations It seems probable that d-tals
of preparation have a marked effect on the properues of the adsorb-
ant. The selection of a smtable adsorbant qu,dy 2 question of trual
and etror m 3 parncular hbontory In our expenence AYOHH),
prepared by the method of Bertho and Grassman (1938) 2nd BaSO,
prepared as desenbed 1 appendix I A 9 have gven the most re-
produceable results

Prothrombin prepared by adsorbuon constitutes about 15 5 mg
per r0om} plasma and s an acnvaty of up to 1000 unts peT my
of dned protein  The prothrombin prepared by adsorbuon and
differential precapsuation with (NFLWJLWSO. has greater acavity
Seegers McClaughry and Fabey {1950) and Seegers and Andrews
(x953) have prepared peothrombin with an acuvity of 1400-2000
units per mg of dnied protein or 23 000-30 000 unms per mg of
tyrosmne the tyrostne constiguting 4.38 per cens of the proten Ths
proten 1 present in whole plasma i 2 concentranion of 20 mg per
cent ot 300 units per ml Unformmately preparavons made by the
Iyophil drymg method lose much of therr actvity on storage

Dried prothrombin contams sulphur 333 lP“ cent of tryprophane
4 58 per cent of tyrosne and 6 per cent of carhohydrate (Seegers
Loomus and Vandebelt 1045 Seegers McClaughey and Fahey 1950)
The molecular werght 18 63 000 (Lamy and Wangh 1933} Lakrctal,
(1954) snalysed some punfied prothrombin and found 18 amuno
aads the siphur bang present &8 cystne and merhionine. The
optumum pH for actnauen 1 7.~ and prothrombin 15 msoluble
between pH 39and 56 Electrophoretic analyns of the prothrom-
bin produced in Seegers laboratory thowed one matn component
wiich comstituted 87-95 per cent of the total The mobiwy corre-
sgnds approamately to oeglobubn {Seegers 1955) In whole
plasma prothrombin 15 preaipiated at g0 per cent saturanon wath
ammonium sulphate but from the protem adsorbed by Mg{OH},
1215 precipriated between $0 and 65 per cens satunation

According to Qwren {1947} prothrambun i solution 15 destroyed
by haaungto 60 C and maemnsnonstaets at 40 C On the other
hand Ware and Scegers {1948c) have heated neutral prothrombin
sotutions m distiled water for 53 C for o hours In thus taboe-
atory prothrombur propared by A{OH), adsorpuon withstood
heatingto 56 C forsevenhous(Big y)and boibng a finding which
has been confirmed by Hjort (1955) Thus prothrombin preparation
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also retamed activity after precipitation with an equal volume of 10
pet cent trichloroacetic 2aid and re-solutron.

CLOTYING TIME
N SECONDS
2401

200

4

160

1201

801

40\////

gy
' 234 56 7

TIME IN HOURS
Fig 3 The ove-stage clottng tme of maxnures of prothrombm Factor ¥ bramn emulsron,
Sbnnogen and calcsum chlande (fov es curve) and prothrombin saline bram emuluon
fibrmogen and ealcum chlonde (apper curve) The prothombun preparation wsed wae
hrated to 56 C for 7 hotrs and samples wece tested at anrervals

Most preparations of prothrombin are activated by boiled assue
extract and calerum one and activation 15 usnally complete by 3-2
hours the yield of thrombmn 15 less than that i the presence of
Factor V Preparations which have been heated to 56° C for 7 hours
or hotled are smilarly actvated  Smce Factor V s destroyed by
heating to 56 C for 15-30 munates 1t must be concluded that pro-
thrombtn can be convested o thrombm by tissue extract and cal-
ciwm alone  The great heat stability of the prothrombm prepared by



PROTHROMBIN 48

adsorption 18 surprising It 15 possible that some substance adsorbed
together with the prothrombin has a protecune effect, or that n
plasma prothrombin 15 associated with a heat Labile protein

The fi 1 puncy of prothrombin prep can be deter-
muned by tesang for the presence of other known coagulston
factors  When prothrombin made by adsorbtion on to Al 0H2. 1
added to haemophulic plasma there 15 no significant shortening of the
clotung time c&hc tzemophilic plasma (Table 7} It apg:can that
thes preparation docs not contain the antthaemophilic globulin and
other tests demonstrate that 1t 15 akso free from fibnnogen anti-
thrombin and plasmun  As was suggested eatlier there are no ways of

Taste y

The effect of prothrombia prepared from noemal end
haemeph le plasma on the dlot g £ me of
haemaphilic plams

The fractions of plima were reconseuted to their
ongeal volume

o1 ml. of the substance tested was added t0 0 1 ml
of haemophilic plama and the muxture recalaified with
o1 ml of M/4o CaCly The tlottng ames are recorded

s

S bstance added to
hoem. ph ' plasma Lpavment 1 | E periment 1]

Salne 6 9
N

ormal mbin s 7

Hicmophihe prothrombin! :2 o

Fibramogen frachen from 3 2
ma

i
discovenng whether prothrombin 15 entirely free from all other
clotting factors  Even the electrophoretic homogeneity 1s not con-
clusive evidence of punty because two components with simular
electric charge cannot be differentiated 1f the molecules are of the
same size and shape

THE ACTIVATION OF PROTHROMBIN BY SODIUM
CITRATE

Much of this book 15 concerned directly or indirectly with the
biological of prothrombun and the factors which influence
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the reaction In this chapter the artifical reactions of punified pro-
thombm are considered  The observations of Seegers McClaughry
and Fahey {1950} and Seegers(1953) on the activation of punfied pro~
thrombin with 23 per cent sodium eitrate may have hittle beanng on
the physiclogical process but the reaction has been studied m some
detaad and the results are of mterest 1 themselves  Durng atrate
actvation there 15 a Jag pentod of four hours durmg wiich no
thrombun appears thereatter the rate mcreases and complete conver-
sion 1s achieved in twelve hours  Electrophorests duning ths reaction
shows that dunng the lag phase the mam prothrombmn component
changes and carbohydrate and protem denvatives soluble m 7 per
cent trichloracetic acid are formed  During this phase prothrombin
disappears smce the product cannot be activated by tissue extract
agd CaCly  As the period of incubation mereases the one ‘cl:ctro-
P

i comyp ce 5
electrophotetc mobibity two of which have thrombin acnvxtg

When thrombm 15 formed m. the presence of Factor V throm-
boplastin and CaCl, very bttle protein and carbohydrate matenal
which 1s soluble m michloracenc agd 1s hberated and the thrombin
product has a molecular weght almost the same as that of pro-
thrombm (Scegers 1955) This brothrombu can be converted to
atrate thrombm by mncubation with 25 per cent sodium citrate
These results are very mterestng  They show that matenal with
thrombmn activity 15 rt}r')tmcd by two apparently disstnnlar reactions
and that substances of dffermng molecular size have thrombin
acuwrty ‘Whether or not the natural activation of prothrombn
snvolves an mactive mtermedate product 15 unknown but several
hypotheses postulate such a product (Bordet 1920 Quick and
Stefanin 1949) For the present there 15 no teason to assume that
the catrate actvation bears any relation to the physiological process
though analyss of the type of thrombun fotmc!s 1n vatious patho-
logical states mmght dusclose dufferent modes of acvanon  Seegers
(1955) disungushes clearly between citrate thrombin and bhwo-
thrombm  according to the process of acttvation

THE MEASUREMENT OF PROTHROMBIN

The methods for the measurement of prothrombm actvity when
fiese pmfcj)sed wese all based on ﬂxe!classxcal theory of blood coagula-
gned 10 x Y

f1on an P n whole plasma  Smce
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the classical theory 11 no longer adequate to explain all of the pheno-
mena these methods are liable to give msleading results unless they
are sutably modified and cautiously snterpreted  Although the
methods were evolved to measure prothrombsn in plasma they can
be understood more casly when applied to 1solated coagulanon
factors In this chapter the methods mﬁ be discussed only tn relation
toexpenments with separated factors and in Chapters XTand XTV the
apphicanon of the methods to plasma will be deseribed

There are tno mam methods for the measurement of prothrom-
bin the one-stage method first descnibed by Quick (1935) and the
two-stage method of Warner Bnnkhous and Snuth {1936} In the
one-stage method tissuc extract and aalaum ase added m opumum
amotnts to 2 solution g prothtombin and fibnnogen and
the clotang time of the muxture 1 recorded  According to the
classical theory the speed of thrombin formation depends on the
concentration of prothrombin ussue extract and calaum of tissue
extract and calaum are rmcm m optimum concentrations then the
speed of the reaction will depend onlJ on the samount of prothrom-
bin present and the clotting time of the muxture will gve a measure
of prothrombin

In the two-stage method thrombin 1 formed 1n 2 muxture of
prothrombin  tissuc extract and alaum chlonde At mtervals
samples are wathdrawn from this incubation nuxture and added to
samples of fibunogen soluton the clotung times of which are
recorded. The clotting ttmes of the fibrmogen give a measure of
the amount of thrombin present, and when the maximum thrombin
concentration 1s reached 1t 1s supposed that all of the prothrombin
1s converted and that the thrombin level at this point grves 2 measure
of the amount of prothrombin present

Both of these methods are uscful and both of them requre to be

dified 1n exp with 1solate gul ors to include

Factors V and VI Without these 2 maximum activation of pro-
thrombm will not occur The two-stage method will be discussed
first because although 1t 15 techmeally tic more compl d of the
two methods the mterpretation of its results 15 easter

THE TWO-STAGE METHOD FOR THE MEASUREMENT OF PROTHROMBEN
IN EXPERIMENTS WITH COAGULATION FACTORS

In this method the prothrombin preparation which contasns factor

VI 1s mixed with an excess of Factor V and to this muxture 15
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added ussue extract and calcrum chlonde Thrombin 1s formed m
this muxture and at mtervals samples are removed and added to
a standard amount of fibinogen the clotung times of which are
recorded When thus 15 done 1t 15 found that the clotung tme of
the fibrinogen shortens until 2 mintmurm 15 reached when an ap-

CLOTTING TIME
IN SECONDS

354

~-

301

254

20 1

Ni=

154

101

c 2 4 6 8
TIME INMINUTES

Fg 4 The twostage test was carmied out 1n 2 muxture of prothrombin Factor V. braut
eravlsion and ealaum chlonde The test was repeated using the prothrombin preparanon
diluted /2 and 14 The clotng tmes of fbrinogen, ta which samples fram the incubation
xture en added are plotted against the time at which the samples were removed

proxamately constant clotting tune 1s found (Fig 4) This constant
clotting time occurs When all of the prothrombin has been conver-
ted to thrombm  1f thus procedure 15 carnied out with a number
of dilutions of prothrombin and the mmmum clotting nimes are

plotted agamst the relanve 1on of proth
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from the dilution a hy perbolic curc such as that shown m Fig s
obtamed This curs ¢ may be conserted to a straight kne by plotting
the concentration of prothrombin as a reaprocal From big § it

MINIMUM
CLOTTING TIME
IN SECONDS

40

304

20

T T 7 v

O 20 40 60 80 100

PROTHROMBIN PER CENT
Fg 5 Varous ddunons of prothrambim were tested by the two-stage method in the presence
ofFictor & b Juon and calur chlande 1 beaned vach
the dil nions was plorted aganst the felauve percentage of prothrombin (hypetbobe curve)
The straight bne gragh thows the percentsge of prothrombin expresied 21 3 reaprocal
plotted gaunst the clotung ome
will be scen that this line passes very nearly through the ongin
Thus for pracucal purposes the relation between the clotang time
and concentration of prothrombin may be wnitten

K

Clottng time =

Concentration prothrombin
Provided that the same solution of fibrinogen 15 used for any par-
ticular test the relative strengths of two p bin sol can
be compared Thrs test 1s mdependent of the reacuvity of the
fibrinogen solution provided that the fibrnogen reacts to thrombmn
mn the general way descrbed in Chapter Il The test 15 also ndepen-
dent of the tissuc extract activity
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Since this test 15 1n fact measuring the amount of thrombun formed
from an equivalent amount of prothrombim the clotting times tllus-
trated n Fig 4 can be recorded mn terms of the amount of thrombm
formed by converting the clotting times to thrombin unts from a
thrombm dilution curve such as that shown 1n Fig 1 When thus
1s done the curves of Fig 4 become those m Fig 6 Thus method of

THROMBIN UNITS

w|-

»-

T
o 2 4 ] 8
TIME IN MINUTES

Fig 6 The results of the expenment illustrated in Fig 4 are shown., The clotang times have
been converted to relatve thrombyn units using a dilation curve such as that shown 1 Fig 1

expressing results was used i Frg 2 and 15 particularly valuable
experiments designed to study the speed of thrombimn formation
The two-stage method 15 ssmple to use and mvaluable for studying
the mteractions of isolated coagulation factors As a routme method
for the estimation of prothrombin n plasma the method must be



PROTHROMDIN 0

modified for reasons which wall be discussed 1n greater detal m
Chapter XU

TUE ONT-STAGE METHOD

The one-stagre method for the measurement oi(rrolhombm 1
apparently much smpler than the tw o-stage method but the mter~
pretation of 1ts results 15 more dufficule

CLOTTING TIME
IN SECONDS

601
504
40
101

204

101

O 20 40 60 80 100
PROTHROMBIN PER CENT
Fg 7 The onestage clotting ime was measured §n guxtures of prothrombun, Facror V
briin ermulsion, Sbrinogen 1nd calum chlonde Vanous dilunons of prothrombin were
o ey The St s o e pirnis o it s o
recprocal ploted agunst he Closung fme
Inthe one-stage method the solution contaming prothrombin and
Factor VII1s mixed with Factor V and tissue extract and fibrnogen
and ealerum chlonde are added to the muxture  The clotting ume of
s mixture from the time of adding the calaum 15 recorded
Where the th!:\‘%e method may require the measurement of § or
Sclotng times only one 18 made in the one—stage method
I thus ope-stage test 13 carried out wath diffecent diutions of pro-
thrombin a hyperbolic curve such as that shown in Fig 715 obtamed.
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This curve ean be converted to 2 straght hine by plotting the rect-
procal of the prothrombin concentranion agamst tfw cloting ame
From Fig 7 1t will be scen chat the line does not pass through the
ongmn but mn this istance through a pomnt at about twenty-one
seconds  The devistion of the ke from zero 15 prabably related to
the 1l delay m thrombin formation and depends to some extent
on the acavity of the tssue extract preparaton  The relation
between the clottig time and the concentration of prothrombin
must therefore be waitten

k

Clotting nme == a +
Concentration prothrombin

Thus no simple propostional caleulation can give the relative con-
centrations of prothrombsn 1n two preparations  The clottng tmes
must be converted to prothrombin concentration from a carve
such 23 that shown m Fig 7 The exact shape of ths curve will
be affected both by the reacuwity of the fibnnogen and the
strength of the tissue extract A new curve must be made for each
expenment

The clotting time by the one-stage method zep the resul
effects of the amount of thrombin tormed the speed of 1ts formation
and the reactivity of the fibnnogen  Unless the expeniment 15 ve
carefully controlled st 15 difficudt to disnmgrush the theee factors wy
certamnty In expenments with 1solated coagulation factors the two-
stage method is nsually preferable to the one-stage method Inroutine
tests on plasma the one-stage test 15 uswally to be prefested not
because the sesalts grve a more rehable measure of prothrombm
but for the pm,um% reason that the results of the test have been
correlated with the chimcal condition of the patient and the test can
be interpreted very tehably m terms of the degree of cosgulation
abnormality and the probable tendency of the patient to bleed

UNITS OF PROTHROMBIN

The amount of prothrombin present m a preparation 15 sonme-
tsmes measured 1n terms of the number of units of theombn that
can be formed from 1t under optumum condimons K 15 then sad
that a wst of prothrombun 15 that amount of prothrombun which 1
capable of formmng 1 unxt of thrombis  Owren {1947) and Ware
and Seegers {1048¢ etc ) have used ths termunology
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DIVERGENT VIEWS ON THE NATURE OF
PROTHROMBIN

In this chapter 1t has been assumed that prothrombrn 1s 2 single
substance wiuch 15 quantitanvely converted 1o thrombm The man
deviations from thus view have concerned the structure of prothrom-
tin Is prothrombin a ngle substance or are there two components?
s the prothrombin i the plasma conserted directly to thrombin
or 13 1t an mactive precursor which requires activanon before 1t can
be converted to thrombine

Quuck (1943) held that prothrombin was composed of two parts
Prott A and B Prothrombin A was a sub which
deteriorated on storage and Prothrombin B was stable 1t has since
been shown that Prothrombin A later known as the labile factor 13
synonymous with Factor V. Quick {1947b ¢, d) then redefined hus
Prothrombus A and B 1n terms of the coagulanon defects phe
observed 1 two panents These patients both had abnormal
prothrombin nmes by the one-stage method and nesther lacked
Factor V' The defect m the tw o patients was different and therefore
Quuck stated that there must be two parts of prothrombin Pro-
thrombmn A bemg deficient m one panient and Bin the other Later
{(Quick and Stefanum 1949a) 1t was suggested that Prothrombin A
1s an nactive precursor of Prothrombin B Bordet (1920} also be-
Tieved that the prothrombin 1n plasma was an macuve precursor

k (p yme) which was d dunng clotang to 2
reacuve form (scrozyme) Lyons (1952) supports the view that
prothrombin n plasma exsts partly in a combuned form. He suggests
that some of the plasma prothrombin 1s combined with fibnnog
and that this combination 1s broken dunng the process of dlotong
The expenmental evidence to support this hypothess 1s not yet
avatlable Howell (1935) held that prothrombm was a complex of
thrombinand hepann Recently this view of the nature of prothrom-
bin has been revived by Wenckert and Nisson (1954 195s) who
clam to have d g an gul. bling heparin in
fracuons of plasma which contain prothrombin

Thus the duergence from the classical theory 1s seen to concern
the natre of prothrombin m plasma In pracnee 1t would be ex-
tremely difficult to prove whether of not prothrombin underwent
any reaction prior to its conyersion 1o thrombin and thus the pre-
cursor prothrombin of Bordet and Quick 1s a hypothetcal substance
whose exstence 15 as yet far from proved
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SUMMARY TO CHAPTER HI

Prothrombin 15 the one essential precursor of thrombm under
favourable conditions prothrombin can be converted quantitatively
to thrombin  Thrombin can also be formed i large amounts by the
addition of sodtum citrate to prothrombin which contams only traces
of other contammating clotting factors

Prothrombin can be freed by fractionation procedures from
fibrmogen antth philic globulin pl fibrmogen and
antithrombin - Most prothrombin preparations contain some other
clotting factors




CHAFTER IV
TISSUE EXTRACTS

Tt has long been known that tissuc extracts accelerate blood
coagulation though they do not clot oxalated blood or fibrinogen
solutions The active princaple 1s therefore a factor which accelerates
the clotting of blood or plasma mn the presenee of calaum Accord-
1ng to the classical theory these observations are mterpreted to show
that tssue extracts act by converung prothrombin to thrombin

THE NATURE OF THE TISSUE ACTIVATOR

Using this hypothesis many workers have tried to discover the
nature of the tissue activator  Schmudt (1892) recogruzed that
sleohoic extracts of trssues aceelerated clotting and that li‘:j acuvity
resisted boiling  Bordet and Delange (1913) thought that the actve
substance was a lipord of the leaathin group - Other workers (Howell
1912 McLean 1916 Grana and Levene 1921) held that the lipoid
was cephalin  These workers nsed impure preparations and Fascher
and Hecht (1934) showed that the activity of ‘cephalin suspensions
decreased with mncreasing punty  Morawatz (1905) showed that
aqueous extracts of tissues had greater acuvaty than aleoholic ex-
tracts and Howell (1912) suggested that the acave hipord was norm-
ally assocuated with a protein The work of Fesly (19453) akso
suggests that the assue actvator may have Iy 13' and proten
cm:goncnts Chargaff and hus co-workers (1944) have prepared a
puntied bpoprotein activator from lung  From this work 1¢ 15 prob-
able that 5\: tissue factor 18 a lipoprotemn n which the lipoid pare 1s
related to cephalin_ The active component must be very large be-
cause p lly all the thromt activity can be removed
from ordinary nissue suspensions by centnfuging at 10000 rpm
and Chargafl's punfied preparation can be sedimented by centn-
fugmg at 25 coor pm

THE PREPARATION OF TISSUE EXTRACTS

Extracts from tissues can be prepared by washing the fresh assue
free from blood, grinding up the residue with sand, and extracting
» 35
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the ground tissue with salme - Alternatively, the tissue may be dried
with acetone and the dried tissue extracted with sabne ~Thos last
method 15 usually applied to bramn tissue because 1t 15 very readily
freed from large superfical blood vessels and 1t 15 easily reduced to a
granular matersal 1n a mortar without sand

The preparations used by different workers have differed to a
degree unusual even m blood coagulation work. Some use extracts
of fresh tissue and some prefer 1t dned some use bramn tissue and of
those who prefer bram, some get 1t from rabbuts, and some from
human sources Some use extracts of placenta and some use lung
Many workets use the venom of the Russell s viper One authot
prefers human nulk to all other preparations This diversity of
procedure makes 1t impossible to give a standard method for the
preparation of tissue extracts one suggested method for preparing an
extract from human bramn fissue 15 given 1n the appendix

THE ACTIVITY OF PREPARATIONS FROM DIFTERENT
TISSUES

Preparations from different tissues vary 1n their relatve actvity
The most actuve and most widely used are extracts denved from
bram lung and placenta The degree of actinity can be assessed by
the speed of clottmy, of normal plasma on the addition of the pre-
fm'auon and calcum  From Table 8 1t will be seen that there are
arge differences m activity

Qualitanve difference i activaty 1s less easily detected but that such
a difference exasts can be deducted from difficulties which have atsen
m the use of the one-stage prothrombn time test If preparations all
have the same mode of action but differ only 1n 51:“ degree of
acavity then the different preparations should react similarly to the
factors which influence their activity  One of these factors which
has been most widely studied 15 the abnormahty i the plasma of

atients treated with dicoumann  In practice 1t 15 found that the

engthening of the clotung time of dicoumarin plasma 15 very
&\ﬂg:rcnt when tested with %.\Kercnc tissue extracts  When bram 1s
used the lengthening 1n clotting time 15 greater than when Russell s
viper venom 1s used (Biggs and Macfarlane 1949) Lung and bram
do not give the same results  From these observations 1¢ appears that
the mode of action of the different preparations cannot be the same
In a companson of the actions of Russell s viper venom and bramn
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Tamz s

The dutnng tme by the encwstage technizoe of a ssmple ¢f wormal plama
waing vanous tissue extracts

The clottng tme of 3 pathological plama way tested by the oncstage

eechnique usng ome o(&: different extracts and the percentage of pro-

Uhrombrs wabread from appropte ddution eurves

tiusme extract | Clotting time {n seconds | Percentage of prothromb n
Tree 'f.;‘}“ by e omemstsge | recorded in ome pathol. gicat
techaigue ploms  usl g dfloent

thrombepleat

Fredh spleen extract 4 22
Tresh Liver exeract a3 s
Dried bran exmract a7 s
Dnied spleen extract 27 H
Dncd liver extract n7 =
Dnied lung extract s -
Dried plarelet extract 3 20
Dried “liver  exract 6 n
and eathin

Dned lung extract 7% -
and Jeastun

Macfaclane etal (1941) showed that if plasma 1s freed from hipord

the activity of Russell s viper venom disappears  An increase m the
hpord content of the plasma followang a fatty meat leads to 2 shorten-

ing of the clotng ttme with Russclﬁ viper venom (Fullterton and =~
Anastasopoulos 1949) The activity otPc Russell s viper veniom 18
therefore greatly affected by the hpord content of the plasma The
reaction of plasma o braun ss um&Pc;cd by changes 1n plasma hpord

SPECIES SPECIFICITY OF TISSUE EXTRACTS

The wide diffe n actavity of h
suggests that there would be a marked species speafiaty of tssuc
extract action  Trevan and Macfarlane 6936::) have shown that
lung preparations from different species give vaned coagalation times
wui the plasma samples from different animals {Table g)

Quick {1942) recorded simular results usng bran A nteresting
observation by Mann and Humn (1952) suggests that the species
speafiaty may be due to 2 spearficity of serum co-factor rather than
of tissue extract They found that 1ncubation of the tissue extract) 2~
with homologous serum remos.ed the speces speaifiaity

tissue extracts
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‘TaBIE 9

The clotting time by the one stage techmque of plasma samples
Jrom different anmals tested with lung extract from different animals

{ Trevan and Macfarlane 19364}
Clotting time s seconds by the one stage techuque of the
Sa’um of plasma from different animals
ung

extract Fowl Dog Horse Cow
Fowl 23 72 255 -
Dog 11885 13 29 —_
Horse 375 18 22 —
Cow — —_ 24 15

FACTORS WHICH INFLUENCE THE ACTIVITY OF
TISSUE EXTRACTS

“When human bramn 15 added to normal oxalated or citrated plasma
together with CaCl, the clotting time of the muxture 1s shorter than
that of plasma to which CaCl, alone has been added  The extent of
this accelerating effect 1s altered by numerous factors and mmforma-
tion about these can be obtamed from expeniments uung fracttons of
normal plasma and pathological plasma samples  Among the most
important factors are temperature which 15 opumum at 37 C the
concentratton of tissue extract and the concentration of calaum

The Concentration of the Extrat  When plasma 1 muxed with
mncreasing concentrations of extract, the cloting ime of the muxture

/ En recalafication shortens untll a mummunm 15 reached  When the
oncentration of some preparations 1s increased above this optimum

ere 15 a lengthening of clottmg ame (Aggeler and Lucia 1938)
Tocantins et al (1948) have shown that an inhibitory substance can
be extracted from bram tissue 1t 15 possible that crude brain extracts
contamn both mhibitory and activating substances as suggested by
Wrnght (1892) the inhibitory substance p bly bemng present
1n low concentration since 1ts effect 1s readily removed by didution

Calaum The activity of bram extract 1s marhedly affected by the
concentration of calaum There 15 a definste optimum range the
clottng time bemng lengthened 1n the presence of concentrations
above or below the optimum (Jaques and Dunlop 1045aand b}  For
most tissue extracts the optumum 1s about M/40 CaCly

Prothrombin 'When prothrombin 15 removed from plasma by
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adsorpion with AI(OH), Ca,(PO,)s Mg(OH), ctc. the treated
plasma wall not clot on the addinon of tissue extract and calaum i
prothrombin eluted from the preaiputates 15 added to the absorbed
lasma clotung will occur Thus, as would be expected, prothrom-,

Em 1s necessary for the accelerating effect of nssue extracts

Fador V" Factor V may be deficent 1n 2 blood sample a3 2 con-
genal abnormality or may be grossly reduced 1n normat oxalated
plasma samples1f these are stored for 24 hours or mote (see Chapters
Vand XIV) SuchFactor Vdeficient plasma samples have prolonged
clotting times on the addition of tissue extracts and calaum I
Factor V 15 added to deficient blood, 2 normal dlotting time on the
addinion of tissue extracts and calaum s restored Factor Vs there-)
fore also necessary for the normal acnon of nstue extracty

Factor VII Factor VT may be dehiaentin the asa congenital
abnormality or 1t may be reduced by witamin K defiaiency or treat-
ment with fants of the dice type Factor VIl differs
from Factor V in many respects (see Chapters Vand XIV) Factor Vil
deficient plasma has a long clotung ime on the addinon_of Gysue
:Yﬁ‘a‘cﬁ-aprﬁ_aaum and it ¥actor VA 18 added to the defiaent
me 2 normal clotung time 1s restored. Factor VIIis necesuary|
for the action of tissue exmracts —
The Reaction bets een fisstie extracts and Factors V and VIT. Factors V
and VII are not precursors of thrombin bug accelerators which affect
the speed at ;Exch ombin 1s formed 1n the presence of tusue
extracts They nught act by rendening the prothrombmn more acave
or 1t rught be assumed that the tissue extract 1s not, by itself’ capable
of converting prothrombrn to thrombin but that st requires to react
wth Factors V and VII before an active substanee s found

K Vety simiple expenment suggests that the bram extract reacts
with Factors V and VIT(Biggs Dotglas and Macharlane 195 ;EE in
s expeniment (Table 10) 1t 1s shown that the incubanon of bran
extract with Factors V and VII increases the acuvity When brain
extract and CaCl, are added to prothrombin aad fibrnogen lon;
clotung times are obtamed When the brain extract 1s incubat
with the Factors V_ VII and CaCl, progressively shortened clotung
umes are found. These results which have been confirmed and
extended by Hardisty (1955) suggest that an acuve prothrombin
conyerning substance 1y formed by a reaction bc:mﬁma_v:ﬂ
Vil and nssue extracts

Flynn and Coon (1953) and Owren Rapaport, Hjort and Aas
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‘TABLE 10

An experunent to demonstrate a reaction betwcen bram extract and Factors V and VI

In different expersments bram extract was mcubated at 37 C with the substances indscated
i column T At mntervals of 1 zun © 1 ml was removed from the ncubation mixeure and
added together with 0 1 mL. of M{40-CaCl, to the substrate mdicated for eack experument
column 2~ The clotnng times of the substrate were recorded tn secon

The braw extract used was prepated by suspending © 5 g of dned human bramn 1n 10 mb
of 085% NaCL

The factor V was used at a concentration of  of that m whale plasma

The normal serum was used at a dilution of § 1 0 85 4 NaCl

The prothrombin was used at a concentration of about So0 umts/m) {0 units 1 each
substrate test) One unit of prothrombin »s the amount converted to T umt of thrombn the
thrombin unit being approximately the same as the National Insarute of Health umt

The brinogen was used at a of 064 @ of
019 1m the substrate muxture)

Tneubation tume w smnntes
———— A ————
Incubation mixture Substrate 1 2 3 4 s 6
Bram 02 ml Prothrombin, 0 x ml 85 85 B4 88 103 73
085/ NaCl 04ml  Fibnnogen ot ml
CaCly-M/40 02ml  085Y NaCl 02 ml

Bran o2ml Prothrombin o 1 ml 37 36 33 35 32 27
085/ NaCl o 4ml  Fbnnogen o1 ml
CaCl, Mf4o 02ml Factor V or ml

Serum o1 ml

Bram 02 ml Prothrombn, 0 1 mL 40 28 20 18 16 15
Factor V 02 ml. Fibnnogen o1 ml

Serum 02 ml 085/ NaCl 02 ml

CaCl-Mgo 02 ml

Bram 02 ml Prothrombn a1 ml 55 46 40 49 41 36
Factor V o2 ml Fibrinogen 0 1 ml.

085/ NaCl oz ml  Serum o1 ml
CaClyMfso 02ml 085/ NaClozmb

Bom 02 ml Prothrombin oxml 40 35 32 33 32 27
Serum 02 ml Fibrnogen o1 ml

085 4, NaCLozml Factor V o1 ml

CiCly Mlgo 0z ml 085/ NaChorml
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(1954) hase made more detaled studies of these reactions Flynn
and Coon showed that after reacting with Factor V or Factor VII

naMomLL -
CLOTIRG Tinet -

STEoNOh »
[ LAY

.
.
.

so .

20 o0 60 0 oo 20
NORMAL CLOTE MG T ME LECONDS
F2 8 The onostage test was camed out on many samples of normal and haemophilic
fasma tang vanows duunons of bram thromboplasun. Each point sepresents the clotang

Fine obtamed with 3 Torted agamst the clortung hume of 3 poraal smple
ing the rame preparanon of Bcomboplsst m both terts

ntermedrate products of higher activity can be separated by centn-
fuging Owren ctal have confirmed thu finding They believe that
a reaction occurs between Factor VI and bramn to form a first inter-
mediate product which ean be obtaned by centnfuging  They think
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that theincreased activity of mixtures of bram and Factor Vis due to
com ersion of Factor V to a more reactive form gpro:ccclcrm 15 con-
verted to aceelerm) and the active substance s adsorbed by bramn If
the first product between Factor VI and brain {convertin) 15 muced
wath the activated Factor V (accelenn] a final prothrombin convest-
g substance (prothrombmnase) which can also be obtamed by
centnfuging 15 formed  The prothrombmase will clot m the same
time as normal plasmas from patients with haemophilia Chastmas
disease Factor V deficiency m«? Factor VI deficiency Thus theress
good evidence that the tssue extract factor reacts with at least two
ather bleod components (Factoes Vand VIf} before a final prothrom-
bun comy erting substance 1s formed

Hepann T%w addition: of hepann to blood lengthens the clotung
tme on the addition of tissue extracts  Thus effect of hepann is prob-
ably due to ats action 1 mhubsting the reaction betw een thrombin and
fibninogen

Antr Thrombopl. A substance which 1s thought to snlubic the
action of tistue extracts has been extracted from normal blood by
Tocanans and Carroll {1949} There 15 some doubt both as to the
mportance of this substance i normal clotang and 2s to 1ts mode of
action

haemmophule globuhn Antihaemophihic globulins the sut
lacking from the blood of haemophulic panents  Plasma from these
pattents has a normal clotang time with concentrated tissue extracts
This finding suggests that these extracts supply anthaemophulic
globulin or something which will replace s~ If the extracts are
diluted to gave clotting tines with normal recalified plasma of more
than 4osec these diluted extracts will not clot haemophulic plasma as
well as normal {sec Fig 8 and Biggs and Macfarlane 1051) The
ssgmificance of thes finding 1s not clear

RUSSELL S VIPER VENOM

Russell s viper venom 15 2 very powerful plasma coagulant 1n the
presence of CaCly ¥t requires 2 hipord for 3ts actwaty commercial
preparations of lecsttun and cephalin tissue extracts and platelets
wﬂf all serve as the bpoid factor The exact nature of the hpod
activator remams 1n doubt Pocle et 2t {1055} have shown that the
activity of lecithun 15 due to 2 contammant punfied lecithin solutrons
are macave  The acuve hpod which potentiates Russell s viper
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venom 15 often d with phosy hatidy! ethanol (Poole
1955) Whena mxture of Russell's viper venom and crude leauthun s
added together with CaCly to normal plasma clotting times as short
as § seconds may be recorded. Thus muxture 15 more powerful than
other extracts which seldom reduce the elotung ume to less than 12
seconds If a muxture of Russell s viper venom and crude leathin 1s
added to normal plasma and to a sample deficient i Factor VII the
twosampleshas e the same clotung fime on recalafication suggesting
that Russell s viper venom differs from bram 1n that 1t does not
require Factor VII for the accelerstion of prothtombin conyersion
(Rapaport and Owren 1954 Jenkins 1954b)

NOMENCLATURE

According to the classical theory of blood coagulation, prothrom-
bn 15 comverted to thrombin by an enzyme denved from nssues
called thrombok or thrombopl This concept defines
thromboplastin as the direct of prothrombin - But the term
18 not now used 1n this sense a substance 15 said to have throm-
boplastic actvaty 1f 1t accelerates the clottng of recalafied normal
plasma Thus many substancesincluding Russell s viper s enom ussue
extracts phospholipsds  platelet susp mxture of plarclets
and serum and mixtures of vartously punfied clotting factors are all
sad to provide or produce thromboplasne actvity A duficule

roblem 1 nomenclature anises esther the term thromboplastin can
Ec reserved for the direct acuvator of prothrombin and all other
clot promoting substances mcluding tissue extracts be referred to
descriptively or the substances which accelerates the recalaificstion
nme of normal plasma can all be sud to have thromboplastic
activity and a niew term or terms can be cowned for a speafic direct
activator of prothrombin.

At present there 1s much to be said for the second alternative The
lessacademic workersin the fild wall continue to use the term throm-
boplastin to denote tssue extracts whatever conclusions may be
reached 1n less practical spheres Many commumcations about
thromboplastin have used the term m the unspecified sense and the
expenments have often been so complicated that to disentangle the
exact fi of the word thrombop} as used by all the
workers would now be a thankless and unprofitable task. Moreover
very hintle work has been donc on the direct activator of prothrombin
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and 1t 15 therefore relatively easy to define this substance  Elynn and
Coon (1953) and Owren et al (1954) have 1solated a product of
reaction between bram extract and Factors V and VII which appears
to be a direct activator of prothrombm Owren et al (1954) have
used the term prothrombmase for this substance ‘The term 15 per-
haps a httle unfortunate 1n smplymmg that the direct activator 1s
enzymatic when thus 15 not proved but 1t distmguishes clearly from
other factors and we propose to adopt this term

In summary we propose to use the term thromboplastn and
thromboplastic activity as a general non-specific designation for all
substances which accelerate the recalaficaion time of normal
plasma  Prothrombinase 1s a thromboplastin by this defimtion but 1
distinguished from others by bemg a direct actvator of prothrombin
1t 15 a final end product while other thromboplastic substances are
probably 11l defined mtermeduates or substances which substitute for
mtermeduate forms m the production of prothrombmase For
reasons which we hope wall be clear later we are restnicting the term
prothrombinase to the activator denived from tissue extracts and do
not at present use 1t for the actvity which develops i blood systems

IS THE TISSUE FACTOR QUANTITATIVELY CONSUMED
DURING COAGULATION:

Many workers from the time of Schmidt onwards have thought
that tissue extracts are enzymatic m their action  Tissue extracts often
work at a very lugh diluton eg bram extracts often have some
thromboplastic actrvity when diluted 10 From the fact that the
active matenal m tissue extracts can be separated by centnfuging
and may thereforc have a large malecule 1t seems unlikely that the
hughly diluted extract can react stoichiometrically

On the other hand Mertz Seegers and Smth (1939) published an
experiment which seemed to show that the amount of thrombmn
formed from a constant high concentration of prothrombn was
proportional to the amount of tissue extract added” Thus experiment
was strongly 1n favour of the view that the nissue factor combined
quantitatively with prothrombin At the tume that this experment
was made the existence of Factor V was recogmzed only by Nolf
and there s a possibility that Mertz Seegers and Smuth s findings are
complicated by this factor From 1ts method of preparation the
prothrombim that they used was probably almost free from Factor V
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Owren has suggested that small amounts of Factor V may have been
present in the tissue preparation Tactor V 11 kniown to nfluence the
yreld of chrombin from prothrombin  The addinen of mereasing
uantities of extract would, according to thus hypothens miolve
:Lc additron of mercanng quanties of Factor V which would lead
t0 3 proporuona! merease in the amount of thrombin Liberated
Expenments since carnied out by Scegens and Ware (1948) have
not stepported Mertz Seegers and Stuuth s ongwal findings  Seegers
and Waze have shown that alteranons 1n many factors imfluence the
yueld of thrombin from punfied prothzombn alteranons i thecon-
centratton of Factor V and calaum for example have thas effect It
could be argued that these substances are quanntan ey mvohed m
the coagulation process  But changes i physical conditions may
have 2 smilar offect and 1t s dficult to see how these can
fesct quanntatnely  Taking all of thess ex cnts together 1
‘a_ppcm 1o Seegers and Ware (1948) that the formanon of thrembin
tom prothrombin may be an equiibrium reacnon whick can be
mffuenced m one direction or another by many fictors  This con-
ceptzon 15 new an that it tmphes the posabality of the formation of
prothrombm from thrombin and such a change has not been demon-
strated. The fact that this change has not been observed does not
mean that 1t cannot occur 1t maght be very difficule to detect
Seegers and Ware (1948} have further evadence aganst the hypo-
thesss that the tisue factor 13 used quanttat ey for thrombn form.
ation. When thromboplasun and caleum aze added vo 2 large excess
of prothrombin and Factor V thrombun 1s farmed. If the product 12
centnfuged for four hours at 25000 £pm. 2 small sodiment 15
depostted. Thus sediment can be washed ta free 1t from thrombin
and eenmnifuged apan  The substance recovered reraned much ofin
actuwnity even 'when 1t had been used several tines 1t appears unlikely
that the nussuz fictor could be recovered 1 thus way rlexc: were used
tp1n the course of the reaction
Owren {1947} has also contnibuted ro ths subjeet. Using punfied
solutionsof prothrombin and Factor Ve found that sfFactor Vs im
excess varying the concentration of fissue extracy does not change
the yield of thrombin 1t alters the speed of thrombun formanon. 1€
Factor Vs present m hosting amounis then lowenng the concentra
uon of thromboplastn decreases the amount of duombin formed.
¢ experiments can readddy be co-ordmnated with Seegers and
Wares findmgs  In the ongial expentments of Mertz, Seegers and
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Smith thrombin was formed 1 the presence of limiting amounts of
Factor V, and altering the tissue extract concentration influenced the
amount of thrombin formed

In these expenments no account was taken of the fact that nssue
extracts must react wath at least two factors before prothrombun 15
converted to thrombin  This problem cannot be solved until expen-
ments on prothrombin conversion with prothrombunase have been
carried out

THE MEASUREMENT OF THE THROMBOPLASTIC
ACTIVITY OF TISSUE EXTRACTS

The activity of different tissue extracts can be compared using the
one-stage prothrombin ime  Various diluttons of the extract are
made and each 1s tested mn 1ts ability to shorten the clotting tume of
recalarfied plasma  When thes 1s done 1t has been found by Fuscher
(1935) Fesssly (1947) that the cloting ume of the plasma bears a
defimite relation to the concentration of added extract This relation
can be expressed by the equation

I _xce
= KC
where T = the clotting time
C = concentration of extract
K and 2 are constants depending on the preparation used From
relanonshup 1t follows that

log T = alog Clog K

Thus 1f the loganthm of the concentration of extract 1s plotted agamst
the loganithm of the clotting time a straight line graph 1s obtamed
With bram extract ths relabonship holds very wclfJ (Fig 9) On
this scale 1f a 1/10 000 dilution of bram thromboplastin 1s sad to
contan T umt of activity then preparations which give clotting times
with normal plasma of 12 14 17 and 26 seconds would have 80 ooo
45000 20 000 and 1600 units of activity respectively A value can
be attached to normal plasma using the loganthm of the clotung
tume of the plasma to which saline has been added 1n place of the
extract As a mean of 10 samples the value for normal plasma was 2
units and different samples vaned from o s-10 units Fig ¢ also
shows the reaction of haemophilic plasma to diluttons of bran
extract The Linear relationship holds with haemophilic plasma bue
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1 ploteed aganm the loganithar of the conceniranon of bram fwomboplisun. The elung
mm of e ooros] 2nd bl gl e ndssied on the extrpoinons of he
the sfope of the hine differs from that of normal plasma, The signs-
ficance of thus dsfference n not known.

Thus method of measunng activity has hmitations 1f the setvity
of the bramn preparation approaches that of normal plastna 1t causes
lutde change m the clotung time  Thus actvity can be measured
only if the concentration 1 great in refation to that of normal plasma
Some bram preparatons appear to become mhubitory at very hugh
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concentrations and for assay must be diluted sufficiently to elimmate
this nhibitory effect In addition to these lmitations 1t 15 probable
that the method of companson cannot be applied to preparations
from different sources The action of Russell's viper venom on
normal plasma, for example, cannot be measured on the scale used
for bram extract

The hmtations of this method for measuring tissue factor activity
are of little importance The method 15 not used to compare entirely
different thromboplastic substances the very weak suspensions are
relatively ummportant and any mhibstory effect of strong prepar-
ations 1s obvious

SUMMARY TO CHAPTER IV

Extracts of many tissues accelerate the conversion of prothrombin
to thrombim m plasma in the presence of CaCl,  Extracts of dufferent
tissues vary quantitanively and quahitatvely mn the exact mode of
action

Expertments with bram extracts have shown that the extract does
not convert prothrombin to thrombm directly a reaction occurs
between the extract and Factors V and VI and CaCl, to form
a product prothrombinase which 15 the direct activator of pro-
thrombin

Russell s viper venom differs from the other ussuc extracts 1t
requures lipotd for 1ts activaty and does not require Factor VII

It 15 proposed that the term thromboplastm should be used for
any substance which accelerates the clottng of recalafied normal
Elzsma Many substances will therefore be sad to have throm-

oplastic activaty and the potency of a given preparation can be
assessed by 1ts ability to shorten the calcium clotting time of noemal

lasma The term prothrombinase 15 used for 2 substance formed
gy the reaction of tissue extracts with other factors and 1s defined as a
direct activator of prothrombm



CHAYIIR V

PLASMA AND SERUM ACCELERATORS OF PROTHROM-
BIN CONVERSION IN THE PRESENCE OF TISSUE
EXTRACTS

Although prothrombun 13 the one essential precursor of thrombin
mwhole Elocd various accel g sut whichd the
speed of thrombun formation are necessary for effective coagulation
In whole blood thrombin 15 destroyed as 1t 15 formed and the
speed of thrombin formation wall affect the concentration of throm-
bin avalable for the 1 of fibnnogen {scc Chapter XI)
‘The disconery of the accel of blood coagulation 15 1mp
but unfortunately the Literature on the subject 15 confuung and by
now at least twenty accelerator substances 1n plasma or serum have
been descnbed  The confusion m thus subject has ansen almost
entirely from the attached to exp 1 resules
Many of the sub ¥ desenbed are hypothenaal their
was proioscd to explam a vanety of otherwise inexplicable pheno-
menzm blood coagulanon  Much trouble would have been avotded
1f the vanous phenomena had been dlearly defined 2nd the results of
vanous authors cortelated before names had been proposed

At present the best that can be done 15 to concentrate attention on
the actual observanonts make some attempt to correlate the findings
of different authors and emphasnize those w{uch may be of immedtate
pracucal importance m chimeal medicine

ACCELERATORS OF BLOOD COAGULATION FOUND
IN PLASMA

In 1908 1928 and 1945 Nolf claimed that prothrombin (which
he called thrombozyme) wsolated from plasma by adsorbtion on to
Ca,(PO.), would not form thrombin on the additon of tisue
extracts alone but that a substance from the adsorbed plasma (which
he called thrombogen) was necessary for thrombin formation
According to Nol!gs view of blood coagulation thrombogen
thrombozyme and fibrinogen combuned together to form fibrn and

69
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thrombin appeared as a by-product of the reactton  Nolf did not
attempt to 1solate thrombogen from plasma though his experiments
are strongly m favour of the existence of the substance

In 1943 Quick described a phenomenon He observed that 1f
oxalated plasma was stored i the refnigerator the one-stage pro-
thrombin time lengthened progressively and the addition of small
amounts of fresh plasma to the stored plasma would correct the
abnormality He argued that the detenioration on storage could not
be due to destruction of prothrombin because the amount of fresh
plasma required to correct the defect contamed much less pro-
thrombm than would have been necessary had the defect been due
to prothtombin defictency Thas argument led Quick to suggest that
fresh plasma contams i addinon to prothrombin a lIabde factor
which 15 destroyed on storage  Quuck’s work has been compheated
by the discovery that citrated plasma shows little detenioration on
storage the labule factor 15 labile only in the presence of oxalate
(Fahey Warc and Seegers 1048) Quick and Stefamm (1948a) have
proposed a method for assaying the labile factor m which dilutions
of known normal and unknown plasma are compared mn ther
ability to correct the abnormality 1 stored plasma Using thus
method Stefanmi and Crosby (1950) have claimed that the labile
factor 15 consumed m normal clotting In fact this means that
normal serum will not correct the defect m stored plasma to the
same extent as normal fresh plasma

Munro and Munro (1947) found that raising the pH of plasma
to 10 5 altered 1ts coagulabiity on the addition of bran emulsion
and calaum The defect caused by this treatment was corrected bK
the addition of serum dicoumann plasma or plasma adsorbed wrtl
Al(on)

I(n addition to these observations three independent groups of
workers demonstrated the presence m normal plasma of an accelera-
tor of blood coagulation which was vanously called Factor V
(Owren 1947) and later renamed pro-accelerm (Owren 1950)
ac-globulin {Ware and Seegers 1948a) prothrombm accelerator
(Fantl and Nance 1946 and 1948) All of these workers 1solated the
substance from normal plasma and tested 1ts properties 1 1s0lation
From Table 111t 15 clear that they used siumular methods to prepare
the accelerator and they used the same methods of demonstrating
sts activity  There 15 Dittle doubt that they desctibed the same
substance ~ It 1s proposed to adopt Owrens ongnal name Factor
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V for thus substance because he made the most complete study of its
properties and reactions

Factor V, unlike Nolf’s thrombogen and Quuck s labde factor
has been 1solated from plasma and studied i 1sol1tion by a number of
independent workers all of whom have reached the same conclu-
stons This substance 15 1n all probabihity an essentzal factor m normal
coagulation and 1ts properties and reactions with tissue extracts

will be considered in det:

Preparation of Factor V

The details of a stmple method for the preparation of Factor V
are given m the appendix In prmaple the method 15 shown m
Table 12 All formed elements are removed from the plasma by
centrifuging and prothrombin 1s adsorbed with BaSO.  The fibrino-
gen 15 removed by precipitanion at 33 per cent saturation with
(NH.,},$O, and the Factor V 1s obtamed by raising the (NH.},SO:
concentration to s¢ per cent saturation The final precpitate of
Factor V 15 dissolved mn 085 per cent saline and dialysed agamst
saline until 1t 15 free from (NH,) SO, The product can be dned by
the lyophil drying method but loses much of 1ts actwity

TaBte 12

‘Whole oxalated blood
centnfuged

Clear plasma

‘treated with
BaSO, and
centrituged
BaSO, /'
prothrombin
Supernatant
treated by
33 per cent saturation
(NH 1,80,
Supernatant
Factor V and
Precip tate antthrombin
fibrwogen ‘weated by 50 pee cent
satuati
WHTxSO.
Supernatant
Preap tate / antithrombin

FACTORV
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Properties of Factor V

The matenal prepared by thus method from human plasma 1
usually relanvely free from prothrombin  fibnnogen and ant-
thrombin though the substance prepared from o;{ylzsmn usuall
contans some prothrombn  Naturally the removal of these we!
recognuzed components does not mean that the product 1s ‘pure
1n that 1t consists of a single substance The Factor V ( Ac-globulin )
prepared by Ware and Scegers (1948a) was tested electrophorencally
The authors say ‘The best Ac-globulin preparations we have to
cl'au: are not stable for sufficzent time to mawntan full acawity dunng
electrop prep ut §
per cent of prothrombm as impunty “Two major components
predomunate One of these move with 2 mobility of ~2 96x 10~
hich corresponds to beta globulin The other component gave
the mobility —4 73X 10~* 1t very likely represents Ac-globulin *
If we asume that this rapdly moving component represents
Ac-globulin then our product 1 somewhere 1n the neighbourhood
of 50 per cent pure

These workers have used the greatest care 1n the prepatation of
their accelerator and they are aware that it probably contans so
per cent of sut other than Ac-globulin (Factor V) There 1s
therefore sull much work to be done before Factor V can be sad to
have been obtamned in 2 pure form.

Factor V detenorates rapidly on storage and it 15 destroyed by
heatng to so C for half an hour The substance 1s most stable
over a pH range from 5to 9

Factor V and the consersion of prothrombin to thrombus u the presence
of tissue extracts
a mixture of Factor V prothrombin and caletumn chlonde
thrombn 13 formed very slowly or not at all Tussue extract 15
necessary for the formanon of tzxombm from Factor V and pro-
ombin  In a muxture of prothrombin Factor V ussue extract
and caleum chlonde thrombin 1s formed rapidly and a greater total
amount of thrombun 15 formed than when Factor Vs absent These
results are dlustrated 1 Fig 2 Tt appeats that Factor V fluences
both the amount of thrombin formc(r and the speed of 1ts formation
Asanaceel of thrombn fi from punified prothrombn
Factor V 15 active 1n a diution of about 1f500 or the content of
normal plasma Murphy ct al (1948) have shown that the actvity
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disappears rapidly on storage  Owren (1947) finds that Factor V15
reduced 1n serum after storage for three hours to about 15 per cent
of that 1 plasma  Factor V therefore appears to be unhzccr dunng
clotung

/ The accelerating effect of Factor V 1s probably due to 1ts reaction
together with Factor VII with tissue extracts to form a prothrombin
conversion factor prothrombinase (see Chapter IV) In expen-
ments using “punfied’ prothrombin and Factor V' the Factor VI 1s
supphed mn the prothrombm preparations

Occurrence of Factor V

Factor V 15 present 1 all normal plasma samples It 15 present in
normal amounts 1 haemophilta and m the plasma of patients wr
Vitamun K deficiency It may be shghtly reduced m the plasma of
patients recerving dicoumarn but 1t 15 unbikely that this reduction
makes an tmportant contrbution to the coagulation defect In hver
disease, Factor V may be reduced (Chapter XIV) Cases of naturally
occurning Factor V deficiency are described mn Chapter XIV

Measuretnent of Factor V Activsty

The most easily demonstrable effect of Factor V 1s 1ts ability to
mncrease the speed of thrombin formation from punified prothrom-
bin A rough companson of the amounts ofP Factor V m two
preparations can be obtamed by testing the ability of a seres of
diluons of the preparations to mcrease the speed of thrombm
formation from the same punified preparation of prothrombin i the
presence of calaum chlonde and the same tissue extract preparation
The degree of acceleration can be judged by either the one- or the
two-stage methods Thesc methods are not well adapted to
routine use because the preparation of stable punfied prothrombin
and Factor V 15 labonous and cases wath 2 pnmary deficiency of
Factor V are rare

If a case of Factor V deficiency 15 encountered a method of
measuring the extent of the defect can be based on the one-stage
prothrombmn techmique used with plasma  Mixtures of normal and
the Factor V deficient plasma can be made and the muxtures tested
by the one-stage method A curve relatmg concentration of normal
pfvasma and clotang time can then be drawn and the approximate
concentration of Factor V deduced
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Factor V and other aceleration phenomena

Since Factor V 15 a well established coagulation factor the ques-
tion now arises as to whether any of the other less well mvestigated
phenomena can be autnbuted to 1ts actvity The expenments of
Nolf (1908 1928 and 1945) already referred to_almost certaml,
nvolved Factor V. Nolf s thrombogen 1s probably 1dentical wa
Factor V. The term thrombogen cannot be adopted because this
designation has been used by Morawatz (1905) for prothrombin
Quuck s labile factor (1943) 15 also probably identical wath Factor V
The habile factor and Factor V both declie in oxalated stored plasma
but not 1n stored aitrated plasma Both are destroyed by heating to
56 C both are unhized duning coagulation and a punfied prepara-
tion of Factor V will correct the coagulation defect 1 stored plasma

THROMBIN UNITS

10

TIME IN MINUTES

Fg 1o, Thrombin formation tested by the two-stage method 1 mixtures of
Factor V' brain emulsion and calcum chlonde The curves drawn 1 sobid Lines represent
expenments in which the Factor V was supplied by  plasma fracoon. The discontmuous
Ycs seprescat cxperuncnts i which Factor ¥ was supplied by platelets

prothsombin
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Suspenston of platelets and platelet-extracts have an acawity
resembling that of};:actor V when tested with punfied prothrombin
and bramn extract (Ware Fahey and Seegers 1948 Chapter VI)

Th platelet suspensions washed ten times with salme sll retam this
accelerator activity  If Factor V has been adsorbed from the plasma
it 1s firmly held by the platelets ‘The activity of the platcﬁt sus-
pensions appears to be §—  of that present m the plasma (Fig 10)

Hyjort Rapaport and Owren (1954) have shown that platelets from
a Factor V deficient patient have no Factor V activity but of they
are put mto normal plasma they acquire this actrvity and 1t cannot
be removed by repeated washing It appears that platelets have the
ability firmly to adsorb Factor V from plasma

Is Factor V a precursor stibstance?

Several groups of workers who have studied the acuvity of Factor
V' detail have come to the conclusion that Factor V n plasma 1s an
mactive fprccursor of an accelerator of blood coagulation which
appears for the first tme during cloting  This opimon 1s held by
Owren (1947 1950) Ware and Scegers (1948b) Alexander and
Goldstemn (1950} From the followng discussion 1t will be clear
that this conclusion rests on indirect evidence

In 1947 Owren made many expenments in which thrombin
formation was followed by the two-stage method mn nuxtures of
prothrombin Factor V uissue extract and calaum  Owren found
that 1f oxalated plasma was used as the substrate i this test wstead
of fibnogen the clotting trme of the oxalated plasma was unex-
pectedly short suggesting that some of the substrate prothrombin
had been converted to thrombin  Yet the amount of nissue factor
and caleium transferred to the substrate was msufficient to convert
the gzrothrombm to thrombin  Ths finding suggests that an active
pr bin converting sub 1s formed mn the meubation
muxture ongmally this was thought to be an acuve form of Factor
V, but 1t 1s more bikely that the tissue extract had been converted
to active prothrombmase 1n the ncubatton muxture If Factor V
activity was estimated m serum  Owren found that immediately
after coagulation the apparent amount of Factor V was nearly
doubled while three hours later 1t was reduced to 15 per cent of 1ts
ongmal value If coagulation was folloyed mn a muxture lacking
Factor V these phenomena were absents’From this evidence Owren
concluded that Factor V (pro-accelenm) 1s converted durmg
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clotng to an active substance ‘accelenn’ which aceclerates the
comversion of prothtombmn to thrombin  Following coagulation
thus substance disappears  Agan the active coagulnt formed might
have been any actve coagulant formed dunng clottng sncluding
prothrombinase

Ware and Seegers (1948b) found that 1f scrum 15 tested by the
tno-stage method for Ac-globulin (Factor V) activaty the serum 1s
more effective 1 proportion to 1ts concentraton than plasma mn
the comversion of prothrombm to thrombin  Ware and Seegers
believe that this scrum accelerator 15 denved from the plasma
Factor V by the action of thrombin  They observed that, if just
sufficent thrombin was added to ox plasma to coagulate the
fibnnogen the amount of Ac-globulin to be detected increased  If
an excess of thrombin was used, then the amount of Ac-globulin
decreased. They conclude that Ac-globulin in plasma 15 an mactive
substance which 1s converted to an active form in serum - Following
normal coagulation 1n which a relatvely large amount of thrombin
15 formed the amount of Ac-globulin to be detected decreases quite
markedly In 1950 Alexander and Goldstemn confirmed the findings
of Ware and Seegers

These observations show that active coagulant substances appear
dunng cloting that thrombin aceelerates thrombn formaton that
Factor V disappears after clotting 1s complete and that the aceelerat-
ng effect may not occur 1f Factor V 15 absent  These resules do not
prove that Factor V 13 a precursor substance transformed dunng
clotting mto a coagulant though they are consistent with thus
nterpretation

ACCELERATING SUBSTANCES PRESENT IN SERUM

In 1912 Bordet and Delange collected bird and rabbit blood
relatively free from tissue contamination and platelets This blood
coagulated slowly and yielded 2 serum which contamed a large
amount of Pmt{xombm On the addition of platelet exracts
thrombin was formed in the scrum more rapidly than in the corre-
sponding plasma Bordet and Delange drew the conclusion that the
prothrombin m serum was more reactve than that m plasma
( proserozyme wis converted to serozyme ) It s clear that Bordet
and Delange s obscrvations have more than one nterpetation The
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plasma might contam the precursor of an accelerator of blood
coagulation which 15 formed during clotting

Quuck and Stefanimi {19492} and Quick and Hussey (1955) have
revived Bordet and Delanges view of an mactive precursor of
prothrombin as a result of new expenments Quick and Stefamm
found that 1f normal plasma was stored m glass contamners the
prothrombin ssolated from this plasma together with tissue extract
and calcum  gave a shorter clotting time 1n the presence of rabbit
plasma adsorbed with AI(OH), than did the equivalent preparation
of prothrombin made from fresh plasma or plasma stored 1 sihicone
coated contamers Quick and Stefamm clum that this observation
indicates a change 1n reactivity of prothrombun, i other words the
prothrombin 1 fresh plasma differs from that 1 plasma stored
glass The fresh plasma contamns an tnactive precursor of prothrom-
bm which 15 converted to the active form by glass contact This
hypothesis was supported by the discovery of a patient with an
abnormal one-stage prothrombin ime who was fgu.nd to have a
normal amount of prothrombmn by Quick s test when the plasma
was stored in glass  An abnormal proportion of prothrombin was
1 the precursor form  Quuck s hypothests 1s mgentous and 1t may be
the true explanation of his findmgs but 1t must be emphasized that
tus findings could have other explanations The prothrombm
1solated by adsorption may mclude an accelerator of blood coagula-
tion which 15 activated on storage i glass contamners In fact thus
conclusion 15 favoured by Alexander and Landwehr (1949a) who
carried out expeniments on stored plasma which confirm Quick s
findings Alternatively storage m glass may remove a coagulation
mhibitpr as suggested by Tocantins (1045 etc )

In 1948 Owen and Bollman and m 1951 Owen Magath and
Bollman found that prothrombmn free serum would accelerate
thrombmn formation from the plasma of patients under treatment
with dicoumarin - This finding whuch was confirmed by Biggs
(19s51) suggested that dicoumarmn plasma lacks a prothrombin
conversion factor which 15 present m normal serum ™ Thus factor
cannot be Factor V because Factor V 15 not dimumshed i dicou-
mann plasma and 15 absent from serum

de Vres et 2l (1949) and Alexander et al (1949) found that if
plasma was diluted 1 20 with BaSO, adsorbed plasma the clotung
tume of the muxture mn the ‘frcscncc of tissue extracr and calaium
chlonde was shortened considerably by the addion of 1/20 volume
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of normal serum The muxture of normal plasma and BaSO,
adsorbed plasma contams an excess of Factor V thus the shorterung
effect of scrum could not be due to Tactor Vactuvity - These workers
found that the amount of acccleraton produced by serum was
mencly related to the amount of prothrombin contamed in the
serum 1 much prothrombm remained 1n the serum then there was
htdle accelerating actvaty It 15 inferred from these results that an
accelerator of coagulaon appears dunng the coagulanon process
Thus accelerating effect 15 removed from serum by adsorbtion with
BaSO, ‘The accelerating effect of the serum of patients recerving
dicoumanin 18 less than that of normal serum

Owren {19503 1951 1952) has postulated a substance 1n serum
called proconvertin  This substance 13 proposed from several Lines
of rescarcch  When ox plasma 15 passed through a Seitz filter the
treated plasma will not clot on the addinion of tissue extract and
alaum  Since the filtered plasma contams an excess of Factor V
1t was usually assumed that the farlure of thrombin formanon is due
to the absence of prothrombin  But Owren found that in certan
experiments a mxture of filtered plasma serum tissue extract and

um clotted rapidly  This upur clotang indicated that exther the
filtered plasma or the serum must have contaned prothrombin
tinally  Owren {1p50a) favoured the view that normal serum
contamed prothrombin and that the filtered plasma contained an
essential of prothrombin  Later exp Owren
1951 1952) showed that tus view was wrong  The filtered plasma
contains prothrombin which cannot be canverted to thrombin 1n the
presence of Factor V bran extract and calewm  An essential acn-
vator ( proconvertn) was removed from the plasma by Seiz
filtration but was present i scrum  Owren (19501 1951 1952)
holds the view that duning clotting an active coagulant converun
1s formed from proconvertin  ‘Thus acuve substance disappears
quite rapidly from scrum leaving an excess of residual proconvertin
Thus comertin phenomenon may of course often be duc to the
presence of prothrombinase  Proconvertin 15 deficent 1 the
plasma of patients treated with drugs of the dicoumarin group

Owren 59 50a) has demonstrated the conyersion of proconvertn
to convertin in the plasma of 3 patient deficent i Factor V If
calum chlonde 1s added o this patient 5 plasma clotang 1s delay ed
but 1t can be shown that some change 15 occurrng 1 the plisma
because when Factor V 15 2dded to the muxture of Factor V deficient
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plasma and caleium  the clottng time of the muxture shortens pro-
gressively as the time of incubation wath ealeium 15 imcreased (Table
13) ‘Proconvertin 15 adsorbed from serum with A{OH), and
BaSO, and thus differs from Factor V which 15 not adsorbed by
these substances According to Owren convertm 1s formed froma
reaction between tissue extract proconvertin and CaCl, (Owren
etal 1954 see also Chapter IV)
‘TABIE 13
THE EFFECT OF INCUBATING THE PLASMA FROM A PATIENT DEFICIENT IN

PACTOR V WITH CALCTUM OR CAICIUM AND YISSUB EXTRACT ON THE
CLOTIING TIMB ON THE ADDITION OF FACTOR ¥ {fROM OWREN 19502)

Parahaemophslia plasma Without Factor V' | 10 mmmites
+Ca
Tncubatior  tume | Clotting tme
before addition
of Factor V
Addition of Factor V 03ec 69 sec
30 39
6o 30
90 a7
120 25
Parahoemophtha-plasma+ | W sthout Factor ¥ 120 sec
tissue extract Dol 1 50+
Ca
Tncubation time Clott ng time
befo e addit on
of Factor
Additon of Factor V 0 sec 28 sec
15 16
30 m4
s 2

Koller et al (1951 1952) have made expenments on a substance
which they call ‘Factor VII Factor VI being a term already used b
Owren for a substance of not very clearly defined indennity wh
tmay be the same as prothrombmase  This Factor VIL1s cectamly the
same as Owrens proconvertin  The experments of Koller et al
show quite conclusively that Factor VII 1s an aceelerator of pro-
thrombin conversion 1n the presence of tissue extracts

These lines of expenment were constdered because they have
features 1n common The serum accelerators described by Owen
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and Dollman (1948) Alexander and co-workers (19492) Owren
(19502 andb 19$1) and Kollereral (1951 1952)areall adsorbed by
BaSO, and have a demonstrable effect in the presence of an exeess
of Factor V and ate deficient in the plasma ofl;mmu treated with
dicoumnann_ In patients treated with dicoumann there 15 often 2
d between the red of prothrombin and the accelera-
tot indicating two independent deficiencies In the early stages of
treatment there may be a greater reduction of the accelerator than
of prothrombin (Owen and Bollman 1948 Owren Magath and
Boﬁmm 1951 Koller et al. 1951}

The serum accelerator appears to be a definute substance It
effect has been observed by several groups of workers who are
teasonably agreed on the mnterpretation of its propernes  The
substance 15 deficient 1n the blood of patients treated with the
dicoumann group of des and, as will be shown later {Chapter

thrombin may be deficient when the acee 15 Lirtle

altered quantity

Nomenclature
e serum aceelerator has been called a prothrombin conversion
factor (Owen and Bollman 1948) serum prothrombin conversion
3} orSPCA (Al der et al 10492 and de Vries et 2
1949) proconvertin (Owren 19502 1951) and Factor VII (Roller
ctal 1951) ltas proposed to use the term Factor VII suggested
by Koller et 2l The names used by Owen and Bollman' {1948)
and Alexander et al (19493) have precedence but they are not
very satsfactory  Owen and Bollman s term  prothrombin con-
version fictor could equally be apphed to Factor V' The term
SPCA wed by de Vnes et al 1 sufficently speaific but the
expennments of de Viies et al were carned out with the one-stage
prothrombin method and the system used for the measurement
of SPCA 15 based on the assumpuon that this method an
give a g o hrombin  Actually thas
method ‘of tudes the posubility of d g
SPCA sctviry n normal plasma Owren's conception of pro-
converun and convertin seems to us to be premature  Con-
verun activity 13 probably often due to the presence of 2 not very
dearly defined mtcrmcgnc product tfu: formation of the
durect activator of prothrombin or to the presence of prothrom-
bitase 1tself The nature of the y which d
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products are formed during normal clotting and the relation of these
products to coagulants derived from tissue extracts 15 n our opton

sull obscure  Koller etal (1951) gave the first defimteevidencethata
scrum factor accelerates prothrombin conversion i the presence of
ussue extracts Thar term Factor VII 1s sufficiently speafic for
present purposes without implymg the occurrence of any specified
reaction

Mode of Actren of Factor VII

Koller et al (1951) and Owren (19502 and 1951) have shown that
in the absence of Factor VII prothrombmn will not react wath Factor
V bram extract and CaCl,  Koller et al (1951) have shown that
the concentration of Factor VII has a marked effect on the speed of
prothrombin conversion but had no effect on the amount of throm-
bin formed

Analysing the nature of the accelerating effect of Factor VII most
authors are now agreed that some reaction between the tissue extract
and Factor VII occurs Jacox (1941) showed that the coagulant
actvity of brain extract was mncreased by mcubating the extract
with normal serum  Mann and Hurn (1951) have also demonstrated
a reaction between brain extracts and some plasma or serum factor
Owren (19502 1951 1955) has suggested that Factor VII reacts with
brain to form a spectfic intermedtate product convertn  Biggs
Douglts and Macfarlane(r953b) and Hardusty (195s) Flynn and Coon
(1953) Owren et al (x954) have presented evidence to show that
both Factor V and Factor VII react with brain extracts to form a final
prothrombmn converting substanice or prothrombmase {sec Chapter
IV) These expeniments are cssenuiy m agreement with the
general view put forward by Owren m 1955 The only difference
of opmion between oursclves and Owren 15 that we hesitate at
present to be specific about the extact nature of the substances formed
as mtermedaate products in the formation of prothrombrnase from
tissue extracts nor are we certain that the tissue activator 15 identical
with the activator denved from blood constituents

The Meastrement of Factor VII activity

Alexander et al (1949a) and de Ves et al (1949) have measured
the effect of the serum accelerator by the extent to which serum
shortens the one-stage clotting time of a muxture of normal plasma
and plasma treated with BaSO,  Sice BaSO, adsorbs Factor VII
and prothrombn the substrate for the test (normal plasma diduted
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wth BaSO, treated playma) 15 deficient 1n both of these substances
Alexander et al assume that the extent to which increasing concen-
trauons of plasma shorten the one-stage clotng ume of muxtures
of normsl plasma and BaSO, treated plasma will be 2 measure of the
prothrombin content of the plasma  Since serum contains hutde
prothzrombm the shortening of the dlotting time caused by serum
cannot be attnibuted to prothrombin but must be due to the
acgelerator Thus the amount of Factor Vil1s measured as 2 duffer-
ence between the reduction expected from the amount of pro-
thrombin m the serum and the actwal reduction observed. Thus
method assumes that the one-stage method as carmed out by
Alexander et al gnes 3 measure of prothrombin an assumption
which 1s not well founded  Normal p&xmz contamns Factor VILn
addition to prothrombin and since the sut 15 deficient 1n both
Factor VII and prothrombm the shortening of the clotung time
caused by normal plasma may be due to the addition cfg etther
prothrombn ot of Factor VI
Factor VI 18 greatly reduced in the plasma of patents treated
with drugs of the dicoumann group Dunng the first few days of
prothrombin 13 not sigruficandy zgnomul Dunng ths
peniod of treatment plasma samples with a long one-stage pro-
thrombin time may be used to test the extent of Factor Vil deficiency
1 an unknown sp Prop 1 of normal plasma
and the thma of the patient treated wath the anticoagulant zte
made and tested by the one-stage method. Similar maxtures of the
plasma to be tested wth th= plasma from the anucoagulant treated
patient are also tested and the two sets of results compared. Owren
1950 has used a sinlar method using the plasma of a patient with a
congenstal deficiency of Factor VII
Koller et al {1951) and Owren and Aas (1951) have devised 2
method for measunng Factor VII based on the use of Sextz filtered
ox plasma. With carefully controlled condinons 1t 15 posible to
prepare Senz filtered ox plasma which contans prothrombmn but
whch facks Factor VII_ Using the one-stage method the amount of
Factor VII present can be recorded by testing the ability of normal
and a simular abnormal specimen to shorten the clotung nme of the
Seatz filtered ox plasma

The Properties of Factor VII
Factor VII 1s a proten found m the beta-globulin fraction of
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normal plasma and serum {Owen and McKenze 1954) It 1
adsorbed from normal plasma and serum by morganic precipitates
such as BaSO, Al{OH), Ca,(PO.)s etc It 15 heat labile and des-
troyed by pH3  Factor VII activity 1s difficult to extract from plasma
because by most fractionation methods prothrombin and Factor
VII ate precipitated or adsorbed together Koller (19s4) has
dcvclopcdp a chromatographic method by which prothrombin and
Factor VI can be separated from each other

Factor VIl accelerates the conversion of prothrombn to thrombin
in mixtures contaming Factor V, tissue extracts prothrombn and
CaCl, Factor VII 1s defictent m the blood of patients treated with
the dicoumann group of drugs m vitammn K defiaency 1w hver
disease 1 haemorrhagic disease of the newborn and occastonally
as a congental defect (see Chapter XIV)

Is Factor VII present 1 plasma as a precursor substance?

Smce Factor VI and prothrombmn are separated only with
difficulty 1n plasma Factor VI activity 15 often studied m serum
The use of suistratcs deficient 1 Factor VII but contamnmg adequate
amounts of prothrombun facilitates the study of Factor VI m plasma
Using the plasma of a patient treated with tromexan (deficent m
Factor VII) the Factor VII actmty of plasma and serum were
compared (Table 14) It will be seen that the addiion of a small
amount of serum causes a far greater reduction of the one-stage
prothrombin time than does the addition of the same amount of

‘TASLE 14
‘THE EFFECT OF ADDING VARIOUS ACCELERATING SUBSTANCES ON THE ONE-STAGE
PROTHROMBIN TIMB OF TROMEXAN PLASMA

Source of Dilution of accelerator added No
accelerator accelerator]
Yo 1o xfs0 1fSo 1160 1/320
Normal Plasma| 20 22 22 33 25 26 26
Prothrombi ° 23 2 25 s 27 26
deficrent
plasma.
Normal serum 14 16 19 2t 22 23 26
Serum from
prothrombsn 15 16 19 at 2 23 26
defiaient pauent]
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plasma Tt wall also be noted an this table that the plasma and serum
of a prothrombmn defictent Jv:ucm have the same effect as normal
plasma and serum It would appear that the Factor Vil actviey of
serum 15 greater than that of plasma

If the serum 15 denved from blood collected into silicone coated
tubes the actvity of the serum judged by its ability to shorten the
one-stage clotung time of Factor VII deficient plasma is the same as
that of plasma. The addibonal activity was developed in the serum
of the prothrombin defictent patient only if the blood was shaken
with glass beads dunng clotng  Haemophilic serum develops
acuvaty supenior to that of the plasma. On tﬁc few occasions tested
Chrtstmas disease serum appears rather infenior to normal serum
thoughthepl vities are comparable Th ltssuggest that
contact with glass during clotting makes some change m Factor VII
which appears to be m a2 more active state m serum

Rapaport et al (1954) have demonstrated clearly that contact with
glass affects the Factor VIT acuwity of plasma  Contact with glass
causing 4 marked merease in Factor VII acuvity when compantson
1s made with the same plasma collected and stored mn 2 sihicone
coated vessel These results are certainly to be attributed to the same
cause as those desenbed by Quick and Hussey (1955) and Alexander
and Landwchr C(}:g.wa) already referred to Quick and Hussey con-
clude that the changes 1n one-stage prothrombmn tume which occur
on contact with glass are duc to an alteration m the reactive state of
prothrombin  The decision between these two views rests on some
method other than the ge prothrombin time for
grot}uombm Rapapon etal (1954)have used a quantiative method
or prothrombin deter m ther exp therr inter-
pretation of the results 15 therefore the more probabl firming
the opunton of Alexander and Landwehr (19493)

Thesc results suggest that dunng clotung m contact with glass or
on prolonged exposure of plasma to glass some increase 1n Factor
VII acuvity develops  Whether or not this change 1s due to the
acurvation of Factor VII or the removal of some mhibitory factor
has not been determned The results given in Table 13 also demon-
strate that the prolonged prothrombin tme caused by the
dicoumann drugs 1s duc mzml‘; to Factor VII defiaency ~The
clotung tume 13 more greatly shortened by serum {which contams no
ﬁmdnombm) than by plasma and a prothrombm deficient sample

chaves m the same manner 25 the normal
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From this general confuston two factors or sets of consistent
phenomena emerge  Factor V 15 a labile substance which 15 con-
sumed duning cloting 1s not adsorbed by Al(OH), BaSO,
Ca,(PO.). etc Factor V 15 required for the rapid conversion of
prothrombin to thrombin with brain extract and CaCl, Factor VII
15 a stable substance which may be present in plasma 1 an mactive
form 1t 15 present in serum and therefore not consumed durng
clottng 1t 15 adsorbed by Al(OH), BaSO, Ca,(PO,), and 152
beta-globulin - This substance 1s also required for the rapid con-
version of prothrombin to thrombin by bram extract and CaCl,
Natural deficiencies of both Factor V and VII are described (sce
Chapter XIV)

SUMMARY TO CHAPTER V

Two Factors Factors V and VII appear to be necessary for the
rapid conversion of prothrombin to Lﬁrombm m the presence of
tissue extracts and CaCl,

Factor V 15 obtamed from plasma 1t 15 not readily adsorbed by
Al(OH), BaSO, etc It deteriorates 1 stored oxalated plasma and
15 precipitated by 50 per cent saturation with (NH,),SO, Factor V
15 used up during cloting and 15 therefore absent from normal
serum  Factor V 1s probably synonymous with Nolf s Throm-
bogen wath the labile factor ‘wath plasma accelerator globuln and
with pro-accelenn

Factor VII 1s usually prepared from normal serum where 1t 1s to
be found m the beta-globuln fraction It 15 strongly adsorbed by
Al{OH) BaSO, etc Itis not used up dunng clotang  Factor VII
1s deficient 1 the plasma of patients treated with the dicoumarm
anticoagulants  Factor VII 15 probably synonymous with the stable
factor serum prothrombin™ conversion accelerator (SPCA)
cothromboplastin and proconvertin

Factors V and VII probably react with tissue extract m the pres-
ence of CaCl, to form a prothrombin converting substance pro-
thrombmase



CHAPTER VI
PLASMA THBROMBOPLASTIN

In the classical scheme of blood coagulation the factor which
begans the whole process of clotting 1s thromboplastin and st 1s often
taatly assumed that this 15 denved from damaged ussues But
normal blood taken with carc to avoud the least contammaton with
tssue flmd, clots firmly and rapudly It 15 clear that 1t must contan
an mtrnstc source of thromboplasun which 1 d followmng
contact with a foreign surface This intnnne thromboplastin would
seem to be of greater physiologeal smportance than the tissue
extracts which have been studied so extenuively since the latter
probably have itdle chance of pamusaxmg in natural cloting The
wtnnsic thromboplastn 13 contaned 1 the plasma, snee plasma
clots as readily as blood on contact with glass” and throughout this
chapter therefore, 1t 18 referred to 2s *plasma thromboplasun - The
gen cafic term thromboplastin 15 used rather than pro~
thrombrnase (‘;cc Chapter IV) becausc 1t 15 not yet certan whether
or not the plasma prothrombin activator 1s a single substance or 2
muxture and whether or not the final prothrombin activator 1
1dentical with that formed from tissue extracty

The ongn of plasma thromboplastn 15 difficult to study because
the development of thromboplastic :ctmt& in plasma s far removed
from the thrombin-fibninogen reaction the indicator by which all

of coag must be d Thedea that the plasma
stself pught contamn m an wnactve form 1ts own thromboplastin
which was activated as the first stage in the process of coagulanon
was put forward quite dearly by Collingwood and MacMahon
(x912) They considered that a precursor of thromboplasun which
they alled prothrombokinase ~ was denved from the platelets or
from small platclet-like bodies 1n the plasma  Thus prothrombo-~
kinase was activated in some way as the itial stage 1n coagulation
and 1t 1s mterestng that they observed that thys process was hastened
by the addion of serum” which they supposed provided euther
pre-formed thromboplastin or some of prothrombok
Curously the 1dea of potential thromboplastic actvity residing n
the plasma recerved very little senous attennon until comparanvely

" ”
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recently though certain authonties mcluding Nolf and Lenggen-
hager have always mamtamed that the plasma contams all that 1
necessary to imtiate 1ts own coagulation on contact with a foreign
surface  The nature of a possible mechamsm for generatmg throm-
boplastin was seldom considered

A study of thus problem can be made by considerng the dlottng
tume of atrated plasma to which calcium chlonde has been added
In expenments with prothrombin and Factor V separated from
plasma no thrombmn 15 formed unless some thromboplasan 15
present  Since atrated plasma clots on the addition of calaum 1t
must be presumed that some thromboplastn 1s present  The
addition of tissue extracts to normal plasma greatly decreases the
clotting time 1n the presence of calcium chlonde and 1t may reason-
ably be thought that thromboplastn 15 2 lmting factor 1n the
clottmg of normal plasma  If thromboplastin 15 the mam linitng
factor a value for the thromboplastin content of plasma may be
denved from the loganthm of 1ts clotng ttme as suggested m
Chapter IV Accordmng to this criterion the thromboplastin content
of normal plasma would be equvalent to 2 1/10 000 dilution of 2
bramn suspension which undiluted clots normal plasma m twenty
seconds

THE PLATELETS AND PLASMA THROMBOPLASTIN

Bordet and Delange (1912) thought that the plasma thrombo-
plastn came from platelets They found that the plasma of birds
freed from the cells comparable to platelets became mcoagulable
The plasma of rabbuts co]f:ctcd 1nto paraffin-coated contamers and
freed by centnfuging from most of the platelets clotted slowly and
1 this plasma ittle of the prothrombin was converted to thrombm
when coagulatton was complete A large amount of prothrombin
could be found m the serum denved from the clotting of platelet
poor plasma twenty-four hours after coagulation

If any analogy can be drawn from bird blood this evidence
suggests that platelets are a source of thromboplasun But if
platelets constitute the thromboplastin of plasma  they behave quite
differently from bran extracts because an mncrease m the platelet
number above that occurnng 1in normal plasma does not lead to a
corresponding decrease 1 clotung time Increase i platelets does
not decrease the cloting time of normal plasma to less than about
sixty to eighty seconds whereas with bram extract 1t 15 possible to
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obtam clotng umes of twehe scconds  Morcorer 1f whole
plasma contaming 1ts normal number of platelets 1s eollected mto 2
silicone contamer coagulation 15 slow, and hittle prothrombn 18
converted to thrombin although the normal number of platelets 15
resent
F These expenments suggest 3 number of possible conclusions 1€
phatelets are the source of thromboplastin 1 normual plasma then
thrombophastn 15 not the hmitng fictor m coagulation because
increase in plateler number does not lead to an cquivalent shortening
of the clotung ume  Alternatn el} the thrombaplastin m plasma has
mote than one component  Platelets may be one component which
ator below their normat level 192 hmitng factor n normal dlotung
The second component becomes a limuting factor when platelets
ate mereased  Another conclusion which seems to follow from the
expenmental results 1s that platelets as they occur in the arculaung
blood have much less actvity than platelets which have been ex-
Eo:s:d to gliss  Or alternanvely a sibicone surface mhubuts throm-
plastic activaty
Another index of plasma thromboplastic acvaty 1s the conversion
of prothrombin to thrombin dunng i en normal
whole blood clots m a glass tube most of the prothrombin 1s con~
verted to thrombin by the plasma thromboplastic system When
thrombocytopemic blood clots then much prothrombin remains 1n
the serum (Bordet and Delange 1912 Quick 19472 Brinkhous 1947)
From this cntenon platelets must contnbute to thromboplastic
actvity
Further imf about platelet thromboplastin can be obtained
from expenments on relatively punfied coagulation factors When
Factor V prothrombin and calcium ehlonde are incubated together
very littde thrombin 15 formed unless some thromboplastm 15 added
The abibty to accelerate thrombin formanon from Factor V and
prothrombin may bc used as an indication of thromboplastic
:cmnt\{l Platelets added to Factor V and prothrombin stumulate
slow thrombin formation suggesting some thromboplasue acuviey
(Tig 1) These findings agree with those of Ferguson {1949) In
terms of bram exract this actvity 15 very shght and 1s probably com-
parable to a 1/100 000 dilution of 2 bram preparation which clots
normal plasma m 20 seconds when undiluted “Thas platelet throm-
bcshmn resists bolling In addsnon st hasbeen t'ouns (Ware Fahey
and Scegers 1948) that platelets have Factor V activity m that they
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Fig 11 The formation of thrombin was folfowed by the two-stage method in nutures of
prothrombin Factor V. platelets and caleum chlonde (@ —@) The prothrombin Facror V
and platelets were plasma, In p {x—x) the fib
gen fraction from hacmophilic plarma was added to the muxure In 1 second expenment
(0—0) the fibnnogen frachion of normal plasma was added

will accelerate thrombin formation m a mixture of prothrombin
brain and caleium chlonde (Chapter V)

‘Tested i 1solation platelets have two distinct accelerating effects on
thrombin formation of these two cffects the Factor V activity 15
much the more potent The thromboplastin activary 15 shght and
there has been some doubt as to whether or not very !
actvity can play any sigmificant part in normal thrombin formation
(Ware Fahey and Secgers 1948) It 15 certamly difficult to see how
so small an amount of thromboplastin could have much effect i the
presence of potent plasma annthrombin and possbly also ann-
thromboplastin

TWO COMPONENTS OF THROMBOPLASTIN
Macfarlane (1942) suggested that two factors were mvolved 1n
thromboplastin formatnon a lipoid substance derived from the
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platelets and possibly cxstng 1n other forms in the plasma and an
enzyme-like labile factor  On contact with a foresgn surface some
reaction d lung 1 the fc of actve throm-
boplisan This supposiion was based by analogy on the observa-
won that Russells viper venom which has a powerful throm-
boplastin-hike action 15 greatly potentiated by tissue hpotds (Trevan
ans Macfarlane 1936b) and 1sincapable of co:guhm:f; lasma from
which all platelets and hpord have been remove szcﬁxlme

Trevan amr Attwood t941) The observanon that human saliva
contamns a labile coagulant similarly dependent fot 1ts acton upon
the presence of hipotd or platelets suggests that a factor actng hke
Russell s viper v enom 15 2 physiological component ofhuman nssues
and may well exast i plasma

ANTITAEMOPIILIC GLOBULIN AND PLASMA THROMBOPLASTIN
Platelet nch haemophilic playma has a long clotng time on
recalaficanon and, since st 1s rapsdly clotted by issue extracts st must
be concluded that b phulic plasma 13 deficrent 1n plasma throm-
boplasticactivity The platelets of haemophlic plasma are apparently
normal because they are as effictent as normal platelets in convertiny
the prothrombin of thrombocy topemc blood to thrombin SQm
1947 Brinkhous 1947) Quick and Brinkhous found that 1f platelets
wete removed from haemophikic plasma and from normal plasma by
gh speed centmfuging in siheone coated apparatus the hacmophihc
platelet-free plasma would clot normally on the addition of either
normal or haemophilic platelets provided that a small proportion of
normal plasma was also added It therefore appears that the presence
of platcﬁu and of normal plasma contaming antthaemophihic factor
13 essential for the coagulation of haemoplulic blood ~Quick con-
cluded from this expertment that normal plasma contuns a precursor
of thromboplastin wiuch he termed thromboplastinogen” and that
ths 13 actvated by 3 factor denved from platelets which dismtegrate
on contact with a foregn surface ; Brinkhous supposed that the
latelets contamed thromboplastin“and that ther disruption 18
rought about by a plasma factor which 1s acvated by contact with
a foreign surface and which he called thrombocytolysn®  Both
workers ageeed that 1t 15 the plisma factor which 15 deficrent
haemophilia, 1n other words that the anthaemophulic factor reacts
m some way with the platelets after contact wath 2 foreign surface
The result of this reacuion s the development of thromboplasnc
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Fig xt The formanon of thrombn was followed by the two-stage method i myvturss of

prothrombua Factor V' platelets and calaum chlonde (@ ~@) The prothrombun Factor V

and! platelets we d from haemophulic plasma. § p (- x) the fbmno-

gen fracnon from baemophulic plasmaa was added to the guxture In a stcond expenment

{00} the Abrmagen fraction of nozmal lastna was added

wll accelerate thrombin formation m a muxture of prothrombun

brain and calerum chlonde (Chapter V)

Tested m 1solatton platelets have two distinet accelerating effects on
thrombin formaton of chese ewo effects the Factor V actviey 15
much the more potent The thromboplastin actvaty 1s shght and
there has been some doubt as to whether or not this very small
acavity can play any sigmficant part in normal thrombin formation
(Ware Fahey and Seegers 1948) It s cerramiy difficult to see how
so small an amount of thromboplasun could have much effect in the
presence of potent plasma anuthrombin and possibly also ant-
thromboplastin

TWO COMPONENTS OF THROMBOFLASTIN
Macfurlane {1942) suggested that two factors were mvolved i
thromboplastin formation a hipoid substance denved from the
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platelets and possibly exusting 1 other forms i the plasma and an
enzyme-lke labile &c!or On contact with a foreign suzface some
reaction occurred resulung m the formaton of active throm-
boplasan  This supposiion was based by analogy on the observa-
won that Russells viper venom winch has a powerful throm-
boplastn-hke action 15 greatly potentiated by tissue hipords (Trevan
ang Macfarlane 1936b} and 18 mcapable of coagulating plasma from
which all platclers and hpord hare been removed (Macfarlane

Trevan amr Attwood t941) The observation that human saliva
contamns 2 labile coagulant similarly dependent for 1ts action w

the presence of lipowd or platelets sugpests that a factor actng bike
Russell s viper venom 15 a physiological component of human nssues
and may well cast in plasma

ANTIRAEMOPIILIC GLOBULTN AND PLASMA THROMBOPLASTIN

Platclet nich haemophilic plasma has a long clotung tme on
recalmficanion and, smee it 3 raprdly clotted by tissue extracts st must
be concluded that haemophilic plasma 13 deficent 1n plasma throms
boplasncactwity The platelets of haemophihic plasma are ap ly
normal because they are as efficient as normal platelets m converting
the prothrombin of thrombocy blood to thromt Lch
1947 Bonkhous 1947) Quuck and Brnkhous found that if platelets
werc removed from haemophihic plasma and from normal plasma by
gh speed eentmfuging mn siheone coated apparatus the hacmophihe
platclet-free plasma would clot normally on the addinon of esther
normal or haemophilic platelets provided thata small proportion of
normal Flzsmz wasalsoadded 1t therefore appears that the presence
of platclets and of normal plasma containg antihaemophilic factor
18 essential for the coagulation of haemophilic blood. »Quick con-
cluded from this expertment that normal plasma contamns a precursor
of thromboplastin which he termed thromboplastnogen” and that
this 13 activated by 3 factor denved from platelets which dimtegrate
on contzct with a foreign surface . Brinkhous supposed that the
ghtdm contamed thromboplastn™and that therr disruption 13

rought about by a plasma factor which1s actvated by contact with
a foregn surface and which he called thrombocytolysn  Both
workers agreed that 1t 15 the plama factor wluch 15 deficient
haemophilia, 1n other words that the antthacmophilic factor reacts
1 some way with the platelets after contact wath 2 foreign surface
The result of thus reaction 15 the development of thromboplasnc
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actmty\"quck (1951a) has further suggested that platelet dis-
ruption 1s facihtated by thrombin so that the process ochoagulauon
15 selfracceleratng  Shinowara (1951a and bf has carmed these m-
vestigations a stage further by separating what he considers to be the
two components of blood thromboplastin - One of these 15 obtamed
from the blood cells including the platelets and 15 a ipotd or lipo-
rotein the other component 1s present mn the plasma and 15 2 heat
bile protem The two factors together form active throm-
boplastin  but are mactive sepatately and appear to combme
storchiometrically He suggests that the labde plasma component
1s identical with annhaemophilic globulin and has shown by
quantitative separation that 1t 1s deficient 1 haemophilia

THROMBINUNITS

2 4 6 8
TIME IN MINUTES
Fg 12 ‘The formation of thrombin was followed by the two-stage method n a ruxture of
prothrombin Factor V fibinogen platelets and calwm chlonde (0—0) The experment
was then repeated with a final concentration of 0 008 unuts of thombin 1n the ncubaton
muxtute {(x—x)

Graham Penick and Brnkhous (1951} have shown that ant-
haemophilic globulin appears to be consumed during the coagula-
tion of normal dog blood so that very little remamns mn the serum
Its consumption appears to run parallel to the consumption of pro-
thrombm and thrombocytopentz or absence of contact wath 2
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foreign surface which reduce prothrombin consumption also reduce
1 1.1

philic factor ¢ p Thus may mean that prothrom-
bin consumption 15 dependent on anthaemoplulic factor p
non or that annb hilic factor 1 d 1n some process

which 1t 1tsclf dependent on the products of prothrombin cons ersion
Qur own obscrvations on the activity of antthacmophulic factor in
thrombn generauon are descnibed 1n 2 later section

Exp with solated i factors have shown that the
fibnnogen fraction of ‘pbxmz which contains the anthacmophihie
globul the boplasc actvity of platelets (Fig 11)
This expenment also supports the view that the anthaemophilic

Jobulin 15 m the f 1

of plasma \:
i P ents with relatively punﬁcs coagul factors the
presence of a munute trace of thrombin aceelerates thrombin
fc rom prothrombin (probably g Factor VII)
Factor V fibnnogen and platelets (Fig 12) Thus plasma thrombo-
plasun hike tissuc thromboplastn 15 more cffectnic tn the presence
of thrombin.

PLASMA THROMBOPLASTIN AND THE
GENERATION OF THROMBIN

The actwty of the plasma thromboplastin system can be studied
further usting the two-stage method 1n plasma or whole blood In
Fig 13 the effect of adding a low concentration of bram extract to
plasma 15 shown A 1/1000 dilution of brain extract shortened the
clotting tume of the plasma from 2-3 nunutes to about 1 runute yet
the general pattern of thrombin formation tested by the twostage
method 18 similar to that i the speaamen to which no tssue extract
bad been added. Examuning thus figure the stnking feature of the
expenment m which no extract was added 1s a delay of about 2
nunutes when no thrombin can be detected. After this delay there 1s
3 rapid generanon of thrombin  If thus rapid thrombin generation
an}iac taken to indicate the appearance of intnnste thromboplastic
activity of plasma then clearly 1t must be a very powerful throm-
boplastin to cause such an explosive generation of thrombin When
the 1/1000 dilutton of brain extract was added to the plasma its smam
effect was to shorten the delay phase but not noticeably to alter the
general pattemn of thrombin formation  In hacmophikic plasma
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acnvnty\’chk (19512) has further suggested that platelet dis-
tuption 1s facihtated by thrombin so that the process of coagulation
1s self-accelerating  Shinowara (1951a and b; has carned these in-
vestigations a stage further by separating what he considers to be the
two components of blood thromboplastm  One of these 15 obtained
from the blood cells mncluding the platelets and 15 a ipoid or hipo-
frotcm the other component 15 present 1n the plasma and 13 a heat
abile protem The two factors together form actve throm-
boplastin, but are mactive separately, and appear to combine
stoichiometnically  He suggests that the labile plasma component
1s 1dentical with antthaemophilic globuln and has shown by
quantitattve separation that 1t 1s deficient 1 haemophilia

THROMBIN UNITS

2 4 [ 8
TIME IN MINUTES

Fyg 12 The formaton of thrombin was followed by the two-stage method 1n 3 mxture of
prothrombun Factor V fibnnogen platelets and calcium chloride (O~0) The expenment
weas then repeated wath 2 fimal concentration of 0 008 umts of thrombin 1 the mcubation
maxture (x-—x

Graham Penick and Brnkhous (1951) have shown that anu-
haemophilic globulin appears to be consumed during the coagula-
tion of normal dog blood so that very little remams 1n the serum
Its consumption appears to run parallel to the consumption of pro-
hrombin and thrombocytopena or absence of contact with a
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THROMBIN UNITS

10 4

O 2 4 & 8 0 2 14 16
TIME N MINUTES

F\g 34 The o pormal whale blood i gluss tubes

g«nnm 1t cactied out
Grproda ¥ etbarg the adion of teeomben 1o the blood. The presemce
of l;y grodrindrin delay phase before ppsd thrombin formation occurs.

THROMBIN UNITS
8

[-J

&

n

v T ™
2 4 [ 8 10 12
TIME N MINUTES
Fg 15 Thethcombin gnerston et s cormed out o oranal whole bood collectad mto

ted tebe wath aod withut the 3dditon of ta per cent o€ ormal seram. The
rescnce ofscrum shortens the delay phise before sopid thrombua formton oo
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the mtansic ﬂuomfggphsnc activity of plasma as demonstrated by
the two-stage method 18 absent.

‘The development of thus mtrinsic thromboplastie actvity can be
stacied in whole blood or m plasma separated m sihcone-coated con
tamners with no added anticoagul See App hromb
generation test) In whole blood the general pattern of thrombin

THROMBIN UNITS
a 4

T u T

o 2 4 ]

TIME IN MINUTES
F:fau The twostage test was carned ouz on two puxmnres. (1) Normal plams sahoe and
calerum chlonde i equal parts (x ~ x) {2) Normal playma bram emulsian diduted 11000
avd calouss chlonde 1o equal parts (©— Q) The one-stage clottng tumes of the puxwuees
e shown @
formation 15 symtlar to that an recalesfied astrated plasma There 153
marked delay phase 1 which no thrombm can be detected which
lasts untd coagulation occurs  After clotung starts there 1s a apid
thrombm (Fig 14} I thrombin 15 added to the whale
blood the delay s thrombin formation 15 greatly shortened (‘Sﬁ 14)
Normal seram which has no ability to ot fibnnogen
greatly reduce the delay before raprd thrombin formanon (Big 15?

e progress of thrombin st can also be folfowed i whole

unaltered plasma obtamed from blood collected 1 sihicone-coated
contaters  If the majorty of platelers are removed from thy
plasma there 13 no explosive thrombin g and prothromt
remamns i the serum for long pertods of tume after dlottng 13 com=
plete  Sumilarly mn the plasma of baemophilic patients n whom Lee
and Whte dotting time exceeds thrry minutes there 1s no explosne
hberation of thrombmn

1o 12
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THROMBIN
UNITS

8 1

T T ~ T T v 4
(o] 2 4 é 8 0 12 14 16
TIME IN MINUTES

Fj ‘The thrombin generation test was camed out on hacmophilic plarma to which

uf'y::;pm;omn:ornoml lsma had been 3dded. @~@ t mmm‘g:mmulphm

x=—x 10 pet cent of normal p ©—0 10 per ceut of normat pluma.

THROMSIN UNITS

20

16

12

8

4
?lME-‘:N M?NUTgS 10

Fg 13 The thrombin generation test was carmied out on normal pltel
which pltelets (x—x) o¢ bran thromboplastin dhlated 1110, (@ ~ @) had been Phi::’. '°

—@) had been ad.
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From these expenments 1t would appear that both platelets and
antthacmophihic globulin are necéssary for the mnation of the
blood thromboplastic activity ¥ Using the technique with whole un-
treated plasma 1t can be shown that the number of platclets mfluences
the amount of thrombin formed 1n the explosive phase and the
amount of prothrombmn_remaming after coagulation but not the
time at w}uci thrombmn formation occurs (Fig 16) The amountof

THROMBIN UNITS

10 4
84

64

T v —r
Q 2 4 6 8 10 12 )14 16
TIME IN MINUTES
Fig 16 The thrombin generation test was carned out on normal plasma prepared by centri~
fuging normal blood collected 1nto a sihcone coated contaner The number of platelets
the plasma was vanied by mumng plisma samples which had been centnfisged at dffereat
apeeds ‘The propostion of platclets present directly affects the amount of thrombin formed.
O—0 platelet poor plasma @ —@ platelet nich plasma  x—x 10 per cent of platelet nch
plasma M-~ 20 per cent of platelet rich plasma

antit hilic globulin infl the time at whch the explosive

phase of clotung occurs (Fig 17) 7

When thrombocytopenic blood clots much prothrombin remains
in the serum but some change occurs 1 the blood because the
addinton of platelets after coagulation 1s iplete Jeads to a very
rapid thrombin formation The sl delay phase disappears A
sumular change occurs m haemophilic blood. "When the coagulanon
of philic blood 15 lete the add of annk phil
matenal 1s followed by a npxé thrombin formation with Iittle or no
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that the blood thromboplasun 15 qualitatnely sumafar to bran but
much weaker 1n strength  The blood thromboplastin appears to be
as effective as strong suspenstons of brain extract but the tunal delay
phase which precedes 1ts effect has led to under-csumaton of its
streng

THE DIRECT MEASUREMENT OF PLASMA
THROMBOPLASTIC ACTIVITY

Any further progress 1n the study of plasma thromboplasne
actvity requires a more spectfic method for 1ts measurement. The
meth dying thrombin f has the disadvantage that
thrombun 15 always present m the system together with throm-
boplastm and the relative 1mp ¢ of the two coag cannot
easily be differentiated. Moreover further advances with this techns-
3uc require a supply of blood from 2 vanety of pauents with rare

efiiencaes such as Factor V and Factor VII deficiency

The study of a panent with a defiaency of prothrombin whose
blood apparently contained all other known clotting factors gave the
clue to a more general method of recording plasma thromboplastin
formation

When calaum and a physiological level of platelets were added to
a 1/3 dilunon of this patients plasma a very powerfil throm-
boplastin was formed (Table 15) This thromboplastin was formed
gradually an tncubation of about four nunutes bemng requred for the
full activry to appear  The thromboplastic activity was tested b
adding o1 ml amounts of the mcubaton muxture to 01
amounts of aitrated normal plasma from which the most of the
platelets had been removed by centnfuging  The mixtures were
immedutely recalafied with o1 ml of claum chlonde  The
substrate clotung times therefc prothroml

X gC P
tumes  Using ths Eanen:s plasma htile thrombin was formed
(Table 15) The substrate clotting ttmes could not therefore be
attributed to the presence of thrombin  The potency of this throm-
boplastin hardly needs emphasis from platelets at a level of about
100 000 ct1, mun. 1n the mncubation mexture and a 1/15 final dilution
of plasma a coagulant of strength comparable to that of d
bramn preparations was formed. This thromboplastic acuviey 1
unstable by one hour after clottng much of the actvity had dis-




o8 BLOOD COAGULATION

delay phase Other authors have also noted a shorter one-stage
prothrombm time 1 the serum (to which fibrinogen 15 added) com-
pared with the plasma of patients with hzemophilia or throm-
bocytoicma It would seem that thus abolinon of the delay phase
cannot be directly connected with erther platelets or antthaemophilic
globuln because 1t wll occur when erther one or the other of these
factors 15 greatly reduced

When whole blood 15 placed m silicone-coated tubes the il
delay 15 prolonged, but the explosive Liberation of thrombm when
1t occurs 1s normal  The delay phase can be shortened to normal by
the addition of thrombmn or serum

If 1t be assumed that the explosive phase of thrombin formation 1s
mtiated by the appcaxmcc?fpa bloof thromboplastin system, thena
number of facts about thus system can be summanzed The ant-
haemophihe ‘iltobulm and platelets are necessary for dhe develop-
ment of thus thromboplasun - The normal delay 1n thrombin form-
ation 15 absent or much less marked mn thrombocytopeme or
haemoplulic serum both of which contamn an excess of pmmbm
Serum and thrombin both shorten the delay phase which precedes
the explostve hiberation of thrombin  The delay phase 15 lengthened
1f the clotting of normal blood occurs 1 sithcone-coated contaners

THE POTENCY OF PLASMA THROMBOELASTIN

Using whole untreated normal plasma from which most of the
platelets have been removed by centnfuging the activity of bram and
the natural plasma thromboplastin can be compared (Fig 18) The
concentration of bran extract used clotted normal” recalafied
atrated plasma m thirty-five seconds This concentranon of bramn
was required to ensure that all the prothrombin twas converted to
thrombin duning coagulaton A comparable conversion of dpro-
thrombin was achieved with 33 ooo platelets per cu mm, and yet
with this concentration of platelets the clotting ime of whole blood
was about four munutes Sumilarly m haemophilic blood, in which
the mtnnsic thromboplastin acuvity 15 absent hugh concentrations
of bramn extract ate necessary for the complete conversion of Ero—
thrombin to thrombin (Paviovsky et al 1949 Alexander and de
Vries 19492) Comparing the two curvesm Fig 18 1¢ 15 clear that the
thromboplastic acavity d by the platelets 1s comparable to
or even more powerful than, that caused by brain extract.

These expenments naturally throw doubt on the usual conception
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Sumilar expenments can be made with normal plasma. But
normal plasma thrombin 15 formed and the results are necessanly
less g because the lant effects of thrombin and throm-
boplastin cannot be dxscmgms?\cd Trom Table 16 1t 18 clear that
active thromboplastin 1s formed because there 1s no correspondence
between the fibnnogen clotting times and the clotting times of the
recalafied plasma

Jacox and Bays (1949) and Cazal and Izam (1950b) made expen-
ments on the thrombin effect of serum. They concluded that the
clotung of plasma by fresh serum could not be correlated wath the
amount of thrombin in the serum but must be due to some other
fctor which appeared dunng clotung It 15 probable that these
observations depend on the presence of actve thromboplastin i the
fresh serum

1 dofi

c exp with the prott plasma suggest a
method by which normal p[:sm: thromboplastn actvity may be
srudied Tt 15 necessary to prepare the essentual reagents from normal
blood free from prothrombin and to test these by their ability after
reacting together to clot recalafied atrated plasma  The first
problem 13 maturally to discover the appropnate reagents and to free
these from prothrombin Previous work suggests that both platelets
and anth hulic globulin are requured, These two reagents can be

ded free from prothrombn by using AI(OH); treated plasma
iwhxdx contamns anthaemophihe globulin) and washed platelets
‘Whenamixture 1s madeof these two reagents and CaCl,y and the mux-
ture 15 mncubated at 37 € litde thromboplastic activiry 13 formed
g‘ able 17) Clearly some other m‘;ﬁm‘ or reagents are requred, The

ct that Factor Vilis required for the activanon of bran extracts sug-
gested that thus factor mught akso be necessary for plasma thrombo-
plastn formation Factor VIl 15 adsorbed by A{OH), but present,
relanvely free from prothtombin 1n normal serum. A successful
attempt was then made to form thromboplastin in a mixture of
Al(OH), treated normal plasma normal serum platelets and CaCl,
(Table 17) From Table 171t will be scen that muxtures omutting one
or other of the reagents gave long clotting umes ndicanng that all
three reagents ate required for thromboplastin formaton,

Though thromboplastin from plasma constituents 1 unstable st
setamns 1ts actaty for Jong moth to test the effects of dilution ‘The
potency of plasma thromboplastin 15 more rapidly reduced by
dilution than 1s that of brawn extract Most of 1ts acuviey disappears
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appeared ‘Whether 1t 15 neutralized by an mhubtor or 1s intrnsically
unstable 1s not known Tt hias not yet been 1solated from plasma na
pure form

Taste 15

THE oF ASTIN I
DEFICIENT PLASMA

03 m! of § plasma were muxed with © 3 ml. platelets suspengon (313 000 per ¢ mm )
and 0 3 2! of Mfqo CaCl, Atintervalsor mi. of this mc’}fbmm mmep:’!n added
to o1 ml of normal plasma and the muxture immediately recalasfied with o 1 ml. of
Ms0 CaCl,

The clotting tumes are rccorded n sceonds  The fibnnogen clotung tumes give an
indication of the amounts of thrombmn transferred from the inenbanon mixture

Tneubatron Substrate Trme 1aberyals i sunutes for sithdrawat of sumples
mxture from the incubation mixture
¥ r 2 3 4 6 8 16 32
Equal parts of Recalafied 37 24 18 16 16 15 1§ 17 2T
() Prothrombin normal
defiaent plasma
plasma diluted }
(2) Platelets
Fibrinogen 660 163 300 460 370 960 1800+
3) M40 CaCl,

Taets 16
THE FORMATION OF THROMBOPLASTIN IN NORMAL PLASMA

“The expenment was performed in the same way as way that recorded 1
Table t5 The clotting trmes are recorded in seronds

Incubation Substrate | Time stervals sn munites for the uithdrawal
mixture of samples from the Incubation muxt:re

1 2 4 8 16 3

Equal parts of | Recalafied | 47 10 10 13 16 27

(1) Normal | normal
plasma plasma
diuted §
(2) Platelets

Fibnnogen [ 120 30 25 100 300t  3oof
3} Mlo
CaCl
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of the belief that the physiological comversion of prothrombin
depends mamly on 2 supply of fissue extract and secondly st makes
ossible an effectine szy a'gzmcnu n whose blood d‘nmm\‘mpl‘zmn
ormanion 15 defiaent The d of P
actvity 15 the essennal first step which leads to the study of the
reactions by which it 1s formed.

CLOTTING
TIME IN SECONDS

120
100

80

A

20 L
- — v

20 40 60 80 100

CONC.OF THROMBOPLASTIN
F¢ 19 Varpng dilunons of plima thromboplastn were made oy ml of each diution
wis added t0 0 £ ml of platelet poor plasma and the mixture was recalafied with 0 1 ml.
Mo of calaum chlonde The domnfhxl;mrs are plotied dganst the concentranon of
thromboplashn taking the most potent mboplastin preparation as 100 per cent The

results are from expenments with severa) different preparations of plisma thromboplastin

In the experiments to be described the results are expressed 1n
terms of the amount of thromboplastin formed using the curve
tllustrated 1n Fig 19 to wterpret clotting tines as thromboplasun
concentrations A start can be made on the study of the nature of the
reactions by observing the cffect of diluting each of the four primary
constiuents (AIOH) treated plasma, serum  platelets and CaCl,)
The results of the experiment are shown in Figs 20 21 and 22

1
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THE OF FLASMA. ASTIN FROM FUER REAGENTS PREPAYID
FROM NOEMAL BLOOD

‘The reagents used 1n this experment were

1 AI(OH), treated normal plasma difuted 1 m § with 0 85% NaCl

2 Platelets 3 X concentra m plasma.

3 Normal serum diluted I 1n 10 with o 85% salme

% Mjso CaCl,
02 ml amounts of each of 3 selection of the above reagents wete muxed together and
mcubatedat 37 G at one ounute wtervals o 1 ml. amounts were added together with
o1 ml of Mf40 CaCl, to 0 1 ml amounts of normal citrated plasma
The clotting times were recorded 1n seconds

Time sn o rates at

Incubation Mixture ml which sample fs with-

drawn from swcube-

tion mixtire

AIOH), | Serum 085Y CaCly 1 2 3 4 8
Plasma § Y Platelets | gyine 230 | Clotnag ¢ e m seconds
02 — oz 02 02 65 60 57 44 44
— oz oz oz 0. 64 60 55 38 33
cz az - o2 02 120 100 65 37 45
oz oz oz = 03 6o 40 18 16 14

1f the preparation 1s diluted 1/100 whereas potent bramn preparations
have some thromboplastic actvity when diluted 1/10 000
dilution curve of thromboplastic acttvity can be made by plottng
the clotting time of the plasma agamst Ze relative concentration of
thromboplastn (Fig 19) Ustng thus dilution curve st s then possible
to make a rough quantitative measure of the amount of throm-
boplastin formed i a particular reacting muxture  This use of the
thromboplastin dilution curve 15 similar to the use of the throm-
bin-fibnnogen dilugion curve for the measurement of thrombin
{Chapters IT and IIl) Curves for the gencration of plasma throm-
boplastn can be made and the effects of the various factors on the
formation of plasma thromboplastin can be studied

EFFECT OF VARYING EACH OF THE THREE CRUDE
CONSTITUENTS NECESSARY FOR PLASMA
THROMBOPLASTIN FORMATION

The observation that a powerful coagulant can be formed from
three crude blood consttuents 1s important firstly because 1t disposes
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factors which both accelerate and inhubit clottng  Ustng fractions
of normal plasma and blood samples from panents deficient m
vanous factors some 1dea of the essential components can be ob-
tamed,

THROMBOPLASTIN
per cent Normal Serum
120 r per cent
Oitution
1000 lntQ
8o fin 20—
10
&0r 3 5
hindQ
Lleg 3
20F r
/__ °
L L s L ) "

2 4 [ 2 4 6

Fig a1 The curves m the lefthund dugram represent the results of the thromboplisun
generation test carned out with wholly normal reagents. The platclets AJ(OH) treated
Plasma and CaCl, were at constant concentr tion throughout. The scrum was nline
lunons of £ 10 10 11 20 and 1 In 401 dulferent expeniments.

The curves 1 the right-hand dugram are derived from mmslar ts 10 which 2
1 1 30 naline dilunon of normal strum was muxed 1 various proportions wich 1 13 10
dilunon of scrum from a patient with Christenas disease. The 10 per ecat ed
of 9 party of diluted Christmas disease serum 1d 1 part of diluted normal serum.

ANOH), treated Plasma  Plasma treated with A{OH), lacks pro-
thrombin Factor VII and the Chnstmas factor (further reference to
which wll follow) and 1 known to contan antthacmophihic globulin
and Factor V. Factor V and antthzemophilic globulin (A HG ) can
be separated from each other by (NH.),SO fractionation the
AHG beng preap d at 33 per cent and the Factor V
between 33 and 50 per cent saturation The omussion of the AH G
fraction prc;m’cd om Al(OH), treated normal plasma Factor V
being included, gready dep thrombopl formation The
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Fig 20 The curves on the left hand duagram represent the results of the thromboplasnn
generation te<t using wholly normal re-gents The platelets serum  plarclets and CaCly
were at constant concentration throughout. The AL(OH), treated plasiia was used 1n drlu-
tions with 0 85 per cent salime of t1n 5 111 Y0 I1n 20 and 110 40 1n different expenments

The curves i the nght hand diagram arc denved from sumilar expenments 10 which 2
21n § salime dilution ot’g normal plasma was mixed in varous proportons with 2 1 m § dilu-
tion of bxmndphm: AI(OH), treated plssma _ The 50 pet cent mixture consisted of 1 part of
normal diluted ANOH), plasma and x part of diluted hacmaphilic AI{OH), treated plasma

It will be seen that dilution of each of the constituents leads to an
apparent reduction 1n the amount of thromboplasun formed Re-
ducing the concentration of AI{OH), treated plasma and of CaCls
also appears to delay thromboplastin formation Reduction of serum
and platelets has no such delaymg effect No defimte conclusions
about the quantitative unlizatson of factors can be drawn from these
expentents because both serum and AI{OH), treated plasma con-
tan nhibitory factors and m the presence of mhibitors delay wall
causeA reduced amount of thromboplastin formation

WHAT FACTORS ARE CONCERNED IN BLOOD
THROMBOPLASTIN FORMATION?

The used to rate thromboplastn formation are
all erude blood denvatives each known to contain several important
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mophilic A{OH), treated plasma s substituted for the normal sample
thromboplastin formation 18 greatly depressed  When the AI}OH).
treated p{;smz from a Factor V deficient patient 15 substituted for the
normal reagent there 1s some depression of thromboplastin form-
ation but less than 1s usual i haemophulia SBcrgs:gcl 1953 personal
commumication quoted by Bergsagel 1955b

Anuh:cmophﬁnc globulin 15 2 Jabile coagulation factor whuch
detenorates on storage and 13 readily destroyed by heating 1t 1s con-
sumed dunng normal clotng It 1s preapitated from normal
plasma by 33 per cent saturation wath (NH.}s SO, and 15 present in
Cohins fraction I and 1n the beta globulin as demonstrated by elec-
trophoresis (Hardisty and Pinmiger 1956) It 13 not adsorbed by
Al{OH), BaSO, ctc. The properties of Factor V ate considered in
Chapter V

Platelets Platelets are essential for thromboplastin formation but
;htclcts are also complex having Factor V actvaty an accelesator
or the thrombin-fibnnogen reaction a neutralizer of hepann and a
thromboplastin factor (Van Creveld and Paulssen 1951 1952 and
1953 Deutsch et al 1954) The thromboplastin factor appears to
occur in fraction 3 differentiated by Van Creveld and Paulssen Ieis
heat stable The platelet factor 15 probably a lipoid or lipoprotein
because platelet acivity . thromboplastin generation can be
X’Acf)hced y 2 bramn phospholipid (Bidwell and Biggs 1953 Bell and

ton 1954) The phospholipid appears to be attached to the cepha-
Iin fraction the learthin fraction usually being mactive or mhubitory
Thecrudecephalinfractionshayvea definite optimum range of acavity
too much beng mhit Attempts at further punfi of the
cephalin by making the five fracnons of Folch (1942) have given
conflicting results the highest activaty has usually been obtained 1n
fraction 4 The phosphatidyl ethanolamune fraction (fraction s5) with
which the Russell s viper venom potentiating action of hpod 1s
usifally assocuated 13 relanvely less acuve i the thromboplastn
gcncmuon test

Serum  Serum 15 a complex and unphysiological reagent 1t con-
tawns the products of clotting which may bear lutle relation to any
substance present 1n blood before coagulation starts  Serum 1s
already said to contan 6 coagulanon factors Factor VII (Koller
Loeliger and Duckert 1951 1952) Chnstmas factor a&!31;;13; ctal
195z Apgeler et al 1952) PTA factor (Rosenthal 1954) and
Factor X (Koller 1954 1955) componentD (Spact and Aggeler 1954)
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omission of Factor V has a sumilar but less marked effect It 1s clear
that AH G 15 an essentual factor for thromboplastin formation but
the role of Factor V 15 less clear In all of the experiments platelets
are used and platelets are appreciably contamunated with adsorbed
Factor V (Ware, Fahey amiJ Seegers, 1948 Hjort Rapaport and

THROBORLASTIN Dul
Per cent L Qapon of

Diuton ot
Dlatelets

1 2 3 4 [ 2 3 q 5
TIME IN MINUTES

Fig 22 The curves 1 the left hand diagram represent the sesults of the thromboplasna
generation test carried out with wholly normal resgents The ANOH), treated plasta,
serum and CaCl, were at constant concentration throughout. The platelets were used
undiluted and at dulutions made with o 85 per cent sahne of 112 s 4 11mBa0d T1n 16
¢ curves m the right hand diagram wee denived from similar experiments n which the
AN(OH), treated plasma serum and platelets were at constant conceneration throughout and
1n different experuments the concentrations of CaCly used were Mfso Mi6o M/8o Mfroo
Mf160 (The results used for this figure were kindly supphied by Dr D E Bergsagel)

Owren 1955) The platelet actvty required for thromboplastn
formation can be sup; Yxcd by 2 phospholiptd preparation made from
human bram (Bldwc{\ and Biggs 1953 Bell and Alton 1954) which
contains no Factor V' If this hpoud 15 used the omussion of Factor V
from the mixture causes a greater depression of thromboplastin
formanon than when platelets are nsed This evidence appears 1o
show that Factor V may also be necessary for thromboplastm
formation though possibly in quite low concentrations

The problem can also be studied using the blood of patients who
lack etther antthaemophilic globulin or Factor V'~ When hae-
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guve reduced thromboplastn formation when used to replace normal
serum. It was concluded that Factor VII was also essential  But
doubt has been thrown on this view by two observations In the
first 1t appears that the defeet catsed by the dicoumann anticoagu-
fants may be very complex Not only Factor VI! but also the Chnst-
mas factor and possibly also a new factor clled Tactor X may be
mvohed. Deficiency in the Chnstmas factor was demonstrated by
showing that mrxtures of Chnstmas disease serum and serum from
anncoagulant cases did not always give normal thromboplastin
formation which they should had Factor VII been provided Ey the
Chnstmas disease serum and the Christmas factor by the anticoagu-~
Lint serum (Biggs 1954)  Snce 113 known that the Chnstmas disease
serum does provide Factor VII it must be presumed that the anti-
coagulant serum does not provide the Chnstmas factor The throm-
boplastn defect in the sera of anticoagulant treated patients cannot
therefore be attnbuted wholly to Factor VII deficiency  Morcover

thromboplasun formanon has now been tested 1 consutuents
denved wholly from the blood of four patients wath congenstal
Factor VH deficiency (Hicks 1955 Ackroyd 1956 and Jurgens 1955

and Owren Newcomb Hjort 1955) In all of these cases it was
found that the serum behaved entirely normally m the thromboplas-
tin generation test A sct of results kindly supplied by Hicks (Table
18} tllustrates this point From thus table 1t will be scen that not only
does the thromboplastin formed clot normal plasma in the normal

Tasta 18

TIBOMBOPLASTIN FOIMATION [N TICE BLOOD OF A PACTOR VI DETICIENT PATIENT
(Figures sa pt od by Hucks)

Incubat om Tme f | Clie g
Mame S barate | Incubarion | ome
| Mimies | Seonds
M‘;OH) Plsma | Puents | 1 25 24
ofpuentdl § | Pl ma
3 12, 12}
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P tent s Serum 4 58
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a platelet bpoid factor (O Brien 1955) and when fresh 1t may con-
tan labile products of clotting (thrombin thromboplastin or mter-
meduate products of thromboplastin formation) The presence of
these may confuse the results and to elummnate them the sera to be
tested should be meubated for at least 24 hours at 37° C In spite
of these difficulties serum has proved pracucally to be 2 useful
reagent

Serum collected after incubation at 37° C for 24 hours contains
two important stable coagulation factors Factor VI and the Christ-
mas factor which have been studied m some detail Factor VII 15
defictent 1 the blood of patients with a vanety of clotting disorders
mcluding pattents treated with anticoagulants of the dicoumarn
type Chnstmas factor (Plasma thromboplastm component or
haemophilic factor B) 1s defictent m patients with Christmas disease
a condition closely resembling haemophilta which wall be discussed
n detad m Chapter XV

‘The Christmas factor can be prepared from serum free from Factor
VII by the method described by White Aggeler and Glendenning
(1953) which depends on the fact that the Chnstmas factor 1s very
resistant to acid pH wlule Factor VII s destroyed  Using the Christ-
mas factor prepared m this way to replace serum thromboplastin
formation appears to progress almost normally even 1n the absence
of Factor VII (Spurling and King 1954)

The prob'em can be approached by using the blood of patients
with clottng defects When the serum of a patient with Chrstmas
disease 15 used to replace normal serum the amount of thromboplastn
formed 1s much reduced When muxtures of normal and Christmas
disease serum are used the amount of thromboplastn formed 1
reduced, but there appears to be an mcrease n the speed of throm-
boplastn formation (see Fig 21) All experuments suggest that the
Christmas factor 15 mvolved m thromboplisun formatton  The
Christmas factor does not deteriorate on storage 1s present in serum
and therefore not consumed durng clotung It 15 adsorbed by
Al{OH), BaSO, etc and 152 beta globulin It 1s precipitated at 33 to
50 per cent saturation with (NH,) ,SO, and 15 1n Cohn’s fracuon IV
\_Serum also contams Factor VII (proconverun) which has been
shown to be essential for the action of nissue extracts This factor
also mupht be necessary for blood thromboplasun formation  The
serum l%om patients treated with tromexan which lacks Factor VII
was tested by Biggs Douglas and Macfarlane (r9532) and found to
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cause other workers have not confirmed all of Kollers results
Bergsapel (195sb) and Verstraete and Vandenbroucke (1955) and
Buggs (1954) have not found complete correction of thromboplastin
formaton using mixtures of anticoagulant and Christmas discase sera
The different workers have used sera from patients treated with a
vanety of gl lud dindevan and mar-
coumar and as holler (1955) has pomted out there may be differ-
ences 1 the mode of action of these drugs tromexan for mstance
causing 2 reducnion i Chnistmas factor whereas marcoumar (used
by Koller) causes a reduction n this factor only after prolonged
treatment  Stnce Factor X 1s labile on storage 1t 15 also of course
necessary to be certam that 1t has not deteriorated tn the Chnstmas
disease serum used, Stnce the speamens wsed 1n expeniments are
usually stored this possibility 15 mculz to exclude  Bergsagel has
also found abnormal thromboplastin formation in muxtures of sera
from cirthosis and Christmas disease patients Bergsagel (1955) has
claimed that the delayed thromboplastin formation 1n stored serum
may be due to the dissoctation on storage of an mntermeduate pro-
duct of thromboplastin formation which 1s present 1n fresh serum.
The status of Factor X 13 1n some, douit. Recent unpublished
expeniments of our own scem to confirm Koller s observation that
the pattern of thrombaoplastin formation in patients treated with the
dicournarin anticoagulants differs from that 1n patients with Factor
VIl deficiency or Chnstmas disease and that the phenomenon cannot
at present be attributed to any pi 1 gruzed defy Y
carcful study of panents treated with duferent vancues of the dicon-
marnn g would undoubtedly be very helpful in solving
the difficulty ~ At thus stage no physiological expenments on the role
of Factor X are avalable and so the factor cannot be included as an
established fictor 1n blood coagulanon theory Evidence about this
factor rests entirely on muxture expenments on the blood of panents

For clanty 1t 13 casier to consider the expenmental phenomenon and
torefertothe FactorX ph he d delay defect

orthe
rather than to accept the true exustence of 2 single factor controllmg
this abnormality

PIﬂImd T’ ',' A Je R i ‘Ctal
Rosenthal (19542 and b) have descrnbed a haemort]

1953) and

c sta
resembling haemophiba ususlly with mid symptoms and with :.
dormnant type of ihentance  From both 3::@1 and Laboratory

potnts of view the discase duffers from esther haemophilia or Christ-
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tume 1t also clots the patient’s own plasma normally Moreover
Verstraete and Vandenbroucke (1955} and Koller (1955) have now
shown that abnormal thromboplastin formation may oceur 1 the
serum of anticoagulant treated cases when the Factor VII content of
their blood 15 normal All of these observations suggest that the
thromboplastin defect of the anucoféulam cases may not be due to
Factor VII deficiency and that Factdr VIl may have hitde to do wath
blood thromboplastin formation  If this last contention proves to be
true there 1s an mteresting difference between the tissue and blood
thromboplastin systems the one requires Factor VII and the other
does not

Factor X Koller (1954 1955) has postulated that an additional
factor concerned in normal blood thromboplastin formation s
present inserum  Koller observed that the pattern of thromboplastm
formation when Christmas disease serum 15 substituted for normal
serum 15 different from that when serum from a patient receving
anticoagulant therapy 1s used Chnstmas disease serum catses 2
mark:dg reduction 1n the amount of thromboplastin formed whereas
the anticoagulant sera produce a strking delay 1n thromboplastn
formation with Iittle or no reduction 1 the final amount  This
difference 1s definite and certamly suggests that the defects are not the
same  Koller then claims that a muxture of Christmas disease and
anticoagulant serum produces normal thromboplastm formation
thus confirmng the existence of two factors  Smce Factor VIIisnow
not thought to be an essential blood thromboplastm component (see

Tevious section) a new factor Factor X, 1s proposed Factor X can
£e prepared free from Factor VII and the Chnstmas factor by BaSQs
adsorpnon of normal serum 1n the presence of atrate Factor X
differs from Factor VII and the Chnstmas factor m being labile on
storage and therefore absent from stored serum  The punified Factor
X will correct the abnormality of the anticoagulanc sera but not that
of the Chnistmas disease patients  Stored normal serum will correct
the abnormality of Christmas disease serum but not that of the anti-
coagulant treated cases

Koller has also claimed that Factor X 35 defictent i the serum from
pattents with exrrhosts of the hiver thus muxtures of Chrstmas disease
scrum and serum from arrhosis patients produces normal throm-
boplastin formatton when other normal reagents are present

The case for the exstence of Factor X seems very complete from
Koller s observations but unfortunately the picture 15 confused be-
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Chnistmas disease and P T A deficient samples  These expeniments
are not ennrely conclusive Panents with combmned deficiencies
nught have 2 relauvely high level of Chnstmas factor and ant-
haemophilic globulin and 1 per eent of esther of these factors pro-
duces a normal clotung ime  Thus 1f the patient s blood contaned
20 per cent of AHG 2 1 m 1o muxture with haemophilic blood
would provide 2 per cent of A H G 1n the mixture and a normal
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Fig 33 The curver 1n the nght-hand diagram were denved using reagenssp ared from the
blood of 3 panent with 4 bleeding tendency similar to that of Roseathal s me (P T A
deficency) The upper curve represents the conrrol muxmure with wholly normal resgents
1n the other experimenty escher the A{OH) wreated plasma or the serum or both are
rephaced by amidar reageats from che patient 5 indicated. (N e Noroial reagent. Pam
Pavient s reagent.)

curves in the lefi-hand duagr m represent results obtained nsng the tndicated saline

dilutions of wholly normal reagents. It will be seen that 3 patters of results nmilar o those
of the ight-hand dugram are obtused. Moderate reduction of one reagent or the other hss
much less effect than nmultaneous seduction of both.

clottng time  Adsorbed normal serum 15 usually an mert substance
m dotting but should theoretically correct the PT A defect Itas
clamed by Rosenthal that the clotung defect in hus patients 1s cor-
rected by BaSO, treated serum but in two of our patients there was
no correction, On the other hand there 1s no guarantee that our
patients are sumlar to those of Rosenthal

Thepositonatthe moment s far from clear Thelack of defininon
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mas disease and Rosenthal has clamed that the patients are defictent
n a new clotung factor In wnvestigating 33 famibies Rosenthal
(1954b) has found 3 of these patients and Frick (1954) has found
4 among 55 pattents In exanuning 105 families we have seen 5
farulies with stmilar domunant mhentance and aty pical laboratory
findings but we are very doubtful of the conditions that we have
seen can be attbuted wath certamnty to the deficiency of a new factor
An attempt was made to find out 1f our cases were similar to those
of Rosenthal by sending a sample from one of our patients to Rosen-
thal who said that the sample corrected his patient’s clottng defect

On closer study Rosenthal s factor proves to have rather unusual
features Rosenthal (1955) Ramot et al (1955) The defect 15 cor-
rected in vitro by BaSO, treated plasma and serum and by cluates
from BaSO, adsorbtion The factor 15 present m Cohn s fractions 1
and IV and some activaty 15 present i the beta globulin fraction of
serum  Rosenthal (1955), Ramot et al (1955) find actvity 1 some
samples of Cohn's fractions and not others The factor therefore
appears to separate sometimes with the antthaemophilic globuln
and somettmes with the Chnstmas factor and sometimes with
neither of these factors Rosenthal (1955) notes that storage of
deficient samples leads to an ncreased PT A activity (not con-
firmed by Ramot et al 1955) 1f samples may improve on storage the
negative results obtamed by Rosenthal with our sample does not
necessarily mean that our patient duffers from his

Using the thromboplastn generation test a definutely abnormal
pattern of thromboplastn formaton 1s found m the P T A deficrent
patients (see Fig 23) These results were obtamed using the blood
of oneof our pattents and they are sumlar to those recorded by Ramot
ctal (19ss) When erther the normal serum or Al(OH), treated
plasma are substuted by the patient s reagents the results are nearly
normal but when both of the patient s reagents are used together
abnormal results are obtamed ‘These results are taken to indicate
that the abnormality 15 due to the defictency of a factor which 15 not
adsorbed by A{OH), and present 1n scrum_ the factor thus differing
from previously descnbed factors It must be emphastzed that these
findings have other explanations  There mught be a partial defictency
of both antthaemophilic globulin and the Chnistmas factor or some
mhubitory factor may be present  Ramot et al consdered the
possibility ofa combimed A H G and Chnistmas factor deficiency but
excluded 1t because of mutual correction between haemophlic
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A COMPARISON OF TITE PXOYERTIES OF PACTOR ¥ ANTIRAZMOTIHILIC GLODULIN AND
CINISTRAS FACTOL

Property Tator V Anrhsemephilic Chrstmas

Giob T Factor
Preaipustion by 13 50 25 33 31 50,
(NH) 50, arunaton satunation aturatlon
Cohn s Fractions m 1 w
Etber t Preapuated | Preapitared with
Fractionation with fibunogen | the erude slpha and

beta globulin
Electrophoctic “Too gastable ] beta-globulin
charactenzanon fo testing bet-globulin
Absorption by Not Not Absorbed
A(OH)y 2ad abrorbed sbsarbed
BaSO,
Storage Labile Labile Stable
stability
pH Stability Labile at Opumum Resists pH,
all pH Jevels seability
[

Consumpbon Consumed Consumed Not conmumed
dunng dlotung

Bergsagel (19553) Hougte (19553) Beris:gcl and Hougre (1956)
and Bergsagel (195sb) have made valuable contnbutions to thus
subject  Bergsagel observed that 1f decaletfied serum 1s used 1n the
thromboplastin generation test to replace normal untreated serum,
thromboplastin formation 15 poor The ongnal activity can be
restored iy the addition of calaum but the reactivation 15 slow
occupying some hours If anthaemophilic globulin 1s present the

18 much accelerated  Natve plasma and amberlite
decalafied plasma behave like decalafied serum when used to
replace serum 1 the thromboplastin generatton test  These resules
suggest that dunng clotting a reaction occurs between calcrum
Chuistmas factor and antthaemophilic globulin The product of this
reaction appears to be a calcum complex which 15 nactivated by
decalaifymg agents This calaum complex 1s present i fresh serum
butasitis unstable 1t1s absent from aged serum
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of Rosenthal’s ‘factor , the strange mncrease 1n actvity on storage and
the [aboratory tests on our cases make us very hesitant to accept ths
new factor though careful study of the patients such as those of
Rosenthal and hus co-workers must 1n the end provide a rational
explanation

A Ipossxble Fourth Plasma Thromboplastin Component
Plasma thromboplastin factor D

In 1954 Spact Aggeler and Kinsell described a panent witha clot-
ting defect sumilar to that of Rosenthal’s ‘P'T A’ defictent patients
but whose blood corrected the defect 1 one of Rosenthal s cases As
Iittle as 2 per cent of the patient s plasma v ould correct the abnormal
prothrombin consumption of fulic or Christmas disease blood
1t must be presumed ¢that this patient had no matked deficiency of
antthaemophlic globulin or Chnstmas factor  On the other hand the
evidence that the patient differed from Rosenthal s patients 15 not
good because 1t appears that matching experiments on postal samples
are unreliable

To summanze 1t now appears that 5 factors are reasonably well
established as essenttal for bl%od thromboplastn formation  These
are calequm, anuhaemophulic globuln lemtmas factor (PTC’)
and a platelet factor (probably a lipord) and Factor V {proaccelern)
The properties of Factor V' antthaemophilic globulm and Christmas
factor are compared 1n Table 19 In addition there are a number of
observations attnibuted vanously to Factor X defictency PT A
deficiency or plasma thromboplastin factor D defictency which
remam to be explamned  Factor VII does not appear to be essential for
blood thromboplastin formation which 15 remarkable since thus
factor 15 required by tisste extracts I thus concluston 1s widely con-
firmed any analogtes between ;he blood and nissue thromboplastn
systems become uncertan

THE MODE OF INTERACTION OF THE THROMBOPLASTIN COMPONFNTS
Owren (1955) Owren Rapaport Hjort and Aas (1954) have put
forward a hypothesis of blood ccaguﬂanon meludmg the posuble
mteractions of the thrombopl hromt ) p
Thus hypothesis 15 butlt almost entirely on work wvolving fissue
extracts the blood system bemng deduced by analogy The work
suggesting that Factor VIl 1s not necessary for blood thromboplastn
formation throws much doubt on such deductions by analogy The
reactions of the blood system must be determined mdepcndmdy
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reaction can be mactivated by decalafying reagents calaum thus
presumably forms an integral part of the complex

No mention has so far been made of Factor V. In the expenments
of Bergsagel and Hougre (1955) Factor V was frcscnt 1n the platelet
preparations that they used  Since 1t 1s probable that Factor V 15 an

p of thrambogpl exp m which the
level of Factor V 1s controlled arc required. Factor V may be
necessary for the formanon of the acuve platelet coagulant or this
coagulant when formed may undergo a further reacuon wath Factor
V 'No single hypothess for the mteraction of the thromboplastin
precursor fglctors can yet be wntten but two equally possible views
are reproduced below

1 Chnstmas factor + antnhaemophihc globulin + calaum
=Intermeduate product 1
Intermeduate product 1 + Factor V + calaum
=Intermediate product Il
Intermeduate product I + Platelets + calaum
=Intermedsate product 1l
2 Chnstmas factor + antthaemophihic globulin + calaum
=Intermediate product I
Intermedsate product I + Platelets + calaum
=Intermediate product It
Intermediate product I + Factor V + calaum
=Intermedtate product Il

It 1s impartant not to be too dogmatic about these very hypo-
thetical reactions or a ndrculous confusion may anse from product
I becoming product 11l or product I becomng product I or any
muxture having some other designation The final product of these
reactions 1f 1t exasts as a sngle substance may be a direct activator
of p bin or a prothromt ding to the logy
of Owren (1955) The sedunented product studied by Bcrgszgpcl
and Houge (1956) 152 very powerful coagulant A simular coagulane
has been prepared from human reagents by Nour-Eldin and Wilkin-
son (19$6) using preaipitation with cther 1n the cold There 15 Lintle
evidence about the mode of action of either of these substances
and until this information 15 available we prefer to use the term

plasma thrombopl rather than

as there 15 some doubt about the 1dentiry of the plasma and ussui
activators of prothrombm
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It was then found that af this caleram complex made from cther
extracted serum (ether removes any possible platelet factors that
mught be present O Bnen 1955) were added to plasma contaming
platelets short clottng times (r2-15 sec ) were obtaned whereas
platelet free plasma was clotted 1 40-60 sec  Anunhaemophilic
globulmn or serum alone clotted platelet contaming plasma n more
than 6o sec These observations support the view that some reaction
occurs between calcium  antthaemophilic globulin and the Christmas
factor and further suggests that the product of thus reaction nteracts
with platelets

Houge (1955a) observed that when crtrated plasma contuning
platelets 15 stored m glass tubes an mnerease n the coagulant actviy
of the platelets occurs This change 15 2 qualitative one because simple
increase 1n the number of platelets does not mcrease therr coagulant
abihity These findings naturally suggested that some factor or
factors in the plasma produced 2 qualitative change m the plaselets

Working together Bergsagel and Hougie (1956) have found that
the maximum activation of platelets occurs when they are mcubated
with antthaemophuic globulin the Christmas factor and calcum
other words the calcium Chastmas factor complex studied by Berg-
sagel reacts with platclets Bergsagel (1955b and 1956) has of enved
the mucroscopic changes whuch occur m platelets that are in contact
with Chastmas factor antthaemophilic globuln and caleum  The
platelets agglutnate and then become swollen and finally release
numerous very small granules Centrifugation studtes (Bcrgsagd
and Houge 1956) have shown that whercas untreated platelets can
be sedimented by centnfugal speeds of 3000 r pm the product of
their reaction with antthaemophiic globulin Christmas factor and
calcium requites to be centnifuged at 30 0o pm for 1 hour before
all of the matenal 1s deposited These observations confirm the
belief of Brnkhous (1947) that antthaemophshic globuln 1s mvolved
1n 2 reaction which leads to platelet dismntegration and the release of
a platelet thromboplastm factor

The product of this reaction 1s a remarkable coagulant which when
concentrated wall clot platelet poor plasma in the presence of caleinm
1 s seconds It 35 composed of a thermolabile and thermostable
comp the latter pr bly bemg derived from the platelets
becatise heat mactivated matertal can be reactivated by incubation
with a fresh supply of antthaemophilic globulin caleum and Chnist-
tmas factor T{\c active companent Lberated from platelets mn this
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liede Factor V If ddutions of formed blood thromboplastn are
tested by the two-stage method 1t wall be seen that dilunon gready
affects the speed of thrombin formanon (Fig 24) This expen-
ment was carned out on a system freed from annthrombin  Ie
appears that dilunon also affects the amount of thrombin formed
However cven in experiments which exclude inhubitors 1t would be
unwise to deduce a quanutauy e reaction between prothrombin and
plasma thromboplastin without much confirmatory evidence

CALCIUM AND THE TORMATION OF BLOOD THROMBOPLASTIN

Caleium appears to be essentual for blood chromboplastn forma-~
tion and action The work of Bergsagel (19552 and b) suggests
that the early stages of thromboplastin formation calcium 15 tncor-
porated mto the Christmas factor molecule  Decalarfication at an
stage removes the coagulant actvity and 1n the final reacuon wi
catrated plasma a further addinon of calaum 1s always necessary
1f mummum clotung times are to be obtaned. It therefore appears
that calum 15 very generally required

Bergsagel (19552 and b) considers that calaum reacts storchio-
metncally with the Chrstmas factor because he has found that
the amount of mtermediate formed from these two reagents 1n the
presence of anthaemophilic globulin 1 directly related to the
amount of calaum present imtally  Since his product was con-
stdered to be free of mink b this concl 18 re2son-
able But wlale the nature of these reactions remarns m doubt this
cannot be acgtcd as proved  Quick (1940) {1947d and ¢) also
thought that calaum reacts stoxchsometrically with 2 blood coagu-
lation factor

THROMBIN AND TIIE FORMATION OF BLOOD THROMBOPLASTIN

The catalytic action of thrombin on elotang has been emphasized
by Quuck zxgslz) Owren (1947) Ware and Seegers (1948b) Its
effect on thrombin formation m whole blood has been dllustrated 1n
Fig 14 The addinon of small amounts of thrombun to the reagents
required for thromboplastin formation leads to a marked accelera-
won of thromboplastin formation (Fig 25) Quick has attmbuted
the aceeleration to a labihzing effect on the platelets Observanons
of Bergsagel and Hougie (1956) have not confirmed thus belief
Platelets treated with thrombin do not have the marked coagulant
ability which they develop i the presence of Chnstmas factor

x
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THE mmr FORMED PLASMA 'liHROMBOPLAsrm

A pre study by Bergsagel and Houge (1956) has shown
that the sedimented c¥>agy1ﬂantgw1ll clot plasmga1 fr(om ll)Acmophllxc
Christmas dusease and Factor VII deficient subjects as rapidly as 1t
will clot normal plasma Product I made from Factor VII
deficient reagents 15 just as effective confirmung the view that Factor
VII 15 not requited by the blood thromboplastin system  Stored
oxalated plasma (Factor V deficient) has a shghely longer clotting
time than normal n the presence of product II' and caleum  ~

THROMBIN

Dilvtion of
Thromboplastin
hint

PN
70 80 90
TIME IN MINUTES

Fiy The curves show the results of expenments to demonstrate thrombm formation
framn punfied using blood boplastin 2 the acavator of prothrombim
convernon The blood thromboplastin was formed i a mixture of punfied anahaemophilic
clobnin Christmas factor mads by the method of White Aggeler and Glendenmuag (1957)
Factor V freed from anuthrombn by (NH,),SO, preapitition washed platelets and C2CJ
These reageats were allowed to react together unb) maximunt ackvagon was zeached w1 :
the tixture was placed on 1cc where 1t remamed stable for several hours Sahine difunons of
1L1s plasma thromboplastin mixture were made

rombin formation was tested n wuxtuzes conssung of €qual parts of puntied pro-
tkrombm, plasma thromboplastn 1n varous dilutions and Mjse CaQly thrombm
activity was tested on a substrate of punfed fibrinogen At go mun. concentrated d:mmb(d—
plastin was added to the muxtures contamntag the Teast yunal amount of thromboplastin an
farther thrombw formation could be demonstrated

When formed blood thromboplastin 15 added to a muxture of
prothrombin and fibrnogen 1t clots the mixture very raptdly
suggestmg that it 1s capable of converting prothrombun to thrombin

thrombin used m the exp was ce:
ftlc’; g::h the Chrstmas fzctor and Factor VI but contamed very
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lide Factor V. If didunions of formed blood thromboplasun are
tested by the two-stage method 1t will be seen that dilution greatly
affects the speed of thrombin formaton (Fig 24) This expen-
ment was carnied out on a system freed from anuthrombin It
appears that dilution also affects the amount of thrombin formed
However even in experiments which exclude mhibstors e would be
unwise to deduce a quantitatis e reaction betw een prothrombin and
plasma thromboplastin without much confirmatory evidence

CALCIUM AND THE FORMATION OF BLOOD THROMBOPLASTIN

Calaum appears to be essennal for blood thromboplastn forma-
tion and acton The work of Bergsagel (19552 and b) suggests
that the early stages of thromboplastin formation calaum 15 ncor-
porated sto the Chnstmas factor molecule  Deaalaficatton at an
stage removes the coagulant activity and m the final reaction w1
arrated plasma a further addmon of claum 1s always necess
1f mumimum dlotting times are to be obtaned. Tt therefore appears
that calaum 15 very generally required

Bergsagel (19552 and b) considers that calaum reacts stoschio-
metnailly with the Chnstmas factor because he has found that
the amount of intermeduate formed from these two reagents 1n the
presence of anthaemophibic globuln 15 directly related to the
amount of calaum present mtially  Since hus product was con-
sidered to be frec of mhibstory substances this conclusion 15 reason~
able  But while the nature of these reactions remains 1n doubt ths
cannot be aceepted as proved. Quick (1940) (1947d and ¢} also

thought that caletum reacts stoichiometnically with a blood coagu-
laton factor

THROMEIN AND THE FORMATION OF BLOOD THROMEOPLASTIN

The catalytic action of thrombn on clotting has been emphastzed
by Quck 2;9513) Owren (1947) Ware and Seegers (1948b) It
effect on thrombin formanon 1n whole blood has been sllusteated
Fig 14 The addition of small amounts of thrombm to the reagents
required for thromboplastin formation leads to a marked accelera-
tion of thromboplastn formation (Fig 25) Quick has attnbuted
the acceleration to 2 labiliaing effect on the platelets  Observatons
of Bergsagel and Hougic (1956) have not confirmed this belief
Platelets treated with thrombin do not have the marked coagulant
ability which they develop i the presence of Chnstmas factor
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and antthaemophihc globulin - Owren (1947) and Ware and Seegers
(19482) on the other hand hold that thrombin mcreases the actity
of Factor V and their combmed experiments are more convincmg
though further evidence 1s still required

THROMBOPLASTIN

CONC
70
601
50
40-‘
30
204

104

T T T T T
2 4 6 1o 12 14 16
TIME IN MINUTES
Fg 35 The formation of thromboplastn from platelers Factor VIl the annbarmophi ¢
plobulin and caleum chlonde m the presence {x —x ) and absence (O~-0) of thropmbu.

THE EFFECT OF SURFACE CONTACT ON BLOOD COAGULATION
Blood airculating 1n the vessels all of the reag q
for thromboplastin formation and yet under normal circumstances
clotting does not occur  On contact with a glass tube clotang 1
mtiated while clotung also occurs 1 silicone or paraffin-coated
contamners st 1s much delayed Several observations have been made
about the effects of contact with glass
Bird blood freed from cells comparable to platelets will not clot
on contact with glass If platclets are rcmovcf from very carcfully
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collected mammalan plasma by high speed centnfuging incoagu-
lable plasma which wall not clot on contact with glass can be
obtamed Jacques Fidlar Felsted and MacDonald {1946) Brinkhous
(1947) Patton Ware and Secgers (ly.z&ﬂuckw.\hcr Blythe and
Brnkhous (1949) [t should be noted that although possible 1t 1s
extremely difficult to prepare cell-free mcoagulable mammalian
plasma It appears that glass contact has some effect o1 platelets
a supposition which has been supported by Biggs Douglas and
Macfarlane {1953¢)

Contact wath glass also affects some factor mn plasma  Biggs
Douglas and Macfarlane (1953c) provided evidence of some change
in the Chnstmas factor  Owren Rapaport Hjort and Aas (1954)
confirmed this findmg and also suggested that Factor VI plasma
1s acuvated by glass contact

Thus there aze three possible observed effects of contact with a

lass surface It 1s possible that both Factor VII and the Chrstmas
Et}ac:mr as they exst 1n serum are not normal blood constituents but
are denved from mnacuve or less active precursors The incoagula-
bility of arculating blood may be due to the macuve state of certan
essential thromboplastin components

THE THROMBOPLASTIN INHIBITORS

Plasma thromboplastin formed from Al{OH) treated plasma
serum  platelets and calaum 16 unstable the acuvity graduall
decreases on prolonged mncubation at 37 C  On the other han
the coagulant formed from partally punfied reagents 15 stable
This difference suggests that lfxc crude reagents contan mhibttory
substances which are removed from the more punfied preparations
The product studied by Bergsagel (1955 and b) whach 1s formed by
meubating the Chnstmas factor calaum and antthacmophilc
globulin 15 also unstable and may be neutralized by some mhibitory
substances  Tocanons and Carroll (1949) have clumed that a
thromboplastin mhibator occurs 1n normal blood and 15 present n
excess in haemophibic blood. At present nothing 1s known about
any such mmnlf) oceurnng mhikt or sub but

Y
the exastence of one or more mhibitors of the thromboplastin system
15 probable
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SUMMARY TO CHAPTER VI

From a study of thrombin formation in whole blood and plasma
1t can be deduced that blood must contamn all that 15 required to form
a powerful thromboplasun Using the blood of 2 prothrombmn
defictent patient this thromboplastic activity was demonstrated
Followng this work 1t was possible to devase a techmque, called
the thromboplastin generation test, by which normal blood
thromboplastin formation may be demonstrated
.~ An attempt to define the factors which take part m thrombo-
plastin formation has suggested that antthaemo, lﬁhc globuln the
Christmas factor a lipoid Factor V and CaI‘z’num are essential
Factor VII 15 of dougtful mmportance  Other factors suggested
(plasma thromboplastin antecedent Factor X and plasma thrombo-
p%astm component D) are not yet suffictently defined to be mncluded

A study of the reactions which precede the afﬁ:arancc of
thromboplastin suggests that anuhaemophilic globulin and the
Chastmas factor undergo some reaction mn the presence of CaCls
and that the product causes platelet metaphorphosis clumpmg and
the liberation of small particles of high thromboplastic actwity
The final product reacts with prothrombm to form thrombin the
nature of this final reaction 1s not yet clear
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THE NATURAL INHIBITORS OF BLOOD
COAGULATION

Though blood clots readily when withdrawn from the body or
when 1t 15 extravasated into damaged tissues 10 the vessels 1t remains
ﬂmd. In zhc hvmg body thcrc must be therefore an effective

Blood coagul may be

hmdcrcd b) a dciay mn t}xc fcrm:mon of acavaang factors or by
of actve when formed In Chaptcr Vit

has been suggested that the £ of plasma thromb 1

a time-consumung reaction which dcpcndsp on contact with foreign
surfaces This natural delay 1n the formation of an essential acuvator
may be a very important gctor 1 preventing mtravascular clotting
In additon Toantms Sx943 1944 Toununs and C.mol 19492 and
b ewc) has m blood
which may be 1mportant. In normal blood there 15 also an :ﬂiacm
system for ncumfzmg thrombin In this chapter the antthrombin
system and the anathromboplastin of Tocantins wall be discussed.
of lhc mmrally occurning mhxblmrs the mechanism for the
of o (the bin system) and hepann
}}Avc been studied most wadely and this problem will be discussed
irst

ANTITHROMBIN

Schmudt (1892) Morawitz (1905} Weymouth (1913) and Gasser
{1917) were aware that thmmbm dxsapparcd rszdly from the
blood after 1 Tus & was saud
to be due to us neumhuuon by mmhrombm

¥ The mech m whole plasma must
be very powerful Accordmg to the work of Wamer Brnkhous
and Smuth (1936) normal plasma contamns about 300 wuts/ml of
prothrombin _If thus 300 umts ofprothrombm were converted to
300 nnts of thrombn 3t would by d be to clot
300 ml of fibrmogen 1n 15 seconds  Thus the amount of thrombin
formed from 1o ml of plasma would be more than enough to clot
all of the blood 1n the body were ats action unopposed

129
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When whole blood clots m a glass tube the whole of this vast
excess of prothrombin 15 presumably converted to thrombmn smee
negligible amounts of protirombm remain n the serum  When the
generation of thrombum 1s followed 1n whole blood there 1 a delay
m thrombin formaton lasting 3-4 mumutes during which very hule
thrombun 1s formed Thereafter there 15 an explosive hiberation of
thrombm which lasts 2-3 munutes duting which all of the prothrom-
bin 15 converted to thrombin  Yet although 300 umts of pro-
thrombin are converted to thrombm 1t 15 seldom that a level of
more than 8 or 10 units of thrombm can be detected at any one
tune  Presumably the thrombim 15 neutralized so rapsdly that most
of 1t 1s never detectable m a free form  If thrombn formaton 1s
Freatly accelerated by the addition of thromboplastin thrombmn
evels of 50 umts/ml are found but this value 15 mamtamned onlv
for a few seconds

The neutralization of thrombm m plasma can be studied by the
addition of punfied thrombmn to plasma  When this 1s done 1t 15
found that the ability of plasma”to neutralize thrombin 15 very
great 1 ml of plasma 15 capable of neutraltzing about 2000 units
of thrombin 1 e the amount of thrombin that would clot 2000 ml
of fibrmogen 1n 15 seconds v

PROPERTILS OF ANTITHROMBIN

When plasma 15 fractionated with ammonwum sulphate or by
acidification the antithrombin 1s separated m the albumun fraction
By electrophoretic separation Lyttleton (1950) has shown that the
antithrombin can be concentrated with the a-globulin fraction which
c the crude alt fracion Antithrombun 1s destroyed
by the ether method of plasma frachonation (Keckwick and Mackay
1946 1949) by chloroform by heating to 56° C and at pH values
above 9 § and below 6

THE MODE OF ACTION OF ANTITHROMBIN
In studying the mode of action of antithrombin whole plasma
defibrinated plasma or serum may be used as a source of ant-
thrombin ‘When whole plasma 1s used the antithrombin activity 1s
greater than when defibrinated plasma or serum are used This
difference 15 due partly to the fact that thrombin 15 adsorbed by
fibrn  Thusin \vgolc plasma there are two separate mechamsms for
the removal of thrombm  The removal of thrombin by fibrn 15 an
immediate reaction I an excess of thrombin 1s used this immediate
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reaction 35 followed by a progressive mactvation of thrombin
by a substance antithrombin 1 the albumin fraction of plasma.

The immediate macavanon of thrombin duc to 1ts adsorbtion on
to fibnn has been studied by Quick and Favre-Gilly (1949a) and
Klan and Scegers (1956) This immediate mactvation does not
oceur i defibrinated plasma and can be demonsteated when theom-
bin coagulates 1solated fibrnogen  The amount of thrombin ad-
sorbed depends on the imual concentration of thrombin  With
concentrauons of thrombn up to 1000 umits/ml  85-90 per cent of
the added thrombin 15 removed by adsorbtion  From the work of
Klemn and Seegers 1t appears that 1500-2000 uruts of thrombin can
be adsorbed by the ﬁgnn from 1 m! of plasma At first sight 1t
mught seem that this mechanism should explam the farlure to demon-
strate more than 8-10 umits of thrombin dunng the sp
clotting of whole blood If 9o per cent of the thrombin were
adsorbed by the fibrin then naturally 1t would never be possible to
demonstrate more than 10 per cent of the total available thrombin
Unfortunately this simple explanation 1s untenable because 1f the
blood 15 rapidly defibrinated with 2 small amount of thrombin
subscquent thrombin formation follows much the same pattern
the defibnnated blood as 1n the whole blood.

The powerful adsort of thrombin by fibom provides an ex-
cellent mechanism for prevenung the dangerous extension of a
thrombus _If thrombosis occurs 1n a small vessel much of the
thrombn formed may remamn localized in the clot

The reaction between thrombin and antithrombin has been
studied lay Astrup and Darhng {1942 1943) Lyttleton (1950) and
Klen and Secgers (1950)  Astrup and Darling found that using cer-
tain concentrations of plasma and thrombin the neutrahzation of
i 1. Y thromt p d to be a first order reaction
Lyttleton (1950) on the other hand found that this reaction could
not be interpreted i terms of a ssmple first order mteraction though
1f dufferent amounts of thrombin were added to defibnnated plasma
a constant proportion of the thrombin was neutralized m a fixed
nme It appears that thrombmn and antithrombin react together
stoichiometncally  hlem and Seegers (1050) have shown that the
antithrombin can be saturated by the addition of an exgess of throm-
bin and that with amounts o!y thrombrn less than the saturating
amount the residual antithrombin 15 1nversely proportional to the
amount of thrombn added 1 ml of defibrinated plasma 15 capable
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of neutrahzing about 700 umits of thrombin  When more than 700
unts of thrombin are added to 1 ml of defibunated plasma the
neutralization reaction proceeds rapidly and may be complete m
10-15 munutes leaving residual thrombin  When 2 very small
amount of thrombm 15 added to plasma 1t 15 neutralized rapidly
leaving much antithrombin When the amount of thrombn added
15 comparable to the antithrombin content of the plasma the
neutralization process may continue slowly for several hours

The carcful quantitative expeniments of Klein and Seegers (1950)
disclose difficulties m the mterpretation of the normal coagulation
process From expenments on diluted plasma 1t 15 concluded that
plasma contams about 300 umts of prothrombm per m!  Smnce one
umt of prothrombun 1s converted mto one umt of thrombmt follows
that 1f all of the prothrombin 15 converted to thrombin 300 umts of
thrombin must be neutralized in the plasmaKlemn and Seegers (1950)
have shown that when 300 umts of thrombn are added to plasma
several hours elapse before all of this thrombm disappears When
whole blood clots no thrombin can be detected after 12-20 mnutes

There 15 at present no satisfactory solution to this problem Itis
possible that expeniments on diluted plasma may give a false ym-
pression of the amount of prothrombin present m plasma  Alterna-
tively expeniments m which thrombn 15 added to plasma contamng
prothrombm may bear little relation to expeniments . which
thrombin 1s generated in plasma  Possibly the process of prothrom-
bin conversion activates the antthrombm system m plasma

THE MEASUREMENT OF ANTITHROMBIN

Since the anuthrombimn system of plasma appears to consist of
two separate pats the measurement of antithrombrn presents daffi-
culties It 15 possible to measure the extent to which thrombin 15
adsorbed by tie fibrin the potency of the progressive antithrombn
activity or a muxture of the two systems Agam 1t 15 possible to
measure the antithrombn activity by recording the speed of throm-
bin neutralization (Astrup and Darling 1942 “and Lyttleton 1950)
or the total capacity of tﬁc plasma to neutralize thrombin may be
measured (Klein and Seegers 1050) At present there 1s no reason for
assumng that one system for neutrabzing thrombin 1s more 1mpor-
tant than the other an attempt should be made to measure bo

Astrup and Darling (1942) have worked out a reasonzbly satis-
factory method of measurmg the relauve progresave antithrombin
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capaaty of different samples of plasma  In thus method the plasma
1 first defibnnated and the test carned out on defibrinated plasma
A sample of the defibnnated plasma 11 2dded to 2 Large excess of
thrombsn  The muxture 18 incubated at 37 C for ificen munutes
The amount of thrombmn remamng at th ume 15 zrecorded by
removing a sample from the nuxture and adding 1t to fibanogen
From 2 companson of the clotting tme of the fibnnogen with the
ongmal thrombin solution the smount of throrbin neutralized can
be caleulated  Te must be reahzed thar it 15 assumed that most of the
! of thrombin by anuthrombun 1s complete 1 fificen
muutes From the work of Kiem and Seegers {r950) dus assumprnon
will not be vahd unfess the amount of thrombwn added 15 very darge
m rclanion to the amount of plasima present they use 1000000 units
per mi of plasma  In Astrup and Darding s method thes hugh pro-
postion of anuthrombin 15 achieved by using smull amounts of
plasma {see Ap&m&xx) "This method has been found to give reason-
able results wath normal plasma but much mote study 15 necessary
before 1t could be expected 1o be 2 useful routine tost
To assess the ability of fbrin o adsorb thrombin the test sug-
gested by Astrup and Datling could be sepeated using whele
plasmz wistead of defibnnated plasma  The difference between the
results of the tmo tests should grve 2 measure of the amount of
1 rarmh bed by the fiby

e >~
HEPARIN

As anmadental finding 1n exp desipned to punfy cephalin
thromboplastn from tisstes McLean {1916) found that 3 'substance
could be extracted which retarded coagulanon  Thus substance was
called hepann because st was first ssolated from bver  Howell and
Holt (1918} found that heparn could be injected into anmals withe
out caustng any 1ll effects and that st prolonged the clotang tme of
the ammal’s blood. The presence of hiepann 1n the blood prev ented
the of prothrombin to thrombin and Howell theref
reasonably concluded that hepartn was an antiprothrombin Stace
McLean and Howell s o work many expenments have been
carried out with hepann 10 isolate 1t 1 2 pure form, to determine
the chemical formula to discover 1ts mode of action, and to apply
the anticoagulant to the treatment of patients with thrombosis - An
excellent summaty of this work 15 prven by Jotpes {1916)
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THE ISOLATION OF HEPARIN AND ITS CHEMICAL COMPOSITION

Hepann 1s present i most of the tissues of the body but 1s present
1n Jughest concentration 1n the hiver and lungs Heparn 15 soluble
m water and preapitated by alcohol acctone and and 1t forms an
msoluble compound wath brucme (Fischer and Schmutz 1933) The
methods for prepanng hepann usually consst m 1ts extraction from
the tissue 1 water alkali or potassum thiocyanate and ts puntfica-
tion by repeated preaipitations with alcohol acetone or brucme

From chemmcal analysts of the purest preparations Jorpes (1946)
found that the substance was composed afr,nost entirely of hexuronic
acid hexosamineand ash ‘The ash contained 7-8 per cent of sulphur
The substance therefore differs from chondroitin sulphunc aed, m
1ts content of sulphur the nature of 1ts ammo sugar (glucosamine
and not galactc ) and m 1ts anticoagulant ability The anu-
coagulant activity of heparnn preparations from the same tissue
mcreases with the number of sulphur atoms per molecule of uromc
aad It 1s probable that commercial heparm consists of a muxture
of different polysulphuric esters When preparations made from
different amimals are compared the close correspondence between
acuvity and sulphur content disappears  Jagues and Waters {1940)
and Jaques Waters and Charles (1942) prepared heparn from dogs
cows pigs and sheep and although the sulphur content was simalar
1 all the preparations théy vanied enormously m acuvity

THE PROPERTIES AND SITE OF ORIGIN OF HEPARIN

Hepanin catries a strong electric charge  In 2 2 per cent solution
the spearfic conductance 15 85x 104 mhos Heparm solutions have
no osmotic cffect on the red cells Heparm stans an mtense blue
violet with toludine blue  Holmgren and Wilander (1937) found
that the granules of mast cells stan 1n 2 simular manner and the
yreld of heparn from a parncular tissue 15 related to 1ts mast cell
content Itts possible that the heparin 1 the body anses m the mast
cells The common drstribution of mast cells along the capillanies
suggests that heparn may have some local effect i preventing c il-
lary thrombosis though hepann 15 seldom found 11 normal blo

THE MODE OF ACTION OF HEPARIN

Imtially Howell thought that hepann acted as an antiprothrombin
and the observations on which this belief was based have not been
contradicted When heparin 15 added to blood in a concentration
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sufficent to prevent coagulation the prothrombin 1 not converted
1o thrombin I a system m which the albumin fraction of the?
plasma had been remorved Mellanby 193513) found that hepann
did not prevent the conversion of prothrombun to thrombu but

hsk thromb gen reaction Quick (1938) extended
the findings of Mellanby when he showed that hepann reguired a
component from the a!gumm fraction of plasma for 1t whibitory
effert Hepann by sself did not mlubat the thrombin-fibnnogen
reaction bot this reaction was miubited 1f afburmun was present
Brinkhous Smuth Wamer and Secgers {2939) showed that hepann
does not prevent the consersion of prothrombun to thrombin 1. the
sbsence of the atbumun frachon  Heparm therefore appears o
requiee a co-factor for s acovity  From the work of Snellrman
Seyism and Julen {5951} 1t 15 posaible that hepann a5 1t occurs e the
cclls may be in combmation with thes co-factor and that the methods
of heparin preparation normally scparate the compound mto_two
Eam The slbumin fracnon of plasma can replace the normal co-

ctor  Accordmg to Sneliman et ol {1951} the co-factor 1s 2 bipo-

roten
F From this work 1t can be concluded that 1 the presence of st
co-factor hepann dCh}’S the thrombin-Gbemogen reaction and pre-
sems the f of thrombun from p b

The mhubitory action of heparn on the thrombun-fibnnogen
reaction has been swdied by Astrup and {Darhng (s942) Lytleton
{1950} Klen and Seegers {1950} and Snellman et &b {1941} R
appears that hc?arm has two dustinet cffeets In the first place 1
P the buon of thrombin by fibnn (Klem and Scegers
1950} Secondly hepann in assocation with the slbumin frcnon
of plasma combines with thrombin {Lyttleton 1950 Sneliman e al
3941} This combumation of hepann and thrombin 1 reversed b
tohudime blue or ditution and 13 affected by changes in sonse stremy
(Lyrdeton 1950} Lyttleton (2950} and Snellman eral (1951) study-
1ng; the electophorenc pattern hiave shown a change 1 the speed of
nugration of thrombm when hepann and ats co-fastor azc present
This combisason of hepann and thrombin reduces the abiliey of
the thrombm to dot fibnnogen. From the wotk of Lyrtleton (2950)
1t appears probable that the albumin co-factor for hepann 13 ant-
thrombin_Thus problem 15 difficult o srady because the thrombm
acuvity of 2 mecrure must nasurally be judged by s offeer on
fibnnogen. Ifhepacn 1s present this may mccr?crc with the rezetion
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between thrombin and fibrmogen 1n the wndicator systemt From
expervments with very concentrated thrombm solutions which were
greatly difuted to estumate the resdual thrombin Klem and Secgers
(1950) have shown that heparn does not merease the amount of
thrombmn neutralized by antithrombin ot the speed of the reaction
In other words heparm mterferes with the thrombin-fibrmogen
reaction but does not mfluence the neutralizanon of thrombm
Thus concluston 1 1nteresting but 1f as Lyttleton (1950) has claimed
the combmation of heparin and thrombin 15 reversed by dilugon 1t
15 posstble that Klem and Seegers’ (195?‘ conclusion 1s not valid In
earlier expertments Secgers et al (1942) had shown m contrast to the
later work that heparn accelerated the combmation between anu-
thrombmn and thrombin It seems possible that these omgnal
observations were valid and that the combmation catalysed by
heparin 1s reversed by didutton

From all these experiments 1t appears that 1n the presence of anti
thrombin heparn and thrombun form a reversible combmation 1
which the thrombm 15 mactivated Heparin does not increase the
amount of thrombm neutralized by antithrombmn but mav mcrease
the speed of this combmation  Since the total amount of thrombin
neutralized 15 not mcreased 1t seems likely that antithrombm enters
mto the combmation between hepann and thrombm Hepann does
merease the amount of thrombin neutralized by whole blood or
plasma because 1t increases the amount of thrombin adsorbed by
fibnin

When heparn 1s added to whole blood 1t delays or prevents the
conversion of prothrombm_Biggs Douglas and Macfatlane {1953)
bave shown that heparin inhibats the formation of blood thrombo-
plastmThus mhibition would be sufficient to account for the fulure
of prothrombimn conversion Conley Hartmann and Morse (19492
any b? found that minute traces of heparin were sufficient to prevent
the clotting of highly centnfuged normal plasma m glass tubes
Presumably the removal of an essenttal thromboplastin component
(platelers) would account for the extreme sensitivaty to hepann

Heparn arculating m the blood has also been shown to acavate a
plasma lipase which has the effect of cleanng plasma of chylomiera
the fat being absorbed by the albumm fraction with wiuch the farry
acads combune (Robmson and French 1053)  This effect 1s produced
m vive I viro achivation requires the presence of a tissuc et
tract It 15 possible that thus cleaning effect mught be important n
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the anti-thrombosis effect of hepann 1f thrombosts 1s found to be
associated m any way with a arculating thromboplastic hipord

THE MEASUREMENT OF HEPARIN

Two mawn methods for the measurement of hepann are available
In one method (Jaques and Chatles 1941) oxalated blood 15 used
To this blood varying conc of a standard hepann prep
tion are added. Thrombun 15 then added to the muxtures In the
tubes contarmng hepann the clotting time lengthens with increasing
concentranon of heparm unul a pomt 15 reached where no clot
forms A test prep 1s d with the standard and the
concentration of hepann 1s read from the first tubes 1 which no
clot forms This method 15 descnbed 1n the appendex

The second method depends on the 1solation of hepann from
blood and 1ts by the develop of 1
actvity (Jaques Mitford and Rucker 1947, Monkhous Stewart and
Jaques 1949) 'This 1s more elaborate than the measurement of clot-
tng time and the two methods do not always give exactly the same
results (Snellman Jensen and Sylven 1949) ‘Smee 1215 the mhubinon
of clotting which 15 phystologically important the first method 1s
preferable

ANTITHROMBOPLASTIN

From work on the effects of surface contact on blood cozgulation
Tocantins (19443 and b 1945 1946 Tocantins and Carroll 1940a
and b) has become convinced that blood contams an antithrombo-
plasun Tocantins believes that this antuthromboplastin 1s present
m whole blood when 1t 15 withdrawn from the body and thae 1t 15
removed from blood by glass surfaces or by contact with ashestos
fibres  Tocantins has found that when a lipoid thromboplastin (the
ether soluble alcohol msoluble fraction prepared from acetone dried
bram) 15 added to Plasma the aceelerating effect of this preparation
1s reduced by of the thrombop with plasma  The
extent of the mactivation of the thromboplastin 15 increased 1f the
plasma 15 collected with special precautions to avord contact and
wmncubation takes place m}iustrmd tubes The plasma m lustrord
tubes therefore contains more antithromboplastm than that 1n glass
tubes 1€ the plasma 1s treated with asbestos the clotnng tme on the
additton of the lipord thromboplastin 15 greatly reduced and the
speed of thrombin formation 15 correspondingly mncreased  More-
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over 1f plasma treated wath asbestos 1s ncubated wath the thrombo-
plastin 1t 15 found to have lost 1ts ability to neutralize the thrombo-
plastic acvity  Haemophilic plasma has a longer clottng time than
normal on the addition of the lipoid thromboplastin and a greater
ability than normal to nentralize thromboplastn The clotting time
of haemophilic plasma can be reduced to normal by incubation with
asbestos  The defect i haemophilic blood 1s therefore according to
Tocantns due to an excess of mhibitor Tocantns has extended
hus observations by the final and usually crucial test He has 1solated
an mbubitor from normal and haemophilic blood which mterfered
with the reaction of plasma to hipoid thromboplastn  Haemophulie
plasma was found to contam an excess of this mhibitory substance
Tocantins et al (1951) have observed that not only 15 the mhibitorv
effect removed by contact but 1115 also greatly affected by dilution
In the majonty of experiments on blood cloting the plasma 1
diluted In the one-stage prothrombun test for example the plasma
3s diluted to about 26 per cent in the final test Tocantins et al (1951)
found that undiluted plasma has 2 remarkable reststance to the acon
of thromboplastin  If the one-stage prothrombin test 1 carried out
with vanous dilutions of plasma in the final mxture 1t was found
that with 70 per cent of plasma the clotting time was 27 seconds
whule with 26 per cent of p{:sma the clotting time was 17 seconds In
both these tests the concentration of thromboplastm was the same
Tocantins expenmental evidence 1s convimcing and hus inter-
pretation reasonable The acuve thromboplasn formed from
plasma gradually disappears with the passage of ume (Chapter V1)
and presumably 1t 1s neutralzed Tocantms substance may well be
responsible for this mactivation  On the other hand few would
agree with Tocantins that the defect i haemophilic blood 15 due
entirely to an excess of inhibitory substance Moreover there 13
much evidence that surface contact Liberates an activator of blood
coagulation Before Tocantins hypothesis can be accepted hus work
must be correlated with that of other workers on the effects of
surface contact on blood coagulation
A suggestion was put forward by Macfarlane (1942) who thought
that plasma thromboplastin was likely to consist of a labile proten
fraction probably an enzyme and a hipotd factor ‘Together these
two factors consttuted thromboplastn but they were mactive
separately It was also suggested that the ipord 1f 1t was present in
excesstve amounts mught act as an mhubitor of coagulatton A very



NATURAL INHIBITORS OF PLOOD COAGULATION 13}

sumilar view has been put forward by Overman (1949) Shinowara
(19512 and b) has d d that two fr can be separated
from the plasma which together have duamb:f,lnuc activity but
which are mactive separatcl { Ttss possible that inhibiion of coagula-
tron by an excess of natural lipoid might account for some of Tocan-
nns observations and that the iubitory acton ef haemophubic pl.
mught be due to a dusproportion between hpoid and proten con-
sttuents from the absence of one thxomaphmn component
rather than to any real cxcess of mhubitor

SUMMARY TO CHAPTER VIL

From the work discussed 1n this chapter there 15 one well estab-
Iished inhibitory system mn the blood. Thus 15 the annthrombmn
system  Thrombin 15 normally neutralized by sts adsorbuon on to
fibnn dunng cloting and by 1ts quantitative reaction with a sub-
stance known as antithrombin 1n the albumin fraction of plasma
Hepann 1s not normally present an blood i measurable amounts
but when 1t appears 1n pathological cond oris d
injection hepann enhances the normal annthrombin system of
plasma Hepann increases the amount of thrombi adsorbed by
fibnn and may combme with thrombin erther to make the thrombin
less reactrv e or to render 1t more raprdly neutralized by annthrombm
The depression of thrombin formation which occurs in the presence
of h:ﬁ:mn may be due to the rapid neutralization of free tlsrombm
which may prevent the acvation of the plasma thromboplastin
system.

From work on the effect of contact wath glass susfaces on blood

gul Tocantins has concluded that blood contans a substance
which 1 hrombosl] hrombol]

This P
been ssolated from normal pizsma by Tocantns but much remains
to be discovered about 1ts mode of action At the present 1t must be
regarded as a hypothencal factor because hus work has not as yet
proved that the substance 1solated from plasma 1 responsible for
the phenomena which occur when plasma 15 exposed to glass
surfaces However Tocantins hypothesis explains many observa-

vons and doubtless future expenments will disclose the mode of
action of the mhbitor




CHAPTER VI
CLOT RETRACTION

‘When blood coagulation 1s complete the clot usually undergoes
two changes contraction and, after a vamable time spontaneous
Iysts Itss not certam that these two processes are concerned with or
even the remote result of the process of coagulation but sice this
potnt 1s m some doubt and as Eoth changes may have some bearing
on the efficiency of coagulation they will be briefly considered 1n
this and the following chapter

THE MEASUREMENT OF CLOT RETRACTION
The fact that newly formed blood clots have a tendency to con-
tract o that serum and a small proportion of red cells are squeezed
out hasbeen familiar observation since the daysof the phlebotomusts
Hewson (1772) described how soon after blood yellies or coagulates
1t separates mto two parts the crassamentum and the serum
Thackrah (1819) was mterested m this contraction since 1t seemed to
vary m degree m different cliucal condiions and he dewised a
method of measuring 1ts extent by which the weight of the un-
clotted blood was compared with the weight of the blood after
contraction was complete He mentions that normal contraction
results n a shrnkage of the blood clot to about 42 per cent of the
weight of the origmal blood The word retraction now commonly
used to describe this process was apparently mtroduced by Schklar-
ewsky 1n 1868 to descibe the behaviour of blood allowed to coagu-
fate mn capillary tubes since the clot would be seen to shrnk away
from the glass walls when viewed with a mucroscope The term1s
not particularly apt but from deference to custom 1t has perststed
Hayem (1878 1895) described a number of the factors concerned
m retraction and lated considerable mterest 1n the ph on
His method of was comparatrvely crude of
watching the behaviour of clotted blood at the bottom of a small
test tube He showed that the platelets were prob:Ablty concerned
smee 1f the platelets were allowed to sediment out of horse blood
kept flwd 1n a segment of excised jugular vem the resultng plasma
fnfcd to produce retractde clots” Smce that ume a number of
34
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methods for esumating the amount and speed of retraction have been
devised but few of them have been supenior to that used by Thack-
rah  Cesana (1909) used 2 modifiation of Thackrah s method
suspending a tube contaning a clot from 2 balance wlnch recorded
the change in weight as the scrum draned out of the tube  Opiez
and Marzdorf (19.1) demonstrated that narrow tubes such as were
used by Glanzmann (1918) may cause gross errors m mc:uum;ﬁ
retraction since even normal blood may fal to retract under su
conditions Thc{ favoured a watch glass techmque which had been
wsed previousty by Morawnz and Biench {1907} Fomo {1921) be-
gmning an extensive mvestigation of retraction which has lasted for
many years used a retracul c of a graduated tube
coated with paraffin 1n which the decreasing height of a blood clot
1s measured on 3 scale  Levy-Solal and Tzank (19.3) measured the
volume of scrum extruded by retracting blood clots a method also
used with vanous modifications by Boy ce and MacFettendge (1937)
and Macfarhncgwg) In the latter s method a graduated centrifuge
tube 1s filled to the five ml mark with blood and a glass rod with a
number of projections 1s placed n the tube before the blood clots
One hour after coagulation the clot 15 removed by hifting out the
glass rod The serum volume 1s then read off on the scale of the
graduated tube  All these methods of g lved
a certam amount of manipulation or trauma to the blood clot This
was avorded by suspending a volume of blood 1n a clear bland o1l
medium so that retraction took place out of contact wath glass or
other surfaces the serum being separated and measured. Van Allen
(19.7) caused the blood clot to be suspended m o1l on 2 small plat-
form the serum as 1t was extruded g through the o1l to the
bottom of the tube where 1t could be measured on a scale  Hirsch-
bocck (1948) suspended the blood 1n castor o1l 1n a test tube and
noted the tme at which serum was expressed. Budtz-Olsen (1951)
has greatly improved thus procedure by a volume of
blood 1n a muxture of liqud paraffin and trichlorethylene combined
1n such propostions that the bfood remams suspended i the medium.
R 1 d by g the clot at the end of a specified
aume and estmating 1ts volume by immersion 10 a graduated tube

The serum can akso be prpetted from the oxl and estumated volu-
metrically
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FACTORS INFLUENCING CLOT RETRACTION

PHYSICAL FACTORS

A vaniety of physical factors mfluence the speed and extent of
retraction Babington 1 1930 noticed that the shape of the vessel
n which the blood clotted had an effect on the amount of serum
expressed and the importance of using tubes of reasonable width
was pomted out by Opitz and Matsdorfin 1921 The type of surface
m contact with the blood also affects retraction although there are
contradictions mn the hiterature as to precisely what this effect may
be LeSourd and Pagmiez 1n 2 series of contributions {1906 1908
1913} point out the mmportance of the treatment of glass surfaces
considering that 1t 15 essentral to flame the contamers immediatel
before use  Arthus and Chapiro (1908) found that tubes coated wit
paraffin wax mhibited clot retraction  Budtz-Olsen {1951) investi-
gated the effect of different treatments of surfaces such as heating
different forms of cleanmg and coating with collodion and hqud
paraffin  He found that coating with collodion dimmsshes the
amount of retraction liqud paraffin mcreases 1t and pre-heating
had a vamable effect The smaller the container the less the amount
of retraction he observed The optimum pH les between 6and 8 2
(Ellicot and Conley 1951) or between 7 and 78 (Budtz-Olsen
1951) The effect of the temperature of the blood during retractton
15 particularly interesting  Macfarlane (1938a) found that both the
speed and extent of retraction increased with temperature up to an
optimum of about 40 Above this pomt retraction 1s reduced and
at 45 1t1s completely mhibited  Even warmng of the blood to 45°
before clotting or retracuion begins with subsequent cooling to
37 C destroys the retracule power of the clot  These observations
were confirmed by Budtz-Olsen (1951)

PACKED CELL VOLUME

The packed cell volume of the blood affects the extent to which
retraction can occur  This fact 15 of practical importance 1n any
measurement of retraction 1 clintcal conditions in whach the packed
cell volume may vary to any extent Macfarlane (19382 1939)
mnvestgated this pomnt and came to the concluston that normal clot
retraction 15 brought to a standsull by the physical volume of the
red cells entangled 1 the fibnn network.” After all the avalable
serum had been squeezed out of the clot no further retracton could
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occur because only a small proportion of the red cells was able to
escape K the packed cell wf:xmc of the particular blood sample was
known 1t was posable to determune whether ot not retracnon was
complete m the sense that a3 much serum as possible had been ex-
truded, and the observed retracuon could therefore be corrected
for vanations 1n packed cell v olume (Macfarlane 1930 Budiz Olsen
1951)  Stmple correction was found not to hold 1n cases with grossly
defictent retraction since a reducuon i packed ccll volume then had
a2 vanable cffect in increasing the amount of serum expressed. Both
Macfarlane {r938a) 2nd Buftz-olsm (1951) decrded that there was
no simple method for correcung et or
1n red cell volume just as there 1s no simple method for correcting
the sedimentation rate for anaermiz

HE PLATELETS

/ The most obvious intonste factor affecting retraction 1s the num-
ber of platelets Duncan (182.) long before the cxistence of the
platelets had been recogmzed, observed that clot retraction was
deficient m a casc of purpura haemorrhagicz. Hayem (1878) and
Delezenne {1897) confirmed the fact that blood deprived of s
platelets produced non-retractile clots It 1s now a famuliar observa-
tion that tn any clinscal condiion m which the platelets are reduced
there 15 2 faldure of clot retrachon  LeSourd and Pagruez (1906
1908 1913} showed that even moderate reductions 1 the platelet
count decreased the amount of retraction so that the two values were
directly 1prc:;;omcml to cach other Macfarlane (1938a) reduced
the platelet count in samples of plasma by centnfuging and estymated
the retraction 1 muxtures of platelet contaning and platelet free
recalafied plasma, and confirmed that below a count of about
100 000 per ¢ mm. this proportionahty between platelets and retrac-
tion exssted  He observed that in elimical cases a reduction 1n plate-
lets was always accomparied by a red mn lthough

deficient retraction mght occur in the presence of a pormal plzt:fcr

count

_ATKMNOGEN AND TIROMEIN CONCENTRATIONS
Despite the {:mpomomhry between the number of platelets and
retraction 1 blood or plasma Macfarlane {1938a) found that dilu-
tion of plasma with salme did not cause a reducton of the retraction
of the clots formed by subsequent recalaficaion  although the
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plateler count was of course, reduced by this procedure 'Thi
apparently paradowical observation was explaned by the work of
Budtz-Olsen (1951) who has shown that withm fauly wide Lty
retraction varies drectly as the plateler countand mversely as the
fibrinogen content of the plasma Diluton reduces both fibrmogen
and the platelet count to the same extent and the retraction therefore
remains unchanged

In most mstances i which a deficient retraction has occurred
desprte 2 normal platelet count there has been an underdymng con
ditson such as pneumonta Hodgkn s disease of jaundice in which
hugh fibrmogen levels are Iikely to occur (Lenobre 1898 Carr and
Foote 1934 Macfarlane 1938a 1939 Aggeler et al 1946) and were
mn fact demonstrated by Budtz-Olsen (1951) 1 association with
defi retraction  Lund (1942) ders that the optimum
fibonogen concentration for retraction 15 100 mg per cent, and
Quick and Hussey (1950) state that retraction 1s also affected by the
amount of thrombin available during the process of coagulation

MECHANISM OF CLOT RETRACTION

The monve power of clot retraction has been a source of argu~
ment ever since the phenomenon itself was first mvesngated  Even
now there are stull different optnions and no completely acceptable
explanation has been produced Most of the various hypotheses
assume that the shrinkage of the clot 1s due to shortening or active
contraction of the fibnn fibres but there have been sugticsncns that
by some osmotic or other physico-chermical means the serum 13
drawn out of the clot by the surf}.;ce action of the contamer (Lampert
1932) The demonstration by Budtz-Olsen and others that normal
contraction of clots suspended 1n bland solvent muxtures takes place
probably disposes of this suggestion

SHRINEAGE OF FIBRIN R
ar cxplanation of retraction wis that newly-

The most poput
formed ﬁbnnl?ocfmvcs like some other colloids 1 that 1t undesgocs
a process of shrmhage or syneresis’ Thus 15 an old view more
recently supported by Lampert (1932) Ebbecke (1940) and
many others Ferry and Mormison (1947) do not believe that
syneresis of fibrm 15 a likely explananon of 1ts shortening and
Budtz-Olsen {1951) powts out that there are major differences
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between svnerests and clot retraction  The amount of syneresis
lotted agaunst ime guv es an Sshaped curve clot retraction a simple
oganthmic one  Syneresss 15 much less extensive than retraction
and much slower requnng under the best condinons about eighe
days to cause a so per cent shankage of volume whereas plasma
clot retracuon will produce a ps per cent reduction 1 volume
~withun an hour oz 5o Syneresss 1s direetly propornonal to the con-
¢ of the gel 1 mvcrsc?y prop { to fibuno-
gen (te gel) concentrabon  Synerests 1s o { shightly senutive to
changes m temperature clot retraction 18 markedly so' and electro-
Iyte concentration has a large effect on synerests but relanvely lede
effect on retracion  Finallv the foree exerted by gels undergomng
synerests 1s mormousl{ powetful and Budez-Olsen has shown that
clot retraction 15 capable of exerting a pressure of only ten or twenty
mms of water Nevertheless there are sull suggestions that some
wherent change m the fibnn fibre atself may be responsible for 1
undergomng a shortening process soon after coagulation  Baley
Astbury and Rudall (1943) consider that fibnogen and fibnn are
members of the keratin-myosin group and have shown that there 1s
an unstretched alpha form and a stretched beta form of both fibnno-
en and fibnn Van Zandt, Hawn 2nd Porter {1947) have studied
tghc structure of blood clots by means of the electron mucroscope and
have suggested that the tendency to form compound fibres mught

explain clot retraction but these supp seem to be unsupported
by any direct evidence
FIBRINOLYSIS

Another expl 15 thae clot 15 the first phase in the

process of fibnnolysis the fibnn beng shortened before being dis-
solved by the fibrinoly tie process Ros‘gmm (1927) obtained apparent
clot retraction by adding s¢-um treated with chloroform to plateler-
free plasma  Chloroform serum usually contams a proteolytic
enzyme and 1t 1 probable that 1n this expeniment what was thought
to be contraction of the clot was actually its partial digestion  Hirose
{1934) and Ferguson and Enkson (1939) ate the main subscribers to
thus 1dea of pre-digestion contraction but Budtz-Olsen (19 s1) has
shown that fibnnolysis and clot are quite independ

phenomena, stnce each can be induced without the other Te1s more
than Likely that the partial digestion of blood clot dunng the process

of fibrmolysis has been mstaken for clot seteaction by oﬂg\cr workers
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and that the loosening of the clot from the walls of the contamer
which 15 brought about when fibrinolysts begms may favour retrac-
tion that might otherwase have been prevented by adhesion

None of these rather vague speculations account for the most
strikang fact to emerge from nearly all the mvestiganions of the
retraction problem that the platelets are an essenual component of
whatever mechanism 15 concerned

THE ACTION OF THE PLATELETS
‘The evidence that the platelets are essential for proper retraction
has already been reviewed and most workers have accepted 1t as
conclusive though as mught be expected demals can be found
Howell (1916) for mstance observed that pure fibnnogen dotted
by thrombin produced clots which shrank away from the walls of
the tubes  But 1t 1s probable that the fibnogen used m this expen-
ment was suffictently diduted to form wide meshed clots which
simply collapsed so giving the impression of acuve retracuon
Budtz-Ofsen (1951} has discussed this pomt and has shown that with
a concentration of fibsinogen equivalent to that of normal piasma
retraction does not occur unless platelets are added Ellicot and
Conley (1951) have confirmed this
It 15 an old observaton that dunng fibon formation the platelets
adhere to the fibrin and that small agglutinated masses form par-
ticulatly at the mtersection of the fibres Duke (1912) suggested
that the acnon of the platlets 1n promoting retraction was the
binding of one fibre to another Without platelets the contraction
of indivadual fibres (due p bly to some m} roperty of
the fibrn 1tself) would not reduce the volume of the clot snce the
fibres would tend to ship one over the other The presence of plate-
Tets would cause by their adheston the formation of firm knots at
the mntersection of fibres so that shortemng of the fibrn would be
effective 1n producing retracion  This view 1s obviously held also
by Tocantins (19362) though 1 addition he describes a process of
bending twisang and shorterung which he assocates n some way
with platelet agglutnation  Consideration of thus theory shows that
1t cannot provide an adequate explanation of the facts It 15 true that
«f there were no adhesion between the fibrin fibres any shottening
they might undergo would have little effect on the volume of the
dot But if there were 1 fact no adhesion between the fibres the
ot aself would have no solidity and would disintegrate Budtz-
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Olsen (1951) has shown that the clots formed 1n the absence of
platelets though they do not retract, have as much mochameal
strength as clots contammg the normal number of platelets It
seems, therefore, that the same amount of adhesion between fibrn
fibres must be present 1 both types of clot  Mere shortenung of the
fibnn fibres by a process simtlar to syneresis 15 an unlikely explana-
tion of the extreme reduction m \o‘umc observed n plasma clots
which 1s usmally of the order of 9§ per cent  Even 1n a latuce m
which all the intersections were knotted together so to sﬁ:kv by

latelets st would be necessary to postulate an average change m
rcn th of 60 per cent or more 1 ndividual fibres Such changes
m length of ﬁann fibres 1 the absence of platelets have not been
observed tnder natural conditions

Glanzmann (1918) and Fomo (1951) favour the idea that there 1s

a speaific retraction factor ( retractozyme ) which acts on the fibnn,
i some way causing s shortening  Fomo (1951} has claimed that
by ultrasonic dwintegration he can break down platelets 1nto a
hyahne material whi g;omot:s retraction and a granular matenal
which promotes coagulaon It 15 suggested thercfore that the
retraction factor 1 denved from the hyaline materal of the platelets
On the other hand Rovatt (1950) found that ultrasonic treatment of
plasma reduced subsequent retraction to a degree proportional to
the amplitude of the wit d n retraction ran
parallel with the degree of destruction of the platelets which was
studied by electron microscopy

The Vital Acionty of the Platelets

The remamnng hypothesis relaung the platelets to retraction sug-
gests that platelet achon 1s 2 vital one  In 1873 Vulpran and Ranvier
observed platelets changing 1n form duning coagulation and send:n,
out and pulling 1 long psendopodia B 188.) described
how the platelets formed the knots in the fibrin network and noticed
clear flud escapmg from them dunng therr agglutnanon. Eberth
and Schummelbusch (1885) also noticed these morphologreal changes
and believed that they mdicated that the platelets were living ce
Frank (1915) and Tart and Green (1026) believed that retraction was
due to the shrnkage of masses of platelets adhenng to the
fibnn _Bessis (1950) and Braunstemer et al (1950) have published
beautiful and g photographs obtaned by electron-
mucroscopy of the long pseudopodia extruded by platelets (see
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Plate 2) From these observanons and hus own experiments Budtz
Olsen (1951) has put forward 2 theory of clot retracton which
depends on wital platelet actiity  He “watched long filamentous
pseudopodial processes bemng thrown out by the platelet masses
formed dunng coagulation these processes bemg attached to the
fibrin network and also linking up wath processes sent out by other
platelet masses  He has observed 1n the absence of fibrin adjacent
platelet masses to be drawn together apparently by the contraction
of mter-connecting pseudopodia  He behieves that clot retraction
1s due not o aw \nri'\erent property of the fibrn atself but to the
contraction of ﬁf;mcmous pseudopodia thrown out by the plate-
lets these pseudopodia bemng attached to the fibnn uself or to
other pscudopodia from platelet agglutinates at the next fiban
imter-section  He pomnts out that n Jower antmals such as himulus
coagulation of the blood 15 brought about not by fibnn but by a
network of extrusions from special cells present m the plasma The
mammalian platelet 15 analogous to this pnmmttve thrombocyte and
retraction may be 2 sort of vesngtal function dating from a remotely
prmitive coagulation mechanssm  Added to these durect observa-
nons of the apparently vital activity of the platelets there 13 the
mdirect evidence that anything which might be expected to kill
Iving cells wall mhubit clot retraction  Heating the blood to 45° C
will render 1t non-retractile even 1f 1t 1s then cooled to the opimum
temperature for retraction durmg coagulation  Such procedures as
storage freezing crushing exposure to short waves ultra-violet
light or X-rays (Wemer 1043 Arthus and Chapiro 1908) all nhibie
retraction  Destruction of the platelets by antplatelet serum or
sedormid m the case of sensitve patients also prevents retraction
(Ackroyd 19493) A number of substances such as opum (Thackrah
1819) chloroform cocame methylene blue antine blue methyl
violét and trypan red which exther stan or fix the platelets, prevent
retracuon though they do not necessanlv prevent agglutmanon of
the platclets (Archard and Aynaud 1908) Other evidence of the
vital activaty of the platelets 1s suggested by the fact that they like
other Living cells reduce methylene blue (Achard and Aynaud
1908) they consume oxygen (Endres and Kubowtz 1927) and
glucose and release lacuc acid (Tullis 1952) The observation by
Fant] Ebbels and Nelson (1951) that substances that act on the thiol
groups of platelets mhubit retraction could be mterpreted as meaning
that such groups are necessary for the vital action of the platclets
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1t scems likely therefore that 2 vial function of the platclets
causing 3 mechanteal shortening of fibnn fibres or of mter knking
pseudopodia may account for clot retraction "This platelet activaty
assocuted as 1t appears to be with morphological changes known
28 viscous metamorphosis 15 sumulated in some way by the process
of coagulation Wnght and Minot (1917) studied this meta-
morphosis and pomted out that it could be produced by fresh serum
or by oxalated plasma after recalafication but not by a micrese of
oxalated plasma and thrombin - Budtz-Olsen (1951) has shown that
of thrombun and fibrinogen or thromt bopl
and fibnnogen do not produce the charactensuic changes 1 the
platelets nor retractle clots The addition of a prothrombin prepat-
anon and calaum to these muxtures promoted retraction and platelet
ph It was luded that some factor other than
hrombin 15 produced dunng prothrombin converston which
potenuates platelet acuwity and setraction  Bergsagels (1956)
observations on the platclet changes produced by the nteraction of
AHG Calaum and Chnstmas factor may be important from the
pomt of view of retraction as well as that of thromboplastin gener-
anon However Ellicotand Conley (1951) have found that colloids
such as human or bovine albumin and even gum acacz may havea
similar retraction promoting effect on an otherwise non-retractile
platclet-thrombin-fibinogen muxture
The prinapal endence aganst the vital theory of retracnon 1
Fonio s (1951) claim that the hyaline sediment from platelets that
have been disrupted ul lly p retracuon  Aganst
ths must be set the statement by Rovaru (1950) that ultrasonc treat-
ment of the plasma mhubats retraction and destroys the platclets
Pethaps Fomos hyal fraction d suffi platelets
that had escaped destruction to produce retraction

1

THE FUNCTION OF CLOT RETRACTION

Trss usually su}:&oscd that clot retraction has some part in normal
faemostans mainly because m certan condinons i which retracnon
1s imparred  such ‘as thrombocytoperuc purpura and obstructive
Jaundice the panents may have manfest Ezemon}nglr. tendenacs

Tt 15 also obvious that the retracted clot 1s denser and 1¢ 15 apparentdy
tougher than the unretracted one  Carr and Foote (1934) suggested
that the defictent clot retraction was maimly responsible for the bleed
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ng m jaundice  Further consideranon does not support this view
In many cases of athrombacytopeme purpura tgere are severe
haemorrhagic symptoms, very similar to those of thrombocytopenic
puspura but clot retraction 15 normal (Macfartane 1941) Dcﬁpacm
clot retraction m obstructive jaundace 1s related to an increased blood
fibrmogen which sometimes occurs and 1s not closely related to the
haemorrhagic tendency which 15 of course due to the effects of
Vitamin K deficency * There are many wnstances of deficent clot
retraction assoctated with mncreased fibrinogen concentranion such
as pneumonta, Hodgkin's disease myelomatosts pregnancy hwer
d}x;eas:s and other conditions with no mereased tcndfc)ncy to haemor~
I ¢

F%mo (1921) believed that retraction acted as a ‘physiological
hgature of the vessels since durmg the process of shanking a clot
adberent to the walls of a vessel mught be cxf;itcd to draw the
edges together  Actually Budtz-Olsen (1951) has shown that the
force exerted by retracting blood clots 15 extremely feeble so that
even the shightest adhesion of the clot to the walls of a glass tube
prevents retraction  Knistenson (1932) suggested that shrinkage of
the blood clot mughe be useful not 1n drawing the walls of  vessel
together but by allowing a thrombosed vessel to become recanalized
asa clot shrank away from part of its mternal surface Quick ‘89505)
1 a recent evaluation of the function of retraction comes to the con~
clusion that 1t has no part 1 haemostasss but pomts out that fibnn
adsorbs thrombin very actively so that before retraction 1s complete
no sigmificant accumulanion of thrombin occurs 1 the interstices o
the clot  Since thrombin itself favours thrombin generaton the
conversion of prothrombin 1 unretracted blood clots 15 slowed by
thrombin adsotboion When retraction begms thrombin beguns to
accumulate m the serum and rapid comumit;on of prothrombin
then oceurs From this 1t mught be argued that retraction favours
thrombin generation in the 1mmediate wamty of an mtravascular
thrombus and so promotes further thrombosis

SUMMARY TO CHAPTER VII
Clot retracuon, which follows coagulation has been measured

by many different methods Retraction 1s influenced by the sucfice
wth which the blood 15 1n contact, and by pH and teniperature by
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the packed volume of red cells 1 the blood by the number of
platelets and by the concentration of fibnnogen

The mechamsm of clot retraction 1s not well understood. It
has been claimed that the process 1s stmular to ‘syneresis of colloidal
gels but the speed and extent of retraction and the marked effect of
temperature and the feeble forec exerted by the clot durng retrac-
tion, opposc this hypothess Others have claimed that retraction 1s
a stage 1n the digestion of the clot but fibrnolysis and retraction
occur independently  The view that hive platclets are actively con-
cemed 1n retraction 1s supported by the face that procedures such as
storage freczng crushing heanng to 45 € exposure to short
waves ete, which are likely to damage living tssues impede re-
traction  Substances whch fix platelets prevent retraction and the
presence of antiplatelet serum mbubits retraction

The function of clot retraction 15 unknown



CHAPTER IX
FIBRINOLYSIS

INTRODUCTION
In the normal processes of haemostasis and repair of wounds
* blood clots are not permanent structures Coagulated blood 1s 3
temporary haemostatic barrier and possibly a supporting framework
for the growth of fibroblasts and new capillanies but as the new
tissue forms the fibrn clot disappears Intravascular thrombt may
also disappear quite rapudly so the thrombosed vessels become re-
canalized  The body possesses therefore the means for disposing
of unwanted fibrm~ This may be partly aclueved by proteolytic
enzymes dertved from the tissues and the leucocvtes but there 1
now evidence that the blood itself contatns one or more precursors of
proteolytic and fibrmolytic factors which are potentally of great
power ~One of these enzymes (plasmmn) 1s present n such concentra-
tion that when fully activated 1t would be capable.of digestng the
total fibnnogen of the body i a few munutes ~
It 15 now recogmized that fibtmolvuc actvity can be induced m
the blood by a number of quite different processes Normal 'Plasma
for mstance when treated 1 vitro with certam bacteral filtrates
or with chloroform develops a powerful fibnnolvtic and proteo-
lyuc activity 'The blood of human bemngs and animals taken post
mortem, particularly mn cases of sudden death can often be shown
to be capable of iquifyang fibnn and there are many observations
which suggest that any form of stress mental as well as physical
can induce fibunolvtic activity m the blood of livng human sub-
jects The phenomenon of fibrmolysis can therefore be the result
of diverse causes and 1t 15 not yet clear whether or not the actual
rocess of fibrn destruction 1 always due to the action of the same
ytic factor  Since the subject may have ulumate physiological and
pathologteal importance 1t 15 considered here but 1t 15 emphasize
that only a bnief summary of the situation can be given as bacterto-
logrcal and biochemical ramufications cannot adequatcly be dealt
with A reviesv of the literature to 1947 was published by Macfarlane
and Biggs (1948) and recent work has been described by Astrup

(19563)
46
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FIBRINOLYSIS PRODUCED IN VITRO
The effect of Chloroform

In 1889 Denys and Marbax found that a proteolytic acuwity
developed i serum after the addition of chloroform ether or
thymol a phenomenon mvestigated m greater detail by Delezenne
and Pozerski (1903) It was found that serum treated 1n this way
digested gelaun and casemn 1ts action being inhubited by the addinon
of untreated serum It was later found by Dale and Walpole (1916)
that chloroform destroys the antiproteolynic power of normal
scrum and st seemed possible that the removal of an inlnbitor by
chloroform revealed the presence of a proteolytic factor normally
present i the blood  Further study by Tagnon {1942) and Tagnon
Davidson and Taylor (1942) demonstrated that this proteolyuc
factor 15 assocm:g with the globulin fraction of the plasma 1
actively fibnnolytie and 1s capable of desteoying fibrnogen

Fractionation

Green (1887) found that separated fibrin prepared from ox blood
lysed spontaneously when suspended in saline - He showed that this
was an urreversible process as the dissolved fibon could not be
clotted again by thrombin Hedin (1904) and Opre and Barker
(1907) found that the globulin fraction of the plasma prepared by
salt preapitation my %t show spontancous proteolytic actvity
wh!cﬁ was mhibited by the albumun fraction  Ferssly (1942} and
Macfatlane and Pilling (r946b) have made simuar observations
and Taylor et al {1945} have found that plasma fracuons prepared
by the Cohn process may have fibnnolync activity Schmmtz has
PrCEMCd a fibrinolytic enzyme from plasma by precipitation with
tnchloroacetic acid It appears therefore that erther destruction of
an inhibitor by chloroform o 1ts removal by fracthonanon ma
reveal a latent fibnnolytic and proteolytic activaty 1n normal blao

Actwation by Bacteral Filtrates

In 1933 Tullett and Gamer found that »f human plasma clots 1n
the presence of certan strains of beta-haemolyne streptococer very
rapid ibrinolysis occurs Malstone (19413) showed that fibnn
denved from pure fibninogen was resistant to the action of strepto-
coccal culture filtrates but that 1f a small amount of the globulin
fraction of human plasma were added rapid lyss occurred  He
postulated a lync factor 1 the globulin fraction required by the
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filtrate for 1ts action Kaplan (1944) and Chnstensen (1945) and
Chnstensen and MacLeod (1945) then produced evidence suggesting
that lvtc factor contamed the precursor of a protealytic enzyme
that was actvated after the addiion of the bacterial filtrate The
name streptokinase was cotned for the bactenal factor ‘plasmun for
the proteolytic enzyme and plasminogen for 1ts precursor A
natural mhibitor of fibrinolysts present 1n the albummn fracuon of the
plasma became antiplasmuin ~ Lewss and Ferguson (1951{ have
shown that fibrmolytic activity can be produced presumably by a
s‘fx'x:iﬂar mechamsm by the acnon of ‘staphylokinase on the blood
of dogs

Thgugh this wortk provided an important advance m the recognt-
ton of a proteolytic enzyme system exrsting 1n normal human blood
attempts to study the quantitative relationships of the supposed
streptoknase — plasminogen — plasmun system’ led to anomalous
results  For mstance using eﬁtm as a substrate Chnstensen and
MacLeod (1945) concluded CEat the activation of human plasmmno-
gen to plasmm followed a first order reaction the rate of change
bemng proportional to the concentration of streptokmase which
apparentlyacted asa catalyst Ratnoff (1948) and Wassermann (1952)
who used bovine fibnnogen as a substrate considered however that
streptokinase reacts storchiometrically with human_ plasminogen
There were also mexplicable species differences Though human
plasnunogen preparations readily developed proteolyne actvity
on the addinon of streptokinase bovine plasmmogen could be ac-
uvated by 1t only shghtly or not at all If however a muxture of
human plasma globulin and streptokinase were added to boyine
plasmimogen acuve plasmin was formed which was dcnvcd“ﬁom
the bovine plasmunogen not from the human globulin (Miillertz
and Lassen 1953}

These d

P have been expluned by Millertz {1955) and
Millertz and Lassen (1953) who have produced evidence that the
activating system 15 more complex than ongmally supposed a siua-
tion all too familiar to the worker 1n blood coagulation rescarch It
seems likely that streptokinase does not act directly upon plasmuno-

en but upon an inert proactvator whch 1s thus transtormed to
actvator  The activator then reacts with plasmnogen to form

lasmun
P The previous fulure to recogmze this additional stage had led to
the d:ﬂ?axlues mennoned. Streptokimase does not actvate bovine
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plasmunogen because there 1s very hetle proactivator in this materal
most human plasminogen preparations on the other hand, contan
large amounts of pro-activator and wall thus not only form ghsmm
on the addiron of streptokinase but will also develop the ability to
acuvate bovine plasminogen  Mullertz (1955) concludes from his
observations that formation of activator by the reaction between
streptohnase and proactivator 15 stocchiometric and the transforma-
tion of plasminogen to plasmin 1s aml{scd by the activator  Thus
the tourymccss of the production of plasmun under the mfluence of
streptokinase might appear to be esther stoichiometric or catalyuc
1f onc or other of the two reactions mvolved was the hmiting factor
In past work mn which the ProSCtIVator-3CUVator SyStem was un-

suspected  the results of were confusing or apparently con-
flicung since proactrsator mught or mught not be present 1n the
1 or in the fib b ofien used as

p g P
anndicator but not in substrates such as casen or gelatin.

Attwation by Tissue Extracts

ere 13 2 volumimous hrerature on the presence of proteolytic
and fibrnoly tic enzymes i tissue extracts (Hedn 1904 Abderhalden
19..1 Rosemann 1936 ctc.) but 1t 15 Astrup and his colleagues who
have shown that such tissue extracts probably owe their effect to their
ability to acuvate a proteolytic system 1n the blood (Astrup and
Dathng 1943 Astrup and Permun 1947 1948 Astrup 1948 1951
1956 Astrup CmcEs(on and MacIntyre 1950) Many different
tissues contain thus activator, pig s heart bemng the best souree and
among human tissues lung and bran having the greatest activity
Fibrinolytic activity was™ also ascnbed to vanous secrenons
Macfarhane and Pilling (1950) descnibed a fibomolync acuwity n
unine which was shown by Williams (1951) to be mainly due not to
afibrinolytic enzyme, but to the presence of an acuvator which was
capable of activating the plasmuinogen contaned 1n most fibrin sub-
strates used to demonstrate fibrnolyss  The exsstence of this
acvator 1n unne was confirmed by Astrup and Sterndorff (1g952)
and 1t was also found m human mulk (Astrup and Sterndorff 1943)
tears (Storm 1955) and saliva (Albrechtsen and Hess Thaysen 1953)
In these latter fluids the activator was also present 1 an mert
precursor form which could be activated by streptokinase This
observation at once links these activator systems wath that of the
blood, which sesponds in a stmular way to the action of streptoknase
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In the case of tssuc extracts the action on plasmuinogen 15 direct
and Astrup and fus co-workers at first used the term ‘fibrmokinase
to describe thus form of plasmmogen actvator but now refer tot
as tissue actvator’ It1snot clear1f fibrinokmase’ and the actvator
generated 1n blood or body flmds are one and the same agent, but
m rather different physical states Though Astrup and Stage {1952)
have deseribed a soluble preparanon fibrmokinase activity 1
mostly d m the msoluble tissue p of the so-called
microsome fraction (Astrup and Permun 1047), whereas the activator
of the blood and bady fluids 1s m solutton  Even 1f these activating
agents differ however Mullertz (1955) has produced evidence that
they acuvate the same pro-enzyme plasmmogen and previous
ndications that different proteolytic system existed m the blood were
due to the fact that tissue activator (fibrmokinase) and the activator
of the blood react directly with plasminogen whereas streptokmase
and certan other agents known collectively as lysohinases only
convert proacttvator to activator as shown m the scheme below

Tissue Kinase

Staphylokmase Plasmmogen

Streptokinase Tissue

Actvator

Proactivator _>Actvator  -» } «~ < { Fibrmoknase)
{In Blood 1 Chloroform.
Unne Trypsin
Mik etc)

Physiological Plasrmn

Actvation

(Blood kanase)

POST MORTEM FIBRINOLYSIS
"The incoagulability of the blood 1n cases of sudden death has been
tecogmzed sce the wnungs of Morgagm (1769) and Hunter
{ WMora\v‘tz {1906) seems to have been the first to demonstrate
_shst such blood lacks fibrinogen and may contam an active fibnno-
lysn In dogs hlled by asphyia simlar changes could be observed
(Fidon Gautier and Martin 1908) Judin (1936) describes the
practical apphicauion of this ph m the ofa
Russtan corpse-blood transfusion service 1 which t?w natural lysis
of the blood from suitable donors made anucoagulants unnecessacy
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Mole (1948) provided the first systematic examunation of this
phenomenon He found an actis ¢ fibnnolysin 1n the blood of 9o per
cent of post mortem cases n which the blood was fluid after death
Ths lysin could be separated by :Ssrca ttation bil ammontum sul-
phate or tchloroacenc aaid. Halse 6948) studied post mortem
fibrmolysts in cats and rabbuts kalled by asphya or drowning and
observed that the longer the blood airculation continued after cessa~
tion of respiration the greater the lync effect He also observed an
increase m parallel wath the fibnnolysm activity of blood phospha-
ude and blood sugar  Berg (1950) investigated fibnnolytic acavity
1n 143 human Post mortem cases and found 1t most marked after
death from asp and b ¢ confirmed that 1n such
cases there was an increase m the blood phosphande and also of
adrenalin-like substances

FIBRINOLYSIS IN VIVO

¢ mamn obstruction to the study of fibnnolytic acavity pro-
duced experimentally in ammals 1s the extreme seventy of the pro-
cedures required. 'I'{c fibrmolytic effect therefore 15 complicated
by a number of others which makes analysis difficult. Dastre (1893)
whe seems to have been the first to usc the term fibnnolysis ob-
served the disappearance of clots from the blood taken from dogs
subjected to severe haemorrhage Tagnon ct al {1946) observed
fibrtnolysis i human cases of hzemorrhage and severe bums and
following haemorrhage 1n dogs  Nolf (1908 1938) and Nolf and
Adant (1950) have made observations on the extreme fibnnolyne
activity produced by the myection of peptone mto dogs following
the removal of the hiver or 1ts 1solatron from the arrculation In these
expenments many other factors are clearly operating  Fibrinolyss
tn anumals has also been produced by means of anaphylactc shock
(h}:fcmu 1939 Rocha e Stlva et al 1946) tourmquet shock (West-
phal et al 1950) and electneally induced convulsions (Fantl and
Simon 1948}

Macfarlane (1937) observed increased fibnnolync activity m
human panents after surgical operanon, usmg a difution techmque
which has proved to be a sensitive ndicator of such changes  These
observations were confirmed and extended by lmperat (1937 1939)
von Kaulla (1947) and Halse (1948) Macfarlane and Bs s (1946)
found that the fibnnolytic activity was more related to the mental
dustress of the patient than to surgical trauma mn operation cases and

u
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followmng this up, Biggs, Macfarlane and Pilling (1947) showed that
severe exeraise or the mjection of adrenalin, had stmlar effects It
has also been observed durmg air rads and 1 anxsety states (Lamer
1947) 1 students about to take part 1 exammauons and even 1
a pnslcnt recerving alarming suggestions under hypnosis (Truelove
1951

Kuwaan and McFadzean (1956) have observed that fibrnolyne
acuvty develops in the blood in the human arm dustal to a tourmquet
causing complete occluston of the arculation and consider that
1schaemua_produces local changes causing fibrinolyne activation,
since no fibrinolysis was observed n blood taken at the same ume
from the other (non-occluded) arm  Oge source of possible con-
fuston has been revealed by Fearnley Revall and Tweed (1952) and
Truelove (1953) who have shown that fibnnolytic actvaty anising 1
the blood mn vivo 1s extremely Jabile and that unless tests are set up
mmedutely after obtamng the blood, or special precaunons are
taken to preserve actvity such as immediate refrngeration falsely
negative results will be obtaned

CORRELATION OF OBSERVATIONS ON FIBRINOLYSIS

The work of Kaplan (1944) Chnistensen (1945) and Christensen
and MacLeod (1945) seems to have established that the fibrnolytic
actvity generated 1 blood by the action of chloroform and by
streptokinase s due to the szararxcc of the same proteolyuc enzyme
plasmn’ This enzyme 1s dernved from 1ts precursor, plasminogen
which 15 present 1 the globulin fraction of the plasma, and coo-
tamnates most fibrnogen preparations unless special precaunions are
taken to remove 1t (Kekwick, Mackay and Nance 19§5s) Plasmun s
capable of digesung fibnn fibanogen casem and gelann has 2 pH
of maxamum acovity and stabihty of 72 and sts actton 15 b
by soya-bean and pancreatic trypsin mnhubitors and by a na
snlubitor present in the albumsn fractions of the plasma It 1s gener-
ally supposed that chloroform promotes the activation of plasmno-
gen by some mtnnsic activator system by destroving the fubitor
which normally heeps thes system sa check. Streptokenase comefts
the proactrvator o;iﬁc plasma to activator which then catalyses the
comversion of plasmmogen to plasmin  Fibnnokinase usu: ly pre-
pared from wssucs activates plasminogen directly  Swmee human
fibanogen 15 usually contamnated with both proactivator and
Phsmmogcn, fiban formed from 1t will undergo lysis in the presence
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of esther streprokunase o fibnnokinase bovine fibonogen hawever
lacks proactivator but contans El.ummogcn and will thus form
a lync system with fibrmokanase but not with streptokinase

Evidence hasbeen produced by Brdwell (1953) suggesting that the
fibanolytic actvity which develops spontaneously 1n vavo follow-
1ng exetaise or stress 18 due to an agent sunlar to that studied b
Mole (1948) 1n post mortem blood  Bidwell and Macfarlane (1955
had already suggested that this activity might be due to the :ch“_
ance of a ‘kinase which acuvated plasminogen duning the clothng
process rather than to the direct action of 2 proteolytic enzyme
activated 1n vivo  Bidwell (1953) and Mole (1948) both observed
that the fibrnolytic acuvity developmg sponstancously s man
differcd from that of plasmun since the former appeared to have no
effect on fibnnogen or such substrates as casein and gelatin and
similar differences were found by Fantle and Simon (1948) n
obscrvations on fibnnolysis induced 1n ammals by electric convul-
sions

It seems bkely however that these difficulnes and the apparent
d lanty between the ph of sp fibninolysis
post mortem fibnnolyss and plasmun activity can be explamed by
the unsuspected complexity of the plasmin activating system
Mullertz (1953) has found wnereased amaunts of activator n blood

derg P lyss thus confirmmg the sup-

positions of Bidw.cll and Macfarlane (1951} that the acuvity was due
to the presence of a 3

Such an activator would not of course cause digestion of sub-
strates such as casen or gelaon which do not contan plasminogen
1ts mabiity to digest fibrnogen 1s probably c(pl:unccf by 1ts rapid
nactivation by an mhibitor while n solunon 1 plasma’ while its
selective adsorbtion wath plasminogen to fibnn dunng the process of
dotung would protect 1t from the action of the mhlgltor and
promote subsequent fibrnolysis

THE MECHANISM OF ACTIVATION IN VIVO

Tt s probable that fibrinolytic actiwity developing spontaneously in
the blood of the hiving subject 15 duc'to the release mto the blood
stream of lysok which Iike streptok are capable of pro-
ducng plasminogen-activators from the proactivator of the bFood
or of fibnnokinase Itke that extracted from tissues which are capable
of acung directly on plasminogen Certamly n the defibnnanon
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syndrome due to the entry mto the blood stream of tssue fragments
denved from the placental site or from damaged lung tissuc mtense
fibrinolysis 15 often observed Halse (1048) noted the ncreased con
centration of phosphatdes m fibrmolytic blood from asphyxuated
amumals and suggested that 2 phosphatide might be the actvator
smce he had observed activation of the fibrinolytc system by throm
boplastic (phosphatide~contammg) substances

There 15 also evidence that 2 similar mechansm may be concerned
with the activation 1n vivo which 15 produced by mental or physical
stress or the mjection of adrenalin smee Berg (1950} found that there
was an crease of blood phosphatide and active fibrmolysis in human
subjects undergomg electric convulsion therapy and following the
myection. of adrenabn  Nevertheless the action of adrenalin 1
activating the fibrnolytic system 15 not clear smce fibrmolysts and
adrenalm activity are not mnterdependent Truelove {19s1) found
that though adrenahin m sufficient amounts causes both fibrinolysts
and eosmopema smaller doses will cause eosmopenta without
fibnnolysis* whereas exercise or mental stress may cause ntense
fibrmolysis but no eosmoperua and thus 1t mught g: argued hule
nse 1 blood adrenalin It 15 probable therefore that adrenalin 15
not an essential ltnk 1 the mechansm which actrvates the fibnyolytc
system  The observation of Kwaan and McFadzean (1956) that
fibrmolytic activity can develop locally m occluded vessels s of great
interest It suggests that the activator may be denved from the
penipheral tissues or even from vasculat endothelum as a result 0
sschaemia and should provide a new approach to the problem of
fibrnolysis in vivo

THE MEASUREMENT OF FIBRINOLYSIS
Early observations on fibrnolysis were made wath whole blood or
recalafied citrated or oxalated plasma  In some cases as after sudden
death occastonally dunng hfe 'and in certamn ammal expenments the
activity 15 sufficrent to destroy the natural blood clot withm an hour
ortwo Macfarlane (1037) used a dilutron techmque which was more
sensitive 1n di g smaller m fibrmolytic activity
If was found that normal plasma diuted 1 1 16 or I 1n 32 Wi
sahne produced fine webs of fibrin that remain undissolved for many
days but m the stress conditions already mentioned, lysis took place
1n a few munutes to several hours Subsequent clmcal and expen-
mental observatons by Imperan (1935) Macfurlane and Pilling
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{1946b) Diggs Macfarlane and Pilling (1947) Mole (1948) Truclove
{1051) and Willams (t9s1) have been made by this method The
lability of the activity demonstrated by Truelove (1953) and Feamley
Revill and Tweed (1952) has emphasized the necessity for refnger-
ation of the blood and plasma until the test 1s actually set up  The
method which depends on the fact that dilution favours ﬁbnnol{lxu
possibly by depressng mbubitory factors gives only roughly
1 ¢ results and 1nd over-all changes in the fibrinoly-
tic actwity of the blood, and docs not pomt to any one of the factors
which may be mvolved.

More quantitative results can be obtained by measuning 1n vanous
ways the amount of fibnn lysed 1 a gven ume  Halse (1548)
estumated the amount of fibrn femaining and the amount of proten
that had dissolved by deter on the residual clot
and the supernatant fliud after a period of lysis He has also developed
a colorimetnc method using fibnn dyed with carmune red, and
estimating the dyc released by lysis Dx(fwcll and Macfarlane (1951)
have uscg a quanutatne method for assay of natural fibnnolyne
activity based on measurement of the amount of fibrin remaming
after a given period of Iysis  (See appendix) Other methods de-
pending on the lysis of fibnn have been used. In one the tube
mcthog the nme required for the lysis of a fibrin clot m a test tube
15 taken as the index of actvity (Rocha ¢ Silva and Rimungton
1948) Astrup and hus colleagues have used plates of fibrin on wx\;nch
drops of the test preparations are placed. Lysis produces a spreading
zone of hquefaction and the area of this related to ime givesa
quantitative measurement  Thus test can be made to mdicate the
nature of the lytic agent  Plates made from bovine fibnn 1 which
plasmuinogen has been destroyed by heat wall only be lysed by agents
such as plasmmn which are directly fibnnolytic or roteolync plates
made trom unheated bovine fibrin (smnd:lrdp plates’) contain
plasminogen and thus are lysed by plasminogen-activators such as
fibrinokmase as well as by plasmmn and plates made from human
fibrin contan both plasminogen and pro-activator and are thus ysed
b?;s', k such as streptok as well as by fibnnok and
plasmun (Permin 1947 1049 1950b Astrup Crockson and Mac-
Intyre 1950 Miillertz 1955 Astrup 1956)

In most of the work on fibninolysis induced by streptokinase or
chloroform substrates other than fibnin have been used to demon-
strate a general proteolytic actvity  Chnstensen (1945) has used
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viscometric determnations to measure digestion of all these substrates
and also estimations of the merease 1n acid soluble tyrosine and
ammno-nitrogen  Troll Sherry and Wachman (1954) have used
ameno-acid substrates to study the action of plasmun It hasnot been
practical to use these methods m the nvestigation of physiologieal
fibrmolysis probably because fibun by 1ts strong adsorbtion of
fibriolytic fsctors 15 2 much more susceptible substrate and thus
reacts when other substrates remam unchanged

THE SIGNIFICANCE OF FIBRINOLYSIS
~’Only conjectures are available on the possible sigmtficance of
fibrmolytic actvity occurrng spontaneously m human subjects An
obvitous possibality 1s that 1t 15 concemed wath the remosal of fibun
clots 1n wounds or mflamed tissues when their term of usefulness 15
over The finding of fibrmolytic systems i milk urme tears and
saliva as well as 1 the blood suggests that the maintenance of
restoration of the patency of vessels and ducts m general may depend
on the removal of fibnn which may block them followng trauma
or nfection ¥

+There have been suggestions that a proteolytic enzyme 1s concemned
n blood coagulanon  Nolf (1908 1938) believed that proteolysts
1sa factor i normal blood coagulation Tt has been known for many
years that trypsin will elot ova%atcd blood and Ferguson and Enkson
(1939) have shown that trypsin causes an mcreased rate of converston
of prothrombin to thrombin  Lenggenhager (1946) belteves that 2
proteolync factor 15 concerned 1 the 1mual stages of prothrombin
conversion Feissly (1942) obtamed a proteolync component from
plasma which had the power to convert prothrombin to thrombin
1m the presence of caleium It has also been observed that mhibitors
of trypsin delay coagulation Ferguson (1942) showed that pan-
creatic trypsmn bk p coagul and Macfarlane and
Pilling (1046a) and Macfarlane (1947) showed that soya-bean tryp-
sm mhibitor had an anticoagulant action which was apparently ducto
miubinon of thromboplastic actuvity Thus proteolysis favouts
coagulation but 1t has not been possible to show durectly that 2
proteolytic factor 15 a normal component of the clotting mechamsm
as now recogmzed It has been posttively shown (Ratmoff Hart-
mann and Conley 1950) that a globulin fraction of plasma with
proteolytic acnvity can be prepared which has no prothrombun
thrombin fibninogen thromboplastin or Factor V acavity We
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ourselves have not been able to demonstrate any accelerating action
of plasmin prep on _thrombn g m ether whole
blood or any muxtures of 1solated coagulation factors but 1t must be
recogmzed that the mechanism of mtrinsic thromboplastin genera~
tion has not yet been studied i detall and may mvolve hitherto
unknown factors ¥

Rocha ¢ Sitha et al {19462 b c) have suggested that fibrinolysts
may take part m the development of amghyhxu They have
shown that trypsin perfused through an 1solated hver causes the
release of hustamune though perfusion with an anaphy lactic antigen
caused 1o release of hustamune from the livers of sensinzed amimals
umnless 1t was perfused together with whole blood - Since anaphylac-
tic shock 15 assocrated both with a mse m blood histamune and
fibrinolysis 1t was suggested that the antigen released fibunolysin
whach in tum released hustamuine. Ungar (1947) showed that incuba-
tion of sensinzed nssue with the speafic antigen does cause the re-
lease of a proteolync enzyme
“'The observation that mcreased fibnnolysis occurs m anxiety
states and 1n conditions assocated with prolonged mental or
physical stress suggests that there may be some assocuation between
the mcrease of proteolytic actvity and the disturbed metabolism 1n
these conditions  In such cases there may be a greatly mereased
breakdown of body protem causing loss of weight and an adverse
nitrogen balance It 18 tempting to suggest that the fibnnolytic
actvity demonstrable 1 witro reflects an mcreased proteolync
tendency of the arculaung blood which disturbs the equbbrium of
protemn metabolism.™”

It 1s possible that fibnnolysis may be important 1n patients with
thrombosts and embolism  The 1ncreased fibanolyuc acuvity now
known to be assoctated with bodily trauma or anncipated trauma
may have some function in miting the extent of coagubation
damaged vesscls and 1n keeping undamaged vessels free from de-
posits of unwanted fibun O fibunolync actvity by loosening
clots already formed may perhaps predispose to embolism. Only
careful studies of the tme relatonship of changes m fibnnolyne
actvity and the omset of thrombonc or embokic episodes ‘can
dptermune these posnbilities

Finally there have been suggestions that icreased fibrnolysts may
be a cause of abnormal haecmorthage Reimann (x941) descnibed a
haemorrhagic purpura m 2 woman of fifty-eight “assocrated with




*

158 BLOQD COAGULATION

mereased fibnnolysis He called thus condion “thrombolytc
purpura’ There have also been descibed a number of cases of an
acute haemorthagsc state occurring 10 pregnancy and assocated
with placemal detachment or foetal death aud followmg lobec-
tomy (sec Chapter X1}  In such cases defibrination of the bload
and acnve fibrnolysss has been described (Schnerder 1955 Soulier
ctal 1952 Favre-Gilly 1952) Irss theoretically possible that an
mense fibrinolytic acavity could deplete the fibnnogen of the blood

though an alternanve explananon would be that the absorbtion of
thromboplastic placental or Jung tissue may have caused the diffise
travascular coagulation which has been described 1 the so-calfed
‘negative-phase reaction. (see Chapter XIIi)

Tagnon et al (1952) have studied the intense fibonolytic actvi
that may occur in certam cases of carcinoma of the prostrate Wi
metastases and which may explam the haemorrhagre tendency which
occurs in such pahents >

SUMMARY TO CHAPTER IX

A proteolytic enzyme system can be found m human plasmz
s Acnvg enzyme can be yrcgarcd from the globulin fraction and an
uihubitor from the albumin  The mechamsm for the acavaton
of this system 15 complex and much confusion has ansen from the
use of impure substtates The actve enzyme (plasmmn) will act on
2 vaniety of substrates suck: as fibun fibrmogen casewn and gelaun
The enzyme 1s denved from a precursar {plasrmnogen) the con-
version of plasmmnogen to plasmm 15 brought about by varmous
complicated activation systems.” Tissue_extracts (sad to contain
fibnnokmnase or tissue activator) convert plasnunogen ta pl
dicecdy  Substrates which contan plasmunogen guc.h as human or
bovine fbnn) wall be lysed by tissue extracts but nssue extracts
wll not 2ct on casem or gelatin In the past these extracts have been
sud to contan a powerful fibrmolynic enzyme highly speatfic for a
fiban substrate but they are themselves only feebly proteolytic dleg
activate the plasmimogen present 1n fiban  Vanous secrenons suc
as unme teass rulk and salna also contain activators for plasmino-
gen the actvating power of these seerenions is greadly increased by
vagiaus bactenal filtrates (streptokinase staphylokinase} It 15 con-
i
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cluded that the pl g mn these 18 present
artly 1n an wnactive form {proactivator) which 1s actuvated by
Eactcml filtrates /Substrates which contan proactivator (such as
A human fibnn) will be lysed by streptok because the p
18 converted to acuvator and this 1 tumn activates plasmunogen
and the plasmun lyses the fibnn ~Substrates which contamn Lttle
proactivator (such as bovine fibrin) wall not be lysed by streptokinase
Bovine fibrin may be freed from plasmnogen and proactivator by
heanng  Such heated fibrn 15 lysed by plasmuin but not by tissue
extracts or by streptokinase
—Fabrinolysis occurs dunng Lfe and this activity may be due to the
Iiberanon 1nto the blood of actvators of the fibnnolytic system
Acuvity 1s detected after electroconvulsive therapy after adrenahn
mjections following mental stress and i the acute defibnnation
syndrome _Fibninolync activity can be measured by recording the
amount of fibnn lysed na given tme  There are many conjectures
about the physiological ssgmficance of the fibnnolytic system.




CHAPTER X

ARTIFICIAL ANTICOAGULANTS AND DECALCIFYING
AGENTS

To study the coagulation of blood and to obtam samples of blood
for biochemical and other tests 1t 15 often necessary to prevent
coagulation by the addinon of an arnfical anticoagulant A
number of anticoagulants have been used for this purpose In
addition anticoagulant drugs have been used to prevent coagula-
tion 1n the blood of patients with thrombosis In this chapter 1t 15
proposed to discuss the anucoagulants which have been used m
vitro In Chapter XVIII the chnical use of anticoagulant drugs wall
be descnbed

THE ANTICOAGULANT ACTION OF NEUTRAL SALTS

Coagulation can be prevented by the addmon of a sufficent
amount of neutral salts to the blood 1mmeduately 1t 15 withdrawn
from the body Most salts have some anttcoagulant effect and use 1s
made of this fact 1n the collection of flued blood samples for patho-
logreal tests

Arthus and Pagds (1890) and Pekelharng (1892) showed that
oxalate and curate solutions were very effecnve anticoagulants
These two 1ons form umonized calum salts and the anticoagu-
lant action of the amons can be neutralized by the addinon of
calaum  From this work 1t was generally assumed that the anti-
coagulant action of oxalate and crtrate tons was due to the removal of
calcium and that calcium was an essennial factor 1n blood coagula~
tion Smee blood to which citrate or oxalate has been added will
clot readily 1 the presence of thrombin and sice thrombm and
fibnnogen freed from calcrum will react together 1t was further
assumed that calerum rons facihitate some reaction leading to throm-
b formation

These conclusions have never been doubted but several observa-
tions have suggested that the neutralizanon of calaum may not be
the only effect of neutral salts on blood coagulanon. Though
oxalate and atrate 1ons removed caleium 1ons the amount of oxalate
or atrate that must be added to blood to prevent coagulanon 1

160
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‘much larger than the amount necessary to react with the free calaum
tons present (Vines 19.1)  Morcover, antons which form relatively
solubgc caleium salts are also anticoagulant 1f used in suffi con-
centration  Lovelock and Porterfield (1952) have studied the effect
of anons on blood coagulation from a new powt of view  They
have found that there are two distinct anticoagulant effects of anons
Using the antons which form calaum salts of relatnely high solu-
bility they found that the anticoagulant action was proportional to
the valency Trnalent 10ns were more anticoagulant than divalent
or untvalent 1ons  Secondly antons which form calaium salts of low
solubility have a speafic anncoagulant acton  These authors re-
duced the 1omc strength of plasma by dualysis agamnst distilled water
and then ncreased the concentration of vanous sons  They found
that plasma would not clot 1f the 1ontc strength was reduced below
oot mullimolar  As the 1omc strength mercased to © 03 mullimolar
an optimum was reached when a minmmum amount of calaum
wouﬁ induce coagulation ‘These authors have found that when
vanous concentrations of CaCl, are added to saline diutons of
plasma the cloting tme of the muxtures 15 proportional to the
concentratton of CaCl, and not to the concentration of plasma, If
calaum entered mnto a quanttative umon with a plasma constituent
the clotung time shoull‘d vary with the concentration of plasma
They thercfore conclude that calcium 1 not quantitatyely mvolved
1 blood cloting as has been suggested by Quick (1947¢ 2nd f)

Lovelock am“fx Porterfield (1952) have found that coagulanon
oceurs most readily when the proportion of calaium tonsis fy of the
total 1omic strength  Thus mncrease 1n 1onuc strength or decrease m
calaum will both ncrease the coagulaion tme  Thus citrate and
oxalate 1ons which achieve both effects will be partcularly pow ecfid
anticoagulants They conclude from thetr work that calaum acts in
an adsorbed state and that the adsorbed calaum maintams a surface
charge on one or other of the plasma collords which 15 opnimum for
1ts proper nteraction with other plasma collords The work of
Lovelock and Porterfield (1952) 15 a hitle difficult to reconale
wath that of Bergsagel (1955) and Bergsagel and Houge (1956} The
latter authors tunk that calewum may react quanutatively wath the
Christmas factor However_the two groups of workers approached
the problem from very different zng%cs and to settle this question
new expenments m wiuch both sets of observations are taken mnto
account are required
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In addion to the effect on thrombm formation neutral salts
mhibit the thrombm-fibrogen reaction if the concentration 15
sufficiently increased

NEUTRAL SALTS AND THE COLLECTION OF BLOOD SAMPLES

For the collection of blood specimens the salts most commonly
used are sodium potassium, or ammontum oxalate sodium atrate
or sodium fluonde  The oxalate and ertrate 1ons are usually wsed m
blood coagulation work For most coagulation expenments atrate
15 to be preferred to oxalate both because the neutralizatton of
alaum by atrate sons 15 more rapid than by oxalate 1ons and
because Factor V does not detertorate so rapdly 1 citrated as m
oxalated plasma

Neatral salts have disad ges for the coll of haemato-
logical samples because of their osmouc effect  An mgemous com-
bination of ammomum and potassium oxalate devised by Heller and
Paul (1934) avoids this d.LfﬁPculry The ammonm 1on causes the
cells to swell and the potassum 1on counteracts this effect. The
proportion of the two salts used 15 6 to 4 (Wintrobe 1951)

Sodium atrate 1s used for the collection of blood for transfusion
A muxture found mn practice to be useful 15

Disodium artrate 2g
Dextrose ‘315
Water 30

to be mixed with 510 ml of blood (Mollson 1951)

Sodium fluoride 15 used for the collection of blood samples for the
measurement of blood sugar The fluoride porsons the cell enzymes
and prevents the metabolsm of sugar during storage pmor to
crrymng out the test  Plasma rendered mcoagulable with fluonde

will not clot on recalaficanon because calaum fluonde adsorbs
prothrombrn and Factor VI

DECALCIFICATION WITH ION EXCHANGE
RESINS

Quick (1947F) found that 1f blood was passed through the resin
amberlite IR 100 which had been put imto the sodmm cyele then
calaum was removed from the blood and coagulation was pre-
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vented. This method of obtaning blood for the study of coagula-
ton has the great advantage that no foreign substance 18 added to the
blood It 15 true that cations other than claum may be removed
from the blood but thus method of decalafication certanly produces
Jess change 1n the blood than the addinon of aitrate which not onl
neutrahzes the effect of calaum bue also damages the white cells
probably by iterfermg with enzyme action  The 1on exchange
ress are now bemg wsed on a large scale 1n America for the prepara-
uon of blood ang plasma fractions for transfusion (Unuversity
Laboratory of Physical Chenustry Boston Red Book, 1950)

MISCELLANEOUS ANTICOAGULANTS

HEPARIN

Hepann 1s an anticoagulant because it interferes with the
thrombin-fibninogen reaction and wath the formanon of blood
thromboplastin 1t 1s thercfore not used 1 work on blood coagula-
tion  Hepann has no osmotic effect and 15 therefore an sdeal ant-
coagulant for such tests as the measurement of packed cell volume
ot red cell fragiity The mode of action of hepann 15 discussed 1n
Chapter VII

seQUESTRINE (Ethylene diamine tetra acenic aad disodium salt)

Thus substance 15 an anticoa; t by virtue of its calaium binding
apaaity It 15 specally useful for the study of platelets (Procsche
1951)

nquoip (Hoffinan — La Roche)

Liquoid 15 an anticoagulant synthesized by Demole and Renert
(1930) Invivo this drug s toac but m vatro 1t 15 often used for the
collection of SFCC‘ImCl’IS for blood culture (Stuart 1948) Liquord
destroys complement and prevents the phagocytosis of bactena by

e specimen can be used for both culture and agglutination
tests

ANTICOAGULANT DYES

Azo dyes such as Chicago sky blue and Chlorazol fast pink are
anucoagulant (Huggett and Silman 1932 Huggett and Rowe
1933) Huggert and Silman (1932) made expenments which
suggest that Chicago sky blue acts by neutralizing thromboplastn
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Though Cholorazol fast pink 1s non tovic in that Huggett and Rowe
(1933) showed that 16 mg /kilo had an anticoagulant effect whereas
the MLD was 300 mg /kilo these dyes have not been much used
Quuck (1942) points out that the anticoagulant dyes contam sulphunc
acid ester groups and suggests that some of the anticoagulant effect
may beduetoa hepann—l%ke action

SOYA-BEAN AND PANCREATIC TRYPSIN-INHIBITORS

The anticoagulant action of pancreatic trypsin-mhibitor was
studted by Ferguson (1942) and Grob (1943) Grob suggested that
the anticoagulant action mught depend on an mhubition of thrombin
formation In 1944, Ham and Sandstedt and also Bowman found
that soya-bean contaned an anti-trypsn and Macfarlane and
Pilling (19462) and Macfarlane (1947) studied the anticoagulant
action of a purified soya-bean whibitor prepared by Kunitz (1945)
and came to the conclusion that the suistance was anti-thrombo-
plastic, a concluston which 1s supported by the observations of Biggs
Douglas and Macfarlane (1953) who showed that the whibitor
destroys formed blood thromboplastin ~ Glendenning and Page
(1951) remvestigated the anticoagulant action of soya-bean trypsm
mhibstor and thought that the mhibitor formed a dissoctable com-
plex wath prothrombin  In muxtures the yield of thrombin was
apparently related to the mhibitor level The mvestigation of these
mﬁxbttors 15 of thearetical mterest but as yet no practical use has been
made of them

COBRA VENOM

The venoms of most snakes are coagulants by thewr thrombun- or
thromboplastin-like actions  The venom of the cobra 1s an excep-
tion 1n that st 1s an anticoagulant which apparently delays thrombin
formation (Mellanby :909% by interfering with the action of brain
thromboplastin (kruse and Dam 1950) and of platelets (O Brien
1956)

HIRUDIN

In 1883, Haycrafe observed that hirudin which occurs in the
cervical glands of the Jeech was an anucoagulant Its mode of action
has not been studied m recent years Mellanby (1909) thought that
hirudin was both an antithrombmn and an antithromboplastin
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SUMMARY TO CHAPTER X

(1) Neutral salts are used for the collection of blood samples for
mvestrgation  These salts prevent coagulanon probably by interfer~
ing with the normal balance between ealaum and other 1ons The
optimum conditions for coagulation occur when the proportion of
calaium tons 15 % of the total somc strength  Neutral salts act both
by increasing the total 1omc strength and 1n some mnstances by a
speaific reduction 1n calcrum 1ons

(2) Salts contamning ctrate and oxalate 1ons are most widely used
for the collection of I%lood samples

(3) Decalafication of plasma with 10n exchange resins may be-
come an important method for the collection of flmd blood for
transfuston

(4) Heparn and liquord have a limited use for the collection of
blood samples when jmngcs mn red cell size arc to be avorded or for
blood cultures

(s) Some nuscellancous anticoagulants of no practical tmportance
are mentioned bnefly



CHAPTER XI

BLOOD COAGULATION THEORY AND TESTS OF
CLOTTING FUNCTION

The second half of this book attempts to apgly the more theoreneal
knowledge about blood coagulation to the dragnosis and

of patients There 15 hietle inal difficulty i classifying patients intoa
few well recogruzed categones because much of the theory 1s based
on the study of these patients and methods for the detection of thexr
defects follow directly from the theory The techmiques discusied
m this chapter are designed for the study of these well established
varteties of cloting defect When a pattent 1s encountered whose
abnormality does not comade with &at of any recogmzed defect
sertous confuston may artse unless the whole basis of blood coagula-
ton theory 15 correctly appreciated. New factors will be proposed
an madequate evidence and the confuston multiplied by attempts to
test for factors whose existence 1s doubtful The essential feature of
blood coagulation theory 1s 1ts cumulative nature the expenments
of one group of workers 15 added to those of others and gradually 2
pattern of consistent results emerges and the probabiity of some
undetlying causal factor mncreases

THE EVOLUTION OF A CLOTTING FACTOR

IF all else 15 confusion 1t 15 clear that blood coagulation mvolves
a cham of reactions the final stages of which are reasonably defined
Coagulation 1s ulumately caused by the polymenzation of fibrinogen
molccules brought about by an enzyme thrombmn which 15 aself
denved from a precursor prothrombin A very great deal of work
has been done on these reactions during thcr{ast ﬁfzrymrs Tt
reasonably certamn that the coagulation factors prothrombmn and
fibnnogen and their denvatves thrombin and fibrin mvolved 1
these reactions are true and real entities and that the reactions that
they undergo are truly appreated. All reactions which precede
the conversion of prothrombin to thrombun are viewed hanly
through a fog of mtermeduate stages because they must all be judged
by their effect on clotung  Moreover nonc of these carly reacuons
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have been deduced wholly from experiments on normal blood
Invesugation has been imuated 1n every mstance by the study of
pathologreal blood and the factor or factors defined negatvely asa
substance deficient 1n the blood of a certamn class of patient  Subse-
quent work has incorporated many of these factors into the normal
phystological process by creatng aruficial systems lacking the
partcular factor and studying the effects of 1ts'addinon  None of
these factors 1s based on very sure foundations both because the
1nter of techmques used to d them 1s
and because deduction from abnormal to normal physiology 15
dubious The probability of the existence of any one of thesc factors
depends on cumulative evidence

To take as an example haemoplulia - For many years haemophulia
was a syndrome defined manly by the chnical gnturcs and mhent-
ance The clotung defect was not explamned by coagulanon theos
Then Addis (1913 showed that a fraction of normal plasma would
correct the defect Addis musinterpreted hus results 1 the hght of
then current knowledge but hus expenments were confirmed by
Govacrts and Grana {1931) Patck and Stetson us:936) and others
and a coagul factor anuh philic globulin was gradually

accepted. oAccordmg to this work antthacmophilic globulin 1s 2

it deficentn | philic blood and present in the fibrino-
gen fraction of normal blood Imnally the factor could not be
incorporated 1nto blood coagulation theory and 1ts demonstration
rcstctr on a very arcular argument  First 2 patient would be said to
have haemophiba from xﬁc climical features and inhentance a
substance would then be sad to have antthaemophilic actvity 1f 1t
corrected the patients defect  Much more recently (Bmzhous
1947 Quick 1947 Biggs Douglas and Macfarlane 1953) the factor
was mncorporated nto the theory of normal physxology as a sub-
stance necessary for the f of bloed thrombop and an
mndependent test for its acuvity based on normal phystology was
proposed There 1s still practically no informauon agout the chemu-
cal properties of the suisunce and the nature of the reactons n
which 1t takes part

From this example four phases of defimnon of a clottng factor
can be distnguished

(1) The recog of a disease synd.
(2) The sdennfication of a defiaency

»
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(3) The mterpretation of the deficient factor m terms of normal
physiology

{4) The chemical charactenization of the factor and the reactions
that 1t undergocs

At every stage of this process there are pitfalls for the tnwary In
the first stage many dssinmlar conditions may be grouped together
and causally 1dentical cases excluded on narrow definitional grounds
At the second stage also dissimular condittons may be grouped
together (e g haemophiha and Christmas disease) and confusing
1deas about the nature of the deficient factor may come from using
different patients at tandom to characterize the factor At this and
later stages 1t may remam very difficult to distngush between a
deficiency of a coagulation factor and the presence of an mhibitor
by which 1t 15 neutralized If advance 1s to be made 1t 15 probably
wise to assume the defictency theory in the first mstance unless there
15 good evidence for 1ts rejection  The third stage marks an impor-
tant advance because 1t opens the way for mdependent methods of
study In the fourth stage the coagulation factor may be said to have
emerged as a true and real substance

The factors now postulated i coagulation theory are at vanous
stages 1 thus evolutionary process and 1t 1s of more than academic
mterest to define the stages that they have reached Two factors
only prothrombin and fibrmogen are well advanced i stage 4
these may be considered to be true and real substances Quute 3
number of factors are farly securely established m stage 3 Factor V
reached stage 3 at 1ts first senous appearance thanks to the brllant
work of Owren (1947) Factor VII Anthaemophulic globulin and
the Chustmas factor ate simtlacly placed by cumulative evndence
from many sources 'The ussue factor and platelets may be included
n this category though these factors were studied more mn ther
relation to normal physiology than to disease states

Factors emergmg from obscunity at the present time include the
plasma thromboplastin antecedent (PT A) factor of Rosenthal
Dreskin and Rosenthal (1953) and Factor X of Koller (x954 1955)
The mnformation about the PT A factor 15 confusing and nothing
15 known 2bout 1ts possible role m normal physiology on the other
hand the chinical features and a pattern of laboratory findings i the
patients 15 rather definute Tt would be best to consider this condition
as a syndrome Koller s factor 1s rather dufferent the facts about 1ts
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properties are confused by the apparent multiple defects caused by
the dicoumarol drugs and no case of an 1solated deficiency of this
factor has been descnibed  The factor could be placed nzcr hest-
taungly at stage 2 and referred 10 asa defect

“We should Itke to proposc that a convention should be adopted
by which a new con£uon charactenzed mamly by chimeal features
and an unexpluned pattern of expenmental resules should be
referred toasa syndrome  That conditions i which the blood can
be shown to lack some substance replaceable by a definite fraction
of normal blood should be said to have a defect and that the status
of coagulation factor should be reserved for those entites which
can be shown to P&K some part 1n a system composed wholly of
normal reagents  Real substances are those about which some definite
chemical evidence 1s available (Prothrombin and Fibrinogen) Thus
we should have the Rosenthal Syndrome (PT A dcficiency) or
the dicoumarol delay defect (Factor X defictency)

THE THEORY OF BLOOD COAGULATION

Theories of blood coagulation are a necessary gude to expenment
and as knowledge advances the theory changes ~ Any theory leaves
much unexplaned the one which we propose as a working hypo-
thesis Fig 26 excludes early reactions involving contact wnK a
foreign surface about wluch hnle 15 known and for ssmplaty

Factor V Anchsemopbilic globulin

Christmas Factor

Factor VIl Plarelets
FeorV

Tissue Factor

Calcum Calerum
T ]
b + ‘ 4+ Blood Thyomboplast
Cilam

Thrombin 4 Fbnnogen

Fibnn
Fg 25 Dugram of s working hypothesu of blood cosgu! ¢ on.
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TESTS OF CLOTTING FUNCTION 71

excludes mnhibitory substances The dugram fals to gne any
explanation for the PT A or Factor X phenomena The diagram
supgests that there may be two distinct mechamsms for the pro-
duction of prothrombin converung sub In the one pro~
thrombinase 1s denved from tissucs 1t must be presumed that thus
15 a relanvely subsidrary system smee 1ts normabity 1 haemophulia
does not prevent bleeding i the other the blood system forms
blood thromboplasun This scheme 15 put forward to account for
the fact that the blood syster does not appear to require Factor VI
which 1s essential for the tssue acnvator  This 15 2 very simple
scheme merely designed as a working hypothesis for use m the
study of paucnts for the mt:rgrcmnon of tests of clotting function
For the ﬁttcr purpose the scheme has been divided mto clotang
phases (Table 20) each phase mnvolving the formation of some actve
coagulant,

The omussion of the effects of surface contact and of the mhubitory
substances means that this scheme gives Lutle 1dea of the clotung
process as a whole It 15 probable LE‘:K ntra-vascular flmdity 15 the
result of a deheatcly balanced e&mhbnum the activation of pre-
cursor coagulants bemng fa b hened surfaces and the
effective action of the coagulants beng limted, probably by a
whole senes of nhibitory ot linng factors Coagulation wil
oceur 1f the coagulant factors overcome the mhibitors and coagula-
tion having occurred further clots may be expected, because the
products of clotung are also clot promoting (thrombin Factor VI
and the Chnstmas factor) On the other hand, depression of a
coagulant or an ncrease i nhibrtory substances will cause hypo-
coagulability  Clottng must always depend on the formanon of
coagulants at rates faster than they can be neutralized, thus speed of
acnion of a factor 15 just as important as the amount present 100 per
cent of prothrombint 1 the blood will be no more effective than £
per cent 1f 1t1s converted to thrombmn at 1/100 of the normal speed

THE ROLE OF CALCIUM IN BLOOD COAGULATION

Calaum appears to be required very generally in the clotung
process Smce there 13 pracucally no certainty about the nature of
any of the clotung reacnions excopt about the thrombm-fibunogen
reaction n pure solutions 1t 15 dlﬂ?cult to study the role of calcium.
Another difficulty lies in the distnction between bound and jomzed
caleum and which of these may be acve 1 clotting When
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ctrated plasma 1s exposed to contact with a glass surface, actnvation
of some dissolved factor or factors {possibly the Christmas factor
and Factor VII) occurs with no added calcium (Biggs Douglas and
Macfarlane 1953 Rapaport et al 1954) Changes m platelet acumty
also occur slowly m the absence of calerum (Hougie 1955 Biggs
Douglas and Macfarlane 1953} It would appear that some early
reactions can take place without calcrum unless sufficient 1s provided
by thatincorporated mto the glass surface In addition the thrombin-
fibrmogen reaction can take place without calctum  Apart from
these calcium appears to be necessary for all other reactions There
are many enzyme systems m which the combimation between a
protein and metal are essential for activaty  Ir1s possible that calenm
n a combrned form 15 required for the majonty of blood clotung
reactions as for example Bergsagel (195s) has suggested for the
reactions mvolved m the activation of the Christmas factor and #ts
reaction with platelets On the other hand the natural reactions
mvolve very large thromboplastic particles which can be removed by
centrifugmng at 15-25 000 rpm  These large particles may provide
adsorbtion surfaces at which the conversion of prothrombin takes
place and the provision of a swtable surface may mvolve the
adsorbtion of calcum 1ons as has been suggested by Lovelock and
Porterfield 1951 (sce Chapter X)

TESTS OF CLOTTING EFFICIENCY

The techmiques used to record clotang cfficiency have evolved
agamnst a changmng background of theory Many of these tests
have proved useful and will continue to be used regardless of the
mterpretation placed on the results But the scope of the vanous
tests can be mcreased 1f their results are mtecpreted m terms of
modem expenmental patterns old tests can be modified to give
new mterpretations and new techrques can be devised In the
present section 1t 15 proposed to assess the significance of tests w fuch
can now be used to test clotung functon  These vary greatly 1
complexity the simplest tests are not always the easiest to interpret
The majonty of clottng tests record the results of reactions rather

than amounts of substances though with ingenoity many can be
dified to give a probabl findivid t Asafirst

assﬁy [s}
step the tests can be visushized according roughly to the phase of
clotnng by which they are mfluenced (Table 20) The tests can also
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be subdivided tmto those 1n which tissue extracts are added among
the reagents and those 1n which no ussue extracts are used Itas
proposed to start wath the smplest and most general tests and to
continue with the more speafic which are also usually more
comphicated

GENERAL TESTS OF CLOTTING FUNCTION

THP WIOLE BLOOD CLOTTING TimB (Appendix [V 1)

Ths test consists m placing 2 measured volume of blood 1nto each
of four glass tubes and recording the ime which elapses before a
solid clot appears In Chapter VI 1t was shown that dunng the
clotting of whole blood there 15 an imital lag phase of 3-4 munutes
when 1o thrombin can be detected. This lag phase 1s occupied by
the reactions mvolving contact with a foraign surface and blood
thromboplastin formation. Dircetly any thrombin can be detected
the blood clots solidly  The whole blood clotting time therefore 1s
nfluenced mainly by the duration of the lag phase of clotung and
will give grossly abnormal results if the lag phasc 1s long  Since
h phalza 1 v}yx cause of a prolonged lag phase most
o}fuvihc patients whose blood clotung 15 greatly delayed %uv: haemo-

2

¥ The method 15 influcnced by techmical vamables such as the size
of the synnge and needle the size of plass tube used the method of
washing the tubes and the number ogumcs that the tubes are tilted
dunng clotting The major effects of techmeal factors means that
the test cannot be used for recording small differences The tese
rematns chmeally useful because from our expenence 99 per cent
of the patients with very greatly prolonged clotting times {mare than
30 mun when the normal range 15 5-10 mm) Fuvc haemophilia
The test cannot be used to assess the adequacy of treatment 1n
haemoplulia because normal results can be obtaned on the blood
of patients whose dotnn}; finction 1s grossly abnormal The test 1

ely to be very useful for detecung defects i later stages of
clotting because these are normally rapid 1 companson with the
mttal stages and gross defects will cause relatwvely lietle lengthening
of the normal lag phase For example 1f the lag phase in 2 sample s
ken to be 4 munutes and the next phase normally accupies 15
scconds an increase 1n thus second phase to 1 minute may lengthen
the clotung time to § or 6 munutes which 1s not sigificantly aﬁnor—
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mal The clotting time 15 probably only prolonged when the
factors taking part 1 these later phases (prothrombin fibunogen
ete ) are virtually absent

THE CALCIUM CLOTTING TIME (Appendix [V 3)

In this test atrated or oxalated plasma 15 mixed with sufficient
caleum chlonde to neutralize the anticoagulant and the dotung
tume 15 recorded  The test always gives shorter clotting times than
the whole blood test moreover the results are affected by the
number of platelets 1n the plisma and by the length of tme for
which the plasma has stood m a glass tube the clotting time shorten-
ng progressively on exposure to glass (Hougie 1953)

e test therefore has all the disadvantages of the whole blood
clotng time with additional technical vartation On the other hand
1t has the advantage that the sample can be collected and the tests
done at lesure

THE THROMB-ELASTOGRAPH

Hartet (1950, 1951 1952 etc ) has devised an apparatus sntended to
record the ngiditv of clots formed 1n whole blood or plasma The
apparatus records the first onset of clotting and the speed of mcreas-
mg clot ngidity and the final firraness of the clot ~The technique
provides a permanent photographic record of the results and patterns
of abnormality have been recorded in different conditions Like the
whele blood clotting time and the calaum clottng tume the test 1s
probably ifluenced by all stages of clotting and 1s affected by 2
vaniety of techmcal factors It 1s verv difficult at present to s3y
exactly what the method measures but the patterns of results are
undoubtedly mteresting and the method might very well be uscful
n expenmental work on speatfic clotting defects Examples of the
results of the test are givenn Fig 27

THE THROMBIN GENITATION TEST (Appendix IV 27)

Macfarlane and Biggs (1953) devised a smple method for record-
ng the amount of thrombm formed at intervals dunng the clotang
of whole blood In the test 2 ml of whole blood are placed mn 2
tube and mcubated at 37 C and 0 1 ml amounts are removed at
ntervals and added to fibnnogen the clotang time of the fibanogen
samples grving a record of the amount of thrombm present
curve relanng amount of thrombm and time can then be drawn



e
-

Fy 27 Thrombeel tog mrccordsof ! wnplesfo 1 n alsbrects d fromtwo
ptentsu dere tmontf re ronary th ombous R cod (1)1 from subyectund rtect
me t w th dinde an whwe o -t ye proth onbn trie w's 22 scc (normal = 15 sec)
Thecury wouldbeszdto dcatcaco tnu g thrombotc tendency R co d (3)1sf o

n mIsubject Re d{3)1sfronasccond p bient under treatment with dindes n whose
on st we proth mbn ¢ me was 38 (oor 1l m 5 sec) Th record shows | reduction
nco gulsb | ty when ¢ myp nson s made w th the norm | Thisrecord w kindly 3 ppl ed
by Dr Eth 1 B dwell






‘TESTS OF CLOTTING FUNCTION 173

The curves are charactenstically ab l 1n many coagul
defects and 1t has been found that definitely abnormal results are
found m the blood of patients who are mildly affected clincally
The test has the disadvantage that the results cannot be expressed
quantitatively  Pitney and Dacte (1953) have desenbed a modifica-
tion of this test in which plasma 15 used

Al of these tests are pon-speafic i that no speaal phase of
clotting 15 emphasized but 1n arl the phase of longest duration (the
effeets of sutface contact and blood thromboplastin formation) are
the most important In the two simplest tests the whole blood
clotung time and the calaum dlotting tme  techmeal vanability
reduces the usefulness of the results which are in additon mnsensinve
to any but very large deviations from normal The other tests
give much more mégrmanon the thromb-clastogram gives new
information but at present 1t 1s difficult to interpret the test may be
rather msensitrv ¢ to some clotting defects we have obtained normal
results on the blood of one quite severcly affected haemophilic
patent  The thrombin generanion test gives easily mterpretable

fc and the test1s sensitive to small changes Biggs Douglas
and Macfarlane (1953) have used this test to study the cffects of glass
contact on clottung  Though all of the tests are non-speaific they
may be modified, using the blood of panents with known clotung
defects to give speafic nformaton  Thus the effects of materal
thought to have annhaemophilic globulin actmt{ may be tested by
making additions of the matenal to haemophilic blood and recording
the results of onc or other of these tests on the muxtures

TESTS OF BLOOD THROMBOPLASTIN FORMATION

There are two tests 1 which the early stages of clotting are
separated from the phases involving the conversion of prothrombin
to thrombm and fibnn formation One test, the prothrombin
consumpuon test mcludes the earhest stage of clottng the effects
of glass contact but gives non-spearfic information  The other test
the thromboplastin generation test, excludes the earhest stages but
gives more speaific results

THE PROTHROMBIN CONSUMFTION TesT {Appendix IV 2)
Dunng normal clotung blood thromboplasun converts practic-
ally all of the prothrombun to thrombin which 15 then ncumizcd m
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THE THROMBOPLASTIN GENERATION TIST {Appendix IV 28
In this test three reagents ate prepared from normal blood these are
plarelets and plasma treated with AI{OH), (or BaSO, Duckert ct al
19s54) and serum  All of these reagents have been exposed to contact
and thus the earliest stages of clottng ate not taken into account
The test records blood thromboplastm formaton only  In the test
the three blood reagents are mxed with CaCl, and incubated at
37 C Atmunutemntervals 0 1 ml of the meubated mixture 1s added
together with o1 m} of CaCl, to o1 ml amounts of atrated
plasma The clotung times of the plasma samples which are re-
corded gve a measure of the amount of thromboplasun formed in
the meubation muxture
The techmque mvolving the preparation of three reagents has
rather large techmcal vanation iut the differences from normal
obtamed with pathological specimens are so large that this techmeal
1 portant For duag one or other of the normal
reagents 15 sub d by a corresponding reagent from the
panent (sec Table 21) Thus 1f hacmophilic AI(OH), treated plasma
18 substituted for the normal reagent (Mixture 2 Table 21) the

Tass 21
So 1ce of Re gonts
Co dtions wlich
Muxt re | ANOH), gve normal
treated | Seums | Platelets results
plasma
T Normal | Normal | Normal | Control test done
mall ents
3 Patent | Normal | Normat Haemophilia
Factor V deficiency*
3 Normal | Panent | Normal | Chrstonas duscase
. Notmal | Normal | Patent | Tbromboashena
may gve sbnormal
senles
s Patent | Normal | Paucat | Factor V defiency
s Puent | Paneor | Normal |Roscothal s syndrome
(@ld PTA.
defiaiency)

* The eesults may be oearly normal m Factor ¥ defiaeacy beaa sc
Factor V 15 supplied with the normal platelets,
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serum by antithrombmn  If blood thromboplastm 15 not formed
much prothrombin remams mn the serum a(}:er coagulaton 'The
prothrombin consumption test consists m allowing a measured
volume of blood to clot 1 a glass tube and at a speaified tme after
clotting (usually 1 hour) the prothrombin acuvity of the serum s
tested In most technigues no attempt 15 made to assav the serum
prothrombmn specifically, as assessed from clotting times serum
samples may be sard to contawn as much as 2 or 3 the amount of
prothrombin present 1 the ongmal blood  Such gh figures are
almost certanly due to the presence of clot accelerating factors
(Factor V1L and mtermed:ate products of thromboplastin formation)
If an attempt 1s made to assay the prothrombin specfically these hugh
figures are not obtamed (Douglas and Biggs 1953)

The test records a deficiency of thromboplastin formation but the
cause of the deficiency remams obscure Tﬁc test 15 complementary
to the thrombmn generatton test which measures the amount and
speed of thrombin formanon dunng clottng I there 15 gross
£lay or much reduced thrombm formation much prothrombun wall
remamn m the serum  Since 1t 15 usual to record the results at one
tme only there 15 2 definute threshold below which abnormality
will not be recorded The test 15 therefore less sensitve than the
thrombin generation test Since whole blood 15 used the eathest
stages of clotting will be recorded

Thus test 15 useful because 1t 15 stmple to carry our and gives abnot-
mal results with a wide vanety of clotung defects It 15 mfluenced
by the same techmeal variables which affect the whole blood
clotung time thus the results may be difficult to standardize In our
laboratory the results have changed gradually over a period of five
years presumably from slight changes in glass tubes syrmges needles
and methods of washing glass etc To obtamn exact results nor
samples must be tested ffequently and the results on patients blood
compared with a current normal series  Though non-speatfic the
test may be modified to give speafic mformation usmg known
pathological blood Thus Graham et al (1950) have devised 3
method for measunng anthacmophilic activity usng the blood
from haemophilic dogs to which additons are made of material
thought to have antﬂwemntihxhc actvity  The results can be
compared quanttatively with some standard preparation The
methad 1 satsfactory but requires a constant supply of haemophilic

blood.



TESTS OF CLOTIING FUNCTION 1%

THE THROMEOTLASTIN GENERATION Tr5T (Appendix IV 28
In this test three reagents are prepared from normal blood these are
platelets and plasma treated with AI{OH}, (or BaSO, Duckert et al
1954) andserum  All of these reagents have been exposed to conract
and thus the carbicst stages of clotang are not taken nto account
The test records blood thromboplastin formaton only  In the test
the three blood reagents atc mixed with CaCl, ami sncubated at
37 € Atminutentervals 0 1ml of themncubated mixture 15 added
together with 01 mi of CaCl, to 01 ml amounts of atrated
plasma “The dottng times of the plasma samples which are re-
corded grse a measure of the amount of thromboplastn formed m
the mevbanon mixture
The techmque 1mvolving the preparation of three reagents has
tather larpe techmeal vanation iut the differences from normal
t d with pathological sp ate 0 large that tus techncal
28 ummy For diuagnoss onc or other of the normal
reagents 18 sub d by a cotresponding resgent from the
patient (see Table 21} Thus if haemophilic Al(OB), treated plasma
15 substtuted for the notmal reagent (Mixture 2 Table 21) the

Taszn
Sour ¢ oF Re penss
e Condiions wl b
Micwre | AHOH), “give normal
beated | | Seum | Plaselets e
plaoma
. Normal | Nowmsl | Normal | Conteal test done
= all expersments
2 Pauent | Normal | Normal | Haconophils
Factor V deiaency®
3 Normal | Pousmt | Normil | Chogtmas duease
N Notmsl | Normul | Panent |  Thromsboaubenss
may pive sbuormal
resales
s Panent | Normal | P uent | Factor V debamey
e Rament | P oem | Normal | Rowental s yndrome
(QUesPT A
dcbinency)

* The rerults may be nealy notmal iy Factor V defeancy beca
Factor V is sapplied wich the siorual platelets, .
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results are abnormal and if Chrstmas disease serum 15 used the
results are also abnormal (Mixture 3 Table 21) 1€ muxtures 2 and 3
both give abnormal results the presence of a arculating anticoagu-
lane must be suspected this may ge tested for by preparmg muxture 1
and adding some of the patient s A{OH), treated plasma, a depres-
sion of thromboplastn formation mdicates the presence of an
mhubitor m the patients A{OH), plasma. If no mhibitor can
be detected the possibility of a combimned deficiency of Chnstmas
factor and antthaemophulic globulin must be bome n mund. An
example of the use ofP this test 1s shown m Table 22 The results in
thys table are given as clotting times but they may akso be expressed
as thromboplastin concentrations usmg the curve of Fig 19 for the
conversion

Taris 22
Soutce of Reagents Incubat on Time
f mites Ve
Condinion 112734
Tested | AUOH), Plas | Serum Platelets Cltrg £ sekns
P A
Normal Normal Normal Nommal |77 60 |27 |1t n
Haemophilia Patent Normal Normal 70| 62|65 [61§48
Normal Patient Normal avfpry| |12z
Chastras Patient Normal Normal 7o{ss{safas|10
Disease Normal Patient Normal 651451362936
Cireulating Normal Patient Normal 115 [or [ 75 (6070
Anuooagu% Patient Normal Normal | 63 | 41| st]67] 3590
Lt
Rosenthal s Normal Patient Normal FTARYARISRC AR
Syndrome Panent Normal Normal s3faz[2a{rsp13
P®PTA Pattent Pauiene Normal bo 44 (3224 (4
Deficiency)

Occasionally patients are encountered who have very shight
deficiencies and the difference from normal 1s not great In these
cases the results may be made more definite by dilutnng the appro-
priate reagent with a sample from a gmcnc of known deficiency
An example of this modification of the test 15 shown 1 Table 23
The Chnstmas disease patient included 1n the table 15 an extremely
muldly affected patient in whom the diagnos:s still remans so t
m doubt though other evidence (chmieal and family hustory) s

suggestive
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“‘Tasie 33
Source of Reagents Incubation Time
\ M tes
$ gected ANOF 113131416
Dot o Serum It selets Clott ng time seconds
Normal Normal Normal Normal LR ARCENEE R
Haemophilu |  Panent Normal Normal |63 |40 |13 [ta]ma
Haemophilag|  Normal Normal [67|s8]|40far{ns
Pauent 1
Haemophilu: Normal Notmal o ) fln
Normal t
Chnstmay Normal *Patient Normal asjasrinlo
Disease Norral Chastmas 19 Normal ss136 e ]as| s
Pavent 1
Narmal Chnstnus 19 Noroul ssp16f 2o
Normal 1

* The fgures ndsatc the proportons of reagents sed, the amounts of the
niuces Icluded are the mane 1 a1 i

The thromboplastin gencration test has now been used to establish
the diagnosis 1n panents from more than 100 fanules Doubtful
results were obtaned m only five instances (three patients with
probable haemoplulia and two wath probable Chnstmas disease)
Using the clotting ime and prothrombin consumption test twenty
case gave enirely normal results despite a very defimte climcal husto.
of bleeding The thromboplastin generation test 1s thercfore supenior
to other tests for the diagnosis o? thromboplastin defects not only
does 1t give speafic mnformation 1t 15 also more sensinve to shight
abnormalities

THE ANTIHAEMOFIILIC GLOBULIN ASSAY METHOD {Appendix IV 30¢c)
The thrombopl test has the disad ge that, n
1ts ongmnal form 1t cannot be used to give a quantitative measure of
any particular clotting factor  Any attempt to prepare antthacmo-
philic globulin for admintstration to haemophilic subjects o to assess
the effects of treatment requures a rehable assay method  Since
normal results 1n the th pl g test are dep
on antthaemophilic globulin 1t 15 possible to devise a method of
assay based on this test (Biggs Eveling and Ruchards 1955)
In the thromboplastin generation test all the reagents necessary for
thromboplastn formation are mcubated together and samples are
removed and tested for ther ability to aceelerate the clotting of
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recalafied plasma It 1s found that after mcubation 2 mmmum
clotting time 15 reached The amount of antthaemoplulic globulin
Fracnt mfluences the munmum clotting time low levels producing
onger clotang times  In the assay method the reagents are mcu-
bated for 10-25 munutes (the exact time depending on the reactity
of the reagents) and the clotung time of the substrate plasma s
tecorded The ‘test 15 carred out with doubling ddunons of the
antihaemophilic matenal to be tested and the results compared with
those of a standard preparation

The method has been used m m vitro experiments i parallel with
other tests of cloting function (prothrombmn consumption test,
thrombin generation test and clottmg time) and all of the tests
appear to give a parallel record of abnormality The test records
relanvely mmor deviations from normal and has been used mn the
control of therapy bleeding bemg very greatly reduced or normal
1 amount after operattons if the level of antthaemophilic globulin
15 above 30 per cent of normal In m vivo expenuments the results of
the assay method and the prothrombin consumption test are not well
correlated

THE CHRISTMAS FACTOR ASSAY

Pitney (1955) has devised a sumlar method for the assay of the
Chostmas factor  The method has the disadvantage that 1t makes
use of known Christmas disease serum which may not be readdy

avalable

TESTS IN WHICH TISSUE EXTRACTS ARE USED

When tissue extracts are added to recalaified plasma the earliest
stages of clotting are certainly excluded  Though ussue extracts may
not correspond exactly with any product of the blood system they
are pmbab%y roughly equivalent to one of the intermediate products
From the pracuical pomt of view tissue extracts replace the Chrst-
mas factor antth hilic globulin and platelets or some product
of reaction between these substances The g sub
Factor V Factor VIL and Prothrombm will affect tests carned out
usig brawn extracts

ONE-STAGE PROTHROMBIN TIME (Appendix IV, 7)
Tﬂll;l this test o 1 mL of axtrated or o(xzf}:cd plasma are mixed with
01 ml of tssue extract and o1 ml of CaCl, 15 added and the
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clotting time 15 recorded. The clotting time wall be lengthened of
Factor V Factor VIl or prothrombsn 15 reduced It should be noted
(Biggs and Douglas 1953 Hunter and Walker 1954) that the test
1 apparcnti{ very msensitive to prothrombin dcﬁamz gving
normal results 1n ‘samples quite grossly deficient in prothrombin

The test will also gav ¢ abnormal results if fibnnogen 15 reduced or 1€
an mhibitor of the thrombmn fibnnogen reaction (such as hepann)
15 Prcscnt

MODIFICATIONS OF TIIE ONL-STAGE PROTHIROMSIN TIME USING DILUTED

PLASMA

As ongmally described the one-stage prothrombn time 15 usually
carned out on undiluted plasma  Using this method the clotung
time 15 httle affected until the constituent to be measured 15 below
10 per cent of normal  Link (1944) and Brambsel (1950) noted that
small devaanons from normal were more obvious sf the test were car-
ried out on diluted plasma The simple dilution techriques have the
disadvantage that fibrmogen 15 also reduced and the test 1s unreliable
physiological + 1n fibnnogen content affecting the results
Owrenand Aas (1951) devised a dilution method in which fibrnogen
and Factor V are supphed at high concentration (Appendix IV 8)
The method will record abnormalities of Factor VIL and prothrom-
bin and since these two factors are commonly reduced together the
test 13 useful It 15 sad to be much more relable for the routine
control of anticoagulant therapy with the dicoumanin group of
druuﬁs than the unmodified test {Owren 1954b and ¢ Astrup and
Miillertz 1954) Prel p 1n this lab y appear
to confirm this claim T{Ac only disadvantage to the modified
method 15 that 1t 15 techmeally r:chr more difficult

MODITICATIONS OF THE ONE-STAGE PROTHROMEIN TIME AND THE
MEASUREMEINT OF FACFORS V AND VIl

The test may be modified to give more prectse mformation by
supplying a constant high concentration of one or other of the
factors which affect the test Thus if Factor V fibrinogen and
prothrombin are supplied the test may be used to measure Factor
VII quantitatively (Owren and Aas 1951, Koller Loehger and
Ducket 1951)  Sumularly +f Factor VII and prothrombin are sup-
plied the test may be used to measure Factor V
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THE ONL-STAGE PROTHROMBIN TIME AND THE MEASUREMENT OF
PROTHROMBIN

If an excess of Factors V and VII 15 added to the reagents for the
one-stage test the method may be used to measure prothrombin
(Owren and Aas 1951) In practice this method 15 not very sats~
factory because alterations m the concentration of prothrombm do
not greatly mfluence the clotting time

Hjort, Rapaport and Owren (1955) have devised a method using
Russell s viper venom  Smce the test using Russell s viper venom 15
not affected by the concentration of Factor VII the only reagent
to be supphied 15 Factor V' The test appears from the results of
Hjort et al to be very satsfactory ‘The method seerns to give rather
lower results for prothrombin” concentration when used on the
blood of patients recetving the dicoumann antcoagulants than does
the two-stage method described below The reason for this dis-
crepancy 1s obscure

THE TWO-STAGE METHOD FOR THE MEASUREMENT OF PROTHROMBIN
(Appendix IV 14)

In the two-stage test bramn emulsion and calawn are added to
lasma and this muxture 15 called the mcubanon muxture At
Enowu time ntervals after the addinon of calcum samples are
removed from the mcubation muxture 1w which thrombun 15 form-
ing and added to fibrmogen The clotung tmes of the fibonogen
samples are recorded The clotting time of the fibrnogen gives 3
measure of the amount of free thrombun present 1n the meubation
mixture when the sample was removed  An example of the results
of this test carnied out on normal plasma 1s shown m Table 24 and
Fig 28 From this example 1t wall be seen that the clottng times of

Tazis 24
TRE RESULYS OF A TWO-STAGE PROTHEOMBIN TEST ON NORMAL FLASMA

Tncubation tume 1 wutes.

t 3 1 2 3 4 s
Clottng tume 20 17 it 3t 77 170 1804
seconds
‘Thrombin unsts peg | 6.2 7 68 35 2 03 o
ml of smenbanon
puxture
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THROMBIN UNITS

i 2 3 4 5
TIME IN MINUTES

Fg 28 Thrombia formation m normal plasma testcd by the two-stage method Thus curve
represcuts the a. erage results of 15 normal samples

successive samples shorten until 2 muntmum 15 reached and after
this lengthen again because the thrombn 15 neutralized by anti-
thrombm It 15 probable that the two reactions the formation of
thrombin and 1ts neutralizanon proceed together from the start

The peak level of thrombin formed occurs at a point where most of
the prothrombin has been converted to thrombin and the rate of
formation of thrombun 15 balanced by s neutralization The question
that arises 1s how can a curve of this sort be used to measure pro-
thrombmz It 15 usual to assume that the peak value of thrombin
formed 15 proportional to the amount of prothrombm present

Thus the test 15 carried out on normal and pathologieal plasma and
the two peaks are compared. The height of the peak i the patho-
logical plasma 15 expressed as a percentage of tgzt m the normal
plasma It 1s clear that 1f one unit of prothrombin 15 converted to

°
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THE ONL~STAGE PROTHROMBIN TIME AND THE MEASUREMENT OF
PROTHROMBIN

If an excess of Factors V and VII 15 added to the reagents for the
one-stage test the method may be used to measure prothrombm
(Owren and Aas 1951) In practice this method 15 not very sats-
factory because alterations 1n the concentration of prothrombmn do
not greatly influence the clottng time

Hjort Rapaport and Owren (1955) have devised a method using
Russell s viper venom Since the test using Russell s viper venom s
not affected by the concentration of Factor VII the only reagent
to be supplied 1s Factor V The test appears from the results of
Hyort et al to be very satsfactory The method seems to give rather
lower results for prothrombm concentration when used on the
blood of pauents recerving the dicoumarn anucoagulants than does
the two-stage method described below The reason for this dis
crepancy 1s obscure

THE TWO-STAGE METHOD FOR THE MEASUREMENT OF PROTHROMBIN
(Appendix IV 14)

In the two-stage test bram emulsion and calcium are added to
lasma and this mixture 15 called the mncubanon mmture At
own time mtervals after the addition of caloum samples are
removed from the mcubation muxture 1n which thrombn 15 form-
ing and added to fibnnogen The clotting times of the fibrnogen
samples are recorded The clotting time of the fibrmogen gives 2
measure of the amount of free thrombum present 1n the mcubation
muxture when the sample was removed. An example of the results
of this test carried out on normal plasma 1s shown 1 Table 24 and
Fig 28 From this example 1t will be seen that the clotting tumes ©

Tasts 24
TR RESULTS OP A TWO-STAGE PROTHROMEIN TEST ON NORMAL PLASMA

Incubation time w1 munutes

Cl o ] ] ]
Clotung time 20 17 18 31 77 170 180+
seconds
Thrombin umes per [ 62 7 68 35 13 oz °
ml. of wcubanon
Puorture
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THROMBIN UNITS
240{.
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Fig 39 The two-stage test was cartied ouit on galine dilutions of normal plasma. The amount
o hrombin (read from a dfution curve) represcoted by the murmum g tme grven by
the tests was ecorded. The smount of thrombin was smultzplied by the dilution to give the
theorenical thrombin forming eapactry of the plasma The results of this test are shown
@—® It will be seen that the apparens thrombin formung capacity of the plasma increases
with dilution. The results of a sumilac test asing Factor V and prothrombin 1 place of plasma
are showm x—x

B g B o rproent prothrombin,
In the two-stage method 1t 1s B which 1s measured The sgeed of
formation of B will depend on the presence of activating substances
and the rate of destruction of B will depend on the concentration
of the neutralizing factor
en the amount of A 1s varted but the speeds of formation and
\! of B are unchanged the curves shown in Fig 30b are
obtained In these curves the peak value of B 1s proportional to the
amotmt of A 1mtally present and the area mdos:goby the curves
will give a proportionate measure of A
‘When the amount of A 1s constant and the speed of reutralization
of B 1s unchanged vamation 1n the speed of formation of B grves
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one unit of thrombmn the level of thrombin reached 1n unts cannot
be the same as the mital amount of prothrombm The peak level
of thrombun 15 probably reached before all of the prothrombun has
been converted to thrombm and by this time an unknown propot
tion of the thrombm has already been neutralized If the peak fevel
of thrombin 15 not equal to the mitial concentration of prothrorabin
15 1t proportional to this level: The peak level of thrombum may be
proportional to the amount of thrombin formed but only 1 very
closely defined condiions To understand ths problem 1t 15 neces-
sary to study the effect of antithrombin m thus reacrion more closely

The complicating effect of antthrombin 1n the two-stage method
was well recognized by those who proposed the methods (Wamner
Brinkhous and Smith 1936 Herbert 1910 etc) and they suggested
that the 1lalasma to be tested by the two-stage method should be
greatly diluted to remove 115 effects A simple expenment will show
that dilution does not solve the difficulty A number of dilutions of
plasma are made with o 85 per cent s:?:nc and these are tested by
the two-stage method  The amount of thrombin present swhen the
peak value 15 reached can be calculated for each diution If these
thrombun levels represent the amount of prothrombin present in the
angmal plasma then mulnpheation by the dilution factor for each
didutson should grve a constant level of thrombua per m of plasma.
In fact the level of thrombmn calculated mcreases with mcreasing
dilution and there 15 no tendency for the curve to flatten at the hugher
dilutions (Fig 29) When a purified preparation of prothrombm 15
tested by this method the calculated level of prothrombin remams
approximately constant The curve shown i Fig 29 represents
dilutions from 1/3 to 1/300 dilution greater than 1/300 cannot b¢
tested by this method because the fibrmogen clotting trmes exceed
60 seconds and become unreliable Thus i%r practical use of the test
the effects of anuthrombin must be taken mto account

To wisualize the type of reaction mvolved i the formation of
thrombmn 1n normal {uma 1t 15 convement to consider a sump!
theoretical model nfp the reaction  Suppose that a substance A 15
converted to another substance B by 2 first order reaction and
substance B 15 ssimultaneously converted to C by a first order reaction
(Fag 30a) If this reaction 1 followed the concentranon of A falls
and that of B mcreases as the reaction proceeds As Bis formed it s
converted to € Thus a peak level in the formation of B 1s reached
when most of A has been converted to B In the two-stage meth
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curves such as those shown in Fig 30 The peak value of B reached
15 no longer a measure of the amount of A unally present but the
atca enclosed by the curves 1s proportional to the amount of A
present at the begmming  From the duagrams n Fig 30 1t 15 clear
that the constancy of the areas 15 duc to the slower disappearance of
B Thus 1f C 1s constant the slower speed of formation of B can be
deteeted by the slower disappearance of B In plasma samples with
delayed thrombin formation the slow speed of thrombn dis-
appearance may be more obvious than the slow formation of
rombmn
The varation w the level of thrombin achieved wihich resules
from delay n thrombin formanon was recogmzed by Owren
(1947) and Warc and Scegers (1949) These authors therefore
d that 1n the two-stage method an excess of conversion
factors should be added These modifications of the two-stage test
doubtedly mncrease 1ts relabihty but in practce they are far from
simple 1t 15 difficult to know how much of the accelerator sub~
stances to add and the results will be affected by the presence of
antithrombin
‘When the amount of A 1s constant and the speed of formaton of B
1s unchanged but the speed of neutralization of B 1s varied then
curves such as those shown in Fig 30d are obtained In these circum-
stances nesther the peak level of B nor the areas enclosed by the
curves can give a proportional measure of A
Following this Lﬁmrcual model 1t 15 possible to see conditions
which must be fulfilled before the unmodified two-stage method
b, The

can be used to give a prop 1 measure of prott
11 1yl

most g pp measure of prothrombmn will be ob d
by calculating the area enclosed by the two-stage curves First 1e1s
important to know how closely the thrombmn gencration curves of
the two-stage method approwamate to the theoretical model In
Fig 31 a theorencal curve Ezs been fitted to the curve obtuned as an
average for fifteen samples of normal plasma, It will be seen that the
correspondence 1s remarkable

The amount of prothrombin can be vaned by adding prothrom-
bin (which contams an excess of Factor VII) to prothrombmn de-
ficient plasma  When this 1s done the curves are similar i pattern
to those of Fig 30 (Fig 32)

The speed of thrombin formation can be vaned by the use of the
plasma of a patent under treatment with tromexan When this 1
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Fig 30. Calculated curves for a theoretical reaction 1 which substance A 1s converted to B

by & fint order s and B 410,

() Cutves to thow the disappearance of A and the formation of B and C

(8} The concentranions of B at different times when formed from 3 different tuual con~
centrations of A

{) The concentranons of B at differcnt times assumung three differcnt speeds of formaton
atB The smunal concentratton of A and the speed of neutralization of B are constant.

@) Curves ta show the effect on the concentranon of B of varyg the speed of convernos

of B to C the 1mitial amount of A and the specd of formatian of B betng conseant
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THROMBIN UNITS

1 2 3
TIME IN MINUTES

Fg 31 Thrombn formation i normal plasma tested by the two-stage metbod {average
resules of 1s samples) corpared to 2 theoretical curve The contnuous ke represents the
1 results and the line the theoretical curve

done the curves of Fig 33 arc obtamed Thesc are of the same general
pattern as those of Fig 30

The speed of thrombin neutralization can be vaned by the addinon
of heparn When thus 15 done the curves of Fig 34 are obtamed
These are of the same pattern as Fig 30

From these tests 1t 1s probable that the generation of thrombin m
the two-stage method approximates sufficiently closely to the
theoretical model for the application of deductions from this model
to the measurement of prothrombm The measurement ofhiro-
thrombin based on deductions from the theoretical curves 1s hikely
at least to be better than a measurement of prothrombin based on
assumptions that are certamly false



“poqiaca 3e-0uks o1 £q pasmoriop
e uonemIo) MqWORp pue Ted [FWIOT o poppE 303 (un oft pus /1 g/t o) Tueday jo munowr SmAsA MO MUIL: me
“nsad [ENL, (¥)
243D RO A 03 PAEdTOd POLTEA s UCHERTRANSU QU JO Poads I Qanyw TT fuoneAlnqo [uuawadeg ¥E FF

SILNNIW NI SNLL 3INL
§ 9 ¥ T O 9 S y ¢ @ !
Fi L3
@ @}
=4 #
T
3
k) e
re
o
- S v
Lo S
SLINN
FL

SLINN NIBNOYHL



/
A pansiew,
“Aomd GIcH W VORIADY BIqWAK], @
e winas pewst Jo 1023 43d OF HTGM 0F eISEId TEXAWON W GOBANIN] MWoYL, O~ +1and HErImon r VOTAULIY CIGWOSYL X e RIR WEEHHM

34T [EORIONY 1 01 PATAILCS PATES 24 BOGAIIG) UGIOS JO POl S13 YPNps UL raoteAInqe Mausmuadsg N "
3Nt SILOMN N 3WIL
® Z b4 S 14 € [4 i L 9 s v € (4 i 0

X . M x . a A N

4 L
@ ]
Le €
Ly v
Im s
10 9
L
rL
SLINN

SLIND NIGNOYHL



TESTS OF CLOTTING FUNCTION

paept poege posope 3 wary wury ponaye
oM N 0N aqrimran 000 001-0 000 050 10N nepITd
panayt pouage panage wand 133 334 00 12d 1w soadeg
N 0N 9N oo o1-0 o1¢ [ seunsuyy
o3
paage powage 20 35 100 334 1023 220 102 32d wsssd | sqdons
0N 10N ofo ot ot 010 fo nuy
paape 2w 3 pawapr padape pawge panape paayt
0N §-0 0N 0N N 0N 10N 11A J007d
pawsyt o3 354 pavage o 12l padepp w2 1ad vz 1ad
08 010 10N oro pur mot s (2 A 300
@ q L
w92 34 qu 14 pasape ponapT wquwong jo pavage u2 328
oot-0 o0 WN 10N P Mo N °1-0 mquosgory
PG Tt 001} 3 PapT P |l pawpe oo dw
10N 10 1N 0N 1N 1N o020 mofotmqry
i) asng Py L maf, uaL
Squi0igioNt yquioiIony Lt oItV Vo[IPIMID ¥ DWD wopdwniuoy | waf 3 6D soed
oysoms, rismuQ) spvdaquionyy, wiquontL, wiqonosl pooig 70 41
SISIL

AN DGO dp SL6L FOFYA A€ LLTTVARONIY INVOUINDS V G¥ODTE 02 ATE! FHOIOVE ONELO SACRNA 10 STR4TY e

Szl




192 BLOOD COAGULATION

The correspondence between the observed and theorettcal curves
does not necessarily mean that the reactions of blood clottng follow
thts simple pattern Other explanations may be equally vald or
other reactions may take place too fast to mfluence the general
pattern From the close approximation to the theoretical model all
that can be deduced 15 that provided the conditions for making the
test arc not altered the arca method of measunng prothrombun 15
likely to give more generally reliable results than other methods

In practice the two-stage test 15 carried out on both normal and
pathological plasma samples The results of the tests are plotted as
curves to show the generation of thrombmn (Fig 28) and the area
enclosed by the two curves 1s calculated The area obtained with the
pathological specimen 1s then expressed as a percentage of the normal
area (Appendix IV 14) This method 1s not only more generally
applicable than other methods but 1t 15 likely to be more relrable
In methods which depend on determimng peak values of thrombin
1t 15 obviously important to determune the peak reliably Stnce this
peak level 15 often of very short duration this 1s not smple By the
area method the exact determmation of the peak level of thrombin
15 relatively unimportant

TWO-STAGE METHODS IN WHICH ANTITHROMEIN IS DESTROYED
Sternberger (1947) devised a method 1n wluch 25 per cent of
ethyl alcohol 15 added to the two-stage mncubation muxture The
method has the disadvantage that the presence of the alcohol pre-
vents the normal clotting of fibrinogen and clotting times have to
be determned from the appearance of granulanty 1n the solunion
Fantl (1954) has devised a method using pyrocatechol 1n place of
alcohol The pyrocatechol does not mnterfere with the clotting of
fibrnogen anzfJ the method mught prove satisfactory though pre-
Trmmnary tests suggest that only some of the antithrombin s destroyed
by pyrocatechol Tt has so far not been tested in parallel with other

methods

CONCLUSION

No attempt has been made to create a comprehensive theory of
blood COﬁgIEJuOﬂ a theory has been proposc(i) merely to faclitate
the study of the better recognized coagulation defects New cases
are always a challenge to mngenuity and 1 studying these cases 1t
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must always be remembered that the theory may be entirely wrong
Faced with such a new case 1t 15 necessary to hesttate before creatng
a new factor and to obtan a clear 1dea of the actual amount of
mformation avatlable If a true deficiency has been demonstrated
by the correction of the defect by a specific fraction of normal
pﬁsma then the condition may be named as a new defect If such
information 1s not available then the case 1s merely *an unusual case
or 1f many such cases are known a ‘syndrome” Only 1f there 15
clear mformation about the role of the possible substance 1 normal
physiology can a new factor be named

In Table 25 1s given a summary of the levels of different factors
Iikely to affect tests of clottng function Thus table gives the range
of levels at which a significant change from normal 1s likely to be
recorded From thus table 1t 15 possible to get some 1dea about the
relatve usefulness of the tests m different deficiencies
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CIAPTER XN
‘THE DISORDERS OF BLOOD COAGULATION

In the previous section oft]us‘ book observations and theones on
fh

3 of bloo g have been d d from an
academmic and expenmental pomt of view The chapters which
follow deal mamly with the p 1 es of disordered

coagulatton that 15 with facts that many doctors have to face
n their climeal work when they are called upon to treat cases of
abnormal bleeding or of thrombosis

Before the subject of abnormal bleeding can be duscussed st 15
necessary to consider the capabilities of the norml defences agamst
haemorthage Tt 1s a strange fact that the hacmostatic mechanism as
a whole has recerved very bittle attention probably because 1t 15 30
unobtrusively efficient that most people are hardly aware of sts
exsstence It 15 essentially concerned wath the control of bleedin
from the small vessels the capillaries and venules and artenioles w}ucﬁ
are hable to be damaged by such trvial everyday procedures as
brushing the teeth and more obviously by the scratches knocks and
cuts which everyone sustans It 15 2 common and unnoticed ex-
perience that such mjunes stop bleeding of therr own accord
though 1t 15 recogmzed that bleeding from larger vessels usually
requires some mech 1 or surgical h Even
the surgeon scems genuinely to believe that i applymg a few
clamps and hgatures to hus operation wound he has made the major
contribution towards hacmostasts  He forgets that naturc
quictly sealed the countless small vessels that he has also divided
and that 1n the absence of this normal haemostatic process all hus
ordmary p agamst | hage would be useless It s
a sad fact that farlure to appreciate this dependence upon nature has
led to 2 number of deaths followmng surgery optinustically under-
taken 1n cases of haemorrhagic disease

As often happens with unobtrusive efficiency 1t 1s only when the
hi } fails that the imp ofits normal work-
mig 15 fully appreciated Tts fature means to the patient that a normal
Iife becomes almost 1mpossible and that he may dic at any time of
bleeding from some small njury Many such eases of abnormal

197
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bleeding are directly due to defectve blood coagulation though the
precise way m which clotting 15 concerned m haemostasts 1s not yet
established’ and 1t 15 certain only that 1ts action 15 less sumple than
would appear at first sight It 15 now known for example that
clotting defects which may result m severe bleeding are not always
demonstrable by methods for estimanng the stmple coagulanon
tme Thrombm formatton may be seriously 1mpaired and the
h 1c efficiency of coagul may be grossly deficient
without any obvious delay 1n the time at which the first strands of
fibrn appear
As chincal entities the haemorrhagic states were known long
before the mmportance of blood coagulation or the existence of
platelets were recognized Cases of haemophia and purpura
were described centunes ago but the deficent coagulation or
reduction of platelets m these conditions was only demonstrated
within the last sixty or seventy years It 1s less than twenty-five
ears since the abnormal bleedimg mn cases of jaundice and of
Zacmorrhagxc disease of the new-born was shown to be due to
defective coagulation Withun the last ten years 1t has been shown
that specific haemorthagic states are due to deficiencies of Factor V
Factor VH or Chnstmas factor or to the presence of naturally
occurrng nhibitors  Nature has, m fact provided a senes of con-
trolled expersments 1n which each of the factors known to be con-
cerned 1n coagnlation are separately reduced  Only a deficiency of
calaum 15 missing a reduction of calcum sufficent to inhubit
coagulation occurs in the textbooks but not apparently mn real hfc
We have scen cases of severe hypocalcacmc tetany n which there
was no demonstrable impairment of coagulanon
Adefi of the platelets (thromt pena) 1s often associated
with hacmorrhage The ways n which the platelets m:n! patticipate
1n haemostasss have been 2 matter of dispute for 2 considerable time
some authonttes believe that they agglutmate to form hacmostauc
plugs which seal off damaged vessels others consider that they are
directly or indirectly concerned with vascular contraction  There lé
no doubt that the platelets are concerned blood coagulation an
that a reduction 1n therr number causes a reduction of the amouat
of thrombrn formed and of the contractlity of the clot produced
However platelet deficiency 1s usually associated with a type of
bleeding which 1s different from the bleeding observed m cases of
defective coagul without thrombocytopenia [ the coagula-
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tion disorders haemorthage occurs from or nto any part of the
body usually as a result of trauma and the formation of massne
deep-tissuc hacmorrhages 15 characteristic In the thrombocy topeme
states bleeding tends to be superficl taking the form of petechiae
or ecchymoses i the skin or oozing from the mucus membranes
which may occur apparently spontancouslx Though the platelet
defictency discases are included among the ders of !
1¢ 15 unltkely that the clotting defect produced by thrombocytopema
15 the major cause of the haemorthage There 15 no doubt that n
such cases there are changes i the capillanies and 1t 15 probable that
defectuve capillary function 15 an 1mportant cause of the abnormal
bleeding A discussion of ths aspect 1s cleatly beyond the scope of
thus book
The naturally occumng  speafic defiencies of the vanous
clotung factors provide unique opportunities for the study of thewr
action with the least mampulanon of the plasma. Many myestigators
have taken bnlhant advantage of these opportunities so that much
of the knowledge of normal coagulation ﬁ:s been directly denved
from the study of the abnormal In retum the expenmenter from
the knowledge he has gained has been able to provide the chmician
with the means to treat hus pattents  The discovery of Vitamin K
which has abolished a “hoﬁ: group of haemorthagic disorders 1s
one of the major advances 1n medicme  The recogmtion of anti-
haemophilic globulin has given at least a pallative treatment for
haemophiha. The local use of efficient coagulants and absorbable
dressings 15 of Pncnml help in many surgieal and clincal situatrons
¢ g g knowledge of coagul has akso d the pre-
ciston of dragnosis 1n the hacmorrhagic states and has made possible
techmcal methods by which hitherto unrecogmized defects n the
clotting mechanism can be detected
1f the haemorrhagic diatheses have received considerable attention
1t 15 because they are lly dramatic cond: often
with an obvious and impressive struggle for the hife of the patient
BLcomm:, ntravascular thrombos:s 1s a less spectacular condition,
which bas receved comparatively little attention and the small
space allotted to 1t 1n the following chapters 1s an index of the lack
of available experimental matenal” Yet from the chimeal pomnt of
view thrombosts 13 a far more smportant problem than sbnormal
bleeding A patient may live for many years despite a total farlure
of Ius clottng mech but the coagul. of the blood
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blecding are directly due to defective blood coagulation though the
precise way 1in which clotting 1s concemed n haemostasss 15 not yet
established’ and 1t 15 certam only that 1ts action 15 less simple than
would appear at first sight It 15 now known for example that
clotting defects which may result in severe bleeding are not always
demonstrable by methods for estimating the stmple coagulation
ume Thrombm formation may be seriously mmparred and the
haemostatic efficency of coagulation may gc grossly defictent
without any obvious delay 1n the ume at which the first strands of
fibrin appear

As cﬁmcal entities the haemotrhagic states were known long
before the importance of blood coagulation or the existence of
platelets were recogmzed Cases of haemophiha and purpura
were described centunes ago but the defictent coagulanon or
reduction of platelets m these cond was only d d
withim the last sixty or seventy years It 15 less than twenty-five
years since the abnormal bleeding 1n cases of jaundice and of
haemorrhagic disease of the new-bom was shown to be due to
defective coagulation  Withn the last ten years 1¢ has been shown
that specific haemorrhagic states ate due to deficiencies of Factor V
Factor VII or Chnstmas factor, or to the presence of natutally
occurrmg inhibitors  Nature has 1n fact growdcd a sertes of con-
trolled experiments 1n which cach of the factors known to be con-
cerned m coagulation arc separately reduced  Only 2 deficiency of
calaum 1s missng a reduction of calaum sufficient to whibit
coagulation occurs m the textbooks but not apparently i real hife
We have seen cases of severe hypocalcaemic tetany n ‘which there
was no demonstrable impairment of coagulation

A deficrency of the platelets (thrombocytopenua) 15 often assoctated
with haemorrhage The ways i which the platelets may participate
1n haemostasis have been 2 matter of dispute for a considerable time
some authorities believe that they agglutinate to form hacmostauc
plugs which seal off damaged vessels others consider that they are
directly or mdirectly concemed with vascular contracion Theress
no doubt that the platelets are concerned 1n blood coagulation and
that a reduction 1 ther number causes 2 reduction of the amount
of thrombi formed and of the contractlity of the clot produced
However platelet defiqency 1s usually assocated with a type of
bleeding wfuch 15 different from the bleeding observed 1n cases of
defecuve coagul without thrombocytopenia In the coagula-
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tion disorders haemorrhage occurs from or mto any part of the
body usually as a result of trauma and the formaton of massive
deep-tissue haemorthages 1s charactenstic In the thrombocytopensc
states bleeding tends to be superfical taking the form of petechiae
or ecchymoses 1n the skin or cozmg from the mucus membranes
which may occur apparently spsmmcousl({‘s Though the platelet
deficiency diseases are included among the disorders of coagulation
115 unbikely that the clotting defect produced by thrombocytopema
15 the major cause of the haemorrhage  There 15 no doubt that 1
such cases there are changes in the capillanes and 1t 15 probable that
defectve capllary function 1s an imp cause of the ab |
bleeding A discussion of this aspect 15 clearly beyond the scope of
this book

The natunally occurmng speafic defienaes of the vanous
clotting factors provide unique opportunities for the study of their
action with the least manspulation of the plasma  Many invesngators
have taken bnllant advantage of these opportunities so that much
of the knowledge of no grul E:s been dircctly denved
from the study of the abnormal In retum the expenmenter from
the knowledge he has gatned has been able to provide the clinctan
with the means to treat hus patients  The discovery of Vitamin K,
shich has abolished 2 whofc group of hacmorrhagic disorders 1s
one of the major advances n mediane  The recogmbon of ann-
haemophilic g{obulm has given at least a pallative treatment for
haemophilia "The local use of efficient coagulants and absorbable
dressings 15 of practical help m many surgiasf;md cimeal situanons
The growing knowledge of coagulation has also increased the pre-
asion of diagnosis in the haemorrhagic states and has made possible
techmcal methods by which hitherto unrecogmzed defects 1 the
dotting mechanism can be detected

1f the haemorrhagic diatheses have recerved considerable attention
1t 1 because they are lly d often
with an obvious and impressive struggle for the hfe of the patient.
By contrast ntr; lar thrombosts 15 a less sp 1 d
w has recenved comparatively littde attention and the small
space allotted to 1t 1n the followmg chapters 1s an mdex of the lack
of avalable expenmental matenal Yet from the chimeal pomnt of
view thrombosis 1s 2 far more important problem than abnormal
bleeding A patient may live for many years despute a total fulure
of hus cloting mechanism but the coagulation of the blood 1
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certamn vessels 1s mcompatible with lfe  Even small and localized
areas of thrombosis m the heart or bram are frequently faral and
many more people die of thrombosis than of abnormal bleeding
Though anncoagulant therapy 15 rapidly mereasing m extent and
the mode of action and clincal efficiency of the anticoagulant drugs
are bemng studied with mereasing energy knowledge of the basic
causes of thrombouss 15 still almost non-existent It 15 not known
for mstance 1fintravascular coagulation 1s pnmanly due to a general
mcrease of the coagulability of the blood or to changes i the
vascular endothelum or to changes 1n the conditions of the arrcula-
tion It 15 probable that the growing knowledge of the factors con-
cerned 1n coagulation will make available new methods for mvesti-
gating these problems Relatively crude methods have not de-
monstrated any constant and signtficant mcrease m the coagulability
of the blood 1n cases of thrombosts but a careful assay of factors (such
as those concerned with thromboplasin generanon) which have
been appreciated only recently may give valuable nformation



CHAPTER XUI
FIBRINOGEN DEFICIENCY

A deficiency of fibnnogen 1s.a very rare cause of defective conﬁ;xh-
tion but when 1t does occur 1t may produce a severe haemorthagic
duathesis  An apparently total and permanent lack of fibrinogen may
exst as a congenstal defect a chronic defiency may occur as an
acquired condition m vanous states 1n which fibnnogen production
may be defectrse and 1t 1s now recogmzed that an acute fibrinogen
defiqency may develop with disastrous rapidiey m certam obstetrical
and surgical cases The mimmum blood fibanogen level required
for effective clotting 15 not easy to define in uncomplicated afibrino-
genaenua 1t scems that as lutle as 60 mgs per cent 15 mough to
restore apparently normal clotung 1w acute obstetrical cases abnor-
mal bleeding may occur when the blood level of fibnnogen 15 100
mgs per cent or more but 1 such cases other clottng factors may
also be defiaent.

CONGENITAL ABSENCE OF FIBRINOGEN

An apparently complete absence of fibnnogen occurnng as a
congemital defect has now been described in about twenty cases
meluding those of Rabe and Saloman (1920} Opitz and Fre1 (1921)
Macfaclane (1938b) Hend Donaldson and Scak gh (1945)
Pinniger and Prunty (1946) Revol and Favre-Gilly (1947) Prentice
(1051) Albeggam and Grutta (1954) and Caussadeetal (1954) The
descriptions give a fauly dcﬂmrcﬂplcturc of 2 haemorrhagic duathesis
rcsemilmg haemoplulia but affecting either sex In several -
stances two or more brothers or sisters have been similarly affected
Though there 15 no definite evidence that the condition 1s hereditary
1t 15 sigmificant that m at least six families the parents of the affected
cluldren were cousins and 1n three wnstances abnormally low blood
fibrnogen levels were found i the parents though they had no
abniormal bleeding (Macfarlane 1038b Lawson 1953 Caussade et al
1954) Ttss probable therefore that congenutal afibrnog s
due to a s:mple recessive character which when 1t occurs i the
homozygous form as the result of chance or mtermarriage causes
severe abnormality

201
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CLINICAL AND LABORATORY FINDINGS

Though the haemorrhagic tendency 15 sumlar to that of haemo-
philia with the same persistent bleeding from small injuncs and into
the jomts and tissues 1t 15 a remarkable fact that cases of afibnno-
genaemia are much less severely affected than the average haemo-
philic panent  Fatal bleeding from the umbdtcal cord which may
have been due to afibrmogenaemua has been reported m a few
ublings  Opitz and Fre: (1921) record a case of fatal bleeding from
a cut finger but m most of the other cases bleedmg has been
more troublesome than dangerous The restdual disabilittes which
effect the jomts or h sites m | philia seem not
to occur and even menstruation may be normal (Lawson !953?
The reasons for this relative muldness 1n spite of the completely
incoagulable blood mn such cases are obscure and raise doubts as to
the precise function of fibrin formation n haemostasis It should be
remembered that 1n fibrmopena the clotting mechansm 15 normal
apart from fibrinogen so that platelet metamorphosts and thrombin
production wll proceed normally whereas m haemopluhia the
will not  The lack of damage to tissues followmng bleedng may uself
be duc to the lack of fibrn formation and subsequent fibrosis

The prncipal laboratory finding m afibrmogenaemsa s the
complete absence of clotting by any of the usual tests If both the
Lec and Whate and the Quick 1-stage prothrombin time tests show
no clotting or a very mcomplete clot then total or partial fibrmogen
deficiency should be suspected  Absence of fibrinogen 1s confirmed
by fatlure of the atratcdp blood or plasma to clot on adding throm-
bin and by the absence of a precipitate on heating the plasma to
56 C for 10 nunutes or on adding to the plasmaan equal volume of
50 per cent saturated solution of ammonium slﬂl}i:ate Studies of
the eather stages of the clotng mechanism have shown that
thrombin generatton and thus probably thromboplastm generation
1snormal (Hardisty and Pinmger 1956) Alexanderetal (1954) have
found that following contact with glass afibrtogenacmic bloo
shows the normal agglutmation and lysis of its platelets and the
normal consumption of AHG  Factor V and prothrombin

In a few cases thrombocytopema has been rcgortcd with 2
lengthenung of the bleeding time (Macfarlane 1938 Glarus 1939
Glanzmannetal 1940) but 1 the majority there was no abnormaltty
of thus type  The fibrimogen deficiency seems to be due toa speatfic
falure of production since no abnornal unlization or destruction
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of fibnnogen could be d d No other demonstrable
abnormality of plasma proteins or Liver function i these cases has
been reported

LFTECTS OF REPLACEMINT THERAPY
The temporary repl of fibonogen by blood fi

or the mjecnon of fibrmogen preparations has been useful both
climcally and in the study ogthc ate of fibnnogen n the arculation
Breckoff (1924) studymg Rabe and Salomon s case found that blood
transfuston restored normal coagulation and that detectable
fibrinogen persisted 1n the arculation for ten to scventeen days

Pinmiger and Pranty (1946) confirmed that transfused fibnnogen
vvas stll detectable affer 8 days and that a blood level of 20-30 mgms

per cent was sufficient to cause the formaton of apparently normal
clots showing good retracton but that about 60 mg per cent 1s
required for effective haemostasss {(Prmmiger and Prunty 1946 Stefannt
ancé Petdlo 1949) Gathin and Borges (1953) followed by immuno-
logtcal methods the survival of mjected fibrnogen and found that
50 per cent 1s lost 1n 48 hours with a subsequent loganthmic rate of
decrease It seems from these studies that the haemostatic defect can
be temporanly corrected by giving fibrinogen and since 1t persists
for several days after mjection ticre 15 no rapid destruction of
fibrmogen 1n these congemtal cases It has been reported, however

that anaib 2 od b developed (Bronm-

dres to fi gen may be
mann 1954)
CONSTITUTIONAL FIBRINOPENIA
There 15 also a less well defined condition termed by Rusak (1935)

constitutional fibrinopema  He desenbes four patients all women
who were said to have reduced amounts of fibnnogen but 1 cach
case more than 100 mg per cent was present. There was a moderate
reduction of the platelets in two of these patients and all of them had
a tendency to abnormal brutsing and bleeding from small abrastons
In two instances there was 2 simular condition mn other members of

the family Sumlar cases are descnbed by Alkbone and Baar (1943)
and Hemuld (1044}

ACQUIRED FIBRINOGEN DEFICIENCY

Acquired fibnnogen deficiency 1s much more common than the
congenital condion It 1s brought about by diseases which impair
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fibrmogen production, or by the rapid uthzaton of fibninogen
caused by widespread clottng in vivo or 1ts destruction by rapid
fibrnolysisin the carculatton The deficiency caused by mpaired pro-
duction 15 usually mcomplete and may not be sufficzently severe to
cause bleeding  Rusak (1935) refers to malignant disease infections
and diseases mvolving the bone marrow as reducing the fibrmogen
content of the blood ~ Opitz and Silberberg (1924) report a case of
absence of fibnnogen m a child suffering from tuberculosis of the
spleen and hiver Jurgens and Trautwem (1930) described a man,
aged 52 with absence of fibrmogen and a severe haemorrhagic
duathesis followmng the widespread destructton of the bone matrow
caused by carcmomatosts  Wolff (1936) observed 2 severe hae-
morrhagic diathesis n a child aged five weeks wath a reduced blood
fibrmogen probably due to congemtal syphilis

Lowermg of the blood fibnnogen level may also occur i patients
with impaired absorption from the gastro-mtestmal tract (Yeager
Rhoads and Freeman 1947) and mn other nutntonal conditions
wfections and liver diseases (Ham and Curtis 1938 Frodin 1947 and
Dyggve 1947) Bjorkman (1948) describes cases of polycythacmuz,
permicious anaema. and leukaemia m which the fibunogen level of
the blood was reduced In most of these cases the reduction 1
msufficient to cause abnormal haemorthage A comprehensive
teview of congential and acquired deficiency of fibrmogen with
further examples of the latter condition has been published by
Favre-Gilly (1947)

Fibrinogen deficiency may occur usually termmally 1n condstions
mwhich Iiver function s grossly imparred such as acute phosphorous
or chloroform powsoning and acute yellow atrophy of the liver due
to other causes Whlpp%e and Hurwatz (1911) showed that chloro-~
form poisomung sufficient to mduce central necrosis of the Liver 1n
dogs resulted m a fall n blood fibrmogen to almost zero With
regeneration of hver tissue the fibnnogen was gradually restored to
normal In these expeniments 1t must be remembered that chloro-
form also may cause acerve fibonolysis and 1t 15 possible that the
fibrinopenia may be due to destructon of fibnnogen rather than to
impared production by the liver  Nolf and hus co-workers have for
many years ivestgated the cffect of extirpation of the Liver on the
blood coagulation mechanism and a constant feature of therr ex=
penments 15 a reductton mn the fibnnogen In his most recent
publication (Nolfand Adant 1950) typical expenments are described
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1 which after exurpation of the I e an myection of peptone pro-
duces first of all a fuilure of the clotted b(ooj to retract and secondly
a progressne fall m blood fibrnogen to total diappearance In
these timents active fibrnolysis was noted so that agan the
suppased decreased production by the lner 15 complicared by
wncreased destruction m the arculation

‘ACUTE DEFIBRINATION SYNDROME
An excessive unl ord of fibrmogen m vivo may

produce adangerous hacmorrhagic state with fulminating suddenness
and since 1t ms olves factors other than fibninogen 1s refereed to here
as the ‘acute defibrnation syndrome

This condition which has only recently received general recogm~
tion occurs 1n associanon with pregnancy and as a comphication of
certam surpeal op As 2 compl of pregnancy 1t has
been desenbed by Dieckmann (1936) Molony Egan and Gorman
xw)a Wemerctal (1950) Schnedes (1941) Secgers and Schnader

t9s5x) Favie-Gilly (1952) Resd (r953) Moore {1954) and many
others It may anse shortly before or duning labour or abortion
and may produce within a few honrs fatal bleeding from the nterus
or a generaized haemorrhagic state  The blood 15 usually found
to be incoagulable and tests will show absence or a great reduc-
ton of fibnnogen  In some cases tense fibnnolytic acuviey has
been deserbed incomplete clots bemg formed and then rapdly
fysed or the panents Elood bemng capable of lysing added fibrin
Fibrmogen dcgqcncy 1susually not the only abnotmality though the
findings vary wth the stage of development of the condition There
13 often thrombocytopensa and a defictency of prothrombin Factor
Vand AHG (G lt and T phylloponlus 1954) The
cause of the condition 1s the subject of much discussion 1t 15 almost
always d wnth ot 1 at lines g necrosis

wd
or premature separanon of the placenta and 15 thus seen mn cases
of “abruptio placentac  placenta pracvia concealed  acardental
hacmeorthage eclamptic or p p and mtra~
utenine foetal death  Dicckmann (1936) suggested that masuve
tetro-placental haemorrhage might deplete the arculating blood of
fibrnogen. A mote hkely explananion 15 that of Schnerder {1951}
who suggested that, ;. the cond 4, fr of
necrotic placental tissue beeame detached and entered the matemnal
arculanon through the large open blood spaces at the placental site
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Such tissue fragments ate known to be actively thromboplastic
and their entry ato the blood stream would probably cause pars-
doxically, incoagulability of the blood by a process known as the
‘neganve phase reaction  Many of the earlier workers on coagula-
tion observed that meoagulability could be produced by the slow
mtravenous injection of thromboplastic tissue extracts or other
substances c::ﬁable of promoting clotung such as cream chloroform
serum  or sihca (chkPenng 1928) Mellanby (1909) showed that
coagulant viperine snake venoms mjected slowly caused more or less
complete defibrination of the arculating blood Nolf (19222)
believed that this was due to slow and generalized mtravascular
coagulation which produced not thrombosts of large vessels but
the laymg down ofP a thin layer of fibrin on the mternal surfaces
Such fibrin deposits are Iikely to be raprdly lysed since fibrmolytic
activity 1s usnally mcreased by the procedures employed  Zucker
51948) found that mravenous myection of thrombin m dogs pro-
uced defibration m vavo and also a prolongation of the prothrom-

bin ime and Hartmann Conley and Krevans (1951) observed that
the mtravenous mjection of large amounts of bram thromboplastn
m dogs caused rapid death from wide-spread thromboss, but the
myection of smaller caused d d coagulability of the
blood with fibrnopema thrombocytopema, and prolongation of
the prothrombin time

There 15 thus good evidence for supposing that if tissue throm=
boplastin m the form of plac:ntal fragments were to gamn access (0
the blood stream the effects observed m the defibnnation syndrome
mght be produced  Seegers and Schneider (1952) have produced
expenmental evidence that such placental emboli do occur and 1t 15
possible that 1n some cases ammotic flmd may enter the bloo:
stream and produce effects stmilar to those of tissue thromboplastn
(Retd Wener and Roby 1953) 'The mtense fibrmolysis observed
m some cases 15 also considered to be a cause of the fibnnogen
deficency It 15 by no means a constant feature (Masure and
Schockaert 1954) and was absent m a severe case assocated Wi
foetal death recently observed by us When present, fibmnolysis
mught be duc 10 actvators of the fbanolytic system demved from
placental tissue or amniotic flud (Astrup 1956)

A very sumlar syndrome has been observed as 2 complication of
certam surgical operations  Most of the reported cases have occurred
during or shortly after pulmonary lobectomy Soulier et al (1952)
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nvesugated a senes of exght fatal cases finding afibonogenaemsa
and actne fibrnolysis It 1s possible that the passage of throm-
boplaste Jung tissue fragments nto the arculation may oceur during
such operations, and produce effects sumilar to those already de-
scribed  Thyrordectomy has also been associated with the defibnn-
ation syndrome (Lhotry and Fayet 1954)

Duagnosis The occurrence of unexpectedly profuse or uncontrol-
Iable bleeding i any of the obstetneal or surgical situations men-
tioned shouﬁ at once suggest the possibility of acute defibrinanon
syndrome In the carly stages bleeding may be limuted to the areas
of trauma but as the conditon progresses generalized bleeding n the
form of echymoses brusing and spontancous haemorrhage from
the mucus membranes may develop ‘The blood 1s tncoagulable or
forms franl clots that may rapidly lyse The prothrombin time test
may show no clottng or the delayed formation of a clot obwiously
Jess solid than normal - The usual tests for fibnnogen wall show com-
plete absenice ot considerable reducnion  The addinion of fibnnogen
1n Witso to freshly drawn blood samples may not resule 1 cozgula-
tion strice other cloting factors such as Factor Vor AH G may be
deficent, There1s frequently severe or complete thrombocytopema
and the panent may have a prolonged bleeding ime and 2 postave
tourmquet test,

Because of the urgency 1 most cases these tests are often of more
academnic mnterest than of value to the cmcan and some rzgxd and
simple md) of fil deficiency 1s essental - Schnesdy
(1952) makes seral didunons of whole blood with sahme and
observes the highest dilution at which observable clattng takes place
n comparison with a normal blood sample treated 1n the same wa
Wewmer Reid and Roby (1950) stmply obsersed the behaviour ofy a
whole blood szmgle In fibnmopenta clothng exther does not occur
atall or a very frail clot forms or the clot appears and then Iyses
within an hour A rapid and simple quanntanve test for fibrmogen
may be employed, tlus consists of adding an equal volume of 1/2
saturated ammonium sulphate 1o the patent s plasma and measunng
the volume of the preapstate n a special graduated tube after centr-
ﬁ‘:,gmgb;:ampmng the result with a normal control test {Appendix
IV 17l

Treatment  Siice the patent s blood Jacks fibrinogen and usually
other clotung factors 1t might be supposed that the rapid transfusion
of normal blood would give the best results It 15 stated that 1 thus
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Such tissue fragments are known to be actively thromboplaste,
and therr entry mto the blood stream would probably cause para
doxically incoagulability of the blood by a process known as the
‘negative phase’ reaction Many of the earher workers on coagula
tion observed that incoagulability could be produced by the slow
mtravenous njection of thromboplastic ussue extracts or other
substances capable of promonng clottng such as cream chloroform
serum or sdica (Pickering 1928) Mellanby (1909) showed that
coagulant viperme snake venoms myjected slowly caused more or less
complete defibrmation of the curculating bzmd Nolf (r9223)
belicved that this was due to slow and generalized wmtravascular
coagulanion which produced not thrombosis of large vessels but
the laymg down of 2 thm layer of fibon on the mternal susfaces
Such fibrin deposits are Iikely to be rapidly lysed smce fibnnolync
actrvity 1s usually mcreased by the procedures employed Zucker
(1948) found that intravenous mjectron of thrombm m dogs pro-
duced defibrination in vivo and also a prolongation of the prothrotn-
bin tume and Hartmann Conley and Krevans (1951) observed that
the mtravenous of large of bram thromboplastn
1n dogs caused rapid death from wide-spread thrombosis but the
myection of smaller amounts caused decreased coagulability of the
blood with fibrmopema thrombocytopema and prolongation of
the prothrombin time

There 15 thus good evidence for supposing that of tissue throm-
boplastn 1n the form of placental fragments were to gamn access to
the blood stream  the effects observed m the defibrnation syndrome
mught be produced Seegers and Schnerder (1952) have produccd
experimental cvidence that such placental embolt do oceur and it 18
possible that 1 some cases ammionc flnd may enter the blood
stream and produce cffects sumilar to those of tissue thromboplastz
(Rerd Wemer and Roby 1953} The mtense fibrmolysis observed
1n some cases 15 also considered to be 2 cause of the fibnmogen
defizency It 1s by no means a constant feature (Masure and
Schockacrt 1954) and was absent m 2 scvere case assocated Wi
foetal death recently obscrved by us When present fibonalysss
rught be due to activators of the fibrinolytic system denved from
placental assue or amntotic flwd (Astrup 1956)

A very similar syndrome has been observed as a complication of
certain surgieal operations Most of the reported cases have oceurr
dunng or shortly after pulmonary lobectomy  Souler etal (195+)




CIHAPTER XTIV

HYPOPROTHROMBINAEMIA INCLUDING FACTOR V
FACTOR VII AND PROTHROMBIN DEFICIENCIES

The concept of prothrombin deficiency arose from the clasucal
theory of blood coagulation. According to this theory the one- and
two-stage prothrombin tests carned out on plasma give a quannta~
ave measure of prothrombin and u]p:mmts whose plasma gives
abnormal results by these tests would be sud to have hypopro-
thromb m fact the tage test defictencies n
Factors Vand VIl and 1s affected by fibrnopenia and the presence of
mhubitory substances  Swnce this carly era 1n blood coagulaton
research the problem has been complicated by several new tech-
mques and conceptions It 15 now certam LIZJK the majonty of
patients whose plasma samples give a long one-stage prothrombin
tme have not got true prothrombin deficiency It 15 possible to
obtam more mformanon about the panents using modifications of
the one-stage prothrombin time 1 which vanious additions are
made to the plasma  Thus a long one-stage clotung ttme may be
reduced by ch addition of normal serum or by normal plasma
treated by AI(OH) BaSO. ctc (see Chapter V) Two types of
defect may be separated m dus way the cases m which correction 15
obtained with normal serum beng said to have Factor VIl deficiency
and those m which correction was achieved with adsorbed plasma
being said to have Factor V deficiency  The two-stage tests which
u.suzﬁy give some 1dea of true prothrombmn deficiency were also
done and a new pattem of single and combrned defictencies lxgm
toemerge Recently cases have also been studied using the thrombo-
plastn generanon test and difficulues have ansen 1n the mterpreta-
tion of the results

‘The most simple approach to the problem 1s to desenibe advances
n knowledge hustoncally taking first advances based on acceptance
of the classical theory of blood coagulaton. The advances made
using modif of the tage test designed to d L
between Factor V and Factor VII deficiency forms the next sugc of
development The most recent advances are provided by a study of

blood thromboplastn formanon

209
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conditron 2 blood level of fibrmogen below 100 mg per cent 1s
assoctated with defective clotung (Wemer et al 1953) and raonal
treatment should presumably aim at restormg a level hugher than thus

For thus purpose 4-5 pmts of blood should theorencally be sufficient,
particularly since the patient s blood volume 15 likely to be depleted

It has been reported however that transfusion of these amounts of
blood may fal to correct bleeding or to have any obvious effect on
the clotting process (Moore 1954) In contrast 1t has been reported
that the mjection of fibrinogen 15 effective and 1t 15 surprising that
apparently good results have been obtamed with relativelv small
amounts Maore (1954) for mstance from his own expenence and
from a survey of the literature beheves that 2 gm of fibrnogen
may be sufficient and some other observers have clumed good
results with even less (Barnett and Cussen 1954) It 15 at present
difficult to understand why this amount of fibrnogen should be
beneficial when the much latger amounts present in the blood and
plasma transfused was apparently ineffective It must be remembered
that 1t 15 actually very difficult to assess the evidence for the effect of
treatment 1 this condition since blood transfustons had also been
given to the patients who responded well to ﬁbnnc:%in mjection

and there 15 usually no tme or justification for withholding one
form of therapy mn order to judge the effect of the other

Summary
Fibrnogen may be absent from the blood as a congenital defect

Usually such patients are the children from a cousm marrage The
coagulation defect 1s clinucally less severe than s usual n hacmophubic
patients Transfused fibnnogen 15 detectable 1 the blood of these
cases for 8 days

Fibrinopenia may occur as the result of some other diseases such
as acute nfections carctnoma. gastro-intestinal malabsorbton lver
disease etc Acute depletion of fibnnogen referred to as the acute
defibnation syndrome may occur as a complication of debvery
and operations It 15 thought that the defect 15 due esther to acute
fibninolysis or intravascular coagulation
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qunone had Vitanun K activity  Je was then shown that a large
number of compounds with related structure were active

Duning this work the methods fc hromb:

or the of p
were being studied and panents with various diseases were mvesti-
gated with these new techniques to determine the clinical madence
of hypoprothrombinaemia ~ It was found that i bihary obstruc-
tion a I\smsc long known to be assocrated with hacmorrhage
there was often a_profound fall 1n plasma prothrombin  Quick
(1937) suggested that the defierent absorption of fat i the intestine
nught mterfere with the absorption of Vitamun K and that the
hypoprothrombimaeria 1n these panients mught be due to Vitamun
K deficiency e d m ve stucies that
Vitamin K caused a rapud fall in the pro?lmmbm time 1 panents
with obstrucuve Jaundice supported Quick s hypothests (Warner
etal. 1038 Buttetal 1938aand b Olsen and Menzel 1939 Smuth et
al 1939 etc)

In panents wath steatorrhoca or prolonged diarrhoea the absorp-
tion of Vitamun K from the gut may be reduced These patients
may have a haemorrhagic diathesis which can be cured by parenteral
Vitamin K

Onc or two cases have been recorded m which Vitammm K
defirency arose m otherwise apparently normal people and gave
ise to a severe haemorrhagie diathesss (Lewns and Benner 1947
Hendl et al 1948 Ferguson 1950) Two cases with a severe de-
fictency of Vitanun K have also been described by Ley eal (1951)
These last two patients are particularly mteresting becanse thetr
coagulation defects were not cured by the synthetic water soluble
Vitamun K analogue but the naturally occurrnng Vitamin K, was
effecive  Thusf the water soluble Vitamun K analogue 15 meffective
1n an obscure case of prothrombin defictency 1t 15 always ad
to give the naturally occurring ol soluble Viearmin K, *Quuck and
Collentine (x951) have shown that Vitamm X, 15 more effective
than the water soluble preparations i restoring the prothrombmn
level of ammals with expenmental Vitamn K deficien

Acute mjury to the lver such as that caused by chloroform
p 518 d with a fall in prothrombin s tested by the
two-stage method (Smuth Warner and Brinkhous 1937) ~The
prothrombm level 15 often not corrected by Vitaran K and may
wndicate severe liver damage In cirrhosis of the hver a prothrom-
bin deficiency which 1s not corrected by Vitamun X 15 common
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EARLY ADVANCES IN THE PHYSIOLOGY OF ‘HYPOPROTHROMBINAEMIA'

Imtially the discovery that some plasma samples had a long one-
stage prothrombin time led to the study of hacmorrhagic :yndgomcs
using the new test It was soon found that plasma samples from
haemopulic patients gave normal results but m some other con-
dittons the results were abnormal Thus stage of nvestigation wll be
discussed under a number of headings

(1) Vitamm K deficiency and gross liver disease
(2) Haemorrhagic disease of the newborn

(3) Dicoumarn porsoning

(4) Congemtal deficrencies

Vitamun K Defictency and Liver Disease

The discovery of Vitamun K followed mvestigation of a haemor
thagic disease of chicks which was caused by feeding punfied diets
This disease was mutrally thought to be due to Vitamin C deficiency
because 1t was cured by feeding green plants It was saon shown that
ascorbic acid did not cure the disease and that extraction of the dict
with ether removed the curative substance Dam (1934) and Dam
and Schonheyder (1935) suggested that the chicks Jacked a new fat
soluble vatamun Vitamin K Koagulation Vitamn )

The disease was found to be assocrated wath a long whole blood
clotting ume (McFarlane Graham and Ruchardson 1931, Dam an
Schonheyder 1935) and the additton of crude chick srothrombln
made by Howells or Mellanby s method corrected the defect
(Dam Schenheyder and Tage-Hansen 1936) d

Inatally 1t was found that the haemorthagic chuck disease appea
rather inconsistently even 1f the chicks were given dentical dicts
It was then observed that Viamin K appeared mn the diet of it
underwent bactennal feementation (Halbrook 1935) and that the
droppings of chicks d Vitamm K so that the dict rught
become contaminated (Almqust and Stockstad 1035 1936) It was
assumed that Vitamn . was synthesized i the mtestme but that thus
synthesis occurredtoolow downnthe gueforabsorptionto take pl:wtd

The 1solatton of substances with Vitarmn K actvary followe
many p mvestigations  Dam and Scf heyder (1936)
and Klose et al (1938) studied the properties of preparations hzvlgg
Vitamun K acuvity Concentration of Vitamun K was achieved by
Almqust (1936) Regel etal (1939) and Dametal (1939} Iﬂh1939
Almgurst and Klose showed that 2-methyl-3-hydroxy 1 4~naphtho-
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tury and 3t was suspected that the disease was a }ucmorrhaFc
sepicaemia In 19..4 Schofield traced the disorder to cating spoiled
sweet clover Rodenck (1931) showed that when prothrombmn
prepared by Howells method was added to the plasma of diseased
anmmals the clotung ime was reduced and using Howell s techmque
Rodenick was unable to prepare prothrombin from the blood of
affected ammals Later Quick s one-stage prothrombin technique was
found to give abnormal results with the plasma of diseased animals

An anticoagulant substance was isolated by Campbell and Link (1941)
and synthesized by Stahman Hucbner and Link (1941) and Hucbner
and Link {1941)  Its chemical formla was thus established
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Using the punfied sul 3 Methylene-bis-{4 hydroxy
coumarin) Link {1944) showed that thedegree of hypoprothrombn-
aemia was directly related to the amount of the drug admunstered
Dicoumarin and related drugs are used widely for the treatment
of patients with thrombosis and st has been found 1n practice that
the onc-mﬁc prothrombin test or some modification of this test 1s
the most reliable gude to therapy  Using this method hacmorrhage
may be avouded sf the clottng time 1 kept between faly defined
Iiits  This problem 1s discussed 1n detarl in Chapter XVII

Congerutal Hypoprothrombinaema

A number of cases recorded i Table 26 suffered from a haemor-
rhagic diathests from early infancy In three of the six studies there
was a hustory of haemorthage i other members of the family
These cases are probably s to others which have been studied
m greater detatl and which will be considered later

DEFICIENCY OF FACTORS V AND VIl AND PROTHROM-
BIN DETERMINED USING MODIFICATIONS OF ONE-
AND TWO-STAGE TESTS

From a knowledge of the properties of Factors V. VII and pro-
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Haemorrhagic Disease of the Newborn

Before the mntroduction of Vitamuin K a tendency to haemorshage
was seen 1n approxumately 1 m every 400 mewly-bom babies
Bleeding occurred from the mucous membranes umbiicus or
gemtto-urnary tract and haematemests and melaena were common
In a review of 60 cases Capon (1924 1932 1937) described the
dramatic onset of haemorrhage m otherwise healthy mfants The
average time of onset i these cases was 41 5 hours after delivery and
haemorrhage usually occurred before the fifth or sixth day In
Capon’s series the death rate was 8 2 per cent  Examined at post-
mortem ulceration of the gastro-mtestial tract was found but these
I;’s;ons were thought to be the effect rather than the cause of haemor-
rhage
Rodda (1920} and Bevendge (1928) found that the mfants had 2
long whole blood clottng tme In 1937 Brmkhous Smuth and
‘Warner found that the prothrombin tested by the two-stage method
was low at birth and remarmed low for many months  Owen etal
(1939) and Quick and Grossman {19302 b 1940) onthe other hand
found that by the one-stage method the prothrombin_ level was
low for a véry Limited period m the first ten days of life when
haemorrhage occurred This discrepancy between the two metho
foreshadowed the difficultes which were later to anse from the
study of accelerators of blood coagulation The discrepancy has
never been explamed because the blood of new-born mfants has
never been examuned systemaucally by modem metho »

Beforeknowledge of Vitamm K wasavalablethed: wastreated
by local styptics by the ntramuscular myection of whole blood or
serum or by transfusion The only effectivetreatment was teansfission

In 1939 Waddell et al showed that the lengthened one-stage
prothrombn time of infants was reduced by Vitamun h and f the
Vitamm K was given early the hypoprothrombmaemia could be
prevented These ﬁndmgs which have been confirmed by very
numerous workers provide a means not only of treatig the discase
but of preventing 1ts occurrence It 15 thought that the deficiency m
Vitammn K results from a falure of absorpuon from the gastro-
intestinal tract 1n the carly days of hife

The Coagul. Defect 12t Dy Porsonng
A haemorrhagic discase of Canaduan canle associated with 2
long whole blood clotung time was recogmzed early m thus cen~
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tury and 1t was suspected that the discase was a h.ncmonhai;lc
septicaemua In 19.4 Schofield traced the disorder to eaung sporled
sweet clover Rodenck (1931) showed that when prothrombin
prepared by Howells method was added to the plasma of diseased
antmals the clottung time was reduced and using Howell s techmque
Rodenck was unable to prepare prothrombin from the blood of
affected ammals Later Quick’s onc-stage prothromt hmique was
found to give abnormal results with the plasma of diseased animals

Ananticoagulant substance wassolated by Campbell and Link (1941)
and synthesized by Stahman Hucbner and Link (1941) and Hucbner
and Link (1941) ~Its chemical formula was thus established
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Using the punfied substance 3 3 Methylene-bis-(4 hydroxy-
coumann) Link (1944) showed that thedegree of hypoprothrombin-
aemia was durectly related to the amount of the drug admunustered
Dicoumartn and related drugs are used widely for the treatment
of patients with thrombosis and 1t has been found 1n pracuce that
the one-stage prothrombun test or some modification of this test 1s
the most rel bl;c gude to therapy  Using this method haemorrhage
may be avoided 1f the cloting time 1 kept between fauly defined
himuts This problem 1s discussed 1n detal 1n Chapter XVIII

Congenstal Hypoprothrombinaema

A number of cases recorded mn Table .6 suffered from 2 hacmor-
rhagre diathesis from early mfancy In three of the six studies there
was a hustory of hacmorrhage m other members of the family
These cases are probably sum%n to others which have been studied
m greater detail and which wall be considered later

DEFICIENCY OF FACTORS V AND VIl AND PROTHROM-
BIN DETERMINED USING MODIFICATIONS OF ONE-
AND TWO-STAGE TESTS

From a knowledge of the properties of Factors V. VII and pro-
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TasLs 26
CASES OF UNDEFINED HYPOPROTHEOMBINAZMIA

Family | One-stage prothrombin time
Author hustory
Normal Patrent
sees secs
Rhoads and
Fuzhugh (1941) — 23 70107
Plum (1943) 1 — 18 308
2 - 18 28
Murphy and
Clark (1944) + 16 6893
de Marvel and Prothrombin Index
Bomchul (1944) —_ 25 §3 per cent
Hauser (1945) | one famuly |  Prothrombin Index
1 + 21 8o per cent
2 + $3 per cent
Covey ctal one family
(x950) T + 1625 31 100
2 + 24 41
3 + 25 78
N + 18 3t
Tasiz 27

BEAGENTS FOR THE QUALITATIVE DISTINCTION BETWEEN
PEOTHROMBIN PACTOR V AND FACTOR VII DEFICIENCY

Factors present
Reagent
Prothrombis | Fact r b Factor VIT

Al(OH),

treated plasma - + -
Normal serum — + +
Plasma from

anncoagulant

treated cases + + -
Orxalated

stored plasma + - +
Punfied

prothrombin + - +
Normal

plasma + + +
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theombin (see Chapter V) simple tests can be devised to distnguish
between the coagulanon defects classed as hypoprothrombinaenua
Reagents freed gom one or more of the three man factors can be

repared as shown in Table 27 Thus plasma treated with Al(OH),
rzcks Factor VII and prothrombin If 10 per cent of thus adsorbed

lasma 15 added to a sample which lacks Factor V the cloting ume
Ey the one-stage method wll be reduced almost to normal whereas
the clotung time of samples lackung prothrombn or Factor VII will
be little altered In a sumilar way the other reagents may be used
In this way a rough qualitanve distinction between the vanous
coagulanon defects 15 possible  The six reagents given m Table 27
are mncluded because vanous authors have preferred one or other of
the reagents to disungwish between deficiency 1n vanous factors
Using A(OH), or BaSO, treated plasma normal scrum and whole
normal plasma the man distinctions can be made  Using these and
sumular tests deficiency of the vanious factors has been studied

FACTOR V DEFICIENCY
Liver Disease and Factor V Deficency

Owren (1949) and Stefantni {1950a) showed that patients wath
severe hver disease lacked Factor V and Owren held that a reduction
tn Factor V mdicated a poor prognosts  The two patients descnbed
by Koller et al {1950) had 2 matked reduction 1n Factor V' associated
with haemorrhagic scarlet fever It 3s possible that this reduction n
Factor V may have been due to hiver damage caused by the severe
mfectton  Brambel (1950) and Stefarun: (1951) found a reduction in
Factor V m patients with leukaemia and Stefarans thoughe that ths
reduction might have been caused by hiver dysfunction from massive
mfiltration of the hver with leukaemic cells

Factor V 15 not reduced m obstructive jaundice (Owren 1949
Stefarum 1950)

Post-oftramt Deficency of Factor V'
Stefanim (1951) found Facto;_h v J(I?‘bxlc factor) deficency m
3

patients und

going op y wasata
at about the thurd post-operative day and the Factor V had returned
to normal by the mnth day

Caranomna and Factor V Deficien
Stefaim (1951) and Cosgnff and Lafer (1952) record Factor V.

deficiency i patients with advanced caranoma The patent
q
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TAsLE 26
CASES OF UNDEFINED HYPOPROTHROMBINAEMIA
Famly One-stage prothrombun time
Author hustory
Normal Patient
sees secs
Rhoads and
Fitzhugh (1941) - 23 70-107
Plom {1943} 1 - 18 305
2 - 18 28
Murphy and
Clark (1944) + 16 68-91
de Marvel and Prothrombmn Index
Bomchul (194¢) - 25 53 per cent
Hauser (1945) | one family | Prothrombin Index
T + 21-80 per cent
H + $3 per cent
Covey etal one family
{1950) 1 + 16-2§ 31 100
2 o+ 24 41
3 + 23 78
4 + 1 3t
Taste 27

REAGENTS FOR THE QUALITATIVE DISTINGTION BETWEEN
FPROTHROMBIN FACTOR V AND FACTOR VI DEFIGIENCY

Factors present

Reagent

Prothtombin | Factor V. Factor

1214

Al{OH)
treated plasma

Normal serum

Plasma from
anticoagulant
treated cases

Oxalated
stored plasma

Punfied
prothrombin

Notmal
plasma
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ant of these cases 1s the patient described by Owren (1947) because s
was from Owren s careful analysis of the clotting defect that Factor
V was first established as an essential clotting factor

Owren's pattent was a female aged 20 who had a ustory of
bleeding episodes from the age of 33 There was no hustory of
bleeding i other members of the famuly The abnormal findings
were a whole blood clotting ume of 70 minutes and a one-stage
prothrombin” time of 79-80 seconds where normal plasma clotted
1 12-.0 seconds  The abnormality was not affected gy Vitamin K
In vitro the clotting time was restored to normal by 10 per cent of
ox plasma treated with AI(OH), Owren 1solated the normal
plasma component the defiaency of which was responsible for the
pattent s coagulation defect and showed that 1n the absence of this
factor the normal ¢ of prothrombin to thrombin was

delayed :

TK: other cases given 1n Table 28 were less fully investigated but
there 15 hirtle doubt that the coagulation defect was sumtlar to thatin
Owrens case In three of the cases desenbed the bleeding tendency
occurred 1 more than one member of the family The patent

described by Koller (1954) was also found to have antthaemophilic
globulin deficiency

THE MEASUREMENT OF FACTOR V

A method for recording the extent of Factor V deficiency based on
the one-stage technique can easily be devised (Owren and Aas 1951)
The test for Factor V 1s simular to the test for Factor VIT which has
been worked out i detal because plasma deficient 1n Factor VIE
15 now readily available

FACTOR VI DEFICIENCY
Ducoumann and Tromexan Therapy

Plasma samples from pattents treated with any of the coumarin
drugs have a long clotting time by the one-stage method of Quick.
Fahey and Olwin (1948) and Owren (19502 b) have shown that
Factor V ss not reduced the clotting ime by the one-stage method
1s not reduced by adding 10 per cent of AI(OH) treated plasma
The one-stage clottng tume 1s shortened by 10 per cent of normal
serum and from the discussion 1 Chapter V 1t 1s clear that the
plasma of patients treated with these drugs lacks Factor VII
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described by Cosgriff and Lerfer had carcmoma of the prostate with
multiple secondary deposits and the Factor V defictency caused 2
severe haemorrhagic diathess

Congental Factor V' Deficency
A number of cases of congemtal Factor V deficency have been
described and these are summarized 1n Table 28 The most import

‘TabtE 28
'CONGENITAL FACTOR V DEFICIENCY
One Stage Clotting | Prothrom=
Author Prothrombus time Time b Con
— sumption
Normal | Patient
Owren 1570 75 En Abnormal
(1947)
Frank et al 12 %0 28 Abgormal
(1950)
de Voes et al 13 14 02 714 [ Abnormal
(1951)
Stohlman et al 15 23 14 Abnormal
(x951)
Brnk and Kingsley 05 41 N -
(1952)
Alexander and 45 30-45 | Abnormal
Goldsren
(1952)
Bergsagel 15 43 37 {Abnormal
(1955)
Qcnet al Long Long | Abnormsal
(1954)
Lewisand Ferguson | Level of 39 | Abnormal
(955) proacce!
enn = o
Sacks et al — 10 25 58 | Abnormal
(1955)
Horder [ 12 | Abnormal
(1953)
Hem etal. I ’ 3 { 330 ’
15 -
(1934) 63 270
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15 und dable The red n a coagul factor to 50
per cent of 1ts normal value has little cffect on the one-stage clotung
ume The man deficiency 1n tromexan plasma 1s thercfore one of
Factor VII Many other substances are now used 1n anticoagulant
therapy (see Chapter XVIIT) and 1t must be borne 1n mind that the
exact effects of most of these drugs 1s not known They may differ
1 detail from dicoumann and tromexan It must also be reabized
that different methods for measuring prothrombn were used by
different authors and all other methods give lower resules than the
area method

Vitanun K Deficency and Factor VII

Patients with obstructive jaundice or steatorrhoea do not lack
Factor V (Owren 1949) but the one-stage clotting time 15 shortened
by the addition of serum  The shortening of the cfomn nme caused
by serum 1s less marked than that which occurs 1 the plasma of
patients treated with dicoumarnin or tromexan  The effect of serum
suggests that there 15 a reduction 1 Factor VIIm the plasma of these
patients

Congesntal Factor VII Definency
ere are now reports on 21 patients whose plasma has given 2
long one-stage prothrombin time which 1s reduced nearly to normal

Tarce 29
CONGENTTAL ‘FACTOR VI' DEFICTENCY

One-Stage Whole | Prothrom-
A thor Prothr mbn Blood bn Con Clnc1Bleed g
Cin g | sumpnon
Normal | Patent Time
G ordano 28 210 — | Epstns deotal ex
(1943) fractior
Crocket et af 4 173 1148 -
(r949)
Landwehe et al. 13 7 12 Normal | Rectal bleeding
(1950) {infant)
Alexande et al 17 72 1417 | Normal | Mehiena cpustaxss
(1957)
Owren 14 $3-60 14 Normal | Epistaxis  bruwng
(1932) hacmarth oses,
Beaumont and ? 68-205 20 Abnormal | Severc Istaxas,
Bernard (1952) bruisey pqe’t«hne
gastro-tesanal
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‘When patients are treated with dicoumann 1t appears that pro-
thrombmn and Factor VII are both considerably reduced {Qwren
1951) When tromexan 15 used (Biggs and Douglas 1952) the one-
stage clotting time 15 often restored to normal by the presence of 10
per cent of serum suggesting that prothrombin 15 not so markedly
defictent in these pattents This belief 1s supported by the measure-
ment of prothrombmn by the area mct.hodp {Chapter XI) By thss

PROTHROMBIN
PER CENT

ASSESSED BY
AREA

100 4
%

80 4 ‘.? .

60+ g e %

40

204

20 40 60 8O 100
ONE=STAGE INDEX

ared with the ¢t of pro-
S s e e e e I
tromexan,
method the amount of prothrombmn n the plasma of pat!ﬂ“i;
treated with tromexan was seldom less than so per cent of norma
even when the onc-stage clotng tme was grossly prolong:
(Douglas 1955) When the results of the one-stage method are
compared with the cor ding prothrombm levels no corre-
lanon 1s found (Fig 35) Ifitss accepted that the prothrombin level
of tromexan plasma ltes between 50 and 100 per cent of norm
then thus lack of correspondence of the one and two-stage tests
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by the addition of 2 small proportion of normal serum  All of these
patients (see Table 29) would be s1d to have Factor VIl deficiency
It will be seen from Table 29 that many of these patients have been
described very recently suggesting that the condition may not be so
rare 25 utherto 1magmed  Some of the patients have been studied
wsing the thromboplastin generation test and these resules wall be
discussed later

THE MEASUREMENT OF FACTOR VIl ACTIVITY
Factor VII may readily be measured using the one-stage method 1f
asupply of lly g Factor VII deficent plasma 1s avail-
CLOTTING TIME
IN SECONDS  THERAPEUTIC

60} RANGE
50
..
404 e
»
301
204
10
RECIPROCAL.
FACTOR VIt

i0 20 30 40 so
10020 10 5 4 3 25 23
CONCENTRATION OF FACTOR Vil
B e o e o Hasa dloons made wih wromepn gl
Sﬂ;;mm m;:;e: B axeaproal The grob ble terapeus rangs of corang
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One Stage Whole | Prothr
Author Prothrombin Blood | bm Con |  Clinicel Bleekng
—————————| Clottng | sumption
Normaf l Patient | Tume
Lews et ad ? 73 110 1328 | Normal { Epstany, huemstoru,
(x553) 48 55 3088 | 2 Normal | menonhagss.
Frick and Hagan 151 61 3r Normal | Brusag
(1953)
Wirzet et 2] 12 17 Normal | Shghtly | Nose
(1954) ddg:yzd
Jenkine 1517 970 58 Normal | Makenz epistaxs
(19542) haemarthroses.
Hicks 13 45 6 Normal | Epistaes, dentdl ex
(1955) traction, meaoerhug
Jurgens Factor VIl Level | Normal | Normal | Epstaas dentd ex
(1955} 26% traction.
Stefanovic et al
s} () 0 26 [ Normal | Severe epustanis
{2} 13 27 3 Nognal | Brusing epustant.
(De Vne!( g): at v/:‘ukh mgsly affeaed
1955) (. 15 20 — o
@ 128 7 . ] and other blecding
(&) 37 198 Abnoymal | episodes.
Newrombeetal | 12 35+ | Nommal | Abnormal| Haematura baemat
(x9s3) 065 muny throses, brwses.
Long etal 13 120160 | Normal — | Menorhagn dewd
{(19s3) extractions, braci.
Bergsagel 15 0 s 217 | Menonhagu fons
(rossb) ¢ ¢ |letomy dentdl €5
tracton.
Bigps and
Mzc&da;ae)‘ .,
{1956} & 12 18 Normal — Menorrhap 2
®) 7 4 9% Epustazs, post-toned-
tectomy
Quick, Puciotta
and Hume{
(959} (1, 12 1570 57 Nonmal | Masavehsemstoma
(2} 1 2741 79 Norgial { cercbral haemorrhagt
Menorrhags detal
ewimartion
* Nat recorded elscwhere
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and the cotrection of its abnormality by serum occurs quite ftc-
quently Studies of thromboplastin i are rather
at present but some nformation 15 now available

P

Dicoumarn ﬂ"ﬂ(ﬂﬂx“lﬂ"‘f

Diggs Douglas and Macfarlane (1953) showed that the serum
from pauents treated with the anncoagulant tromexan gave an
abnormal thromboplasin_generanon  Many observations have
confirmed this finding and Hunter and Walker (1954b) and Ver-
stracte and Vandenbrooke (1955) have found that the thrombo-
plasun abnormaliry can be detected very eatly 1n treatment before
Factor VIl 1s much affected The abnormality in thromboplastin
formation 1s corrected in some samples but not 1n others by additon
of Chnstrmas disease serum (whach contams Factor VIT) Ttas difficule
to attnbute the thromboplastin abnormality to lack of Factor ViI
Exther the defect 18 duc to Chnstmas factor defiaency o a new
factor 15 mvolved as Koller (1954) suggests (sce also Chapter VI)

Vnmm:} K Defiaency and Lwer Disease and the Defect in New-born
Infants

In the occastonal eases of severe iver disease that we have seen the
serum has given abnormal results m the thtomboplastin generation
test and the abnormality has not been corrected by the addinon of
serum from panents with Chnstmas disease These results suppest
that the patients may also be defisent m the Chnistmas factor These
findings are not at present reconafable wath those of Koller (sce
Chapter VI) but 1t 1s possible that different patients have different
defects Bergsagel (1955) has studied one patient with severc ob-
structive Jaundice and obtamed stmilar results Van Creveld et al

(1954) have found a ssnular serum abnormality in new-born mnfants

Congental Factor VII Deficsency

Thirteen of the patients histed 1n Table 29 have been studied using
the thromboplasun generation test ‘The case of Jenkans (1954) has
been re-mvestigated by Ackroyd (1956) and that of Owren {1952)
has been re-studied by Owren Newcomb Hyorr and Aas (1953)
T all of these patients thromboplastin formation appeans to be
entirely normal The patients undoubtedly have Factor VII de-
ficrency as judged by correction of the one-stage prothrombin time
by normal serum and by an assay method involving Seitz filtered
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able The relationship between one-stage clotting time and difunon
of Factor VII 1s shown m Fig 36 using the plasma of paents
treated wath tromexan as a source of Factor VI defictent plisma.
During the first few days of treatment with any of the dicoumann
group of drugs 1t 15 probable that Factor VII deficiency 1s the tan
cause of the lengthened one-stage prothrombm tme From Fig
36 1t will be seen that the method using undiluted plasma muxtares1s
mnsensitive to small reducttons m Factor VII concentration  Owren
and Aas (19s1) and Koller et al (r9s1) have therefore devised
methods using greater dilutions A method has also been devised
using Seitz filtered ox plasma (Owren and Aas 1951 Koller et al
19s5t) This method has the advantage that a supply of naturally
occurnng Factor VII defictent plasma 1s not necessary It has the
disadvantage that the preparanon of the Sexez filtered ox plasma may
not be very casy

THE THROMBOPLASTIN GENERATION TEST AND
DEFICIENCY OF FACTORS V AND VII

The results obtamned with the thromboplastin generation test o
patients with Vitamin K deficiency those treated with one of the
dicoumann group of drugs those with Factor V and Factor Vit
defictency have been referred to m Chapter VI 1t 15 now proposed
to summanze these results agam more systematically

FACTOR V DEFICIENCY AND THROMBOPLASTIN FORMATION

So far the records of only two patients on whom the thrombo-
plastin generation test has been carried out are known to us Berg-
sagel (1953) mvestigated a patient and found shight abnormality of
thromboplastin formation” nsing the patients Al(OH), treated
plasma and normal platelets  Smce normal platelets are contamma-
ated with Factor V much more definite abnormaliy mught have
been disclosed Horder (1955) and Horder and Sokal (1955) have abo
descnibed a patient with abnormal thromboplasin formation m
whom the Factor V deficiency was attnibuted to an ether soluble
inhibitor  The thromboplastin formation 1n Horder s case was quite
markedly abnormal

FACTOR VII DEFICIENCY AND THROMBOPLASTIN FORMATION
Factor VII deficiency asjudged by the one-stage prothrombin ime
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patient's plasma a behef which 15 supported by the fact that the
one-stage prothrombin tume of the patient s plasma was abnormal
when Russell s viper venom and cephalin were used as thrombo-

lastin {thes ¢h 1 bemng unaffected by Factor VII de-
gamcy)

The patient s serum used 1n the thromboplastin generation test
gave abnormal results complete correction was obtatned by adding
Chnstmas disease serum  The thromboplastn generation defect
was corrected by the alpha globulin fraction of normal serum but
not the beta globuln fraction

To summanze the patient appears to be defiaient m two sub-
stances Factor VII (beta globulin} and a second factor (alpha

lobulin) both factors infl the one-stage prothrombm time
Eut the deficency of the alpha globubn fracton nfluences the
thromboplastin generation test and since st differs from Factor X
(Koller 1955) 15 presumably a new factor The status of thus factor
1s much the same as that of Factor X (see Chapter VI} The pheno-
mena attnibuted to 3t have been established beyond reasonable doube
1 mixture expenments on patients blood but there 13 no evidence
about the mode of action of the factor i the normal clottng
process The abnormality could well be referred to for idennfication
as the Prower Defect (from the patients surname) leaving the
question of the presence or absence of a new factor for later expen-
ments It 1s possible that the first two cases of de Vries etal (1955} are
simtlar to Bergsagels case In these patients the thromboplastin
defect was corrected by Christmas disease serum

The case of Newcomb et al (1956) 15 also particulasly interesting
This patient usually had a grossly lengthened ge prothromt
tme and on analysis the defect appeared to be 1dentical with that

caused by the dicournarin drugs There was reduction in prothrom-
bin and Factor VII and a serum defect in thromboplastin formation

The one-stage prothrombin time was not corrected by additions of
dicoumarin glzsmz The defect dates from early Cilldhood and
cannot possibly be atmbuted to any drug

The astomshing feature of this pattent 15 the effect of fresh plasma

transfusion  Following 500 ml™ of plasma the patient s varnous
clotting defects gradually disappear over a period of about 1 week.
The relatively normal state 1s mamntained for 3-4 weeks after which
the tests revert to the previous abnormalies  Bleeding mamfesta-
uions are completely controlled by monthly plasma transfusions
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ox plasma Factor VIL was grossly dimtushed The clottmg time
was not corrected by plasma or serum from pattents treated with
the dicoumarol type of drugs These patients have been referred to
m Chapter VI and the reactions of their blood to standard tests
suggest that Factor VII may not be mvolved 1n the intrinsic blood
thromboplastin system  Thus belief 15 strengthened by the results
of the cloting ttime prothrombm consumption test and thrombm
generation test (Hicks 1955 Ackroyd 1955) which are normal

Other patients whose blood has been exammned using the throm-
boplastin generation test are those of Stefanovic et al (19s5) de
Vs et al (1955) Newcomb et al (1955) Bergsagel (1955} and
Biggs and Macfarlane (1956) The five cases included by the work
of Stefanovic et al de Vnies et al areall charactenzed by a relatrvely
short one-stage prothrombmn trme assoctated with a quite dispro-
portionately severe bleeding tendency In general a nno—mgc
prothrombn defect of the seventy shown by these pattents would be
expected to cause no marked bleeding tendency  Patrents teeated
with dicoumarol anticoagulants are confidently mamtamned w1
one-stage clottng times exceeding those obtamed m the blood of
these patrents  All have quite abnormal thromboplastw formaton
1f therr scra are used to replace normal serum i the thromboplastin
generation test Their dcfgct 1s much more like that of Chrstmas
disease than Factor VI deficienicy and m one case the defect was not
corrected by Chnstmas diseasc serum (de Vies (3)) No conclu-
stons can be drawn about these patients except that they clearly
differ quite markedly from the cases of Jeakins (19s4), Hicks
(19ss) and Jurgens (19s5)

Bergsagel (1055) and Telfer et al (1956) have studied one panent 1
greatdetarl clus patient was a female and had hustory of menorthagia,
bleeding after dental extractions and after tonsillectomy Her one-
stage prothrombin ime was prolonged and the Factor VIl assay gave
a value of 25 per cent Muxture of the panent's plasma wath the
plasma of patients treated with dindevan showed some mu
connection compatible with relatively high level of Factor VII 1n
the patient s plasma Alpha and beta globulins obtained by electro-
phorests of normal serum both had some ability to shorten the
t s one-stage prothrombin time  Factor VIL 15 associated w1

atient
51e beta globubn fracon (Owen and McKenzic 1954) These
results suggest that deficiency of some factor other than Facm; X‘H
of the

1s concerned with the long onestage prothrombm ume



HYPOPROTHROMBINAEMIA 27

13 the type caused by dicoumarol by Vitamun K deficiency, iver
disease and seen 1 the congenital cases of Newcomb et al (1955) and
possibly those recorded by us 1n Tables 29 and 30 These panents
apparently have three deficrencies Factor VI prothrombin and a
serum factor affecting thromboplastin formation which may or may
not be the Chnstmas factor It 15 naturally tempting to suggest 2
common aetiology for these conditions the common link beng
Viamin K the Vitamin K deficient cases beng an uncomphicated
lack of the factor the hiver diseasc patients bang unable to use the
vitamin the dicoumarol drugs possibly mterferning with the forma-
tion or action of Vatamun K and the congemtal cases lacking some
co-factor present 1n normal plasma which 1s essennal for the proper
use of Vatamin K. Naturally thus 1s pure speculation butitis difficule
not to try to these apparently diverse cond which have
a sumlar expression

The second group includes the four congemital cases of Jenkins
(1954) Hicks (1955) Jurgens (1955) and Owren (1952) all of
whom appear to have pure Factor VII deficiency which proves to
be an unusually interesting condition because Zcrc 18 apparently
no abnormality in the mntrinsic blood coagulaion m sm
Clotting 1s abnormal only 1n relation to tissue extracts

The third group includesthe patients of Stefanovic et al (1955) and
de Voes et AF 1935) Allhavea relatvely minor lengthening of the
one-stage prothrombin ttme and a severe defect of thromboplastn
formanon The nature of the thromboplastn defect remamns
obscure 1n most of the patients  As wall be seen they are susceptible
to no easy explanation Telfers case (1956) 15 more defumtely
charactenzed because hus and Beggsagel s study of the patient 15
more complete hus case could easily be digmified by 2 newly named
factor deficiency and further study may reveal that some of the less
clearly defined cases are simlar to lns But m the present con-
fused state 1t 15 probably wise to await the results of 2 more com-
plete study of other dpzucms and to be sansfied with the 1dentifying
name the’ Prower defect  An unusual feature of all these panents
15 the normal prothrombimn consumption test which most of the
samples have shown This 15 easy to explamn m the patients with
pure Factor VII defi y but less prehensible 1n patients
whose blood shows abnormal thromboplastin formation ~ These
findings are markedly different from those of the Factor V deficient
patients who all have abnormal prothrombin consumpuon




226 BLOOD COAGULATION

Vitamin K, produced shight very temporary improvement of the
patient’s clotung defect  The cases recorded by us m Table 29
may be sumilar to this case, some results obtamned wath the thrombo-
plastun generation test are shown wm Table 30 J¢ wall be seen that

‘TABLB 30

SOME RESULTS OF THE THROMEOPLASTDN GENERATION TEST CARRIED OUT ON THE BLOOD
OF TWO PATIENTS WITH FACTOR VIl DEFICIENCY

|
| Tncubation time {Mumutes)
Source of
[
Aé(oH), Source of Serum 2 ] 3|4
Clotting time (Seconds)
Normal s sl 71 7] 8
Patient (1) 60 | sofasfu|n
Patient {2) 77 6 4 “ |
9 parts Patient (1) 19 0 10 10 10
1 part Chnstmas
9 parts Patient (3) 56 15 12| (n
1 part Christmas
9 parts Panent (1) 68 48 3t [7S
1 part Din
Normal © parts Patient (2) 61 | 46 | 38 ) 25 | 18
1 part Dindevan
g parts Patient {1} 28 I8 15 6|37
1 part Bergsagel s case
9 pares Patient (2) 65 30 15 s 4
1 part Bersagel s case
9 parts Patient (1) 77 ss 45 26 13
¥ part Newcomb s case
9 parts Pauient (2) 61 | st | 39| 30 12
1 part Newcomb 5 case

Chnistmas discase serum corrects the defect which 15 not corrected
by serum from a pauent treated by Dindevan or by serum from
the patient of Newcomb et al Serum from Telford and Bergsagel s
patient accelerates thromboplastin formation but does not correct
the defect

It 15 difficult to draw any conclustons from these diverse patterns
of results Careful analysis of these patients reveals 2 very com-
plicated picture Two defimte types can be selected from the
pattents so far studied  The first and most commonly engountered
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normal during two months as the patient recovered clically Ths
Tack of correlation 15 also obvious 1 panents with athosis of the
liver (Table 31 and Donald etal 1954) Thus 1fa bleeding tendency
exists or operation 1s contemplated 1t 15 wise to carry out both one~
and two-stage tests before reaching any conclusions as to the cause of
bleeding or the safety of operation

In haemorrhagie disease of the new-born also two-stage methods
record low lev e%s of prothrombm {Brinkhous Srmuth and Wamer
1937)

PROTHROMBIN DEFICIENCY AND THERAPY WITH THE DICOUMARIN
DRUGS

Usually the prothrombin 1s not greatly reduced by therapeutic
levels of these drugs though it 1s poss\b{c that all may not have
exacdy the same effects In overdose of any of the drups severe
prothrombm defictency may result and Donald ct al (1954) have
observed that the r of prothrombin to normal following
Vitamin k treatment may be much slower than the reducnon 1n
one-stage prothrombmn time

IDIOPATHIC OR CONGENITAL PROTHROMBIN DEFICIENCY
The majonxxof atients with hypoprothrombinaemia do not
have true pro omim defictency as the man defect  Of the con-
gemtal cases two patients recorded by Quick Pisciotta and Huss
(1955) (patients BB and VA) appear to come mto ths group :houg
1t 55 3 pity that the diagnosis was not confirmed by any two-stage
th The tage prothrombin times of these two patients
plasma samples were shortened by the addition of stored normal
glasmz but not by Factor V or Factor VII In the patient described
y Hagan and Watson {1948) the one-stage clotting ume was
} d by a prep of prothrombin made by Scegers This
punfied prothrombin lacks Factor V but some samples may contain
Factor VIl The ﬁaanmu described by Ferguson {1950) did not lack
Factor V but whether Factor VII or prothrombin were deficient
was not discovered

Tdiwpathic Prothrombin Defictency

Biggs and Douglas (1953) have reported a panent who acquired 2
coagulation defect in adule ife  This panent 15 of particular interest
because he had uncomplicated prothrombimn deficiency an abnor-
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PROTHROMBIN DEFICIENCY

Ina chapter on_Hypoprothrombinaemua 1t scems tllogical to place
prothrombm deficency last but this deficrency i severe degree
seems to be rare and relatively untmportant

VITAMIN K LIVER DISEASE AND PROTHROMBIN DEFICIENCY
The Vitamin K deficiency of obstructive jaundice steatorthoeaand

mfective hepatitis 15 associated with significant reduction m pro-

thrombm Using a two-stage method Mann et al (1950} found quite

a marked prothrombmn reduction  'We have now studied a number

of patients by the area method and quite marked prothrombin

deficiency 1s common (Table 3x) It will be seen that the low results

Tane 31

ONE AND TWO STAGE PROTHROMSIN ThSTS ON PATIENTS WITH VITAMIN K DEFICIENCY
AND CIRRNOSIS OF THE LIVER

One-stage prothrombin
Conditron time it Seeomds Results of the swo-siage
test i per cent prothrombin
Normal Patient
2 14 36
Vitamin 13 15 P
& 135 18 48
Deficiency 12 P4 bt
13 20 3
16 23 37
12 21 8s
12 23 73
17 28 &1
13 29 32
15 33 s0
12 33 48
2 37 30
18 az0 15
13 13 66
Currhoss s 15 pas
of the b 4 3
Laver 17 18 36
7 8 58
g 17 33
12 bt 50

much alteratton mn the one-stage
d one patient with infectve hepa-
hrombin defi the o ge pro-

ate not always associated with
N 11,

prc ime

tiis who had marked p

thrombin time was restored almost to normal overmght follow-

1ng Vitamin X treatment but the tno-stage test returned slowly to
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normal duning two months as the patient recovered chncally This
lack of correlation 15 also obvious 1 pattents wath cirrhosss of the
lver (Table 31and Donaldetal 1954) Thus 1fa bleeding tendency
exists or operation 15 contemplated 1t 1 wase to carry out both one-
and two-stage tests before reaching any conclusions as to the cause of
bleeding or the safety of operation

In haemorrhagsc disease of the new-bom also two-stage methods
record low levels of prothrombin (Brnkhous Smuth and Warner
1937)

PROTHROMBIN DERCIENCY AND THERAYY WITH THE DICOUMARN
DRUGS

Usually the prothrombin 15 not greatly reduced by therapeutic
levels of these drugs though it 15 possible that all may not have
exactly the same effects In overdose of any of the drugs severe
prothrombmn deficency may result and Donald et al (1954) have
observed that the of prothrombin to normal foll g
Vitamun K treatment may be much slower than the reduction 1n
one-stage prothrombin time

IDIOPATHIC OR CONGENTTAL PROTHROMBIN DEFICIENCY
The majonty of panents with hypoprothrombmnaemia do not

have true prof omgxn defiaiency as the man defect  Of the con-
gemtal cases two patients recorded by Quick Pisciotta and Huss
(1955} {patients BB and VA} appear to come mto this group dmugcz
1t 15 a pity that the diagnosts was not confirmed by any two-stage
methods  The onestage prothrombmn nmes of these two patients
plasma samples were shortened by the addition of stored normal
lasma but not by Factor V ot Factor VII In the patent described
y Hagan and Watson (1948) the one-stage clotng tune was
¥ d by a prep of prothrombin made by Seegers Thus
purtfied prothrombn lacks Factor V but some samples may contain
Factor VI The patients described by Ferguson (1950) did not lack
Factor V but whether Factor VII or prothrombin were deficient
was not discovered

Idopathic Prothrombin Deficiency

Bugges and Douglas (1953) have reported a patient who acquired a
coaguilwn defect in adult Ife Thus panient 1s of parncular interest
because he had pheated prothrombin defi y an abnor-
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mality which from the previous discussion 15 apparently very rare
The case wall be given 1n some detal

Hustory The patient was 2 male aged 26 who had no bleeding tendency {although teeth
and tonsils had been removed) unul 15 months prior to hus investgation  Haemorrhage
episodes mcluded haematurta epistaxis bleeding from the gums and large spontsmeons
brusses No ebvious etiological factor could be found Clinucal examanation was negative

Prelimnary Investigations
Haemoglobin X3 7 gm. per cent
White cell count 5100 per € mm
Plasma protuns 66pm per cent
Albumun 38gm pereent
l(:}lobu!m 24 gm percenc
sbrinogen 360 mg per cent
Liver Function Tests pee
Thymal turbidity test neganve
Collodal gold test neganve
Sucrose tolerance test norm:
Bilirubin ¢ 3 mg per cent
Fat excrenon normal
Intake of fat 280 gm.
Total fat excreted 7 2 gm
Per cent fat excreted 2 6

THROMBIN UNITS
7

T Y T N

(o] 1 2 3 4
TIME IN MINUTES
Fig 37 Thrombn formanon tested by the two-stage method 1n normal plas
prothrombin defiient plisma (x—x)

w01 (@—@) and
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Dleeding tume $ punures (fvy s method)
Tourniquet test negative
Platelets 845 000-1 121 000 e € mm

Invest gattn of C1 tt mg Defect
(1) "Whle blood clotting time by the method of Lee and Wh te (1913)
13 30 munutes
(Normal § 10 mnutes}
(2) Oncwstage prothrombin time
) Noroal 14 15 seconds. §atient 18 25 seconds
(3) Two-stage prothromb n kest
By the twostage method the amount of thrombin formed was greatly reduced
Cheves obrumed wth normal and the patient s plasma are shown in Fig 37 The
amount of prothrombin assessed from the arcat was 11 per cent of norma
Factor
The clotung tume of the pat ent s plasma way niot shortened by the addition of normal
plasma adsorbed with A1{OF3), which adsorbs F ctor VIT butnot T ctor V. Factor V'
‘was therefore not def cuent.
{3) Factor VII
The amount of Factor VI waa assessed by testing the ability of difutions of the patient &
plasma to shorten the clotu g tme of the plisma of a patient under treatment with
tromexan. The patient s pla ma corrected the clotung defect in the tromexan plasma
s wellas did normal plasma. The o estage cloting time of the patient s plasma was
not shottened by the presence of 10 per cent of normal serum  Thete was therefore no
defiency of Factor VIT
{6) Viamn K
The p tient s clotting defect was not altered by 200 mg of synkavit g ven intraven-
ously or by 500 mg of Viam n K, orally of by oo mg of Vitam n K, geven 1n=
trtvenouly “The panent s cormng defect coohd Tt be snmbured to Viamn K
iefiiency
(7) No cxcess of whubitory substances or abnormal ey of the thrombin-f brnogen
reaction could he detected

The unusual features of this coagulation defect are the relativel
shght change n the tage prothrombin time compared WIJ:
the marked reduction 1n prothrombin recorded by the two-stage
test and the lengthening of the whole blood clotang nme which 1s
possibly related to the slow gencration of plasma thromboplastin
when the normal amount of thrombrn 1s not present  The forma-
t(wn of thrombin 1n the panents whole blood was much reduced
Eig 38)

Transfusion of thus patient wath normal plasma proved surprismgly
meffective 1 raisng the level of prothrombn as measured by the
areamethod On two occasions s0oml of stored plasma and 850 m!
of fresh plasma were transfused  The levels of prothrombin before
and after transfusion are shown i Fig 30 From these cunves it wall
be seen that there was a very shight and transient rise in prothrombin
‘Whether or not the rapid return of prothrombin to the pre-
transfusion level indicates the usual rate of prothrombin utthzaton
or whether or not the panent d d hromt 11
rapidly 1s not known

3

yea p Y
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Bg 38 Thrombun formation i whol notmat blood (upper curve) comparcd to thrombis
formation i prothrambin doficient blood (lower curve) . The test was carmed out 33

enbed in Appendrs U1 o
PROTHROMBIN
PER CENT

30

20

10

4 € 12 16 20 24 28

TIMEIN HOURS oo o ¢

ults of the two-stage prothrombn test (sres method) cartied out
fli:i? of-r&ee ;w?olhx:mbm deficent ;ul;:erz before and afes transfumoa wath normal fresh
plasma (@—~@) 1ad normal stored pPlamz (x—x)
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MEASURCMINT OF PROTHROMBIN
Methods f £ 1 1

or the of p n Ehmm have
already been discussed m Chapter XI' One-stage methods for the
hrombin wath the of the method of

o

Bjort Ilnpzport(md Owren (1955) arc un’lkcly to be successful

T]lxc one-stage method using bram thromboplastin 15 too msensitive
to changes i prothrombin Of the two-stage methods we think
that the area method has advantages but 1f 3 method 1nvolving the
destruction of antithrombin (Fantl 1954) gives a similar pattern of
results then this method would probably be preferable

ABNORMALITY OF THE PROTHROMBIN TEST ASSO-
CIATED WITH THE PRESENCE OF INHIBITORY SUB-
STANCES

The presence of heparin tn the blood lengthens the one-stage
prothrombin time and reduces the amount of thrombmn detected
by the two-stage method It 1s probably very scldom that the
Frcscncc of hepann naturally circulating 1n the vessels causes 2
ong one=stage prothrombm tme In one Eaucnt deseribed by
Cnsclli and Cotellessa (1950) the presence of hepann m the blood
caused 2 length of the tage prothrombmn time from a
normal of 26 seconds to 25 seconds m a patient whose whole blood
clotting time was 2 hours In patients who recetve anticoagulant
therapy with hepanin the presence of hepann quute frequently causes
a lengthemng of the one-stage clotting time

Two further cases have %ccn described 1 which 2 arculaung
anticoagulant which differed from hepann was present n the blood
One of these panents described by Conley ctal (1948) had chromic
nephnitis and End been treated for syphilis His whole blood had a
clotung time of 60 minutes and the one-stage prothrombin time
was 30 seconds where the normal clotting time was 16-20 seconds
The paticnt s prothrombin-free plasma Jengthened the prothrom-
bin ume of normal plasma The anticoagulant did not destroy

hromboplastin and 1t 1s probable thar th:_s znn‘coasulmt nterfered

P
with the reaction of prothrombin with m A second

case was described by Harnngton etal (1950) and another by Fnck
(1955) The patient of Harnngton et al was a female aged 60 with
saiatica The whole blood clotting time was normal - The one-stage
prothrombin nme was 50 seconds where the normal was 1 s
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Fig 38 Thrombn formation n whole normal blood {upper curve) compared to thrombia

formation 1n prothrombin defient blood (lower curve)  The test was carnied out 3 dex

enbed 1n Appendix T o
PROTHROMBIN
PER CENT
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F The results of the two-stage prothrombun test (ares method) carmied out 08
532 o the provhrombin defisent pavert before and afier transfuson wsh normal fre
Pliims (@ —@) and ormal stored plasma (x—x)
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on the ongin of the defect I the congemstal varicty whether due
to Factor V or Factor VI the most general feature i nose bleeding
and two patients died of ep Other £

arc bleedng from the gums spontancows brusing menorrhagia and
severe bleedmg {rom mjunes Haematursa is fauely common but
usmally mot the mam complamt In four casts haemarthroses
occurted {Rhoades and Fitshugh 1941 de Manvel 1945 Frank 1950
Ferguson 1930} The occurrence of haemarthiroses with this ¢y pe of
coagulation defect 13 mteresung 1t 1 uswally thought that hacmar-
throsey are uncommon sn hacmorrthapic syndromes other than
haemophilia It 1 posuble that the long durition of the clowng
defect 15 more smportant than 1ts ongin

In haemorthagic discase of the new-borm  bleeding from the

brhical cord and gastr 1 tract are the most common In
the Vitammn K deficency assoonted with obstsucuse jaundice the
main danger 1 the past has ansen from blecdmi following surgieal
operanons Wath Vatamun K therapy thus seldom occurs Spon-
tncaus bleeding 15 relatively uncommon m panents with obstrucs
tve jaundice when 1t does occur spontancous brussing epistaxss
haematura and melaena are all desenbed  The patients swith spon-
taneous Vitamm K defiqiency for which no cawse could be found
suffered from epstaxs bleeding from che gums brutsing menor-
xthgm hacmatuna abdornal bleeding and haemarthroses (Lews
and Bennett 1947 Ferguson 1950 2tal 1951)

In the dicoumann posoning which was first deseribed m caude
lasge tssue haemorrhages and pessistent bleeding after the operanon
of drhomung were recorded (Schofield 1924} In muan the mogt
charactenstic and earhest sign of overdosage s haematuna As 2
rule of the admunstration of the drug 15 controlled by a rebable
techiuque  bleeding of 1t occurs 15 restricted to shight haematina
Ifa large overdose 13 given then extensive bleeding from other sites
may oceur

THE LABORATORY DIAGNOSIS OF HYPOPROTHROM-
BINAEMIA

A cozgulanon defece charactenzed by an abnormal reaction to
ussue thrombopl e d by the ge method
::{gardlcss of the cause of the defect The first step in the diagnons
of this type of coagulanion defect thercfore consists of carrying out
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seconds The prothrombum-free plasma of the patirnt lengthened e
prothrombin” nme of normal plasma. The mhibitory 2cnon v
apparently hmited to human tissue thromboplasun. When rabbe,
steer dog and shecg thromboplastins were ‘nsed the normal i
patient s plasmas had the same one-stage ‘prothrombm tme. Tk
mnkubitor was thermolabile and disappeared after 2 hours meubanca
at37° C

A case vath a sunilar species speafic thromboplastin inhrbrtor was
described by Fantl and Nance (1946) This panent differed from thar
of Harrington et al (1950) In Fantl and Nance s case the whol.
blood clottng time was prolonged and the sbnormal reaction to
thromboplastm could be demonstrated only with dilute thrombo-
plasun, and the patient cannot therefore be'sard to have Thypopro-
thrombinaemia .

Favie-Gilly et al. {1051} described bypoprothrombmacm’ 3
patents with congemtal heart disease In many of the patients the
one-stage prothrombm time was grossly lengthened. Mrxtures of
the patient s and normal plasma had longer clotang tunes by toe
one=stage test than would have been expected by the authors
method of assessing the results Tt 15 possible that the plasma of
these pattents contained some mhibitory substance

These cases are obviously very different m the mechanism of ther
coagulation defects It 1s possible that none of these patients had any
reduction 1n prothrombn, Factor V or Factor VIl mn ther plasms
and yet 1n all the one-stage prothrombin fime was lengthened.

FIBRINOGEN DEFICIENCY

A reduction 1n fibrimogen below about 100 mg per cent may cause
a length of the tage prothrombm tme (Alexander de
Vnies and Goldstem 1949a) Dyggne (1947) records 2 pauent with
haemorrhagic scarlet fever in whose blood fibrinogen was redut
to very low levels and whosc one-stage prothrombmn time was
greatly prolonged 1f the deficiency 15 enurely one of fibmmogen,
then the two-stage method will give normal results and Factors V
and VII wll be found to be normal.

THE CLINICAL FEATURES OF 'HYPOPROTHROM-
BINAEMIA

f bleeding which occurs mn th mdromes
Thct)l'pc?h eeding ch m'cv:no!u:msc)dcpmd!

d with 2 p 4 fage p
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on the ongin of the defect In the congenutal vanery whether due
to Factor V ot Factor VII the most general feature 1 nose bleeding
and two patients died of epistaxis  Other commeon manifestations
are bleeding from the gums sp brusing hagua an
severe bleeding from mjunes Haematuna 1s farly common but s
usually not tie mam complunt In four cases haemarthroses
occurred {Rhoades and Fizhugh 1041 de Marvel 1945 Frank 1950
Ferguson 1950) The occurrence of hacmarthroses with thus type of
coagulation defect 1s interesting 1t 13 usually thoughe that haemar-
throses are 1 hacs hagic synd other than
hacmophilia It 15 possible that the long duration of the clotting
defect 18 more mpartant than ws ongn

In haemorthagic disease of the new-born bleeding from the
umbibical cord and gastro-intestinal tract are the most common  In
the Vitamin K deficency associated with obstructive Jaundice the
main danger i the past has ansen from bleeding following surgical
operations With Vitamun K therapy this seldom occurs - Spon-
taneous bleeding 15 relanvely uncommon 1n patients wath obstruc-
tive jaundice when 1t does occur spontancous bruising epistaxs
haematuna and melaena are all desenbed  The patients with spon-
taneous Vitamn K deficency for which no cause could be found
suffered from epistasas bl:can from the gums brussmg menor-
rhagia, haematurn, abdomunal bleeding and haemarthroses (Lewss
and Bennett 1947 Ferguson 1950 Lz: etal 1951)

In the dicoumarm poisonng which was first described 1n carde
large tissuc haemorrhages and persistent bleeding after the operation
of de-hormng were recarded (Schofield 1924) In man tﬁc most
charactenstic and earhest sign of overdosage 1s haematuna  As a
rule 1f the admunstraton of the drug 15 controlled by a relable
technique bleeding 1f 1t oceurs 15 restncted to shight haematuna

If 2 large overdose 1s gaven then extensive bleeding from other sites
may occur

THE LABORATORY DIAGNOSIS OF HYPOPROTHROM-
BINAEMIA

A coagulation defect charactenzed by an abnormal reaction to
wssue thromboplastin will be d d by the ge method
regardless of the caus~ of the defect The first step 1n_the diagnoss
of this type of v " therefore conusts of carrying out



34 BLOOD COAGULATION

seconds The prothrombin-free plasma of the patient lengthened the
prothrombin  nme of normal plasma The mhbitory actuon was
apparently hmited to human nissue thromboplasin - When tabbie
steer dog and sheep thromboplasuns were used the normat and
patient s plasmas had the same one-stage prothrombm ttme The
nhubitor was thermolabile and disappeared afier 2 hours mncubation
at37° C

A case with a similar spectes speafic thromboplastin mhbubitor was
described by Fantl and Nance (1946) Thss patient differed from that
of Hatrington et al (1950) In Rantl and Nance's case the whole
blood clotung time was prolonged and the abnormal reaction to
thromboplastin could be demonstrated only with dilute thrombo-
plastin and the patient cannot therefore be said to have hypopro-
thrombinaemia

Favre-Gilly et al (1951} described hypoprothrombimaemna m
panents with congemtal heart disease  In many of the patients the
one-stage prothrombin time was grossly lengthened  Muxtures of
the patient s and normal plasma had longer clotting times by the
one-stage test than would have been expected by the authors
method of assessmg the results It 15 possible that the plasma of
these panents c d some mhibstory sub

These cases are obviously very different in the mecharsm of therr
coagulation defects It 15 possible that none of these pattents had any
reduction 1 prothrombin, Factor V or Factor VIL n their plasma
and yet 1n all the one-stage prothrombin time was lengthened

FIBRINOGEN DEFICIENCY

A reduction in fibrnogen below about 100 mg per cent may cause
a lengthenmg of the onestage prothrombin nme (Alexander de
Vnes and Goldstemn 19492) Dyggve 51947) records a patsent with
haemorrhagic scarlet fever m whose blood fibnnogen was reduce
to very low levels and whose one-stage ‘prothrombin nme was
greatly prolonged If the deficiency ss enairely one of fibunogen
then the two-stage method will give normal results and Factors V
and VII will be found to be norml

THE CLINICAL FEATURES OF HYPOPROTHROM-
BINAEMIA’
The type of bleeding which occurs i the vanous syndromes
assocuated with a prolonged one-stage prothrombin tune depends
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Absence of fibrinogen must always be suspected 1f the plasma fails
to clot i the one-stage test Fibrnopeniz can usually be detected 1n
the onestage test because a very fimsy clot forms  In these cases
the presence of a normal amount of prothrombin and Factor V may
be demonstrated by appropniate tests

Panients with congenital or sdiopathuc Factor VIl defiaency should
also be studied using the thromboplastin g test. A compl,
study of these patients using the maxmum mngenuity 15 likely to be
rewarding

THE TREATMENT OF HYPOPROTHROMBINAEMIA

There are two methods of treatment for haemorrhage assocated
with a prolonged one=stage cloting ttme  The patient may be
transfused with whole blood serum or plasma or Vitamuin K may
be admnsstered.

fi 13 surp 1 ffe as a method of treatment

T By
except i the very rare congenural abnormality described by New-
comE etal (r955) In a patient with dicounann powsomng Crotzat,
Favre-Gilly and Muthet (1950} found that 1000 ml of fresh blood
caused a sK ht fall in the prothrombin time which lasted only 24
hours Fresh plasma was no more effective  In 2 smular case Owren
(1950a) fmmrrtlm sooml of fresh serum gave a sumilar transient fall
m clottng ime  In the case of Factor V defiaency desenbed by
Owren (1947) Factor V 1solated from 200 ml of fresh plasma gave
2 r1se to about § per cent of Factor V and after three days the cffect
of the mjecnon had disappeared The patient with Factor VII
deficrency described by Alexander etal (1951) was 2 child aged four
The adnunistration of $00 ml of fresh blood to this patient caused 2
fall 1n the one-stage clotting ime from 72 to §5 seconds  The patient
with prothrombm defi descnibed carlier 1 this chapter was
given 8soml of fresh plasma and the nse n 'prothmmbm was slx|ght
and transtent  In the patient waith cong, heart discase d d
by Favre-Gally et al {1951) the effect of transfusion was more sus-
staned but 1t was necessary to give 3000 ml of plasma before oper-
ation was undertsken Thus if fi of blood, plasma or
serum 1s used as a rreatment the volume given must be large and the
transfustons repeated dal

Vitamn K 15 an effcctive form of treatment 1n patients with
obstructive jaundice steatorrhoea or haemorrhagic disease of the
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the one-stage test If the one-stage test grves abnormal resuls then
some mndicatton of the probable abnormality may be obtaned from
the clinical features of the case If the patient 15 an mfant less than
ten days old or 1f the patient has jaundice or steatorrhoea there may
be lack of Vitammn X' Vitamn K may then be adminstered and a
return of the prothrombin time to normal within twenty-four hours
confirms the diagnosis If 2 water soluble Vitamm K analogue 1
meffective then Vitamun K, should be given
In patients with no jaundice who are more than two weeks old
and whose one-stage prothrombin time 1s not restored to normal
by Vitamin K, further tests are required The first step 1s to test
the reaction of plasma to thrombimn and to measure the antithrombtn
content of the plasma  Abnormality in these tests may, rarely,
account for a lengthening of the one-stage clotting time and unless
these tests are normal the two-stage prothrombmn test cannot
measure prothrombin
The qualitative tests for the distinction between prothrombun
Factor V and Factor VII defictency should then be made Factor V
defiaency can be detected by adding 10 per cent of AI{OH); treated
Ehsma If Factor V 1s deficient then the one-stage clotting time wll
e shortened The addition of dicoumarin or tromexan plasma
also shorten the clotting time of the panents plasma If AI{OH),
treated plasma does not shorten the clotung nme Factor V 1s not
lacking and 10 per cent of normal serum should be added 1fscrum
shortens the one-stage clotung tume Factor VII s deficient and the
clotung time wall not be shortened by the addinon of tromexan
plasma I Factors V and VII are not defictent then 10 per cent of
normal plasma 1s added If this addition shortens the clottng time
then probably prothrombin 15 reduced If the addition of normal
fasma 15 meffective the presence of an mhibutor should be suspected
If the defect appears to be an 1solated reduction 1n either Factor V
or Factor VII then the extent of the abnormality can be assessed
vely by the tage test If prothrombin 1s reduced the
defect can be measured by the two-stage test Combined deficiencies
are distressingly common
The presence of an mhbitor may be suspected 1f a muxture of
equal parts of the patient s and normal plasma has a one-stage clotung
nme of more than two seconds longer than the normal plasma 1If
heparn 1s present the inubitory action 1s removed by the addion of
tofiudine blue (Appendix IV 23 and 26)
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Absence of fibrmogen must always be suspected 1f the plasma fuls
to clot 1n the one-stage test  Fibnnopema can usually be detected 1n
the one-stage test because a very flimsy clot forms In these cases
the presence of a normal amount of prothrombin and Factor V may
be demonstrated by appropriate tests

or

Pattents with congt pathic Factor VIE deficiency should
also be studied using the thromboplastin g test. A compl
study of these patients using the maximum mngenuty 13 hkely to be

renarding

THE TREATMENT OF HYPOPROTHROMBINAEMIA®

There ate two methods of for | hag, d
with a prolonged one-stage clomng time. The patient may be
transfused with whole blood serum or plasma, or Vitammn K may
be admunstered.

Transfusion 1s surpnsingly incffective as 2 method of treatment
except 1n the very rare congenutal abnormality described by New-
cocr:g ctal (1955) In a patient with dicoumann powsonng Croszat,
Favre-Gully and Milhet (1950) found that 1000 m! of fresh blood
caused a slight fall in the prothrombin nme which lasted only 24
hours Fresh plasma was no more effective In a simular case Owren
(19502) fcuncrl}m 500 ml. of fresh serum gave a stmular transient fall
n clothng tme In the case of Factor V defiaency desenbed by
Owren (1947) Factor V 1solated from 200 ml of fresh plasma gave
a nse to about § per cent of Factor V and after three days the effect
of the injection had disappeared The patient wath Factor VI
defictency desenbed by Alexanderetal (1951) was a child aged four
The admunsstration cfy soom! of fresh blood to this panent caused a
fall in the one-stage clotting ume from 72 to §§ seconds  The panent
with prothrombin defiaency described carlier in this chapter was
given 8soml of fresh plasma and the nse n prothrombin was shght
and transtent. In the patient with congerutal heart disease desenbed
by Favie-Gilly et al (19s1) the effect of transfusion was more sus-
staned but 1t was necessary to give 3000 ml. of plasma before oper-
ation was undertaken ‘Thus 1f transfusion of blood, plasma or
serurn 18 used 25 a treatment the volume given must be large and the
transfustons repeated daly
Vitamun K 15 an effecuve form of treatment in patients with

¢ Jaundice hoea or b h sease of the

1
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new-bomn The fall in the one-stage clotting time after the admmustra-
ton of Vitamin K usually occurs within twenty-four hours and the
one-stage test can be mamtaned at a normal level by repeated doses
of Vitarun K If the patient 1s bleeding at the beginning of treatment
Crotzat et al (1950) suggest that a transfusion should be grven with
the first dose of Vitamin X In these patients the primary abnormal-
1ty appears to be a deficiency of Vitamm K Both the water soluble
analogue and Vitamin K, are effecave though Quick and Collentne
(1951) have shown that Vitamn K, has a smaller therapeutic dosc
Before operation on patients with jaundice the one-stage test should
always be carned out and Vitamm K admmstered before and after
operation In dicoumann and tromexan therapy the water soluble
Vitamun K may have no effect but Vicamm K, 1s more gencrally
reliable There 1s as yet no information as to which of the coagula-
tion factors 1s most influenced by Vitamm K It seems probable that
both prothrombin and Factor VII are mvolved

SUMMARY TO CHAPTER XIV

The publication of Quuck’s one-stage prothrombin time test in

1935 was followed by extenstve apphcation of the test to the study
of liver disease and Vitamun K deficiency to the study of spoded
sweet clover disease m cattle and to the applicanon of the
haemorrhagic agent dicoumann to the treatment of thrombosis
The value of this work was in no way affected by the contemporary
assumption that all the condittons studzed were due to prothrombn
deficten

Later work has shown that true prothrombun deficiency 1s rare but
that two other factors Factors V and VII also affect the one-stage
prothrombin ttme and that one or other of these factors 15 deficient
1n most panents whose plasma has a long one-stage prothrombin
ame
The use of the thromboplastin generanon test on the blood of
patients with Factor VII deficiency has revealed yet further com-
pheations because 1t appears that several different defects may be
included within this general category




CIIAPTER XV

HAEMOPHILIA CHRISTMAS DISEASE AND RELATED
CONDITIONS

Dunmng the past few years important changes have taken placein
lhccon:cgptnffm philia T D b philiawas regarded asa
well defined chimeal entity with 2 charactenstic symptomatology
and mhentance caused by a speafic defect of coagulation  Recent
advances 1n knowledge of the thromboplastin-formmng system of
the blood have altered these views and 1t scems now that the term
haemophulia as used 1n the past, covered 2 group of conditions 1n
which smidar climeal were p d by diffe

basic defects 1n the coagul } The p of
these changed 1deas can best be achieved by a brief review of therr

evolunon

HISTORICAL

Earlymn theJast century the occurrence of constitutional conditions
marked by excesave bleeding from shg,ht injunes began to be
s luding 2 strkng b gic state whach affected
males and washented by them throueh apparently normal females
Many names were :ppbc} to these conditions among them the term
haemophiha which was duced by Hopft n 1828 Later in the
century

there was an_ creasing tendency to restnet the name
phulia to cases of the mk dh hagic disease of males
but 1t was often apphied to conditions now recognzable as von
‘Willebrand s disease telangetasia, thrombocytopenic purpura and
even scutvy and cases of local bleeding due to organic Snwc The
final establishment of haemophulia 28 2 speafic clinucal entity was
made by Bullock and Fildes agu) m thetr monumental survey of
the whole of the relevant literature then avalable As a result of 2
study of thar data, 1t became accepted by most anthonties that
the term should only be used 1f certan dugnostic entena were
satisfied  These included the hability to excessive bleeding which
had exasted from infancy and was restricted to the male sex evidence
of sumlarly affected mﬂes 1 the family and of transmussion only by

219
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the apparently normal female the demonstration of a prolonged
blood clotnng time and the absence of any other abnormality that
rught cause bleeding These restrictions produced a great clanfica-
tion of a previously confused group of haemorrhagic condiions
and for many years formed the baus for the careful diagnoss of
haemophiha ' Increasing expenence while 1t confirmed the major
dragnostic pomnts has necessitated some important modifications It
was soon recogmzed that the mhentance pattern of haemophila
mdicates that the defective gene 1s located on the X chromosome
Theoretcally therefore the daughters of 2 haemophilic male must
recerve the abnormal gene from him and are thus all carners of
haemophilia and a female should suffer from active haemophulta 1f
her mother was a carnier and her father a hfemophdic and she
recerved an abnormal gene from each parent * These &corcuml con-
siderattons which ran counter to the cf:sslca.l view that males cannot
transmt haemophiha and females cannot suffer from 1t have now
been proved correct by abundant evidence from human haemophiic
families and from breeding experiments m haemophilic dogs It
was also found that there 1s probably 2 high mutation rate mn
haemophilia since many mstances exast i which the 2bo
ﬁcnc has apgarcd m the male or female without previous famuly
5to!

It was the study of the blood coagulation defect i haemophilia
which has produced the most radical ch:m;fr,cs Followmg the
demonstration by Wnght mn 1893 of the prolonged clotung ime
of the blood m haemophilia 1t was established that some disorder of
coagulation was probably the cause of the haemorrhagic symptoms
but the nature of this defect eluded 1dennfication for many years
despute the efforts of almost every worker engaged m blood coagula-
tion research  All the factors of the classical theory of coagulanon
were m turn thought to be deficient in haemophiha and were
subsequently shown to be normal yet 1t was known from the
expenments of Addss (1911) and Govaerts and Gratia (1931) that the
addition of a small proportion of normal plasma to hacmophidic
blood corrected 1ts delayed coagulation tme It was not unul
sumilar expeniments had been carried out 1n 1937 by Patek and Stet-
son that there was a general acceptance of the 1dea that haemoplulic
blood lacks a factor present i normal &L‘uma but not idenufiable
with any of the factors of the classical theory of coagulation This
factor called annhaemophilic globulin by Patek and Taylor (1937)
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could not be fitted imto existing theory because there wereno means
by whichits function m normal oagulation could be d

Even s presence or absence m 3 given preparation could onlg' be
assumed from the effect of adding the preparation to haemophilic
blood since normal blood clotung systerms could not be deprived of
antthacnophilic actvaty and thus could not function as indicators
This 2 dangerously arcular defintion of both the clottung factor
and of haemophilia established 1self  haemoplulia 13 an nherited
deficiency of anthaemoplulic globul haemophilic globulin 13
the factor which 1s deficient in haemophibia  Insuch a the
clnean relied upon the pathologist to confirm a_diagnous of
haemophilia by demonstraung the lack of anthacmophilic globulin
which the pathologst could only do by n:llgmg upon a previous
chimeal diagnosts of haemophulia’ Despite these obvious fallacres
attempts to measure the deficiency of annhacmophulic globulin 1n
cases of different grades of seventy gave useful information  This
sork nas assisted by other tests o dcmn‘g function which though
less speafic than of anut philic globulin, were more
sennitnn ¢ ndicators of the hacmophibic defect than simple determun-
ations of clottng time  The most useful of these was the prothrom-
b consumption test ntroduced by Quick (1943) which measured
the amount of prothrombin remaming 1 the serum one hour after
coagulanion was complete  In normal %luod very httle prothrombin
can be found 1n the serum but in haemoplulia the serum has great
prothrombin activity - Using thus test_and also assays of anthaemo-
philic globuln Merskey (1949) was able to show that there existed
2 number of famubies suffering from a rehanvely mild form of
haemophilia 1n wlich the clotung ume mught be within normal
himuts but prothrombin consumption and AHG levels grosly
abnormal Such patients though clmcally less severely affected than
those with hngh grade hacmophiha were sull lable o bleed danges-
ously from shght njurics or operation sites

Increased interest in cases on the border line of typical haemophulia

led to studies of possible AH G deficiency 1n atypical cases Usually
the blood from the unproved cass was muxed wath blood from a
known haemophilic 1n order to observe the dcg;rce of correction
of the known haemophilic clotung defect by the *unknown blood
[fthere was good correction  then the test blood sample was assumed
tohave AHG activity and the diagnosis of haemophilia was re-
futed 1f there was no correction then AHG actvity was absent
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and the diagnosis of haemophilia, 1f not absolutely confirmed was
at least very probable Such an argument obviously relied on the
accuracy of the diagnosis of the haemophilia m the donor of the
standard blood and this diagnosts n the absence of any independent
method for detecting AHG deficiency, relied almost entirely on
climical mamfestations The mherent danger of this method became
obvious when 1t was found by several workers (Pavlovsky 1947
Shulman and Smuth 1952 Poole 1953) that blood samples from cases
chinteally resembling haemophilta might mutually correct each other
suggestng that different basic defects might exst wathm the chmeal
defimtion The development of the thromboplastm generation test
allowed a clanfication of this situation by providing a method for
detecting AH G activaty that did not rely on haemophilic blood as
an mdicator  Biggs et al (1953) found seven cases of supposed
haemophda m which there was no deficency of AHG m the
blood but a deficiency of another factor not previously recogmzed
which 15 normally required for thromboplastin generanon This
factor differed from AHG 1n bemng present in normal and hae-
mophilic serum as well as plasma and i beng adsorbed by Al(OH),
and 1 not bemg « d dunng coagulation It“was called
Chnistmas factor” from the surname of the first patient mnvestigated
and the haemorthagte condition was called Chnstmas discase
Simultaneously and mdependently Aggeler et al (1953) m the
United States mvestigated a case chmcally resembling haemophila
1n which the clottng defect was due to the defictency of a previously
unrecogmzed factor concerned with plasma thromboplastun 7]
factor was shown to be present n serum adsorbed by banum
sulphate and not consumed dunng clottng  These workers ealled
this factor PTC  (plasma thromboplastin component) and the
cliucal state caused by 1ts defiaency P T C deficiency  There s
now litdle doubt that PT C and Christmas factor ate 1dentical
Following these publications many reports of cases 1dentified as
Chunstmas disease have appeared as i two of the cases published
by Biggs etal (1953) showing evidence of a sex linked nhentance
h{c that of true haemophiha The inadence of this condition relauve
to haemophilia seems to vary widely from one country to another
being about 1 to 10 m England and 1 to 3 in Switzerland Wiath the
recogmition of Chnstmas disease certamn anomabies of the past have
been cleared anay  Instances have been discovered in which known
haemophihic subjects whose blood was used to test the dagnosis

~
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other panents or_for exp ! work on coagul were
acrually suffenng from Christmas disease  Cases of supposed hae-
mophulia 1n which the injection of scrum was effective or the

d of AHG prep was meffectiv e may have been
cases of Chrstmas discase  Many famous haemophulic famikies
wcluding that of the Tenna valley n Switzerland are now idenufied
as suffenng from Chrnstmas discase

Following the scparanon of Chrstmas discase from true
haemophilia, evidence has been produced that other distinct con-
ditions may cxust within the same grouF Rosenthal et al (1953)
have dcsmgcduscs resembling h:cmos}u hainwhichneither AHG
nor Chnstmas fictor ate deficient and sn which the dlotung defect
has been asenbed to deficiency of a thurd factor supposcdly required
for thromboplastin formanon Thishas been called PT A (plasma
thromboplastin antecedent) but the actual existence of thi factor
and of the cliucal state thought to be due to 1ts deficiency seems not
to have been clearly established and we therefore refer to 1t as
Rosenthal s syndrome

Tt has also been recogmzed that a deficiency of factors required for
thromboplastin formation may occur as acquired or secondary con-
dinons In most stances the apP:rmtcgcﬁumcy 1s due to the
devel of a areul coagulant which causes defectine
dxmm{)ophsnn formation These anticoagulants may anse dunng or
following, pr ey or after tepeated transfuston and may thus
be of the antibody type Occasionally as 1n the case desenbed by
Joules and Macfarlane (1938) an 1diopathic defiaency of A H.G
may develop i an adult patient  Defiaiency of Factor V or Factor
VI causes haemorrhagic states that are disanguished from the
1 phila-lik 4 by the o%a( longed one-
stage prothrombin tme and they ate dealt with 1n Chapter XIV

Not unnaturally there has been considerable controversy con-
ceting the 1 of these h phibia-lik
Reasons for and aganst the use of the name Chnstmas disease have
been discussed 1n the iterature and need not be enlarged upon here
Many alternative suggestions have beenmade  Aggeler etal (1954)
abandoned the name PTC deficency m favour of plasma-
thromboplastin Factor B deficency or 4 ) phil
Graham and Brnkhous {1953) reamed haemophilia for AHG
deficiency and referred to other similar condinons as haemophdoid
states designated by the letters of the alphabet Chrnistmas ‘disease
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bemng haemophilod state C, and PT A deficiency bemng hae-
mophdord state D Wiener (1953) has suggested Haemophiha I for
haemophulia and ‘Haemophibia 11 for Christmas disease  holler
{1934) refers to Factor VIIT deficiency’ and Factor IX deficency

In Furope AHG deficiency and Chrstmas disease are beng
ncreasmgly referred to as ‘Haemophuha A’ and ‘Haemophia B
respectively a nomenclature that Pitney and Dacie (1955) feel will
prove most widely acceptable

HAEMOPHILIA (HAEMOPHILIA A)

Climceal Marfestations Exceptn very mild cases the hacmorrhagic
tendency appears m infancy and remams a life-long affiction
Bleeding may occur from or mto the external surfaces of the body,
from the nose mouth gastro-intestinal or renal tracts and may con-
unue for days or weeks leading 1n some cases to death from exsan-
gunation There may be haemorrhage nto the tissues following
trauma or mfection resulting often i the formanon of enormons
haematomas Inaddition to the blood loss these tissie hacmorthages
may cause scrious pressute effects ‘The blood supply to limbs or
abdomunal organs may be occluded with subsequent necrosts or
atrophy and bleeding mto the tissues of the mouth or neck has
caused many cases of fatal asphyxia

A feature thought to be charactensuc of haemophulia but now
known to occur m other conditons associated with clotang defects
of long duration 1s the occurrence of repeated haemorrhages mto the
jomts These haemorrhages cause great pam and swellng and after
each of the often repeated episodes joine function 1s progressively
smpaired and serous cnalpphng 13 usual

In any one mdividual the seventy of the basic disorder tends to
remam relatwely constant  There may be penodic phases durmg
which the patient scems to be rather more or less luable than usual to
develop haemorrhages but such phases are very indefinite and can-
not be correlated with dcmcnstnglc changes m the clotting mechan-
1sm  In some cases m which muddle Lfe has been reached there
appears to be a lessenng of the tendency to bleed

There are very wide vamations 1n seventy from one patient to
another though 1n any one famly the different members are usually
affected to the same d:ﬁrcc Patients and families can be graded as
regards the sevenity of their defect on clinteal or laboratory findings
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and the two sources of informatson usually agree reasonably well On
dimeal grounds 2 patient would be graded as severe 1fhe suffered
repeated haemarthroses with senous mPphng and deep ussue
haemorrhages with litde provocanon as ‘moderate 1f he had few
haemarthroses and no serious enppling and an occasional haema-
toma and mild 1fhehad only an occasonal haemarthrosts or none
and merely gave a hustory of abnormal bleeding after definite njury

Inadence In the absence of adequate duagnosue f2alines i many
parts of the world the nadence of | philia 1n & races
cannot be assessed  The greatest numbser of reported cases occurred
among; the Germarnic peoples of Northern Europe Great Britan
and North Amenica In this country the condition appears to affect
about 2-3 persons per 100 000 of the populanion

Fewer cuscs are reported among the Laun races and 1n the
Astaticand Negro peoples 1t seems to be almost unknown (Nesbite
and Richmond 1949)

Tt 1s now established that a cond g Iy and pathologrcall

d hable from haemophilia occurs m dogs (Hute, Rickard
and Faeld 1948 Graham Buckwater Hartley and Brinkhous 1949)

oman experimental pomt of view 1t1s unfortunate that this canine
condinon 15 extremely rare Though hacmorrhagie states affecnng
other ammals may present 2 chmical picture resembling haemophihia
the basic defects appear to be different, as for example in the case of
the :)o-allcd hacmophila of pigs (Hagan Muhrer and Bogant
1941

Heredity One of the most strking aspects of haemophslia, which it
shares wath Chnistmas disease 15 11s mode of nhentance and 1ts
almost exclusive bimutation to the male sex It now appears 10 be
reasonably certan that the defect 11 carned by the X-chromosome
and that 1t 15 inherited as 3 sex-lmbed recessive character (Fig 40)
The condition 15 thus ransmutted to affected males by their mothers
who themselves have no detectable haemorrhagic tendency resem-
bling haemophilia though there may occasionally be abnormal
bleeding of another type (Merskey and Macfarlane 1951) The male
haemophulic does not pass hus defect o hus sons but his daughters
muse be potential transmitters of the condition The children of 2
female transmatter have an equal chance of being normal_ or of beng

1f guels or haemophilics 1f boys  Since the female trans.

ntters arc almost invanably heterozygons for the conditon they
do not exlubit any abnormality In dgw extremely rare event of 2
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marrage between a haemophilic male and a female transmutt
homozygous females might be produced and these would be ex-
pected to extubat classical haemoplulia 1t 15 almost certam that the
haemophulic females desenbed by Merskey (1951b) and Israels
Lempert and Gilbertson (1951) and Pmmtger and Franks (1951) are

XY XX XY XX
XX XX XY XY XX XX XY XY
Y X XY X
XX XX XY XY XX XX XY XY
Xy X
XX XX XY XY

the haeraophil
e G et ol the tem oo e i hatric-
phulies XX and male haemophulies XY
authennic examples of thus type of mhentance The many other
reported cases of haemophilia’ i women have Lttle claim to thus
diagnosts and have been reviewed by Merskey (1951b) and Isracls
etal (1951) Inhaemophilic dogs it has been shown thatdlcoﬂ'épnng
of matngs between affected males and catner females mnclude the
ccted proportion of females with active hacmophiha {Brinkhous
and Graham 1950) In 3 number of nstances an acquxred clothing
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defect m women closely bling that of true haemoplubia has
been reported and this condition wall be discussed 1 Chapter XVil

True haemophihia occurs sporadically 1n chuldren without previous
family hustory, 1 about 25-30 per cent of the total cases recorded
There 15 1o reason to believe that the sporadic condition differs in
any way from the hereditary state already desenbed 1t 1s probably
due to 2 mutauon so that either haemoplulic males or female trans-
mutters may anse appatently denovo  The observation by Quick
and Conway (1949§ that haemophika occurred 1n one of a pair of
1dentical twins 13 of conniderable genctic mterest

UAEMOPHILIA AS A SOCIAL PROBLEAM

Despite 1ts ¢ nnty phitia 15 for important
reasons a soaal pm[)lcm of considerable magmtude  The expecta~
tion of hfe has been assessed at about sixteen y cars (Andreassen 1943)
but many h hilies Ine for derably longer than this
Throughout the whole of therr L es theee patients et on the brnk
of disaster and most of them spend a very connderable proportion
of thei lives n hospital  The incessant anwety suffered by the
parents of haemophilic chuldren must also be taken tnto account,
and the education of chuldren who must be treated with extreme
are and who are frequently enppled and meapaaitated for lon
penodsisa problem of the greatest difficulty  The phight of the gur
m haemophtic familics though less appreciated 15 also dchonbk
Since there 1s a3 yet no rehiable way of recogmizing the female carner
of the haemophilic gene 1t cannot be known 1f any parncular gulin
2 haemophulic famuly 1s hable to transmut the ‘condinon to her
children or not an uncertamnty that has obvious and senious emo-
tional consequences

THE CLOTTING DEFECT IN HAEMOPHILIA

The Nature of the Hacmostatic Defect

Avalable évidence suggests that the haemostanic defect 1 hae-
mophilia 15 duc only to IE: mnefficient coagulanon  Liston (1839)
seems to have been the first to recogmze that the slow coagulation
of haemophilic blood was the cause of the chinical condition observ-
ing that there seemed to be a want of coagulability and deficient
fibnne  Later authonties thought that weakness of the blood vessels
was the major factor (Legg 1872 Moreton 1886) or that

s



246 BLOOD COAGULATION

marnage between a haemophilic male and a female transmitter
homozygous females mught be produced and these would be ex
];;ccted to extubit classical haemophulia It 15 almost certam that the

aemophulic females described ﬁy Merskey (1951b) and Isracls,
Lempert and Gulbertson (1951) and Prnruger and Franks (1951) are

XY XX XY XX
XU XX XY Xy XX XX Xy Xy
Y XX XY X
XX XX XY XY XX XX XY XY
XY X
XX XX XY XY

ol

s et Pl e of e S s oF oo 3 s
philics XX and male haemophilics XY

authentic examples of this type of mhentance The many other
reported cases of haemophia’ i women have litle clamm to this
diagnosis and have been reviewed by Merskey (1951b) and Jsraels
etal (1951) Inhaemophilic dogs lthmbxnshownthatdlcoﬁstg
of matings between affected males and carner fernales nclude the
expected proportion of females with active haemophilia (Brnkhous
and Graham 1950) In a numbéF of mnstances an acquired clotting
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mality probably an mncreased stability (Howell and Cekada 1926
Fonio 1932 Birch x93z?1 On the other hand Feissley (1924) showed
that both normal and haemoplulic platelets were equally acuve m
hastening the clotting of normal bfood and supposed that some
normal plasma factor was concerned wath platelet action  Govaerts
and Grata (1931) provided evidence n favour of this hypothesis
and constdered that the effectiveness of normal platelets to clot
haemophilic blood was due to a normal plasma factor assocuated
with tflem which was lacking in haemophilic plasma  Finally,
Patck and Stetson (1036) showed that 1f normal platelets were
carcfully washed free of plasma they were no more effective than
haemophilic platelets n jomng }ucmoy}uhc blood

The attempts to explam the app hrombopl, y
of haemophihic blood on the basis of a plateler defect has thus led
research back to the plasma  Addis (1911) had provided the key to
the problem when he d d that the addition of 2 small
proportion of normal plasma, or of a globulin fracon denved from
1t to haemophilic blood shortened 1ts cloting time to normal
Unfortunately Addis considered that the only clotting factor present
1m this globulim fraction was prothrombin and concluded that there
was a prothrombun deficiency i h hihia  Thus concl was
subsequently shown to be wrong and for some reason hus expen-
ments were not repeated until 1036 when Patek and Stetson, by an
almost tdentrcal technique demonstrated the corrective effect of
adding to haemophilic blood a small amount of globulin matersal
denved from normal plasma  This time there was no attempt ta
explun 1ts effect on the basis of 2 known clotung factor 1t became
accepted that the normal plasma contaned a previously unrecog-
nized factor anthaemophilic globulin w}ncfl: was shown to be
absent from haemophilic blood (Minot and Taylor x947?

The first ind of the probable physiological role of anti-
haemophilic {globulm and thus of the nature of the defect n haemo-
philta came from the expenments of Quick (1947) and Brinkhous
(1947) These provided a link between AHG and the platelets
both of which were shown to be required for normal eoagulatton
after contact of the plasma with glass’ Quick (1947) suggested that
AHG was the precursor of thromboplastn and was actvated b
the P!_atclcts ,hf thc‘rcfnrc‘ renamed AHG  thromboplastinogen’

and P hy g B oS
(1947) considered that the AHG Tysed the platelets benga throm-
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haemorrhage was sxmplﬁ due to an mcreased blood volume
(Immermann 1879} Wiith the mtroduction of 3 method for deter-
muning the coagulation time by Wright (1893) the importance of
the clotung defect became generally recognized and Addss (1910)
concluded that 3t was the only cawse of the hacmorrhagic state
Pavlovsky (1950? has revived the old suggestion that an undue
fragility of the blood vessels plays some part in producing the hae-
morrhagic condition

Though there 1s Iittle evidence to substantiate the view that there
may be 2 vascular factor in hacmophilia 1t has always been difficult
to explain solely on the basis of the coagulation defect, the apparently
spontancous hacmorrhages that may occur mto the jomts and from
tEc kidneys in many cases and the occurrence of perods of mcreased
liability to bleed which cannot be related to demonstrable changes in
clotting function

The Nature of the Clotting Defect

Unutl 1947 understanding of the nature of the clottng defect m
hacmophilia was hampered by the accep of the classical theory
of coagulation which formed too nigid a basis for most cxpennmental
work The classical theory could prowide no c'?lamtwn for the
slow clottng of haemophilic blood since all the factors recognized
were successtvely shown to be quantstatively and apparently func-
tionally normal n haemophiha The demonstration by Quick
Stanley-Brown and Bancroft (1935) that the one-stage prothrombin
time test gave normal results with haemophulic blood established the
fact that 1ts ability to react to tssuc thromboplastin was normal and
suggested that there was some fault i the thromboplastc system m
hacmophilia  But the classical theory contemplated “throm-
boplasn only 1 terms of tissue extracts and poswbly, of the
platelets It was known that the thromboplastic activity of hac-
mophilic tissues was normal when tested on normal blood (Mmot
andp Lee 1916) or on haemophulic blood (Brown 1952} and the
platelets thus recerved some short-lived attention

Minot and Lee (1916) stimulated the 1dea that the platelets were
1n some way defective m haemophilia when they showed that the
additon of normal platelets to haemoplulic blood corrected the
clotung defect The failure of the platclets hncmc:-ﬁlnhc blood to
rupture on contact with a foreign surface as do the platclcts n
normal blood, seemed to confirm the existence of a platclet abnor-




HAEMOPHILIA CHRISTMAS DISEASEAND RELATED CONDITIONS 251

number of cases of h hulis and other I defects

leave hutle doubt that AHG deficiency 15 an essential casse of the
haemophibic dottng defect The seventy of the haemorthage
symptoms 1s well correlated with the AHG concentranon m the
blood m most cases and we have found that the hacmostatic
mechaism can be restored to normal if the blood level of AHG
15 aruficrally rased by an intravenous mjection of a potent AHG
preparation

Though 1t 15 possible that a sumple deficency of AHG 1tself the
resule o?a genetic defect may be responsible for all the fe
tions of hacmophilia there are indications that other complicanons
ke behind thus (rcﬁclcncy The symptoms of diabetes and permicious
anacmua are due to 2 deficiency of insulin and Vitarn Br2 and are
11 d by the ad of these sub but the mechan-
1sm by which these deficiencies anse are still obscure  Sumslarly the
ongn of AHG defictency may mvolve other coagulanon factors
or mhubitors 1n ways not yet recogmzed Tocantins (1942 1943
1944 194s) has provided much evidence to support hus view that
there 15 an excess of an inhubitor 1 haemophilia 1f such an nhit
mactivated AH G or prevented the reactions in which 1t takes part
the result would be an apparent deficency of AHG  There are
further indications that factors other than AH G deficrency may
play a part 1n hacmophiha There scems to be less correlation be-
tween AHG blood levels and the results of the prothrombmn
consumption test than would be expected 1f A HG was the only
vamable factor mfluenang clottng cfficiency she amounts of
AHG which need to be given m vivo mn order to produce a
therapeunic effect greatly exceed the amount calculatcfr from m
vitro results an apparent deficiency of A HG may occur i von
Willebrand s disease but the haemorrhagic symptoms in this con-
dition are qute different from and much mulder than those which
occur 1n haemophibia It ss ‘posnblc that these apparent anotnalies
anse from pected 1 compl erent 1n the
method of assaying AH G actvity and 1 other tests of clotng
functon but for the present an open mind must be kept segarding
the causes of the abnormal bleeding n true haemophilta

THE LABORATORY FINDINGS IN HAEMOPHILIA
Ina case of severe haemophilia the findings are usually defimte and
charactenstic but 1n muld or atypical cases considerable care may be
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bocytolysin  and that the platelets then released thromboplastn
The important 1dea common to both these mterpretations was that
AHG and the platelets react in some way to generate thrombo-
plastn m the blood and that 2 deficiency of AH'G causes defective
coagulation because the generation of blood thromboplastin 1
deficient  This xdea was confirmed and extended by the exper-
ments of Biggs Douglas and Macfarlane (19532 b) ‘m which the
exstence of a complex thromboplastin-forming system was demon-
strated mvolving niot only A H'G and the platelets but also Chrst-
mas factor and Factor V. The recent wark of Bergsagel (1955)
supports the 1dea that AH G 1s concerned with the lysis of the
Flatclets He has provided evidence that following contact with a
oreign surfaice AH G Chnstmas factor and caleium react to form
an mtermeduate product and that this mtermediate product then
causes the platelets to undergo the viscous metamorphosis described
by Wnght and Mmot (1617) As the result of these changes 2
granular material 1s discharged from the platelets which i the
presence of Factor V 1s extremely active m convertmg prothrombin
to thrombin A deficiency of AH G will prolong the tme which
1s required for these mitial changes to take place and thus will
prolong the clottng time of the blood perhaps more ymportant
1t will reduce the amount of thromboplastn formed and the
amount of prothrombin which 15 converted dunng the process of
coagulation

The mtroduction of a method for assaymng antthaemophilic
globuln which 15 ndependent of a supply of haemophulic blood
{Biggs Eveling and Ruchards 1955) has facilitated the study of the
madence and effects of AHG deficiency In previous methods
(discussed by Alexander and Landwehr 1948b) the AH G actrvity
of an unknown sample was Judged from 1ts ability to correct the
clotting ime or prothrombin consumption of haemophilic blood
or plasma and they have the p 1 disadvantage that | phil
blood 15 not always available when required The method of Biggs
et al (1955) 15 based on the thromboplastn gencration test ans
measures the amount of thromboplastin generated 1n a system m
which AH G concentration 1s the controllng factor It 1s sensirve
to so per cent changes m A HG concenteation and the results can
be expressed m terms of an arbitrary umt (see Appendx IV 30)oras
a percentage of the average normal plasma concentration

“The results of the application of this assay method to a large
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probably ndicates a severe defect a short clottng ume does not
necessanly mean that the patient 1s mildly affected and has lirde
drag or prog fi Clotting times carrted out 1
silicone coated tubes and the clomné; tme of recalafied blood or
plasma or of plasma after removal of platelets by centrifuging have
all been recommended as methods for demonstrating the haemo-
plulic defect  They appear to have hittle more valuc than the sunple
Lee and White clottng time determunation

PROTIROMBIN CONSUMPTION TEST
Brnkhous (1939) showed that after the coagalation of haemo-
hibic blood was apparently complete the serum sull contamed a
rargc amount of unconsumed prothrombun which can be activated
to thromban by the addition of tissue thromboplastn Tlus observa-
tion has been used as the basis for a pracucal test of clotting effi-
cency by Chevallier et al (1946) Quick (19473) Soubter (19482 b)
and Merskey (1950b) Though not speatfic for haemophihia this
test 1s 2 more sensitive 1nd of eﬁPclcnt hrombopl forma-
tion than 1s the stmple clotting time and 1t 15 uscfirl in the diagnosts
and assessment of the seventy of the defects of ths type
Normal serum examuned one hour after coagulation contains
Lietle prothrombin using the prothrombin consumption index
(McrsEey 1950) values of 20 per cent are not exceeded  In haemo-
philia and related conditions the activaty of the serum exceeds thus
value and 1n severe cases may be appasently greater than 100 per
cent ind g an app wncrease 1 prothrombin during clotting
These surprisingly high values are probably due to the develop
mn the serum of factors which potentiate the action of the ssue
thromboplastin used to convert the prothrombin (Alexander and
de Vries 19492 Langdell Graham and Brinkhous 1950) The test
derably d the p of g ve g n
haemophilia because even 1n cases in which the clotnng time was
no: prothrombin consumption was often grossly sbnormal
(Merskey 19512) and 1t could be used also as a basis for judging the
corrective effect on haemophilic blood of the addiion of plastna or
plasma preparations and thus for roughly assayng ther AHG
content Prothroml ption 15 also ] d by a defi-
aency of any of the factors involved n th p
mcluding the platelets (Buckwalter Blythe and Brinkhous 1049
Merskey 1950a)
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necessary to establish the nature of the defect The platelet count,
tourniquet test and bleeding time are usually normal, but an
occasional prolongation of the bleeding time, as measured by the
Ivy techmque, has been observed m one or two cases of otherwise
typical haemophilia  Clot retraction 1s difficult to measure because
of the slow and incomplete coagulation of haemophihc blood but st
appears to be normal The fibnnolytic system also appears to be
normal haemophilic clots bemg as stable as normal clots and
activation by streptokinase or chloroform m vitro or by adrenalin
m vivo follows a normal pattern

The extent of the delay in the clotung time as measured by the
Lee and White method ‘vartes a great deal from one patient to
another but tends to remam fauly constant m the same patient over
considerable periods of ime  In some cases 1t may be always withn
normal hmits Merskey (19512) has studied haemophulic familtes in
which the coagulation’ times were relatrvely short and which he
describes as cases of ‘mild haemophilia’ It should be emphasized
that though there 1s a rough correlation between clotung time and
seventy a proportion of pattents with relattvely short clottng tunes
may be severely affected A curious feature of the distnbution of
clotting times m o cases of hacmoplulia 15 the absence of values
between 20 and 30 minutes (see Fig 41) The general conclusion to
be drawn from these observations 15 that while a Jong clotting time

FREQUENCY

O 20 40 60
CLOTTING TIME IN MINUTES
Fig 41 The clotnng nme by the Lee and White method carned out on so pauients with

haemophilia.
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THROMBIN GENERATION

Measurement of the changing thrombin concentranon of the
blood (Macfarlane and Biggs 1953) or recalaified plasma (Prmey
and Dace xgs;(} during coagulanon grves useful informanon n
1 philia and other cond with defectve thromboplastin
formation The results obtained on normal whole blood ate illus-
trated n Fig 42 and it will be seen that for the first dhree mumutes
after removal of the blood from the body there 1s no detectable
thrombin  Thrombin then begms to appear almost co-naidentally
wath the onset of fibrn f and s rapdly
nses to a maamum and then as rapudly dechines as the thrombin
formed 15 destroyed by antithrombin or adsorbed on to fibnn It
probable that the minal delay phase 15 duc to the time required for
thromboplastin formation and that the rate and extent of thrombin
formation 1s related to the amount of thromboplastn formed The
addinon of tissue extracts to normal blood almost abolishes the delay

hase since the majar time-consuming reactions 1n thromboplastin
?ormmon are by-passed but the ratc and extent of thrombin forma-
tion 15 no greatet than i the untreated blood

In haemophilic subjects matked changes i thrombin generation
are usually observed * In severe cases practically no thrombm can
be detected at any tume and the cffect o? adding varying propottions
of A HC nthe form of notmal plasma s to produce corresponding
changes n thrombin gencraton &:1;, 43) From these results 1t can
be seen that the effect of AH G deficiency 15 to greatly prolong the
delay phase (thus lengthening the clotting time) and to reduce the
rate and amount of thrombin formation In pattents with short
clotting tmes there 15 no reduction 1 the amount of thrombin
formed and the delay 15 not suffictent to prolong the clotung time
sgmficantly (Figs 44 and 45) Deficrency of plasma factors con-
cemed i thromboplastin generation other thin AHG will give
similac results but m platelet deficiency the patiern 15 different
Thrombocytopenia produces a red f bin g d
but unless the deficiency of platclets 15 almost complete 1t causes no
delay 1n the onset of thrombin generation

PROTHROMBIN TIMES

Both the tage and the g hods for
prothrombin give normal results 1 typieal cases of hacmcphduﬂ
The reason for this 15 that coagulation” with added tissue extracts
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Fig 42 The thrombin gencration test carry d out on normal v Fole blood The curve repre
sents the average results of tests on 1. normal subjects
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¢ thrombin generanon rest was carried out on the whole bload of 2 haemophilic
B A Bt lomg . w42 s No thrombin was generned wlers
B e el was added. The thromban generated 1 the presence of 1o and 0 per
tnt of sdded hormal plasma 15 shown
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does not require the ‘Eamapauon of the factors concerned with the
carly stages of coagulauon except apparently Factors V and VII
The onc-stage prothrombin time test thus scparates the deficiencres
of Factors V VIl and prothrombin n which the prothrombin tumes
are abnormal from haemophilia Chnstmas disease Rosenthal s

d T A deficiency) and cond due to mhib of
t('nombophmn formation 1 which the prothrombin times are
normal In these tests a considerable excess of tissuc extracts 1s
used Macfarlane and Biggs (1950) have descnbed expernments
suggesting that the reaction of hacmophilic plasma to much smaller
amounts of nssue extract may be less than that of the normal plasma
but the interpretation of these observations 15 complicated by
mntrinsic thromboplastin formation 1 these slowly clotung systems
by the possible of nhit b philic blood and
by the great sensitvaty of haemophulic blood to caloum concen~
tration

THE THROMBOPLASTIN GENIRATION TEST

The observations of Biggs Douglas and Macfarlane (19532 b)
indicated the exstence of the complex system which forms thrombo-
plastm 1n the blood after contact wath a foreign surface and sug-
gested that concerned 1n this process are at least two plasma factors
{AH.G and Factor V) two factors found m serum (Chnstmas
Factor and Factor VII} the platelets and 1omzed calaum A de-
fiaency of these factors resulted in a delay or reduction in thrombo-

lason formation  this bemg more sensiively related to such

eficiencies than were other tests of clottng function  Not only
was thromboplastin generation more sensitrve at could be made a
specific indicator of the type of deficency

In the test devised by Biggs and Douglas (1953} prothrombin
which would mterfere wath the of thromboplasan,
15 removed from the plasma by adsorbtion on to A{OH), But this
adsorbrion also removes Chnstmas factor and thromboplashin
generation canmot proceed m its absence This factor but not
prothrombm 15 present n serum so that a system composed of
adsorbed plasma, serum {Lmlcr preparation, and calaum  wall
generate a ?owcrful thromboplastin after a few munutes of ncuba-
uon thus bopl. bemg d d by the addition of
subsamples of the incubation muxture to normal recalafied citrated
plasma By denving the plasma or the serum or the platelets from
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Fig 44 The thrombin gencration test carried omt on the whole blood of tnplets who
suffered from k h Th and Wh 1 tunse for these patients vane

10 and 14 punutes (normal § 10 munutes) ‘The discontinvous bime sepresents the average
results of tests on 12 normal subjects (Appendix IV 27)
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The thrombin generstion test was carned out on four occasions on the whole blood
Slfg: ‘E‘umoyhﬂxc ymmgz whase Lec and White clotnng time vaned from 14 38 nunutes
{pormal 5 1o munuter) The duscoausuous Lute represcnts the average rexalts of tests o 12

normal subjects.
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THE COMPARATIVE VALUE OF LABORATORY TESTS

It 1s now possible to assess the relative value of the informanon
supplied by the haboratory tests described 1n relanon to chmecal
seventy and the hability of any particular pauent to bleed followmng
trauma or surgery

The results of clotting time deternmunations show that in about so
per cent of a senes of 9. haemophihie panents a time of 3o munutes
was exceeded  Since | philia 15 the most d
1n which a greatly prolonged clotting tme occurs such a finding 15
useful Of the patients with a short clotting nme about 5o per cent
were severely affected so that the occurrence of a short dortng tme
15 no guarantee of a muld defect. On the other hand all the panents
1n thus senes who have survived surgery without AHG treatment
had short clotting times

The results of the prothrombin consumption test show that i all
cses with 2 long clotung nme prothrombin consumption was
abnormal of the cases wath a short cloting time 12 pauents had
prothrombin consumption results withun normal limuts and of these
s were moderately affected the remamnder bemng muld eases
Thus 1t 15 possible to say that +f blood clotting times and prothrom-
bin consumption tests are carnied out all but a small proportion
(s out of 123 1n this sertes) of the severely or moderately affected
patients swill show an abnormality by one or other of these tests
In muld cases both tests may give normal results and the dugnosts

of | philia cannot be established by therr use alone
The thrombopl test gave ab: ! results m
almost all the nuld cases 1t being necessary to use the modified test
1 d to detect the ab lity m only two patients

The results of the test are reasonably well correlated with clmical

seventy The AHG assay method gives a better index of cliucal
seventy than the other tests

DIAGNOSIS

The duagnoss of hacmophilia depends much on climeal as well as
on laboratory findings It 1s not proposed to discuss these at length
here sice the duffe 10n of | hubia from other coagul.
defects 15 part of a systematic mvestigation which 1s desenbed
Appendix Il and the recog; of the of a haemorthagic
daatheas 15 a general clinical problem  Both aspects have been
dealt with elsewhere (Macfarlane and Biggs 1955)
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the patient’s blood and the remaning two components from normal
blood, the location of any defect can be assigned to the plasma or
serum or platelet components Thus 2 defect of AH G o Factor V
15 mndicated by a defective plasma component and of Christmas
factor or other serum factors by a defective serum component
Further separation can then be made by means of the one-stage
prothrombin tme test whtch will be normal 1n Christmas disease and
haemophilia and abnormal m Factor V and Factor VII deficiencres

Thus for the first e there 15 available a test for the haemophlic
defect that does not rely on a supply of known haemophihc blood
which 1 the past has sometumes proved to be very much of an
‘unknown

In practice haemophilic patients with prolonged clotung times
have always given grossly abnormal thromboplastn generation
results and even mn muldly affected cases some abnormaluty 1s found
In general the amount of thromboplastm formed bears some
relationshup to chnical seversty In exceptionally muld cases diffi-
culty 1 diagnosis may anse and the test may be made more sensitive
by companing the thromboplastm generation of mxtures of known
hacmophilic plasma and normal plasma with that of muxtuzes of
known haemophilic plasma and the patient s plasma (Biggs and
Macfarlane 1956)

AHG ASSAY

The thromboplastin generation test can be modified to provide a
quantitative estimate of AHG actvity m a given sample The
results can be expressed as a percentage of an average normal plasma
activity or i terms of an arbstrary unit denived from the actiity of
a dried preparation of bovine AH G On this arbtrary basts 1 ml
of normal plasma contams on the average 025 AHG umts but
there 1s a considerable vamation from one normal mdividual to
another ranging from about §0 per cent to 180 per cent of the
average

The assay method has been used to study AHG levels m 39
cases of hacmophiliz  In 25 cases no A HG “was detectable and m
the rematnder the levels varied from 1 t0 20 per cent In generat 1t
appeared that severely and moderately affected indrviduals have no
measurable amounts of AHG  and ‘most muldly affected patients
have between § per cent and 20 per cent though a small proportion
of them had less than 5 per cent
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While the majonty of cases of hacmophiha will present htde
dugnosuc difficulty when carcfully myestigated there 15 2 small
proportion of cases n which atypical findings make classification
difficult, Among these are mncluded cases of otherwise typical
haemophiba 1n which the bleeding tme and tourmques tests ace
abnormal cases 1n which 2 haemorrhagic state affects both malesand
females the males suffering apparently from ry&l’cal hacmophilz and
the females from a vanety of non-thrombocytopentc purpura
and cases in which there seems to bea mild deficiency of both A G H
and Chnstmas factor apparently mhented as a dominant character
(Biggs and Macfarlane 1956) Finally a deficiency of AHG may
occur very rarely as an acquired condition as i the case described
by Joules and Macfarlane (1938) or due to the development of an
wnhibitor In von Willebrand s disease apparent A H G deficiency
may also occur but otherwise the chirucal and laboratory findings
mz the nhentance are distnct from haemophibia.

THE RECOGNITION OF FEMALE CARRIERS

Unfommnck' there stil does not exst any relsble method b}'
which the female carnier of the | philic gene can be recog;
other than her production of haemophihic children  If 1t could be
known with reasonable accuracy that any parucular female 1n 2
haemophilic family was a carner t1s Pm{agle that a considerable

d 1 the madence of b philia could be achieved within
two or three generations The uncertanty that exists at present
encourages many affected women to gamble on the chance that they
are free of the condinon and to produce famlbies with consequent
propagation of hacmophiha whereas 1f their condition was pre-
viously known they mught have elected to remam chuldless Though
Andraessen (1943) clamed to be able to recognize the carner state
by using the Biirker clottng ume test, Merskey and Macfarlane
{1951) were unable to confirm hus results by this method or by
using more sensittve tests for the haemophilic defect such as pro-
thrombin consumption and ability to correct the clotng defect
of haemophilic blood Though an occasional abnormal result was
obtuned 1n the group of known carmer females normal results
were obtamed so frequently that the tests were of no diagnostc
value m any individual case It 15 possible that the improvements
now being made 1 methods for the accurate assay of AHG may
be able to reveal the heterozygous (carner) state or that some other
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Brefly the stages by which the diagnosss 15 established arc as
follows  The hustory of abnormal bleeding from fancy partica.
latly haemarthtoses and deep tissue haemorrhages and il)":e absence
of purpura suggests a coagulation defect If other members of the
fanuly are affected, limutation to the male sex and evidence of a sex-
Iinked mhentance are pomts strongly suggesting haemophulia or
Chnstmas discase but 1t must be rerembered that about one-
thurd of all cases of these conditions wall have no family hstory
and that other coagulation defects may be mhented though
usually as a dominant character

In severe cases of haemophilia the [aboratory findings wall be well
defined and charactenisic’ The normal platelet count tourmquet
test and bleeding time usually will elinnate the vascular or platelet
disorders as probable causes of the abnormal haemorrhage The
lengthened clottng tume may not always be found but 15 a finding
of duagnostic value when present the prothrombin consumption
test 1s abnormal m the great majonty of cases These tests however
are not specfic being abnormal m a number of clotting defects
The one-stage prothrombm time 15 2 valuable test since 1t separates
the clotting defects mto two distinct groups The first group m
which the prothrombin time 15 normal “mcludes haemophilia
Christmas disease and Rosenthals syndrome (PT A deficiency)
and thromboasthenta (qualitative plateler deficiency) The second
group m which the prothrombin tume 15 prolonged includes
deficiencres of Factor VII Factor V prothrombin or of fibrmogen
of this factor 13 much reduced Thus clottmng defects with a normat
prothrombin time can be narrowed down essentially to haemo-
phulta and Christmas disease which will provide the great majority
of cases and qualitative platelet deficiency and Rosenthal s syndrome
which are extremely rare  Conditions due to circulating anticoagu-
lants which mterfere with thromboplastin formation can usually be
disngusshed chimeally since m most cases the condstion 1s acquured,
and can be recogmzed by laboratorv tests descnbed i Chapter
XVII and in Appendox IV

The thromboplastin generation test will differentiate hacmophihia
from Christmas discase and 3f necessary qualitative platclet de-
fiaency In muld cases of haemophilia “the ‘sensiized thrombo-

lastin’ generation test may be required to detect the AHG
deficlency A H G assay 15 seldom required for diagnostic purposes
but 15 useful m assessing the prognosis i a particular case
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LOCAL TREATMENT

Increasing knowledge of the mect of 1 and of the
fretors concerned m normal haemostasis has greatly smproved local
treatment of bleeding so that m many cases the haemorrhage from
minor mjunes or followng dental extractions can be controlled
without drastic measures or the need to grve blood transfusions or
AHG Bnefly the prinaiples of rational treatment are as follows
coagulation at the bleedmg pomnt 1s promoted by the applicanion of a
suitable coagulant and at the same time temporary local pressure
15 apphed which will arrest the blood flow and allow ume for the
formation of a firm clot re-nforcement of this clot 1s achicved by
the use of an adsorbable dressing such as fibnn foam or algmate
gauze and tus s kept firmly but not nghely in place by approprate
mechanical means “equally important any procedure that mught
devatalize or damage the tissucs and thus delay healing 15 positively
avoided

The use of physiologeal coagulants active 1n clotting hacmophilic
blood wathout damage to the tissues 15 essential to successful local
wreatment  Some of the earhest were platelet extracts prepared by
Fomo (1913) and lung extract used by Fischl (1916) Many com-
mercral preparations based on these have been produced  Unfortu-
nately the coagulant actity of these substances was relatively low
and therr diluton wath blood or saliva made them meffecuve
With the avalability of coagulants of relatively enormous activiry
good results began to be obtaned Russell s viper venom used by
Macfarlane and Bamett (1934) has an intensely powerful thrombo-
plastn-bke acuvity and produces rapid coagulanon of haemo-
philic blood even when diluted many milion tmes Human or
ammal thrombin preparations of hugh activity have also been used
(Lozner MacDonald Finland and Taylor 1941 Adams and Taylor
1943) Both Russell s viper venom and thrombin are now avarlable
commercially and esther can be used 1n conjunction wath an absorb-
able haemostatic dressing such as human fibnn fibnn foam gelaun
sponge calaum algmate or owadized cellulose ganze which can be
left i situ untd digested (see Chapter XIX)  But the mere apphca-
tton of a coagulant dressing to a surface which 15 actually bleedmg
1s usually neffective since the coagulant 15 washed away from the
bleeding pomts and merely produces useless clots elsewhere In
order to produce effective haemostasis the clot must extend to the
actual bleeding vessels and to achieve this the flow of blood must

T
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method for detecting the abnormal gene may be devised  Such an
advance would be of the greatest importance m reducing the mental
and physical distress now caused by haemophilia

PROGNOSIS

During the first year or so of life the seventty of the haemophilic
defect cannot be accurately assessed from chimcal findings since the
relatively protected Iife of a young chld prevents the occurrence of
many of the haemorrhagic episodes which may be suffered later
As the cluld grows older and begmns to sustam the knocks strans
and myunes of everyday life the lability to external or ussue
bleeding and to haemarthrosis will serve as a faurly accurate gmde
to the degree of disabilicy 1f frequently repeated and caused by
shght trauma the occurrence of jomnt or tissue haemorrhages mdi-
cate a severe defect and 1t 15 probable that much crippling and
dusability will finally result In such cases a normal ife becomes
hardly possible, and some special sheltered occupation may be only
Just within the patient’s capacity  All degrees of seventy less than
this are met wath the muldest cases suffermg abnormal bleeding only
after severe trauma or surgical operations and beng otherwise
capable of leading 2 normal Iife  Undoubtedly the best laboratory
guide to prognosss 1s determmation of blood level of AH G Cases
with no detectable A H G _are usually severely affected those with
more than 5 per cent are, almost mvanably mld

TREATMENT

Before the recogrtion of the AHG deficiency m haemophilia
treatment consisted of attempts to control excessive bleeding by
local measures the admumstration of substances thought to assist
the coagulation of the blood and a host of empirical and bizarre
remedies  Faced with persistent bleeding from some apparently
trivial myury 1t 15 not surpnsmg that drastic procedures were often
undertaken which actually made matters much worse Wounds
were cautenized by heat diathermy or chemucals tourniquets or
ught dressings were left m poswion for long periods of time of
ussues were tightly sutured ‘over bleeding pomts m the hope of
achieving haemostasts  The result was almost always extensive
tssue destruction and bleeding from a larger area than before or the
formation of dangerous haematomas or actual gangrene following
tight dressings or sutunng and there 15 lirtle doubt that many lives
were lost as the result of these well-intentioned efforts
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Surface Wounds The same general principles apply to the treat-
ment of sutface wounds Naturally any obvious artertes or veins
which have been mjured must be ligatured i the usual way buit:s
the perststent cozmng from the munute vessels which cannot be
controlled by the conventional means effective i normal subjects
It1s uscless to sew up the wound in the hope that this will prevent
hacmorthage It may prevent extemnal bleeding but it almost
always leads to haematoma formation which may seach enormous

roportions and prove more dangerous than an external loss of
Eloed 1t 15 better to leave adequate dramage of all wounds though
gaping skin edges can be drawn together in order to avoid undue
dcﬁy m healing  Local haemostasis can often be achieved by
packing with an absorbable dressing sosked with coagulant
followed by the applicanon of firm pressure over the wound for
five minutes  The fmsmg should then be kept firmly i place by
bandages or adhesives we have found by expenence that clastic

one-way stretch bandages are most effective, and sf necessary the
pressure on the wound can be more evenly distnbuted by msesting
a pad of sponge rubber between the tumns

Internal Haemorrhage In most cases of mnternal bleeding only
conservatrve treatment ss practical Deep tissue hacmorrhages may
mnvolve important structures and present 2 series of orthopaedic

logical and surgical probl It should be d that
m haemophilia haemorrhage into the tissues 15 mterstitial the blood
mfiltranng the tissue spaces wadely and rapidly there are seldom
localized collections of ilood which can be drained and 1t 1s gener-
ally useless to incise or aspirate 2 hacmatoma in the hope of reduaing
1ts pressure on important structures  Haemorrhage mto the tissues
of the tongue or throat often ansing from Jocal infection or myury
can be rapidly fatal and prompt pharangeal or laryngeal mntul
[ pgcscrve the airway may be required to save bfe (Macfarlane
1955

Retropentoneal haemorthage can smulate an acute appendians
or the perforation of an ulcer with confusing fidelity Haemarthroses
are best treated by c | orthopaedic means of
the jomt, and lavage wath hyalurordase or coagulants has been
recommended but 1t 15 not clear that the results justufy the rsks of
infection or provokmg further bleeding  Gastro-mtestnal bleeding
has been treated by gving coagulants by mouth but 1t 15 doubtful
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be temporarily arrested so that a firm clot can form where 1t 15
needed  This can usually be achieved by the apphcation of local
pressure exerted for at least five minutes and then cautiously
telaxed  The clot then formed will usually mamtam haemostasis for
several to many hours until destroyed by proteolysis or mechancally
dislodged A repention of the process may then be necessary

Dental Extraction. One of the commonest causes of bleeding m
haemophulics 15 tooth extraction  Many patients have grossly de-
cayed or mfected teeth, the result of quite unyustified fear of even
conservanve dentistry on the part of the patent or dentist In
consequence extractions which mught have been avoided by pro-
phylaxis become essential and without careful preparation and
treatment may lead to prolonged and dangerous bleeding ‘To avaid
this anumber of precautions must be taken ‘The patient must be
bospital with adequate factlttres for local and sf necessary general
treatment It 15 usually unwise to remove more than two teeth ata
time unless general treatment 15 bemg apphed and a dental plate
should be carefully made which wll fit accurately over the sockets
of the teeth to be removed A general anaesthetic 1s preferable to
local mfiltranon smce mjections devitalize the tissues and are also
verv apt to cause serous haematomata  The greatest care should be
taken to avold unnccessary tissuc damage durng the extraction
After the tooth 1s removed a small plug of fibnn foam or algmate
gauze soaked 1 thrombm or Russell's viper venom solution 1s

laced over the socket and held firmly 1n place by the operator s
gngcrs for at least five munutes to promote the formation of a firm
clot throughout the whole cavity The dental splint 1 then applied
to keep thus dressing m place with the mummum’of movement and
mn most cases bleeding 1s thus controlled for 12 to 24 hours Re-
application of a fresh dressing may then be necessary due to lyss of
tEc clot Tight plugging of the socket must be avoided as this
delays healing everts the edges with enlargement of the wound and
may cause a dangerous haematoma  On no account must the gum
margmns be sutured together over the socket smce this will lead to
haematoma formation and has caused cases of fatal asphyxa from
snfiltration of the tissues of the throat wath blood

If haemorrhage cannot be controlled by these sunple local
measures 1t 1s useless and harmful to apply any others that are more
drastic and 1t 15 best to let the patient bleed while general treatment

13 bemg Pr:yarcd



HAEMOTHILIA CHRISTMAS DISEASE AND RELATED CONDITIONS 267

fracuon by Patek and Taylor usirg:y) and concentration of this
factor or ‘antthacmophulic glob (A HG) was achieved to the
extent that the mjection of 12 mgms of dried substance has been
reported to produce a measurable effect on clotng tme 'SMmot et
al 1945) From that ime most workers have recognized that the
only effective method for mmproving haemostatic effictency
haemophulia 15 the transfusion of fresh blood or the mmjection of
concentrated AHG

The study of the rlationshup of blood A H G levels to the resules
of other laboratory tests and to actual haemostatic effictency already
descnibed has clanfied the problem of effective treatment  From the
observations of Brinkhous et al (1954) based on haemophilic dog
blood and our own observations on a senes of haemophilic patients
mnvesngated by the A H G assay method 1t can be concluded that a
blood level of AHG at least 35 per cent of the normal 15 required
to mantam haemostasss and to prevent bleeding from munor
tnjuries and that 50 per cent 1s required to cover major injunes ot
operations  Patients with less than .o per cent of AT G have bled
severely even though the clottng time and prothrombin consump-
tion tests gave normal results below 10 per cent AHG the pro-
thrombin consumption 15 usually abnormal but 1t 15 not unnl the
level 15 below 2-5 per cent that the cloting tme becomes pro-
longed (Biggs 1955 Biggs and Macfarlane 1956) Thus effecuve
treatment must provide a blood level of A HG 10-25 tumes higher
than that required to shorten the clotnng tume to normal It s
Iikely that most of the many meffecuve efforts to control bleeding
reported m the bterature were due to grossly madequate dosage
since shortening of the clotting tume was then considered the
crterion of effective treatment

Once the munimum haemostatic level of AH G 15 realized, the
magmtude of the therapeutic problem becomes apparent It s
actually very difficult to aclueve this effecave 1me y blood or
plasma transfusion except mn relatrvely muld cases of haemophulia
Evenifnone of the AH G 1n normal blood 15 lost duning collection
or m the Fanmz s arculahion one would need to trznsgsc about 3
litres of blood or 33 litres of plasma m an average adult 1n order to
raise the blood level by 35 per cent In actuality considerable losses
of AHG occur both durng storage of the blood of plasma
and m the patient s airculation It has been found by ngdz[l: etal
(r955) and Douglas (1955) that the blood level achieved by the
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if any real benefit has been obtamed Haematuna sometimes con-

umues for Jong periods but usually the rate of blood loss, though
apparently alarmingly bigh 15 actually low since as litle as 1 per
cent of blood i unne has by ordinary mspection the appearance of
almost pure blood Many patients will continue to bleed for several
weeks 1 thus way despite repeated transfusion and stop bleedmng
as they began for no apparent reason

GEMERAL TREATMENT

The general treatment of haemophilia has atmed at a correction of
the clotting defect m vivo ether as an emetgency measure to
control a current haemorrhagic episode or as 2 long term prophy-
lactic therapy Many different Imes of approach have been tried
The most obvious has been the administration of coagulant sub-
stances of the thromboplastin type 1n general these have been
meffective since they have bttle coagulant activity m vivo a fact
which fortunately prevented the mtravascular coagulation or
defibrinanion wiich might follow the injection of active thrombo-
plasin  Many empinical remedies have been tried often with
temporary enthusiasm but not one has proved atself of defimite
value These mnclude protem sensitization and anaphylacttc shock
(Vnes 1920) egg wiute matenal (Timperley Naish and Clarke
1936) ovalate (Page Russell and Rosenthal 1940) venesectron
(Lawson Jackson and Gardner 1932) trypsm (Taynon 1944)
tustamne (Sanford Buttler and Kennedy 1951) ergot (Sturgeon
and Friend 1951) and many others One of the most interesting
attempts was the myection of female sex-hormones (Burch 1931)
based on the observation that women do not suffer from haemo-
philia! Though some of the procedures mentioned produced 2
shght shortemng of the clotting tume they were chimcally meffectrse
and 1t 1 now hnown that even the restoration of the clotting time to
normal does not necessanly indicate a sigmficant tmprovement n
haemostatic efficiency

Transfusion of Blood aud Plasiwa  Although Lane (1840) scems to
have been the first to demonstrate the beneficial result of bloo
transfusion 1n | philia  general n of this effect was
yroduccd by the observations of Weil (1906) Transfusion of fresh
plasma was found effective by Feaissley (1924) and by Payne and
Steen (1929) The active prmciple i normal plasma which m fact
had been studied by Addis m 1011 was located m the globulin
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human blood was hampered by lack of adeq hods of assa
In consequence many preparations used therapeutically had hetle
or no actvity and even matertal Produccd by the carefully con-
trolled Cohn process was unrehable (Alexander and Landweh
19482 b Davadson Epsten Muller and Taylor 1049)

Recogmnion of the large amounts of blood which would be
rc:luucd to furnish cnough A HG for even emergency treatment
of phulia has d e mto the possible use of
ammal matersat Bovine blood has been shown to contam AHG
activaty and fractions of 1t were used as a Jocal haemostatic by Pohle
and Taylor {1938) Spact and kansell (1953) and Lorand and Laks
(1954) have descnbed methods for prepanng active fractions
Recently antmal A HG has been prepared and used in human cases
in Oxford with success Bidwell (1955) has developed a method
which produces bovine or pig globulin matertal with an AHG
actvity up to 2000 tumes as great as that contamed mn an cquivalent
weight of human plasma protemn and more than 100 times as actve
as the best previous AH'G preparanons  Injections of this aimal
AHG have been used to prevent bleeding after extensive dental
extractions skin graftng operations major surgcal operations and
severe mjunies and complete haemostasis was achreved (Macfarlane
Biggs and Bidwell 1954 Fraenkel and Honey 1955) The dose
given was controlled by blood AHG assays and daly injections
were required if a safe level had to be mantaned It was found
necessary to rase the blood level of A H G to 30-50 per cent before
any op or procedure was carned out and 1f this
was done haemostasis was mamtaned for some days even though
the AHG level mught dechine below the safe level dunng dus
tume At present there are pracucal difficulnies mvolved 1 this
treatment which render 1t unsuitable for general use  The matenal
1s difficult to sterihze some samples wall pass through a bactenal
filter without much loss of activity others have to be stenlized just
before use by ultra violet irradation  The dose has to be carcf{xlly
controlled by assays of blood level, since the response to a given
amount vanes greatly from one patient to another and from dily to
day mn the same patient  Being a foreign protem amumal AHG 1
antigente and may cause anaphylactc reactions m some subjects
who have been 1y d ‘The duration of treatment 15
also lumuted by the anugematy of the matenal because after about
10-14 daly ofap lar prep begn
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transfusion of a given amount of blood or plasma 15 30-50 per cent
of that which might be expected and even this 15 not mamtamed
for mote than a short time and declines by about 5o per cent n
4to8houts AHG has only a short hfe i stored blood and the
tate of 1ts destruction 1s determned by factors at present unknown.
In some samples of plasma stored at 4 C 50 per cent of the activity
may be present after 10 days (Pitney and Dacie 1955) but 1 others
most of the actwvity may disappear within twelve hours It has thus
become the practise to transfise blood within 2-3 hours of 1s
collection and to prepare plasma by immedtate cenmfuging not by
sedimentation Fresh plasma will preserve its AHG actmty for
days or wecks 1f kept frozen solid at —20° to —30 C fresh plasma
dried lyophulically 15 sometimes active but on other occasions may
lose much of 1ts origmnal actvity  Serum contams practically no
AHG and the successes attnbuted to 1s use m the past ate
probably due to the fact that the patents so treated were cases of
Christmas disease and not haemophulia

In cases of actual bleeding therefore blood transfusion can seldom
provide enough AH G to promote efficient haemostasts not only
because of the losses already mentioned but because blood (and
AHG) 15 beng lost i the form of haemorrhage Transfusion
therefore has 1ts mam value m mamtamng the blood volume the
haemostatic effect being seldom more than an adjuvant to the
pattent s own resources The many reports m the literature of
continual bleeding despite the transfusion of vast amounts of blood
are thus not surprising

As a preparation for some verv mmor operation {such as tooth
extraction) m a muld case of haemophubia the rapid transfuston of an
amount of fresh plasma equal to about 1/5 of the blood volume may
be qute effective 1f completed a few munutes before the actual
extraction 'The temporary elevation of the blood AH G level at
the nme of trauma may be sufficient to cause firm natural clottng
within 2 few munutes and this may provide effective haemostasis
lasting for some days during which healing should be complete

Treatment wih AHG In view of the almost impossibly large
volumes of blood or plasma which arc needed to restore and mamn-
tam haemostatic efficency 1 a severely affected haemophilic
concentrated preparations of AH G seem to provide the onk

practical form of therapy Unfortunately much of the earlier wor]
on the separation and ad ation of AHG denved from
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the genes m haemophibia and Chnistmas disease smee nuldly affected
females not mfrcqucntlj occur 1 the latter conditton these having
demonstrable clotung defects Tt 1s possible thesefore that Chrst-
mas disease may be mcompletely recessive  possibly because a
Tigher level of Chrustmas factor 1s required for effisent hacmostasts
than 15 the casc of AHG  so that the heterozy gous female may be
more liablc to abnormal bleeding

LABORATORY FINDINGS AND DIAGNOSIS
The laboratory findings other than cxamumation of thrombo-
lastin generation are qualitatively simalar in Chnstmas disease and
emophilia there 18 o?rm a moderate prolongation of the cloting
nme abnormal prothrombm consumpon but a normal 1-stage
prothrombm time and normal platelet count bleeding time and
tourmiquet tests It 1s unusual for the clotnng ume to exceed 30
munutes 1n Chnstmas disease so that a grossly prolonged result
suggests haemoplubia  The thrombopl g test locates
the abnormality m the serum component i Christmas disease as
agamst the plasma component i haemophila  In muldly affected
cases the abnormality may be msufficient 1o give elear-cut results
by the ordinary techmque and a sensinzed test a3 the diagnosis of
mldly affected hacmophilic panients may be necessary It 1s obvious
that accurate dragnosis 1s ofpcxn'cmc mmportance smce Chnstmas
disease wall not respond to treatment with AH G

TREATMENT OF CHRISTMAS DISEASE

The prinaples for the local trea
discase are the same as those descnib p of
Russell s viper venom are as effective coagulants of the blood 1n
Chnstmas discase as n haemophsha

As regards general treatment there 15 ltle available informaton
and we have had no exp with speafic repl therapy
Theorencally such treatment should be easier than i hacmop}u{u
sunice Chnistmas factor 15 not consumed dunng coagulation and 15
relatwvely stable and 1ts blood level should thus be more readily
rased and mantamed by transfusion  The reports of Beaumont
Caen and Bernard (1954) suggests that these theoretical constdera-
nons are bome out by fact. Haemorrhages can be controlled by fresh
or stored ‘Sllasmz fr or by the ofserum  These
authors claim thay transfused Chrnistmas factor remams in the

tment of bleeding i Chnstmas
imh hilia. Thrombin or
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to develop which apart from their clinical unpleasantness reduce
the therapeutic cffect though a further therapeutic period can be
mstituted by changmg to AHG derved from a different speces
of ammal We have not been able to demonstrate the development
of anticoagulants of the annbody type following ammal AHG

admumustration, though there 15 some evidence that repeated trans-
fusions with human blood may mduce the formation of such anti-
bodies (Munro and Jones 1943, Munro and Munto 1946) and that
the myection of Cohn s fraction I 1s particularly Iikely to cause 1t
(Frommeyer Epstem and Taylor 19s0) It 15 clear that the best
hopes for the continuous treatment of haemophiba as 1n the case of
treatment of ciabetes with msulm and permcious anaemia with
Vitamn Biz rests on the possibility of producing an active but
non-antigenic preparation which wll correct the basic deficiency

CHRISTMAS DISEASE

The maidence of Christmas disease relatrve to haemophihia seems
to vary a good deal from one country to another In the Brtsh
Tsles 21 famulies affected by Chrstmas disease have been separated
out of a series of 174 familtes supposedly suffering from haemophilia
giving a relative madence of 11 per cent  From mformation sup-
phed to us by correspondents i Europe and the Brtish Common-
wealth 1t would seem that the meidence abroad may be hugher the
average bemng 32 per cent In certam areas the existence of very
large famihes affected by Chnstmas disease as for mstance the
famous bleeders of Tenna’ i Switzerland give an abnormally high
madence

CLINICAL FEATURES
The clical features of Christmas disease are mdiwvidually indis-
tingmshable from those of ha:m?iphxha In our own experience
there 15 a hugher proportion of mildly affected patients as compared
with haemopliha only 4 out of 11 cases beng clinscally severe
simlar observations have been made by Rosenthal (1954) As
regards heredity the condition appears to b snhented like hasmo-
hilia as a sex-linked recesstve character with a sumlar proportion
?about 25-30 per cent) of cases without farmly hustory which prob-
ably represent mutanions It 15 pointed out however by Piney
and Dacic (1955) that there may be a difference 1n the expression of
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be determined sf these cases 1n which the findings would seem to
agree well with Rosenthals concepnon of PT A deficiency ase
basically sumular to the cases studted by him It s posaible, however
that m both groups of cases the explanation of the chinscal and
Iaboratory findings lies 1n 2 mild deficiency of both AHG and
Chrstmas factor this combimed effect beng suffiaent to cause
abnormahties but apparent correction beng obtaned by the
addion to the patients blood of ather faictor Morcover the
PTA of Rosenthal scems to have properties resembling both
factors beng sometimes assocuated with fibnnogen ke AHG
and sometimes wath the p globulin ke Chnistmas factor Jt nught be
expected from the very low madence of these condinons that the
chance of AHG and Chnstmas factor deficiency occurnng i the
same patient would be so small (1 1n 10 mullion) that 1 mught never
occur In actuality well-defined cases have been desenibed by Hill
and Speer (1955) and Verstraete and Vandenbroucke (1956) and
Koller (1954) reports a smgle famuly m which haemophilia has
affected one member and Chnstmas disease another There are
ssible explananons for these assocuations It may be that Chnstmas
ctor and AHG are physiologically linked 1 some way which
15 1ot yet apparent and that haemophila and Chnstmas disease are
vanants of the same basic disorder or 1t may be that there 1s some
even more remote genenic linkage or 1t may be that puld deficten-
aes of erther factor are much more common than we suppose but
are not sufficient to cause any chnscal abnormality unless Ey chance
they occur 1 combiation

VON WILLEBRAND S DISEASE

Though 1t has been called pseudo hacmophdia by some authon-
tres von Willebrand s disease has no chmical or genetic resemblance
to haemophilia, and since 1t more closely resembles the purpunc
condions 1t 1sdescribed m Chapter XVI Until recently, the evidence
suggested that the haemorthagic tendency was due solely to some

b lity of the superfictal capill There were a number of
reports of defecuve coagulation deficent clot retracion and
deficient prothrombin consumption 1 cases chnically resembling
von Willebrand s disease and these defects conld be traced to 2
qualitanve deficency of the platelets which though present i
normal numbers did not react normally m thromboplastin genera-
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reciptent s serum for 2-3 weeks White Aggeler and Emery (1953
have attempted to punfy the factor and 1t 1 probable gat( con2
centrated matersal wath’ Christmas factor actvity will soon be
avatlable for chnical use

PTA DEFICIENCY (Rosenthal s Syndrome)

Rosenthal (1954) has reviewed the evidence which leads hum to
conclude that m a’certan number of patents with a haemophiha-
like condition  there 15 2 defictency of a factor distnct from AH G
and Christmas factor and which 1s concemned with plasma thrombo-
plasun  He has called thus factor PT A’ {plasma thromboplastin
antecedent) the properties attnbuted to this and the evidence on
which 1ts exastence 15 postulated have been discussed m Chapter
VII where PT A defictency 1s referred to as Roseuthal s syn-
drome

The clinical findings 1n Rosenthal s syndrome are stmular to but
usually milder than those of haemophilia or Chrstmas disease In
only 1 of Rosenthal s 6 cases was there any bleedmg mnto jomnts and
the man abnormality was prolonged haemorrhage after tooth
extraction or tonstlectomy The condition affected both males and
females and there was evidence of 2 non-sex lmked possbly
domunant mhentance The laboratory findings ncluded moderate
prolongations of the coagulation time deficient prothrombin
consumption with normal platelet counts bleeding time and tour-

uet tests and a normal prothrombin tme The finding which
gxstmgulshcs these patients from cases of haemophilia and Christmas
disease 15 the corrective effect on their blood of etther serum or
BaSO,-treated plasma  Haemophihe blood 15 cotrected by the
plasma and not by the serum Chnstmas disease blood 1s corrected by
the serum not by the plasma P T A -defiaent blood 15 corrected
by both the plasma and the serum

We have studied three patients i whom the domnant mhentance
symptoms and laboratory findings are very simular to those recorded
by Rosenthal Dreskin and Rosenthal (1953) and Rosenthal {1954)
When d by the tt bopl generation test one of these
panients appeared to have a mild zfcﬁcxcncy of AH G and Christrmas
factor, a sécond case seemed to fluctuate from time to tme between
the two conditions and the third appeared to be 2 very mild example
of Chnistmas disease It has alrcacgv been pomted out that 1t cannot




CHAPTER XVI
PLATELET DEFICIENCY

Soon after the recognstion of the platelets as one of the formed
clements of the blood 1t was realized that they were concemed i
some way wath blood coagulanon  Hayem (1878) and Bizzozero
(188.) both stated that they probably released some factor which
was necessary for fibnn formation  Delezenne (1897) LeSourd and
Pagnuez (1909) Grana (1914) and Hess (1917) were all able to show

at partial or complete removal of the platelets by centnfuging
caused 3 marked lengthening of the clottng time of the supernatant
plasma even when m contact with glass and m the presence of
tonized calawm Tt 15 true that Delezenne and some later workers
were dealing with the blood of birds and amphibia 1n which the
nucleated platelets (thrombocytes) bemg less fragile than mamma-

an platelets can be morte castly removed intact by centnfuging
The almost compl Inb of coagl d by centn-
fuging thus type of blood can be reproduced with mammalian blood
only under exceptional circumstances

Cramer and Pringle (1913) and Eagle {193 $a) considered that the
incosgulabihty of mammalian plasma after filtranon through
Berkefed filters was due to removal of the platlets Such expen-
ments are not easy to sterpret smce 1t 1s now known that such
filtration_causes a complex and varnble adsorption of different
clotting factors depending on the rate of filtrauon the amount of
plasma passing through a given area of filter pH and the 1on concen-
tration of the filtrate and the presence of capillary active substances
which greatly affect adsorbtion  Though Eagle (19353} was able
to show that the clotng time of recalarfied filtered plasma was
dependent upon the number of platelets subsequently added 1c 15
possible that this coagulant effect was duc not to the added platelets
only but to plasma factors contanunating them  In the case of
haemophihic }Sood Quick (1942) found that partal removal of
platelets by centrifuging had a considerable lengthening effect on the
clotting ttme of the recalaified plasma and proposed that this effect
mught be used 15 a test for haemophtha  In pracuce 1t has been found
that the effect 15 not specific and 1s not marked m those cases of

78
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tion There sull remawmed the majonty of cases clinically dentified
as examples of von Willebrand's disease 1 which both the plate-
lets and the clotting system appeared to be normal It has recently
been observed however that there 15 an apparent deficiency of
AHG m such cases as judged by the mability of their blood to
correct the haemophulic defect (Larrieu and Soulier 1953 Alexan-
der and Goldsten 1953) We ourselves have found by the assay

method considerable deficiency of AHG 1 7 cases othermase
tvpical of von Willebrand s disease  The surprismg face 15 that m
these cases all other tests of clotting function were normal including
prothrombin consumption and clot retraction tests and that the
patients showed none of the typical mamfestations of haemophilia

These apparent anomalies must be resolved before the physiological
mmportance of A HG 1n haemostasis can be understood

SUMMARY TO CHAPTER XV

Historically haemophilia was recognized as a bleeding disease of
males mherited as a sex-linked recessive charactensic  Strct
adherence to the classical theory of blood coagulation and lack of
suitable techniques delayed the understandimg of the clotting defect
n haemophilia Following the mtroduction of silicone surfaces and
of the thromboplastn generation test 1t was shown that the defect
was a failure of normal blood thromboplastin formation for which
AHG {the factor defictent m haemophilia) 1s an essentral compon-
ent Correction of the haemostatic defect 1n haemophilia mvolves
rassing the blood AH G level to more than 30 per cent which1sm
practice very difficult unless concentrated A HG preparations ate
available Local measures for the treatment of bleeding must always
take account of the fact that haemophihe bleeding 35 controlled by
healing and measures which delay healmg will prolong bleeding

The use of the thromboplastin generatton test has also made 1t
possible to study other causes of deficient thromboplastn formatan
of which Christmas disease (P T C deficency haemophulia B) 15 the
most smportant  Failure to distngush between hacmophilia and
the chmcally 1dentical Christmas disease has 1n the past given mise
to much confusion
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mm and below these figures there was a considerable falling offin
prothrombin consumption  They also observed that the plasma
could be made gulable by a partsal red of the platclets
1 cases of thrombocytopenta and 1n patients recerving hepann or
dicoumarol

Menkc? {19503) has confirmed the effect of the platelets on the
proth c of reaalafied atrated pfum: He ob-
served that Fm(hmmLm consumption was almost absent n eight
cases of naturally occurring thrombocytopera and 1 the plasma
of normal subjects 1t was reduced to zero by centnfuging We have
also observed that the thrombin gencration test described 1n Appen-
dix 1V 2715 ;lzrad) affected by the number of platelets present
thebloodor plasma Figure 46 shows a serses of thrombin generation
curves obtained with different concentrations of platelets and 1t wall
be seen that the amount of thromt produced 1s dependent upon
platelet concentration though the ime at which thrombun genera-
tion begins 15 not greatly affeeted

THE MECHANISM OF THE COAGULANT ACTION OF
THE PLATELETS

It was at first believed that the platelets released into the plasma
some soluble factor capable of immating thrombin generaon  The
nature of this factor was not determmed but was assumed by some
workers to be thromboplastin and by others to be prothrombin
The latter by pothesis was disproved by Bordet and Delange (1912)
and 1t1s now generally agreed that the platelets have some thrombo-
plastic actvty though most workers have considered that 1t 15
relatively feeble (scc however Chapter VI and below) It 1
certanly quahitatively different from the thromboplastic actvaty of
tissue extracts since these are capable of clottng hacmophulic blood
whereas the addiion of plasma-free normal platelets no such
effect This activaty seems to be assocuated wn&: the tila:elm them-
selves or with d ble platelet fi and the of
a soluble platelet factor has not been shown  Platelet actvity how-
ever does seem to depend on the physical changes which they
undergo on contact with a foreign surface and 1n the presence of
cllaum Wnght and Minot (1917) descnibed the viscous meta-
morphosis of the platelets dunng coagulation and Tait and Burke
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haemophilia 1n which the clotung time 1s near normal these bemg
the cases in which diagnostic help 1s most required

The use of silicone-coated synnges needles and glassware has
greatly facilitated the removal of platelets undamaged by centnfig
g Patton, Ware and Seegers (1948) using this technique were
able to produce samples of dog plasma which collected without
anticoagulant and centnifiiged at ngh speed remamed flusd for 72
hours i glass at room temperature Brinkhous (1047) demonstrated
that the coagulation tme of human plasma i glass can be prolong!
to many hours by removal of the platelets by centrifuging tn silicone-
coated apparatus  Quick Shanberg and Stefamm (19492 b)
showed that while the number of platelets withm 2 wide range
does not greatly affect the ordmary coagulation time 1t clasely con~
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Fig 46 The thrombun genetation eest was cacried out on normal plasma pre

f\;‘ém‘g normal blood ct;sl?ected 1nto a sihcone coated contamer ‘The number of platclets 1n
the plaspia was varied by muxing plasma samples which had been centufuged at mﬂm:t
speeds The proportion of platclcs pretent dircctly affects the smouat of thrombiz formed
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trols the amount of thrombm generated This observation was con~
firmed by Conley Hartmann and Morse (19493) who found that
prothrombmn consumption showed a signtficant decrease even
when the platelets were reduced from 350 000 to 260 000 per cd.
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contammated with other clotung factors or of thrombin demved
from one animal species and g a natural aggl for
platelets derved from another

Whatever the effece of thrombin on platelets 1t 18 now clear
that other Phsma factors are intimately concerned with the platelets
m the p of blood thromboplastic activaty  From the work
of Bunkhous (1947) and Quick (1947) 1t can be inferred that one of
these factors s AHG  They showed that both plateles and AH G
were required for prothrombin comversion though the nature of the
reaction between A HG and the platelets was not established Quick
behesed thit AHG was the precursor of plasma thromboplasun
(thromboplastinogen) which was actvated 1 some way by the
platelets Bankhous suggested that AHG was a ‘thrombocytoly-
s which Iysed the platelets, and allow ed the escape of a thrombo-
plasuc factor from them

More recent work on thromboplastin g has established
the importance of the platelet-plasma reactions if not their nature
Ttseems probable thatnot only AH G but the Christmas factor and
claum are required together with normal platelets dunng the
mtual stages of thromboplastn formaton {sce Chapter VI A
teduction 1n the number of platelets causes a corresponding reduc-
on 1n the amount of thromboplasun formed but, unlike a reduc-
tionm AHG or Chnstmas factor does not cause much delay n the
ame required for 1ts first appearance  Thus supports the view that
the platelets contain a thromboplashc factor or at least 1ts precursor
that the plasma factors undergo some nme-consuming reaction
whach leads to 1ts rélease 1t also explams the normal con'iu\anon
ume usually observed in thrombocytopenic blood  Unless there1sa
complete absence of Platc]m and platelet fragments whch seldom
occurs 1 practice bin g begins at app 3
the no tme but the amount of throxxc\%m generated and the
amount of prothrombm consumed 1s reduced 1n proportion to the
reduction m platelets

Recent work by Bergsagel (1956) seems to have confirmed these
views He has obscrved both the occurrence of viscous metamor-
phosis_and the develop of thrombopl activity In prep:
tion of platelets and various combimations of clotung factors  From
this 1t appears that the sequence of events 15 as follows  After contact
with a foreign surface a reaction takes place between AHG
Chnstmas factor and calaum, with the formation of an mntermediate

v
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(2026) gave a detaled account of the changes m therr appearance
during this process, conststing of the extrusion of clear blebs or
spherules followed by disintegranon These spherules were des-
cuibed as travelling through the plasma and the first filaments of
fibrin seemed to appear belund them as they moved In blood
which 15 rendered incoagulable by oxalate “citrate hepann or
absence of contact with a forexgn surface these changes ate not
observed

The nature of the metamorphoss and disttegration of the plate-
Iets 15 quite obscure  Apitz (1939) beheved that the mmtial agglutina
tion was brought about by a deposit of fibrm on the plateler surface
but Pinmiger and Prunty (1946) hase been able to show that active
platelet agglutination occurs in the blood of a patient with complte
absence o% fibonogen 1 which no fibrin layer could have been
formed ‘Wright and Mot (1917) beleved that the platelet changes
called by them ‘viscous metamorphosis were brought about by
some agent 1n the plasma assoctated with the globuln fraction and
rescmbﬁng prothrombm They constdered that this acuvatng agent
was not thrombun 1tself but Quick (1951a) believes that thrombin
15 2 most 1mportant factor which produces these platelet changes
and which potentiates therr thromboplastic actvity Foruo (1923)
and Zatt1 (1948) have observed that thrombun 1s capable of causing
platelet aggiutination and lysis On the other hand Budtz-Olsen
{1951) has found that a mixture of platelets thrombin and fibrinogen
does not produce retractile blood clots Clot retraction 15 muimately
concerned with platelet actwity and such activity was not mduced
by thrombmn alone but was mduced 1f prothrombin was present
suggesting that somethmg 15 formed dunng prothrombun converston
which has an activanng effect on platelet metamorphoss These
observations were borne out by the work of Ellicot and Conley
(1951} though these uthors m addition found that clot retraction
could be mnduced 1 a platelet-thrombm-fibrinogen muxture not
only by the addition of plasma or serum but by albumin of human
or bovine ongm or even gum acacta  More direct evidence has
been provided by Bergsagel (1056) who during hus study of the
effect of plasma factors on the viscous metamorphosss and thrombo-
plastic action of the platelets found that homologous thrombin
had no effect i potentiating these changes It1s possible that some
of the previous reports of the acuvity of thrombin i fpraduﬂ;g
platelet agglunnation or lysis may be due to the use o thrombin
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that the opalescent plasma obtamed from ammals dunng the diges-
tion of a heavy meal clotted normally despite the removal of
platelets Poole and Robmson (1956) and Robmson and Poole
{1956) have shown that the addition of chylomicra to platelet-poor
plasma shortens the calcium time and mcreases the yreld of thrombin
Russell s viper venom which may be analogous to one of the
thromboplastn-forming factors will not dlot plasma from which
both platelets and chylomicra have been removed but will do so1f
ather are restored or sf lecithin preparations are added They have
also shown that 1 phosphatide which 15 2
of platelets chylonucea and most laboratory Yrcparauom of lea-
thin wall shorten the clotung tme of platelet-poor plasma and
potentiate the venom and may thus be at least a constituent of the
platelet factor

By vanous methods of fractionation Van Creveld and Paulssen
(1951b 1952) and Stefanum and Campbell {1954) have 1dentified
other platelet factors influencing coagulaton  Platelet factor 1
accelerates the conversion of prothrombin by thromboplastn and 1s

robably sdentical with Factor V. which may have been adsorbed
me the plasma  Platelet factor 2 accelerates the thrombun fibrine-
gen reaction  Platelet factor 3 was considered by Van Creveld and
Paulssen (195.) to have two actions one as an active thromboplastin
the other as an antthepann  From the expernimental data provided
1t scems very likely that factor 3 conssts of the granules studied by
Bergsagel {1956) and Deutsch (1954) claims to have separated the
platelet thromboplastic factor from the antheparin which he calls
factor 4 Seegers (1954) has also studied the reaction of platelet
factor 3 with plasma constituents ncluding AH G and has applied
the name threone to the thromboplastic activity which as observed
by many other workers develops m such systems

In addiion to the mereasing knowledge of the importance of the
platelets 1n coagulanon there 15 now 2 growmg recogmtion of
their function as transporters of biochemically actve ‘substances
such as s-hydroxy wyptamme h drenalin and ad
triphosphate (Well-Malherbe and Bone 1954 Zucker Friedman
and Rapport 1954 Botn 1956) The significance of the presence of
these substances m the platelets 1 some cases i remarkably high
concentration cannot yet be assessed but 1t 15 obvious that such
factors may have an ymportant beanng on the at-present nrysterious
relationshup betw een the platelets and the vascular factors concerned
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product Tl intermediate product then causes morphologic
changes m the f)lamlcts consisting of g actuve pseudopod
formation  agglumation and finally fusion these changes lrxmg
charactenisuc of those described as ‘viscous metamorphosis - Dutmg
these changes granules which were oniginally visible at the centre of
the platelet body move towards the perphery and are discharged
mnto the surrounding plasma  These granules can be collected by
high speed centafugation, and are an extremely active thrombo-
plastic matennal smce m the presence of Factor V 'they will cause the
clottmg of recalerfied plasma m 4-8 seconds In the absence of
AHG or Chrstmas factor or calctum nexther viscous metamor-
phosis of the platelets nor the release of the actuve granules takes
place It 1s not clear 1f these reactions lead to some qualitatne
change mn the platelet granules but once discharged m this way
they have a thromhop%asuc acuvity not possessed by extracts of
platelets mechantcally or chemically obtamed and are capable of
activating prothrombm mn the absence of AHG or anstmas
factor but reqmre apparently the presence of Factor V.

Though the participation of the platelets m thromboplastn
formation and thus m normal coagulation 1s of great physlol%glca[
mmportance there 1s evidence that 1n certain ctrcumstances they may
not be essental In a few expeniments already quoted non-clotting
plasma has been obtamed by simple removal of the platelets but 1t
1s more often found that even prolonged hugh-speed centnfuging
suffictent to separate all platelets and platelet fragments does not
do more than slow the coagulation of the plasma so treated and
reduce prothrombin consumption Some authors such as Conley
Hartmann and Morse (1949a) mterpret ther fulure to produce
mncoagulable plasma by centnfuging as evidence for the exstence of
a plasma thromboplastn  presumably m soluton It 15 possible
that the platelet granules may not always be thrown down by the
centnifuges used but 1t 15 also possible that there are other sources m
the plasma of a thrombaplastic factor sumular to that of the platelets
Nolf (1938) pomnts out that lymph which contams no platelets
will clot and 1n this case a thromboplastic factor might be derived
from the tissues Shmowara (1951) obtamed blood thrombo-

lastin from blood cells m general and Quuck et al (1954) have
shown that ted cells possess a thromboplastic activiey ~ There 15
sncreasmng evidence that plasma lipoid and chylomicra may also act
1n thromboplastn generation  Cramer and Pringle (1913) observed
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troubles though there are repeated exacerbations and partial remus-
sions lasung for vanable penods of ime  Spontancous rccovcz;;
rare_and 1n our expenience 15 more hikely to oceur i children
n adules
In the acute form desenbed by Hirsch and Dameshek the disease
1 limated to one or tw o episodes of hacmorthage lasting only a few
weeks or months and usually followed by spontancous recovery
Some of the acute cases descnibed by these authors clearly belong to
the sccondary thrombocytopenic purpura group as defimte
actiologrcal factors were present
The blood findings in this condinon show 2 vanable degree of
anaemia and posubly 1ron deficiency as a result of haemorrhage
The platclets are reduced being vsually below 100 000 and some-
tumes too few to count Chmcally there may not be a very close
correlation between the number of platelets and the seventy of the
bleedimg condinon and the many attempts which have been made
to define some threshold level below which hacmorrhage 15 Likely
0 occur have not 1 practice bheen found to succeed
Clot retraction 1s usually diminushed or absent It has been
mantained by some workers that the clots formed i thrombocy -
topeme blood are less robust than normal but Budtz-Olsen ilgsr)
has measured the mechamcal strength of clots produced 1n platelet
contawung and platclet free plasma and has found no signficant
diffe The coagul time as ordinanly d 15 usually
normal but some observers have reported a significant lengthening
of the coagulation ime of rca!uﬁ:nr plasma as measured by electro~
photometnc methods (Nygaard et al 1940 Croizat Favre-Gilly
Pernn and Durant 1949) Al observers are agreed that there 1s 2
derable decrease m prothromt ption which 1s closely
related to the number of platelets available (Merskey 19502) No
other sigmficant abnon'nzﬁnﬁ of the perspheral blood have been
desenibed The bone marrow in typical cases shows the presence of a
normal (Diggs and Hewlett 1948) or mncreased (Dameshek and
Muller 1946) propornon of megakaryacytes These obscrvers agreed
that there 15 2 sigruficant atrest in the of these cells there
being a greater proportion of the more 1mmature forms with a
defictency of the mature platekt producing cells Robson (1949)
while agreeing that platelet production appears to be deficient m the
matrow of cases of thrombocytopenic purpura has not confirmed
the d of cells descnbed by the previous

Prep
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m haemostasis and m the development of spontaneous capillary
haemorrhages

NATURALLY OCCURRING THROMBOCYTOPRENIA

A reduction 1 the number of arculating platelets may occur 2sa
result of many different conditions and diseases and also as an wdto-
pathic or essential thrombocytopera  Thrombocytopensa is usually
but not always assocrated with the chmieal condition of purpura
haemorrhagrea m which the patent suffers from prolonged oozng
from superfienal myunes or from apparently mtact mucous mem-
branes and develops petechral or ecciymouc haemorthages 1 the
skin exther spontaneously or as a result of pressure or mmor trauma
In these panents the bleeding time test that 15 the time required
for cessation of haemorrhage from a small puncture wound 1
greatly prolonged, and the tourmquet test 1s positve mmdicated by
the appearance m the skin of the forearm of petechual hacmorrhages
below a constnetng pneumatic cuff apphed to the upper arm

Descriptions of such cases as these go back to very eatly tumes
Lustanus (1556) describes 2 flea-like disease wathout fever and
Ravierous (1658} a case 11 which there were ‘purple spots like flea
bitngs due ashe very nghtly supposed to blood ‘comung out of the
capillarv vemns under the skin  The prolonged bleeding time was
observed by Stoker (1823) and the fatlure of clot retraction whi
15 charactenstic of thrombocytopema was observed by Duncan
(1882) The reduction of the platelets 1 such cases was described
by Krauss (1883) and by Denys (1887) Werlhof (1775) had already
described what 15 almost certamly the essential form of thrombo-
cytopema and lus name 15 by custom now associated with this
particular condition

ESSENTIAL THROMBOCYTOPENIA (WERLHOF’S DISEASE)

Essential Lhrombocztopcmc purpura 1s a disease of at present un-
known aetrology 1zed by the festations  already
described and by a long continued reduction m the number of
arculatng platelets It may appear at any age but §s commonest m
young adults partscularly women Hirsch and Dameshek (1951)
recognize a chronic and an acute form of the condion In the
forme vanety which 1s the commoner (55 out of 81 cases belonged
to this group) the patient 15 seldom completely frec of haemorrhagc
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episode but 1t can also be employed for longer periods of ume 1n
cases in which splenectomy 15 contra-indicated or has farled to pro-
duceacure Cortisone has been found more effective than ACT H
by Adamson et al (1953)

There have been reports that the adnunistration of s-hydroxy-
tryptamine has produced clintcal imp 1n cases of thromb
cytopenic pursura (Ravetta 1955) It 15 too soon however to assess
the extent or duration of the improvement claimed

SECONDARY THROMBOCYTORENIC PURPURA

Thrombocytopenic purpura may occur as a secondary pheno-
menon n a number of acute mfections as a result of powsoning by
chemicals and drugs 1n sensiive andividuals after exposure to certam
substances to which they have developed antibodies and mn any
condition 1 which the gonc marrow 1s destroyed or replaced by
some other tissue

plete list of these cond and the n which

thrombocytopenia may anse 1s grven with references by Wintrobe
(1951) It need only be said here that many acute bacternal or virus
mfecnons may cause 1solated cases of thrombocytopenie purpura
Thek gic forms of small measles typhus and menin-
gococcal septicaemua are famibar chnical enaties W tch may be due
to the development of this type of purpura Various chermucal pre-
parations used 1n industry or therapeutically may produce purpura
though the ptibility of different indviduals to these agents
seems to vary very widely Among those hsted by Wintrobe are
benzol dimtrophenol wlne bismuth gold salts quimne quint-
dmme tndione phenobark d d DDT sulpl d
sodium salicylate thiourea orgame arsenicals streptomycmn and
nitrogen mustards  The condition may also occur as a result of
sensitization to a number of dufferent allergens among foodstuffs and
followng severe bums  Destruction of the bone marrow by X-rays
or radum wradiation and as a resule of acute leukacmia aplastic
anaema and replacement by new growths will cause thrombocy-
topeic purpura

Thrombotie Thrombocytopentc Purpura
About 50 cases of a fatal congmon have been desenibed m which

the patient usually a female develops an acute thromb ytop!

purpusa abnormal bleeding haemolytic anacmua and transitory
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workers In Chapter XII 1t was emphastzed that the platelet de-
ficiencies would be described only m their relation to coagulation
The most important feature of Werlhof s disease the capillary
defect indicated by the long bleeding time and postive tourniquet
test cannot therefore be discussed

Effects of Treatment

As mght be expected many forms of treatment have been
applied, includng stimulants of marrow function  transfusion of
whole blood and platelet suspenstons cortisone and ACTH
therapy and splenectomy Of these splenectomy stil seems to be
the only procedure which gives permanently good results Hirsch
and Dameshek (1951) report success m 63 per cent of ther cases
and Granmm (1952) gives an estimate of 8o per cent from a survey
of the hterature  Ihe benefictal effects of splenectomy m most
cases appear before there 1s any sigmificant rise i the platelet count
since the haemorthagic mantfestations may cease the bleeding tume
and tourmquet test may become normal withmn a few hours of the
operation whereas platelets may not rise sigmificantly for several days
(Macfarlane 1941 Robson 1949 Gianmmi 1952) It most cases 2 nis
1n the platelet count to normal occurs and 1t may be mamtamed so
that there 15 2 complete clinical and haematologreal cure In a few
cases the clincal cure may persist though the platelet count after 2
transttory rise may relapse to its origial low level In the remamder
etther no beneficial effects are observed or after a temporary remis-
sion the condition returns with 1ts ongimal severity

Stefanun et al (1952) and other workers includmg Mmor and
Burnett (1953) have obtamed temporary chucal improvement by
transfusmg  platelet-rich blood or concentrated preparations of
platelets and their findmgs suggest that the method mught be used
to 1mprove haemostasis temporanly dunng a surgical operatton
such as splenectomy or during an acute haemorchagic episode

More prolonged benefit may be obtamed from the use of
ACTH orcortisone The ad ration of these suk may
produce a marked clinical 1mprovement with a reduction of
spontaneous bleeding and the restoration to normal of capillary
fragihity and bleeding ume tests_but not necessarily any mcrease 1
the platelet count (Panser and Wassermann 1954 Nordenson and
Havermark 1952) Agam this form of treatment may be used 1n
an emergency 10 cOver 2 surgxcal operation or to control an acute
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who have recovered from thus particular type of purpura results 1n
the appearance of a local patch of haemorthage and of decreased
capillary resistance without a general reduction 1 the number of
areulating platclets  He therefore considers that sedormud acts
direerdy upon the capillary endothehum to form a mmg]cx suscep-
nble to tic damagmg cffects of the arculaung ansbody This
assumes that the caplﬁ;u'y endothelium 15 antigenteally similar to
the platelets an assumption supported by other observations such
as the fact that speaific antiplatelet serum mnjected locally wnto the
skin produces a spreading arca of haemorthage which can only be
duc to a direct action upon the vessels (Tocantins 1936b) It 1s
Iikely that other drug ang chemucal sensivities behave 1n 2 simular
manner to that of sedormud  Bolton and Young (1952) have been
able to demonstrate the lysis and agplutmation of platelets by
quuune qumdme and sulphonanude m pauents recovenng from
purpura duc to these respecuve drugs

In ammal expeniments results have been obtaned which suggest
that the haemorrhagic mamfestations of purpura 2nd the thrombo-
cytopenia which usually accompanies 1t are not directly related
The 1y of relatvely ' t such as gelatm
(Roskam 1922) or agar-serum (Bedson 1922) can produce scvere
thrombocytopensa. without producing purpura  On the other
hand 2 relatively speafic anti-endothehum’ serum wll produce
haemorthage purpura without reducing the platelets “(Clarke
and Jacobs 1950) Such observanons taken 1n comjuncnon wath
those of Ackroyd may clanfy many of the perplexittes of thrombo-
cytopenic purpura

In 2 proportion of the cases of secondary thrombocytopema 1t 1
reasonable to suppose that an abnormal platelet antigen 15 produced
by the action ofP tie drug or chemical and that the pattent produces
a speaific anabody to this complex which results both i thrombo-
cytopenua and 1 capillary damage In these cases and others 1
which the toxic factor has not yet been demonstrated etther the
platelet or the capilfary damage may predomunate so that thrombo-
cytopenta wathout bleeding ot bleedmg withour thrombocytopenta
may occur In cases of aplastic anaenua 1n winch theombocytopenia
15 the result of a more or less complete cessation of marrow actvity
1t 1 possible that an agent whxch};ms destroyed the blood forming
clements n the boncdmanow has also damaged the capillanes In

cases of leuk an 1 of the bone marrow
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focal neurological signs At post mortem exammation widespread
capllla?r thrombt composed of platelets are found these bemg
probably responsible for the neurological changes There 15 also
evidence that endothelial damage precedes and probably causes, the
accumulation of platelets 1 the small vessels and may depre
the blood stream of platelets and produce the thrombocytopena
No cause for the endothelial damage and haemolysts has been dis-
covered but there are resemblances to the changes observed mn the
Schwartzmann reaction a state produced m sensitized ammals by
the mjection of an allergen The condition 15 described and the
literature reviewed by Singer Motukky and Shanberge (1950)
Symmers and Barrowchff (1951} and Adelson etal (1954)

THE MECHANISM OF THROMBOCYTOPENIA

SECONDARY THROMBOLYTOPENIA

The causes of thrombocytopema are naturally easter to mvesugate
m the secondary vartery of the condition than 15 the case 1 essential
thrombocytopenia  The most fluminatmg work m the whole
subject has been that of Ackroyd (19492 b 1951 1955) who has
studied the thrombocytopenia occurring mn patients taking sedormid
Thas substance has long been known to produce purpura m certan
people and 1ts fairly wide use as a sedative has provided a number of
cases  Ackroyd has been able to show that 1f sedormud 15 added m
vitro to the blood of patients who have recovered from sedormid
purpura the platelets are agglunnated and lysed This platelet lysis
required compl and compl 15 fixed during the process
Alone the platelet free plasma of the patients has no effect on cither
their own or on normal platelets but 1n ¢he p o pl
and sedornud 15 capable of lysing both normal platelets and the
patient’s platelets In the absence of complement only platelet
agglutmanon takes place The analogy to haemolysts and haemag-
gl by speafic antibodies 15 at once app Ackroyd sug-
gests that a sedormud-platelet complex 15 formed which 1 antigemc
and to which certamn people produce antibodies These antibodics
are mcapable of lysmg or agglutmating normal platelets but will
react wath platelets m the presence of sedormid He has also been
able to show that the application of sedormud to the skin of pattents
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thrombocytopenia caused a fall in the platelet count and development
of purpura in normal recipents

Following these observations there have been many reports of the
demonstration of platelet agglutimins and 1n some cases of platelet
Iysins 1 the sera of paticnts with |d1cz£at}uc thrombocytopenic

urpura  Harnngton et al (1953) Stefanunt eval (1953) Tullis
8953) and Stefamn (1955? report mycstigations on 2 total of over
200 patients 1n which platelet antibodies were demonstrated in from
12 to 50 per cent of the cases m the vanous series exarmned These
antibodies varied considerably m thewr actvity and speafiaty In
most cases they seem to have been autoagglunning actve aganst the
patient s own platelets in some nstances normal plateletsfromcertan
donors but not from others were agglutinated m a few mstances
(Tulls 1953 Dausset Delafontane and Fleunio 1952) the sera
were shown to causc lysis of normal platelets 1f complement was
present i other cases though no agglutination was ;roduccd by the
sera 1t was shown that coating of the platelets had taken place by
means of various modifications of the Coombs test (Flickiger
Hiissig and Koller 1954)

The dufferent reactions of different platelet samples to the same
agglutinin naturally suggests antigenic differences in the platelees
themselves ‘There have thus been many attempts to group platelets
antigemically Harnington et al (1953) record results that suggest
the existence of at least twelve platelet groups and Stefanim et al
(1953) conndered that they could disungush six The latter
authors also provided evidence that two 1s0-agglunnins exist m
normal plasma mdicanng four mam platelet groups Thongh they
could not relate these to the ABO red cell groups other authors
(Gurevitch and Nelken 1954 and Morreau and André 1954) con-
sidered that platelet groups corresponding to the ABO system
could be demonstrated

Agamnst this growing mass of evidence for the exstence of speaific
platelet antibodies must be set the difficulues and fallacies of the tech-
mques used to study them Platelets are much more difficult to
handle than red cells as regards the observation of speatfic agglutn-
ation Platelets tend to agglutinate spontaneously since this 1s their
normal behaviour durng’ the carly stages of coagulanon  This
agplutmation 15 not easy to prevent by even careful collection
techmque and the use of special antcoagulants  Even 1f control
systems show 1o agglutination, posttrve results may not necessanly
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this hypothests 15 Jess convineing Tt 1s known however that haemo-
Iysts 15 a feature of many such cases and 1f the rapidly growmg
malignant tissue secretes lysins responstble for the destruction of
normal ussue and red cells ‘these may also damage the capllaries m
general

IDIOPATHIC THROMBOCYTOPENIC PURIURA
During the past three years there has been a rapid development of
the sdea that a proportion at least of the cases previously classified as
idiopathic’ thrombocytopena mav be due to the development of
agglutimns or lysins acuve agamst the patient s own platelets and
capable of producing thrombocytopenta by 2 process analogous to
the action of red cell anttbodies 1n haemolytic anaenua  The view
that platelet-damaging substances mught be concerned m sdiopathic
thrombocytopena goes back for many years Frank (1925) sug-
gested such a mechanism and Troland and Lee (1938) claimed to
have shown that extracts of spleen tissue from cases of thrombocyto-
penua caused 2 fall m the platelet count when mjected mto rabbus an
observation which was carried further by Torniol and Puddu (1938)
who found that these extracts also damaged megakarvocytes These
observations however did not suggest an immunologrcal basis for
the anti-platelet activity though they supported the concept of
hypersplemsm which postulates a rather mysterious over-function
of t{xc spleen m destroying platelets and mhibiting their production
which has been current i recent years Bedson (1922) was probably
the first to mtroduce by his expermments with ansiplatelet serum
the 1dea that thrombocytopemc purpura mught be due to speaific
antibodies active against pfatclcts and also probably agamst the
vascular endothelium ‘This tdea lav dormant, however until 1949
when Evans and Duane found thatanumber of patients with acquired
haemolytic anaemza due to red cell agglatinns also had thrombocy-
topema and later (Bvanset al 1951) showed that platelet agglunnins
could be demonstrated 1 some cases of idiopathic thrombocytopena
Supporting evidence Was provided by studics of the survival o
transfused platclets which were found to be destroyed abnormally
rapudly 1 the arculation of :diopathic thrombocytopente igaucm
though persistng for a normal peniod of 4-5 days in cases 0 throm-
bocytopensa due to hypoplasta of the marrow (Stefanin etal 1952
Hirsch and Gardner 1951) and by the observation of Harnngton et
al (1951, 1953) that transfusion of blood from cases of 1diopathic
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of the purpunc type smce there 15 often spontaneous bleeding from
the mucous membranes and from the intemal sucfaces of the bady
and a lack of the massive tissue haemorrhages so charactenstic of the
states due to defective coagul It must be cmpt d however
that though the descripnon purpunc hasbeen used 1t1s not apphied
m s stuct sense of spontancous haemorrhage into the shan  Pete-
cluac and cochymoses may occur i some of these non-thrombo-
cytopenic states but they are not a charactensue feature In some of
these cases there 1s direct evidence that a capillary defect 1s the cause
of the abnormal bleeding as 1n the spearfic condinon of hereditary
haemorrhagie telangiecasia. In the majonty there 15 not direct
evidence of a vascuEx abnormality yet the panent suffers severely
from haermorrhage despite a normal platclet count, and apparendy
efficient blood coagul It has therefore been postulated b
many authonines that there cxists in these panents a quahitanve or
functional defect of the platelets so that they are suffenng 1n effect
from 1 functional thrombocytopenta
The hiterature dealing with these cases 15 most confused pandly
because a number of different names have been apphed to the same
clincal condition and partly because the mvestiganons carned out
were d to justify concl on the cause of the
abnormal bleeding There 1 sufficnt evidence however to show
thuat they can be divided into two mamn groups though there may be
some overlapping between them  One group consists of cases of
a hereditary haemorrhagic state in which the only constant abnormal
finding 15 a prolonged bleeding nme and 1n which the platelets
appear to be morphologreally and i {ly normal this condi~
non will be referred to as von Willebrand s discase  The other
groupasmoreheterogencous wmeludes all cases of non-thrombocyro-
pemc purpura n which functional deficiency of the platelets can be
wnfesred from thew abnormal morphology or thetr farlure to clump
or form dopodia, or from a defy of clot or
prothrombin consumption o the falure of the platelets to parta-
pate 1 thromboplastn g Indvdual cases i this latter
group duffer considerably 1n their chimcal and laboratory mamfesta-
tons 1 some the haemorrhagic state 12 hereditary 1n othess 3t 15
sporadic 1 many 1t 18 acquired and may be secondary to leukacmia,
polycythemma or toxic damage The general term thromboasthensa
1s used hiere to cover this group
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wdicate a speafic anubody reacuion they may only mdicate the

presence m the test system of one or more non-specific factors

mncluding dervatis s of the coagulanon system or physical factors

which can promote agglatmation The present situation though

wterestng and promusing 2 considerable clanficatton must sull be

E:gard)cd with cautton  The subject 15 well reviewed by Ackroyd
1955,

As regards the effects of treatment an rmmunological basis for
many cases of ‘1diopathuc’ thrombocytopeme purpura would i
established, allow a Eettcr understanding The %cneﬁaal effect of
splenectomy as m certam cases of haemolyuc anaemia might be
ascribed to a reduction 1n the rate of destruction of platelets damaged
by antibodies, and 1n the rate of production of the antibodes them-
selves Tt 1s significant however that platelet agglutmms could sull
be demonstrated 1n the blood of some patients after splenectomy
had effected a chmcal cure (Harmngton et al 195t Stefanin et al
1953) though n others autoagglutimmns disappeared after the oper-
atton The action of A C'TH and cortisone as m the haemolytic
anaemuas 15 obscure They may reduce the formation of antibodses
but n many cases chmtcal improvement 1s not accompanted by a nse
m the platelet count and 1t must be postulated that these substances
protect the vascular endothehum or mnerease 1ts haemostatic func~
tion The effect of platelet transfusion 1s interesting chinycal 1mrrow e
ment may last for two or more days though the transfused platelets
may disappear m a few hours (Stefanu et al 19sz) Cluucal 1m-

rovement s not therefore due directly to the presence of the plate-
ets 1 the curculation, 1t maght be due to haemostatic factors {such as
s-hydroxy-tryptamume) released by the platelets duning therr dism~
tegration after transfusion or 1t might be due to a reduction of the
arculanng platelet (and endothelum) antibody caused by its
absorbtion by the transfused platelets

NON-THROMBOCYTOPENIC PURPURA
HAEMORRHAGICA

When the published descriptions of the haemorrhagic states ase
studsed 1t 15 found that 1n a proportion of cases the abnormal bleed~
mng cannot be attributed esther to defecuve coagulation or to
thrombocytopenta In most of these the haemorrhagic tendency 13
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used also gave similarly abnormal results m female carners of
haemophiba 2 finding which 15 contrary to that of other workers
{Merskey and Macfarlane 1951) More spectfic examination of the
thromboplastic actvity of the platelets 1n von Willebrand s discase
has not yet heen carned out in more than a few cases  Soulier and
Larrieu (1954) report 1t to be normal 1n one case exanuned and m
our own expertence 1t was normal i the three cases investigated 1n
this way DBraunstener (195s) 1n an extensive wnvestigation of 24
cases of thrombopathy describes 7 cases in which the bleeding time
was prolonged but’ clot hromt

P P p
platelee pl actvity clumping  and  pseudopod
formation were normal  The son of onc of these patients who had a
sumular chncal cond: showed ap ly some d of

prothrombin consumption and lack of phtclc’t clumping suggesting
that findings may vary between members of the same famuly or from
ume to time m the same individual

The Features of von Willebrand s Disease
Clinical Mamfestations

The tendency to bleed appears 1n chuldhood It takes the form of
brusing epistaxs bleeding from the gums gastro-intestinal bleed-
mg and prolonged bleeding from mjunes and operation sites
Menorrhagia may be the most serous symptom 1 women  Pete-
chiae and ccchymoses may oceur but such purpura 15 not very
common Deep tissue haemorrhages are rare but 1, about 8 per
cent of reponcg cases there seems to have been some joint involve-
ment The sexes are equally affected

Inhentance

There 15 a posive famuly history 1 over 8o per cent of reported
cases In most familtes nhentance 15 of the simple dominant type
the affected members passing the condition to their chuldren  Some
authors constder that i some familtes sex-linkage occurs

Laboratory Findings

The essential abnormal findings 15 the prolonged bleeding tume
The degree of prolongation varies from one case to another In
most cases the prolongation 15 considerable and may extend to
many hours 1f the pauenee of the subject and the mvesngator allows
The tourmquet test 1s vanable being positive m about half the cases
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VON WILIEBRAND'S DISEASE

In 1931 von Willebrand gave the first clear descriptions of a
haemorrthagic diathess iherited as 2 Mendebian domnant affecting
both sexes and charactenized by a prolonged bleeding time normal
clotting time and normal platelet count In the one case m which 1t
was mnvestigated, the clot retraction was normal von Willebrand
and Jurgens (1933) sought to show by means of a spectal apparatus
that the agglunination of the platelets was deficient m this condition
Though the results of this expeniment are difficult to wnterpret 1t
has led to a tendency to reganf von Willebrand s cases and sitlar
cases described later by other authors as examples of thrombo-
asthenta  a condition wluch had been described by Glanzmann m
1918 and which was essentially a haemorrhagc state charactenized
by deficient clot retraction and abnormal platelet morphology

Macfarlane (1941) described five cases resembling those of von
‘Willebrand and found that no platelet abnormahity could be demou-
strated and clot retractton was normal bue that the capilfanes of the
nail folds were abnormal i shape and failed to contract after punc-
ture He suggested that the bleeding m these patients was caused by
an inhented capillary defect not by a functional platelet deficiency
and pomted out that m a number of probably stmular cases deseribed
1 the hiterature under a vanety of utles clot retraction was usually
reported to be normal

By 1946 Estren Medal and Dameshek were able to review 62
cases from the literature adding 11 of their own  They applied von
Wallebrand s onginal term  pseudohaemophiha to the condion,
though there 15 httle climcal genetc or pat{\ologxcal resemblance to
true haemophilia  In 1950 Revol Favre-Gily and Ollagnier
reviewed the o1 cases then avalable 11 new cases were added by
Souher and Larmeu (1954) and the mvestiganon of 21 affected
members of one family of von Willebrand s disease were reporte
by MacFarlane and Sumpliss (1954) n all these reviews the appar-
ent normaliey of platelet function was stressed  We have found that
m 8 cases examuned the prothrombin consumption test gave
normal results  Simular results have been obtamed by Lelong and
Souber (1950) Cazaland Izam (19502) Andrc (1952) and Soulier and
Larnien (1954) 1 2 total of 20 cases Jurgens and Ferbin (1950)
reported 2 reduced prothrombu consumption 1n 9 cases of con-
stirutional thrombopathy which they regard as synonymous with
von Willebrand s disease’ but 1t may be ssgnificant that the techmque
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The platelet count 15 usually withn normal Limuts but may be
raised i a few cases Most observers agree that there 1s no morpho-
logical abnormality and that platelet clumping occurs nosmally on
glass surfaces (Estren etal 1946, Revol et al 1950, Soulter and Lar-
tten 1954) ‘The blood coagulation time was normal in 96 per cent
of the cases reported and was slightly prolonged 1n the remander
Prothrombin times where estimated ‘werenormal and prothrombm
consumption has been reported to be normal by the majonty of
workers who have mvestigated 1t as already mentioned ‘wath the
exception of Jurgens and Ferlin (1950)  Clot retraction was reported
to be normal 1n 69 of 73 cases described mn the hterature A recent
and remarkable finding 1s that the blood level of antthaemophiic
globulin may be sigmificantly reduced mn cases of von Willebrand s
disease  Larrien and Soulier (1953) and Alexander and Goldstern
(1953) describe 2 cases n which AH G deficency was established
by the falure of the patient’s blood to correct the clotting defect of
haemophilic blood We have assayed the blood A HG activity 1
8 cases of von Willebrand s disease, and found that 1t ranged from
33 per cent of normal to 1 6 per cent (see Table 32) The facts that
prothrombin consumption was within normal hmits despite these
reductions of AHG and that the chntcal symptoms bore no re-
blance to those of haemophilia are at present nexphcable

Capillary morphology and funcuion were found to be abnormal by
Macfarlane (1941) Levy (1947) CazalandIzan (1950a) Perkwns(1946)
and O Buen (1950) matotal of 17 cases O’Brten (1950} has pomted
out that bothn hereditary hacmorrhagic telangretasta and m yon Wil-
lebrand s disease there 1s a capillary defect giving nise to h:cmonh:tﬁc
mhersted in 2 stmular way and that both conditions may oceur i the
same families He has suggested the name diffuse capillary telan-

tetasa for von Willebrand's disease It 15 of mterest that blood

evels of AHG were normal 1n 2 cases of telangiectasia examuned

by us

Treatment

Only local and palliatve treatment 15 of any value 1n this condi-
ton  Varsous substances supposed to mfluence capillanes have been
teted suchas Vitamms Pand C, Rutin adrenochrome and A CTH
but no sigmficant smprovement has been ok i Splenectomy 1s
both useless and dangerous  An aruficial menopause may be the
only cffective method for dealing with severe menorrhagia
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of the platelets Bemard and Souber (1948) and Favre-Gilly and
Dameshek (1950) descnbe cases of a haemorrhagic diathesis 1
children 1 wiich a prolonged bleeding time was d with
normal clot retraction but deficient prothrombin consumption
The mam feature in these cases was the abnormal size of the platelets
which were up to 84 m diameter In the case described by Favre-
Gilly and Dameshek (1950} transfusion of normal platclets restored
the prothrombm consumption and bleeding tume tests to normal
and ‘the disapp from the 1 of the normal platelets
(recognizable because of thewr morphological difference from the
patsent s own platelets) was accompanied by a retum of abnormal

rothrombin consumption and some time later of a lengthened
glccd.mg time  Alexander and Landwehr (1940b) mvestigated a case
of acquired hacmorrhagic diathess 1n wlich the morphologically
abnormal platelets were shown to be incapable of promoting
prothrombmn consumption when added to normal platelet free
plasma  Other cases of morphological ;latclct b bty are
descnibed by Revol (1945) Guichard and Revol (1949) Sameck
(1930) Mana (1947) Panoff (1948) and Quatnin (1946) and these
and others are reviewed by Clavel (1950) In general they are
charactenzed by abnormal platelet morphology absence of clump-
ng on glass surfaces and m most cases reduced clot retraction Ina
few instances there was a family history suggestng a posubly
dommant mhentance 1n most the condition a pcatcs to ic con-
stitunonal but sporadic or secondary to some b?ood disease

The most extensive g of cases of qual latelet
abnormalities has been carned out by Braunstemer (1955) who also
gives a full review of the literature  In a study of 24 patients m
whom the bleeding ume was prolonged but the platelet count
normal he found 16 cases of d ble platelet ab: Lty He
divided these into two groups those with thrombopathy and those
with thromboasthenia” In the cases of thrombopathy the mamn
abnormality was a defiaency of the coagulation function of the
platelets demonstrated by deficient prothrombin consumption and
decreased thromboplastn forming ability Other platelet functions
such as clot lumping and psendopodia formation were
normal In the cases of thromboasthema  the clotting function of
the platelets mdicated by prothromt ption and thrombo-
plastun generation was normal but clot retraction clumping and
pseudopodna formation were deficient He concludes that the
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Pathogenests

It seems probable that von Willebrand s disease 15 due to an
mhented abnormality of the capillaties of the shin and mucous
membranes The absence of deep tissue bleeding and of serous
haemorthage following operations which do not muolve large
sutface areas, suggests that the vessels of deeper nissues are haemo-
statscally normal There 15 no satisfactory evidence that the platelets
are abnormal, but the study of platelet finction 1s still in ats infancy
and apparently primary vascular defects may prove to be the results
of abnormalities of some platelet action not yet recognized The
reduction of AH G observed 1n a number of cases of von Wille-
brand s discase 15 puzzling from more than one powt of view It 1s
strange that reduction of this order should have relatively lutle
effect on clotting function as usually measured and should not
produce the climcal mansfestations of haemophilia  The admuns-
tration of A H G to 2 cases did not 1n our expertence tmprove the
haemorrhagic tendencies nor shorten the bleeding tme The
mechanism of the AH G deficency 15 also obscure” 1t 15 posnible
that widespread capdlary defects and superfical bleedmng mught
cause an mereased consumption of AH G Brmkhous and Pemck
(1954} have observed reduction of AH G m the blood of animals
after damage to the skin by cold mnjury

FUNCTIONAL PLATELET DLFICIENCY {THROMBOASTHENIA)

It seems that Glanzmann (1918) was the first to suggest that 2
funcrional platelet defect mught be a cause of abnotmal bleeding
He described under the name  thromboasthema cases of excessve
haemorrhage in which the bleedng tme platelet count and clottng
tme were normal but 1n which clot retraction was deficient and
the platelet morphology abnormal This picture became confused,
and s observations discredited when cases labelled thromboas-
thena were described by later observers which were m reahty
examples of von Willebrand s disease having normal clot retraction
and platelet morphology and a prolonged bleeding ume

Though 1t 1s probable that some of Glanzmann s patients were
actually sufferng from 2 mild form of thrombocytopeme purpura
(Budtz-Olsen 1951) 1t 15 also probable that others acrually had
thromboasthena though this pomt cannot now be established

In recent vears a number of cases have been reported 1n which
investigations hve been sufficient to establish funcaonal deficiency
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between platelet number and tendency to bleed e 1s suggested that
since platelets and capillary endothelum are known to be anti-
gcmcﬁly sinular that annbodies which have been demonstrated
1 some cases may damage both capillaries and platelets

Thrombocytopenta and purpura may be caused m_ suscepuible
mdividuals by sensinzation to drugs such as sedormd (Ackroyd
19492and b 1951) In these cases it 15 probable that the drug forms
with the platelets an antigeic complex to which an antbody s
formed In the presence of the antibody sensitized platelets are
agglutiated and Il;scd In these patients there 1s evidence that, in the
presence of the antigen the airculating antibody may damage the
capillanes directly

Thrombocytopenia may also occur 1n acute nfections as a result
of porsoning with a variety of substances and when the bone marrow
15 aplastic or replaced by leukaemic or other tissue

‘Thrombocy topenia 15 not usually associated with any lengthening
of the coagulation time but 1n the majonty of cases a marked reduc-
tion 1n prothrombin consumption 15 present  The bleeding time s
usually prolonged and the tourmquet test postave

A haemorrhagic disease anhented as 2 Mendel has
been called von Willebrand s discase thromboasthenta  Glanz-
manns disease  thromboasth 1 thrombopathy
hemogentz etc The term von Willebrand s disease 15 prc{:rred
The disease 13 charactenzed by the familial inadence of a haemot-
thagie disease dating from childhood The caprllanes are abnormal
n morphology and the bleeding time prolonged The platclets are
normal i number and the coagulation system may show a defictency
of AHG

A small number of cases has been described 1n which the morpho-
logy of the platelets 15 abnormal and i which defiqent clot
T orreduced prothromt p duced thromb
plastin formng capacity despite a normal number of platelets
suggests that there was a deficency of platelet function  The patents
concerned suffered from abnormal haemorrhage No constant
aetiological factor was apparent
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pathogenesis of the bleeding m these states may be rehited to 2
clottng defect produced by thrombopathy’, and to a delay m
forming adhesive platelet clumps 1 ‘thromboasthenta’ Van Cre-
veld and Paylssen (1953) had abso stressed the importance of 2
deficiency of the platelet thromboplastic factor (Factor 3) m pro-
dueing a hacmorrhagic diathesis which they have referred to s
‘thrombopathia haemophilica

It should be emphasized that the division of these cases ito groups
of this sort may be arbitrary, and that von Willebrand s disease,
thrombopathy and thromboasthensa may represent different phases
of the same condition or aruficial selections of a naturally hetero-
geneous group i which many vanants of hereditary or acquired
abnorma%nes of platelets and blood vessels may be combimed i
different ways

HATMORRHAGIC THROMBOCYTHAEMIA

There have been 2 number of descriptions of a haemorrhagic state
stmilar to that of thromboasthenta but associated with a greatly
mcreased platelet count  Mortensen (1948) describes 1 case of poly-
cythaemiz with 2 haemorrhagic diathests a prolonged bleedng
time and a platelet count of 6 millon per cmm Holst (1948)
describes a sumular case and quotes ten others from the iterature The
condition seems to be a secondary one associated with polycythaemia
or leukaemua and the mechansm of the bleeding tendency has not

been determined

SUMMARY TO CHAPTER XViI

Followmng a reaction with antthaemophihic globuln Christmas
factor and CaCl, platelets provide an 1mportant component of
plasma thromboplastm  Since the concentration of plasma thrombo-
plastn nfluences thrombin formation reduction m platelets has 2
marked effect on the consumptton of prothrombin durng coagula-
tion Reduction n platelets reduces the amount of thromboplastin
formed but has no great effect on the speed of 1ts formation and thus
moderate reduction 1n platelets does not lengthen the clotang tune

In essential thrombocytopenta (Werlhof s disease) platelets are
reduced m number and capillary bleeding occurs Although the
two features are often assoctated there 15 no absolute correlation
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1s due to a smlar mechansm (Hoigné 1951) The condition 1s
complicated by the fact that agglutination of the platelets occurs
anaphylaxas so that they may be very considerably reduced in num-
ber (Quick, Ota and B sky 1946) The gulant effect
of peptone when given by intravenous myection a phenomenon
which was intensively mvestgated by early observers 1s probably
related to the cffect of hepann Like hepann peptone s about fifteen
times more effective as an anticoagulant when given in vivo than
when 2dded to the blood 1n witro {Camus and Gley 1856) 1€ the
eptone 15 added to the blood which has been withdrawn from the
gody using paraffined apparatus 1t 13 about ten times more effective
thanif =dn§t§ to bload “Exch has been 1n contact with glass (Picker-
g 1928) Tt would scem thercfore that both pegtonc and hepann
bit a change which occurs in the blood posibly platelet Iysis or
some other factor concerned 1n du'ombop[gsnn generation which
occurs on contact with foreign surfaces Intravenous myectton of
peptone probably causes an increase n blood hepann (How ell 1925}
and the platelet deficency 15 as marked as 1t 15 1n anaphylaxs
Allen and Jacobsen (1947) has e reported that exposure to 1omzing
radiation caused a nise 1n blood heparin sufficient to produce parnal
or complete incoagulability Ths observation was extended and
confirmed by Allen et 2t (1948) who found that the lengthening of
the coagulation ime that occurred 1n dogs exposed to X-rays could
be corrected by the addinon of tolwdine E;ue or protamune Copley
(x948) has shown that hepann may actually induce platelet agglu-
tnaton and 'Elctcdual hacmorthages due to platclet embols and
suggests that the thrombocytopema abserved m subjects exposed to
atomic bomb radianion 1s due to the ncrease of blood hepann - These
observations are clearly of considerable mnterest m view of the
mcreasing hazards of the atomuc age but Cronkte (1950) beheved
that the haemorthagic syndrome of ‘acute sonuzing radianon iliness
Exoduced 1n goats and pigs by exposure to the effects of the atomic
omb exploded at Bukun was predomunantly due to vascular lesions
and thrombocytopenia and that 1 only a few cases was it duc to a
hepann-like substance 1n the blood
There have been a number of reports of spontancous haemorrhagic
states due 10 a clotung defect in which 2 hepann-bke antcoagulant
appeared to be wholly or pardy responsible  Castex (3946) and
Castex and Pavlovsky (1947) reported the occurrence of anti-
coagulants of the hepann type m human cases Conley Hartmann




CHAPTER XVII
NATURALLY OCCURRING ANTICOAGULANTS

In their preoccupation with the factors concerned m coagulanon
most workers have under-emphasized the importance of the nor,
mamtenance of blood fludity  But to the mndividual the Lawd state
of lus blood m the vascular system 15 more smportant than xts ability
to coagulate outside 1t and more peaple die of thrombos:s than of
hypocoagulabiity Normally the blood has an mherent stability
withm the body mamly achieved by the unbroken contmuwty of the
vascular endotheltum which provides no foretgn surface to stmulate
the formation of thromboplastic activity Though disease may
destroy the mtegnity of this vascular surface 1t 15 only m extreme
cases tl);at 1t leads to more than local mtravascular coagulation The
extensive damage to nissues and vessels that occurs as a result of
surgical or accidental trauma must lead to absorption of thrombo-
plastin and thrombmn but 1 most cases only that amount of mtra~
vascular coagulation occurs which 1s required to effect haemostasts
This normal reluctance of the mass of curculating blood to clot even
after contact with a foretgn surface or n the presence of small con~
centrations of thrombin or thromboplastin 1s due to an anticoagulant
system which 15 an mmportant safeguard against thrombosis The
known factors i this system are the antithrombun of the plasma and
hepann and there 15 also some evidence suggesting the ewsstence of
an antthromboplastin  The nature and mode of action of these
factors 15 described 1 previous chapters In certam conditions an
abnormal mcrease m the anticoagulant activity of the blood may
occur with consequent impairment of normal clotting effictency

THE INHIBITION OF THROMBIN

Annhibition of thrombin 15 a relatively unusual cause of defective
coagulanon 1 man A considerable rise m the blood heparmn has
been shown to occur m anaphylactic shock m dogs by Jaques and
Waters (1941) and 1t 15 probable that the decreased coagulability of
the blood which has been described m human cases of anaphylaxis

300
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in the blood of hacmophilics folluwm% repeated transfusions 1s the
resule of b h philic globulin which may
such subjects act as an antgen This immumzation 15 a very
senous complication 1n the treatment of haemoplulia but 1 our
expenence 1t does not occur very frequently 'The first defimte
observation of a del effect n h philia following the
admmistration of annhaemophilic factor scems to have been
made by Pohle and Taylor (1937) They found that admn-
sstration of theie preparation caused a refractory phase duning which
the patient was resistant to further adminstrations  In a later com-
munication Pohle and Taylor (1938) scem to have obviated this
difficulty by changing the method of preparation and the nature of
this particular refractory phase does not seem to have been estab-
hshcs Munto and Jones (1943) described the detnmental effect of
frequent fi macaseof b philia The panent who had
p 1y responded well to became ressstant and failed
to show either a reduction mn the clotting time or an 1mprovement
in hus clincal state on further transfusions Munro (1946) mvesn-
gated the patient and found that a thermostable anticoagulant which
was not heparin could be detected 1 the blood  Munro and Munro
(1946) camed out electrophoress of the plasma and found that the
anticoagulant was associated with the gamma globulin suggesting
that 1t might be an antibody Craddock and Lawrence (1947)
described anticoagulants which developed 1n two cases of haemo-
philia following the mnjection of Cohns fraction I These ann-
coagulants also present 1 the gamma globuln fraction of the
plasma gave speafic preapitn reactions with antthacmophilic
globulin and inhibited ats ability to accelerate the coagulanon of
hacmophilic blood It seems to be establshed therefore that myec-
tion of antthaemophilic globulin 1n these two pattents resulted n the
formation of a defimte antbody to thus factor  Frommeyer Epstein
and Taylor (1950) record that “of sixteen haemophilic patients who
were treated with plasma fractions five developed anticoagulants
and precp agamst antthaemophike globulin  were
observed They found that disapp of these .
occurred 1f the patents were transfused with massive amotnts of
normal blood and that the refractory state could be abolished at any
rare temporanly by Other are reported by
Lawrence and Johnson (1946) Soulier and Burstemn (1948) Conle:
et al (1948) Trzank, Soulier and Blatnx (1949) and Smger et z{

r
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and Morse (1949b) described 8 cases 1n which a clotting defect was
assoctated with carculating anticoagulants but only one of these
showed the presence of a heparm-like substance Rosenthal (149)
has found a coagulation defect 1n 14 out of 28 patients wth chronic
leukaemza associated with a decreased heparin tolerance suggesting
an increased heparin content of the blood and 1t has been clumed
by Allen etal (1947) that the haemorrhagic manifestations i throm-
bocytopenic purpura can be alleviated by treatment with protamune
also suggesting an increased blood heparin 1n these cases Koller et
al (1950 found evidence of an mcreased blood heparm 1 a case of
purpura fulminans Crsall and Cotellessa (1950) described a 10-
year-old boy with a greatly prolonged coagulation time and symp-~
toms resemblin hacmopl‘u]ga m which the cloting defect was
corrected by toﬁudme blue and protammne Jorpes (1946) m lies
that the haemorrhagic condinon i urticana pigmentosa m whil
mast cells rich 1n heparin accumulate about the capiilares of the skin
15 due to heparinaemia  Meneghimt (1951) has found a correlation
between the mast cells in the marrow and the hepann actvity of the
blood 1n a number of cases of lewkaemua Iiver disease, purpura and m
patients after 1rradiation

INHIBITION OF INTRINSIC THROMBOPLASTIN

It 1s now becoming apparent that 1 2 number of different cases
diagnosed as haemophiha or pseudo-haemophilia bleeding was dae
to the development of anticoagulants apparently acuve agamst
thromboplasun or delaying 1ts normal generation mn the plasma It
scems that there arc at least three ways m which such anticoagulants
can appear  The best defined group consists of genune haemophiltc
pattents who have become resistant to blood transfusion and 1
whom the exstence of a factor mhibttng antthaemophilic globulin
can be demonstrated The second group consssts of women who
soon after childbisth have developed a haemorrhagic drathests which
1s apparently due to the develop of an anucoagulant very
sl.mﬁar to that observed m the first group The thrd group meludes
pattents with circulanng anticoagulants of unknown cause  Dat2
from some published cases 1s summanzed 1 Table 33 pp 3045

ANTICOAGULANTS 1N HAEMOPHILIC PATIENTS
It 15 very probable that the acquured anticoagulant which appears
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herefore that the antwcaagulants developing i these women may
be of the same type as those found m haemophilies who become
resistant to the admunstration of blood or plasma fractions It 1s
tempting to suppose that some foctal-maternal immunization pro-
cess raay have been responsible Dreskin and Rosenthal {1950) have
suggested that by " ! frag) may cause the
] fan 1

o ody
P 7

As a result of these observations we were able to study a sumlar
case m detall
Case Repert

“The pacient was 2 wom naged thirty five who exght months after the birth of ber sccond
child developed a hatmorthagae diathesss suff clently severe to neccssitate two o5~
fusions Ontn estganon of the haemostane defect the followng prelinnary observations

were made
Whole blood clottng ume
(Lec and White 1913) 36-50 rmutes
Dleeding tme 2 punotes § seconds
Tourmgquet test Weak posiave
Platelets 173 000-330 000 ¢ mAm.

O cestage pm;.hmmbm test

(Quick 1935 65 100 per cent
mbin consumption index
(Merskey 1950) 130 per cent
Plasma protemn total 7gms per cent
Albumuin 5 gms percent
Clobubn 18 gms. per cent

Ebnnogen 02 gens per cent

From these prelimmary tests the haemorrhagic diathess soemed to be explaned by the
clottung defect. Defiaency 1 Factor V. Factor VII and prothrombun could be excluded

usc the one-stage prothrombm test gave normal results and the thrombin Sbrnogen
reaction was £ und to be normal No anticosgulant of the hepan type could be demon
strated the addicron of toluiding blue did not shorten the clottng ame The anthrombm
acuvity of the paticnt 1 blood measured by determuning the speed of thrombin neutrahzation
by the patsent s plasma was normal

Tans 34

THE REACTION OF THE PATIENT 3 PLASMA TO INCREASING DILUTIONS OF BRAIN THROMBO-
PLASTIN COMPARED TO FARMOPHILIC AND NORMAL PLASMA

To o1 ml of plama was added 0 1 mL of bram emulsion im salme and v 1
m! of M/4o CaCl  The elotting time i seconds from the addinon of CaCl
w s recorded
Plasma somple Dit noft ndromb plasn
o 1100 11000 | 110000 | N brain
Normal 28 50 81 118 g
Panent 29 77 225 570 1200
Normal 17 13 86 19 18;
Haemophilic u " o8 200 s
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(1950) There are mmor differences m the observed nature of the
anticoagulant 1n some of these cases for wstance Soulter and Bar
stemn found that frozen and thawed platelets seemed capable of over
coming the anticoagulant actiity 1n the plasma of their patient
wlich might support Quick's (1951a) contention that anticoagu-
lants of thus type act by mhibiting platelet function It 1s true that
not m all cases was 1t possible to demonstrate precipitins agamst
antthaemophilic globuln but their unequivocal occurrence m other
cases, together with the demonstration that the action of antthaemo-
philic globuln 15 mhibited strongly suggests that 1t 15 this factor
agawst which the anticoagulant 15 operative

Thus rather gloomy view of the prognosis for transfused haemo-
philic patients 15 not supported by our own expenence We have
now seen panents with Ezcmophﬂ.la from over 100 failes Most
of them have had numerous transfusions and m only two mstances
has a demonstrable circulatng anticoagulant developed Resistance
to transfusion 1s not a good cniterton for the presence of 2 circulating
anticoagulant all haemophihc patients are resistant to transfusion in
that very large amounts of blood may be required to achieve 3
haemostatic level of circulating antthaemophilic globulin

PSEUDO-HAEMOPHILIA IN FEMALES FOLLOWING PREGNANCY

The second group of cases consists of women m whom 2 haemor-
thagic diathesis aﬁnosc mdistngwshable from 1 philta_has
ansen usually quite suddenly m adult Iife In the majonty of the
mstances reported the bleeding tendency has occurred withi a fe
weeks or months of the birth of a chuld The laboratory findmngs
resemble those of haemophiha very closely there bemga prolonged
coagulation time a normal one-stage prothrombm time nor!
platelet count and no demonstrable mcrease i antithrombin
Madison and Quick (1945) Lovemann (1945) Chargaff and West
(1946) Fantl and Nance (1946b) Hewlett and Hadan (1919}
Hemle et al (1949) and Dreshin and Rosenthal (1950) have described
a total of exght patients all bemng women who developed a haemor-
thagic diathesis charactenized by the presence of an anticoagulant
wathin a short time of delivery In most cases the patient s blood
inhibited the coagulation of normal blood and i some (Hewlett
and Hadan 1949 Dreskmn and Rosenthal 1950) there was a faure
of the patient s blood to correct the clothng defect in haemophiba
and mhibition of the normal antthaemophlic factor It seems Likely
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A series of muxtures of the pauent s plasma and normal plusma were then made and the
clotting fumes on recalafication were recorded  From Table 36 1t wall be seca that though
the adinon of normal plasma shortened the clotung time of the panent s plasma the effect
was relatively less than oceurs in rsxeures of normal and haemophilic plasma  When various
normal plasma fractions were added to the p tient s plasma it was found that the substance
which was responsible for the shortening was present 1n the fibnnogen fracuon which also
contans the anohacmophul ¢ globul It will also b seen that though the clottng ime of the
pat ene 1 plasma 15 thortened by normal plasma, the elottng time of normal plasma 1 length

ened by the patient s plasma  Onc part of the abnormal plasma 1 wne of normat plasma
lengthened the Jatter 3 cloting ime from 149 to 217 seconds Tt appears therefore that the
patient s pl sma contams an mhibitor It was found that thu snbubitor bas a progressive

CLOTTING TIME
IN SECONDS

900

PATIENTS  PLASMA
800+

7004
600+
500+
4004
3004

200 /-——’——— 3

100/ Y NORMAL PLASMA

T T ¥ T T
40 80 120 160 200
TIME IN MINUTES
Fg 47 Muxrusces of normal and pathological plasmz were incubated tog ther and at mtervals
the calum lotng am - test was carmed out on samples (1) o parts of patient’s plasma 1
part of noratal plasma (2} 5 pares of mormal plasma 1 p 7t of p nema plasma {3) 1p 1t

of normal plisma, ¢ parts of haemophilic plasma. The cak
ind the paiient s plasi are thown fo companagn - L IotRE time of the pormal
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Samples of the panent s plasma and normal plasma were recalafied n the preseace of
mnereastng dilutions of human bram thromboplastin and the clotung tunes were recorded
From Table 26 1¢ wall be seen that the clotang tumes of the patient s plasma with weok sus-
pensions of thromboplastn were longer than those of the normal ‘plasma a discrepancy
already observed 1n the reaction of b plasma to dilute bram bop (Biggs
and Macfarlane 1951) and also illustrated 1n Table 34

To determine whether or not the patient s plasma had the ability to destroy thrombo-
plastin_a sample of plasma was mncubated o b thromboplastin for one hour and at
intervals the residual thromboplastc activity of samples was tested. From Table 35 1t will be
seen that there was no detenoration of thromboplastic activity on ncubation of brain emul
sion with the patient s plasma  From these expenments 1¢ can be concluded that there s an
abnormal reaction with weak bram but no destruction of sts acvicy  These results are
sumlar to those obtained with haemophilic plasma

TaeIE 35

THE ABILITY OF THE PATIENT § PLASMA TO INACTIVATE BRAIN THROMBOPLASTIN

05 ml of plisma was wcubated with o s ml_of bram emulsion and at
ntervals o 1 ml_sub-samples were added t0 0 1 ml of normal plasma and the
muxture recalafied with 01 ! of Mf4o CaCly The clotang times of the
sub-samples 11 scconds weze recorded

The time for uinch the thromboplastm plasma mixsires swere
Plasia sample wncubated
4 min } 8 min ’ 16 min ) somm | Gomn
Normal % | ; S0 I 83 s
Patient 73 [ k] ' 77 [ 65 7
Tasce 36

THE ABILITY OF NORMAL PLASMA TO SHORTEN THE CLOTTING TIME ON RECALCTFICATION OF
THE PATIENT § PLASMA AND OF HAEMOPHILIC PLASMA

“The patient s and normal plasma were muved m the proportions shown o 1 ml
of plasiye was reaved wath 0 £ m) of o 8 per cent sabne and 0.1 ml of Migo CaCly
was added The clotting tmes of the muxtuces in seconds were recorded
expenment was repeated with similar muxtures of normat and hacmophilic plasma

Proports 15 of normal and patient s plasma m xed f gether

Normal t 09 | o7 | os | o3 | o1
Abnormal o }or | o3 | o5 | o7 | 09 :
Normal

Muxture | and 49 | 217 | 273 § 320 | 380 ] 458 | 100

of | panent
plasmmas —
tested | Normal

and 205 | ~— | ass | 240 | 240 ) 295 [ 1620
haemophilic 1
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fasms. Tn an attempt to locate thus ambibitor fracnons were prepared fom normal zad the
Pateat s plaima by Be R, A Keckvck paing the ether precipiation method (Keckwick snd
Mackay 1949) These fracuons were

3 A gamma globuba Eaction

2 A¥en globulin fraction which also contaned some alpha globubin.

3 An sTbuman fraction which also contamed some alpha globulin.

1 A Ehrmogen fracuon which contained the anuhaemophile globulin
From tests that were crmed out 16 appessed that the snhibutor respensible for the clottng
defect was prescot n the gamma globulin fracton

‘When the panient s plassna was mised with haemophulic placma there was na thortening of
the clotang e on recalafcanion (Table 37) From thi st appears that either the pabient s
P! s Lacks the anthacmophilic glob bn or the mhub tor macks st scuon ogen
frscton malited from the pateot, whuh was isel only very o ghtly wbibitory did not
shorten th & tume of Faewmophulic pl aid not y
globulin. 1t m y be concluded therefore that the patient’s plasma Jacked the anahaemophilic

CLOTTING TIME
IN SECONDS
1400 /|

1200 J
1000
800 U

600 J
400

200 |

o 1 10 100
NORMAL PLASMA PER CENT

Fg 48 Muxtures of part of normat and part of the p nents gamma globulm
were incubated toperher for two hours At the end of tins b the !mx&tl:n wn%:l‘:ﬂt:
1/10 and 1/100 with o 85 per cent saline

01 ml. of the difations was added to a.x ml. of
ha Lisma sod the reclafied, The rosof h

¢ upper curve Sumiar dilanons of wntreted normal pha

i uppss cue Sume ‘plasma were tested for companson

scen that the p tent s tobulin frach
Raemophihe et of sonl plasma T B 81O on reduced he ana
Y
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actvity because when normal plasma was meubated with a proportion of the patent s plisma
and samples were recalafied at intervals the clotting time of the mixture was lengthened as
the mcubation time progressed Thus effect 1s allustrated m Fig 47 where 1t wall be seen alsa
that haemophubic plasma has no such progressive imhibstory effect on the clotung of normal

TaBLE 37

THE CLOTTING TIMES ON RECALCIFICATION OF MIXTURES OF HARMOPHLLIC AND
THE PATIENT S PLASMA

Haemophilic and the pacient s plasma were muxed 1 the propor
tons shown o o 1 m) 'of the plasma muxure ws added & £ m of
085 per cent saline and 0 1 m1 of M/40 CaCl, The clotting times

were recorded i seconds

Proportions of patient s and haemophilic plasma
mrved together
Haemophihie 1 toos oo o7 | 65 | 03 } or o
Patient o [oos [or 03 | o5 § 07 | o9 ¥
1620 | 16 0 | 1380 | 1200 | 1260 | 1260 l 1270 | 1330
Tasis 38

‘THE EFFECT OF INCUBATING THE ANTIHAEMOPHILIC FACTOR

(PREPARED BY PRECIFITATION OF NORMAL PLASMA AT 33

PER CENT SATURATION WITH AMMONIUM SULPHATE}
WITH HAEMOPHILIC AND THE PATIENTS PLASMA

The fibninogen was sncubated for 10 munutes 2t
37 C wth an equal volume of saline haemophufic
plasma or the patient s plasma At the end of this
tume 0 1 ml of each of the muxtures was added to
o1 ml of hacmophilic or patient s plasma and rc
calafied with 0 1 ml of M/s0 CaCl, and the clot
tng times m seconds were recorded

Muxture wsed as a source | Subst ate used 1o test the

antihiaemopht Iic material

of antihaemophilic
substance

Haemophalic | Patents

plasma plasma

Fibnnogen and saline 250 470
Fibnnogen_and  hao-

mophulic plisma 150 st0
Fibrinogen and patient s

plasma 1650 1280
No anthaemophilic

substance 1620 1330
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plastma, T an attempt to locate ths Inhibutor fracuons were prepared from normal and the
et e placza by De R. A Reckwnck using the ether preapitation method (Keckwick and
dackay 19049) These feactions were
t Agamma globulin fraon
2 A beta globulin fracion which also contamed some alpha globulin.
3 An slburun frachion which slio contaned some alphz globubin.
4 A fibnnogen fraction which contained the anthacmophslic globulin.
From tests that werc carned out 1t appeared that the ibabitor responsible for the clotnng
defect was present i the gamma globulin fraction
Whea the patient s plasia was tnixed with bacmophilic plasma there was 1o shortening of
the clotung time on recalafication (Table 37) From thus st appears that either the panent’s
glasma lacks the apbsemoph ¢ globuln of the wdib or ek s acmon, The fbmnogen
action 1ol ted from the pauent’ which was stelf only very 4l ghtly mhibitory did not
shorten the clotting me of | : hulic

me: P th ‘emop
globulin 1z may be concluded therefore th t the patient’s plasma lacked the anahaemophilic
CLOTTING TIME
IN SECONDS
1400

1200

1000

800 J

600

400

200

—_——r——————
] 1 10 100
NORMAL PLASMA PER CENT

Fig 48 Musturos of part of normal asd part of the patient’s gamma globulm fracmon
‘were wncub ted together for two hours At the end ofpthu tme the muxter  was dilured
1/10 and 1100 with 0 85 per cent 1aline © 1 ml of the dif nons was dded to 0.7 ml of
plasma aod the resals of th tare sh
s upper e Sumlr & s o el novml loma were o comparacn
lower curve) Tt seen that ate ts 1 buln fractx
Daemophile effsct of notma plisma . o B B o reduced the aa

4




Iz BLOOD COAGULATION

globulmn and 1ts absence coupled with the presence of an snhibitor naturally suggests arelas
tionshup between the two defects If the panent s plsma contamed sn mhibitor which
destroyed or inactivated the anthaemophilic globulin the clotting defect could be expluned.
To test this possibulity the fibrinogen fraction of rormal plasma which contaned the ann
haemophubie globulin was incubated with the patient s plasma for ten munutes At the end of
this tume the muxture was added to haemophalic plasma and no shortening of the dotung bme
of haemophilic plasma was observed (Table 38) From thus table 1t will akso be sen thar the
imcubation of the fibrinogen fraction of normal plasma wath hasmophubc plisma caused mo
1nacavaton of the znahzcmnghnhc globulm It appears therefore that 2 substance 15 present
1 the paents plasma which has the sbibty to mactivate the snnhzemophilic globuln.
Further expenments were carned out nung the gamma globuln fraction of the patents
plasma which contamns a speaific :mhibicory substance A solution of so mg of the patient §
gamma globubin frachion 10 2 ml distulled water was mcubated at 37 'C for two hours with
a sample of normal plasma At the end of this time the muxtures were diluted 1/10 and tfio
and tested for thewr ability to shorten the dlorung time of haemophilic plasma At these dil-
tions the patient 3 gamma globulin fraction had no direct inhibitory effect but these dilunons
of plasma had pracucally no ability to shosten the clottng time of hacmophtlic phsma
Presumably the patients gamma globulin fraction had neutralized the anthaemophilic

globulbin 1n the normal plasma (Fig 48)
Precipitin tests were carned out between the paticnt s plasma and vanous fractions of ror
mal plasma, but the results were mnconclusive

The coagulation defect described 1 this patient 15 very sumlar
thercfore to that of the patient described by Dreskun and Rosenthal
(1950) and the possibility that the previous cases m thus gml:f
already referred to may have had a stmular defect must be considere
Unless 1t 15 specrfically looked for an inhubator of this type may very
easily be missed as 1t 15 m aself not immeduately very potent m
lengtherung the clotting time of normal blood It 15 only after pre-
ncubation wath normal plasma that 1ts full cffect can be seen The
relationship to the mhibitor observed i the mmmumized haemo-
philic subjects must also be considered In both groups 1t has been
demonstrated 1n several cases that there 1s an :\Pparcndy SPCGﬁC
snhibition of the actvity of antthaemophilic globulin

MISCELLANEOUS CASES

The third group comprises a number of muscellaneous cases m
which transfusion or pregnancy were not mnvolved

Onc of the first examples of such a condition was described by
Joules and Macfarlane (1938) The patient was a woman agc
fifty-sx who without any apparent cause developed a severe
haemorrhagic drathesis with deep ussue haemorrhages nvolving the
jomts and the tongue  The coagulation time was forty-eight munates
by the Lee and White method and thus could be corrected bg the
addition of 10 per cent of normal plasma  The patient s plasma auled
to correct the clottng defect of known haemophilic blood and
appeared therefore m all respects stmilar to haemophlic plasma No
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| Lramned
posinve evnidence of a airculating & v but
8 with ant} hilic plobulin was not carnied out, so

that the of a relauvely slow actng nhibstor of this factor
cannot be excluded Pons and Torregrosa (1952) desenibed 2 very
smilar case also unassocuated wath pregnancy i which an ann-
coxgulant apparently active agamst dilute thromboplasun was
demonstrat

Lomer Jolffe and Taylor (1940) deseribed a sixty-one-year-old
mulatto with g d lymph node tuberculosis and syplulis A
haemorrhagic diathesis developed and he died of bleeding following
lymph node biopsy ' The coagulanon time was nunety sunutes the
prothrombin ttme was normal and there was no evidence of an
mcreased antithrombmn  The panent s plasma delayed the coagula-
tion ume of normal blood and did not shorten the clotung tme of
haemophilic blood Conley et al (1948) also descnbed a man
aged thirty-nine who had syphibis and chromc nephaus and whose
chmng tme was sixty minutes the patients plasma lengthened
the clotang time of normal blood Tgcre was a poor reaction to
weak thrombopl as m haemophiia  No preaipitins could be
detected

Souber and Bursten (1948) obscrved a man aged twenty-
one m whom the diagnosis had fly been t philla There
was no family history It was found that Ius plasma delayed the
clotng of normal blood  In this case 1t was observed that the addi-
tion of platelets which had been frozen and thawed gm}% shortened
the clotiing tme of the panents blood  Antthacmophiic globulin
i the form of Cohns fracuon I had no cffect and agan 1t was
obscrved that there was 2 poor clotting response to diluted thrombo-
plasan Quick and Stefarum (3948) a?d Dacter Spo‘onerdnnd Pohle

the devel of an

(x949) described th P the

2 uring

of pemphigus with 1 The panents plasma de-
layed the coagulation of normal plasma but was not an antithrom-
bin Tzank Souler and Blatnix (1949) record the existence of a
sumilar anticoagulant in the globulin fraction of the plasma n a case
of dermatins  Thus factor interfered in the seaction of antthaemo-
phihc globulin wath the platelets Singer et al (1950) reported a
sixty-seven-year-old male 1n whom the blood coagulation time was
1.0 munutes and whose blood lengthened the closting time of nor-
mal blood The anticoagulant was shown not to be an antithrombin
and was apparently an antithromboplastin - The clotting defect was
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not corrected by adding antthaemophtlic globulin but some shorten
ng effect was obtaned by adding platelets Harrngton etal {1950)
describe the case of a woman aged sixty whose plasma lengthened
the one-stage prothrombin time of normal plasma  Thus effect was
obtamed when human thromboplastin was used but not when the
test was carried out with thromboplasun denved from animal
tissues It appeared, thercfore, that this patient s plasma contained
a specific mhibitor of human thromboplastm

Abnormal Plasma Protews

It has also been observed (de Nicola 1950 Bernard etal 3952
Andréetal 1952 Craddock etal 1953, Gehmacher et al 1954) that
m 2 number of conditions such as hiver discase tuberculosss, myelo-
matosis and neoplasta which are assoctated wath the presence of
abriormal plasma protems { dys-protemaemuas ) there 15 an bt
tion of coagulation The mamn defect scems to be an mterference
with thrombm generaton Mueller Ratnoff and Hemle (1951)
describe an anticoagulant observed m the blood of 2 man suffening
from bactenal endocarditis "There was an abnormal globulin present
1 the plasma which precipitated on cooling and thus belonged to
the cryoglobulin group The actvity of the anticoagulant was
more marked at 25 C than at 37° C and 1t seems lkely that the
observed effects were due to the abnormal protemn

THE MODE OF ACTION OF CIRCULATING
ANTICOAGULANTS

Biggs and Douglas (1953b) showed that the presence of a circu-
latmng antcoagulant depressed normal thromboplastin formation 1
the thromboplastim gencration test In several cases it was found that
the anticoagulant action was apparent even after considerable
dilution  Hougie and Fearnley (1954) and Houge (1955a) made 2
study of the mode of action of anticoagulants n three patients two
of whom also had hacmoplulia They confirmed the finding that
the anticoagulant dep blood thromboplastn formation an
showed that 1f serum anthacmopulic globuln and CaCl, were
mcubated together and thereafier the anticoagulant were added no
anticoagulant effect could be demonstrated If on the other hand
the serum antihaemophilic globulin and CaCl, were meubated with
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the anticoagulant 1ts cffect was obvious In other words the ant-
coagulant mnhibited a reaction between anthaemophilic globuln

secum and CaCl, Bergsagel and Hougie (1956) sEowcd that the
anticoagulant mlubited the reaction between Chnstmas factor

antthaemophihic globuln and CaCl,  The speaific mode of action
of the mhibitor supports the view of Bergsagel (19553 and b} that
the wutal stages of thromboplasiin formation involve a reaction
between the Chmstmas factor and anthaemophilic globuln

Hougze and Fearnley (1954) could find no difference 1n the mode of
action of the anticoagulants 1 the blood of hacmophilic panents
and that of the sporadic case

THE DEMONSTRATION OF
CIRCULATING ANTICOAGULANTS

lating gulants may bed Ibyalengthening
of the calcum clotang time of normal plasma on the addition of
proportions of the pattent s plasma  In some cases the tnhibitory
effect may be obvious only when the mixtures of normal and path-
ologscal plasma have been mcubated tojg:t.hcr for some time The
anncoagulants can also be d using the thromboplasun
generation test (See Appendix IV 24)

SUMMARY TO CHAPTER XVI

Two man types of gulant may appear usly 1n
the blood of t}?‘fman subjects  The ﬁrsz‘ ogl;hcse is hepanm ;r 2
heparm-like factor which appears rather rarely m such conditions as
anaphylaxis and irradration and without apparent cause 1 a s
number of other conditions The second type appears to act by
mhibiting thromboplastin or the factors concerned 1n the develop-
ment of intrinsic thrombopl Inh phil d by
repeated transfusions there 1s good evidence that the antucoagulant 15
of the immune body type which combines wath or otherwise -
activates the annhaemoplulic factor of normal human plasma An
anticoagulant has been deserbed n female panents soon after
pregnancy and the avalabl suggests that 1t also 15 active
agamst antthaemophibc globuln  In a thied and muscellaneous




k31 BLOOD COAGULATION

not corrected by adding antthaemophilic globulin but some shorten
ing effect was obtaned by adding platelets Harrngton eral {19¢)
describe the case of 2 woman aged suxty whose plasma lengthened
the one-stage prothrombun time of- normal plasma Ths effect was
obtamed when human thromboplasnn was used but not when the
test was carrted out with thromboplastin denved from anuml
ussues It appeared therefore that thus panent s plasma contained
a specific mﬁxbxtor of human thromboplastn

Abrormal Plasta Protens

It has also been observed {de Nicola 1950 Bernard et al 1052
Andre etal 1952 Craddock eral 1053 Gehmacher etal 1054) that
.2 number of conditions such as liver disease ruberculosts myelo-
matosis and neoplasia which are assocated with the presence of
abnormal plasma protems ( dys-protemaemuas ), there 1s an mbubi-
uon of coagulation 'The main defect seems to be an mterference
with thrombmn generation Mueller, Ratnoff and Hele (1951)
describe an anticoagulant observed in the blood of 3 man suffenng
from bacteral endocardinis ‘There was an abnormal globulbin present
m the plasma which preapitated on coolm(g and thus belonged to
the cryoglobulm group ~The actvity of the anticoagulant was
more marked at 2° C than at 37 C and 1t seems Likely that the
observed cffects were due to the abnormal protemn

THE MODE OF ACTION OF CIRCULATING
ANTICOAGULANTS

Biggs and Douglas (1953b) showed that the presence of a arcu-
lating anticoagulant depressed normal thromboplastin formation i
the thromboplastin generation test In several cases 1t was found that
the anticoagulant action was apparent even after constderable
ddution  Hougre and Fearnley (1954) and Houge {19552) made 2
study of the mode of action of anficoagulants i three patients two
of whom also had haemophiia Thev confirmed the finding that
the anticoagulant depresses blood thromboplastin formation and
showed that 1f serum anthaemophibc globulin and CaCl, were
wcubated together and thereafter the anticoagulant were added no
anttcoagulant effect could be demonstrated If on the other hand
the serum anuhzemophihic globulin and CaCl, were meubated with



CHAPTER XVII
THROMBOSIS AND ANTICOAGULANT THERAPY

When normal blood vessels are mjured blood clots m them prob-
ably because the damaged endothehum forms a foreign surface
m! causes the activation of mtrinsic thromboplastin and the deposi-
tion of platelets If the vessels are actually ruptured tissue thrombo-
plastin ‘probably enters the blood The clot does not normally
extend Ecyond the area of damage probably because the coagulant
factors concentrated at the site of mjury are rapudly diluted n the

lanng blood and lized In normal people clots do not

form 1n ummnjured vessels  Pathological thrombosts occurs either
when a clot extends beyond a site of mjury or when coagulation
occurs i uninjured vessels Smce the ncn:;{ fludity of the blood 15
determuned by a delicately balanced equibbrium 1t 15 not surpnsing
that many factors may upset this equilibnium and predispose to
thrombosis  Severe trauma may predispose to thrombosis by
exposing the blood to foreign surfaces causing absorption of nissue
hromboplastin and by g prothrombm fibrinogen and the
number of platelets m the blood Stasis particularly m the legs
results from immobilizanon m bed nght abdommal bandages
shallow breathing and cardiac tnsufficiency ‘Ths stasis may Iu§ to
an at Iy hugh I 1 of factors which
if the arculation had been normal would have been diluted and
neutralized in the general arculation  The mereased blood viscosity
caused by rouleaux formation may be important in many infective
conditions  Blood 15 particularly liable to clot 1 vessels whose
endothelial surface 1s damaged by disease or whose lumen 1s dimm-
1shed by thickening of the wall  In a patient 1 whom enough of
these unfa bl coexst pathological thromt
may occur

In recent years there has been much mterest and speculation about

Tared 11 th

1

the causes of coronary th 7 e

ncreastng madenccl?’lhc disease and 1ts predilection for professional

workers (Lancet 1955) There are now many socul surveys of the

madence of coronary thrombosis In England us frequency 15

assocrated with soctal class the manual workers beng much Tess
nz
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group of cases anticoagulants have been described which appear
to be antithromboplastic though not shown to be speafically
inhubitors of antthaemophibic globulin  The observation by one
or two authors that the addition of platelets appears to correct the
defect 1s mteresting but at the moment does not appear to give
conclustve evidence of the nature of the defect stself Quick's (1951)
contention that these cases are due to the presence of an antiplatelet
factor does not seem to be 1n any way proved
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rapidly covered by endothelium and incorporated mto the vessel wall
where they undergo fatty deg, il provided by
Duguid (1955) suggest that m fatal coronary discase the vessels are
gradually ocdudcg by successive episodes of thrombosts and anclu-
sion of the clotinto d‘;c vessel wall  Gofman (1954b) also subsenbes
to the view that coronary artery discase 15 2 gradual cumulative
pracess ending tn coronary occlusion
These vanous observations provide a very plausible hypothesis
about the acttology of coronary artery discase Too much fat n the
diet leads to an increase mn coagulant fats i the blood to cumulanve
atheroma and finally to coronary occlusion Howeser 1t 15 very
unlikely that the prcture s truly quite so sumple  Mornis et al (1953)
have shown some correlation betw een physical activity and coronary
thrombosts 1 workers m simular soaal groups bus conductors are
less likely to get thrombosis than dnvers and postmen than other
avil servants It 1s also known that women arc less affected by
coronary thrombosis than men  Atheroma 15 2 generalized disease
thus there should also be a parallel increase in cerebral atheroma
Despite these oby, the ac lated evidence of a 1
between fatand coronary disease1s stnking and 1t1s natural towonder
1f anything can be done about st Clearly the restriction of fat mtake
to the level of the Bantu nauve 1s undesirable 1n Brtam the fat
mtake mn the war was reduced, 39 per cent of calonies beng provaded
by fat 1 1938 and 33 per cent 1n 1947 and the reduction was con-
sidered to be 2 severe hardshup - Any marked reduction in fat intake
for persons over 40 1s unlkely to be appreciated Hepann has
the ability to reduce the level of p-lipoprotens and Gofman's sf
10-20 lipoprotemns m the blood (Kaufmann 1954 Gilbert-Querato
etal 1954 Gofinan 1954b) However the reduction 1s very short-
lived there 15 no long term red: of hpop foll g
hepann therapy (Runsler 1954) The action of| chmn on plasma fat
has been studied by French, Robinson and Florey {1953) Robmnson
and French (1953} and Jeffertes (3954) It has been found that
heparin activates a plasma hipase lipord which has become soluble
under the influence of heparin can ﬁ: recovered from the albumin
fracuon
From the pomnt of view of thrombosis 1s most
1n those patients with cardiovascular disease who hav e cardiac infarc-
tion and m post-operative panents who develop thrombosis The
first group of patsents arc immobilized m bed and usually have some
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affected than professional workers (Logan 1952) In Norway durng
the war there was a fall 1 the deaths from coronary thrombosis
duning the German Occupation (Strom and Jensen 1951, Strom
1954) In Cape Town it has been shown that coronary thrombosis s
most frequent mn Europeans very infrequent mn the Bantu and of
wntermediate frequency m the Cape coloured populanon (Bronte
Stewart Keys and Brock 1955 Vogelpoel and Schrre 1955)

These observations naturally suggest some correlation with diet
thus factor has been studied by Bronte-Stewart etal {1955) mtheCape
Town population where 1t was found that mcome race and mtake
of anumal fats were correlated the haghest consumption of fat bemg
among the European population and the lowest in the Bantu In the
war the consumption of fat m Norway was greatly reduced
Bronte-Stewart et al (1955) have shown that the serum p-lipoproten
assayed by paper clectrophoresis and total cholesteral were correlated
wth the mtahe of antmal fat beng much hugher m Europeans than
the Bantu and the Cape coloured having mtermediate levels  Corre-
lation of Iipoprotemn levels and age have now been carried out
Keysetal (1955) have shown that a high cholesterol level 1s found m
people over 40 n populations with a high madence of coronary
thrombosts Gofman (1954b) reports an increasing concentration 0
a particular group of Lipoprotemns sf 10-20 (sf = Svedberg umut of
flotation, see Gotman 1954a) with advancing years Gofman et
(1951) have also found 2 hugh level of sf T0-20 lipoproterns n people
with coronary msufficiency when comparison 1s made with ssmular
people who are not affected  High cho]!::steml values have also been
found i these patents by Gertleretal (1950) Stewer (1952) Olnver
and Boyd (1953) and Scardigh and Gudt (1954)

Fullerton et al (1953) and O Brien (1955) have shown that hugh
fat meals cause some mereased coagnlability of the blood mdicated
by shortetung of the clottng time and acceleration of the Russell s
viper venom clottng time

Tofollow the study mto the field of morbid anatomy and hustology
1t has been shown by Figgmson and Pepler (2g33) that severe ather-
oma a feature of most patients with coronary thrombosss 15 fae Iess
common among the Bantus than m European hosputal panents
Dugud (1949) (1952) (1955) Ranne and Duguid {1953) have studsed
the evolution of atheroscleronc lesions both 1 ammals and human
subjects Dugwmd beheves with much convincng evidence that
atheroma 1s due to the occurrence of small mural thrombi which are
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these panents the evidence for the b  effects of gul
therapy 15 Jess clear  The incidence of thrombosis and 1ts complica-
tions duffers in different centres M post-op ©
by early nsmg actve movement the ircvmnon of mfection by
antibiotic drugs and the prevention of shock by blood transfusion
all tend to prevent thrombosis or ameliorate its effects In many
senes of patients treated with anucoagulant drugs these favourable
post-operanve conditions have been present am%s“ 1s impossible to
distinguish which of the factors may have been most benefical

The ratonale for antcoagulant therapy 1s superficually sumple
Anything which reduces the coagulability of the blood wall bias the

it between coagulant and 1 ctors m the
blood agamnst thrombosis  But anticoagulant drugs are often used 1n
doses that have hittle demonstrable effect on the wﬁole blood clotung
tume and 1¢ 15 possible that other effects of these drugs are smportant,
Hepann, for example has a vasodilatory effect and dicoumann
may encourage the recanalizavon of formed clot (Kubik and
‘Wrnght 1950}

“Whatever the value of anncoagulant drugs the reports of thar
efficiency are enthusiastic and they wll certainly be used by clinc-
1ans in many types of panent. The dosage of these drugs 1s controlled
by laboratory tests and unless these tests are carned out reliably the
effects of treatment may be disastrous The practical use of anti-
drugs must therefore be dered in detail.

"

4

ANTICOAGULANT DRUGS

The drugs which have been used for anuoo:gulznt therapy can be
divided 1nto two groups Those which lengthen the clotnng ttme
manly by wfluenang the thrombu-fibonogen reaction (the
hepann group of drugs) and those which lengthen the one-stage
prothrombin time {the d group)

Hepann 15 a polysulphuric acid ester of a mucopolysacchande
(Chapter VII) Its effect 15 probably due to a strong acidic charge
thatt carries Hepann 1s not effective when given by mouth, and by

y the lengtherung of the clottng time 15 of short
duration 10 000 umits prolong the clotting nme for 2-3 hours
15 000 umits for 4-5 hours and 20 000 units for about 6 hours Thus
hepann must be given euther by a contmuous mfusion or by repeated
intravenous mjections  Nexther of these methods of admistratron
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degree of cardiac farlure ‘These pattents are very hable to recurrence
or extenston of the thrombosts In the second group post operatiie
mortality has been reduced by umproved surgical treatment and
post-operative care, death from thrombosts and pulmonary embel
1m though rare has become more important wath reduchon m
other causes of death

It 15 reasonable to suppose that a reduction of the coagulability of
the blood mught lessen the incidence of thrombosts or the extension
of a thrombus once formed There 1s now no doubt that anticoagu-
lant therapy reduces the mortality of patients wth coronary throm
bosis When the figures for treated and untreated series of patents
are compared (Table 39) 1t will be scen that the number of deaths
are reduced to about half by anticoagulant therapy

In post-operattve patients there are many enthusiastic clauns that
anticoagulant therapy has reduced the morbidity and mortality In

TABIE 39
PATIENTS TREATED WITH ANTICOAGUIANT THERAPY

Number of Ca es Mortality
(total)
Control | Treated | Contrl | et
‘Wright ctal (1948
and 1950) 368 432 83 65
Tulloch and Gi
<hrist {1950} 84 70 34 1§
Gluck etal (1948) 28 ] 25 I 8 3
Greisman and
Marcus (1948) 100 75 s 7
Hiltonetal (1949) 9 l 38 I 9 l 5
Peters et al (1948) 36 , o ’ 2z e =z
Parker and Barker
(ro47) 00 50 13 s
Freston and Taylor
(x950) 54 45 1 9
Zelaff and Field
(1950) 100 20 40 20
277/ [ 1535/

Totals 930 925




THROMBOSIS AND ANTICOAGULANT THERAPY 133

(Wnrght 1954) reduce the effectiveness of platelet thrombs (Zucker
1047) ncrease the speed of recanalization of thrombosed vessels
(Wnght 1954) and cause some mncrease 1n capillary fragility partcu-
larly in toic doses The antithrombosis effects of the dicoumarin
drugs may be at least in part due to changes other than those of the
clotng mechanism  Symularly tendency to bleed may be caused as
much by the capillary abnormality as by the alteration 1n clotung

For many years dicournarm was the only drug of this type m
general use but recently very many synthetic compounds have
appeared the chermcal relationships of these different drugs has been
reviewed by Hunter and Shepherd (1955) so far no correlanon
between chermeal structure an&P anticoagulant action has been found
Chucally the drugs differ from each other 1n the size of the dose
required and 1 the duration of effecuveness

Dicournarol (3-3' methylene bis 4 hydroxycoumann) the full
chenucal formula of which 1s given on page 213 15 sull m use
together with many synthetic denvatives including

Tromexan i which the methylene carbon of dicoumarol carnies
the ethyl ester of 2 carboxylic aad group

Marcoumar 1 which the methylene group cames a substituent
ethyl group and the second coum:mnﬁ group 1s replaced by an
unsubstituted pheny

Warfann m which the substituent ethyl group of Marcoumar 1
replaced by acetonyl

Ge:fy compound 23350 1 which the phenyl of Warfann 1s re-
placed by p-NO, phenyl

In Cumopyran the hydroxyl group of the 4-hydroxyconmann
and the methylene carbon of the compounds described above
become part of a second heterocyclic nng  Its formula 1s

3 4-(2 ~methyl-2 meth -4’;{cnyl) dihydropy

Dindevan (2-phenyhndane 13 dione) has lost the heterocychic
oxygen ch of c Ithough 1ts formula still bears
a close resemblance to the series 1 having 1ts subsntuent oxygens
and aromanc ning in the s2me relative posinons

METABOLISM AND EXCRETION OF ANTICOAGULANT DRUGS

Hepann which 15 mjected ly 1n high ¢
leaves the circulation at the rate of about 3-5 untsjkg/munute but the
rate of eltmmaton falls progressively with lower concentrations
Relatively small doses of heparin given to experimental animals are
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1s conventent and this difficulty of admuustration and the expense
of the drug are senous disadvantages to 1ts use A concentrated
heparin solution which can be given by mtramuscular myection has
also been used and this gives satisfactory results but the mjectionsare
pawful  Attempts have been made to combmne heparm with a
medium which delays absorption from mtramuscular myections
(Evans and Bollar 1946 Goodwm and Macgregor 1950) but these
wnjections are also often panful It has been suggested that hepann s
absorbed from the mouth 1f small wafers contanmng hepann ate
allowed to dissolve under the tongue (Litwins etal 1951) but ths
claim has not been confirmed

Attempts to synthesize less expenstve drugs allied to hepanin have
not 1n the past been very successful Piper (1945 1046) Astrup and
Piper (1946) made cellulose and chytin ‘polysulphuric acid esters but
these were very toxic when mjected mto amumals they caused col-
lapse and a removal of the platelets from the blood and prectpitaton
offibrinogen A polysulphuricacid ester of polyanhydromannuzonte
acid called paritol has been used 1n human patients but there was 2
hugh meidence of toxic reactions (Sorenson and Waght 1950) Of
thirty-five cases treated one pattent had severe and immediate
collapse two developed swelling of hands and feet and two patients
had pamful extravasations round the stte of admmustration Synthetic
compounds including pantol and thromboad tested by Astrup
(1953) could all be shown to cause n vitro clumpng of platelets
Experments with dexttan sulphates have been more hopeful (Wal-
ton 1951) It was found that compounds with a molecular weight
of over 20 000 wete toxic and produced precipitation of fibrinogen
and platelet agglutnation Compounds with a molecular weight
of less than 20,000 had no toxic eﬂgcts 1n amumals and lengthened the
clottmg time for periods of time up to two to three hours
climical trial of these compounds 15 beng undertaken and when the
results are avatlable these low molecular weight dextran compoun:
may be found to be suttable to replace heparin

The second group of anticoagulant drugs, the dicoumann groy]
has a complex effect on the clotting mechamism There 15 an carly
fall in Factor VII and some factor or factors affecting thromboplastut
formation and a later and usually less important fall n prothrombin
level as measured by the two-stage area method marked reduction
m prothrombin usually occurs only with gross overdosage In
addition the dicoumanin drugs reduce the adhesiveness of platelets
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From this work 2 farrly clear sequence of causc and effect emerges
‘The different drugs vary m thetr speed of absorbtion mto and elumin-
ation from the blood followmg this the prothrombin time
tesponse varies both m 1ts speed of onset and duration  Super-
imposed on this predictable general response there 15 a very wide
unexplaned individual vanability i the degree of response both in
different panents and mn the same patient at different umes

Another important feature of this study 15 the observation that the
metabolism of the drugs in various species 1s quite different Thus
for example, one compound may dusappear from rabbit blood at the
rate of 50 per cent per hour and from dog blood at 4 per centa day
The breakdown products appearng i the unne are also quite
different 1n different ammals* Thus no conclusions about the prob-
able behaviour of these drugs 1 human subjects can be deduced
from ammal expenments

CHOICE OF ANTICOAGULANT DRUGS

There are several commeraal preparations with a hepann-like
action and ble drugs of the d e The choice of
hepann-like drugs 15 fauly simple no drug should be used climeall
which has been shown to agglutinate platelets m witro (pantol
thrombocrd) ‘There remamns two posstble drugs hepann and dextran
sulphate  Of these heparn 1s su.’il robably the best having been
used over a much longer penod of ime  Usually these drugs are
used to cover the initial period before the dicoumann drugs become
effective  Of the dicoumann drugs the chosee 15 more difficult and
largely a matter of mdividual preference In practice the chorce rests
between short acting drugs which are raptdly absorbed and ehmin-
ated and long acting drugs which vary mn their speed of absorption
but which are slowly eliminated The rapidly eliminated drugs have
the disadvantage that frequent doses are required and the fluctuations
n blood level may make 1t difficult to mamntain a steady prothrombn
time response  They have the advantage that cessation of the drug
1s quickly followed by a retum to normal clotting function  Some~
times a rapidly actng drug 15 used for the smitial pertod of treatment
only though thns method 1s likely to delay stabilization  The long
acting drugs which are also slowly absorbed have the disadvantages
that chinscal effect 13 not achieved z)r several days (unless the first few
doses are given mtravenously) there 15 semious danger of overdose
n sensiwve patients dunng thus phase and of cumulanon dunng
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elmunated normally after nephrectomy and evisceratton suggesting
that neither the kidneys nor the gastro-mtestinal tract ate essennal
for the removal of heparm from the blood  If larger doses are used
(150 u/kg) evisceration and hepatectomy terfere markedly wath
the removal of heparn - Ifheparn s given mtramuscularly nephrec
tomy may greatly reduce its ehmmnation  Exanunation of the uxme
after heparn mjections shows that no hepann appeats m the unne
unless doses of more than 400 u/kg are given, hugher doses lead to
increasing amounts 1 the unine  Exammation of tissues particularly
lver, has shown that these contam an enzyme heparmase which can
destroy heparin This evidence given blyjaques Bell and Cho {1954)
suggests that heparin 15 normally largely destroyed by an enzyme m
the tissues and dgat elimmnation m the unne onlv becomes smportant
when very large doses of heparin are used These experyments are
necessanly done with single doses of hepann whereas human sub-
Jects recetve repeated doses It would be very unwise to assume that
the human subject would elinunate hepann normally with sevese
kaduey farlure It 15 our expenence that heparn may accumulate
dangerously m such patients From the experiments of Jaques et al
(1954) 1twould obviously be unwise also to give large dosesto paticnts
wath severe hiver fulure because heparinase actvity mught be much
reduced

The metabohism of the dicoumarin drugs has recently been studied
and a report of this work 15 grven by Wemer Brodie and Bums
(1954) "These authors have studied the blood levels of the dicou-
marm drags and the prodcts which appear in the unme  They have
found that m general the nume during which the drug remains 1n the
blood 1s related to 1ts duration of acion Thus the drugs of long
action remam long 1 the blood stream  Indivrdual responses com-
plicate the study but from carefully controlled expenments the
relatrve speeds of disappearance can be studied For example
tromexan a very rapidly elimmated drug leaves the circulatron a¢
the rate of 2§ per cent per hour, whereas wasfarin 2 drug of pro-
tracted action disappears from the blood at the rate of 17 per cent
per day The prothrombin time response follows one to two days
after the peak ﬁ:vel of drug mn the plasma The speed of absorbtion
of the drug into the plasma 15 also variable and this naturally controls
the speed of response Durning the wmnvestigation 1t was foun
madentally that some tablets were so fiemly compressed that th?'
farled ro dissolve during digestion and very httle drug was absorbe
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dally may be necessary on the other hand with warfann or dipasan
do:!s c\Zry three lory four days or weekly may achieve the same
result Withlong acting drugs 1t may be safer to usc this mtermuttent
type of dosage rather than small daily doscs 1f the prothrombin ume
1 allowed to decrease shightly before cach new dose the danger of
cumulation 15 less Thus regime requires frequent prothrombin time
csimanions A feature that has recently been emphanzed 1s that the
dose required by a patient may be very cntical - A difference n effect
between 75 and 100 mg of dindevan daly may be matked The
only easy way to adjust the dose 1s to kccs 2 graphucal record of dose
anc{ response and gradually to reduce the fluctuations in prothrombin
time by using smaller dose differences

It 35 of course widely appreciated that panents vary in their
senstnvity to these drups and one patient may vary as gready from
one time to another

CONTRAINDICATIONS TO THE USE OF ANTICOAGULANT DRUGS

Since the choce of patients for anticoagulant therapy 1s a cingeal
deasion swhich must depend on the individual physician s behef in
is efficiency 1t1s not wathin the scope of this book to discuss cases
n which the drug shonld be used  From the mode of action and
excretion of the drugs 1t 15 possible to give 2 number of general rules
about patients to whom the drugs may be unusually dangerous

The most inportant group are panents who have some other
predisposition to haemorrhage  Among these are patients who have
or have recently suffered from peptic ulecration patients with
carcinoma or polypt in the gastro-intestmal tract patents who have
had a cercbrovascular acaident panents with malignant hypertension
or retmal hacmorrhages and pauents with polyartentis nodosa

Condinons which might mterfere wath” the metabolsm or
excretion of the drug are known liver disease or renal falure from
any cause Patients with congesuve cardiac falure must often be
treated with anticoagulants though both hepatic and renal function
may be impaired  These patients may prove very sensitive to small

doses of drug but provided this 15 recognzed there 1s no excessive
danger

DURATION OF THERAPY

Patients who have had coronary thrombosss are usually treated
with anticoagulant drugs hosyxg for 3-8 woeks The value of thus
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mamtenance therapy On the other hand, skilful use of these long
acting drugs for maintenance may result m very constant prothrom-
bm time levels The dangers of overdosage and cumulation are
reduced by the availabihity of Vitamm K, which usually acts rapudly
i shortening an excessively prolonged one-stage prothrombin tme
This treatment does not entirely remove the nsk of overdosage
because the level of prothrombin s judged by the two-stage method
may not respond very rapidly to Vitamun K,

There 1s no single preferable course but 1t should be noted that any
mode of treatment 1s greatly benefited by the physician s expenence
mn handlng a particular drug, unsatisfactory results are hkely to
follow changes from one drug to another as new compounds be-
come avalable In this country dindevan (phenylindancdione) 1
probably the most favoured drug 1t 1s of mtermedsately rapid acnon
and duration of effect

THE DOSAGE OF ANTICOAGULANT DRUGS

Hepann 15 usually given by mtravenous myection m doses of
10 000-X5 000 umts 4-6 hourly

No general rules about dosage and regime to be followed using
the dicoumann drugs can be gven  Doses which give approxumately
the same final prothrombm time response together with a record of
speed of action and rate of recovery are given n Table 40 To
maintam steady dosage with tromexan, doses three to four tumes

‘TABLE 40
'DURATION OF PROTHROMEIN RESPONSE AFTER SINGLE DOSES
OF VARIOUS AGENTS IN MAN {DOSES COMPARED ARE THOSH
WHICH CIVE THE SAME ULTIMATE PROTHROMBIN TIME
RESEONSE CONTROL 13 § SECONDS PATIENT 23 SECONDS)
FROM WEINER BRODIE AND BURNS (1954)

Drug Dose | Day of Prothrombin
mg time

Peak | Recovery

Tromexan 1650 T 2
G2 350 20 12 3
Phenylmaned one 150 2 @
Dicoumarol 400 2-3 5
Cumopyrn 150 23 56
Wa 65 23 6
Marconmar 24 2-3 6
Dipaxn 20 34 7
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short-term treatment 15 now seldom questioned It has always been
realized that many of these patients return to hospital later wich 2
second coronary thrombosis and required another course of ant
coagulant therapy In some centres the optnion 15 growing that these
and other patients wath a special hability to recurrent thromboss ot
embolism ‘should be treated permanently on anticoagulant drugs
The techntcal and admustrauve difficulties of such long-term treat
ment are great and the evidence about 1ts beneficial effects must be
exammned carefully Difficulty m assessing such evidence anses from
the apparently vanable prognosis from one centre to another an
from ethical doubts about mamtaming an adequate control sertes

Follow-up studies on patients with coronary thrombosis whohave
recerved one course of anticoagulant therapy suggest that 15-18 per
cent of the patients dte 1 the first year but having survived one yest
the prognosis 15 better 8-10 per cent of the surviving patients dymg
1 the second year (Katzetal 1040 Blocketal 1952 Owren 1955,
Thus although sursival of a first attack 1s greatly improv ed by short
term anticoagulant therapy the ultimate prognosis rematns poor
These findings naturally suggest that long-term therapy for patients
with a predisposition to episodes of thrombosis mught be valuable
Owren 1954bandc 1955) has treated more than 400 patients on long
term therapy and the death rate 15 4-5 per cent per year where very
roughly comparable control sertes show 8-10 per cent The two
senes are not really comparable because they were not randomly
selected It 1s Owren’s opinton that there 1s a reduction to half m the
death rate per year in patients treated on anticoagulants as compared
to untreated patients In another major study Foley et al (1954) have
attempted to control their results n treated patients by the patents
record while under observation but not treated (Table 41) This
method may be reasonable for the patients with rheamanc heart
disease or recurrent thrombophlebiis but 1t 15 to be doubted s
1n any way valid for patients who have had one coronary thrombosis
These patients are selected precusely because they have had one
thrombosis the time which mught elapse even without treatment
before a second thrombosis occurred 15 quite unpredictable This
study does certamly suggest a great reduction mn thrombo-embolic

1sodes m patients with rheumatic heart disease and recurrent
zxombophlcbms The expenence of Burt (19543 and b)|suggcsts
that long-term therapy 15 benefical m hrombophlel

The general probability suggests that long-term anticoagulant
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effect on the onc-stage prothrombin time  but all of which may
predispose to bleeding The use of the one-stage prothtombin ime
rehies on a reasonable correlation between Factor VII reduction and
the other effects of the drugs It 1s clear that thus correlation 1s nor
very close It 1s for this reason that there have been recent attempts
to replace the tage test by other techmques This problem wall
be discussed later at the present there 1s no test which can replace
the one-stage prothrombin time for routine use and the important
practical 1ssue 13 to determmne the most rehable form of the one-
stage test

THE UNMODIFIED ONE~STAGE TEST

Since this test 1s very widely used 1t 15 natural that many modifica-
trons should have been made It 15 important to apprectate the
technical factors which affect this test because these are more or less
umportant 1n the ongnal test and 1n vanous modifications and will
affect the rehability of the method The techmque of Quicks
ongmal test has been outhined i Chapter X! and 1s given in detatlin
Appendix IV 7 The man factors which affect the unmodified
t que will now be discussed

THE EFFECT OF CALCIUM CONCENTRATION

The concentration of calaum must be opumum  The optimum
range for normal plasma 1s wide but 1t 1s much narrower for patho-
logical plasma  To determune the practical optimum 1t 15 necessary
touse padmltiiglal plasma  In our expenence an M/ 40 concentration
of CaCl, 1s adequate

THE EFFECT OF TYPE AND CONCENTRATION OF THROMBOPLASTIN

The type of thromboplastin used makes an enormous difference to
the test Russell s viper venom for tnstance 15 insensitive to Factor
VI concentration and reflects mamly the prothrombun level 1 the
plasma and 1t should never be used to control the dicoumann deugs
Thromboplastin from different sources and even different batches of
bram extract from the same tissue and species may lead to consider-
able differences in interpretation {Merskey and Scholz 1955
Hecht 1955)  These vanations cannot easily be eliminated 1n the
unmodificd test and are a constant source of anxtety to those re-
sponsible for routine teshny

The concentration of a parncular thromboplastin may also be
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therapy might be effective, the observations which exast support the
hypothesis proof, for paticnts with coronary thrombosts mustawar
the study of an adequately controlled serses

LABORATORY CONTROL AND TREATMENT

The purpose of laboratory control 15 to ensure that the dosage of
drugs for a particular patient 15 neither madeguate nor excese
Heparin therapy 1s controlled by the whole blood clottng tume if
the objective of treatment 15 to lengthen the clotting time over the
whole 24-hour pertod dosage may be controlled by carryng out the
clotting time test just before a dose In practice the dose of hepann
used seldom does lengthen the clotng tme for the whole 24-hour
period and yet the clmical smpression 1s that the treatment 1s satis-
factory In most cases therefore no laboratory control 1s required

With the dicoumann drugs the usual policy 1s to give the maxi-
mum dose compatible with safety The mam purpose of the labor
atory testing 15 therefore to distingwsh those patients 1 whom
haemorrhage may occur The most commonly used test 1s the one-
stage prothrombin time test of Quick (1035) With this test it 15
possible to divide patients 1nto two groups, one 1 which haemor-
thage 1s very unlikely and a second 1n which haemorrhage 1s rather
more probable Thus 1f the one-stage prothrombm time of the
Eau:nt s plasma is less than 3 tumes 25 long as that of a normal plasma

acmon‘gage 1s unlikely Ifthe prothrombmn time 1s more than3 times
normal haemorrhage may occur This rather crude separation 3
not very sansfactory There 1s no means to telling which patients
whose prothrombin time 15 excesstvely long will bleed ~ Some
pattents are acadentally overdosed for weeks with no bleedng
some patients bleed 1mmeduately their prothrombmn nme 1s long
some patients will have no bleedng for 3 or 4 days of lengthene
prothrombin time and then suddenly bleeding will start A physician
may obscrve many mnstances m which a lengthened prothrombin
time has been harmless and an unwarranted sense of securtty may be
encouraged and little attention paid to occasional overdose

This rather poor correlation between one-stage prothrombm tume
and bleeding 1s probably due to the multiple effects of the d
drugs The onc-stage test mamly Factor VII gctvaty but
the dicoumanin drugs affect m addition capillary fragility platelet
adhesyveness and thromboplastin formation “none of which have any
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wnclude a companson with normal Thus companson has been made
n one of three ways

A diluuon eurve of normal plasma s constructed and the results of
the abnormal specimen read from the curve By this method the
dottang tme shows lutle change unnl the dilunion has reached 20
percent thereafter reduction 1n the proportion of normal plasma
greatly affects the clotung tme (Table 42) In pracuce 1t 1s found

Tansz 43

COMPARINON OF DIFTERENT MEZTYIODT OF AXCONDING TITE RESULYS OF THE ONB-STACE
MOTmoMEN T

Prothsomb 1 Ratio of
Diluton v ¢ Index ws_¢ Clotung Times
Method Clov g Time | sing the
Fures of Clatnng Time
Fgures of
uvalent i alent
Percen- | tme fme Quuk | Dgerend | Quuk | Bogrand
tage Quuk | (Buegrand| (1943) (Mafarlame [ (1943) | Rfacfarizme
19403} | Magurhme G949} ¢ {1549)
1949) )
100 12 1 100 100 ‘ 1o 10
30 16 18 5 i 13 11
0 26 a1 4 & | 21 15
10 bLY 29 I 48 113 20
5 70 46 17 10 | 58 13

that the shape of the dildution curve vanes very much from one centre
to another and even wath different batches of thromboplastin in the
same centre Thus *percentages determined in this way give lude
clue to the actual lengthening of the clotang ime though with much
atience and ngenuity the results may gc consistent m any onc
Ebonmry
A second method 15 £0 express the results asanindex  The clotung
time of the normal plasma s divided by that of the abnormal and the
resule g\vm as a percentage  ‘Thus 1f the normal plasma clots m 12
seconds and that of the patient in 24 seconds the prothrombm index
would be sud to be J2 X 100 = 50 per cent Thus method of cal~
culating 2 percentage’ obviously bears no relanon to the didunion
curve method yet results are often expressed as per cent no mdica~
tion of the method of amving at the figure being given
The confusion sbout percentages has lead many workers to usc 2
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1m§0rtant Some preparations are inhibitory mn high concentranon
and the optimum concentration for a particular batch should be
determuned

THE EFFFCT OF CONCENTRATION OF VARIOUS FACTORS IN THE PLASMA
‘The one-stage test 15 greatly affected by the levels of Factors V and
VI Factor V 1s not influenced by the dicoumann drugs The clot
ting time 15 also affected by the level of fibnnogen of s falls below
100 mg/ml This factor 1s seldom confusing in the unmodified test

THE EFFECT OF STORAGE OF SPECIMENS
Citrated plasma samples change on storage the one-stage pro-
thrombin time becoming progressively shorter probably due to
activation of Factor VII ~ Oxalated samples have a lengthening of
the one-stage time on storage due to deterioranon of Factor V It
scems unlikely that the test would be useful for postal samples

THE EFFECT OF HEPARIN
Heparm affects the one-stage prothrombm time and 1t 15 not
possible to obtamn reliable values for the one-stage prothrombn tme

m the presence of heparm

THE APPLICATION OF THE ONE-STAGE TEST IN THE CONTROL OF THERAPY

“This test has been used so extensively n the control of therapy that
1ts value can scarcely be doubted It Kas the advantage of ted
smmphaty but cannot be used 1f hepann 15 also present 1n the blood
and cannot be carned out on postal samples because Factor V may
deteriorate in oxalated blood and the one-stage prothrombin time of
citrated plasma may shorten on storage Thus pattents on long-term
therapy presumably cannot have holidays Differences i the effects
of vanious thromboplastin preparations mean that results from differ-
ent centres may not be exactly comparable Indeed Smuth and
Schelling (1954{ have shown that the critenia adopted by different
centres are not the same

The first difficulty m terpretation antses from the fact that the
clotung time of normal plasma depending on the actvity of the
thromboplastin used varies from 12 to about 20 seconds The
results of the one-stage test cannot be expressed as clotting times
A clotting time of 24 seconds would be quite abnormal for a system
with an acave thromboplastn (r2 seconds normal) but neady
normal for an nacuve preparation The results must therefore
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The method as proposed bK Owren and Aas 1s known as the pand
method because 1t 13 thought to give a combined esimatton of the
re\ els of prothrombun and proconvertn (Factor VII} In this method
a1 1n 10 dilutron of plasma 1s muxed with prothrombin-free ox
plasma (which contans Factor V and fibnnogen) bram extract and
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‘of Owren and Aas (1951) for the control of anticoagulant ther py The results of the

oné-stage test are cxpressed a3 ratios and those of the pand pm thod s
of dindev n 15 given above The proposed therapeutic sanges £ 1 0
indicated by the cros-matcbed arcas
In general st 1s cle  that the two methods e measuring the same buormalty the same
trends are obvious tn the two mcthods and high ratios comeids wath low
Duniag the first 6 days of treatment the dimdevan 1t cumulating a fact which 1s obvrons in the
p and p method but only revealed 1n an exaggerated form on the 6th day by the one stage
method Therapy was controlled by the one-stage method and the excessive rato lead to
hdrawal of the drug ¢ catuely v 2¢Judged by the p and p method.
After the seventh dey th _dose was gradually mescased to a valus only sughely 100 Lughe Too
gret a dose reduction £ lowed becween the 19th and 26th day which was mmmediately
obviews vsng the pand pm thod but not by the ono-stage method The panent s bilanaing

pescent The dosage
two methods are
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direct ratio of abnormal and normal cloting times to avod this
confusion By this method an abnormal result of 24 seconds would
be compared with a normal of 12 seconds by dividing one by the
other to give a ratio of 2 Table 42 gives a rough companson of the
results as judged by the three methods

Of these three methods the ratio method 15 probably the least
ambiguous and eastest to use In practise 1t 1s usual m establishing the
method for control of therapy to adopt a fauely arbitrary standard for
the therapeutic range and the level which should not be exceeded
based on published figures The method 1s then used for a pertod of
tme and if several episodes of bleeding are observed at apparently
safe levels the criteria are readjusted (Merskey and Scholtz 1955)
In our laboratory we recommend a therapeutic range of ratios be-
tween 1 5 and 2 5 and set the danger level at a ratio of 3

MODIFICATIONS OF THE ONE-STAGE PROTHROMBIN
TIME

MICROMETHODS

As usually petformed the one-stage prothrombin time mvolves the
use of venous blood and many workers have felt that 1t would be
an advantage to use capillary blood Unfortunately, none of these
methods 15 sufficiently relable

DILUTION METHODS

The unmodified one-stage test gives hittle changes 1n clottng ttme
for reductions 1 Factor VII down to 20-25 per cent It 15 often
thought that this msensitivity 15 urimportant because the test 18
reasonably sensitive withm the therapeutic and toac ranges But
many workers have felt that the test would be more useful 1f mmor
devrations from normal were more accurately determmed because
trends towards or out of the therapeutic range would be more
obwvious Simple dilution methods have the disadvantage that Factor
V and fibninogen are diluted and phystological variations m these
factors have an unpredictable cffect cansing a considerable merease in
random and urelevant vanation Owren and Aas (1951) have
mtroduced a difution method m which these errors are ehmmate
by making a constant addiion of prothrombun-free plasma m which
Factor V and fibrnogen are present n high concentration
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TESTS OTHER THAN THE ONE-STAGE PROTHROMBIN
TIME

The rather poor correlation between tendency to bleed and the
results of the one-stage prothrombin time has lead to the search for
other tests which mught be used to control therapy The hepann
resistance test now has many advocates The test 1s simple to do but
13 greatly mfluenced by very many arrelevant factors and 1s at present
1mpossible to standardize for routine use ‘Theoretically the test has
the advantage of being influenced by all stages of clottmg 1t should

herefore tecord the thromboplastin defect caused by the dicoumarol
drugs which 15 not d by the ge test The
Thrombelastograph of Hartert (1951 19523 b anchg akio has
E::sxblhucs for the control of anticoagulant therapy The method

not yet had an adequate tnial in parallel with other methods and
fequires an expensive apparatus

Tanua g3
or Ty
Aushor Type f Numberof | Dumberof | Number [
T eatment Cases Treament | Haemorthagie
Years Inadents
Wright et al Short 368 - 30
G948} Tevm.
Beaumont et al. Short 450 - s
{t953) Term !
Owren (1955) Short 1083 1o [}
Tem
Nichol nd Borg Lon, L] -
f1930) Tors 7 »
Foley and Wright Long s
(1934) Term 4 h ”
Owren (1955) Long 236 607 7
Term
(Dicoumarol)
Long 183 109 1
Term
{Dndevan)
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dose of dindevan 1s clearly about 150 mg daly The panent s dosge was never truly on-
trolled in spite of 31 days of expenicnce

Had the p and p method been used the dose on the sth day would have been adjusted to
100-150 mg instead of bemng ncreased to 200 mg and the balanang do.e would have been
reached wathn the first woek

This case was selected because 1t ilfustrates many pomts but the record 1 1o Way excep-
nonal Fursdly 1615 clear that whatever control method 1s used correlation of dose and response
cannot be achieved without a graphical record Secondly balanced dosage requuses a telsble
record of teeads which are niot obvious i the one stage method Thurdly the defiaency of
the one-stage method 15 dus mamly to 1ts extreme snsensitivity to near normal values

The form wsed for the preparation of this figure s one which could well be used for roumne
control of therapy The scale markings ate left blank on the prnted sheet to allow for the we
of different drugs and different Liboratory methods

CaCl,, the clothng time 15 recorded as with the one-stage pro-
thrombmn tune and the results assessed from a dilution curve of
normal plasma The method has the il advantages that postal
samples can be tested because detertoration i Factor V 1s unimport
ant Factor V bemng added m excess Heparin in low concentration
does not affect the result because a 11 10 dilution of plasma 18 used
Also 1t 15 ] d that diffe batches of thrombopl. do not
affect mterpretation There 15 also no doubt that the method 1s very
much more sensiive to munor deviations from norm: 1
Quuck s origmal method Expenence with thus method used m
parallel with the unmodified test suggest that trends i the level of
abnormality are eathier and more reliably indicated by this diluton
method that this method has less random varanon and that sts
results are earlier and more closelv correlated with dosage alterattons
These potnts are dlustrated i Fig 49 adetatled comment on whichis
mcluded 1n the legend

With all these advantages should this method be generally
adopted> For hospital wm-pattent treatment the unmodified test
though undoubtedly more difficult for the climaan to usc than the
method of Owren and Aas (1951 ) 15 probably adequate For long-
term out-patient treatment there can be no reasonable doubt that the
method of Owren and Aas ss preferable Thus beliefs su]l:portcd by
the fact that Owren has a very low inaidence of haemorrhagic com-
plications 1 the largest senies of cases treated over extend pertods
yet available His figures show an madence of haemorrhage of 13
epsodes per 100 patient-treatment-years where a comparable fxgur:
for the American series of Wight was 125 The Amencan series dealt
only with m-patients whose prothrombin time levels are more cauly

controlled
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used 25 thromboplastn and this modifi of the test 1s quite un-
reliable for the control of anticoagulant therapy  Agam the test may
be adequately performed but the results presented to the doctor 1
chatge of the patient 1n a form which may be musimterpreted The
result may appear as say, 10 per cent The doctor n charge of the
patient may have the impression that the therapeutic range 1s 10-20
per cent and consider the result sansfactory  But the therapeunc
range of 10-20 per cent refers to a particular dilution curve used by a

artcular iboratory and 1f the 10 per cent result 15 an index figure
fxo times the normal cloting time) 1t will indicate gross overdosage

INADEQUATE SUPERVISION OF THE PATIENT

Hospital in-patients suitably selected scldom suffer from senously
wadequate supervision though there 1s no doubt that treatment 1n
most hospitals could be much improved by the catly appreaiation
of atrend towards overdosage whichis very evident when the pand
p methed 1s 1 use  Thus trend 15 greatly clanfied by the use of
graphucal representation of results mf dosage and this method should
always be used

In out-patients the problem 1s much more difficult and there are
many causes of accidental overdose Now that many different drugs
are available a different drug of smaller dose may be substituted with
the wrong dosagelevel on renewng the pills (Hunter and Walker
1954c) ‘The patient may be told to stop taking the pills but

buting his umpr to the med may to take

them secretly sf Ee has a large supply n reserve  The panents
sensivity to the drug may suddenly increase erther spontancously
ormn with some allness or because he has
taken some other drug such as aspin or sulphonamide which
ﬁotcnuate the action of the dicoumarin drugs  The patient may have

ad a healed gastac ulcer unsuspected dunng in-patient treatment
which may recur and bleed dunng prolonged out-patient therapy
The patient may suddenly be taken with tooth-ache and undergo
dental extraction without the knowledge of the supervising pk
The physicran may have seen many pauents who have come to no
harm through moderate overdose and he may fail to take an appro-

priately senious view of an occasional prolonged one-stage pro-
thrombin tume

These dangers can be d by good co-op between
the laboratory and physician and by careful but ume consuming
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THE HAEMORRHAGIC COMPLICATIONS OF ANTI
COAGULANT THERAPY

It 15 often thought that heparn occurring naturally and being
raptdly ehmmated 1s a safe anticoagulant  Tn practise hepanmn 15
Just as likely to cause bleeding as the dicoumarm drugs and just as
much care must be used n selecting patients for treatment

The madence of bleeding episodes i duifferent seres using the
dicoumann drugs 1s very varable (Table 43) In Owren's senes of
more than 1000 cases of short-term treatment no haemorthage
attributable to the anticoagulant therapy was observed In Wright s
series 36 merdents were observed mn treatng 4<o pattents The
mncidence of bleeding 1s probably determmed by the skall of medical
supervision correct selection of patients and the adequacy of the
method of laboratory control Owren aterbutes hus low merdence
of haemorrhage Jargely to the method of laboratorv control

The most usual type of bleeding 15 haematuna epistaxss, brussing
purpura and gastro-intestinal bleeding are also encountered

THE CAUSES OF INADEQUATE CONTROL AND OVER
DOSAGE WITH THE DICOUMARIN DRUGS AND
METHODS OF AVOIDING THEM

Many crcumstances make anticoagulant cherapy difficult and
dangerous Thus treatment 15 superficially very simple but requures
supervision by specially tramed workers The main causes of poor
control are madequate laboratory methods and nadequate super-
vision

INADEQUATE LABORATORY METHODS

The best available method for the control of anticoagulant therapy
15 the one-stage prothrombin ime but some workets have attempted
to use such meziods as the Lee and White clotnng ume or calaum
dottng time  Both of these tests give entirely normal results with
the blood of patients treated with the dicoumarm drugs unless 2
gross overdose 18 given The use of these methods 15 therefore
almost always ded b Ilable bleed

If the correct method 15 used 1ts performance or nterpretatton
may be unsatsfactory  For example Russell s viper venom may be
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that may be required  Gastro-ntestnal bleeding with no other
hacmon{zgc at a therapeutic Jev el always supgests some compheat-
1ng lesion such as a gastnc vlcer The drug should be “?M and
Vitamun R, given a3 anticoagulant Lhcr:l{) 18 contra-ndicated 1n
such pauents Generahzed or severe local bleedmg should be treated
by withdrawal of the drug with Vitamun K, and 1f necessary by
blood transfuson  Water soluble Vitamin K prepatations ate
mneffecuve  Blood transfusion 15 sndicated for excessive blood Joss

blood by 1self does not greatly mfluence the clottng defect. If
acadental severe overdose has been given the two-stage prothrom-
bin test should be done during the recovery peniod the prothrombin
level may return to normal more slanly 15 suggested by the

d in one-stage prothrombn time

SUMMARY TO CHAPTER XVIll

Much attention has recently been given to the increased madence
of coromary thrombosis  There 1s some cvidence that st may be
associated with some abnormality in fat metabolism

Two types of anticoagulants are wsed for the treatment of throm-~
boss The hepanin group has a limited application and at present
hepanm 1tself 15 the only generally useful drug  The dicourann
Eou now mcludes many drugs and the choice between them s

roely 2 question of personal preference

Work on the metabolsm of the dicoumann antcoagulants
suggests that the different drugs are not metabolized 1n the same
way and that different amimals merabolize the drugs differendy

There 15 now linfe doubt that short-term treatment with the
dicournann drugs 15 of benefit to pattents wath coronary thrombosts
Many phyncans believe that fong-term treatment would be even
more valuable

For the lab y control of lant therapy no method 1s
superior to the onestage prothrombin ttme It seems probable that
the mod; of ths test desenibed by Owren and Ass (1951) 13

supenor to all other tests available at present.
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supervision  The laboratory should leave the physician m no doubt
asto the mterfrctmon of results The first result obtaned for a new
pattent should be accompanted by 2 note on 1ts mterpretation For
example, 1f the ratio method 1s used the note may read The resubis
of the one-stage fpmthrombm time are expressed as a rano of the
clotting times of abnormal and normal pi\sma samples By this
method the therapeutic range lies between 1 sand 2 5~ Values above
3 may be associated with haemorrhage this value should not be
exceeded The wmterpretation of results by any method 15 much
facilitated by grap}ucaf representation and routine sheets smtable for
thus purpose should be available A possible form adaptable to
different testng methods was used 1n the preparation of Fig 49
The control of dosage should be 1 the hands of an experienced
serwor member of the staff and not decided by relatively mexper
senced workers There 1s much to be said for the control of dosage
mn a particular hosprtal being m the hands of one specially exper
tenced physician  He need not be responsible for the patient s care
but merely act i an advisory capacity suggesng the best dosc each
day Out-patients must be very carcfully upervised and fatluze to
attend at the laboratory or for an out-patient appomtment should be
mvestgated immediately Pattents must understand and be call‘;nbk
of understanding the treatment that they are recaving  Holidays
requre careful planning ether the patient must attend ata hos({utal
while away or a method must be selected which can be used on
postal samples and his dose must be arranged by telephone or post.
A patient must be able to come up to hospital at any tune to report
any sign of hacmorrhage and us records must be readily avalable
so that the cause of bleeding 15 obvious and suitable treatment may be
given even 1f the physician m charge 1s not to be found

THE TREATMENT OF HAEMORRHAGE

A one-stage prothrombm time should be carried out mmmeduately
on the blood of any patient recerving anticoagulant therapy who 15
bleedng or has yeteciml haemorrhages or ecchymoses The results
of the test and the severty of the bleeding will deternune treatment
If the bleedmg 15 confined to shght haematuna and the one-stage
prothrombin time exceeds the therapeutic range withdrawal
of the drug and 1ts cautious re-adnunistration at a lower dosage 15 all
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that may be required  Gastro-ntestinal bleeding wath no other
h:cman{zg: at a therapeunc level always suggests some comphcat-
ing lesion such as a gastne uleer  The drug should be stopped and
Vitamun Ky given as anucoagulant therapy 1s contra-indicated 1n
such patients Generalized or severe local bleeding should be treated
by withdrawal of the drug with Vitanun k., and 1f necessary by
blood transfuson  Water soluble Vitammn K preparations are
meffecuve Blood transfusion 15 ndicated for excessie blood loss

blood by tself does nat greatly influence the dotung defect. If
acadental severc overdoase has been grven the tw o-stage prothrom-
bun test should be done during the recovery penod  the prothrombmn
lcs;cl may retum to normal more slowly 1s suggested by the

m ge p ume

SUMMARY TO CHAPTER XVIlI

Much attention has recently been given to the increased madence

of coronary thrombosis There 13 some evidence that 1t may be
d with some at Lity 1n fat metabol

Two types of anticoagulants are used for the weatment of throm-
bous The hepann group has a hmited application and at present
hepatm atself 15 the only generally uscfuf drug  The dicoumann

oup now mcludes many drugs and the choice between them s
argely a queston of personal preference

Work on the bol 3 g
suggests that the different drugs are not metabolized 1 the same
way and that different anumals metabohze the drugs differentdy

There 1s now htle doubt that short-term treatment with the
dicoumarm drugs 1s of benefit to patients with coronary thrombosis
Many physicans believe that long-term treatment would be even
more valuable

For the lab y control of gulant therapy no method 1s
superior to the one-stape prothrombin ime It scems probable that
the modificanon of this test described by Owren and Aas {1951) 1
supenor to 2!l ather tests available at present.

0




CHAPTER XIX

ARTIFICIAL COAGULANTS AND HAEMOSTATICS

The clottng of normal blood can be hastened by adding to 1t
natural or artificial coagulants or by providing a large area of con-
tact with a foreign surface  Such procedures are often used m an
effort to control persistent or profuse haemorrhage and smee the
mechanusm of hacmostasis 15 a complex one capable of bemg m-
fluenced 1n many different ways an almost endless senes of hacmo-
static agents have been devised and recommended by their some-
fumes over-optimistic ongmators  In ths chapter will be considered
the probable mode of action of agents known to accelerate blood
coagulation 1n vitro and some of the procedures which may increase
the coagulability of the blood 1 vivo A second section wall deal
briefly with haemostatics that have been used i practice

COAGULANT PREPARATIONS

SUBSTANCES HAVING A THROMBIN-LIKE ACTION

There has been an increasmg mterest 1n the preparation of throm-
bir for use as a haemostatic and for laboratory purposes duning the
past twenty years Seegersetal (1939) descnbed the prciarauon ofa
tughly active and relatively pure bovine thrombm and Jater defined
a2 umit of acuvity this bemg the amount of thrombmn which
clot 1 cc of a standard ib-mogen solution m fifteen scconds M
stone (1941) ard Adams and Taylor (1943) also studied methods for
its preparation and punficanon An active human thrombmn 1s
prepared by an ether precipitanion process by Keckwack and fus
co-workers at the Lister Institute London  One of the earliest com~
mercial thrombins of lugh potency was the interestng rabbit clot-
ting globulin_described by Parfentjev (1941a b) The method of
separatton which consists of ammontam sulphate precipitation of
the globulin fraction of rabbit plasma would ot be expected to

roduce 2 spontancously actve thrombin The precipitate does
ﬁowevcr develop a powerful thrombm activity and when m solu~
#on forms a stable and convement preparation Thus matersal has
been studied by Tayloretal (1941) and Lozner etal (1941)

Fagle (1937) Has shown that the venom of some of the

3
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ratdesnakes such as Crotalus adamenteous Crotalus tenficus and
Crotalus horndus and of Bothrops nummyfvs have 2 thrombin-
Iike action_being able to coagulate fibnnogen directly and 1n the
absence of caloum platelets or prothrombin  Ther coagulant
action seems 1o vary directly as thar proteolytic actvity (Janszky
1950) Eagle {t937) and Eagle and Harnis (1937) have studied che
action of papatn m producing coagulation It ap{c:m to act like the
venoms already mentioned but coagulation onl y(occurs within a2
[}

limited range of conc smee dige brinogen may
occur before coagulanon 1if the concentration of the proteolytic
enzyme 1s too hugh  The t 1 1mpl of the thromt
ke acuon by proteolvtic enzymes ase of obvious interest and are
dscussed bY Eagle

Other capable of 1 fibrmogen are minhydnn,

alloxan and sabieylaldehyde which were studied by Chargaff and
Ziff {1941) and napthoquinone which has been extensnely invesn
gated by Lyons (19152 b) Lyons has based an individual theory
of the thrombin-fibnnogen teaction on the abilty of mnhydnn
and napth to coagulate fibonogen (Chapter 11

It should be realized that the coagulation produced by some of

ese and ch t docs not tesemble m all
respects the normal fibuin clot - Often the so-called coagulaton con-
susts of 2 gelannous or ropey preapitate ot even of a collecion of

s and particles so that 1t may not have much informaton to

give on the normal process of fibnn formanon  Preapitanon of
fibrinogen can be achieved by protemn preapitants of :llil kinds by
heating crby g the sale but such preap
cn hardly be regarded as related to the formation of fibon by
thrombin.

ACTIVATORS OF PROTHROMEIN

Many preparanons having real or fancied thromboplastic actvity
have been produced for therap and fab y purp Most
of these ate extracts of animal or human tissues prepared by methods
so dwverse that 1t would be out of place to consider them m detarl
here The most famihiar 15 the dned acetone-treated bran pre~
paranon made fxon'\ nb‘eu or human matenal winch 1s used for

c tage P trae of Quck. Ot
d:mmbopb?uns have mncluded extracts of un c!lzcmtz, tcsn:st
thymus platelets kidney and human nulk, Ai:l !flc:e substances

a
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behave as thromboplastns m that they require the presence of
calcum and the vanous accelerators of thrombm generation 1
order to produce activation of prothrombm The specics from which
they ate denved 15 an smportant consideration n assessing ther
action on human blood, as there 15 2 well marked spectes-speaficty
(Chapter IV)

There are a number of other substances capable of mducng
thrombmn generation with or without the co-operation of calaum
Douglas and Colebrook (1916) and Ieard (19173, b) found that
trypsn_hastened the clotting of blood an effect mvestigated by
Mellanby (1935b) Eagle and Harns (1937) and Ferguson and Enk
son (1939)  Thesr results suggest that trypsin 1s capable of convertnng
prothrombin 1nto thrombm m the absence of calcium and as wath
papan there 15 2 himated range of concentratrons within whach ths
cﬂ{Ct 1s obtamed  Ferguson and Enkson (1939) showed that the
effect of trypsn on prothrombun 15 mncreased by the presence of
caletum and thromboplastin 1n the form of ‘cephalin’, and that
coagulation times of sixteen seconds can be obtamed by adding
trypsin and calcrum to citrated plasma  They suggest that the action
of trypsin 15 to mobilize an active thromboplastin from some mert
precursor and they consder that a proteolvc factor i the plasma has
asumilar part i normal coagulation  Intravenous mjection of trypsin
1 ammals can produce extensive mtravascular coagulanor and
death wathin two mmnutes (Eagle 1937) Lesser amounts produce 2
lengthenmg of the clottng time as 1n the negative phase reaction
with the appearance of an anticoagulant which 15 sumilar to but not
denncal with hepann (Quvy 1950)

THROMBOPLASTIN-LIKE VENOMS

A number of snake venoms act on prothrombin Eagle (1937)
has shown that the venoms of Notechis scutatus (nger snake
Bothrops atrox (fer-de-lance) and Bothrops jararaca have an acton
sumilar to that of trypsin smce they are capable of producing
thrombun from prothrombin even m the absence of calum  They
have no effect on fibrinogen alone Russell s viper venom 1s particu-
larly mteresting  Lamb (1903) observed that it was capable of
clottng, oxalated blood but m a comparatwvely fecble manner
Macfarlane and Bamett (1034) showed that st actually had thrombo-
plasun-like action of lleled power and d calctum for

ats full effect Using h;comophlllc blood as an mndicator 1t was
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found that even when diluted many milbon tmes the coagulant
action was snll matked Macfatfane and Trevan (1936) found that
tlus acuon was greatly mcreased by tissue extracts or learthin and
later {Macfarlane 1938a) 1t was established that the venom was
incapable of clotung plasma from which all platelets and lipord had
been removed by hugh speed centnfuging filtraton or extraction
with hpoid solvents Its coagulant action was restored by the addi-
ton to such plasma of platelets or leathin  Leathes and Mellanby
(1930) confirmed some of these observatons and suggested that 2
venom-lipord complex was analogous to a hypothetical enzyme-
lipord complex which might function as thromboplastin in g)hyno-
Yogtcal blood cozgulanon - Macfarlane Trevan and Atrwood {1941}
further invesngated this participation of a hipord factor n coagulation
and Macfarlane (1938a) observed that a coagulant with an action
very ssmular to that of Russell s viper venom could be extracted from
human saliva suppornng the suggestion that the venom mught be
analogous o a natural clotung, gctor Recent work by Poole and
Robmson (1956) suggests that the Lipod factor may be phosphandyl
ethanolamne

Expenence with Russell s viper venom as 2 subsutute for ussue
thromboplastin 1n the performance of the onc-stage prothrombin
test suggests that 1t behaves differently from natural thromboplastin
Tts acnon 15 dependent upon the amount of available lipord factors i
the form of platclets free fat 1n the plasma or 2dded h‘)md In
patients g d 1 or the prott time
may be derably prolonged 1f bran thromboplastin 15 used but
much less 50 1f venom 1s used  As 1t now seems established that the
prol of the ge prothrombm time dunng
with dicoumatol and tromexan 1s probably due to a2 decrease m
Factor VI 1t would appear that the action of the venom 13 Jess
sl;:c:publc to a defiaency of Factor VII than 1s tissue thrombo-
plastin

STAPHYLOCOAGULASE
Filtrates from pathogenc straws of Staphyloccocus atreus have been
known to be m&;\ablc of coagulating blood smee the observations of
Toeb (1903) The reaction was studhed 1 deta by Walston {1035)
and Srauth and Hale (1944) Walston found that the filerate { coagu-
lase’) was capable of clotung hus fibonogen preparanons and
ppeared therefore to be hike thrombin 1 1ts action but unlke
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thrombm 1t was not mhibited by hepann Smth and Hale (1944)
on the other hand, observed that fibrmogen prepared by Mcllanby s
method was not coagulated by staphylocoagulase although 1t con-
taned sufficent Ixcthrombm to be coagulated by the addition of
tisse extracts and calaum  Oxalated plasma was rapidly coagulated
and 1t was concluded that the plasma contained an actvating factor
which together with coagulase produced, i the absence of calcum
a substance having the action of thrombm Dutlue and Lorenz
(1950) clanfied to some extent these contradictions by finding that
an miubitor of coagulase actrvity might or mught not be removed
by the various processes used by previous authors so that falure to
produce coagulation mught not always mducate absence of the
required activator  They found that there was 2 parallel loss of
actvator and prothrombm during normal coagulation and pro-
thrombmn prepared from plasma by adsorbtion and elunon con-
tamed the activator the supematant contamed Factor V but no
actvator  Seutz filtraton was supposed to remove prothrombin
and the fact that activator was found to be present 1 the filtrate
suggested at first sight that prothrombmn cannot be the ‘activator,
though Duthie and Lorenz pomt out that thus supposed loss of pro-
thrombin by Sewz filtration may be more apparent than real
(Chapter V) Tager and Lodge (1951) confirmed that the conversion
of plasma to serum results 1n a loss of the coagulase actvator tactor
and that the more effective the prothrombm conversion the greater
thisloss Stz filtered plasma which has no demonstrable ‘prothrom-
binactivity retains the acuvating factor and these authors therefore
assumed that prothrombin cannot be 1dentical with activator But
1t must be emphasized that Seitz filtration may have unpredicrable
effects It has been observed by Koller et al (1951) that Seuz filtered
plasma may actually contam considerable quantinies of prothrombin
though thus prothrombm will not react with thromboplastin 1n the
resence of Factor V and calcum since the required Factor VI has
gccn removed by filtration ‘The observations of Tager and Lodge
(1951) and Duthte and Lorenz (1950) that Seatz filtered plasma con~
tams the scuvator are not mcompanble with a conclusion sujpm’md
by other evidence that the actvator and prothrombin are 1 entical
Recent work by Duthie and Lorenz (19522 b) supports this view
snce they have found a strct parallelism between the protbxombu}
levels estimated by a two-stage method and the amotnt of actvator
present 1 the blood of pauents recetving tromexan m liver disease
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and 1n the prothrombin defictent panent described i Chapter XIV
prorombn & Chagter XO

It 1s prob phy reacts with p en
1 the absence of calaum and Factors V and VII to produce a form
of thrombin  Thus thrombin differs from normal thrombin since 1

15 not mlubited by hepann nor by the antithrombun of the serum

HAEMOSTATICS

LOCAL HAEMOSTATICS

The control of prolonged or profuse bleeding 15 a problem that
15 constantly recurnng mn surgical and dental pracuce and to some
extent even with the mnor muhaps of everyday Ufe If the
mechamsm of hacmostass 15 functiomng normally nature 1s able
to stop bleeding from the smaller vessels without artificral aid and
mn a comparatively short time thongh damage to larger vessels
usually entatls the use of ligatures or pressure to arrest the haemor-
thage” But when there 1s some defect in the hacmostanc mechamsm
bleeding may continue almost mndefimtely from even small injunes
and this has fated the devel of artfical h
agents Some of these have already been desenibed mm the chapter on
haemo

if thi coagulation of the blood 13 reasonably efficient the pro-
vision of a large surface area of foreign matemal at the site of haemor-
thage will sumulate fibrn formaton and mncrease the solidity of the
clot Thus 1s the basis of the tradinonal apphications of cotron wool
gauze and bandages to any injured area The cotton has a large area
which sumulates blood coagulation and the threads become en-
meshed m the newly formed fibtin thus providing a remforcement
which often produces 2 most effective hacmostatic plug  These
measures effective when 1 conjuncuon with effiaient clotang are
more or less uscless when there 15 2 coagulation defect

In early attempts to control haemorrhage wounds were cautenzed
with red hot trons or dressed with tar aad alkalis copper sulphate
fernc chlonde and many other chemieals which preapitate or de-
mnature protein  The object was to coagulate the bleedng surface so
that an smpervious layer of dead tissuc would be formed through
which blecding could not occur Temporary haemostasss may have
been achieved i these ways but the end result was usually disastrous
because the destroyed tissue finally sloughed leaving an area larger
than the onginal wound, from which renewed haemorthage
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thrombmn 1t was not mhubited by hepann Smuth and Hale {1044)
on the other hand, observed that fibrmogen prepared by Mellanby s
method was not coagulated by staphylocoagulase although 1t con-
tamed sufficient r{n'othrombm to be coagulated by the addmon of
tissue extracts and calum  Oxalated plasma was rapidly coagulated
and 1t was concluded that the plasma contamed an activating factor
which together wath coagulase produced 1n the absence of calaum
a substance having the action of thrombm Duthie and Lorenz
(1950) clanified to some extent these contradicuons by finding that
an mhubitor of coagulase activity might or might not be removed
by the various processes used by previous authors so that fulure to
produce coagulation mght not always mndicate absence of the
required activator  They found that there was a parallel loss of
activator and prothrombin during normal coagulation and pro-
thrombm prepared from plasma by adsorbuon and elution con-
tamed the activator, the supernatant contamed Factor V but no
activator  Seitz filtranon was supposed to remove p b
and the fact that activator was found to be present m the filtrate
suggested at first sight that prothrombin cannot be the activator
though Duthte and Lorenz pomt out that thus supposed loss of pro-
thrombin by Seitz filtraion may be more apparent real
{Chapter V) Tager and Lodge (1951) confirmed that the conversion
of plasma to serum results m a loss of the coagulase activator factor
amf that the more effective the prothrombin conversion the greater
thisloss Seutz filtered plasma which has no demonstrable ‘prothrom-
binactvity retains the activating factor, and these anthors therefore
assumed that prothrombin cannot be 1dentical with acuvator  But
1t must be emphasized that Seitz filtration may have unpredictable
effects It has been observed by Koller ctal (1951) that Seitz filtered
plasma may actually contam considerable quantities of prothrombin
though this prothrombin will not react wath thromboplastin n the
presence of Factor V and calam since the required Factor VI has
been removed by filtranon  The observations of Tager and Lodge
(1951) and Duthte and Lorenz (1950) that Sextz filtered plasma con-
tams the activator are not mcompatible with a conclusion slg)portcd
by other evidence that the activator and prothrombun are 1 enncal
Recent work by Duthie and Lorenz (19522 b) supports thus view
smee they have found a strct parallelism betw cen the prothrombut
levels estimated by a two-stage method and the amount of activator
present the blood of patients recaiving tromexan i hver discase
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human and ammal sources  Seegers Warner Bnnkhous and Smth
(1939) described the use of a punfied thrombin as a hacmostanc
agent 1 ammal experiments  Parfentjev (19412 b) described hus
rabbit clotung globuln which had a powerful thrombin acton
and was used as a local haemostatic by Lozner MacDonald Finland
and Taylor (1941} and by van Creveld and Harmer (1941) It was
found to be eflective 1 controlling haemorthage following tooth
extraction mn haemophilic subjects  Seegers and Smuth (1942)
desenibed the factors which mfluence the activaty of thrombin pre-
parations and other papers appeared descnibing the use of these
hrombin prep as local | ics (Adams and Taylor
1943 Tidnck Seegers and Wamer 1943 and Stevenson 1944)

In nosc and throat surgery the dry powder can be applied directly
to hmuted and :cccsslec areas of cozing and m other sites a solution
contamng 20000 umits per ml can be sprayed by means of a
syninge and fine needle into the required stnation - By these methods
ntranasal packing can often be avoided (Stevenson 1944) Throm-
bin was (gund to be valuable 1n controlling haemorrhage from
skin graft sites by Cronkste Deaver and Lozner (1944) O'Connor
(1945) mjected 10 m! of thrombin solution contammg 1000
umts per ml mto the bladder 1n cases of prostatectomy and Palomo
(1945§ confirmed the beneficual effects of this treatment stating
that the absence of post-operative haemorchage m such cases
decreased the necessity for repeated imgation  Daly (1946) gave
thrombin solution by mouth 1n an attempt to control haemorrhage

1 cases of gastro-mtestinal bleedmg  He prevented the destruction
of thrombm by gastnc juice by giving phosphate buffer by mouth
before the thrombin which was itself contamned i phosphate buffer

Thrombin has also been used 1n ophthalmic surgery by Parry and

Laszlo (1946) and other applications are dcscnbcdrgy Seegers and

Sharpe (1948)

ABSORBABLE DRESSINGS
The disad ge of msoluble h d gs such as
cotton wool or gauze 15 that though effective m arresting bleeding
while 1n place tgey sooner of later have to be removed Removal
u}ua]l);u entatls a certamn, Lamountlof tissue damage and a recurrence
of perhaps m patents suffe from
Bachmostin defect The of d 4 which are 1 1y
absorbed 1 the course of ume or which partually dissolve so that




s BLOOD COAGULATION

occurred  With increasmg knowledge of the normal clotnng
mechansm 1t was realized that better results could be obtamed by
the application of substances supposed to hasten the clotting of blood
m vitro  Such things as gelatin pectn, horse serum and a number
of commercial tissue preparations were used which though they
had the great advantage of bemg comparatively harmless wete
almost mactive as coagulants (see Prckenng 1928) Hrschfelder
(1015) used a bran preparanon as a local haemostatic 1 general
surgery and 1t was also employed by Cecil {1917} 1 cases of pro-
statectomy and by Bastedo (1919) who gave 1t orally m cases of
haematemess  Hanslick and Weidenthal (1919) admuustered
cephalin mn cases of haemophilia and of mtestnal bleeding with
reported benefit Other local applications of coagulant factors
mcluded dressings soaked m fresh normal human blood and pro-
pnetory preparations with a thrombun or thromboplastin-like 2ction
which were mostly of a comparatively low potency

Macfarlanc and Barnett (1934) mvestigating the coagulant acion
of snake venoms observed the extraordmary potency of Russell's
viper venom as a coagulant of haemophilic blood one of its charac
teristzcs bemng the fact that 1t 15 active when diluted to one i many
mullions  Since any local haemostatic 1 liable to be raprdly dluted
by 1ssung blood, 1ts capacity tO Temam active i high dilution 15 of
practical importance It was found possible to prodiice 2 haemostatic
preparation which was both stenile and stable and this was wsed with
success m a number of cases of accessible haemorrhage 1 haemo~
philic and other subjects (Macfarlane 1935 Cambrook 1936 Baker
and Gibson 1936 Raimond: and Sanglovanm 1937 Hyatt and
Buckland 1937 and others) The venom 1s capable of producing
coagulanon m therapeutic concentrations mn from ten to twenty
seconds and there 15 no indication that 1t causes delay of healng ot
mereased lability to mfecon No all effects followmg ats use
have been reported There 1s a good supply of the venom and pro-
prietary preparations for local hacmostatic use are avatlable

Other snake venoms have also been used 1n a sumilar manner
Rosenfeld and Lenke (1035) recommended the nse of the venom of
the Australian tiger snake and Peck Crmmuns and Erf (1935) vsed
fer-de-lance venom as a local haemostatic n haemoplhulia These
~venoms have not been used extensively

The development of large scale processes for the fractionation of
blood and plasma has made available a supply of thrombun from
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considerable advantage  Further descriptions of its preparation were
grven by Benng (1944)

Glynn and Richards (1946) have imvestgated the anngencity of
fibnn foam prepared from bovine sources and hase found that
though n the fresh state this maternal 1s strongly antigente and might
therefore lead to allergic reacuons i sensimve human subjects this
anngematy 1s Jost after heat sterlization

i ppl of coagul was made by Dees (1944)
who myected plasma 1ato the renal pelvis in cases of muluple renal
caleuli ” The resulting coagulum enclosed all the loose stones and
could be removed together with these m one operaton  Reading
(1946) has incorporated pemallin m a fibnn coagulum which can be
mtroduced into meected cavines The slow diffusion of the percillin
from the clot results 1n a prolonged bacterostatic acuon . the
locality Seegers and Sharpe (1948) m a general review of these
matenals have discussed the question of possible allergy m human
subjects as a result of the apphicanon og thrombin dertved from
ammal sources They were unable to detect any sensitization i 2
sentes of forty-seven human subjects

Artificsal Absorbable Dressings

The production of wool or gauze made from absorbable matenals
15 a further advance In 1942 Yackel and Kenyon descnibed the
2 of cellulose mto an absorbable product by treatment wath
nutrogen dioxide  The practical application m surgery of dressmgs
made from oxidized cotton paper or ganze was discussed by Frantz
{1943} Putnam (1943) combmed soluble cellulose dressings wath
the use of thrombin as a haemostatic packing 1n bram surge;
Seegers and Doub (1944) pomted out that oxidized cellulose mughe
destroy thrombmn unless the latter was dissolved 1n dilute soduum
bicarbonate solunon  Uthlemn and his co-workers (1945) made
mvesugations to determine the length of ume these dressings
retamned ther structure m the tissues He found that after about
2} days only a few recogmzable fibres rematned and that there was
only ashghtleucocyte reaction In 4% days no recognizable cellulose
fibres remained  Lattes and Frantz (1045) evolved 3 test of absorh-
ability by which the dressmgs could be standardized They con-
sidered that suutable matenal should be completely absorbed within
fourteen days TFrantz (1946) reviewmng the advantages of oxdized
cellulose as a haemostatic agent concluded that wounds are more
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their fragments can be removed wath the munmum of trauma 55 2
considerable practical advance

Fibrin Preparations

Young and Medawar (1940) were apparently the first workers 1o
use fibrin not 1t1s true as 3 hacmostatic but as a suture matenal m
the reparr of yenl?heral nerve mjurtes  Seddon and Medawar (1942)
described how plasma could be made to coagulate around the ends
of severed human nerves formmg a supportg structure m which
nerve regeneration could take place The fibin was absorbed by
the natural processes of fibnnolysts and repair Tarlov and Benjamum
(1942) smproved tus techmique and observed that autologous
f:lasma wasless likely to produce inflammatory reactions than hetero-
ogus plasma  Sano (1943) used a layer of the panent s plasma as a
method of sicking down skin grafts ~ The coagulation o!P the plasma
produced 2 layer of fibrin which caused strong adhesion between the
sk graft and the tissue to be grafied Macharlane (1943) prepared
films of fibrin which could be stenlized and kept for days or weeks
and applted to raw areas such as bums being stuck down by a film
of plasma or fibnnogen to which thrombm i’:d been added These
fibon films formed an absorbable dressing which largely prevented
the exudaton of plasma and allowed healing to occur beneath them.
They were also used 1 conjunction with thrombm or Russells
viper venom as covermgs and plugging for tooth sockets i cases
of haemophilia It was found that such absorbable dressings were
preferable to gauze since removal was not required but unfortu-
nately fibnnolysis was often so rapid that they were bable to disap-
pear withm a fen hours A technical improvement was the fibnn
foarn described by Ingraham Bailey and Neclson (1944) This was
produced as a dry sponge-like matersal which when morstened with
saline became doughy and plastic so that 1t could be moulded to
any form desired and used as an appheation to bleedng surfaces o
cavities It was useful 1 neuro-surgery and preferable to muscle
films or bone wax for haemostatic purposes Ingraham and Bailey
(1944) found that fibun films were useful m the repar of dural
defects and prevented the formanon of memngocerebral adhesions
Bailey and Ingraham (1944) reviewed the use of fibrn 1 nunety-five
neurological operations the foam being combined with a thrombin
preparation and proving stself to be an effective haemostatc agent
Bactenostatic substances could be mcorporated 1 this matenal with
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produce a clot on the surface of a bleeding wound 1f haemorrhage
continues beneath 1t Surface clots have little chance of produang a
sufficient nise of pressure within the wound to stop bleeding because
they cannot provide a water-tight covenng of sufficient mechameal
strength to wathstand the blood pressure It 15 necessary to remove
any loose clots from the bleeding surface and to apply the coagulant
on gauze or preferably on an absorbable dressing The coagulant
impregnated dressing 1s then pressed firmly on to the surface ot
nto tﬁxcn cavity with a pressure sufficient to arrest the bleeding
Blood on the surface will clot and adhere both to the issue surface
and to the haemostatic dressing - The pressure should be applied for
a penod of tme sufficient to ensure this Jocal coagulation and
adﬁmon at least five munutes beng usually required Pressure can
then be caunously relaxed and 1t 15 usually found that the bleeding
has been arrested  The dressing must now be kept in place by some
mechameal means which prevents it beng dilodped, so that the clot
sealing the damaged vessels 1s not broken In the case of a tooth
socket some form of dental splint 15 usually required 1 the case of
an external wound a firm pad and bandage 1s sufficient. It must be
emphasized that the purpose of these mechanical ards 15 merely to
keep the haemostatic dressing m place and they should not exert
sufficient pressure to cut off the blood supply to the mjured part
since 1f this oceurs healing wall be delayed
In pattents in whom the blood clotting mechamsm 1s not senously
d d such local appl. arc usually suff to produce
rmanent haemostasis Normally there 15 a more or less continual
reak-down of fibrn 1n wound cavines cven without gross sepsis
but new fibrin 1s formed by the coagulation of the slow exudate of
blood or plasma which almost always occurs In haemophiha and
other conditions 1n which coagulation 1s grossly deficent thus re-
placement of fibrin wall not occur unless there 15 contmuous supply
of some added coagulant Therefore m these cases the haemostanc
application 1s effective for a imited period only varymg from a few
hours to a day depending on the degree of infection and inflamma-
tion. This d of the clot 1s larly rapid 1n the mouth
A tooth socket may be effectively filled with an absorbable dressmg
and coagulant ws plete h ut 1n about twelve hours
the clot becomes dipested and the wwhole haemostanc mass becomes
loosened and meffective Haemorrhage 15 then very likely to recur
and will continuc untl the dressing 1s removed and the whole
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easily packed with st than with ordinary gauze, smce 1t 15 more
pliable and becomes shghtly sticky, and that packing 1s more efficient
smee the absorbable gauze swcl)l’s shightly . contact wath blood
thereby filing the cavity completely The gauze forms an amf el
clot which quickly produces hacmostasts and sf removal 1s necessary
the mass 15 found to be sufficiently frable after forty-eight hours to
be scraped away wathout danger of damaging the ussues and causing
rencwed bleeding Houser (1946) has used thus matenal as a packing
m controlling nasal bleeding and Fontam and Samsmus (1948) have
employed 1t as a packing for tooth sockets to control haemorrhage in
thurty cases In all except three of these the matenal was absorbed
satisfactonly

Another type of absorbable dressing 1s gelatin sponge which was
descnibed by Jenkwms and Clarke (1945) This matemal also -
vestigated by Correll and Wise (1945) 15 a foamy substance whichis
wmsoluble m water but absorbable by the tissues It has a haemostatic
effect like that of oxidized cellulose and 1s non-antigenic  Its use n
neuro~surgery has been deseribed by Abbott and Coleman (1946)
and extensive tests m monkeys by Light and Prentice (1945) show
that 1ts implantation 1n the bram prcr?uccs very httle tissue reaction
and that 1t 1s completely absorbed m from twenty to forty-five days
Jenksns Janola and Clarke {1946) pomt out that the gelatn may be
too rapidly destroyed presumably by proteolysis f there 1s an
mflammatorv reaction

Blamne (1946) ntroduced an absorbable caloum algmate which
can be used as 2 dressng  Olwver and Blame (1950) describe its
apphication as 2 haemostatic n neuro-surgery It 15 a conventent
prepatanon easily stenthized by heat and 1ts absorbability m the
fassues can be controlled by altening 1ts sodum content It appears
to be an effective haemostatic

Lowry (1950) has experimented with a range of synthetc adhe-
stves which form an absorbable haemostatic film on application to 2
bleeding surface He reports good results with 2 polyvinyl alcohol-
sucrose-urea compound

GENERAL PRINCIPLES OF LOCAL HAEMOSTATIC APPLICATIONS

"Fo be effective the application of any coagulant such as Russell s
viper venom or thrombin maust follow certam general prinaiples
The object 15 to produce a firm clot which extends down to and
preferably mto tﬂc onfices of any bleedg vessels It 15 useless to
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of the blood followng such admimstration 1n 2 vanety of haemor-
thagic states Wetterdal (19.6) used gelatm gisen sub-cutaneously
m the treatment of hzcmcnh:[éxc diseases of the newbom  The
fact that this was d with blood fi prob-
ably accounts for the beneficul results obtamed which were ascribed
to the gelain  There are also a number of proprictary haemostaties
which are clamed to produce a general lowernng of the blood coagu-
laton time each of which has had 1ts vogue Some of these are
reviewed by Pickenng (1928) The fact that few of them have
survived to the present time strongly suggests that they really had
very httle beneficial cffect It 15 only when some speatfic defect of
the clotting mechanism can be corrected that an eflcctive reduction
of the clottng ttme can be produced by general means

SUMMARY TO CHAPTER XIX

1 Coagulants may be divided 1mto two groups those which clot
ﬂbnnogm‘dnccd and those which promote thrombmn formation

The ¢ ot fib include thrombin some snake venoms

and vanous chermeal substances The coagulants which favour
thrombm formation include tissue extracts proteolync enzymes
some snake venoms and staphylocoagulase

2 Coagulants may be applied locally to control excessive bleed-
g Coagulants which have been used in this way are tissue extracts
Russell s viper venom and thrombin. These coagulants are usually
~very cffective 1f the blood coagulation system 15 normal but may be
of temporary value only m haemophilia because the clot formed
by the coagulants 1s removed by fibrinolysts and new clots do not
form to remforce the clots formed by the coagulant

3 Haemostasis and the healing of wounds may be favoured by
the use of natural or arnficial absorbable dressings

M 1

to e a general labihey of the
blood are meffective unless some speafic defect 15 corrected
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process repeated  Provided that fresh applications are made wath
care to avord tissue damage no harm wnflp be done by repeated re-
dressing, but 1t must be emphasized that anything which 15 hable
to devitalize the tissues wall delay the healing process and prolong
the pertod dunng which haemorrhage 15 hkely to occur

Temporary vasoconstriction produced by the appheanon of
adrenalm or cold in conjunction with a coagulant may assist 1
reducing haemorrhage and promoting the formatton of a firm clot
But these measures frequently lead to a reactionary vasodilatation
which actually causes later haemorrhage so that they are best
avorded

Protem precipitants of all sorts are worse than useless

GENERAL INCREASE IN THE COAC ULABILITY OF THE BLOOD
The hterature abounds with references to decreases m the clottng
time produced 1n hormal mdwviduals and sometimes 1n haemophilic
subjects by a bewildermg vanety of things given either by mouth or
by mjection  Wright (1803) considered for mstance that the ad-
munsstration of calomm decreased the cloting time and suggested
that haemophilia should be treated by this means  Ths clam was
not of course substantrated but there still lingers 2 tendency to give
patients calcum as a form of pre-medication mn any surgical pro-
cedure Iikely to produce undue haemorrhage  Vines (1920} observed
that 1n one of the phases of anaphylactic shock there may be reduc-
tion of the clotting time {as opposed to the ncreased clotting time
that usually occurs) and he advocated the treatment of haemophdn
by a process of sensitization to horse serum followed by the deltber-
ate mduction of anaphylactic shock The desired changes n the
clotting time that mught occur under these conditions are too short=
lived to be of practical value and the treatment obviously has grave
mherent dangers of 1ts own Neuhoff and Hirschfeld (1922) di-
covered that the admimstration of citrate shortened the clotting ime
and thus observation has also led to vanious suggestions for the treat-
ment of haemophilia Ferssly (1925) mvestigated the action of
pectn when myected ntravenously sn human subjects and ammals
and observed a reduction of the clotng tme 1n all cases Many
proprietary haemostatics have smce included pectin though
actual pracuce very lttle matertal benefit scems to have been
obtamed Canterow (1926) recommended the mjecuon of E:m—
thyroid extracts and clarmed that there was an ncreased coagulability
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that wounds which have ceased to bleed can be seen to be filled or
covered with clotted blood from which st seems that the arrest of
bleeding 15 the cffect of coagulatton The fact that any senous
general defect of the clotting mechanism  or any local condinon
which prevents clot formation 15 usually associated with prolonged
bleeding clearly supports this view

Unfc 1 cf of the problem reveals a

osex
number of facts which invalidate any such simple explanation of
haemostasts  These facts are provided by chimical observation of the
haemorrhagic states and by the few avalable expeniments
From chnical obscrvations 1t 1s obvious that normal hacmostasis
often arrests bleeding from arterioles venules and capillaries 1 2
few seconds although coag:lmon may take s-10 mmutes The
mechansm by which bleeding from small stab wounds 1s arrested
differs from that operating in the case of open wounds  The deter-
munation of the tme required for bleeding to stop from small stab
wounds 1s known as the ‘bleeding time test In conditions mn which
clatting 1s defective the bleeding tume 15 usually normal but hae-
morrhage from open wounds continues for long periods  In condi-
tions 1 which the platelets are numencally or functionally deficient
the bleeding time may be greatly prolonged, and there 15 also pro-
longed bleeding from open wounds In certam conditons such as
von Willebrand s disease m which there 15 no demonstrable
abnormality of the cloting mechanism or of the platelets prolonged
bleeding both from small stab and open woun£ occurs In other
conditions such as permicious anaemua, Banti s disease and 1 some
hromt penic cases after spl y low platelet counts may
occur without abnormal haemorrhage  No hypothesis of hacmo-
stasts 15 satisfactory unless 1t explams these chinical findings
‘There are very few reported investigations of the way i which
clottng platelet aggluunation and vascular function nermally
react together to arrest bleeding  So much attention has been pad
to the details of cach of these components of the haemostatic
mechamusm that the larger and more general problem of hacmostasts
and 1ts defects has been neglected
Hayem (1882) found that after an expenmental wound made m
the jugular vem of the dog had ceased to bleed the openng was
filled by a mass of agglutmated platelets Kuttner and Baruch
(1920) Magnus (1923) and Stegemann (9242 b} observed con~
traction of the artenes after mjury Magnus (1924) and Macfar-




CHAPTER XX
THE SIGNIFICANCE OF BLOOD COAGULATION
INTRODUCTION

In the preceding chapters the component parts of the human
blood coagulation mechamsm and the faults which occur 1 vanous
diseases have been presented 1 detall In this final chapter it 13
proposed to step back from the subject, to view the phenomenon
of coagulation n perspective  Unfortunately the clanty of thus more
general picture unhbike that of some recent examples of the visual
arts does not improve with distance  Though detals of the clottng
system can now be portrayed with some precision the relanonship
of the system to other bodily processes 15 Hazy and the observer ;sat
once sumulated to ask questions What for mnstance 1s the real
function of coagulation m the haemostatic mechamsm? Is clotang
concerned m the repair of wounds and resistance to mfection’ Has
1t any part 1 the metabohc or immunologrcal reactions of the
bloods s 1t essential to Life> And final et de ceur, why does 1t have
to be so comphicated:

No book dealng exclustvely with blood clotting and 1ts disorders
could be complete without an attemapt to discuss these questions yet
there are no satsfactory answers to any of them In some nstances
there 15 ndurect evidence from which at least plausible hypotheses
can be constructed 1 others only speculation 15 avatlable Specula-
tion has itherto been avoided wherever possible now 1t ‘can be
avorded no longer Provided that st stmulates mterest and that
mterest leads to experiment 1t serves a usefil purpose

BLOOD COAGULATION AND HAEMOSTASIS

The most obvious function of coagulation 15 the control of bleed-
mg  The popular conception of tic way m which 1t works 15
extremely sumple blood 1ssuing from damaged tissues sohdifies mto
an mpervious and adherent mass cffectively preventng further
haemorrhage This view 1s dentved from the familiar observation

356
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when the constnicted vessels relaxed blccdmig began and continued
until 1t was stopped artificially or the ammal was exsangunared
H D Zucker (1949) studied by means of sertal sections the histo-
logy of small puncture wounds i human skin which had been
removed by biopsy soon after the wounds had ceased to bleed It
was found that the damaged vesscls (artertoles and venules) had been
blocked by platelet masses Fibnn was not incorporated n any
significant degree n these masses but was present i the wound
tracks  Only rarely were damaged capillanes seen and Zucker
remarks that presumably recognition of these vessels 1s handered b
the traumane distortion of their endothebum and possibly by co{
lapse and by endothehial agglutnation  The few wisible damaged
capillanies were not scaled by platelets their open mouths seemed to
be covered by fibrn  In four cases of thrombocytopenic purpura
e1ght punctures were examuned and i all except two of these bleed-
g had ceased 1n five minutes or less and the wounds were filled
with fibun  Platelet masses were absent  In two punctures bleeding
was continung at the tume of fixation of the specimen and though
fibnin had formed the wounds also contamed flud blood
Thes¢ different workers have each used their observaton as 2
basis for specul on the mech ofh
/Macfari:m: (1941) suggested a two-stage mechanism  He sup-
posed that normally the blood flow from damaged small vessels 1s
arrested by their temporary contraction and that dunng this penod
of haemostasis the blood lying 1n the wound has time to clot firmly
On vascular re~dilation thus adherent clot prevents a recurrence of
the bleedmg  Abnormal bleeding occurs for two mam reasons 1f
vascular contraction 1s absent the bleeding from any mpury even
small stab wounds will be contmnuous since normal coagulaton 1s
thought to be incapable of arresting an actual flow of blood 1f there
15 a cloting defect bleeding wall occur when the 1mtial vascular
contraction relaxes no firm clot having been formed i the mnterval
(secFig s0) Incond d with defi vascular contrac-
tion the bleedng nime will be prolonged In those m whnch closting
15 defictent and vascular contraction normal there wall be a normal
bleeding time, since the pertod of acuve contraction will be sufficient
fo;_ dxcde:l&:s :if the small stab woul:ln% to adhere and dey up It s
nferre: it clotting 13 not essent or permanent haemostast
such small wounds s ® s
This hypothesis seems to explain most of the observed facts in the

123
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lane (1941} found that human capllanies disappeared from view
after mjury and the latter obscrver showed that this dsappearance
occurred even when the venous pressure was ratsed by 40mm Hg
and that the wvisible capillanies normally reappeared agam from
20 mumutes to 2 fours after mjury In thrombocytopenic purpura
and von Willebrand s disease cutting of the capillanes did not cause
thetr disappearance and contmued haemorchage occurred from the
visible and damaged vessels M B Zucker (1947) studred the re-
actions to myury of the small vessels of the meso-appendix of the rat
She tound that there was no observable contraction of the non-
muscular venules and that a plug of refracule matemal probably
composed of agglutmated plateﬁ)ets formed at the tip of cacl}:scvcrc&
vessel Vessels with muscular coats (presumably arterioles and sm:
vewns) contracted after myury and unmjured vessels m the vicuuty
also contracted This remote contraction occurred only when plate-
let plugs were formed at the site of myury In heparmized anumals
the platelet plugs esther faled to form or were meffective contrac-
tion was not observed and prolonged bleeding took place The
local application of platelet extracts or of normal rat serum to
uninjured vessels PrOd‘l’lCCd marked contraction Serum from throm-
bocytopenic antmals had no constricting effect

Chen and Tsu (1948) studied the arrest of bleeding from small
vessels i the frog and rabbit  They observed that active contraction
of the frog s web capilianes took place after mjury but that mesen~
teric capillares of the frog and rabbit did not contract In these non-
contractile vessels presstce or cutting scemed to cause an adhesion of
the endothehal walls which obliterated the fumen of the damaged
vessel In the ear bram and mesenteric vessels of the rabbit it was
observed that section of vems caused the formanon of 2 sefractile
plug of platelets which becatne large enough to occlude the operung
withm three minutes  Artenes and arterioles contracted acuvely
after section and remained contracted for an hour or more  Bloo
which escaped before contraction occurred clotted 1n sita durmg the
period of contraction Occastonally rhy thimsc dilation and contrac-
tion of the mnjured vessels was observed and 1f this happened before
coagulation was complete recurrence of blccd.mf took place
Removal of the clot from the vessel mouth shortened the period o
contraction In amimals mn which the coagulation time ad been
prolonged to twa hours by the admmstration of dicoumarol the
mpal bleedmg after myury was arrested by vaso-constnction bur
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can occur with a normal platelet count and a normal bleeding tume
with severe thromt ytopemia was d as evidence that the
platelets were not lly cc din The fact that
thrombocytopema 1 usually {but not always) asorated with a pro-
longation of the bleeding time was cw&hmcd by the observation that
the platelets and the capillary endothelium are antigenscally ves
simular and by supposing that any factor or tovac substance wh
damages the platelets causmg thrombocytopena s likely also to
damage capillanes causing haemorrhage  Recent observations on
the occurrence of platelet lysins mn the purpuras and the vascular
damage produced by local appl ofagents p g thromb

topenta which have already been discussed m Chapter XVI
3:;: ly support this supposition

M B Zucker (1947) though she observed contraction of the
larger vessels of the rat s mesentery after mjury considered that thus
was only a mumor factor 1n haemostasis Small non muscular vessels
did not contract but adhesion of their walls after puncture mught
prevent bleeding  She considered that the most important haemo-
static factor was the formaton of platelet plugs The vaso-con-
stricung effect of serum and platelet-extracts was noted but 1s not

pl d as beng b Ily important Fibrin formation 1s
considered to be 2 mmor factor in haemostasis sinee fibrin was not
found mn the platelet plugs The work was carned out on the vessels
of the meso-appendix of the rat, and may therefore not be strictly
applicable to the skin vessels of human bemngs The haemostatic
mechamsm has probably evolved as a defence agamst mjury and the
skin beng the most frequently imyured tissue may have developed
defences which are different from those operating i tissues such as
the mesentery which 1s not often traumatized

The disappomting feature of Zucker s interpretation of her find-
1ngs 15 that 1t gives no explanation of the observed facts 1n the hae-
morrhagic states I as she supposes platelet plugs are the major
haemostatic factor why does hacmorrhage occur in the conditions
with defective coagulation but normal platelets: If 1t 15 argued that
because normal clotting may be related to platelet agglutinanon
platelet,plugs may not form if clotting 15 deficient why 1 the bleed-
ng rfie normal in such conditions?
jgxen aid Tsu (1948) consider that the most important factor wm
th&control of arterial or astenchar bleeding 15 vascular contraction
They also have put forward the 1dea of a two-stage haemostatic
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haemorthagic states The cunous delayed haemorthage 5o ofien
observed xn haemophilia 55 due to the gmod of vno—cgommmon
The demonstrable vascular abnormaliics s the purpurss and
telangrectaa support the supposition that a funcronal sascuar
defect exsts i these condstions ‘Though 1t has been demed by some
authors that capulfaries can contract (e ¢ Clatk and Clark x943) the

Normal %t/{/‘%}?}%
Copllary %‘%%3%%’?%
o

Cosgalstion,

2] O

Fg so Dugnm the suggested time rel durp of nermal capifiaty conttaction
redilavation and blood coagulzuon followinginjury and the two man defects of thur mechane
13m which may oceur A wound of the skan surface 1¢ shown iz $2enon wjurng 2 capiflasy
Toop Flud blood is represented by the dotted areas blood clot by solid Black 3nd the dev
tached drops tndicate achve haemorthage (Macfarkne 5945)

work of others seems to prove that they do m certam nssues
Chen and Tsat {1948) have shown that caprilary contractiliny vanes
from one ammal to another and from one tissue to another The
d n that i vessels do not cone
tract after wnyury {Zucker 1947) does not prove that skin vesscls are
meapable of contraction  The work of Lewss {1923 194 1927)
shows that human skin capillanies contract after sutable sumulaton
and are c'tfablc af exerng a conuiderable force mn dotng so Sanders
Ebert and Florey {1040} have demonstrated convinangly active
contraction of the capillaties of the rabbit s ear and showed that st s
due to a rapid sw elling of the endothelia] cells

The weakness of the hypothests 1t that 1 delil Iy takes n0
account of the plclets The fact thar a prolonged blceding time
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non Fibnn formation_has some part m mamntaming haemostasis
when vascular contraction relaxes and 1s concerned with the arrest
of bleeding from the capillaries It 15 signaficant that no platelet
plugs were seen occluding capillanes and that very few damaged
capiilanes were seen At least as many capillanes as arterioles and
venules nught be cxpected to be cut by 2 superfiesal puncture wound
and the fact that they were not seen suggests that they were empty of
blood A reasonable explanation 1s that at the time of fixation of the
specimen the majonity of the damaged capillaries were 1 2 state of
contraction and thercfore mvisible that a few had re-dilated but
were plugged by the fibnn that formed during their contraction
and that platelet plugs had not formed because bleeding from the
capillaries had not persisted for any length of ime
Zucker s view that fibnn formation 15 the pnnaple factor m
arresting capillary bleedmg does not conform to the fact that the
bleedmg*tsime test (which must mvolve bleeding from capillaries) 1s
normil m those conditons m which fibrn formation 1s greatly
delayed or even altogether absent
\ # Ifall these observations are put together the followimng conclustons
can be reached
(1) platelet masses form at the mouths of damaged vessels larger
than capillaries
(2) alter injury there s tem‘ﬁorary contraction of these larger
vessels and probably also of capillaries
£8) thus vascular may be lated by dismtegratng
platelets and 1t may ful to occur if the platelets are absent or pre-
vented from agglunnaung
_A4) fibon formation s not effecttve 1 arresting bleeding bue 1s
important for permanent hacmostasts
It 15 possible that the mecharusm of haemostass thus depends on
the summation of a number of factors whach are not very closely
integrated and which vary m relative importance with the type of
myury and the size of the vessels mjured The action of the platelets
may be important 1n two ways The formation of platelet masses at
the mouths of the larger vessels may be directly important in causing
total blockage or 1n so impeding the blood flow that fibrin forma-
ation can occur and complete the sealing of the vessel The recent
obsetvations mentioned 1 Chapter XVI that platelets carry large
amounts of s-hydroxy tryptamine and adenosme tuphosphate as
well as adrenaln and his 1 d g attentton to the local
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mechanism the pertod of vascular contraction allowng firm clotnng
which prevents a renewal of the bleeding on re-diation It was
actually observed that, 1n dicoumarolized animals, bleeding which
was temporarily arrested by vascular contraction recurred when
dilation took place Bleeding from vems s thought to be arrested by
the formation of platelet plugs m the case of venules both platelet
plugging and adhesion of the walls are thought to be mmportant
Capllaties contracted on myury but the perod of contraction was
considered too short to be haemostanically effecuve The most
mportant factor in the control of bleedng from the capillanes 15
supposed to be adheston of the endothehal walls, presumably brought
about by the pressure of the inasing nstrument

These suggestions mvolve four factors vascular contraction
platelet agglutmation endothelial adhesion and fibnn formanon
the smportance of each varying with the type of vessel affected In
small punctured wounds injurng venules artersoles and capillanes
the important factors would be vascular contraction and endothelal s
adhesion  Larger wounds would requre platelet agglutination and
fibrn formation 1 order that haemostasis should be effictent’ THis
hypothess explams most of the observed facts but mtroduces 2 new
factor mn the form of endothehal adhesion  Tr1s presumably inferred
that adhesion 1s reduced 1 patients with a prolonged bleeding time
It 35 dufficult to see how such adhesion of capillary walls a¢ thijiomr
of section could explan the disappearance of mnjured capillaries
reported (and photographed) by Magnus and by Macfarlane unfess
1t 15 supposed that the nyured vessel fails to refill wth blood or
refills wath transparent plasma

H.D Zucker (1949) considered from the results of his biopsy
studies on human skin wounds that the formation of platelet plugs
was the most important factor m the asrest of bleeding from all the
vessels observed, except the capillanies He prctured these plareler
masses as ‘coffer-dams which aided by local vaso-constricuion stop
or slow the blood flow to the pomt where extravasated blood withwu
the wound 15 given sufficrent time to clot In the case of capdllartes
platelet plugs do not form and bleeding from them 15 arrested by
fibrn formatton arded by the low capilary blood-pressure and

reflex contraction at the capiilary mouths

. Apparently therefore H D Zucker considers that platclet
agglutination m the case of the larger vessels 15 the major factor 1n
hzemostasts with some ancillary assistance from vascular contrac-
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nutntive matenal and at the same time 2 scaffolding for the up-
growth of blood vessels and fibrous tissue

There 13 some basis for the view that fibrin 1s 2 batner to infection
Menkin (1940) has shown that 1n inflamed tissues the spread of
nyected dyes and bactena 1s greatly reduced as compared with therr
spread 1n normal tissues  One of the features of the mflammatory
process 1s an escape of fibrnogen (and bly other coagul
factors) nto the ussue spaces  Clottng within these spaces then
occurs and 1 severe mflammation the lymphatics dramung the
arca become blocked by fibon  Tn this way there ss formed a bamier
relatively impervious to the passage of bactenia and large moleeules
which walls off the :Afﬁtctcj’ area  If this fibnn barmer 1s broken
down by the action of mjected urea rapid spread of dyes and
dissemination of bactena can be demonstrated (Menkin 1940) It 1s
possible that the rapid spreading of streptococcal infectrons may be
due to the fibrmolysis produced by these organisms and that the
localization of staphylococeal lesions 1 the result of mncreased fiban
formation stimulated by staphylocoagulase In clostndial myositis
which 15 probably the most raptdly mvasive mnfection occurnng 1n
man_the absence of fibnn formation 15 a strking feature (Robb-
Smuth 1945) The way m whch fibrn prevents the spread of infec
tionsnot clear  The meshes of the fibrn clot are probably toa loose
to form a sumple mechanical obstruction  Possibly the large surface
area of the fibnn has a powerful adsorbtive effect causing adhesion of
bactena and other particles

There 1s very httle evidence to show that defects of coagulation
increase the labibty to mfecnon In haemophihics there 15 no

t ly greater maid of spreading bactenal mfe It 15
probable therefore that fibrin formation 1s only one of the localizing
mechanisms exasting 1n the tissues  The mvastveness of organisms
Producmg hyalurorudase suggests that the lomting effect of nssue

yal acad 15 an imp factor  Antmal enments
designed to show the effect of anticoagulants on the spread of mfec-
tions might yield useful information

Ewvidence that fibrin 1s concerned in wound healing 1s almost non-
cxstent ‘The 1dea that fibnn nerwork which fills 2 wound cava
forms a sort of scaffolding which guides fibroblasts and new capil-
lanies 15 attractive but unproved It 15 temptng to visualize the
growth of granulation tissue mto a mass of fibnn which neatly fills
the cavity to be obliterated, and which 15 lysed as the new tissue
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vascular effects of these substances released durng platelet break-
down It s probable, m fact that haemostasis may be only one of 2
sertes of local reactions to nyury which are mitiated by the blood
It must be remembered, however, that i haemophilia‘and Chnst-
mas disease the bleeding trme 15 typically normal despite the fact
thatplatelet agglutination and breakdown 1s delayed Bigelow (1953)
has actually demonstrated that the release of s-hydroxy tryptamune
11 haemophilic blood 15 abnormally slow, so that thefiorinal control
of capillary bleeding m this condition remams obscure It1s fosnblc
that the normal platelet agglutination observed m the blood of
patients with congemtal afibrinogenaemta might explan the com-
parative muldness of therr haemorrhagic symptoms

There are other pomts concerning the hacmostatic efficrency of
coagulation which need to be clanfied Clearly the whole-blood
coagulation time 15 2 poor index of the patient’s iability to bleed m
many cases of chnteally severe haemophilia the clotting time may be
almost within normal hmuts and hypoprothrombinaemia may
cause severe bleedmng without a sigmficant lengthemng of the
clotting time  Factors other than the time required to produce the
figst strands of fibrn must therefore besmportant Perhaps the tensile
strength and density of the clot and ats adhesion to the tissies
are important No extensive mvestigation of these qualities and of
their possible changes 1n disease has been carned out They may be
related to the rate and duration of thrombun formation since changes
1n thromboplastm and thrombin generation seem to be more closcly
correlated with the lability to haemorrhage than 1s the simple clot-
ting time

Tt 15 a depressing fact that i many cases of abniormal bleeding no
defect of coagulation the platelets or of the vessels can be found
demonstrating how bttle we know of the haemostatic mechansm

THE RELATION OF COAGULATION TO WOUND
HEALING AND BACTERIAL INFECTION

It 15 generally supposed that m addition to 1ts haemostatic func-
tion fibrm formation aids the repatc of wounds and prevents the
entry or spread of bacteral infectton  These 1deas are sc¢ out 1 most
text-books of pathology MacCullum (1940) for mstance states that
2 blood clot 15 an effective protection against mfection has a bacten-
aidal power which prevents 1t becoming decomposed and forms 2
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ment actvation and the mitianion of haemolysis of the red cells

Nolf (rg22b) found that the red cells of dogs blood contammng an
autohaemolysn did not undergo haemolysis until the onset of
coag) Crosby and Dameshek (1950} have found that the Ac-
globulin of Seegers 15 an 1mportant factor i producing haemolysts
of the red cells i cases of paroxysmal noctumnal haemoglobinuria

It 15 possible that the agglutmanion and lysis of the platelets which s
an essentral feature tn the imtration of coagulation may be caused by
the activation of a dync factor which may also lyse red cells

COMPLEMENT
There have been a number of suggestions that coagulation and
comflcment actvity are n some way inter-related  Both systems
mvolve a senes of components present in the plasma and there 1s
evidence that the activation of complement may be related so the
activation of the clottmg system which might explain the observa-
tions on haemolysis quoted mn the preceding paragraph In develop
ng embryo chicks complement activity appears comcidentally with
the coagulanon factors (Pickenng 1928) Many substances such as
oxalate atrate fluonde hepann and soya-bean trypsin mhibitor
bot I an pl actvity Treatment of
the plasma wath zymm or ammonia or allowing 1t to age all destroy
the complement actvity of the plasma and greatly reduce 1ts power
to generate thrombin (Mann and Hum 1948) The addition of a
small proportion of serum restores both functions i each case
suggestng that 1t 1s not prothrombin which 15 destroyed by these
proced Ing -pig; on a protemn-defictent diet
or given mjections of carbon tetrachlonde there 15 2 parallel decrease
of clotung efficiency and of complement utre suggesung that a
factor common to both systems was reduced by these treatments
(Rice Boulanger and Plummer 19513, b) These workers were
not able to 1dentify the supposed common factor though they con-
sidered that evidence favoured the denuty of complement rmd-
piece waith_prothrombin This was a suggestion which had already
been put forward by Fuchs (1929) and refuted by Wising (1938)
Tu35 clear that the real relanonshup of complement to coagulation can
only be determuned by careful work m which there 15 full recogm-

Tiffenl 5

tion of the of assaymg ¢ the various aceelera-

tors of prothrombin conversion and of the factors mvolved i the
of mtrnsic thrombopl
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forms The growth of such new tissue mto a yoid wath no support-
mng framework, and no guding fibres 15 a more difficult concept

The suggestion that the blood clot has 2 nutritrve value 1 the
healtng process scems to have Iittle foundation It was considered by
earher workers that fibrn fibres were transformed mto collagen but
modern views on the structure of fibrm and collagen suggest that
these two substances are so different that the conversion of one tnto
the other 15 most unhkely Nexther does 1t seem very probable that
the products of Iysed blood clots are metabolized m situ to be bult
up mto new uissue  But 1t 15 a fact that even trivial mjunes 1 hae-
mopinlic subjects are often very slow to heal The hterature abounds
with reports of haemorrhage persisting for many days or wecks
from some small cut or abrasion which would have healed com-
pletely m a few days m a normal subject In contrast 1t has been
observed (Fraenkel and Honey 1955) that large wounds tn a hae-
mophilic patient healed very rapidly durmg the admmistration of
animal antthaemophulic globulin It 15 posstble therefore that the
normal clotting mechanism or some part of 1t may be mvolved
the processes ot repar

THE RELATION OF COAGULATION TO OTHER
FUNCTIONS OF THE BLOOD

AGGLUTINATION AND HAEMOLYSIS
From time to time attempts have been made to luk the observed
processes of coagulation with other functions of the blood Hekmz
(1928) considered that fibnn formanon was due to the agglunnation
of fibrmogen macellae by an agglutinm (thrombun) wlich 1s derved
from cells or platelets and a plisma consntuent Coagulation 1 hs
view apparently was a phenomenon analogous to or sdentical with
the processes of erythrocyte or bacteral agglunnation  Pickenng
(1928) pomts out the fundamental dissumulanity of thrombin and the
agglutuns which would appear to dispose of this theory  Pickenng
hunself (1928) considered that coagulation was merely one of the
effects of a disturbance of the collordal equihbrinm of the plasma asa
whole He visualized the plasma as a co-ordinated complex 1
which the less stable fractons (prothrombmn and fibrmogen) are
unyted to the more stable fractions (globulin and albumin) Disrup-
tion of this collordal complex by the action of lysed platelets or tissue
flurd results 1 coagulation andy also mn such phenomena as comple-
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of the body havevery hutle to support them Ivas certain that sernious
derangement of the effiiency of coagul has senous quences
for the patient 1n the form of dangerous hacmorrhage It 15 equally
certam Emt blood coagulation 1n the sensc of fibnn formation 15 not
essentual for survival A number of patients have now been studied
1n whom a total absence of fibnnogen precludes the possibility of
fibrin formation s a significant factor m haemostasis or 1n any of
the other processes wﬁ’ch 1t 15 supposed to be concerned  Itus true
that these patients all suffered from a severe haemorthagrc diathests

yet some of them survived for many years wath no greater disability
than 15 produced by a mld form of hacmophiia In these panents
mjurtes ceased to bleed and healed bacteral infection was localized

and proten metabolism proceeded  all without the mtervention of
fibrin  Thus does not mean that fibnn formation 1 not important
the normal person 1t does mean that the body can substitute other
mechansms for 1t 1f the need anses In afibrmogensenuc patents 1t
may be significant that the rest of the clotting system may be rela-
uvely gonml so that thmmbjm formation occurs 1n the ustal way If

s1mp np gav. 1ctor sub from
the platelets the normal thrombmn prod 1n afibr
mngxt lessen the seventy of the haemorrhagic tendency

1f available evidence tends to relegate fibnn formation to a rather
subndiary position among the physiological funcpons of the body
1t 1s by no means certaim that the earher stages of coagulation may not
have other fi of pected 1mp There are already
hnts that the production of local pain following mjury to the tissues
may be due to the development of a pam-produang factor m the
blood after 1ts contact with a foreign surface (Armstrong Jepson,
Kecle and Steward 1955}  Males and Withelm (1955) have described
the appearance of a factor 1n serum which promotes increased capil-
lary permeability the development of which may also be related to
changes 1 the blood produced by contact. The physiological and
pharmacologrcal effects of platelets lysis which 1s' promoted by the
early of the L h may be of great
mportance to the local and even general reactions to mjury Thus
the disproportion between the complemty of the clothng mechanism
and the results 1t achigves may be more apparent than real because
these restlts may entail more than the formation of fibnn. Even so
some observers of the efforts of the coagulation reseatch workers are
convinced that all the vanous factors and mlubrtors which are now
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METABOLISM

Nolf (1908b) suggested that the blood dottng mechamsm 15
normallg concerned 1n protem metabolism and may therefore be
regarded as the adaptation of a nutritive process as a defence agamst
haemorrhage He considered that cloting of fibrmogen occurred
more or less continuously mn the circulating blood the fibnn being
deposited on the vascular endothelium, and rapidly lysed by the
normal fibrnoly tic system  The products of this protem breakdown
are then used for protem synthests The process of fibrin deposttion
and lysts almost certanly does oceur n certamn conditions an extreme
example bemg the ‘defibrination syndrome’ observed 1 certam
cases of abruptio placentae, and Jobectomy (see Chapter XIII} Jt1s
not established however that a lesser degree of this process 1 a
contmuous normal function of the blood or even1f1t1s thatut
serves any metabolic function Some of the evidence held to S\:E-
port this view can now be seen to be fallacious  For mstance the
extremely rapid disappearance of fibnnogen from the blood after
extirpation of the liver or followmg chloroform powsonng was
taken to indrcate a rapid normal consumption of fibrmogen rev caled
by a simple cessatron of production It 1s probable that the prcc:ial-
tous fall of fibrnogen levels observed in these experiments 1s actually
duc to the intense fibrinolytic activity which such operative pro-
cedures almost certamly mnduce The true normal rate of fibrmogen
consumption 1s not known The survival of transfused fibrinogen 1n
a patient with congental afibrinogenaenua was found to be 10-14
days by Pinmger and Prunty (1046) This if 2 valid mndex of the
normal rate suggests a consumption ofabout0 5-10g of fibrmogen
per day not an important fraction of the total protein turn-over o
thebody On the other hand pattents with afibrinogenacmua might
lack a normal ability to metabolize fibnnogen

THE COMPLEXITY OF THE COAGULATION SYSTEM

From the preceding sections 1t will be secn that our knowledge of
the significance of the blood coagulation system 1s fragmentary
Even 1ts most obvious function the control of bleeding becomesall-
defined on examunation suggestions that clotting may participate 1
such 1mmune reactons as agglutmation and complement activation
or m wound healmg and bactenostasts or mn the general metabolsm
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the fibnnolyne system with 1ts marked smulanty to the dual nssue
and plasma factors of thromboplastn formation” and the system of
at least six enzymes and mhibitors concerned n the action of
hyal on the nssues (hyal dase a and b anu. 1
pro-mnvasin I ant-nvasin I “pro-mvasin I anti-tavasin 1) as
described by Haas (1946) to realize that other subsidiary systems have
their own complicanons

The complexity of coagulation would be more easily understood
no doubt, 1f a clear picture of the evolution of the process could be
obtuned Robb-Smuth (1952) has pomnted out that sepurr followmng
abnormal tissue destrucuion 1s achieved by an aceeleration of the
normal processes of nssue mamntenance and not by speaial processes
only mlfcd nto play on mjury He therefore considers that blood
coagulation 1 Iikely to be not a spectal defence mechanism but an
adapted process of ordmary ussue acuvity  As a part of the defence
agamst traumz blood clottng 1s therefore likely to be 2 modified or
adapted process that onginally existed for purposes of current tissue
acavity  Many of the more specualized brological processes are
reflections of the mternal functions of living cells in general The
pounng of antibodies 1nto the blood stream of an immunized indivi-
dual formnstance 1s an accentuated version of the internal formation
of antibodzes which takes place 1n any cell subjected to the action of
an antigen Coagulation and lhiquefaction are two processes which
oceur m the cytoplasm of cells and enable them to transfer meta-
bolic products extend pseudopodia and mgest particles (Monné
1948) and undergo mutotic diviston (Hetlbrunn 1952) Halbrunn
(195.) has emphasized the similanty of protoplasmic coagulation
to blood coaglﬁmon pomnting out that both processes ae mnhibited
by atrate oxalate and heparn and are sumulated by calaum,
tissue fuds and injury Itis possible therefore that the coagulation of
the blood may have evolved from some mternal cell mechanism
required to produce the necessary rapid changes from sol to gel i the

pl ldridge (1893) dered that the plasma was a

Lvmg medium analogous to the protoplasm of the cell, and 1t may be
that various complex reactions which are hmuted to cellular proto-
plasm m Jower ammals may have developed mto extracellular
functions of the plasma in mammals Certainly m the lower anmals
and msects the part played by the cells 1n the phenomenon of coagu-
latonis more og and1mp thanin han coagul
Glavind (1947) states that many mvertebrates have no coagula-
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postulated are not merely unnecessary for clottng but mn fact do not
exist It 15 argued that they are artefacts produced by the cruds
methods of fractionation used by the research worker, fragments
torn from a relatively simple and functionally active whole This
view 15 really best expressed by Pickerng (1928) who regarded the
plasma asa single collordal system It 1s, howener, a view which gaves
no help to the rescarch worker  All systems even down to the atom
have component parts and the intrinsic working of systems can only
be studied by taking them to pieces From the point of view of out-
ward function asystem can be regarded as a umt  When considermg
problems of transport, for mstance one thiks of a motor car asa
complete entity ‘When considered as a mechanssm the system has to
be studied component by component 1n order to understand the way
1 which 1t functions and the faults to whch 1t 1s hable But m this
study the scale of the mvestigation must be kept in mund In the
mvestigation of the mechamsm of 2 car one obtams useful mforma-
tion by taking 1t to preces each prece representng a mechamcally
functional component No additional imformation on the mechan-
1cal principles of the car would be obtamed by further reducmng these
functional preces to smaller fragments or subjectng them to chem-
1cal analysis  One would learn something about metallurgy per-
haps but not sumple mechantes  The same principle applees to blood
clottng There 1s 2 limut to the useful mformation on the mechanism
of coagulation obtamable by fractionation of the plasma but there 1s
considerable evidence to show that thus limst hasnot yet been reached
All the factors described m this book appear to be real finctional
components of the clotting system They seem to be distinct entities
not only because they can be separated m an active state but because
the naturally occurnng deficiency of each one results in a distmet
disease process One must accept the 1dea that the clotung system
really 15 at feast as complex as modern work suggests and 1s probably
far more complex than we now realize

To consder this complexty as extraordinary 15 probably llogical
Te1s likely that blood coagulanon appears to be an unusually complex
system only becatsse 1t has been mvesugated with a vigour unusual
m the study of brologieal processes of sumular scope Itts proba ble m
fact that all bologreal processes however apparently sumple on the
surface will prove to be almost mfinitely complex on persistent
mvestigation One has only to consider what 13 already known about
the complement system the red cell antigens and ther antibodies



SIGNIFICANCE OF BLOOD COAGULATION m

the fibninolyuc system with 1ts marked simlanty to the dual nssue
and plasma Tactors of thromboplastin formation” and the system of
at feast six enzymes and anhit d i the action of
hyaluronsdase on the tssues (} aand b 1
p m i pr H am JLVEES
described by Haas (1946) to realize that other subsidiary systems have
thar own complications

The compleaty of coagulation would be more eanly understood
no doubt, 1?: clear prcture of the evolution of the process could be
obtaned Robb-Smuth (1952) has pomnted out that repair following
abnormal ussue destruction 1s achteved by an aceeleration of the
normal processes of tissuc mamtenance and not by special processes
only calfcd mto play on mjury He therefore consxS:rs that blood
coagulation 15 Lkely to be not a special defence mechanism but an
adapted process of ordinaty tissuc actiity  As 2 part of the defence
agawnst trauma blood clotting 1s therefore likely to be a modified or
adapted process that onginally exasted for purposes of current tissue
actvity Many of the more specalized brological processes are
teflections of the internal functions of Living cells in general The
pounng of antibodies mto the blood stream of an immunuzed sndiv-
dual for mnstance 15 an accentuated version of the internal formation
of antibodies which takes place 1n any cell subjected to the action of
an antigen  Coag and Liquefs are two p which
oceur 1n the cytoplasm of ¢ells ‘and enable them to transfer meta-
bolic products extend pseudopodia and ingest particles (Monné
1948) "and undergo mitotic diviston {Hetlbrunn 1952) Hetlbrunn
(1952) has emphasized the sumilanty of protoplasmuc coagulation
to blood cnagu{atlon pomntng out that both processes are mhibited
by curate oxalate and heparm and are stmulated by calaum
wssue fluds and myury Itss possible therefore that the coagulation of
the blood may have evolved from some internal cell mechanism
requured to produce the necessary rapd changes from sol to gel i the
Emtophsm Wooldndge (1893) considered that the plasma was a

ving, medium analogous to the protoplasm of the cell and 1t may be
that vanous complex reactions which are limited to cellutar proto-
plasm 1 lower anumals may have developed mnto extra-cellular
functions of the plasma in mammals Certamly 1 the lower ammals
and mnsects the part played by the cells m the y{mcm:nen of coagu-~
lanonis more obvions and imp thanin | d
Glavind (1947) states that many mvertebrates have no coagula~
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tion of the blood 1 the usual sense buta clots produced by sgghitn-
ation of special cells In the crustacea there 15 coagulation of 2
fibninogen-like substance, which requires calcium, and also 2 factor
denved from the tissue cells which has some of the properties of
thrombin and thromboplastin  Gregorre (1951) Studlctf the clotung
mechantsm of the haemolymph of many species of msects In those
msects 1 which coagulation occurred " two mechanisms could be
disungushed usually occurrng together but sometimes with one or
other predominating m certan spectes  One mechanssm was the
actve protrusion of long pseudopodia by the haemocytes these link-
ing up to form a cellular network (Plate 3) The resemblante to the
less extenstve hinking of platelet psendopodia observed 1n human
blood by Budtz-Olsen (1951) 15 strkmg The other mechansm
described by Gregotre 15 the formation of granular ‘coagulation-
sslands mn the immeduate vicuuty of the haemocytes These 1slands
enlarge and coalesce and finally produce a solid coagulum some-
times with a verl-like quality suggesting fibre formation It seems
clear that something 1s produced by the haemocytes which forms a
precipitate 1n the surrounding haemolymph

The evolution of the complex plasma clotting system from this
prumitive and predomumnantly cellular type of clottmg would be a
fascinating study for any comparative physiologist with a knowledge
of modern methods of nvestigating coagulanion [t 15 probable that
much of the compl of the 1 lian system decves from the
necessity to limt coagulation to the mjured area and to guard aganst
disastrous thrombosis of important vessels But thus parncalar field
remams almost completely unexplored In the human clotang
system one can at present only observe the ‘froducc of ages of
evoluttonary development and admure the endless resourcefulness
with which Nature solves her problems
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APPENDIX 1
GLOSSARY OF TERMS

Acelenin (Owren 1950) A substance thought to be formed dunng
clotung probably by the action of thrombin from pro-accelenn
Pro-accelenn 15 synonymous with Factor V

Ac-globulin (Ware ‘Guest and Secgers 1947b)  Synonymous with
Factor V

Activated Prothrombin (Quick and Stefarum 1949a)  Prothrombin 1s
thought to exst m plasma partly 1 2 precursor form which
requres activation before 1t can be converted to thrombin

Antiplasmn (Chnstensen and Macleod 1945)  The natural inhibitor
of the fibrnolytc enzyme plasmin

Antithrombin - The natural mlubitor of thrombm  In the blood
thrombin 15 neutrabzed n vanous ways all of which are referred
to as antthrombic

Antithyomboplastin (Tocantins 1943)  Thought to be 2 natural
mhibitor for thromboplastn  The term has not been defined 1

the light of work on the bloed thromboplasta system
Cephalin  In blood coagulation work cephalin 15 taken to be the
raction of some crude phospholipid {usually bram tissuc) which
18 soluble in petroleum ether and ethyl ether and precipitated by
cthyl alcohoF It 1s not synonymous with phosphandyl ethano-
lammne
Chnstmas Factor (Biggs ct al 1952) Synonymous wath plasma
thromboplastin component FactorTX# and antthaemophilic B
factor A substance present in normal serum and lacking from the
serum of patients with a haemophulia-like disease It1s an essential
p for blood thrombopl formation
Christmas Disease (Biggs et al 1952) A condition closely resembling
); philia which 1s d with a red 1 the ability of
the patient s serum to take i:ﬁr_t 1 the formation of blood throm-
bop! The cond ers from b hiha because mix-
tures of haemophilic and Chnistmas disease blood ot normally
yronymous with haemophilia B and PT C deficency
Co-thromboplastin (Mann 1949 Mann and Hurn 1950) Probably
synonymous with Factor VI But the phenomenon observed by
the authors may akso be encountered 1 Factor V deficiency
s
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Convertin {Owren 19502 and b 1951) Thought to be formed from
proconvertin (Factor VII) durmg clotung It 15 thought to be an
mtermediate product n the formation of prothrombsnase from
bram extract ' In many pubhshed experiments convertn may have
been synonymous with prothrombrnase

Cytfzyine (Bordet 1913) ~ A thromboplasuc factor denved from
platelets

Factor V (Owren 1947) A factor present m normal plasma which ss
not adsorbed by morganic precipitates (A{OH)s BaSO. etc)
15 consumed during clotting and 1s labile on storage It 1s necessary
for the formation of prothrombinase from bram and for blood
thromboplastin formanon  Its deficiency m plasma produces 2
long one-stage prothrombin time  Svnonymous wath proac-
celetin Ac-globulin  prothrombin accelerator and the labile
factor

Factor VI (Owren 1947) Thought to be a labile mtermedsate pro-
duct m the formanon of thromboplasin - The exact significance
of this factor 1s obscure and the term 1s no longer used

Factor VII (Koller eval 1951) A substance present m normal scrum
which 15 necessary for prothrombinase formation the deficiency
of which produces a long one-stage prothrombmn time Factor
VIIss deficient m the blood of patients treated with the dicoumann
drugs and m Vitamun X deficiency

Svnonvmous with proconvertin serum prothrombin con-
version accelerator co-thromboplastm serum ac-globulin and
serum accelerator

Fator VII (Koller 1054) Synonymous with anthaemophihc

o
Fa%tor IX (Koller 1954) Synonymous with Chrstmas factor
Factor X (Koller 1954 and 1955) ~ A factor saud to be deficent from
the blood of patients treated with dicoumann drugs Jts de-
ficiency causes delayed blood thromboplasun formanon The
status of thas factor s stll unclear

Fibrinokmase (Astrup and Permun 1947 Astrup and Stage 1952) An
activator of plasmmogen denved from ammal tssues Wl
cannot be brought mto agueous soluton by the usual procedutes
for extracting biologtcally active substances It can be obtauted
solution by extracnon with M Potassium thipeyanate

Fibrnolysn and Fibrinolysts General terms often used non-speatfically
for acawity of the plasmin enzyme system
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1, Mk A Anth shal globulm‘f

Hn:mo}lulm B Chnstmas Disease
Heparin An anticoagulant denved from issues thought to be
ocalized 1 mast cells Hepann 15 a polysulphunic aad ester of 2
lysacchanrde 1¢ a polysacchande g hevosa-

POty
mine

Hepann cofactor A substance present m the albummn fraction of
lasma which 15 necessary for the anticoagulant action of punfied
epann

Hyp&i;mhmmbmaemm A general term used to classify patients

whose plasma gives a long one-stage prothrombin time This
condition. may be duc to Factor V or Factor VII defictency the
presence of an inhibntor or fibnnogen defictency 1t 1s very rarely
due to true prothrombin deficiency

Labule factor (Quick 1943} Synonymous wath Factor V

Metathrombin  The name given to the mactive combmation of

thrombm and annthrombin

Parhaemophiha (Owren 1947) Synonymous with Factor V

deficiency

Plasmin An active proteolytic enzyme denved from the globuln

fraction of human or beef blood which has 2 hugh speafiaty for
fibnn This speafiaty 1s thought to be due to the adsorbtion of
plasmun by fibnn during clotung this adsorbtion separates plasmmn
from an anhibitory factor wath which 1t 15 wsually assocrated

Plasma Accelerator Globulin (Ware Guest and Seegers 19472 and b)
Synonymous with Factor V

Plasma Thrombople 4 dent (R hal 1954) Thought to bea

component rc?ulrcd for blood thromboplastin formanon which
15 not adsorbed b ganIC precip and 15 present m normal
serum  Its deficiency 13 sald to be the cause of a haemorrhagic
duathesis resembling haemophilia  The status of thus factor 1s not
clear at present the h hag; dency ly d
with this factor 1s best dered as a synd of und d
laenologhy oo

Plasma Thromboplastn Component (Aggeler et al 1952) Synony-

mous with C}fmtmu fzcg)r (Aes 953) Synony.

Platelet :a-ﬁzlt;;:n I (Seegers 1954) Synonymous with antthaemo-

philic globs
Pltgzcltzt co-factor IT (Seegers 1954) Synonymous with the Chnistmas
or

cc
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Convertin (Owren 1950a and b, 1051) Thought to be formed from
proconvertin (Factor VII) durmg clottmg Tt 1s thought to be an
mtermedzate product m the formation of prothrombunase from
brain extract In many published experiments convertin may have
been synonymous with prothrombmnase

Cytozyme (Bordet 1913) A thromboplasic factor denved from
platelets

Factor V (Owren 1947) A factor prescnt in normal plasma which1s
not adsorbed by morgamc preaiptates (A(OH)s, BaSO, etc)
1s consumed during clotting and 1s labile on storage It 1s necessary
for the formation of prothrombinase from bram and for blood
thromboplastn formation  Its deficiency m plasma produces 2
long one-stage prothrombmn time Synonymous with proac-
celenn  Ac-globulin  prothrombin accelerator and the labde
factor

Factor VI (Owren 1947) 'Thought to be a labile mtermediate pro-
duct 1n the formation of thromboplastm  The exact stgnificance
of this factor 1s obscure and the term 15 no longer used

Factor VII (Koller etal 1951) A substance present in normal serum
which 15 necessary for prothrombmase formation the defictency
of which produces a long one-stage prothrombin nme  Factor
VIls deficient m the blood of patients treated wath the dicoumann
drugs and 1 Vitamin K deficiency

Synouymous wath proconvernn serum prothrombmn con-
version accelerator co-thromboplastin serum ac-glob and
serum accelerator

Factor VIII (Koller 1954) Synonymous with antthaemophihc

lo

Faf’tor IA (Koller 1954) Synonymous with Chnstmas factor

Factor X (Koller 1954 and 1955) ~ A factor said to be deficient from
the blood of patients treated with dicoumarn drugs Its de
fictency causes delayed blood thromboplastn formation The
status of this factor 1s still unclear

Fibrinokinase (Astrup and Permin 1947 Astrup and Stage 19 52) An
activator of plasmmogen denved from ammal tissues whi
cannot be brought mto aqueous solution by the usual procedures
for extracting biologucally active suk Tt can be obtamed 1n
solunon by extraction with M Potassium thiocyanate

FEtbrmolystn and Fibrinolyss. General terms often used non-speatfically

for activity of the plasmin enzyme system
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stance 15 -defined  The phenomena for which the term was
devised may have been due to Factor VII activity or to inter-
meduate Froducts of thromboplastin formation

Serum P bt Co Accel SPCA (Alexander and
co-workers 1949) Synonymous with Factor VII

Staphylocoagulase A comparatively heat stable substance produced
by staphylococer which 1n the presence of a heat labile factor
present mn human plasma and certan anymal plasmas and tissue
extracts will cause plasma to clot

Staohvlol A sul Tuced

1phy P phylococar which ean
activate plasminogen to plasmun under sutable conditrons It 1s
robably simular to but not necessanly 1dentical wath  strepto-

nase

Threone (Secgers 1954) A name for a theoretical intermeduate pro-
duct 1 the formanon of blood thromboplastin thought to be
dernved from platelet co~factor 1 (antthaemophihc globulin) and
platelets

Thromb-Elastograph (Hartert IQSI? A machine for studymng the
mncreased ngidity of blood or plasma during clotting

Thromb-Elastogramme (Hartert 1051} A tracng obtained with a
thromb-clastograph

Thromboasthensa We use this term to define a conditton where
grossly abnormal grant platelets are found mn the blood These
platelets are usually functionally abnormal teleasing reduced

ts of blood thromboplastin when used 1n the thrombo-
lastin generatton test

Thrombocatalysin (Lengenhagger 1046) An enzyme factor denived
from blood which may or may not be the same as plasmn which
was thought to actwate a precursor of thromboplastn (pro-
thrombokinase}  This work has not been confirmed or dis-
proved

Thrombocytolysin (Brinkhous 1947) A plasma factor which was
thought to be actvated by contact with a foretgn surface which
caused lysis of platelets and liberation of thromboplastin - Brink-
hous  exp suggest a defi y of this suk m
haemophilic blood  From 1ts supposed propernes and mode of
action 1t resembles the Christmas factor

Thrombogen (Morawitz 1905) Synonymous with prothrombimn
Nolf {1908 19.8) has also used thus term for the factor now
referred to as Factor V/
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Proaccelert (Owren 1950) Synonymous wath Factor V

Proserozyme (Bordet 1920} A theoretical precursor of prothrombm
Not generally accepted at any tume

Prothrombin The only essential precursor of thrombin

Prothrombm A
Quick (1943) Prothrombin A was a labile factor now called the
labile factor and synonymous with Factor V
Quick (1947) a component of prothrombin not the labile factor
Quick and Stefam (1949a) An mactive precursor of pro-
thrombin now usually referred to as mactive prothrombin This
latter view 15 stmular to that of Bordet (1920)
Munro and Munro (1947) True prothrombin

Prothrombin B
(Munro and Munro 1947) Probably synonymous with Factor V
Quick (1943 1947) True prothrombm the immeduate pre-
cursor of thrombm (see also prothrombin A)

Prothrombm accelerator (Fantl and Nance 1948) Synonymous with

actor V

Prothrombin conversion
Synonymous with Factor VIU

Prothrombinase (Owren Rapaport Hjort and Aas 1954) The direct
acuvator of prothrombm denved from the reaction between
brain extract Factor V Factor VIl and Calcum

Prothromboknase (Collngwood and MacMahon 1912) A theo-
rtincal precursor of thromboplastm thought to be denved from

atelets

Pu}wjthmmbokmm (Lengenhagger 1946) A theorcncal precursor
of blood thromboplastin 1t cannot be 1dentified wath any of the
precursors recognized today

Psesdohaemophifia A term used rather vamously for clotng
defects resembling haemophilia  Not mnfrequently the term 1
used for patients who have arculanng anticoagulants n their

PCA (Owen and Bollman 1948)

blood

Seroxyme (Bordet and Delange 1912 Bordet 1920) An actnvated
form of prothrombn

Sertin Accelerator (Jacox 1949) Probably synonymous with Factor
VI but the observed phenomenan may also have been mfluenced
by labile mtermedsate products the formation of blood throm-
boplastin and by blooéJ thromboplastin 1tself

Serum Accelerator Globulm (Ware and Seegers 1948b) Thus sub-
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THE SYSTEMATIC INVESTIGATION OF
COAGULATION DEFECTS

‘This appendix 15 ntended as a rough practical guide to the labora-
tory duagnosis of clotting defects The first step mn diagnosis 15 an
mquury mto the chrucal and famuly history  This will determune the
seventy of the condition and by this wnquiry a number of patients
referred to the lat y may be excluded  For ple patients
who have undergone tonsillectomy and several dental extractions
with no excessive bleeding will not be found to have hzemophilia
Having taken the history certan prelimmnary tests should be made
These are

One-stage Prothrombmn time Appendix IV 7

Whole blood clotting time Appendix IV 1
Platelet count Appendix IV 6
Bleeding time Appendix IV 4
Tourmquet test Appendix IV 5

Having obtamed the results of these tests a preliminary subdivision
of the patients mto three groups A B and C (according to the
results) 15 possible  The worker should read these headngs and
deade which one applies to the patient i question In each group
additional tests lead to 2 more sharply defined diagnosis

We have included some short practical notes n this section  All
of the subject matter of these notes 15 avalable m other parts of the
book, but 1t was thought that 1t might be easier for the worker new
to the subject to have this mformation readily at hand

It should be realized that this gwde mcludes defects that have
been descnbed clearly in the bterature It 15 quute possible that
patients may be encountered who do not fit mnto any of these
categories  With these patents mgenuity mn the use of estab-
Lished tests and the mnvention of new techmques may advance
knowledge

379



78 BLOOD COAGULATION

Thrombokinase Synonymous with thromboplastin

Thrombokimn (Lengenhagger 1046) A term used for 2 blood
thromboplastin theoretically derived from a precussor (pro-
thrombokintn) by the action of a proteolytic enzyme (thrombo-
catalysin)

Thromboplasts This term used to be used to designate a direct
actwvator of prothrombmn and the substance was thought to be
dentved from tissue extracts or platelets It 15 now recogmzed that
tissue extracts do not activate prothrombimn directly In this book
the term 15 used 1n 2 non-specific sense for any substance which
shortens the calcium clotting time of normal plasma  The direct
actvator (or actwvators) of prothrombmn when finally dentfied
must then be given new terms (see prothrombinase)

Thromboplastinogen (Quick 1947) A precursor of blood thrombo-
plastn deficrent 1n haemophilic blood  The term 1s thus synony-
mous with antthaemophific globulin

Thrombozyme (Nolf 1908 1928) Probably synonymous with
prothrombin as used by Nolf

von Willebrand s Disease A bleeding tendency mherted as a smple
dommant m which the capillanies fail to contract normally on
mjury The patients tend to suffer from oozng from sm
lesions and a long bleeding time 15 found
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injured Inquiry about the bleeding followng dental extractions ot
tonsillectomy will often disclose the disease In our c:lrcncncc

atients who have the mildest degree of haemophilia usually bleed
For 1-. weeks after dental extraction and have always required
transfusion after tonsillectomy

Results of other Laboratory Tests

The whole blood clotting time may be normal or prolonged In
our expentence 9 of 10 male patients with a grosly prolonged
clotting time have haemophihia A normal result1s ofno signtficance
“The prothrombin consumption test 15 uswally abnormal but normal
or dgmbtful results are not The antl hil
globulin assay method usually records no anthaemophilic gloﬁulm
The muldly affected patients usually have s-30 per cent by this
method the normal range by this method 15 $0--00 per cent

2 Mixtures 3 and 4 give abriormal results muxtures 1 and 2 give normal
reslts
Duagnosis — Christras Dusease
The mode of hentance and chmeal features of Chnstmas
disease are 1dentrcal with those of haemophiha  In our expenence
about 1 of 10 patients with these clincal findings have Christmas
disease  Among the cases that we have seen more of the Christmas
disease patients have been muldly affected their blood grving normal
results with the cloting ime and often also wath the prothrombimn
consumption test

3 Muxtures 2 3 and 4 gwe abnormal results
{a) The presence of a I fant should be suspected
and tests for mhibutor carrted out {Appendix IV 24}

Notes on patients with cueulating anticoagulants

A proportion of the patients who have arculating anticoagulants
also have haemophulia or Christmas disease 1n these cases the hustory
of bleeding will date from infancy and the patients wall be males
In other cases the anticoagulant 1s acqmired in adult ife and a sudden
recent onset of bleeding tendency will be evident males or females
may be affected The patients may or may not have some assoctated
disease 1 a propornon of the female patients the anticoagulant
follows within a year of delivery
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A ONE-STAGE PROTHOMBIN TIME PLATELET COUNT,
BLEEDING TIME AND TOURNIQUET TEST ARE
NORMAL THE CLOTTING TIME IS NORMAL OR
PROLONGED
Having obtamed these results the thromboplastn generation test

(Appendix IV, 28) should be carried out usmg muxuures of reagents

as indicated below and further subdivision 15 possible from the re-

sults of this test

Muxture | Source of AOH),| Soutce of | Source of Platelets
treated plasma serien or Lipox
T Normal Normal Normal
z Patient Normal Normal
3 Nermal Patient Normal
4 Patient Patient Normal

1 Muxtures 2 and 4 gwe abnormal results T and 3 gwe normal results
Duagnosis — Haemopltha

Notes on Hoemophiha
Inhentance

Abour half of the pattents give a history of sumlar bleeding 1n
other members of the famuly The famuly history should be taken m
detail and recorded diagrammancally “Particular questions being
asked about the patient's brothers the pattents sisters sons the
patient s mother s brothers and the patient s mother s sister s sons
Even when the first question elicits the answer no one else 1 my
famtly has any bleeding tendency  the history should nevertheless
be taken 1 detal  Many patients who give a negative lustory have
very small families
Clinscal Features of Bleeding Tenden,

The cluucal severity of haemophl‘ixya varies very greatly from one
family to another In the severely affected patient the hustory 1s
charactentstic massive haematomata develop after trvial i
haemarthroses appear soon after the panent starts to walk apparently
spontaneous bleeding occurs from other sites epistaxis haematuria
and gastro-mntestinal bleeding are all common At the other extreme
are patients who have no trouble unless they are quite severely
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5 Platelet count usually above 100000 cumm  Platelets very
large Blecding ume and/or tourntquet test usually abnormal  Clot
retraction and prothrombin consumption may be abnormal Clot

and prothromb ption usually ab 1 unless

the platelet count 1s greatly raised  Platelets may give abnormal

results when used to replace normal platelets in the thromboplashn

generanon test Other members of the farmly may or may not be
affected

Duagnosis — Thromboasthema (Functional Platelet Defictency)

C ONE-STAGE PROTHROMBIN TIME ABNORMAL
BLEEDING TIME TOURNIQUET TEST AND PLATE-
LET COUNT NORMAL

1 Whole blood clotting ttme mdefinutely prolonged No clot
with added thrombin  Very small preaipitate on 25 per cent satura-
tiont of plasma with (NFL},SO,

Duagnosis — Afibnnogenaemnta

2 One-stage prothrombin ttme considerably shortened by the
2ddition of 10 per cent of normal plasma treated wath AI(OH), or
by the same proportion of plasma from a patient treated with one of
the dicoumarin group of drups  Shortening of 2-3 seconds has no
significance  {Appendix IV 10 and 11)

Dugnosis — Factor ¥ Defiaency

Note on Factor V Defiency

Whole blood cloting ttme usually long  Prothrombin consump-
uon test usually abnormal One-stage prothrombin tme not
shortened by the addiion of normal serum or punfied Factor VII
Two-stage prothrombin test normal Thromboplastin generation
test wall probably give abnormal results 1f the patient s AI(OH),
treated plasma 15 substituted for the normal reagents and the

panents platelets are used to replace normal platelets {Normal
phatelets have some adsorbed Factor V)

3_One-stage Prothrombin nme nof shortened by 10 per cent of
AHOH) treated plasma or by the plasma of patients treated with
the dicounann drugs  One-stage prothrombmn time greatly shore-



382 BLOOD COAGULATION

(b)) No arculatng anticoagulant A combned deficency of
anthaemophilic globulin and Chnistmas factor should be suspected

4 Muxtures 1 2 and 3 give normal results but muxture 4 15 absormal
This pattern of results 1s said to be characteristic of Rosenthal's
Syndrome (P T A defictency)

Notes on Rosenthal s Syndrome

Clmcally patients m this group resemble the mildly affected
haemophilia panients The condition has a dommnant mhentance
and thus females are affected as often as males We have seen about
six fammilies with mild symptoms and domnant mhentance but the
results of the thromboplastin generation test have tended to vary

B ONE-STAGE PROTHOMBIN TIME NORMAL BLEED-
ING TIME TOURNIQUET TEST OR PLATELET COUNT
ABNORMAL
1 Platelet count at some stage below 100 000 cumm Toum-

quet test and bleedmg time abnormal Prothrombmn consumption

defictlent  Onset recent no replacement of bone marrow by abnor-
mal tissue  No history of taking drugs
Duagnosis — Essential Thrombocytopentc Purputa

2 Same as B 1 but a hustory of taking drugs patticularly sedor-
md, gold sulphonamude quimne phenacenn barbiturates  The
appropriate drug lyses or agglutmates sensitized platelets (Ackroyd

1949)

D ~ Toxic Thrombocytopensc Purpura

=t

3 Same as B 1 but the marrow 15 replaced by leukaemic or other

aissue or normal bone marrow absent
Diagnosis — Secondary Thrombocytopeme Purpura

4 Platelet count always above 100 000 cumm  Platelet mor-
phology normal Tourmquet test positrve or negative Bleeding
time prolonged Clot retraction normal  Prothrombin consump-
ton may be shghtly abnormal  Level of antihaemophtlic globulin
may be reduced  Capillaries mucroscopically abnormal Inhented

1mple domnant
aeanmp Diagnosis — von Willebrand s Disease
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(b) No arculating anticoagulant A combumed deficiency of
antthaemophihic globulin and Christmas factor should be suspected.

4 Muxtures 1 2 and 3 give normal results but mixture 4 15 brormal
Thus pattern of results 15 sad to be characterisuc of Rosenthal's
Syndrome (PT A deficiency)

Notes on Rosenthal's Syndrome

Climcally patients 1 this group resemble the muldly affected
hacmoplulia patients  The condiion has 2 domunane mhentance
and thus fernales are affected as often as males We have seen about
six fanmbes with mild symptoms and domunant inhentance but the
results of the thromboplastin generanion test have tended to vany

B ONE-STAGE PROTHOMBIN TIME NORMAL BLEED-
ING TIME TOURNIQUET TEST OR PLATELET COUNT
ABNORMAL
1 Platclet count at some stage below 100 000 cu mm. Tournt-

quet test and bleeding time abnormal  Prothrombin consumption

deficent  Onset recent no replacement of bone marrow by abnor-
mal tissue No hsstory of taking drugs
Duagnosis — Essenttal Thrombocytopeme Purpura

2 Same as B 1 but a hustory of taking drugs particularly sedor-
mud gold, sulphonamide quiine phenacetn barbrturates  The
approprate drug lyses or agglutinates sensinzed platelets (Ackroyd

1949)
Dragnosis — Toxse Thrombocytopenc Purpura

3 Same as B 1 but the marrow 1s replaced by leukaemic or other

nissue or normal bone marrow absent
Diagnosts — Secondary Thrombocytopenic Purpura

4 Plateler count always above 100000 cumm  Platelet mor-
phology normal TFourmiquet test positive or negatne Bleeding
tme prolonged Clot normal Prothrombin consump-
non may be slightly abnormal  Level of antthaemophilic globulin
may be reduced. Capillanes mucroscoprcally abnormal. Inhenred
as 2 ssmple dommnant

Duagnosis —von Willebrand's Disease
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5 Factor V Factor VII and Prothrombin all normal Less than

100 mg /ml fibnnogen present in the blood
Diagnosts — Fibrinopenta

6 One-stage prothrombin time shortened by toluidine blue or
protamimnc sulgph;lte {Appendix IV .3) Lee and White clotting time
prolonged

Duagnosis — Hepaninaemia

7 One-stage prothrombin time of normal plasma Jengthened by
the addition of 10-50 per cent of the patient s plasma  Tests unaffec—
ted by toludine blue or p sulphate (Appendix IV 26)

Duagnosis — Infubitor
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ened by 10 per cent of normal serum  Two-stage prothrombun test

normal Thromboplastin generation test normal Level of AHG

and Chnstmas factor normal (Appendix IV, 12 and 13)
Duagnosts — Factor VII Deficsency of the Hicks-Jurgens type

Note ons the Study of Factor VII Defictency

A study of patients whose blood has 2 long one-stage prothrombin
time which 15 shortened by the addinon of normal serum has
revealed several types of defect

(a) Pure Factor VII deficiency (Hicks-Jurgens sec Chapter XIV)

(8) Combined Factor VII deficiency and a secum thromboplastin
factor deficency which does not appear to be of Christmas factor
Bergsagel (1955) de Vnes (1955)

() A combned Factor VII and prothrombin defictency and a
serum thromboplastin factor deficiency which may be of the
Christmas factor  (Newcombe 1955 )

No general rule for the detatled study of these patients can be Jard
down  Each case will repay very careful study Tests which should
be done wath all cases mclude a study of vartous pathological sera to
detertmine which will shorten the one-stage prothrombm time of the
pattents plasma  Serum samples of particular interest are those
from patients with haemophibia Christmas disease and patients
treated wath the dicoumann anticoagulants In addition the two-
stage prothrombun test should be carned out m all cases The
thromboplastin generation test should also be done and muxtures
of vanious pathological sera should be tested

It should be noted that the defect (¢) above may respond well to
transfusion therapy the abnormality bemg controlled n one case by
sooml of fresh plasma once i 4 weeks

4 Onestage prothrombwn time not shortened by Al(OH)
treated plasma or by normal serum Two-stage test gives grossly

abnormal results (Appendix IV 14)
Dragnosis — Prothrombin Defiiency

Note on Prothrombinn Defictency

Congemtal or 1diopathic prothrombmn deficiency 15 very rare In
the form secondary to hver discase or Vitamin K defictency quite
severe prothrombin deficiency may cause httle lengthemng o the
one-stage prothrombin time * the two-stage test should crefore

always be done
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6 Glyovaline (Inudazole) Buffer (Mertz and Owen 1940)

A solution of basc 15 p d by dissolving 680 mg of gly
{Laght s Organic Chemucals) i so ml of distilled water The buffer
at pH 7 3 1 made by muxng 2 § parts of base wath 1 86 parts of o x
N HCl and 5 64 parts of distilled water

1

7 Ourtens Buffer

1175 gm of sodum diethylbarbiturate and 14 67 gm NaCl are
dissolved m a muxture of 1570 m! of distilled water and 430 m! of
o1 N HCl The pH should be 7 35

8 Buffered Salne for Fibrnolysin Test

ulémnalﬂalate ase solution for preparation of Michacls (1931)

ers

9 714gm sodimacetatetrthydrateand 14 714 gm sodium dxcuthi{l-
barbiturate are dissolved together 1n earbon dioxide-free dutlled
water and the solunon mnf: up to soo ml This constitutes the
buffer base

To make buffered saline of pH 7 42005 (Glass clectrode) 5 ml
of this base solution are mixed with § ml of o 1 N HCland goml]
of 085 per cent NaCl

9 Al(OHY); for adsorbtion (leho and Grassman 1938)

100 ml of ammoma solutton (sg o088 diluted one i two) are
poured mnto 600 ml of waterat63 C contuning 22gm of ammon-
um sulphate and the temperature 1s rapidly brought to 58 C The
muxture 1s strred vigorously and poured rapidly m one lot into a
solution of 76 7 gm of. alum ata temp of 8 C
mn 1000 of distlled water The temperature nises to 61 C
Sur for 10 munutes without letnng the temperature fall below s8 C
and then separate the preaip Y ¢ fuging The precip
1s washed five tumes with 1500 m} of distilled water scparating the
preapitate by centrifuging on each occasion  To the ﬁptst washing
water 1s added 0 22 ml of s g 0 88 ammonia and to the second 0 44
ml before the washing 15 started The whole procedure should not
take much more than five hours The preaipitate 15 suspended mn the
Least amount of water that 15 required to make a gelatmous suspen-
ston that can be Elgcned Usually the addion of water giving a
final volume to about 700 m! produces a swtable comsistency The
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THE PREPARATION OF REAGENTS AND
COAGULATION FACTORS

A REAGENTS
1 Calewm Chloride
A 2 per cent solutton of anhydrous calcium chlonde 15 made up
and the concentration 1s deternuned by titration  The solution 15
then suitably diluted to give an Mf1o solution (11 1 gm per ro0om! )
From this M/20 and M/40 can be made as desired

2 Sodwum Citrate

31 38o0r s per cent solutions are made by dissolving the appro-
pmate weight of tusodwm atrate (Na,CH,0,2H,0) m distilled
water The solutions should be dispensed m 2 oz bottles and
stenlized 1 the autoclave to prevent tic rapid growth of contarmi-
nating bacterta and moulds

3 Sodwm Oxalate
A 1 34 per cent (w/v) solution 1s used

4 Phosphate Buffer for the Preparation of Fibrnogen (Modified from
Jaques 1943)

A2M phosphate buffer at pH 6 6 1s made by dissolving 817 gm of
anhydrous KH,PO, m 1000 ml of distilled water to whach has been
added 750 ml of gNKOH (168 gm ) Afier warnmung to dissolve
the volume 15 made up to 3000 ml and the solution 15 filtered M
and M/4 solutions are made from this stock solution

s Phosphate Buffer for the Elution of Prothrombin
Two soluttons are prepared as follows
(¢) 1188 gm of Na,HPO,2H,O are dissolved m r000 ml of
‘water
(b) 9x gm_of KH:PO, arc dissolved 1 1000 ml of water
To make a buffer of pH 8 9 7 parts of solutton A are mixed Wi

o3 parts of solution B
386
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6 Glyoxahne (Imdrzole) Buffer (Mertz and Ouen 1940)
A soluon of basess p d by dissolving 680 mg of gly
(Light s Orgamc Chcmxcats) mn soml of dsulled water The buffer
at pH 7 3 15 made by muang 2 5 parts of base wath 1 86 parts of 0 1
N HCl and § 63 parts of disulled water

1

7 Ourens Bufler

1175 gm of sodium diethylbarbturate and 14 67 gm NaCl are
dissolved 1n a mixture of 1570 ml of distlled water and 430 ml of
o1 N HCl The pH should be 735

8 Buffered Saline for Fibrnolysus Test

Veronal-acetate base solution for preparation of Michachs (1931)
buffers

9 714gm sodmmacetatetrihy drateand 14 714 gm sodium drethyl-
barbiturate are dissolved together in carbon dioxide-free dusnlled
water and the solution made up to s00 ml This constitutes the
buffer base

To make buffered salne of pH 7.4 40 05 (Glass electrode) 5 ml
of this base solution are mxxcdpmth s ml of o 1 N HCland gom!
of 0 85 per cent NaCl

9 ANOH) for adsorbtron (Bertho and Grassman 1938)

100 ml of ammonna solution {sg 088 diluted one 1n two) are
poured into 6oo ml of waterat 63 C contammng 22 gm. of ammon-
1 sulphate and the temperature 1s rapidly brought to s8 C The
muxture 15 surred vigorously and poured raprdly 1n one lot mto 2
solution of 76 7 gm of alum at a temp ofs8 C
m 1000 ml of distlled water The temperature nses to 61 C
Sur for 10 muinutes without letting the temperature fall below 58 C
and then scparate the preap by fuging The precip
15 washed five times with 1500 m! of distilled water se; arating the
prectpitate by centnfuging on each occasion  To the first washing
water 1s added 0 22 m! of s g 0 88 ammonta and to the second 0 44
ml before the washing 15 statted  The whole procedure should not
take much more than five hours The preaipitate 1s suspended i the
least amount of water that 1s required to make 2 gelatimous suspen-
sion that can be pipetted  Usnally the addition of water giving a
final volume to ;\Eout 700 ml produces a sutable consistency  The
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preparation keeps for about six weeks The addition of 1-4 ml of
this suspenston to 100 m! of plasma 15 usually sufficient to remove
most of prothrombin and Factor VII present  Smaller amounts can
be prepared by using proportonal quantines of reagents

A preparation made by British Drug Houses can also be used by
suspending 1 gm  of the alummna gel m 4 ml of distilled water

10 BaSO, for adsorbtion

11b of X-ray BaSO, 1s suspended m about 4000 ml of 0005 M
trsodium atrate and allowed to stand overmght The mulky
supernatant 1s drawn off and discarded 'The sedtment 1s resuspended
1n a further 4000 ml of citrate solution and agam allowed to scttle
The sediment 15 then collected on any convemently substantral filter
paper and dried 1n 2 hot air oven at yo0 C  The dned matenal
1s then powdered This washing 1s required because the BaSO,
contans some very fine material which 15 not removed from plasma
by centnfuging at 2000 r pm

11 Solutions of Tolurdine Blue
Solutions of tolwdme blue m o 85 per cent saline are prepared to
contamn 50 mg and 25 mg per cent of tolmdmne blue

12 Cleamng and Preparation of Glassware

All obvious clots should be removed from glass tubes when the
tests are completed Dried clots are difficult to remove The tubes
should then be washed soaked in dilute I drochloric 2cid and rmsed
wath several changes of tap water and distilled water  The tubes arc
then dned 1n a hot air oven

13 Preparation of Silicone Glassuare

The sthicone D C 1107 of the Midland Sihicones Ltd can be used
This preparation 15 used dissolved as a 5 per cent (v/v) solution
cacbon tetrachloride  'The cleaned glassware 15 filled wath the
solutton which 15 emptied back mto the bortle and any excess
allowed to dram off The glass1s then baked in a dry stcnhzmg oven
for 3-1 hours at 160°-210° C The coaung of silicone and baking
may have to be repeated to obtamn a very good surface

Alternanvely the preparations Dufilm or Desicote may be used
these do not require to be baked
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B COAGULATION FACTORS

1 Collection of Blood

(a) Citrated Plasma

Whole blood 15 collected nto a dry paraffined syringe and muxed
with sodium aitrate 1n the proportion of nine parts of blood to one
part of atrate solution 1n a graduated centrifuge tube To obtan
platelet nich plasma the blood 15 ccnmf‘:ﬁcd for § munutes at 1500
rpm To obtun platelet poor plasma the blood 15 centnfuged at
3000 r p m. for 3o mimnutes or at I§ oocnflgm for s mmnutes

) Oxalated plasma 15 prepared stmulacly after mrang 9 parts

of blood wath 1 part of 1 34 per cent sodium oxalate

(c) Sersm

For the thromboplastin generation test or for the preparation of
coagulatton factors serum should contam 2 mimmum amount of
prothrombin and diate pi of clotting  To facihtate
prothrombin conversion 2 or 3 glass beads are dropped mto the
whole blood and the tube inverted gently dunng cloting When
clotting 15 complete the tube 15 meubated for at least four hours at
37 C Complete removal of mntermedite products probably
requires incubattion at 37° C_for 24 hours but for the dragnosts of
Chnstmas disease 2t 1s usually found that 4 hours mncubation 1s
suffiaent

2 Fibrinogen

To 1000 m! of discarded blood bank plasma 1s added so ml of
Al{OH) suspension The mixture 15 stirred at room temperature for
15 munutes The muxture 15 centrifuged and the sediment discarded
The supernatant plasma s tested by the one-stage prothrombn tiune
method and the clotung time should exceed one minute  Ifa shorter
clotung tume 13 obtamed the absorbtion with A{OH) should be
repeated The plasma s cooled to about 12-14° C and to thus 1s added
an equal volume of 2M phosphate buffer which has been previously
cooled to 2-4 C m the refngerator the muxture 15 stood for 1¢
munutes to allow the formation of a precipiate  The mxtuze 15
centnfuged for 10 munutes at 2000 rpm and the supernatant 15
discarded  The precipitate 1s washed with 1ocoml of M phosphate
buffer and the precip recovered by centnfuging The preap
15 then dissolved 1n 500 ml of M/4 phosphate buffer The volume
1 d and the fibunogen repreipitated by adding an equal
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volume of 2M phosphate buffer This precipitate 15 sedimented
by centnfuging washed with 500 ml of M phosphate buffer and
redissolved 1 500 mi of M/4 phosphate buffer The precipitation
and washung are repeated once more and the final precpitate 15
dissolved 1 100150 ml of ctrate salne (9 pasts of 0 85 per cent
saline and 1 part of 3 8 per cent tnsodwum citrate) The solution 15
dralysed 1n the cold overmght agamst 5000 ml of citrate saline the
dualysing flmd must be stirred durng this ttme  The product 15
centrifiged to remove any precipitate that may have formed and
freeze dned Drymng1s completed m a vacuum desiceator over PO,
The dried product s weighed and for use portions are weighed out
and dissolved m disnlled water to reconstitute the ongmnal solution
For example if the total yreld of dued matenal was 2 gm and this
was dissolved ongmnally i 100 ml  the appropriate concentration
would be 20 mg /ml "Ths solutton 15 too concentrated for use m
most clotang tests, 1t 1s further diuted L1 2 to 111 5 with o 85 saline
for use The best concentration 1s determumed by trial and error fora
particular batch  The solution should be the least concentration
which will give a firm solid clot on the addition of thrombimn
Solutzons which give fine wispy clots or flakes of fibein are toa weak.

Ifst 13 not proposed to freeze dry the product smaller amounts ¢ g
100 ml of plasma may be used and the final preciprtate dissolved in
soml of atrate saline

3 Prothrombin

(a) Usng AI(OH), Sufficent AlOH), suspension (usually
about 0 § ml) 1s added to 10 ml of fresh normal citrated platelet
poor plasma to lengthen the one-stage prothrombin time test to 1
munute ‘The mixture 15 incubated at 37° C for 30 munutes and the
preapitate sedunented by centnfuging  The precipiate 15 washed
twice with cold distilled water and the prothrombm 15 eluted by
muang the sedument with $-10 m] of phosphate buffer a¢ pH8 The
muxture 1s allowed to stand at 37° C for one hour The AI{OH]s 15
depostted by centrnfugmg and the supernatant v hich now contams
the prothrombin 15 adjusted to pH 7 with 2 per cent acetic acid and
dualysed overnight i the cold agamst stirred citrate saline {o pasts of
0 85 per cent salne and one pare of 3 8 per cent trsodium citrate,

(1:3J Using BaSO, 1gm of washed B,SO, (see Appendix 1A 10}
1s added to 10 ml of Frc:h normal platelet poor oxalated plasma It
should be noted that oxalated plasma must be used because BaSO. will
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not adsorb m the presence of atrate The BaSO, 1s muxed with the
plasma and the mixture allowed tostand at37° C fortsmunutes The
BaSO, 15 sedimented by cmmﬁ:ﬁmg at 20001 pm for 20 mimutes
The supermatant s discarded and the sediment washed twicewath cold
distlled water The prothrombin 1s eluted from the preapitate b
adding 5 ml of 5 per cene tnsodiem atrate  The mixture wit
atrate 15 alloned to stand for 15 munutes at 37° C  The nactive
BaSO, 1s deposited by centnfuging and the supernatant contammny
the prothrombin 1s dialysed overmight m the cold aganst 5000
of surred atrate sahine (9 parts of 0 85 per cent NaCl and one part of
3 8 pereenttnsodium atrate)  The solution may be frozenatz0 C
1£ 1t 15 ot to be used immeduately  Much activaty 15 usually lost on
freeze drymn

Two mcxﬁods of prepanng prothrombm are gnen S
1t 15 found that the prothrombin pr:ﬁncd with A{OH), 1s con~
taminated with annthrombin - On the other hand the Al(OH),
method has the advantage that 1t can be used on discarded  banl
plasma large quantines of which ate eanly obtamable

4 Antihaemophtlic Globulin

The AI(OH), treated plasma which remams after the preparanon
of prothrombun 15 used (see 3aabove) The supernasant which con-
tams little prothrombin Factor VI or Christmas factor 15 preap-
tated at 33 per cent saturaton with (NH,) SO, For example of
10 ml of AI(OH}s treated plasma 1s uwsed § ml of saturated
{NH.),SO, 15 2dded The precipitate 15 sed d by centaft
and dissolved 1n a volume of 0 8 per cent saline equal to one-half of
that of the onginal A{OH), treated plasma u.scj (i the example
this wonld be s ml) The solution 1s (fnl) sed overmight 1n the cold
agamst sooo ml of surred aitrate saline (9 parts of 0 85 per cent
saline and one part of 3 8 per cent tnsodium aitrate}  The volume
1s measured and made up to that of the onginal plasma (1o mL 1n the
example) Antthaemophilic globubn can also be prepared 1 the
same way from the supematant plasma after BaSO, adsorbtion (see
3b above) The matenal made 1n this way 15 of low activity but 1s
usually sufficenty acuve for expenmental purposes

s Factor V
Factor V may be made from the supernatant from the
of annhaemophilic globulin, The (NH.),S0,

o

Ppreparation
saturation of the
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solution 1s rassed to s0 per cent by adding 1 of the volume of
saturated (NH,),SO, The preapitate which forms 15 sedimented
by centrifuging 1t 15 found that a relatrs ely hugh centnfugal force
1srequured (3000 rpm for 30 munutes or 15 000 rpm for § mn-
utes) The precipitate 15 dissolved m 0 85 per cent saline equal 1o
half of the ongmal plasma volume (s m]P m the example) and
dialysed overmight m the cold agamst s000 ml of stirred citrate
saline (9 parts of 085 per cent saline and 1 part of 38 per cent
tusodim citrate ) The volume 1s measured antf made up to that of
the ongmnal plasma (16 ml 1 the example)

In our expenience the product dertved from BaSO. treated
oxalated plasma has a hugher Factor V activity than that obtamed
from the AI(OH), treated citrated plasma
6 Thrombin <7

Parke Davis or Maws Thrombm Topical may be used These
preparations are made from bovine plasma but appear to behave
with human fibrmogen 1 exactly the same manner as human
thrombin  Human thrombin may be made from citrated bank
plasma as follows

100 ml of plasma are diluted to 1000 ml with distlled water
The pH1s adjusted to 5 3 with 2 per centaceticaad  The preapitate
1s dissolved 1 25 ml of 0 85 per cent saline and the pH adjusted to
7 with 2 per cent N2,CO, 3 ml of 025 M CaCl, are added and
the coagifa?:d fibrmogen removed as 1t forms  After standing for 2
hours for full thrombin formation the crude solution 1s punfied by
adding one volume of acetone to one volume of thrombin at room
temperature  The precipitate 15 separated by centnfuging  The
thrombrm 15 extracted from the precipitate with 25 ml of o 85 per
cent saline  The saline extract 15 centnifuged and preaiprtate discar-
ded The solution of thrombin obtamed in this say may have 3
strength of about one-fifth of the most concentrated solution of
thrombin topical (1000 units per ml )

7 Factor VII
1oml of serum are adsorbed with BaSO, (100 mg /ml of scrum)

for 15 munutes at 37° C The BaSO, and adsorbed protems are
sedimented by centnfuging The deposit 15 washed twice with col

distilled water and the final deposit 1s treated with s ml of a solution
of § per cent tnsodium citrate m 0 85 per cent NaCl for 15 minutes
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at 37° C The mactive BaSO, 18 removed by centnfuging and the
supernatant 1 dulysed overmight i the cold agamst 5000 ml of
surred atrate saline (9 parts of 0 85 per cent saline and 1 partof 38
per cent tnsodium atrate) - After cﬁal)m the volume 1s measured
and made up 10 10 M) The product prepared m thus way will have
both Factor VIl and Christmas factor activity

8 Factor VII deficent ox plasmas for the measurement of Factor VII
acivit,

Oxzhtcg o blood 15 collected in the slaughter house by nuxing
9 parts of blood and 1 part of 2§ per cent potassium oxalate
(monohydrate) The plasma i3 separated b{ centnfuging and stored
overmight at 5 C It 1s then filtered slowly through a 30 per cent
asbestos sextz filter using 1 pad for every ts mi of plasma The
plasma 1 stored frozen sohd 1n small amounts so that samples used
are not refrozen  The method usually removes all of the Factor VI3
but leaves 30 per cent of residual prothrombin - The product 1s
tested using the assay muxture (se¢ Appendix IV 13)

o1 ml of each of the following i 3 separate tests

(a) normal serum dduted 110 mzhng oxalme buffer pH 73 or
(6} a sumfar dilunion of plasma. or (¢) saline

01 seutz filtered ox plasma.

o1 ml bramnextract

01 Mj40 CaCl

The muxure should dlot m 25-30 seconds wath plasma or serum
but the clottng tme should exceed § munutes with saline replacing
plasmaorserum ¥ the cloting nme in the presence of serum is Jong
then too much prothrombin has been removed  1€¢he saline control
1sshort too much Factor VIL remaims

9 Chnstmas Factor by the Method of White Aggeler and Glendenming

1953

Whole gﬂood 15 allowed to clot and the clot allowed to stand for
24 hours at room temperature The serum s separated and g
volumes of scrum are muxed with 1 volume of 3 2 per cent tnsodium
atrate Ths suxture 13 allowed to stand for 30 munutes at 37° C
Th;}H 13 adjusted to 2 9 by dropwise 2ddition of N HCl and the
aardified serumis stood for 2 hoursat 37° C This procedure destroys
most of the Factor VIl actvity The pH 15 then returned to neutral
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solution 15 raised to so per cent by adding 1 of the volume of
saturated (NH,),SO« The precipitate which forms 15 sedimented
by centrifuging 1t 15 found that'a relauvely high centnfugal force
1s required (3000 r pm for 30 munutes or 15000 rpm for § min-
utes) The preaipitate 15 dissolved m 085 per cent saline equal to
half of the ongmal plasma volume (s 1 the example) and
dualysed overmght 1n the cold agamnst s000 ml of stirred citrate
salme (9 parts of 0 85 per cent saline and 1 part of 3 8 per cent
trsodium citrate ) The volume 15 measured and made up to that of
the onginal plasma (10 ml 1 the cample)

In our experience the product derved from BaSO, treated
oxalated plasma has a lugher Factor V activity than that obtamed
from the Al(OH), treated citrated plasma

6 Thrombin <

Parke Davis or Maws Thrombm Topical may be used These
preparations are made from bovme plasma but appear to behave
with human fibninogen 1n exactly the same manner as human
thrombin  Human thrombm may be made from citrated bank
plasma as follows

100 ml of plasma ate diluted to 1000 ml with disnlled water
The pH 1s adjusted to 5 3 with 2 per cent aceticacd  The preciptate
1s dissolved 1n 25 ml of 0 85 per cent saline and the pH adjusted to
7 with 2 per_cent N2,CO, 3 ml of 025 M CaCl, are added and
the coagulated fibnnogen removed as 1t forms  After standing for 2
hours i%r full thrombm formaton the crude solution 15 punified by
adding one volume of acetone to one volume of thrombin at room
temperature  The preciptiate 1s separated by centnfugng  The
thrombin 15 extracted from the precipitate with 25 ml of 0 85 per
cent saline  The saline extract 1s centrifuged and precipitate discar-
ded The solution of thrombin obmneg m thus way may have a
strength of about one-fifth of the most concentrated solution of
thrombin toptcal (1000 umts per ml )

7 Factor VII

soml of serum are adsorbed with BaSO, (100 mg /ml of: serum)
for 15 munutes at 37° C  The BaSO, and adsorbed protemns are
sedimented by centnfuging The deposit 1s washed twice with cold
disulled water and the f%nal depostt 15 treated wath s ml ofa solution
of 5 per cent tnsodium aitrate 1n 0 85 per cent NaCl for 15 snutes
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) Prep of thrombop} P forwse o5 gm of
dried matertal 15 suspended n 10 ml of 0 85 per cent salme and the
muxture 15 mcubated at 37° C for 15 muutes The suspension 18
rmixed once or twice during thus period and the coarse particles are
then allowed to scttle by gravity

12 Saline extract of Bram for use w the Factor V11 assay method and 1n
the prothrombut-procons ertton {p and p) method

A human bran 15 freed from bloocf vessels and meninges and
washed ‘The whole bran 1s macerated for about 2 minutes with
warm 0 85 per cent saline 1 a Wanng-blender  For a whole bran
1500 ml of salne heated to 37 C are used The emulsion 1s
centrifuged for 25 munutes at 2000 rpm and the sediment 15 dis-
carded The supernatant 15 tested by the one-stage prothrombin
nime test undiuted and dduted 112 11 3 and 110 § with 0 8§
per cent saline  The dilunon which gives the mummum clotung
tume 15 selected. The whole mixture 15 diluted approprately and 10
per cent of Qwren s buffer sadded The final flurd 15 dispensed nto
contaners which will provide a days supply and stored frozen
solidat —20 C

Dhacnhal

13 Prep of Phospholipid for the Antshaemophilic globulin assay
method (Folch 1942 Hays and Len 1945)

A whole normal human bram freed from meninges and blood
wvessels 15 washed and macerated in a Wanng-blender The werght s
determuned and the volume {usually 1000-1300 ml ) 1s measured
The mush 15 extracted with three lots of acetone each 4 times the
volume of the ongmnal bram ussue The extracted matenal 1s
filtered on a suction pump and the preapitate dried at 37 C over-
mght The preaipitate 1s extracted with 2 muxture of 2 volumes of
petroleum ether bolling pomnt <40 C and 3 volumes boiling
pomt 40-60 C  The total volume of petroleum ether used 1s twice
that of the ongmnal brain mush  The petroleum ether extracuon 1s
repeated  Between cach extraction the ether 15 filtered through a
solvent extracted filter paper The two extracts are combined and
evaporated to dryness n vacuo at 45 C The remaming sobid 1s
dussolved 1n 1/5 of the ongmal volume of ethyl ether The solution
15 left . the cold unul a deposit forms  Thus 1s removed by eentor-
ﬁxfmg The clear solution 15 evaporated 1 vacuo to about 100

/kg ofonginal mush Leave in the cold for a precipitate to form
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with NNaOH The treated serum 1s then adsorbed with BaSO,
(100 mg fml of serum) at 37° C for 15 mnutes The BaSO, 15
sedimented by centnifuging and washed twice with cold diselled
water After agan centnfuging the BaSO, 15 treated with 5 per cent
trsodium aitrate to elute the Cﬁnstmas factor The most convenent
amount of citrate to use 15 one-half of the orgmnal serum volume
(for 10 m! of serum 5 ml of aitrate are used) The atrate cluate 1s
dialysed overmght . the cold agaunst 5000 ml of stured csate
saline (g parts 0 85 per cent saline and 1 part 3 8 per cent tnsodum
atrate) and the volume of the dialysed flurd made up to that of the
ongmal serum

10 Platelet suspension

Platelet nich plasma (Appendix I B 1) 15 centnfuged at 3000
rpm for3ommutesorat1sooor pm for s mmnutes The platelets
are deposited as a small button at the bottom of the tube The dlear
plasma 1s removed and may be used as substrate for the thrombo-
plastin generation test  The platelets are suspended m 0 85 per cent
saline and deposited by centnfugmg  The platelets are washed once
more with 0 85 per cent saline  After depositing they are susgcndcd
1n.0 85 per cent saline to 4-} of the ongmal plasma volume Ifz0m!
of platelet nch plasma was used the platelets will be resuspended 1n
3-5 ml of 085 per cent sahme For the thromboplastm generation
test 1t will often be found that a further } dilution 1s possible but
1t 1s wase 1n the first instance to prepare 2 more concentrated stspen-
sion. The suspension often keeps quite well for 1+2 weeks if frozen
solid at —15 to —20° C Suspensions which are thawed and then
refrozen frequently lose much activity

11 Bram Thromboplastin for use in the one-stage prothrombin tune test

(a) Dried bram powder Fresh human bram 15 collected 1n the
post-mortem room and all superficial vessels and menmges are
removed The substance 15 macerated with three to four umes s
volume of acetone m a mortar The acetone 1s replaced four umes
and the granular powder 15 dred on a suction filter It 15 unnecessary
and undesirable to reduce the matenal to a fine powder because when
a fine powder 1s produced the aﬁ:ruclcs tend to nise to the top when
the substance 1s suspended m saline  The dnied bram can be stored 1n
bottles at room temperature with no special precautions with lutle
detenoration for periods up to three months
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) Prep of thrombopl p foruse 05 gm of
dnied matenal 15 suspended 1n 10 ml of 0 85 per cent saline and the
muxture 13 incubated at 37° C for 15 mmutes  The suspension 18
muxed once or twice duning this period and the coarse partcles are
then allowed to settle by gravity

12 Salne extract of Brawn fJor use wt the Factor VII assay method and i

the prothrombu-proconvertion (p and p) method

human bram 15 freed from blood vessels and meninges and
washed The whole bramn 15 macerated for about 2 mnutes with
warm 0 85 per cent saline 1n a Wanng-blender For a whole bram
1500 ml of saline heated to 37 C are used The emulsion 18
centnfuged for 25 minutes at 2000 r pm and the sediment 15 dis-
carded The supermatant 3s tested by the onewstage prothrombin
time test undiluted and diduted 11n 2 1103 and 110 5 with 085
per cent sabme  The dilunon which gives the muumum clotung
ume 15 selected. The whole muxtute 1s diluted appropniately and 10
per cent of Owren s buffer 18 added The final flutd 15 dispensed into
contaners which will provide a days supply and stored frozen
sohd at —20 C

13 Preparation of Phospholipid for the Antithaemophulic globulin assay
method (Folch 1942 Hays and Lem 1945)

A whole normal human brain freed from meninges and blood
vessele 1s washed and macerated 1n a Wanng-blender “The weight1s
determuined and the volume {usually 1000-1300 m!) 15 measured
The mush 15 extracted with three lots of acetone each 4 tmes the
volume of the ongmal bram tissue The extracted matenal 1s
filtered on a sucnon pump and the preaipitate dnied at 37° C over-
mght The precipitate 18 extracted with a mixture of 2 volumes of
petroleum cther boing pomt <40 C and 3 volumes botling
pomt 40-60 C  The total volume of petroleum ether used 15 twice
that of the ongmal bram mush  The petroleum ether extracnion 18
repeated  Between each extraction the cther 15 filtered through a
solvent extracted filter paper The two extracts are combined and
evaporated to dryness m vacuo at 45 C The remaiming solid 1s
dissolved 1n 1/5 of the onginal volume of ethyl ether The solution
15 left 1n the cold until a deposit forms  This 15 removed by centni-
fuging  The clear solution 1s evaporated 1n vacuo to about 100
mi /kg ofongmnal mush Leave in the cold for a preaipttate to form
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(12-24 hours) which 1s removed by centnfuging and discarded The
solution 15 treated with 5 volumes of acetone and the precipitate 18
collected by centnfuging dued and stored n a dark bottle m 2
vacuum desiccator

For use 125 mg of thus crude phospholipid are suspended n 5 ml
of distilled water, the mixture being shaken and strred unnl the
emulsion 15 umform  The suspension 15 then diluted with 085 per
cent salme to give a suspenston of eptimum concentration for the
test  This vanes from 1/10-1/1000 and must be determined by
expenment The diluted emulsion may be frozen sohd when 1ts
activity 1s mamtamed for about 6 weeks

14 Chloroform Extract of Brain for the Thromboplasts Generation Test
(Bell and Alton 1954)

0 5-31 gm of acetone dried brain are washed with 20ml of acetone
and the muxture left for 2 hours The bram tssue 15 recovered by
centnfuging and the supematant discarded  The sedimented bran

owder 15 dned on a water pump and the powder extracted for 2
Eours with zo ml of chloroform Dunng this tme the muxture
must be shaben After dus the suspenston 15 filtered and the solid
matenal discatded The filtrate 1s dried 1n vacuo and the resulnng
hipid 15 suspended an s-10 ml of 085 per cent sabne The salne
emulsion may be diluted to about 1f100 for use The optumum
didution must be determmned by tral m the test

Thus ipoid may be sansfactory for use mn the antthacmophulic
globulin assay method but 1t may give oo short clotung tmes 1n
muxtures which do not contamn antthaemophilic globuln
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TECHNICAL METHODS

I WIIOLE BLOOD CLOTTING TIME

(a) Method of Lee and Whate (1913)

The test 15 carned out i clean dry glass test tubes measurmg 24 n
X 3 in The tubes must be perfectly clean and absolutely dry
Venous blood 1s collected 1n 2 dry paraffined syninge  The needles
should be very sharp and of size 1819 gauge  The needle should
enter the ven directly and any difficulty n obtamung the blood
mvahidates the test 1 ml of blood 1s placed 1n cach of the four small
tubes at 37° C and the tubes are uFtcd 1 turn at about $-munute
mtervals until each tube can be mverted without spilling the blood
As the blood begms to enter the synnge the stop-watch 1s started
and the clotting time 13 recorded from this tme untl the blood has
solidified 1n the tube The clotting time of each tube 1s recorded
separately and the average of the four tests 15 reported By this
method the clottng time of normal blood usually Les between s and
10 munutes

It 15 1mportant to use standard apparatus and standard technique
for thus test because vanations may influence both the clotting time
and the ﬁrothrombm consumptron test which 15 carnied out on the
blood collected for the Lee and Whte clotting time test Forexample
1f the tubes are nnsed with saline before use or 1f the tubes are stop-
pered the results will be different Sumularly 1fa system 1s adopted
which one tube 15 tilted untit coagulation occurs and then the second
thurd and fourth are tlted 1n series and then the clottng tune for the
fourth sample will be longer than in the standard test The normal
range for the Lee and White clotting tume test differs 1n dufferent
laboratories and even from time to ime 1n the same laboratory To
assess results reliably 1t 1s wise to carry out the test on 2 normal sub-
Ject once a week The sesults are recorded and any consistent trend
1n the normal value will be obvious Results on patients can then
be compated wath 20 most tecent observanions

(4} Method of Dale and Laidlaw (1911)
By this method the clotting time of capillary blood 1s measured

197
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Small glass tubes 2 cm m length of wide capillary bore are
prepared  One end of each tube 15 partially closed by holding for a
few seconds m a bunsen flame When the tube has cooled a small
prece of lead shot 15 inserted 1nto the tube and the other end partally
closed to retam the lead shot The average weight of the lead shot
should be about 0006 gm  The piece of Jead shot should be freely
mobile when the tube 15 tilted *

Capillary blood 15 obtained from a finger prick  The first drop
of blood to emerge 15 allowed to run mnto the tube The tube 15 held
immersed 1n a water bath at 37° C using forceps the ends of which
have been encased m rubber tubing to support the tube The tube
15 tilted until the lead shot remans stationary  The clottmg tme 1s
recorded from the ime at which the blood enters the capillary tube
to the ime at which the lead shot ceases to move

By this method the clotung time of normal blood usually lies be-
tween 1} and 3 minutes

(c) Method of Lee and Whte using sthcone-coated tubes

The test 15 carned out 1n exactly the same manner as the Lee and
Whate test using glass tubes wath the exception that the tubes are
treated with sihcone  The normal clottng nme vanes with the
technique but 15 usvally 18-25 mumutes  Munor coagulation defects
may become much more obvions wath this method

2 PROTHROMBIN CONSUMPTION TEST
(a) Clotted Venous Blood

e blood collected for the Lee and Winte coagulation tume test
1s used  When coagulation has occurred the blood 1n the four Lee
and Whate clotting tubes 1s allowed to stand at 37° C for 50 munutes
This ume 15 measured from the completion of coagulation and not
from the tme at which blood 1s withdrawn from the panent The
clot 15 then gently freed from the sides of the tubes with a wooden
suck and the tubes are centnifuged at 1500 rpm  for five mnutes
to obtam the serum  The serum from the fourtubes 15 collected
with a Pasteur pipette and pooled 1 one tube “At exactly one hour
after coagulatton has occurred a prothrombin consumption test 15

carmed out.

Performance of Test
04 ml amounts of fibrogen are placed 1 each of four tubes
S These tubes can be obtaned from R. B Tumner & Co g-rz Eagle Street, Southampton
Row Londou.
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{measuring 23 1n < 4 m) and these are placed 1 a water bath at
37° C Another small tube of the same size 1s placed m the water
bath and 02 ml of the pooled serum 15 placed 1n thus tube 02 ml

of 0 85 per cent NaCl and 0 2 ml_of brain thromboplastin 1s added

and as raprdly as possible thereafter 02 ml M/40 CaCl, 1s 2dded

starting a stop-watch at thus mstant The contents of the tube are
thoroughly muxed and at exactly 30 seconds after the begunning of
the test 0 1 ml of the muxture 1s removed with a graduated Pasteur
pipette and raprdly blown out mnto onc of the two tubes contamung
fibrinogen  As this addition 15 made a second stop-watch 1s started
and the coagulanon time of the fibnnogen 15 recorded At 60
seconds a further o 1 mi of the nuxture 15 added to the second fibrn-
ogen tube and the clotting time 15 recorded  The test 1s carned out n
exactly the same way using the patient s atrated plasma mstead of
scrum  In thus test the muxture coagulates because the plasma con-
tawns fibnnogen  The coagulum which forms after about 20 seconds
must be remoyved with a wooden stick as rapdly as possible At
eactly 30 and 60 seconds 01 ml of the defibninated mixture 15
added to 2 tube contamng fibnnogen and the clotting times of the
fibnnogen recorded as before

Expression of Results

A method of expressing results can best be understood from an
example  Four clotung times are obtaned The mumumum clotung
time for the Ihsmz and serum are used to calculate the index Ina
normal blood mimmum clottng times shown below were obtained
From the clotting times of the fibrnogen a Prothrombin Consump-

Tams 44

FROTHROMBIN CONSUMFTION TEST
TYFICAL RECULT IN A NORMAL INDIVIDUAL

Incubation fime (secs) s
Plisoa tume (seey ) 16
Scrum tme {sec1 ) 160

tion Index 15 calculated by dividing the shortest clotting tme ob-
taned with plasma by that with serum and mulaplymng thge result by
100 In the example quoted the mdex would be 4% X 100 = 10
per cent
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Notes

In carrying out the prothrombin consumption test 1t 15 important
that the blood should be collected with a syrnge and needles of
standard sze and that exactly 1 ml of blood should have been placed
1 each of the four small tubes vsed for collection of blood Devia-
ttons from tlus procedure. may have 3 surprisingly large effect on the
results of the test For example 1f the blood s co]l%ctcd nto one
farge contamner the results of 51: test may be much too lugh ot, 1f a
needle of small gauge 15 used the results of the test may be too low

Even with these precautions the results with normals are not
constant and 1t 15 wise as with the Lee and Whate clottng time to
carry out the test once a week on normal blood the normal range 1s
thus always known with certamty  The test has never been known
to record more than 40 per cent 1 normal blood and in our labor-
atory none of the normal results for the last two years have exceeded
20 per cent  Of 77 haemophulic patients scen by us alf but 18 had an
mdex above 50 per cent 11 many instances values above 100 per cent
are found  In a few panents the mdex may be below 20 per cent It
should be noted that an abnormal result m thus test willalso be ob-
tamed 1n the blood of Christmas disease patients when the platclet
count 15 befow 50 000-100 000 per cu mm n functional platelet
defictency and mn patients with mhubstory substances i ther blood

The sérum obtamed after centnfugmg the clotted blood at 50
minutes after cloting may be atrated by adding one part of 3 8 per
cent sodium citrate solution to four parts of serum  The conversion
of prothrombin to thrombin 1s halted by the addition of aitrate and
the test can then be carned out at lessure

(8} Caprllary Blood

Capillary blood 1s collected from finger prick or heel prick m an
mfant About 0 25-0 5 ml of whole blood 15 required  This blood
15 collected mto a tube measuring 2§ 1 x § m and allowed to clot
m a water bath §7° C  After incubation for so mmutes the serum
15 separated as descrbed before and at 1 hour after clottng the
Prodgrombm Consumption Test 1s carsied out on the serum The
test a5 carrzed out on the serum may be compared with that car-
ried out on aitrated plasma from the patent where that 1s possible
or 1f plasma cannot be collected from the panent, plasma from 2
norma subject may be used. The resulss of this test are expressed in
exactly the same way as the test carried out on venous 0od-
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Merskey (1950b) found that twenty-seven out of forty-two hae-
mophilic panents gave an ab I result 1¢ Prothrombin Con-
sumption Index of more than 40 per cent Thas test 13 not so reliable
as the test used with venous blood but 1t 1s useful for the diagnosis of
hacmophihia m small infants

3 CALCIUM CLOTTING TIME

To o1 ml of atrated plasma 15 added 01 ml of 0 85 per cent
saline The tube 15 placed mn a water bath at 37° C and o1 ml of
M40 CaCl, 1 added A stop watch1s started as the CaCl, 1s added
and the time taken for coagulanon to occur 15 recorded. With
normal plasma the clotting fune vanes from 90 to 250 seconds

4 BLEEDING TIME (IVY $ TECHNIQUE)

A sphygmomanometer cuff 1s placed around the patient s upper
arm and the pressute 13 raised to 40 mm  of mercury

With the Frank s spnng lancet set at 3 mm _three small punctures
are made along the outer {extensor) surface of the patient s forearm
taking care to avoud any scar tssue or superfical vems

With three filter paper discs one for each puncture-wound the
three bleeding pomts are gently blotted without rubbing every 15
seconds  This process 1s continued until all bleeding ceases

The average of the ttme taken for the bleeding to stop from the
three puncture-wounds 1s taken as the panent s bleeding tme A
convement method of esimating this 15 to add the total number of
blood blots on the three filter papers and divide by twelve Ths
g es the bleeding nme in munutes (Normal = 2§ to 7 mnutes)

$ TOURNIQUET TEST

A sphygmomanometer cuff 15 placed round the panents upper
arm and inflated to a pressure of berwcen 7090 mm of mereuty
This pressure 1s mamtamed for § munutes at the end of this ime the
pressure 18 released and the cuff removed  The arm 15 wspected snd
the number of petechual haemorrhages 1s counted  In normal people
o-10 petechiae may be found

6 PLATELET COUNT (METHOD OF BRECHER AND CRONKITE 1950

1 per cent ammonum oxalate 15 requred for thus test It s?muld
be stored 1n the cold to discourage the growth of contamumnants and
filtered immeduately before use

Method The panents ear (or finger) 15 warmed by rubbing with
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dry wool 'The ammomum oxalate 1s drawn up to the o 5 mark of 2
whate cell counting pipette The ear {or finger) 15 pracked 2nd 2 free
flow of blood obtamed blood 1 then sucked up mto the white cell
pipette until the level of the oxalate previously mtroduced imto the
pipette reaches the 1 mark  The volume of blood 15 thus o 5 The
pipette 3s then filled to the 11 mark with oxalate solution The
prpette 15 shaken for 3 mmutes and after discarding the first one o
two drops a Neabauer counting chamber 15 filled ~ The chamber 15
placed 1 a Petn dish contamng damp filter paper and left for atleast
26 mynutes The platelets encountered in 8o small squares are counted
using a 1/6th objective 1N 15 the number of platelets counted then
N % 10015 the number per ¢ mm of blood

Countnig 15 possible under 1/6th objectuve with condenser
lowered to make the platelets refractle Counting 15 very much
more accurate if a phase contrast system 1s used In difficult cases
with much particulate matter counting may be impossible without
a phase contrast microscope

7 ONE-STAGE PROTHROMBIN TIME

o1 ml of atrated normal plasma (Appendix Il B 1) and o 1 ml
of extracted bram (Appendix Il B11) are mixed m a tube measunng
24m x §m and placed m 2 water bathat 37 C o1 ml of Mf4o
CaCl, 15 added and 2 stop watch 15 started  The tube 15 nlted a
frequent tervals until 2 grm clot appears when the stop watch 1
stopped and the time recorded  The test 1s carned out in duplicate on
normal and pathological plasma

With this method the normal plasma will clot 1 1120 seconds
The varable clottng tine of normal plasma s caused by the dufferng
activaty of dufferent batches of bram extract with any one batch the
clotting tume 15 reasonably constant The comparson of abnormal
and normal clotting times may be made either by the mdex or the
ratio methods discussed 1n Chapter XVIII  The use of diluon
curves 1s not now recommended

8 PROTHROMBIN AND PROCONVERTIN METHOD (MODIHF_D FROM OWREN
AND AAS 1951)
Reagents

BaSO. treated O« Blood
Ox blood 15 collected mto 2 5 per cent potassium oxalate i the
proportion of 1 part of oxalate t0 9 parts of blood Plasmais obtained
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by centnfuging and this 1s treated with BaSO, (Appendux I Ato)
2'gm BaSO, beng added for each 100 ml of plasma  The muxture
15 strred mechameally for 30 munutes at room temperature and the
BaSO, removed by centrifuging A further adsorbtion 15 done with
..gm BaSO, per 100ml of plasma The BaSO, prepated as described
1n Appendux Il 1s not so active as that of the Scandinavian workers
and some prothrombin may remain unless two adsorbtions are done
The finally centnfuged absotbed plasma s stored at —20 C 1n
amounts required for 1 day s work ~Samples should not be used and
refrozen

Brain Extract See Appendix I Bz

Drluting Solutions
A 313 per cent trsodium atrate (dihydrate) 240 ml
Distifled water 760 mi
B Owrens buffer 200 ml
Solution A 200 m}
09 per cent saline 600 ml
C 313 per cent tnsodwum arate 100 ml
09 per cent salme 6oo ml

Anticoagulant for collection of Blood
3 13 per cent trsodium atrate 250 ml
eparin 25 mg (100 umits per mg )
Merthiolate 25mg
The hepann prevents alterations 1 clotting time which may occur
m samples sent by post  The blood 15 collected 1n proportion of 1
part of anticoagulant to 9 parts of blood and plasma 15 obtamed by
centrifuging

Normal Control Plasma

Blood 15 obtaned from 10 normal subjects using the special anti
coagulant the plasma 1s scparated after centnfuging and pooled
The pooled plasma 1s gently but thoroughly mxxcg and dispensed 1n
1 ml amounts into very clean glass tubes and stored at —20 C The
tubes should be stoppered

Petformance of Test
The plasma sample to be tested 15 diluted 1 1n 10 using diluting

fuwd B o1 ml of diluted plasma 1s muxed with o 1 ml of BaSO
treated ox plasma 0 1 ml of brain extract and 0 1 ml of CaCl, of
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optumum concentration A stop watch 1s started as the CaCl, 1
added The normal clotting time by this method 15 30-40 seconds
as a rule 2 or even 4 tests may be carmed out sunultancously if
several stop watches are available

The caleum chlonde concentration 1 this test must be optimal
The optimum must be determined for each new batch of ox plasma
or bran extract This 1s done by making a dilunion curve (see é’ClDW)
with CaCl, concentrations Mf1o M/20 and M/30 and selecting the
concentration which gives mummum clottmg times 'We usually
find the M/z20 to be optimum

Preparation of the Dilution Curve

Dilutions of the pooled normal control plasma are made 1 m 2
1m4 118 and 116 vang dilunng flimd € The undiuted
plasma and these dilutions are then all diluted 1 in 10 using dilutng
flud B to give final dilutions of 11m 70 T1m 20 Tm 40 1m0
1m 160 These two fluds are used to ensure a constant 1ome strength
for varyng dilutions ‘The test 15 carrted out 1n duplicate for each of
the diluions  The clotting times are then plotted agamst plasma con-
centration on double loganthmic graph paper when a straight line
should be obtamed (Fig s1)

The dilutton curve should be repeated with every new reagent
and each day two dilunions of normal plasma {cg 1/10 and 1/20)
should be tested

Interpretation of Results

The clotung times are interpreted using the dilution curve pre-
pared with normal plasma  The method 15 used for the control of
anticoagulant therapy with the dicoumann group of drugs  For this
purpose the therapeunic range Lies between 10 and 20 per cent of
normal as read from the curve The method undoubtedly requires
more attention to detasl than the unmodified one-stage prothrombm
nme and 1t may be clamed that 1t 1s too complicated for routme
laboratories In fact the actual test 1s no more dufficult to perform
than the one-stage prothrombin tme The only senious comphca-
tion 15 the preparation of prothrombin-frec ox plasma

O ONE-STAGE PROTHROMBIN TIME (MICRO-METHOD)
Thus method 15 included for use on patients from whom a venous
sample cannot be obtamed  The method 15 not recommended for
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Pap
per cent
100

20 50 [+5]
LOG CLOTTING TIME SECONDS

Fg 51 Dilution curve of normal p! smz 23 used m the prothrombin and proconvernn
(9 nid p) method of Owrena d Aas (1955) The log of the concentration of normal plasma
€ kang the 13 10 dilution as 100 per cent 13 Plotted ag st the log of the dlottng time 1

seconds
general use 1t 15 techmeally troublesome to obtamn sufficient blood
and the results are not very relable

3 8 per cent tnsodium artrate 1s drawn mnto a whte cell counting
pipette unal st reaches the 1 mark A finger or ear previously
warmed to obtam a good arculation 1s pricked decply and free-
flowing blood 1s drawn up to fill the pipette to the 11 mark The
blood 15 then immediately blown out mto a small tube and the
pipette filled to the 11 mark wath citrate saline (1 part of 3 8 per cent
tnsodium citrate and § parts of 0 85 per cent saline) The atrate
saline 15 blown mto the Elood and the contents of the tube mixed
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After centnfuging the plasma 15 tested by the one-stage method
The test 15 repeated using normal blood when the patient s and
normal clotting times can be compared by the ratio or mdex
method (see Chapter XVIIT)

10 QUAULITATIVE TEST FOR FACTOR V DEFICIENCY

Normal citrated plasma 15 treated with A{OH), to remove
prothrombin and Factor VII (Appendix Il B 3) Ths plasma con-
tains Factor V in excess but very little prothrombin or Factor VII
o 1ml of A{OH), treated plasma 1s added to 0 9 m! of the pattent s
plasma and the mixture 15 tested by the one-stage prothrombm
tume  If the clotting time of the mixture 15 considerably shorter than
that of the patient s plasma alone then 1t 15 probable that the latter
15 defictent m Factor V

II QUANTITATIVE TEST FOR FAGTOR V DEFICIENCY

A quantitative test for Factor V deficienicy requires a supply of
Factor V deficient plasma 1f a simple test 15 to be devised  Usually
this 15 not available and esther Factor V deficient plasma must be
made artificially or an elaborate procedure mvolving the use of
punified prothrombin must be resorted to - Only the former method
will be described

Factor V deficient plasma 1s made by collecting normal blood into
oxalate (Appendix Iif B 1) The plasma 1s separated by centufug-
g and stored in the cold at 4 C for 1-2 weeks Most of the Factor
V will now have detenorated A one-stage prothrombmn ume 1s
carmied out on the plasma and the clotting time should exceed 60
seconds Muxtures of this plasma and normal plasma are then made
to contam § to 5o per cent of normal plasma ~ Sumilar muxtures are
made with the patient s plasma and the Factor V deficient plasma
The two sets of figures can be compared

12 QUALITATIVE TEST FOR FACTOR VI DEFICIENCY

o1 ml of normal serum s added to 0 9 ml of the patient s plasma
and the one-stage prothrombin time of the muxture 1s tested  If the
clotting time of the muxture with serum 15 constderably shorter than
that of the patient s plasma alone Factor VII deficiency should be
suspected This can be confirmed by showing that the panents
plasma has less than the normal ability to shorten the one-stage
prothrombin time of the plasma of patients under treatment with
the dicoumanin drugs Mixtures are made of (a) 0 t m] of normal,
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and 09 ml of dicoumann plasma and (B) 01 ml of the patient s
plasma and 09 ml of dicoumann plasma The one-stage pro-
thrombin time test 15 carned out on the two mixtures

13 QUANTITATIVE MEASUREMENT OF FACTOR VII (OWREN AND AAS
1951

The ra)gcnts required for this test are a saline brain extract as
prepared for the p and p method (Appendix IIl B 12) Seuz filtered
ox plasma (Appendix Il B 8) and diluting flwds as for the p and p
method (Appendix IV 8)

Samples to be tested are diluted 1/20 2 1 1n 2 dilution being made
with ffmd C and 2 1/10 With solution B (for dilutng fluds see
Appendic IV 8) The clotung muxture consists of

o1 ml of diluted plasma

o1 ml of bram extract

o1 ml of Seiz filtered ox plasma

ot ml of CaCl, {optimum concentration)

The results of the test are assessed from a didution curve prepared
as described w the p and p method (Appendix IV 8) and the
opttmum concentrations of bran and CaCl are simularly deter-
mined The results of this test are more sansfactory 1f the Seitz
filtered ox plasma 1s l::ﬁlaccd by plasma from a Factor VII deficient
patient but this 1s usually not possible

I4 TWO-STAGE PROTHROMEIN TEST
A suspension of acetone dried bramn and a fibrnogen solunon are
used 1 this test (Appendix Il B 2and 11) The suspension of bram
15 prepared a5 for Exc one-stage prothrombin tme and diluted 1/5
1/10 1/.0 with 0 85 per cent saline The dilutions are tested by the
one-stage prothrombin time test using normal plasma and 2 dilution
Ewmg a clotting ime of 25~30 seconds 1s selected  The use of diluted
ran slows the speed of thrombin formanon and the test 1s tech~
mically ssmpler
04 ml of undiuted normal plasma 1 mxed with 04 ml of
dituted bram emulsion n a tube measunng 23 m x i and placed
at37 C o04ml of M{40CaCl,1s2dded A stop watch 1s statted as
the CaCl 1sadded At munutemtervals startng at 1 mmute 0 1 mi
1s removed from this incubation muxture and added to 04 ml
of fibrmogen pi ly pipetted mto small tubes and

=
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After centnfugmg the plasma 1 tested by the one-stage method
The test 15 repeated using normal blood when the patient s and
normal clotung times can be compared by the rato or ndex
method (see Chapter XVIII)

10 QUALITATIVE TEST FOR FACTOR V DEFICIENCY

Normal atrated plasma 15 treated with A{OH), to remove
protiirombmn and Factor VII (Appendix I B 3) This plasma con-
tamns Factor V 1n excess but very little prothrombn or Factor VII
o 1ml of A{OH), treated plasma 1s added to 0 g ml of the patient’s
plasma and the muxture 15 tested by the one-stage prothrombin
ume Ifthe clotting time of the muxture 1s constderably shorter than
that of the patient s plasma alone then 1t 15 probable that the latter
15 defictent m Factor V

11 QUANIITATIVE TEST FOR FACTOR V DEFICIENCY

A quanutative test for Factor V deficiency requures a supply of
Factor V deficient plasma 1f a simple test 15 to be devised  Usually
thus 15 not available and either Factor V deficient plasma must be
made aruficially or an elaborate procedure mvolving the use of
purified prothrombimn must be resorted to Only the former method
will be described

Factor V deficient plasma 1s made by collecting normal blood mto
oxalate (Appendix Iil B 1) The plasma 1s separated by centnfirg-
mg and stored in the cold at 4 C for 1-2 weeks Most of the Factor
V will now have deterorated A one-stage prothrombm tume 1s
carnied out on the plasma and the clotting ttme should exceed 6o
seconds  Muxtures of thus plasma and normal plasma are then made
to contam § to 50 per cent of normal plasma ~ Sinular muxtures are
made with the patient s plasma and the Factor V deficient plasma
The two sets of figures can be compared

I2 QUALITATIVE TEST FOR FACTOR VI DEFICIENCY

o1 ml ofnormal serum s added to 0 9 ml of the patient s plasma
and the one-stage prothrombin time of the muxture 1s tested  If the
clotting time of the muxture with serum 1s considerably shorter than
that of the patient s plasma alone Factor VII deficiency should be
suspected This can be confirmed by showmng that the panents
plasma has less than the normal ability to shorten the one-stage
prothrombm time of the plasma of patients under trearment with
the dicournarin drugs  Mixtures are made of (¢) 0 1 ml of normal,
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and 09 ml of dicoumann plasma and (5) 01 ml of the panient s
plasma, and 09 m! of & plasma  The ge pro-
thrombin time test 15 carned out on the two mixeures

13 QUANTITATIVE MEASUREMENT OF FACTOR VII (OWREN AND AAS
1951

The ru)gmrs required for thus test are 2 sahine bramn extract as
prepared for the p and p method (A£ endix Il B 12} Sertz filtered
ox plasma (Appendix 11l B 8) and diluting fnds as for the p and p
method {Appendix IV 8)

Samples to be tested are dilured 1/20 2 1 10 2 dilution being made
with ﬂPuxd C and a 1/10 with soluton B (for diluting fluds sce
Appendix IV 8) The clotting muxture consists of

o1ml of diluted plasma

otml of bram extract

o1 ml of Setz filtered ox plasma

ot ml of CaCl, (optimum concentration)

The results of the test are assessed from a dilution curve prepared
as described 1n the p and p method (Appendix [V 8) and the
optimum concentrations o(Pbmn and CaCl, are simlarly deter-
mmed  The resules of this test are more satsfactory 1f tic Settz
filtered ox plasta 1s replaced by plasma from a Factor VII deficient
patient but this s usually not possible

14 TWO-STAGE PROTHROMBIN TEST

A suspension of acetone dned bramn and a fibnnogen solunon are
used 1n this test (Appendix I B 2and 11)  The suspenston of bran
15 prepared as for the ge prothrombin time and diluted 1/
1/10 1/20 with 0 85 per cent saline  The dilutions are tested by the
uncastagifmthmmbm tume test using normal plasma and a dilution
Ewmg aclotting trme of 25-30 seconds 1s selected. ‘The use of diluted

ran slows the speed of thrombin formation and the test 15 tech-

mecally stmpler

o4 ml of undiluted normal plasma 15 muixed wath 0.4 ml of
diluted bram emulsion 1n a tube measunng 2 n X § mn and placed
at37° C o4ml of M/40CaCl 1sadded A stop watchis started as
the CaCly 1sadded  Atminute mtervals starting at 1 minute o 1 ml
5 xcmovedf f;om this mcubauox'l mxture and added to 04 ml

of

gen p y pipetted mto small wbes and
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placed 1n the water bath The clotting times of the substrate fibrn-
ogen are recorded

The test 15 continued until the clottng time of the substrate
fibrmogen exceeds 3 muinutes The thrombin untts are then read
from a thrombin-fibunogen dilutton curve (Appendix IV, 15) m
terms of elotting time and a curve relatmg thromgm units to mcuba-
tion time 15 drawn  The area enclosed by the curve 1s computed
esther wath a plammeter, by the more laborious method of counting
the squares on the graph paper or by weighmg the cut-outareas The
procedure 15 carned out on normal and abnormal samples and the
area obtained for the abnormal 15 expressed as a percentage of the
normal

A techical difficulty results from clotting m the mncubation
mixture When this occuts the clot must be removed It has been
found that the removal of the clot can be achieved quute easily by
wmdmg 1t on to a wooden swab stick the end of which has been
split and the halves slightly separated

15 THROMBIN-FIBRINOGEN DILUTION CURVE

The standard preparation of thrombmn toptcal (Parke Davis) con-
tains about 1000 umts of thrombin per ml of solumon This
solution 15 diluted to contan 20 15 10 8 5 4 3 2 Tand o5 units
of thrombwn per m!  No attempt need be made to ensure that the
thrombin units correspond with those of any standard preparation
but the proportional dilutions must be carefully made 1f human
thrombm 15 used the didutions are arranged to mclude clotting tunes
from 10 to 100 seconds Maws thrombin may also be used 1f appro-
priate diluttons are made A sertes of tubes contaming o0 4 ml of
fibrimogen ate placed 1 a water bath at 37 C and to these 0 1 ml
of the thrombin solutions are added and 1n each case the clotting
time 1s recorded  The results of one expeniment are shown m Fig 1
From the figure 1t will be seen that 1f the clotung times are plotted
agamst the reaiprocal of the concentration of thrombin a straight
Ime passing almost through the ongm fits the pomts reasonably
well For the thrombm-fibrnogen reaction 1t 15 possible to relate
the clotting time to the concentration of thrombun as follows

ct =%
T

where CT = cloting time
and T = concentration of thrombin
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From this curve cloting times of 0 4 ml amounts of fibrinogen
can be read i terms of thrombin unuts_These t} unts have
no absolute sigmficance but are uscful for comparng relanve
amounts of thrombin formed i particular experiments and 1n the
two-stage prothrombun test

1

16 CLOT RETRACTION

Apparatus A graduated cenmfu&‘c tube readingtoormi anda
glass rod about s} m m length wath a series of expansions at about
n ntervals and witha perforated cork fixed atone end The glass
rod may be replaced by a spiral made of wire which has a dameter of
1-1 smm  The test 1s easter to carry out 1 a siliconed tube 15 used

Techmque Rather more than s ml of blood 1s withdrawn nto
a dry synnge by means of a clean vencpuncture It ::fla“d straight
away mnto a clean test tube without frothing and 5 ml delivered by
prpette nto the graduated centnifuge tube  The glass rod or wixe
spiral 15 then placed n the tube and held 1n a vertical posiion by
means of the cork. Wath the ware spiral a cork 15 usually unnecessary

The centnfuge tube 15 then meubated at 37 C  preferably n'a
water bath, and exammed from time to tme unuIP the blood has
clotted firmly It 15 then left undisturbed at 37 C for a further
hour at the end of which me the rod or wire around which the
clot should have retracted 1s carefully lifted 1n the tube and allowed
to dram for a mnute or so and then removed The volume of ex-
pressed serum and cells 15 read off directly from the graduations on
the tube The volume expressed as a percentage of 5 ml represents
the percentage retraction of the clot

Tie centnfuge tube must be absolutely clean otherwise the clot
may adhere to the sides This adherence 15 less troublesome 1f
siliconed tubes are used  If'there 15 partial adherence the clot may be
gently freed with a platinum loop and reincubated for a further hour
without mtreducing much error

In anaemua retraction 15 generally ncreased due to the smaller
red-cell volume the relation between the two vanables being approxi-
mately lnear  The blood platelet level below which mmpaired
retraction may be expected ‘15 satd to be about 100 000 cu’ mm
Other conditions m w{uch there may be impaired retraction melude
Jaundice pneumontz myelomatosis and polycythaemsa

In 50 subjects (27 men and 23 women) retraction varted from 48
to 64 per cent of serum expressed witha mean of 54 7
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placed i the water bath The clotting times of the substrate fibrm-
ogen are recorded

The test 15 continued until the clotting time of the substrate
fibninogen exceeds 3 munutes The thrombin units are then read
from a thrombin-fibrinogen dilution curve (Appendix IV 15) m
terms of clotting ttme and a curve relating thrombin umits to ncuba-
tion tune 1s drawn  The area enclosed by the curve 15 computed
etther with a planimeter by the more laborious method of counting
the squares on the graph paper or by weighmg the cut-outareas The
procedure 15 carned out on normal and abnormal samples and the
area obtaned for the abnormal 1s expressed as a percentage of the
normal

A technical difficulty results from clotting 1 the mcubation
muxture  When this oceurs the clot must be removed It has been
found that the removal of the clot can be achieved quite easily by
winding 1t on to a wooden swab stick, the end of which has been
split and the halves shghtly separated

15 THROMBIN-FIBRINOGEN DILUTION CURVE

The standard preparation of thrombin topical (Parke Davss) con-
tamns about 1000 umits of thrombmn per ml of soluton This
solution 1s diluted to contan 20 15 10 8 5 4 3 2 xand o § umts
of thrombm per ml  No attempt need be made to ensure that the
thrombin umts correspond with those of any standard preparation
but the proportional dilutions must be carefully made If human
thrombun 15 used the dilutions are arranged to melude clotting times
from 10 to 100 seconds Maws thrombin may also be used 1f aﬁnm-
prate dilunons are made A sertes of tubes contammg 0 4 ml of
fibrnogen are placed 1n a water bath at 37 C and to these o1 ml
of the thrombin solutions are added and 1n each case the clotting
time 15 recorded  The results of one experiment are shown 1 F1g 1
From the figure 1t will be seen that 1f the clotting times arc plotted
agamst the reciprocal of the concentration of thrombin a stratght
lne passing almost through the ongm fits the points reasonably
well For the thrombin-fibnnogen reaction 1t 1s possible to relate
the clotting time to the concentration of thrombrn as follows

X
CT -7

where CT = clotang time
and T = concentration of thrombin
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the tw o tubes are allowed to stand at room temperature for 10 min
Both tubes are centifuged at 2000 rpm for 10 mn and the
volumes of preaipitate are compared

If the normal ‘specimen produces 01 ml of preaipitate and the
paticnt s blood 0 01 ml then the patient would be sad to have 10
per cent of the normal amount of fibnnogen

It 15 unwase to rely entirely on thus test for the dugnosis of obstet-
nc defibrination The Lee and Whate clotting ume test (Appendix
IV 1) the tage prothrombin ime test (Appendix IV 7) and the
reaction of plasma to thrombin {Appendix IV 22) should also be
carried out  The clot 1n the Lee sz Whte test 1s erther absent or
markedly lacking m solidity the clot 1n the one-stage test 15 eather
absent or a fine wisp of fibnn which rapidly contracts to an almost
mvisible white pinhead-sized clot the patient s plasma usually wll
not clot on the addition of strong thrombin solutions

18 DEMONSTRATION OF FIBRINOLYSIS TN PLASMA SAMPLES
Reagents

(«) Buffered Saline (See Appendix III A 8)

(5) M/20 CaCl,

(c) Thrombin Soluton g app ly 20 units per ml
using a sample of thrombim topical of Parke Davis as standard

Techmque
Performance of Test

04 ml of atrated plasma (Appendix I B 1) 1s added to 6 m! of
buffered saline to give a dilution 1/16 Two sets of three tubes are
prepared as follows

() 1 6ml diluted plasma

(%) 0 8 ml diluted plasma + 0 8 ml buffered saline

(9 oaml dduted plasma + 1 2 ml buffered saline
To each tube of one set 15 added one drop of thrombtn and to each of
the second set © 1 ml of M/20 CaCl, The contents of the tubes are
muxed by mverting

The stx tubes are placed 1n a water bath at 37 C together wath a
simular set of tubes prepared from normal plasma. The test should
be made at a standard ttme after withdrawang the blood because the
fibnnolytic enzyme may disappear from the plasma after storage
The tubes are observed to ensure that coagulatton occurs and then
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17 MEASUREMENT OF FIBRINOGEN
(a) Brochemcal Method

Venous blood 1s collected mto a bottle contamng dried sodium or
P oxalate as anticoagulant The plasma 15 obtamed by
centrifuging

Performance of Test

1 ml of plasma 15 mixed with 25 ml of 085 per cent saline and
1ml of 2 § per cent CaCl, solution 1s added  After 1 hour at room
temperature the fibun clot 15 filtered off and washed three nmes
with 0 85 per cent saline ‘The clot 15 then transferred to a digestion
flask and digested wath 1 ml of conc H,SO, The drgestion 1s con-
tinued over a moderate flame for four hours If the digest 1s not then
perfectly clear 2 drops of H,O, (100 vols ) are added carefully and
the digestion continued for another hour

The digest 1s transferred to a micro Kjeldahl distillation apparatus
and the flask washed with 3-4 changes of distilled water which are
added to the digest m the apparatus  The ammonsa 15 dniven off by
the action of an excess of 40 per cent NaOH and collected 1 a flask
contamng 10 ml of N/so H,SO, The excess of H,SO, 15 titrated
with Nfso NaOH using methyl red as mdicator (10 —titration
figure) X 100 X 028 = mg of fibrmogen N per 100 ml

Quick (1951a) has given an alternative method i which the fibon
15 dissolved by boiing with NaOH and the amount of colour
developed with Folin-Crocalten s phenol reagent 15 determmed
(b) Rapid method for the D of Fib Jeficrency (for use

i patents with acute defibrination such as occurs i some ob-
stetric cases)

A half-saturated solution of ammomnium sulphate 1s made by dis-
solving 26 gm of (INH,):SO 1 som! of distilled water and making
the volume up to 100 ml wuth disnlled water It 15 better to make
the solution in this way than to use 2 1 1 2 dilution of a supposedly
saturated solution of ammonium sulphate

Catrated plasma 15 obtaned from the patient and from a simlar
patent m whom there 15 no evidence of any bleeding tendency
{Appendix Il B 1)

2ml of the patient s plastna s placed in 2 modified Esbach s centrt-
fuge tube (Hopkuns type of Vacane tube Gallenkamp) and 2 ml of
‘Thalfsaturated ammonium sulphate 15 added and the contents of the
tube 1s mxed 2 ml of the control plasma 15 smilarly teeated and
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muxture 1s cooled to room temperature and N2,.CQ; solution (12 §
per cent wfv) added to the 80 ml mark (If 1t 15 inconvenent to

roceed at once with the development of the colour the tubes may
Ee left at this stage —1if necessary overmght) Cop!ier sulphate
solution (1 oml )15 added and the muxture stirred wath the glass rod
The diluted Folin-Crocalteu s reagent (1 0 ml) 1s then added at 2
steady rate with srnng (we find a x oml all-glass synnge useful for
thus addition)  After standing for at least § hour the colour 15 read
1n a photo-clectric colonmeter using a red filter agamst a blank
prepared using 2 0 ml 0 1 N NaOH and the rest of the reagents as
described  The amount of colour 1s described m terms of the amount
of pure tyrosine required to produce the same deflecton of the
galvanometer when treated with the same reagents (It 15 well
recogruzed that the colour produced by the dissolved clot 1s due to
other compounds 1n addinon to t{rosmc) The amount of colour
15 proportional to the amount of clot and lysis may be followed by
plotting a graph connecting the amount of clot (expressed as pg Cu-
Tyrosine) with the tme of incubaton.

20 MEASUREMENT OF ANTITHROMBIN {MODIFICATION OF THE METHOD
OF ASTRUP AND DARLING 1042)
A 1/s or 1/10 dilution of atrated plasma (Appendix HI B 1) 15
made Mixtures of the diluted plasma and saline are made as follows

Diuted plasmz ml o 005 01 0I5 0t 03
Salme 03 025 02 0I5 03 o

To cach of these mixtures 15 added 1 ml of a thrombin preparation
The muxtures are mcubated at 37 C for 1§ nunutes and then the
tubes are placed in water at the t:;rlecnture of melung ice to stop the
1 thrombin o1 of each of the muxtures

15 then added to 1 ml. amounts of fibrnogen 1n tubes kept 1 a water
bath at 37 C The clottng times of the fibnnogen are recorded
The concentration of thrombin 1s adjusted so that when a sample 1s
transferred from the control muxture (contaunng no plasma) to the
fibrinogen _the fibrninogen cloting time Lies between 10 and 15
seconds  The concentranon of plasma 1s adjusted so that the fibrino-
gen clottng time with the Jughest concentration of plasma does not
exceed 60 seconds

It has been found that the concentration of antithrombin may be
expressed by the formula
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left for twenty-four hours for lysis of the clot  (Durmng this ume the
tubes ma{ be observed at mtervals and the lysis time recorded the
rectprocal of the lysis time gives an approximate measure of fibrno-
Iytic actvity )

19 MEASUREMENT OF FIBRINOLYTIC ACTIVITY (BIDWELL 10%3)
Reagents -

Buffered saline (sec Appendx 11T A 8)

Thrombn punfied by acetone precipitation as described m Appen-
dixHI B6 The freeze dued precrptate 15 dissolved w o0 85 per cent
saline to give approximately 20 umits per ml
.. 01 N'N2OH filtered before use
12 5 per cent wfv Na,CO, filtered before wse
~ 001 M CuSO,

Folm-Crocalteus phenol reagent (BDH) diluted with two
volumes of water befgrc use

Techmque
Performance of Test

A series of tubes 15 prepared each contamng 48 ml buffered
saline To the first tube add 0 2 ml ctrated plasma (Appendox NI,
B 1) and mux with a glass rod of which the lower end 15 roughened
along atleast 1 m of its Jength The rod 1s Jeft 1n the muxture which
1s placed 1 a water bath at 37 C  After exactly 5 munutes thrombin
{02 ml ) 15 added and muted rapsdly wath the strang rod whch 1s
leftan st The other tubes m the serses are prepared m the same way
and the clots are incubated at 37 C for various tmes eg % 1 13
hours the mcubation time 15 rechoned from the nme of addiion of
the thrombin

Meanwhile a corresponding number of tubes graduated at 8 o ml
and each contamung approximately 1o ml 0 85 per cent salme are
placed 1n a bath of melting 1ce When the clot has been ncubated
for the chosen tume 1t 15 collected by gently winding 1t on to the glass
rod and transferred to a tube of ice cold saline  The clot 1s washed
with two more lots of approximately 10 ml 1ce cold salme (1 e about
30 ml altogether) allowing 15-30 minutes standing n the 1ce-watet
bath between each washing The last saline washings ate pourcd
awayand 20ml o1 N NaOH added down the rod  The tube 1s
then immersed 1n a bouing water bath for 1-2 munutes taking care
that the warm NaOH comes mnto contact with all the clot The

~
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The values for toft are plotred agamnst the concentration of plasma
and an approximate strasght bine 15 drawm through the powts (Fig
52) A corrected value for t /t 1sthen obtaned from this ine Thus
when 0 0. ml plasma (o 1 ml ofa 3/5 didution) 15 used to/ta would
be read a5 0 76 nstead of 0 82

The concentration of antithrombun 1s then caleulated

ki
c= sa(l 076) = 360 units

Thas 1s obviously a comphcated technique but 1t 1s doubtful whether

sumpler methods are reliable

21 MEASUREMENT OF HEPARIN (JAQUES AND CHARLES 1941}

Tubes with umform bore of about 8 mm  are marked at the level
to contan 1 ml A standard hepann solution contamnung 0.4 umts
per ml 15 prepared Oralated beef blood 15 used for the test and 15
collected m 1-hire flasks contaming 10 m! of 20 per cent neutral

tasslum ovalate Thrombin prepared by Mellanby s method
(Chapter 1) was used m the ongnal test but any preparation of
thrombm eg thrombm topical Parke Davis may be used

In 2 prelmmary test the most sutable concentraton of thrombin
s selected 05 ml of oxalated blood 1s placed n a number of tubes
o025 ml of heparin solution 15 added to cach 015 ml of saline 1s
added to each and o 1 ml of different concentrations of thrombin are
added The concentration of thrombn whrch 15 just suffictent to clot
the blood 1n 1§ munutes 1s selected

Inthetest02 02. 625 027and032m! of heparm solution are
placed i tubes The volume1s madeup oo 4 ml with salne and to
cach tube 15 added 0 5 m! of oxalated blood To a second sentes of
tubes muxtures contamung dilutions of the umknown heparm pre-
paration are added. The app eparin c m the
unknown 1s first determuned by making wxdclY differing dilutions
and 1n a second exp d parable to those of the
standard can be prepared

The tubes are placed 1 2 water bath at 25 C for 10 mimutes and
then 01 ml of the selected thrombin preparation 1s added The
contents of the tubes are mixed and the tubes allowed to stand at
25 C for ismmutes Theresultssthenread The end pomntis taken
as the tube m which coagulation just fads to occur Usually 1t 18
found that one tube 15 solidly clotted the next contamns a fnable
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where ¢ 15 the concentzation of antsthrombm

2 15 the concentraton of thrombm

7 15 the amount of plasma

to 15 the fibrnogen clottng time with no added plasms

ta are the clotung times of the fibrnogen with various con~

centrations of added plasma

"The results of one test are shown m Table 45

TasIR 45
MEASUREMENT OF ANTITHROMBIN

Saline i o3 oz o1s I oI 1 ¢
Plasnix ditoted 1[5 " o o1 ars S 03 a3
Thrombmn (30 unetsfest ) mi ¥ 1 b3 z 1
Clottmg  ume of fibunogen

{reonds) ] 3By 253 287 30
tofa [ o | e8| osg | o; [ o3

L

i 2a 3
PLASMA CONCENTRATION

Fyg 52 Mearurement of suethtanbn



APPENDIX TV 417

A muxture 1s made to contan 02 ml of AI{OH), treated normal
plasma diluted 110 § with o 85 per cent saline 02 ml of normal
serum diluted 1 1n 10 with 0 85 per cent saline 02 ml of platelee
suspension and 1 addinon 0 2 ml of 85 per cent saline thenozml
of M/40 CaCl, The duombo{;lasrm generation test 15 carnied out
on this mixture using normal plasma as substrate  The test 1s
repeated replacing the additronal 02 ml of 085 per cent saline by
o2 ml of varous saline dilunons of the patent s A{OH), treated
plasma ranging from 1 1m § to 1 1 100 according to the potency of
the anticoagulant By recording the dilution at which no inbubstory
effect 15 recorded a rough esimate of the anncoagulant actuvity can
be made

Tans 46
DEMONSTRATION OF ANTICOACULANT
Proport ons of M xtures
Normal plasma 1 09 os ot °
Pauent s plasma ° o1 o3 o9 T
Clotong | Immeduately | 160 40 214 100 s
(x:‘::ds) afierahn - g 630 353 -

With erther of these tests 1t may occasionally be necessary to
ncubate the normal and abnormal reagents together for some ume
(rs mm to 2 hours) before tesung to demonstrate the ang-
coagulant the action of the anticoagulant taking some tme to be
effectve  Using the thromboplastin generation test 1t may be
necessary to use the patient s AIEOH). treated plasma undiluted be-
cause the effect of some inhubstors may be much reduced by dilution
1ms

25 DEMONSTRATION OF AN INHISITOR OF ANTIHAEMOPHILIC GLOBULIN

Occasionally a patient with a hacmorthagic diathests may have a
prolonged whole blood clotting tme because the blood contamns
an mhibitor which inactivates the anthaemophilic globuln  The
mlubitor may sometimes be 1denufied by the gollow‘mg test

‘The panient s and normal plasma are mixed 1n equal parts and the
muxture mcubated at 37° C for 2 hours At the end of ths time the
mixture 1 diluted 110 1/100 1f1000 With 085 per cent sabine
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mcomplete clot and 1n the next coagulation s absent By companson
with the standard the amount of heparin n the unknown sample cin
be caleulated

22 THROMBIN-FIBRINOGEN REACTION OF PLASMA

A number of dilutions of a thrombm preparatton are made
o1ml of each of the dilutions 1s added to 0 4 nﬁ of artrated plasma
(AppendsxIIT B 1) and the clottng time recorded The test 1s carrted
out with normal and pathological plasma and the clotting times are
compared ‘There 15 no quantitative method for assessing the degree
of abnormality

23 THE EFFECT OF TOLUIDINE BLUE ON THE THROMBIN-FIBRINOGEN

REACTION

If the test of the thrombm-fibrinogen reaction has been found to
beabnormal the abnormality may be due to the presence of heparin
Hepann 1 neutralized by tolwdme blue

A series of o1 mI samples of plasma are mixed with o1 m! of
o0 85 per cent salne or 01 ml of tolwdme blue solution contamng
25mg or somg per cent tolmdine blue 0 1 mi of different throm-
bin dilutions are then added to each of the muxtures and the clottng
times recorded  The test 15 carried out on the normal and abnormal
plasma samplesand the results compared If theresacloseapproxma-
tion of the results with normal and abnormal plasma when toludme
bluesadded then 1t 1s likely that hepann is present

24 DEMONSTRATION OF INHIBITORS OF PLASMA THROMBOPLASTIN
(a) Using the Calaum Clotting Time Test (Ap})endlx IV 3)

The presence of an it may be rated by testing
uxtures of normal and the patent s plasma by the calcium clottng
time method Mixtures are prepared as follows

Normal plasma o o1 o§ 09 I
Patient s plasma 1 09 05 O0I O
These mxtures are tested by the calaum clottmg tune method
immediately and after two hours incubation at 37 C 'The results
of an experment carned out in this way are shown n Table 46
(b) Usng the Thromboplastin Generation Test (Appendix IV 28)

Al(OH], treated plasma 1s prepared from both normal and the

atient s plasma The other reagents are prepared from normal

lood
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A muxture 1s made to contain 0 2 ml of A{OH), treated normal
plasma diluted 1 1n 5 with 0 85 per cent saline 02 ml of normal
serum diluted 1 1n 10 with 0 85 per cent saline 02 ml of platelet
suspension and 1 addition 0 2m "of 0 85 per cent salme theno 2 ml
of Mf40 CaCl: The thromboplastin generation test 15 carned out
on this nuxture using normal plasma as substrate  The test 15
repeated replacmg the addinonal 02 ml of 085 per cent saline by
oz m} of various salne dilutions of the patent s AI{OH), treated
plasma ranging from 1 1n 5 to 1 1n 100 according to the potency of
the anticoagulant By recording the ddution at which no mhibitory
effect 15 recorded a rough estmate of the anticoagulant activity can
be made

TASLE 46
DEMONSTEATION OF ANTICOACULANT

Propert ons of Mixtures
Normal plasma 1 o9 o5 o1 °
Patient s plasma. o o1 of 0y 1

Clomng | lmmedutely | 160 m0 24 30 s
2

ame
(seconds) [ afier 3 hra. — ue 60 g8

With erther of these tests 1t may occasionally be necessary to
ncubate the normal and abnormal reagents toget{lcr for some time
(1s min to 2 hours) before tesang to demonstrate the ant-
coagulant the action of the anticoagulant taking some time to be
effecuve  Using the thromboplastin generation test 1t may be
necessary to use the patient s Al{OH) treated plasma undiluted be-
cause the effect of some mnhibitors may be muclg reduced by dilution
ms

25 DEMONSTRATION OF AN INFUBITOR OF ANTIRAEMOPHILIC GLOBULIN

Occasionally a patient with a haemorthagic duathess may have a
prolonged whole blood clotting ttime because the blood contaus
an mhibrtor which the anuh hilic globulin - The
mnhubitor may be 1dentified by the foll g test

The panent s and normal plasma are mixed m equal parts and the
mixture mcubated at 37 C for 2 hours At the end of this time the
maxture 15 diluted 1/10 1/100 1/1000 With 085 per cent salne
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Samples of the patient’s and normal plasma arc stmularly difuted A

;_a:ﬁ:ple of haemophthic plasma 1s obtamed and mixtures are made as
ollows

TARLE 47
Equal parts
Hamephic Patient p;i.:’,imm"{x Normal
1/t | 1/100| xf1000 | tfs0 | 1100 /1000 | Tf10 ] 1100 /1008
ot o1 ( (
o1 o1 j ‘
ot [ ox i
or or
or or
1
oI ox
o1 or
o1 l or
o1 I ot

To each muxture 15 added 0 1 ml of Mj40 CaCl, "When low pro-
portions of normal plasma are added to haemophulic plasms the
calaum clottmg time 15 shortened  If the mbubator has destroyed the
antthaemophibic globuln then the dilutions of the patient s plasma
and dilutions of the mixture of narmal and panent s plasma should
fail to shorten the clotung time of the haemoplulic plasma Thus test
depends on the assumption that the durect effect of the mhubror 15
removed by dilution whereas the antthacmophihic globulin 15 active
m ugh dilution

26 DEMONSTRATION OF AN INHIBITOR OF BRAIN THROMBORLASTIN
(a) Inhabution of the reaction between Bras Exctract and Normal Plasma
The one-stage prothrombm time test 35 carried out on a norm
plasma sample on the patient s plasma and on a muxture of normal
and abnormal plasma 1 equal parts  Acetone dned bram (Appendix
DI 1) 15 used w this test Ifthe clottng ume of the muxture 15 more
than 2-3 seconds longer than that of the normal plasma then an
snhubrtor 15 probably present The mhibitor may be hepann and tus
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possibahity can be tested by addmlﬁ solunions of tolmdine blue to the
abnormg plasma and rep e tage prothrombin time  1f
the presence of tolmdine blue shortens the cﬁmmg time then heparnin
15 probably present {sce Effect of Tolmdine bluc on the thrombin-
fibrinogen reaction Appendix IV 23}

(b) Neutral ojPBmm Thromboplastn {Appendix HI 11)

10-1.. muxtures of 0 1 m! of plasma and 0 1 ml of bram throm-
boplastin suspension are prcp:u'c: and placed na water bathat 37 C
At mtervals one of the muxtures 1s recalarfied and the clottng ume
recorded  The test 15 carned out with normal and pnhoﬁ)gxul
plasma If the clotting times of the muxtures with the pathological
plasma lengthen on mcubanon more matkedly than those with
normal plasma an abnormal mhubitor may be present

27 THROMBIN GENERATION TEST (MACFARLANE AND BIGGS 1953)
(a) Using Whole Blood

2 ml of venous blood 1s placed 1n a centnfuge tube contaning
02 ml ofo 8 per cent salnc the contents are mixed and the tube
placed 1n a water bath at 37 C At imtervals of 1 munute samples
of o 1 ml are withdrawn from this incubation muxture and added to
o4ml of fibonogen p ly placed m the water bath
The clotting times of the fibrnogen are recorded  Ustng a thrombin-
fibinogen dilution curve the clotting tumes are nterpreted in terms
of thrz):mbm umts as described for the two-stage test {Appendix
IV 15

Dunng the process of clotting the clot must be removed with a
swab suck expressing as much serum from the clot as possible durmg
the process

In experimental procedures the 0 2 m! amounts of o 85 per cent

saline may be replaced by other reagents (thrombin serum plasma
etc ) as required

(8) Using Plasma (Pitney and Dacee 1953)

For comparative expenments samples should be tested 1m-
meduately they have been collected and normal and abnormal blood
samples should be centrifuged together at about 1500 rpm for
s munutes to avord differences m platelet levels in the samples For
she test 04 ml cffplasmz 15 muxed with 04 ml of 085 per cent
taline and 0 4 ml of M/40 CaCl, 1s added The clot which formsm
the mcut muxture can eastly be d onawooden appl
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stick and the formation of thrombim 15 recorded as 1n the test for
whole blood

28 THROMBOPLASTIN GENERATION TEST (BIGGS AND DOUGLAS 1953b)

The reagents required for thus test are

(a) AL(OH), treated plasma Thus 15 made by adding 01 ml of
Al{OH), (Appendix Il A 9) to 1 ml of plasma the mixpure 15
allowed to'stand at 37° C for 1 minute and the A{OH), removed by
centrifuging  For use the adsorbed plasma 15 diluted 1 1n 5 with
0 B per cent saline

(b) Platelet suspension — (See Appendix IIl B 10) The platelet
suspension may be replaced by a chloroform extract of bram
{Appendix IIf B 14) The optimum concentration of this extract
must be determmed

() Serum — (See Appendix Il B1) The serum s diluted 1 :n10
with 0 85 per cent saline for use It has been found that the acavity
of diluted serum tends to improve on standmg  The serum dilutions
should be made up and allowed to stand at room temperature for at
least an hour before testing

Performance of Test

03 ml of platelet suspension (or hpotd) are muxed with o0 3 ml
of dduted Al{OH), treated plasma o 3 ml of diluted serum and 03
ml of Mj40CaCl, A stop-watch sstarted on the addiion of CaCls
The tubes are mcubated at 37 C and at one-mimute mtervals o 1m}
amounts are removed from this mcubation mxture and added
together with 0 1 ml of M/40 CaCl, to 0 1 ml amounts of citrated
plasma (Appendix Il B 1) previously prpetted out and placed mn the
water bath ~ If graduated pasteur prpettes are held one 1 each hand
this ssmultaneous addition 1s not difficult  The clottng times of the
plasma samples are recorded It will be found that the samples
transferred from the mcubation mrxture have Lute ability to clot
fibrmogen the coagulant actvity for plasma must therefore be
attnbuted to the formation of thromboplastn It 15 found that
mimmum clotting times of 7-12 seconds are obtained 1n 3-5 munutes
1f normal reagents are used The amount of thromboplasun formed
can be assessed from a thromboplastn dilution curve prepared as
described m Appendix IV 29~ The incubation muxture usually
clots this clot wiuch can eastly be removed 15 due to the presence
of traces of thrombin 1 the mcubation mixture the amounts are too
small to affect the substrate clotting times
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29 PLASMA THROMBOPLASTIN DILUTION CURVE

Plasma thromboplastin 1s made as i the last secion When 2
mummum substrate clotting time has been reached the muxture
formung thromboplastin 1s placed at the temperature of meltng 1ce
Dilunons of this preparation are made and tested with the substrate
as described 1n the last secion A curve relang clotting ime and
concentration of thromboplastin 1s then drawn (see Fig 22)

30 THL MEASUREMEINT OT ANTIHAEMOPIHILIC GLOBULIN
{a) Using the Calaum Clotting Teme Test (Appendix IV 3)

e antthaemophilic acuvity of a plasma or fibnnogen sample
may be tested by observing the ability of the sample to shorten the
calaum clotung tune of hacmophilic plasma

Dilutions of the test samples 1/10 1/100 and 1/1000 made with
085 per cent salhne are prepared o1 ml of b hulic plasma 15
pipetted mto a number of tubes To the first 15 added o1 m! of
085 per cent saline  To the subsequent tubes are 2dded ot mi of
the dilutions of the samples to be tested  To each of the tubes 0
ml of M/40 CaCl, 15 added and the clotting times of the muixtures
ate recorded. The clotang tmes with didutions of a test sample may
be compared with those obtaned wath dil of normal plasma

Thos test 1s stmple but has disadvantages Farstly the abiity of the
test sample to shorten the i vitro cloting ttme of haemophthic
plasma 15 no guide to the probable in vivo activity of the substance
tested It 15 usually found that the 1/10 dilution of normal plasma
shortens the clotting ime of haemophilic plasma to normal whereas
as much as 20 pints of transfused whole blood may be required to
stop a haemorrhage in vivo

(b} Using the Prothrombin Ce ption Test (Appendix [V 2)

A patient whose blood 15 to be tested for anufucmop}uhc actvity
and 2 hz:mo(fhﬂxc pattent may be vene-punctured stmultaneously
and the blood of the two patients mixed 1 various proportions and
the muxctures allowed to clot  One hour after clotting the pro-
thrombint consumption test may be carned out on the samgples of
serum The results may be compared with those obtained by mxng
normal and haemophilic blood

This test has the disad that 1t 15 techmeally difficult to
ach::;e accurate measurement of the volumes of the two samples
T
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(c) Ustng the Thrombin Generation Test (Appendrx IV, 27)

In the blood of haemophilic patients whose Lee and White
clotting time exceeds 30 minutes no measurable thrombun 15 gener-
ated in the thrombun generation test When vartous proportions of
normal plasma are added to the blood thrombmn 15 generated but
the time at which thrombin generation starts 15 delayed A rough
quantitative measure of the antthaemophilic effect of a preparation
may be obtaned by compating the effects of a test preparation with
those of normal plasma

{d) Usinig the Thromboplastin Generation Test (Appendix IV, 28)

Thromboplastin 15 generated 1n a mixture of normal Al(OH),
treated plasma normal serum platelets and CaCl, When the
normal AOH), treated plasma 1s replaced by Al(OH), treated
haemophilic plasma thromboplastn formation 1s much reduced If
the plasma of a severely affected haemophulic patient 1s avarlable an
assay method may be devised

TABLE 48
THROMBOFLASTIN GENERATION TEST USED FOR THE ASSAY OF ANTTHASMOPEILIC GLOBULIN

Incubanon e mmites

Source of ANOH); Plasma
| = 3 « | s

Clotting t me seconds

Normal 34 10 9 9 10
Severcly affected Haemo-
philiae 39 35 32 30 34

Mildly afiected Haemo-
phuliac

10 per cent Nommal m
severely affected Hacmo-

phituc ar 26 13 13 135
20 per cent Normal i

severely affected Haemo-

philiac 39 20 12 1 I3

The normal  the severely affected haemophilic and the patient s
Al{OH), treated plasma samples are all diluted 1 1n 5 with o 85 per
cent sahme The normal and the severely affected haemophilic
samples arc used mixed n vanious proportions

Haemophthe o 4 0 19 19 1
Norma! 1 1 1 I 1 o
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In this way samples contatning 100 20 10 § 2§ and o per cent
of normal Al(OH), treated plasma respectively are obtaned  These
samples are used as A{OH), treated plasma 1n the thromboplastin
generation test and the results provide a senes of ﬁ%}urcs repre-
sentative of different levels og’ anthacmophilic globulin  The
unknown sample 1s then tested and the results compared with the
senes contanng known amounts of A HG  Witha lintle expenence
1t 15 usually not necessary to test all of the mxtures 3t beng obvious
from preltmunary tests that the result 15 above or below 10 per cent
An example of the use of this method 15 given Table 48

From tlus table the patent would be said to have shightly less
than 1o per cent of antthaemophilic globulin

(€) Using the Assay of Anthaemophihe Globuln Actwity (Biggs
Evcling and Ruchards 1955)

The first two methods described ate not very satisfactory The
calcium clotting time test and the prothrombin consumption test
are unduly affected by trace amounts of AH G All require haemo-
philic blood which 1s not always available

The assay procedure which gives a quantitative assay of anti-
haemophilic globulin 15 a difi of the thrombopl
generation test  In pnnaple a number of didunons of normal
and the test plasma are tested after mcubation for a standard time as
mn the thromboplastin gencration test

Reagents
Glyovaline Buffer (sce Appendix Il A 6}

Factor V (see Appendrx Il B 5 The method using BaSO for
adsorbuon grves t]}-:c best actvaty)

Factor V1s prepared from 250 ml of human oxalated plasma ‘The
matenal 15 dried by the lyophil drymng method For testing 40-50
mg are dissolved m 8 ml of glyoxaline buffer at pH 73 If the
Factor V 1s dissolved in saline the solution has a pH of 5 and 15 very
unstable A 1/20 dilution of Al{OH), adsorbed haemophilic plasma
may be used 1f this 1s more converuent The plasma may be stored
frozen sold at —20 C and diluted when required.

Normal Sersim

Normal serum 15 used as a source of Factor VIl and the Cheistmas
factor  Blood 1s allowed to clot at 37 C under stenle condinons
The clotted blood 1s incubated at 37° C for a further $~7 hours and

"



424 BLOOD COAGULATION

stored overmight at 4 C The serum 15 then removed and dned by
the lyophil method For use 200 mg of the dned materal are
dissolved m 10 ml of glyozaline buffer at pH 73 Ifthe solution 15
made m saline the pH 15 found to be 95 The solution of serum
tends to 1mprove m activity on storage the solution was thereforc
routmely made up the evening before 1t was required and allowed to
stand mn the refrgerator overmght to allow maximum activity to
de;: elop A sufficiently stable actvity 15 usually reached m about
4 hours

CaCl,
Aqueous soluttons M/40 and M/20 are used

Citrate Saline

One part of 3 8 per cent trsodium atrate and five parts of 0 85
per cent salne

Phospholipid (see Appendx HI B 13)

Citrated Plasma (sce Appendux Il B 1)

Performance of Test

When the thromboplastn generation test 15 carmed out using
mcreasing ddutions of normal A(OH);, treated citrated plasma as a
source of A H G 1t1s found that the mintmum clotung time reached
after mcubation mcreases with the higher dilutions (see Table 49)
It 15 believed that this mummum clotting time can be related to
AHG content With any particular set of reagents the tme ar
which a mmmmum 15 reached vanes and the actual clotting tumes
also vary With relatvely concentrated normal plasma (3 to §
dilutton) a constant mummum clotting tme of 8-z seconds s
found “With higher dilutions a progressive lengthening of the
clotung time occurs and the test must be done using these higher
dilutions  Using normal plasma as a standard 1t 15 destrable to obtam
a range of mntmum clotting times between 12 to 15 seconds and
25 to 30 scconds When carrymng out the test 1t 15 reasonably
economcal of tume to test 4 dilutions of plasma at two mcubation
times A prelimimnary test must be carried out to determune the best
dilutions of normal plasma to use and the best mcubation times

For this test dilutions of normal AI(OH), treated plasma from
1/16 to 1/128 are made using aitrate saline solutions as diluent

01 ml of the 1/16 dilutton 15 muxed with 0 1 ml of Factor V
o1 ml of phospholipid o1 of serum and o3 ml of Mf20 CaCl
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TASLE 49

The prel m rory tes of the assay method to determine
the tume at which & mmim clott ¢ € me was redched

Incubat on time 18 munutes
Dlton ;
o o | | 20 | a5
Plisma | e e L
Clets g tme wn seconds
Bomal 4 mf o | n |
116 17 1 15 13
s 10 1 16 18
1764 83 26 20 22
Yl e s 15 25
1/256 00 35 29 30
hili
By w L w
t 4 30 9 30
t 6 37 13 s

As the CaCl, 1s added 2 stop watch 1s started  Thus stop watch
referred to as the mcubation stop watch 15 used to aime all the
dilutions as descibed below  When the muxture has mncubated at
37 C for 10 mmuteso 1 ml 1s temaved from the muxture and 2dded
together with o1 ml of M/40 CaCl to 01 m! of normal citrated
plasma the clotting time of which 15 recorded as i the thrombo-
plastin gencration test (Note that two concentrations of CaCl
are us:f 1 thus test, M/20 1n the incubation mixture and M40 for
the substrate cloting times) At 15 20 and 25 mumutes further
o1 ml samples are removed from the mcubation muxture and tested
simularly Since 5 munutes elapse between each test all 4 dilutions of
Elasma can be tested at once  Thus the 1/3. dilution 1s mixed wich
actor V serum and phospholipid and the CaCly 15 added at 1
minute by the mcubation stop watch  This muxture wall then be
tested at 11 16 21 and 26 mmutes The 1/64 dilution 1s nuxed with
the other reagents and 1ts incubation started at 2 munutes on the
incubation stop watch 1t m tum will be tested at 12 17 22 and
27 munutes Finally the 1§128 dilution 15 set up at 3 munutes and
tested at 13 18 23'and 28 nunutes The results of such a test are
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shown m Table 40 In thus example 1t wall be seen that 20 and 25
munutes appear to be the best ncubation umes and the 1/16 to 1/128
dilutions the best dilutions to use

The test 15 carned out on the selected dilutions of normal plasma
using two wcubation times exactly as described above ‘The abnor-

LOG CLOTTING
too} TIME

LOG CONCENTRATION PLASMA

Fig 53 The measurement of antthacmoplukc globulin n plisma usng the AHG asay
method of Biggs Eveling and Ruchards 1955 The log of the concentranon of plasma 13
‘plotted agamst the log of the clotting time in seconds  In this example the £ 1n 8 didution of
plasma 15 plotted as 100 per cent concentration.
O—-0 represents results obtaned with ditutions of normal plasma
X—— represent results obtained with the plisma of 3 mildly affected haemophulc subgect
The dotted hines indicate the method of calculsting the A H G content when the two lines az¢
reasonably parallel I this example the patient would be said to have 7 § per cent of AHG
mal (suspected haemophilic) sample 1s tested simlarly usmg difu-
tions } to 1/16 If 1t 15 found that all the dilutions of the abnormal
sample give clotung tmes that are too short (less than 20 sec)
then the test must be repeated with higher dilutions (1/32 to 1/128)
A control test 1s included 1n which the plasma dilution 15 replaces
by o1 ml of citrate salne

Normal samples vary greatly m activity and there 1s much diffi-
culty i selectmg a standard  We have found that 1f fresh atrated
blood m silicone treated contamners 1s centrifuged at 3000 r pm for
1 hour to remove platelets the platelet poor supernatant plasma
may be stored 1n silicone treated tubes in 1 ml amounts at —20 C
with Lietle deterioration for 2-3 months  Using ths stored plasma
as a standard its value 1n terms of average normal plasma may be
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determined by testing 1t together wath 10-20 freshly collected normal
samples

To assess the results the mmmum clottng times are plotted agamnst
concentration of plasma wsing double loganthmic paper  An
approximate straght line 15 obtaned (Fig 53) When figures for
an abnormal are sumilarly plotted a straight line parallel to that of
the standard should be obtained and the results may be expressed as
percentage of normal (Fig 53)
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