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PREFACE 

Scope of the thesis 

The work for this thesis was carried out in the !Region . 

Haemophilia Centre and the University Department of Medicine, 

Glasgow Royal Infirmary over the past six years. It consists of 

both clinical and laboratory studies into the haeinorrhagic problems 

of patients with haemophilia and Christmas disease. In diseases 

with so many facets it is not possible to examine every aspect so 

I have focussed any attention on some outstanding clinical and 

laboratory problems. In the clinical section I have investigated 

methods of mneasuting the early pathological changes in the 

synovium of the joints, the biochemical methods of diagnosing 

muscle bleeding, the localisation of muscle haematomata with 

ultrarsonography, the effect of fibrinolytic inhibitors in the reduction 

of bleeding after dental extraction, the incidence of and aetiology 

of gastro -intestinai bleeding and evaluated eiectroencephalography 

as a test of previous cerebral bleeding. In the laboratory section 

I look at some of the complications of therapy with plasma products, 

both of human and animal origin. In particular the incidence of 

transfusion hepatitis, the incidence of blood group antibodies, the 

effect of elevation of plasma, fibrinogen and the effects of animal 

antihaernophiiic factor on human blood platelets. 
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SECTION I. 

"Strange it is that our bloods 
of colour, weight and heat, pour'd all together 
Would quite confound distinction, yet stand off 
In differences, so mighty" 

Ails Well That Ends Well 
Act 2, Scene 3 

CHAPTER 1 HAEM P I-11LIA - AN OVERVIEW 

CHAPTER 2 DEVELOPMENT OF KNOWLEDGE 

IN  BLEEDING DISORDERS 

RLIT0002185_0012 



CHAPTER 

EAE . i ]HILIA - AN OVERVIEW 

The word haemophilia is derived from two Greek words 

'h;Aaima' 
m• blood and 'uhilein' - to love and despite being sense... 

less in the description of excess bleeding it remains in general 

use. In the older literature various names have been used e ;. 

haea .orrhaphil.iaa, haexnatoiahilia, haemorrhoea, haemorrha ophilia, 

idiosyncrasia haemor•rha ica and morbaus haeraaticus. The first 

use of the word "haemophilia" is attributed to Sch . aal.ein (Virchow, 

l.il154) but the first written -use was by l opf, a student of Schl%lein, 

who gave a dissertation entitled t°Die k mophilie 14 at Wurzbur•g in 

1,828. 

The disease is now called haemoxshilia A or classic 

hae xiophilia and is due to deficient activity of antihaemxaophiiic 

factor (AHF, AHG or I:; actor VIII). A variety has been described 

which is called Christmas disease in Britain but in Europe is often 

called haemophilia B and is the U. S.A. , plasma thromboplastita 

component deficiency (FTC). 'Ellis is due to deficient activity  of 

Christmas factor (CF, FTC or Factor tX ). 

The clinical manifestations of these two diseases are 

essentially similar and in this thesis no differentiation is made 

RLIT0002185_0013 



2. 

between them with regard- to bleeding tendency. It has been 

suggested that the bleeding tendency of Christmas disease is often 

milder than classic haemophilia (1 atno; f, 1960; Mcl usick, 1962(a)) 

but this has been disputed (Wilkinson et al., 1961; Lewis et al., 

1963). 

Haemophilia is often thought to be a rare or esoteric 

condition but this is not so. Projecting an estimate of its frequency 

to the current population, we would expect in Britain about 5, 500 

patients with classic haemophilia and about 550 with Christmas 

disease. In the United States there are between twenty to thirty 

thousand sufferers and it isprobablle that in all countries there 

are eoual numbers of undiagnosed patients with mild forms of 

disease. 

The medical and social consec uencies of haemophilia 

begin to manifest themselves In early childhood and continue 

throughout the lifetime of the sufferer. The high mortality in 

this population in their earlier years can be inferred from, the survey 

by Katz (1970); of the 1, 055 haemophiliacs surveyed, only twenty. 

seven men, aged sixty years and over, were found. This was 2.6 

per cent of the haemophilic group compared with 20 per cent of 
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3. 

the general population. With improvements in management and 

the availability of potent concentrates of plasma which can correct 

the clotting defect the mortality from bleeding continues to fall and 

it is predicted that the life expectancy of the haemophiliac may 

soon approach that of the general population. 

The popular concept of the haemophiliac as somebody who 

bleeds at the slightest touch has placed him in a special category 

in society in which he is thought to he incapable of leading a 

normal existence and performing the usual social roles in the 

socially expected fashion. Social problems involve the patient's 

another, father, brothers and sisters, and strain and di ,tort the 

usual family relationships, but the person roost affected is, of 

course, the patient in whom psychiatric symptoms and signs are 

well documented (Early, :U59; .ogle, :1.964; Mattson and Gross, 

1966 (a) and (b)). From the medical point of view excess bruising 

may be noticed from the time the infant starts to crawl and bleeding 

occurs into the joints when he starts to walk. The severity of 

the disease dictates the number and frequency of bleeds and in 

this thesis the clinical classification of severity as described by 

Biggs and Macfarlane (1963) is used. 
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4. 

Severe grade: patient suffers severe recurrent joint 

bleeds, and muscle and subcutaneous haematomata with little or 

no provocation. This usually results in serious crippling. 

Moderate grade: patient suffers few haemarthroses or 

muscle bleeds. These only occur after definite injury. 

Mild grade: patient usually suffer, no joint bleeds and 

does not bleed spontaneously. Abnormal bleeding usually only 

occurs fter definite injury or after surgery. 

These clinical grades correspond approximately to the level of AIIli 

or CF in the plasma (Nilsson et al., 1.961). 

less than I per cent - severe 

I to 4 per cent - moderate 

5 to 30 per cent - wild 

The severe haemophiliac may suffer excess bleeding from, 

or into any part of the body and each site presents a different 

type of complication or diagnostic problem. The mild haemophiliac 

may not present until he has a surgical operation in middl.emage; 

because of this, it has been suggested that the mildly affected patient 

now runs a. greater risk than the severe patient (l atnoff, 1963; Pappas 

et al., 1.964). 
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5. 

Treatment of bleeding eptocdes consi is of : eplacemment 

of the missing factor by transfusion of plasma or plasma coil-~ 

centrales. This may add the addition l hazards of transmission 

of serum hepatitis or development of inhibitors. 
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CHAPTER  2 

IN
DES+FLOPMENT~ 

OFKNOWLEDGE
-7~

  

3LEEDI

(a) Early history of bleeding disorders 

It is probable that genetically determined bleeding dis-

orders are as old as time but they seem to have been neglected 

by the Egyptian Roman and Greek physicians. The. earliest 

documented cases of a familial bleeding disorder occur in the 

fifth century Talmud and in Rabbinic writings thereafter. The 

Babylonian Talmud in the tractate Yeva moth Gnb states 

ta b+"car it was taught: If she circumcised her first 

child and he died (as a result of bleeding from the 

operation), and a second one also died, she must 

not circumcise her third child." 

This decree of Rabbi. Judah (redactor of the Mishneh) recog.e 

nixed the familial and sex--linked nature of this bleeding defect and 

variations of his edict have been incorporated into Rabbinic Law 

through the centuries and commented on by others eg. Alfa.si (1013-

1103), l aimonnides (twelfth century). 
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Apart from this Regal debate no cases suggestive of a 

bleeding disorder were described in mediaeval ties except 

for a reference by Abul El E:assam (Albucasis), an Arabic author 

who lived in Cordova in the eleventh or twelfth century A. D. He 

described that in a certain village there were men, who, when 

wounded or phlebotomised, suffered an uncontrollable haemorrhage 

which ended only in the death of the patient. 

Thereafter sporadic case repoi1i of patients -with e cess 

bleecUng may be found in the scientific literature. Philip 

liUchstetter, a physician practising in Anglhsburgla at the beginning 

of the 1`7th Century, speaks of a boy who haemorrhaged from the 

navel at birth; later in life he had repeated epista«is, bloody 

stools and spontaneous ecchy-m osis. Banyerc (1743) described 

the case of a. 24 year old gardener from Wisbech, in the Isle of Ely, 

who bled profusely from a puncture wound of his foot and then 

nearly e r:sr ..guinated from the site of a phlebotomy performed by 

his physician. This boy had epistaxris, recurrent melaena and haomat-

uria and eventually died in 1730, aged 33 years, following a trivial 

-wound of the leg. In neither of these cases was there a documented 

family history. 
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8. 

The first ; robable case of haemophilia in America was 

recorded in an obituary in the Salem (lass.) Gazette of March 

2nd, 179t and described the case of Isaac Zoll who died in Fred-

erick

  

County, Virginia, at the ago of nineteen from. 

"a slight cut in one of his feet, with as axe. From . 

the time of his receiving the wouhd, till he expired, 

no method could be devised to stop the bleeding. " 

This obituary goes on to describe the deceased's five 

brothers who had all died of e~ s .nn `uiinatiori following .minor trauma. 

"one received a prick with a thorn - another, a scratch 

with a comb a a third, a prick with a needle - a fourth, 

bruised his cheek against a. stove - and a fifth, received 

a cut in one of his thumbs. "

It is of great interest that this boy's father, Henry Zoll, 

was twice married and only the children of the first wife were 

affected by this bleeding tendency. 

In 1.803, John C. Otto of Philadelphia described a family 

of bleeders by the name of Smith who had settled in the vicinity of 

Plymouth, Now Hampshire about a'  °720. Otto recorded that only 

the males were subject to this abaxge: affliction and the females 
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were exempt, although they were still capable of transmitting it 

to their male children. Unfortunately Otto never saw or examined 

the patients but learned of them from Samuel Livermore, a lawyer 

who represented New Hampshire in the Continental Congress. 

The first pedigree of haemophilia was published by Hay (1813), 

who followed the disease in the Appleton-Sprain family through 

sips: generations spanning 172 years and containing twenty haemophilic 

males. This family has been reinvestigated by several authors 

since then (Oyler, 188; McKusick, 1962 (h)) and has now been 

traced over four hundred years and thirteen generations. The 

disease was identified originally in a male born in Bristol, England, 

in 1630 who came to Newbury, Massachusetts in 1639. 

The first European notices of the disease are case reports 

by the Editor of Sainnmlung auserlesener Abhandlungen (1805) and 

by Consbrucie (181.0), followed by careful clinical and post-mortem 

observations by Blagden (1817) and Wilson (1.1319). It is of interest 

that Meckel (1816) postulated a coagulation defect in haemophilic 

blood but his suggestion was ignored for eighty years. 

The next publication marks the transition from isolated 

case reports to an attempt at scientific description of the disease. 
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10. 

in 1820, Nasso published a collection of the cases available at 

that time and gave a general review of the disease. He was of 

the opinion that the blood was of "unusual fluidity" and this was clue 

to "hyperoxidation". From study of the :family histories came 

"b'asse's Laiv" which stated that haemophilia occurs only in males 

and is transmitted by unaffected females. 

After 1820, the history of haemophilia is almost totally 

contained in the German literature and between 1830 and 1860 

complete descriptions of the disease are met within the text books 

of Schbnlein, Canstatt, Neumann, and Fuchs. At this time there 

was no real clue to the aetiology of the disease but it was thought 

by SchUnlein to be due to "cyanosis and malformation of the heart" 

and by others to be due to "anomalous gout" or "scrofula", this 

despite the adequate post-mortem examinations reported by 

Virchow (1854). 

Grandidier (1855) collected all cases published up to 

that time of abnormal bleeding and found that there were 452 males 

and 32 females. These numbers are difficult to evaluate as they 

contain cases of umbilical haemorrhag?, naonorrhagia and haemorrhage 

after circumcision as wwell as cases of haemorrhagic disease 

suggestive of haemophilia. 
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In 18'72 Legg wrote an excellent 'Treatise on Ha e mophilia?

describing the genetic transmission of the disease, 

"The daughters ........ possess in a very high degree 

the faculty of transmitting haemophilia to their sons. 

The women may appear perfectly healthy; they may 

marry perfectly healthy husbands; and yet bear a family, 

ill. the boys of which shall be bleeders." 

He aiso described in detail the bleeding problems associated 

with the disease, the causes of mortality, the psychiatric aspects, 

the episodic bleeding and the current treatment. All this seems 

to have been neglected till it was rediscovered by later a:cathors. 

In 188 3 Wright discovered that the clotting time of the 

patient's blood was prolonged and in :1,0:11 Addle and Minot and Lee 

(:1916) observed that the addition of normal blood could correct the 

clotting defect in the haemophilic blood. 

In their classical monograph B ulloch and l:"ildes (1912) 

surveyed the disease in 285 patients and their relatives. They 

see-.emphasised the limitation of the disease to males but gave no 

credence to earlier descriptions of haemophilia ill the female 

despite case reports strongly suggestive of a bleeding tendency. 

Indeed the female patient described by Treves in 1 886 has sub-

sequently been shown to belong to a family afflicted with classic 
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haemophilia (Merskey, 1.951). 

In the first few years of this century the diagnosis dliagnosis of 

haemophilia depended on the clinical and family history plus the 

finding of prolongation of the whole blood clotting time (Liston, 

1839; Wright, 1893) in patients with normal levels of prothr ombien 

(Howell and Cekada, 1926). 

Treatment of the bleeding episodes up to this point varied 

from the bizarre to the lethal despite the demonstration by Lane 

(1840) of the beneficial value of blood transfusion. r lhie was 

rediscovered by Well (1906) and Minot and Lee in the U. S.A. (1916). 

The use of plasma was then shown to be superior to whole blood 

by Feissly (1924) and Payne and Steen (1929) and this treatment 

became standard practice for thirty years,. 

The first major biochemical advance occurred in 1935 

when Bendion and van Creveld, then Patek and Taylor (1937) found 

that platelet free plasma, precipitated with water at a pal of 5.3 

5. 8, yielded a substance which was capable of correcting the 

clotting abnormality. This was confirmed by Lewiset al. (194.6) 

and l rihkhou , (1947) and the protein further characterised. 

Until 1947, haemophilia was considered to be a single disease 

entity, then Pavlovsky observed that blood from one haerolphil.iac 
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could correct the clotting defect in another. This phenomenon 

was demonstrable both in vivo and in vitro (Schulman and Smith, 

1952; Koller et al., 1950). Coinidental with these clinical 

findings the development of tests of thromboplastin generation 

(Biggs and Douglas, 1953) confirmed that there were two separate 

groups of patients. This observation was confirmed clinically 

by the finding of a group of "haeinophilic44 patients whose defect 

could be corrected by the infusion of haemophilic blood plasma 

(Biggs et al., 1952; Aggeler et al., 1952). This now disease 

was called Christmas disease and is associated with lack of a 

factor found in serum called Christmas factor (C. F., factor X, or 

plasma thromboplastin component (P. T. C. )). 

As knowledge increased and new clotting tests were devised 

it became apparent that there were other bleeding disorders besides 

the haemophilias. in 1947, a clotting deficiency was described by 

Owren in a patient with normal prothronabin and fibrinogen levels. 

This plasma would not clot readily with tissue extract and calcium 

ions and the defect was called Factor V deficiency. In the course 

of time it became apparent that this factor was identical with the 

"labile" factor described by Quick (1943) and to the accelerator 

globulin (Ac-glohulin) of Ware and Seegers (1948). 
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Further investigations have shown the need for two 

additional, factors participating in clotting with tissue throinboplastin, 

Factor VII (De Vries of al. , 1949; Alexander of al., 1951) and Factor 

(' 'elfer et ai. , 1956; lJougie et al.. , 1957). All these defects 

present with bleeding which is clinically indistinguishable from 

that; of haemophilia and it is probable that early case records 

included patients with these defects. 

As the pathways of blood coagulation have become better 

understood it is apparent that defects car, he found in the laboratory 

which are not manifested clinically eg. Hagemrman factor deficiency 

(Eatnof and Colopy, 1955) is not usually associated with bleerl.ing 

and deficiency of plasma thromboplasti..n antecedent (13osenthal et 

al.., 1953) Is associated with bleeding in only about two-thirds of 

cases. Deficiency of fibrinogen may be associated with only a mild 

bleeding defect. 

(b)  Distribution of haemophilia and Christmas disease 

Classical haemophilia probably exists in about 3 _. : per 

100,000 of the population in Britain (Biggs and Macfarlane, 1960). 

A similar figure is found in Europe (Hnardisty and big ra aa, 1955) 

and in the United States (Ratnoff, 1960; Lewis et al. , 1963). It 
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is important to remember the dictum of Legg (1.872). 

Y9.... the number of cases in a given country 

depends upon the previous education of the 

medical men, and the interest which they take 

in the disease.

He points out that in 1872 Germany had 50 per cent of cases, 

England less than 20 per cent, France, U. S. A. andSwitzerland 

10 per cent each. 

The disease has now been described in every racial group 

(Prentice and Hat Toff, 1961) but is said to be uncommon in the 

American Negro (Lewis et al., 1.963), the Japanese (Yoshida, :x 961) 

and the )Bantu (srex ekey, 1.1358). This last statement is probably 

correct mid may apply to other negroid stock. In a recent study 

of East African negroes from various Kenyan tribes we found only 

three families with Christmas disease and five families with 

haemophilia (Forbes et al. , 1.506). This observation has been 

confirmed by other investigators working in Uganda (Louis, 1968). 

As laboratory facilities are extremely deficient in both these 

countries it is difficult to draw definite conclusions but if the incidence 

of these diseases was similar to that in Europe and America one 

Would have ex erted about 270 patients in Kenya alone. it is 
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possible that the number of achilt haemophiliacs is in fact low due 

to the high mortality which would be expected following ritual 

circumcision carried out at puberty. 

There are also wide variations in the incidence of bleeders 

within certain countries, eg. in the Tenna Valley in Switzerland 

(Moor-Jankowwski et a].., x.957) and in the Amish communities in 

Ohio and Pennsylvania (Wall et a].., 1964) the incidence of Christ-

mas disease is high due to inbreeding. 

(c)_ The inheritance of haemophilia and Christmas disease 

Only about two-thirds of patients with these disorders 

have a family history of excess bleeding (Aggeler et al., 1%1; 

Schulman, 192; Macfarlane, 10,62). The interpretation of this 

figure is difficult as few people know the medical history of their 

forebears beyond two generations and many of the cases could 

have been transmitted through successive generations of female 

carriers. When extremely active attempts are made to trace back 

family histories, a higher incidence (80 per cent) of positive histories 

is found (}~aamgren, 192 (a); Quick, 1.966). Occasionally the 

patient's disorder must be clue to a fresh gene mutation. 

RLIT0002185_0028 



I7. 

Genetic defect In haexnophili.a 

The formation of defective molecules of antihaemophilic 

factor is probably due to the presence of an abnormal recessive 

allele at the gene locus on the X chromosome controlling synthesis 

of this factor. This locus is close to those determining deutan 

colour blindness (Whittaker et al., 1982) and glucose 6-phosphate 

dehydrogenase synthesis (MeKusick, 1962 (a)). Males, possess-

ing this one abnormal X chromosome produce a protein, anti-

genically similar and in an equal amount to normal AHF but 

with deficient activity (Denson et al., 1988, Hoyer and Breckenridge, 

1908, Bennet et al., 1970; Zimmerman and HHatnoff, 1971 (a)). 

Females possessing an additional normal. chromosome are thought 

to produce twice as much protein antigenically similar to normal 

Alf;{ but with an activity of half that which one might expect 

(Zimmerx}man. and Rtatnoff, 19.71. (b)). The suggestion of Zimmerman 

and llatnoff is that the abnormal X chromosome produces an abnormal 

protein with no activity and the normal X chromosome produces 

protein with activity. They suggest that this will provide a method 

of identification of carrier females. The sons of a haemophilic 

male, do not inherit his 3C chromosome and are unaffected, but all 
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the haemophilic daughters will be carriers, since they inherit 

the affected X chromosome. In the rare instance of marriage 

between a haeino hilic male and a carrier female, the daughters 

have an even chance of being haemophilic, inheriting the abnormal 

allele from each parent. At least four authentic cases of 

haemophilia in the human female have been reported (Israsls et al., 

1951; Merskey, 1951.), but examination of the chromosomes of 

one such female showed her to be genetically male (Nilsson et al., 

1959). In canine haemophilia the mating of a haomophilic dog to 

a carrier female results in the birth of haemophilic females (Brink 

hoes and Graham, 1950). 

Genetic defect in Christmas disease 

The loci for Christmas factor and haemophilia are apparently 

far apart on the X chromosome, and only a linkage with the newly 

described serum protein designated as Xm has been found (Borg 

and Beam, 1.966). It is thought that in Christmas disease there 

are two varieties, one in which there seems to be a complete 

absence of protein and another, much rarer type in which the 

plasma contains a factor antigenically indistinguishable from normal 

Christmas factor (Hoagie and Twomey, 1967). 

The concentration of Christmas factor in the plasma of 

females who are, heterozygous carriers of Christmas disease is 
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about half that of normal individuals (Barrow et al., 1960; Bolton 

and Clark, 1959; Simpson and Biggs, 196%). These carriers 

are usually asymptomatic but in a few cases the concentration of 

Christmas factor is so low that a bleeding tendency exists (Hardisty, 

1057; Nilehn and Nilsson, 1.962). 

Cases have been recorded in which classic haemophilia 

and Christmas disease are thought to co-•exist (Souller and Larricu, 

1953; 11111 and Speer, 1955; Graham, 1957; Nilsson et al., 1961). 

Diseases with similar features to haemophilia and Christmas 

disease have been described in dogs (Graham et al., 1949; 

Mustard et al., 1960) and In a horse (Nossel et al., 1962). 

(d) Current thoughts on the role of AHF and Christmas 

factor in blood coagulation 

The end stage of the coagulation process is the production 

of an insoluble fibrin clot. Numerous theories to explain the pre-

ceding series of reactions have been proposed (Davie and Ratnoff, 

1965; Seegers, 1965; Quick, 1966 (a)). In 1964, two essentially 

identical systems termed a "waterfall" and a "crascade99 were suggested 

to explain the enzymatic nature of blood clotting (Davis and Ratnoff, 

1964; Macfarlane, 1964). In these systems inactive protein 

precursors in the plasma were activated in a stepwise manner, one 

protein acting as an enzyme the other as a substrate. A current 

theoretical concept is shown in fig. 1. 
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In the presence of activated plasma thromboplastin ante-

cedent (PTA) and divalent calcium ions, Christmas factor is converted 

to an activated form (Waaler, 1959; iaatnoff and Davie, 1962; 

Nossel, 1964). Activation involves minor proteolysis as there is 

a change in electrophoretic mobility of Christmas factor on starch 

block electrophoresis (Schiffman et al., 1964). Activated PTA 

may function as an enzyme by virtue of its esterase activity (Kingdon 

et al., 1064). l ecent work, using purified factors, suggests that 

AHF is not activated but forms a complex with CF (a), phospholipid 

and calcium ions (l:lougie et al., 100`'8; Barton, 1967). It is thought 

that this complex then activates the btuart-Prower factor (Factor X). 

It is probable that there exist s a feed back activation of 

AIIF by thrombin (Ealraport et al., 1963 and i96) and it has been 

shown that thrombin-modified ANY formed factor X activator at 

a rate nearly twenty times faster than a control sample but the 

final amount of factor XI activator was unaltered (Lundblad et al., 

197:1). 

These schemes of coagulation remain the essential theoret-

ical basis of blood coagulation despite our clinical knowledge that 

patients with Hageman factor deficiency rarely bleed excessively 

(Fatnoff and Colopy, 1955). 
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SECTION 2 

CLINICAL AND LABORATORY M -iB ' 'IoATIoNs 

,Fli you prick w, do we not bleed?" 

The Merchant o Venice, 
Act ill, Scene I 

CHAPTER 3 JOINT DISEASE I HAEMOPHILIA 

CHAPTER 4 MUSCLE H L: E`OIN'G IN BAEM01--1.ITILI , 

CHAPTER 5 DENTAL EXTRACTION IN HAEMOPHILIA IA 

CHAPTER 6 GASTROINTESTINAL BLEEDING I 
HAEMOPHILIA 

CHAPTER 7 ELECTROENCEP IALOGGRAPHY IN 
H.AEMOPHILIA 
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CHAPTEI 3 

VESTIGATION Off.' JOINT CHANGES IN HAEMOPHILIA 

(a) Introduction

The clinical features of acute haemarthrosis in ha.emo-

philia were well described in early clinical case reports (Davis, 

1.826) but it was not initially appreciated that the acutely swollen 

joint contained blood. This was first suggested by Dubois (1838) 

but the suggestion was met with great  resistance until Reinert 

(:1.86) described a patient -virith a bleeding tendency who developed 

an acute swelling of the shoulder joint which 'st ppurated' and 

liberated a great quantity of blood. This observation was confirmed 

by As man (1869) when he punctured the knee ;ioi-nt of a haemo-

philiac with an acute swelling and allowed a considerable quantity of 

fluid blood to escape. The earliest post mortem examination of 

the chronic joint changes in haemophilia was that of Lemp (1.857) 

who described pigmentation and hypertrophy of the synovium associate::) 

with dissolution of the articular cartilage. Prior to this J. . ci 

(1834) a local New England (nonmedical) historian, wrote about 

the Appleton-•Swain family (vide supra) and stated that these bleeders 

were 45subject to severe and premature rheumatism". Konig (1892) 

published a detailed account of the pathological changes in a large 
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series of haemophilic jousts and suggested that this resulted from 

recurrent bleeding into the joint space. Histology of both the 

acute and chronic joints changes has now been well documented 

by numerous investigators (Freund, 1925 Key, 1932; Collins, 

1949; lie Palma and Cotler, 1956; Marion, 1.905) and observations 

have ,also been made in haemophilic dogs with joint disease 

(Swanton, 195"! and 1959). 

In experimental studies, injection of whole blood into 

the joints of animals produced as inflammatory response with 

hypertrophy of the syaovial viii (Key, 1.929; Young and Iiucdacek, 

1954; Trueta, 1966). The effect of a. single injection was short 

lived but more pronounced effects were found with multiple injections 

which produced histological appearances similar to those found in 

human haemophilic joints (Key, 1,932). It is probable that in 

haemophilia a vicious circle is set Gila in which crushing of the hyper-

trophied villi occurs as a result of normal joint movements and 

this leads to -further Joint bleeding, which in turn leads to hypertrophy 

and hyperaemia of the synovium. It has been suggested that 

prophylactic therapy with plasma or plasma concentrates may be 

of value in preventing acute joint bleeding and so might break this 
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vicious circle (Ahlherg, 1965; Kaspar et al., '`d 3; Brinkhous 

et al., 10`70; Hirschman et al., 1970; van Creveld, 1971). 

However, there is some evidence that deterioration continues, 

as :judged radiologically, if prophylactic therapy is attempted 

when bone disease is established (van Creveld et al., 1971.). 

Joint disease is probably the greatest ngie cause of 

morbidity in haemophilia. After repeated bleeding episodes 

the joints become disorganised with obvious external deformity, 

ios of function, gain and limitation of movement. The adjacent 

muscle cuff undergoes atrophy and support of the joint is further 

weakened. In the severely affected haemophilic child it has been 

shown that by the age of ten years, eighty per cent have chronic 

arthritis of the knee joints (Kerr; 1063). 

Prevention of this chronic joint process would therefore 

seem to be important in the 4Y ierall management of haeinophilia. 

Despite many approaches such as the use of plasma and plasma 

concentrates, fibrinolytic inhibitors and steroids there is little 

evidence that the basic pathological process is substantially altered, 

although there are dramatic clinical changes in the signs and oyr ptonas 

of the acute joint when plasma products are infused in adequate amount,. 
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Proper assessment of the effects of now therapeutic 

agents is difficult dice to the lack of objective tests which can be 

easily repeated and which reflect changes within the joint over a 

period of time. Eadiology is unfortunately of little value in the 

detection of early changes in the soft tissues of the joint. By the 

time cartilage and bone changes are apparent :he arthritic process 

is probably irreversible (van Crreveid et al., :.971) and the radiological 

changes which do occur (Jordan, :.958; De Palma, 1967) probably 

reflect some long forgotten bleed into the joint. 

In this chapter is described an attempt to quantitate the 

early joint abnormalities in haemophilia and Christmas disease 

using radioactive joint scanning and thermography. A clinical 

scoring system has also been devised to compare with these 

objective tests. 

(b) Radioactive 'o t scans

introduction 

Intravenous technetium (99m Tc), half-life si hours, is 

an ideal isotope for joint scanning and has been used to study other 

joint diseases (Anon, 1968). The radiation dose to the body of 0. 1 

rads is extremely small (1 eicher and Vetter, 197:[). The scans, 

which consist of a pictorial image of isotope localisation in and 
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around the joint,  show changes in regional blood flow at the time 

of study and are abnormal during acute inflammation (McCarty 

et al. , 1970 (a); Weiss et al. , i96; Weiss et al. , 1966; 

Whaley et al., 1968). While visualisation of the isotope in an 

inflamed joint reflects, mainly, increased vascularity of the 

synovial membrane and other joint tissues (Afar on--Segovia et 

al., 190, Whaley et ai.. , 1908), part of the localisation of the 

radioactivity may be due directly to the synoviuin binding the 

technetium (Green and Hays, 1969; McCarty et al., 1970 (h); 

1/fowai et al. , 1971). 

For these reasons joint scans are abnormal in a variety 

of inflammatory joint diseases, such as rheumatoid arthritis, gout, 

p oriatic arthritis, acute pseudo-gout and experimental synovitth, 

but are not characteristically specific for one type of inflammatory 

change. Nevertheless, as McCarty et sd. (1970 (b)) have shown, 

the joint scan may be much more: abnormal than the degree of 

symptoms and signs would suggest and since they can be repeated 

at intervals and do give an index of blood flow in a joint it was 

thought this technique might be helpful as a measure of the extent 

RLIT0002185_0038 



26. 

of the synovial lesion in the joints of haemophiliacs. The present 

study was confined to the knee joints where scanning is optimum 

for clarity and comparative work. 

Method 

Five millicuries of technetium (99mTc) as sodium per- 

technetate (NaTcO4) were given as a single bolas, intravenously 

to each patient and the knee joint scans commenced 25 minutes 

later as suggested by Whalley et al. , (1968). The image of the 

radioactivity distribution in the joint was obtained using a rectilinear 

scintiscannerc (Selo Model DS4/4) which has two 5 Inch detectors. 

Scans were performed of both knees first in the anter+o-posterior 

and then in the lateral positions. The display was in colour; line 

spacing and scan speed being adjusted for each patient, joint, and 

position. The time taken to scan the lmees of each person was 

approximately 15 minutes. 

Various classixiccatioa approaches were considered but it 

was ultimately decided that the most practical method of categorisation 

of the images should be simple and visual. Accordingly the scans 

from each knee joint were examined and then said to be normal, if 

they were obviously similar to knee joint scans from controls in 

other shadier, (Group 0). In. the normal knee there is very little 
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isotope uptake, if the scans were obviously abnormal in width, 

depth and degree of isotope uptake, with or without irregular 

localisation they were said to be group 3. This group showed 

a very high isotope uptake. Scans which were obviously abnormal 

but not grossly so were given grade 2. Slightly abnormal scans 

were grade J. (see figs. 2, 3, 4.:, 5). 

Thirty-five patients were included in this study, ranging 

in age from 11 - 60 years, and informed consent was obtained 

from all subjects or parents, Twenty-eight patients had classical 

haemophilia and seven had Christmas disease. There was no 

blinical evidence of any other variety of joint disease and the 

anti-nnuclear factor and. Rose-Waaler tests were negative. 

Classification of the clinical severity of haemophilia was 

described by Biggs and Macfarlane (163). Patients were graded 

as 'severe' if they had suffered repeated haemarthrosos with serious 

crippling and deep tissue haemorrhages with little or no provocation, 

as 'moderate' if they had sustained few haemarthroses with no 

seHioa.s crippling or occasional muscle haematomas and 'mild' if 

they had no haemarthrosis or other spontaneous bleeding, and merely 

gave a history of abnormal bleeding after definite injury. L8 of our 
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patients were 'severe', 6 were 'moderate' and 11 were 'mild'. 

Each of the following clinical features were arbitrarily 

graded from 0 - 3; these features were pain, effusion, temperature, 

crepitus and degree of contracture. This we have called the 

'signs score'. The number of previous 'bleeding episodes into the 

knee joints were also graded from 0 - 3, a score of 0 being no 

previous haemarthrosis, I being one haemarthrosis, 2 being less 

than one haemarthrosis per year and 3 being more than one haem-

arthrosis per year; this we have called the 'incidence score'. 

Six patients were seen with acute haemarthroses on a 

background of previous episodes of joint bleeding and 15 with chronic 

joint 

disease of varying degrees of severity. Two patients had 

subacute disease at the time of exami tion. This category was 

defined as a swollen, non tender join; with a normal range of move-

ment, in which there was no history of an acute bleed in the previous 

six months. 12 patients gave no previous history of joint bleeds 

and had normal knee joints on clinical examination, In 6 of the 

patients clinical examination and scanning was repeated. 

l{esults 

Acute haemarthrosis (Table J) Six patients (I - 6) aged from 14 

60 years were studied in this group. All had a severe defect and 

had sustained frequent bleeding episodes into both knees. :emery 
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joint had an incidence of bleeding score of 3. The 'signs' score 

reflected the clinical changes at the time of examination and in 

the acutely affected joint these scores ranged from 8 - 11. The 

other knee joint in all patients had a low score (0 - 4). This 

was probably the result of chronic changes in the joint. Radio-

active joint scans in all the acutely affected joints were grossly 

abnormal (grade 3). 

All. patients in this group were energetically treated with 

plasma concentrate (cryoprecipitate or Christmas factor concentrate) 

with rapid resolution of the clinical signs and a fall in the signs 

score which usually reached the baseline for the joint in 48 - 72 

hours. 

Two of the patients (4, 5) have had serial joint scams follow-

ing the acute episode. The scans remained abnormal (grade 3) for 

at least four weeks and in one patient the scan was still grade 2 at 

twelve weeks. Unfortunately he sustained another acute haa.em- 

arthrosis In the same joint and the signs score rose dramatically 

anti the scan became grossly abnormal (Table 2). 

Two patients (2, 3) with chronic joint disease were seen at 

a later time after they developed agate bleeding into a knee joint. 
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Table 3 shows the changes in the 'signs' score and in the scans in 

these patients. 

Lateral scanning of the knees failed to localise the 

isotope to any particular part of the joint. 

In acute joint disease there is a good correlation between 

the 'signal score and the abnormality of the scan (fig. 6). 

Subacute joint dibea,se 

Both patients (7, 8) in this group had painless swelling 

of one joint which had been present for al least eight weeks. 

There had been no history suggestive of an acute bleeding episode 

In the previous si months. One patient was a moderately affected 

haemophiliac and the other had severe Christmas disease. The 

results are shown in Table 4. In both patients the affected joint 

had an abnormal incidence of bleeding score (grade 3) mid the 'signs' 

score was elevated although not so abnormal as in the acute joint 

series. 

Both patients received adequate haemostatic doses of 

plasma products and clinical resolution of the joint swelling took 

place over the period of a few days. The 'signs' score fell in 

patient 7 from 0 : 9 to 0 ::i and: is patient 8 from 6 : 1 to :fl. ::t. In 

patient 8 the seam was repeated at 6 weeks and showed a_ change 
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from grade 3 to grade 1.. This may represent a baseline for this 

joint ,as the patient has chronic arthropathy as judged radiologically. 

Chronic joint disease 

The details of -the fifteen patients (9 - 23) are shown to 

Table 5. Four had a moderate defect and eleven were severely 

affected. Two patients (18, 23) had Christmas disease and the 

rest had haemophilia. 

All patients had an abnormal 'signs' score and abnormal 

scan in one or both knees. As shown in figure a there is a poor 

correlation between the clinical signs and the radioactive scan. 

"There are joints in which the scan is grade 2 or 3 and in which 

there was a zero or low 'ai.g i' score (Patient 9, 11, 12, 13, 23). 

Similarly there seemed to he no good correlation between the scans 

and the incidence of bleeding score, e, there being patients with no 

history of bleeding into one joint who had abnormal scans (patients 

1.:i., 23) and patients with a history of bleeding into a joint who had 

normal scans (patient 21). 

No detectable joint disease 

The details of the twelve patients (24 -- 35) with no detectable 

joint disease are shown in Table 6. They were aged from 11 - 52 

years. 

RLIT0002185_0044 



32. 

Eleven of the twelve patients had a mild degree of haemo-

philia. One patient (31) with a moderale degree had been afflicted 

with severe paralytic polio as a child and had never borne weight 

on the joints of the lower limbs; however, he had sustained 

multiple other bleeding problems consistent with this degree of 

defect. As can be seen none of these patients had sustained 

bleeding into the joints and none had any clinical joint abnormality. 

However, four of the patients had bilateral abnormal scans (grade 2 

or 3). 

`( ~). ~ Therxn.ography 

Introduction 

Thermography is the pictorial representation of infra-red 

emission from the body surface and has been used before in the 

investigation of inflammatory joint diseases such as rheumatoid 

arthritis (Boos, 1964; Cosh, :1066; Cosh and Ring, 19Y7; Haberman 

et al., 1068; Goldie, 1060, Viitanen and Laaksonen, 1070), Tiets?e's 

disease (Aarts, 1060), spondylitis (Agarwal et al., 1070), Osgood-• 

Schlatters disease and osteoi yelitis (Aarts, 1060) and simple 

'sprains' (Albert et al., 1964). 
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In inflammatory joins: disease the surface pattern of 

raised skin temperature can be easily demonstrated. In the 

knee joint the skin temperature over the patella is thought to 

be an approximate guide to intra-articular temperature although 

2 - 3°C lower (Lloyd-Williams, :1069). It was felt that therm-

ography might be helpful in investigation of haemophilic joints 

to measure the extent of increased synovial vascularity. We have 

also compared the results of the thermographs taken in acute and 

chronic haemophilic joint disease with the number of previous 

bleeding episodes and the clinical assessment of the joint 

abnormality, and have compared this method with radioactive knee 

joint scanning using technetium. 

Methods and patients studied 

Fourteen patients with haemophilia or Christmas disease 

were studied. Their ages ranged from ten to sixty years, thirteen 

had haemophilia and one had Christmas disease. There was no 

clinical or laboratory evidence of any other type of joint disease 

being present in the series and the Nose.Waaler and anti-nuclear 

factor tests were negative. Five patients had acute haemarthroses 

on a background of chronic joint disease, six had chronic joint disease 
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of various severity with no recent episodes of acute haemarthrosis 

and three patient with mild haemophilia had no apparent joint 

disease. 

The equipment used for thermography was the Bofors 

1.. R. camera and display unit. This has an indium-antimonide 

detector cooled by liquid nitrogen; it will distinguish temperature 

variations of the order of 0.200 and has the facility for demon-

strating isothermal bands. 

The thermographic examinations were carried out with 

the subject sitting in a chair with the knees several inches apart 

and flexed approximately 300 in order to provide a standard 

position which could be adopted by the arthritic patients. The 

temperature of the room -was kept as constant as possible (21°C to 24°C). 

Lloyd-Willia et al. (1961) recommended a constant level of less 

than 20°C. In order to achieve equilibrium before starting the 

recording, the unclothed lower limbs were exposed for a period 

of 15 minutes whilst a fan was directed towards them. Photographs 

of the thermographic pattern and of a series of isotherms as displayed 

on the oscilloscope were taken with an attached 35 mm. camera, 
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according to a technique : revi.ou sly described by Feasey et al. 

(1W1O). This provided a permanent record of the examination. 

The 35 mm. thermograph records were examined by an 

observer experienced in this technique and from observations of 

the films and the isotherms a crude scoring system was devised. 

Thermographs that were normal were given a score of 0, if 

slightly abnormal a score of :l, markedly abnormal a score of 2 

and for grossly abnormal a score of 3. Examples of such thermo-

graai s are shown in figs. 8, : , 10, 11. An example of the use 

of isotherms is shown in fig. 1.2. 

Results 

The results of thermography in the three groups of patients 

are Shown in fig. 13 and Table 7. 

Acute haemarthrosis 

Each of the live patients In this group was severely affected 

mid in each instance the thermograph was grossly abnormal (score 

3) in the joint with the acute hae2.narthroai,s. In no joint was there 

any localised area of heat emission. By use of isotherms it is 

possible to measure the temperature difference between the affected 

and unaffected joint. F.igs. :i.:i., 12 show a rise in temperature of 
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50  ' in a joint with an acute haeinarthro Jis. There is a good 

correlation between the abnormality  of the thermograph and the 

signs score. There is no correlation with the number of previous 

bleeding episodes. 

Chronic joint disease 

The details of these six patients are shown in Table '7. 

All six had a severe degree of haemophilia and had sustained 

frecuent bloods into both knee joints. All six had abnormal 

thermographs of one or other knee joint but the abnormality of the 

thermographs raphs did not correspond well with either the number of 

previous bleeding episodes of the 'signs' score, there being 

patients with grossly abnormal joints on clinical examination with 

only a slight abnormality on the thermograph (patient 9). 

No detectable joint disease 

Three patients with no detectable joint disease who had 

mild haemophilia were also examined. All three had abnormal 

thermographs (score 1). There was no history of previous bleeding 

into the joints in any patient. These joints were radiologically 

normal. 
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Comparison of thermogranhy and radloacthre scans 

In acute joint disease (fig. 14) there is a crude positive 

correlation between the scam and thermo rapha, all are abnormal. 

The five scans are grade 3 and four of the five thermographs are 

grade 3, the other being grade 2. 

In chronic joint disease (fig. 15) there is poor correlation 

between the scans and the thermographs with wide discrepancies 

in individual joints eg. some joints appearing to have a normal 

thermograph and others having a grade 3 scan. The scans are 

more often abnormal than the thermogralh. 

The numbers in the third group are too small for comment. 

(d) Discussion 

One of the earliest, most frequent and most disabling 

manifestations of haemophilia is acute haomarthrosis. Symptoms 

of joint bleeding may occur as soon as the child starts to walk 

(]Ramgren, 1962 (b)) and by the age of ten years, eighty per cent 

of severe haemophiliacs have abnormal knee joints (Kerr, 163). 

There is, as yet, no ,tisfactory objective method of 

measuring the changes which occur in the haemophilic joint aver 

a. period of time. Obviously clinical e zamination can give a crude 
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asge ,Mme nt of pain and limitation of function and similarly radiology 

of the joint shows changes which may have result, from some 

long forgotten haemarthro max^. 

n this present Study we have used two new techniques in 

the investigation of haemophilic joint disease. I, rom work oar r d 

out in rheumatoid arthritis it has been :shown that the radioactive 

scans reflect blood flow in the ;synov'ium ('Wleis, et al., 1965). 

Abnormality of the scans indicates hyperaemia of the syanovium 

ouid other joint tissues. Thermo ;x ap y provides 'a. picture of 

heat emission from the joint and this is also thought to reflect 

synov'ial blood flow (:;oldie, 1969). 

The aetiology of the signs of inflammation in the joint in 

acute haemophilic kr.aevnarth:rcarsi, is not known but it has been suggested 

'Chat pain is partly due to capsular distension and that iratjra artioaalar 

bleeding will continue until the intra-aynovial pressure exceeds 

that of the capillaries and arterioles of the bleeding site. The signs 

of inflammation may also be associated with the generation of 

i:irniza4il o material from components in the extrava.sated blood 

(lvatnoaf, 1966; Moskowitz et al. , 1970). 
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In acute haennarthrosis the clinical signs can be correlated 

with the degree of abnormality of the radioactive scans and with 

the thermographs, the abnormalities of which reflect changes in 

the synovial blood flow. This hyperaemia of the synovium can 

be seen histologically in the joints of haemophilic patients after 

bleeding (Key, 1932) and in experimental animals after injection 

of blood (limey, 3.929; Young and Hudacek, 19 i4; Trueta, 196; 

I oy and Ghadially, 196). The histological abnormality in 

experimental animals is short lived after a atingle injection of blood 

but more pronounced effects can be produced by multiple injections 

of. blood. After a single injection the synovi:unnn may return to 

normal but permanent changes are produced by multiple injections. 

The .slow resolution of the synovial changes after acute bleeding is 

well shown in our patients in which the scans took up to three 

months to return to the baseline, indicating that temporary synovial 

hypertrophy is partly involved in the pathological process. 

The subacute classification represents a variation of the 

processes seen in the acute joint. In n both our patients there had 

been no clinical evidence of recent acute bleeding and the joints 

had been swollen, snot and painless for over eight weeks. However, 

the scans were identical with those seen in acute bleeding. repeat 
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scanning in patient 8 six weeks later showed only slight improve-

ment despite total clinical resolution with adequate haemostatic 

therapy. 

All the patients with chronic joint disease had abnormal 

scans and thermographs of one or both knees. None of the patients 

in this group had a history of recent acute haemarthrosis so the 

abnormal scans presumably represent a chronic state in which 

there is increased vascularity in the syuovium. This is in keeping 

with many previous descriptions of the histology of these chronic 

joints (Bokelman, 1881; Konig, 1892; Freund, 1925; Collins, 1949; 

flodnan et al., 1959; Do Palrna and Cotler, 1956; Marion, 1905; 

Trueta, 1966), in which the synovium was found to be markedly 

thickened, hyperplastic and endowed richly with vascular channels. 

Stor°ti. (1969) has described a hypertrophic-angiomatous type of 

synovium with thin-walled varicose veins on the surface which bled 

even when touched with a gauze swab. 

In the group of patient~ with no cthile;a ly detectable joint 

disease and no previous history of bleeding into the knee joints, four 

patients had bilateral abnormal scans and three had abnormal 

thermographs. The abnormalities presumably are a reflection of 
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subclinical bleeding into the joints, a condition which is analogous 

to the asymptomatic bleeding from the renal capillaries which we 

have previously described In mild haemophilia (Prentice et al. ,

1971). 

en the two methods are compared there is agreement 

only in the acute haemarthrosis. Both methods are more sensitive 

than clinical examination and this confirm; the findings of Cosh et 

al.(1970) and iaxfield et, al. (1972). These authors suggest 

that Cher mography shows a more superficial pattern, while the 

scans demonstrate the deep synovial area. 

Recently synovectomy has been curried out in patients 

which chronic haemophilic joint disease ( €:orti et al., 1969, 1970). 

The preliminary results seer encouraging but as yet no long term 

follow up is available. These two objective tests should prove 

of value in the selection of patients for this operation and in the 

assessment of the short and long terra results of the synovectomy. 

They may also prove of value in the assessment of steroids and 

antilibrinolytic agents in the treatment of acute joint bleeds. 
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CHAPTER 4 

MUSCLE BLEEDING IN H EMMOPI LIA 

(a) introduction 

Bleeding into muscles has been recognised from early 

times as a frequent cause of morbidity in haemophilia. Usually 

this occurs after trauma (Lafargue, 1835) but can occur spon.L 

taneously or after emotional stress (Fournier, 1851). The 

swelling may reach enormous proportions (Vieli, 1863) mid has 

caused death, on occasion, from exsanguination. It was not 

until 1830 that llopf, on opening one of these swellings with a. 

caustic, showed that they contained altered blood; the result on 

this occasion for the patient was exsanguination from the wo :d 

and death. in two modern surveys muscle haematomata were 

shown to be the third commonest type of bleeding, the incidence 

varying from 65 .. 82 per cent (Hlartman and Diamond, 1957 

Wilkinson et al., 1961). 

Large muscle haeratoinata may produce compression of 

adjacent nerves, blood vessels or other structures. In the muscle 

itself there is large scale destruction of muscle fibres, partly as a 
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result of mechanical disruption and partly due to ischa.emia, as 

the venous circulation, then the arterial supply Is interrupted by 

the rising pressure within the haeiaatoma. It is thought, that, 

as the healing process proceeds, muscle fibres are replaced by 

fibrous tissue, which may produce contractures, particularly as 

the calf and forearm muscles (Trueta, x_966). A rather unusual 

feature of -,n untreated muscle haomatoma is the development of 

P. chronic hae natoma (pseudoturaour) which may grow to large 

proportions and produce erosion of adjacent bones and other tissues. 

Muscle haematomata do not usually present a diagnostic 

problem as they often develop In a peripheral situation but if they 

occur within the abdomen the diagnosis is more difficult. In 

the first section of this chapter we describe changes in serum 

enzyme activities after muscle bleeding. This we believe can be 

used as the basis of a test to prove the presence of intramuscular 

bleeding. In the second section the use of ultrasonography is 

described in the measurement and localisation of muscle haemato-

mnata and in the third section is described the diagnosis anti ivestim 

gation of a patient which chronic haematomata (pseudotumour) in the 

pelvis resulting from untreated bleeding into the iliacu a muscles. 
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(b) Serum enzyme changes after intramuscular

bleeding 

Introduction 

Creatine kinase (adenosine triphosphate: creatin ; 

phosphotransferase; CK) catalyses the reversible transfer of 

phosphate according to the equations: 

creatine phosphate + adenosine 5'-diphosphato l ' 2~ c$ e inne 
PA 9.0 

+ adenosine a°•-triphosphate. 

This enzyme is found In abundance in both skeletal muscle 

(Oliver, i95; Tauter and Gilvarg, 1950) and cardiac muscle 

(Colombo et al., 1962). Estimation of the serun activity is 

widely used as a. diagnostic aid in human disease (Ebashi et al.,

1959; Okinaka et al., , 1961; Dreyfus, 1960 (a); Dreyfus, 1060 (b)) 

particularly with regard to diagnosis of primary skeletal muscle 

disorders and in myocardial muscle damage after occlusion of the 

coronary arteries. Diseases of skeletal muscle which may 

produce elevation of serum creatine kinase are thyrotoxic myopathy, 

myasthenia gravis, endocrine and electrolyte disturbances (Hess, 

19 a4) and also poisoning with hypnotic drugs (Wright et al., 1971). 

Serum CK levels may also be of value In the diagnosis of pro-

clinical muscular dystrophy and detection of the female carriers 
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of the Duchenne type of muscular dystrophy (Oklnaka et al. , 1961; 

Dreyfus, 1960 (a)). High levels of CK have also been reported 

in patients who have suffered extensive injuries in road or industrial 

accidents and also following major surgical procedures (King, 1970). 

A transient rise ila~the level of serum CK may occur after 

recut strenuous muscular exercise (Colombo  et al., 1962; Graig 

and Ross, 1963; Schneider and Heise, 1963) and after severe 

epileptic seizures (a Wilson, l.9`1 ). Similarly, elevation of 

lactate dehydrogenase (LDH) and aldolase has been reported after 

prolonged muscular exercise (Baumann et al., _&962; Remmers 

and Ka lot, I.963). 

Relatively small, amounts of creatine k'na.se are also found 

in brain, smooth .muscle, kidney and liver (Colombo et al. , 1962) 

but diseases of these tissues do not usually give rise to diagnostic 

levels of enzyme activity in the serums. 

Changes in serum levels of creatine kinase, lactate dehydro-

gonase, aldola.se, aspartate and alanine amino*,transferases (GOT, 

GPT) were determined in patients with haemophilia and Christmas 

disease who had suffered haemorrhage into muscles either spon-

ta..neously or as a result of trauma. 
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Methods and materials 

All enzymes were assayed by initial reaction rate procedures 

at 3700. rfhe transarinases and lactate debydrogenase assays 

were carried out on the LKB 8600 reaction rate analyser using 

Boehringer test combination reagents. Boehringer kits were 

also employed for estimating aldolase and creatine kina se activities 

intial.ly on a Unlearn 5P800, and latterly on a Unlearn SPI800 

recording spectrophotometer with temperature control by a circulating 

Heto watorwbath. Enzyme activities are expressed in International 

Units (International Union of :Bioche.mistry, 1961 and 19465). An 

addendum on the nomenclature of enzymes is found in Table 8. 

Normal ranges of activities established in a hospital 

patient population by truncated probit analysis (Neuman, 1 968) were 

as follows: aspartate aminotransferase (GOT) 9 ... 35 1U/litre, 

alanine aminotransferase (GPT) S - 26 :1U/litre, lactate dehydrogenase 

(LDH) 115 - 4.65 lU/litre, aldolase 0 - 6 lU/litre and creatine 

kinase (CK) 0 - 100 xU /litre at a reaction temperature of 3'1° C. 

Higher normal ranges (98 per cent confidence limits) have been 

obtained with the same assay procedures in a normal healthy non 

hospital population giving values of 10 - 37 r/litre for aspartate 
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aminotranefe rase, 6 - 37 l T /litre for alanine aminotransferase 

and 0.4. :30 lU/litre for creatine kinase (Me s;ucen et al., 1972). 

l lectrophoretle separation of lactaa.te dehydrogenase isocnzymes 

was performed as previously described (Forbes et al., g.97i). 

Assays of antihaemophilic factor were ; aeri:ormned by the 

method as described by Margoli (1058) and modified ,by Brecken-

ridge and Ratnoff (1962). Clinical grading of the severity of the 

defect was as described by Biggs and Macfarlane (1963). 

Estimation of the serum levels of enzymes was under

taken in a series of forty-one control, patients with haemophilia 

or Christmas disease. They were all in-patients in hospital and 

had been rested in bed for at least twenty'faur hours. All had 

some clinical bleeding problem, eg. haematuria, haemoptysis, 

haemarthro eis, haematemesis and raelaeiaa or epistaxis. None 

had clinical evidence of muscle bleeding or of muscle disease. 

Ten patients with haemophilia or Christmas disease with 

obvious or suspected muscle haomatonia'ca were investigated and 

daily estimations of the enzymes were carried out; clinical 

details are shown in Table 10. Serial blood samples  were taken 

from the time of admission until the enzyme levels had returned to 

baseline values. 
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l exults 

Normal levels of serum enzymes in haemophiliac patients without 

muscle haematomata: 

The results are shown In Table 9. The mean level of 

creatine kinase is 32. 11 lU/litre with a standard deviation of 

-x-25.2 lU/litre. When the results are shown on a histogram (fig. 

16) there is a skew to the left. The upper limit of normal of CK 

for healthy rested volunteers in our laboratory is 100 lU /litre. 

The mean value in haemophilia for LDll was 2111 lU/litre with a 

standard deviation of +1O2-4 lU/litre. The normal tipper limit in 

healthy volunteers in 460 lU/Litre. There is no significant 

difference in those results from the normal population. 

The mean levels for GOT and GPT are shown. Five patients 

of the forty-one showed biochemical evidence suggestive of hepatitis 

and their values were eliminated from the study. 

Enzyme levels in fl aemophiliepatients with muscle haematonaas 

There were significant rises in creatine kinase in all ton 

patients. The time taken to reach the peak CK activities varied 

from 36 hours to 96 hours with a mean of 56 hours after onset of 

the haematoxna. Al! patients showed a significant rise of CK above 

the baseline level within 24 hours of the onset of clinical symptoms. 
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Fig. :1'? shows serial estimations of CK and LD H in one represent-

alive patient; the peak levels of the enzymes attained in all the 

patients are shown in Table 11.. In three of the patients with 

very small muscle haematomas, the peak level of CK is relatively 

lcw and only a little above the upper lit lit of noranal, but all started 

with low levels of CK activity and showed the same pattern of 

elevation after injury as the others. LOU was elevated above 

the normal range in only three patients despite serial estimations. 

Electrophoresis consistently shored the -pattern 1) 2 ) 3) 5) 4. 

One of those patients (patient 2) had evidence of duplication of LDI:I1

and this case has already been reported (Forbes at al.., 1971). 

Serial estimations in all ten patients showed a rise in LOU activity 

above the baseline for that individual patient. One patient had 

transient elevation of GOT (patient 1) and two had transient elevation 

of OPT (patients 1 and 9). Aldolase was slightly elevated in patient 3. 

Discussion 

In this study the only enzyme in which a consistent rise 

was found after muscle haematoma formation is creatine kinase. 

The "normal activity in serum is probably derived from muscle 

and in a healthy population the levels are influenced by the degree 

of muscular activity (Griffiths, 1966). The low levels found in the 
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general haemophilic population, as evidenced by the skew to the 

left in the histogram (fig. 16) may perhaps reflect the inactivity of 

these patients due to the fear of inducing bleeding and to their 

sedentary occupations. 

Within a few hours of the occurrence of muscle bleeding, 

there was a rise in level of creatine kinaaoe which reached a peak 

at a mean of 56 hours after onset of symptoms and persisted for a 

further forty-eight hours before falling to normal values by the 

fourth day after injury. The cant of haematoma formation in 

muscle was difficult to assess clinically but there appeared to be 

a crude positive correlation between the size of haematoma and 

the peak level of CX activity. LDH, GOT, GPT and aldolase showed 

no consistent rise after muscle bleeding. 

Determination of the isoenzymos of LDH by electrophoresis 

was generally unhelpful. One patient (patient 1) had duplication of 

LDll1 which was probably due to the large amount of plasma. concen-

grate (creyoglobulin precipitate) infused during and immediately after 

surgery to repair a ruptured ureter (Forbes et al., 1971). The 

other five patients on whom LDH isoenzymes were estimated showed 

a pattern I ) 2) 3) 5) 4. This probably represents release of LDH 

from red cells in the haematoma; however, the pattercn. 5 ) 4 may 
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possibly represent leakage of muscle L D3 _ . 

'I'her cause of the rise irk CX levels, after exercise and in 

disease states of muscle is not knavvn. It has been suggested that 

it is due to leakage of the enzyme through the sarcolemma and it 

has been further Suggested (Aebi of al., 
,i 
0' (S2) that ¢.,iAf̀i. is more 

likely to pass to the extrace:ik.aal.ar compartment than the other 

muscle enzymes, because of its higki concentration and low mole-• 

cular weight (Schmidt and Schmidt, 1 0 ''d ). In muscle iaaematoa Bata 

the cause of the rise in CK is not known. It is uncertain whether 

actual cell death nmat occur to liberate CX but it has been shown 

in vitro that Changes in cellular permeability may permit the 

escape of other intracellular enzymes (Schmidt et al. , 1X63). 

The ma3or1ty of patients in this series had muscle h.aemat-

oma.ha which were clinically obvious and presented no diagnostic 

problems. Estimation of CX, however, shows such a consistent 

elevation following muscle bleeding that it may be of value in the 

haemophiliac who presents with abdominal pain of obscure aetiology. 

Case 10 illustrates the potential usefulness of CX estimation as a 

diagnostic test. This patient presented with severe loin pain which 

was initially diagnosed as being due to pyelonephritis. however, 

the urine was sterile and both an isotope renogram and an intra-
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venous pyelogram were normal. After infusion of plasma, 

pain stopped and the patient was sent home. Similar symptoms 

recurred two weeks later and a pattern of enzyme change similar 

to that seen in association with muscle haenaatoma formation was 

found (fig. 18). The diagnosis would seem to have been bleeding 

into the sacro pinalis muscle. 

It is suggested that estimation of creative hinaso may be 

of value In the diagnosis of occult nuisele haemorrhage ill patients 

with bleeding disorders and it is possible that it may be of value 

in the differentiation of acute appendicitis from haemorrhage into 

the ileompsoas muscle, a recurrent clinical problem in haemophilia. 

(c) Ultrasonic investigation of haematomata 

Introduction 

Ultrasound techniques have been used in diagnosis since 

1945 when Dussik tried to measure the transmission of ultrasonic 

energy through the intact brain. The sound used has a frequency 

in the order of I - 10 million cycles per second. It is produced in 

pulses of a few microseconds from a transducer and is then passed 

into the tissue under Investigation as a narrow beam. Different 

tissues transmit and reflect ultrasound differently according to 
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their physical properties, so that when the interfaces between 

the constituent elements of the medium are concerned, a small 

proportion of the sound is reflected. On returning to the trans- 

duce;r, the reflected energy produces an electronic pulse which 

can be displayed on a cathode ray oscilloscope. Simultaneous 

display of many such echoes as finite spots enables a correctly 

°elationeal two-dimensional image to be displayed and this is 

recorded on Polaroid film. The Image is produced by reflection 

of sound from interfaces within the tissues. By moving the probe 

with an angular rocking movement around the area under hi esti-

gation a tissue may be examined from a variety of directions to 

produce the compound "B" scan. 

Ultrasound has been used as a diagnostic aid in a variety 

of clinical situations og. differentiation of gynaecological tumours 

(Donald et al., 1.'S58), diagnosis of intracerebral lesions (Jefferson, 

1959), obstetrics (Willocks et al., :L9 l; Willocks and Dunsmore, 

1.9'71.) and in diseases of the kidney and bladder (Mountford et al. , 

1.971; Barnett and Morley, 1971). The present study was under-

taken to evaluate the use of ultrasonography in the diagnosis and 
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Materials 

Seven patients € rere examined with clinical haematomata 

of muscle. AU had haemophilia or Christmas disease of a severe 

grade and one patient had a circulating anticoagulant. The clinical 

details are shown in T bie 12. 

The machine used in this study was a "Diasonog aphl' 

scanner with a swept gain facility such that echoes arising from 

deep ,structures were amplified to compensate for the absorption 

of acoustic energy in tissue. 

The skin was liberally coated with arachis oil to provide 

acoustic coupling and compound "B' cans Ivere performed in 

the longitudinal and transverse planes. The scans were performed 

in parallel to imaginary lines drawn through fixed anatomical 

landmarks, usually bony prominences. 

The machine sensitivity was adjustable and machine settings 

were recorded on the back of each scan. 

Results 

A selection of Polaroid photographs from the patio its is 

shown in figs. 10 (a) (b), 20 (a) (b). All ultrasonogk anal showed 

that the haematomata were poorly transonic i. e. behaved as cystic 
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lesions and were of varying consistency. The extent of the lesion 

was, clearly defined both longitudinally and transversely and as 

the reduction factor is I: 5 on the Polaroid picture this allows 

actual measurements of the haeinatomna size. All haematomata 

contained reflecting speckles. 

Discussion 

Pulsed ultrasound provides a reasonably simple, safe 

and repeatable diagnostic technique but it has not been used before 

in the Investigation of haematoniata. In our hands it has allowed 

accurate localisation and measurement of haematoma size and 

provided an objective method of following resolution with therapy. 

It ,seems probable that the interface of Muscle and haema® 

Loma consists of compresssed muscle Hares and it may be that the 

"speckles" within the haomatoma consist of degenerating muscle 

fibres, nerves and blood vessels . It th apparent that in some cases 

(fig. 21) the haematoma remains localised and does not expand to 

fill the muscle belly. This may be a result of clotting of the 

extravasated blood by liberated tissue thromboplastin. 

With therapy all these haem.atonaata rapidly resolved and 

left no apparent residual damage. Repeat ultrasonography showed 

muscle echoes which were diminished in volume compared to the 

normal side. 
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The fate of the blood clot is not known. Presumably 

the red blood cells are digested by local tissue and white cell 

enzymes and the haemoglobin denatured to hilaruibin which is 

then excreted by the liver. The fibrin clot is presumably also 

digested in this manner as in no patient was there a significant 

elevation of fibrinogen degradation products (F.DPs, Fle-antigen) 

in the serum (Forbes and Prentice, .972). 

Ultratsonogrgphy, therefore, offers a rapid effective 

method in the delineation of muscle haematomata and in assess.,

anent of their resolution. 

(d) Bilateral seudotuuinou.rs of the pelvis in a 

patient with Christmas disease: with notes on 

localisation by radioactive scanning and ult a.sonograahy. 

Introduction 

P seudotumour a in patients with coagulation defects are 

rare, the incidence in several large series of haemophilic Patients 

varies from . 0.5 to 2 per cent (Ahlberg, : 965; Wessler and Avioli, 

968; Gunning, .966; Bayer et al., 9( ). The most common 

sites are the thigh and the pelvis but a small number of cases 

have been reported in the calves, feet, arms and hands. Bi--
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lateral pseudotumours have been recorded in only two patients; 

those involved the cuhoid bones of the feet (Chen, 1965) and the 

pelvis (Praenikel, et al., 2959). 

P eudotumours are found in both haemophilia and ChrictF

mac disease (Ahlberg, 1965; Revol, 1905; Silber and Christensen, 

1959; Bayer et al., 1969) despite the suggestion that Christmas 

disease patients tend to have a less serious defect ( atnoff, 1950; 

Ran ngren, 1962). It is of great interest that a psetndotumour has 

also been reported In a patient with a mild bleeding history and 

an antihiae .ophilic factor assay of 23 per cent (Papas et al., 

1964). 

In several of the case reports, including the original, 

there has been doubt about the diagnosis, the suspicion being that 

the destructive lesion might be osteogonic sarcoma ( Starker, 1918; 

Becker, 1942; Nelson and Mitchell, 1902; Pappas et al., 1964). 

In many of the cases where biopsy was undertaken serious complications 

ensued including death from infection introduced at the time of the 

diagnostic aspiration or uncontrollable haemorrhage from the 

needle track (Starker, 1918; Abell and Dailey, 1960; Nelson and 

Mitchell, 1962; Silber and Chr1.ctencen, 1959). Osteogenic 
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sarcoma has been described in a haemophilic patient (Fraenkel 

et aL , 19 9) and should always enter into the differential diagnosis 

despite its rare occurrence. 

We describe here the case of a boy with severe Christ-

mae disease with bilateral pseudotumours in the pelvis. We 

have used radiological techniques and ultrasonography to localise 

the tumours. In addition scintiecanning was carried out using 

87m strontium, a bone seeking radionuclide and 99rn technetium 

which loca.ises in tissues with large or abnormal vasculature. 

ciatiscan pictures of known osteogenic sarcoma were compared 

with the appearances of the pseudotumours. 

Methods 

For scintiscanning 87m strontium (2 mCi) was given 

intravenously and 55 minutes later the lower abdomen, pelvis 

and upper femora were scanned in that order using a dual headed 

scintiscanner. A colour dot and photo scan was obtained. On a 

separate occasion a similar procedure was carried out 20 minutes 

after 9m technetium (10 mCi) had been given intravenously. 

Ultrasonography was performed using a Nuclear Enter-

prises Diasonograph. 
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Case Report The patient is now aged twenty•-five years and 

has a severe degree of Christmas disease with azero per cent 

assay of Christmas factor. In his youth he ex perienced multiple 

bleeding episodes, involving especially the joints, renal tract 

and after dental extraction. When aged nine years he developed 

a painful tense swelling in the left groin associated with numb-

ness down the front of the left thigh. He was seen in hospital 

at this time and the presence of an iliacus haeoaatoma with 

compression of the femoral nerve was confirmed. X-ray of the 

pelvis showed a homogeneous soft tissue mass measuring 9 ems 

in diameter overlying the left iliac crest, encroaching the zapper 

part of the sacro-iliac joint as well as the distal third of the left 

psoaa muscle with no bone erosion. Treatment with plasma was 

given for a week with some slight resolution of the mass but the 

patient then defaulted from further attendance. 

In 1°63 he developed a similar pain and swelling in the 

right groin with a. femoral nerve palsy which was treated in his 

home without plasma infusions. In 1.964 he had a recurrence of 

pain in the same site and thereafter was reasonably well except 

for recurrent episodes of haematuria and acute haemarthroses of 
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knees, ankles and shoulders. The patient was readmitted to 

hospital in 1971 having fallen and sustained a fracture of the 

right tibia and the left patella. 

Examination of the abdomen showed two large swellings 

arising out of each side of the pelvis. Both were hard, non-

tender and non-fluctuant. The swelling of the left was largest, 

extending to just above the umbilicus. There were bilateral 

femoral nerve lesions with absent lace jerks and gross wasting 

of 'both quadriceps. 

Plain X•aray films of the pelvis showed erosion of the 

blade of the ilium on the left side. Continuous with this area 

of bone destruction there was a soft-tissue mass within which 

were areas of calcification. Osteosclerotic areas were also seen 

in the ilium (fig. 22). On intravenous pyelog aphy it was seen 

that the bladder and left ureter were displaced to the right. 

The appearance of the lowe r end o1 the left ureter suggested 

further that it was held in fixed dilatation as a result of its involve-

raernt by the pseudotin-hour (fig. 23(a)). A barium meal and follow 

through confirmed the appearances previously noted, namely that 

both small and large bowel were displaced day the large left-sided 
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lesion on the right side (fig. ;(b)). 

At this htage ultrrasonograiphy was performed with a 

view to confirming that there were in fact two separate masses. 

It was also consider c d that ultrasonic scanning would constitute 

a simple and safe method of assessing the effects or therapy on 

the size of the lesions. As expected, two discrete lesions were 

shown (fig. 24). 

Examination of the ultracoraographs showed that these 

lesions were poorly trans-sonic 1. e. were fairly solid structures, 

and were of varying consistency. This together with their 

rather indistinct margins, hakes them indistinguishable from 

malignant tumours such as an osteogenic sarcoma. 

The se," pictures after 87m strontium and 99m technetium 

were similar and only the 8~im strontium photo-scan of pelvis is 

shown (fig. 25). This shows a large round volume of abnormal 

uptake in the right pelvis and an elongated volume of abnormal 

uptake extending laterally and superiorly in the left pelvis. Both 

regions correspond to the sides of the pseudotumours. The general 

appearances are similar to those we have found in known femoral 

osteogennic sarcoma. 
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Discussion 

At least forty-nine cases of pseudotuinuar in haemophilia 

have been recorded since the original case report of Starker 

(1918) and of those twenty have involved the ilium (Forlota, 1931; 

Peterson,  1947; Parks, 1.956; lorcowitz et al. , 1959; Fraenkel 

et al., 1959; Silber and Christenson, 1959; l3irk, 1960; Schwarz, 

1960; Nelson and Mitchell, 1962; Hall et al., 1982; Kerr, 1963; 

Caen et al., 1984; Ahlberg, 1965; Goulston and McGovern, 1965; 

Mibl et al., 1965; 1. evol, 1965; Wessier and Avioli, 1968). 

As suggested by Valderama and Matthews (1965) haemo-

philic haematomas may arise in muscle where they are confirmed 

by the tendinous attachments (simple cyst), or in a muscle with a 

large periosteal attachment and produce cortical thinning by inter-

ference with bone nutrition; alternatively they may arise from a 

h .emnatoma which strips the periostiufn from the cortex until limited 

by an aponeurotic or tendinous attachment. It is difficult, in 

retrospect, to determine the site of origin of this patient's pseudo- 

turiaours but the initial episodes of pain and femoral nerve compression 

suggest strongly that they started as haematonaata in the Iliacus 

muscle (Goodfeilo v et al., 1967). The lesion on the left has 
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probably been present for sixteen years and the lesion on the 

right for eight years. As judged both clinically and radio 

logically the left p seudoturnour has grown over the years but it 

is not possible to say whether this has occurred gradually or 

whether it is still enlarging. Serum enzymes levels were normal. 

It seems probably from the history that the tkvo turour s have 

arisen from separate site, and both the ultrasonic and photo 

scans suggest that they are discrete entities. 

Although renal function, as Judged by the blood urea 

of 2I nag/ 100 ml and the creatinius clearance of 12'7 xni/min is 

excellent, there is evidence both fro:m the 1. V. P. and the isotope 

renogram of obstruction to the ureters. Similarly there is as 

yet no interference with bowel function but the barium mead and 

follow through shows distortion of the normal anatomy of the large 

and small bowel in the pelvis. There is one case report of 

pseudor:nembr°aneous colitis in a iaa.en ophil.iac associated with 

pueudoturnou:c of the pelvis producing obstruction to the rectum 

(Gou.lston and McGovern, 199) and one of rupture into the sigmoid 

colon (Hall, 1961). There has been no case, to date, of renal 

failure resulting from compression of the ureters. 
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Treatment of the p seudotuxrour can be either medical 

or surgical. Medical management has been advocated by several 

authors (IAcMahon and Blackburn, 1959; van Creveld and King. 

ma, 1961; Caen et al., 1864; Favre- i.liy et al., 1965). Correct-

ion of the coagulation defect with long terra prophyla dis resulted in 

resolution of the haematoma in one case (MeMahonn and Blackburn, 

1959) and prevented enlargement in another (Kerr, 1963). Success 

of this treatment probably depends on the size of the haematoma 

as well as how long it has been present (Fraenkel, 1957). Long 

term plasma or plasma concentrate therapy carries its own 

hazards of transmission serum hepatitis or production of inhibitors 

to antihaemophilic or Christmas factor, Irradiation of these 

tumours has fallen into disrepute (Horowitz et al. , 1959) despite 

the initial encouraging reports of Muller (1942) and Chen (1965). 

When the lesion is peripheral then surgery has a better 

chance of success (Britten and Salzman, 1966) particularly *when 

amputation of the limb Is carried out. Surgery has been success-

farlly performed on pseudotumours of the pelvic region (Hall et 

al., 1962; Bailey et al., 1965; Wessler and Awioli, 19&), but 

because of their size, position and proximity to vital structures 
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the results have been poor. Steel et al. (1969) however advocate 

radical surgery for iliac pseudotumoura but we feel the only hope 

of treating this patient is with long tern infuolons of Christmas 

factor concentrate. This has now been given for four months 

but no change in size of the tumour has been noted either clinically 

or on ultrasonog aphy. 

From studies of the operative case notes of the patients 

undergoing excision of these tumours they appear to be extremely 

vascular and present major technical problems of haemostasis. 

Macroscopic and histological examination confirms the presence 

of large vessels in the outer fibrous zone of the capable (Fraenkel 

et al., 1959; de Valderrama et al.., 1965) and this would, explain 

the localisation of both 87m strontium and 99m technetium in and, 

especially aroand, the tumour in the pelvis. 

Both ultf asonography and radioisotope scanning have 

failed to differentiate the pseudo'cuinour from an osteogenic sarcoma 

but they offer methods s of precise localisation and measurement of 

the size of the tumours and should provide an objective assessment 

of the efficacy of plasma therapy. 
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CHAPTER 5 

DENTAL EXTI ACTION IN HAEMOPHILIA 

(a) Introduction 

Dental extraction is a necessary evil in the life of every 

haemophiliac patient and early case reports in the literature are 

spiced with dramatic tales of exsanguination and death after 

extraction of a single tooth (Davies, :t826; Craig, 1826); for 

example, the medical student whose case was recorded by Coates 

(8228) had a single tooth extracted and lost half a gallon of blood 

in twenty-four hours; the bleeding lasted ten days and the entire 

quantity of blood lost was estimated at "not less than three (gallons". 

Because of these problems dental extraction was specifically 

contraindicated (Legg, 18112). 21imang.ainating haemorrhage from 

such a small site obviously tried the patience and ingenuity of 

generations of physicians who used many preparations of chemicals 

(mercury, silver nitrate, alum, gallic acid, turpentine, strychnine, 

tannin, perchloride of iron) and many surgical procedures (.phl.ebow-

tomy, the red hot iron, suturing of the socket, pressure from a 

cork or a bullet, arterial compression) with little success. Untor-

tccnately all these methods were doomed to failure and indeed some 
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exaggerated the problem; death is recorded after therapeutic 

phlebotomy and massive haerorrhage always occurred when 

the sioughs separated after use of "the red-liot iron". 

The first major advance came with the introduction of 

blood transfusion (Weil, 1906). Unfortunately, blood used for 

transfusion purposes contained only small amounts of anti-

haemophilic factor and it was not unusual for a patient to remain 

in hospital for 6 8 weeks and require twenty pints of blood 

after extraction of a single tooth. With the advent of plasma 

therapy (eissley, 1924) dental extraction beca-e less dramatic 

Tout still extractions of many teeth simultaneously lead to excess 

bleeding. Many types of splints were devised to protect the 

healing socket and prevent damage to the friable blood clot (Wishart 

et al., 1957). These probably provided some advantage but were 

uncomfortable to wear and, if ill-fitting, produced ulceration and 

haemorrhage at the alveolar margin. 

With the advent of potent concentrates of both human 

and animal antihaemopiailic factor tooth extraction became a 

routine, trouble4free event, even in patients with circulating anti-

coagulants (Biggs and Macfarlane, 1966). Awareness has since 
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increased of the problems of serum hepatitis and circulating 

anticoagulants to AIIF induced by the infusion of plasma products 

and a search has been made for agents which might reduce trans- 

fusion requirements. 

it is thought that, in haemophilia, bleeding from the 

tooth socket is clue, in part, to an imbalance between the deposition 

of fibrin clot and digestion of this  clot by the enzymes of the 

fibrinolytic system. Attempts have therefore been made to 

promote haeinostasis by inhibition of fibrinolysis using the anti-

fibrinolytic drug a inocaproic acid (EACA, Epsilkapron (Reid et 

al., 1984; Cooksey et al., 1966; Tavenner, 1968; Walsh, et al., 

1971). 

These trials of EACA have, however, been largely un-

controlled and the criteria of efficacy of this drug have also varied 

from trial to trial, eg. Cooksey et al. (1966) and Tavenner (1968) 

used transfusion requirements and days spent in hospital; others. 

(Alagil.le et al.., 196G; Marini et al., 1.966; Giordano et al.
, 

1967; Paddon, 1967) compared visible blood loss and some 

(Reid et al. , 1964) used the fall in the haemoglobin level. Walsh 

et al. (1 971) in their well-  controlled, double blind trial used the 

amount of plasma concentrates given as the index of benefit. We 
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describe here a double blind trial of tranexamic acid in dental 

extraction in patients with haemophilia and Christmas disease 

In which measurement of the blood loss was carried out using 

51Cr labelled red blood cells. Observations were made at the 

same time of' possible tonic effects of tranexamic acid. 

( ) Methods and material 

Design off the trial. 

Twenty-eight patients aged from thirteen years to sixty. 

live years were studied during thirty-two separate episodes of 

dental extraction. Twenty patients had classical haemophilia 

and eight had Christmas disease. 

informed consent was obtained from all the; patients or 

from the parents before they were included in the trial. A history 

of hae aturla in the previous four weeks, or the presence of red 

cells in a fresh sample of urine, were absolute contraindications 

to Inclusion in the trial. 

Using a double blind technique and random allocation to 

the trial the patients received either tranexamic acid (I gm three 

times per day) or placebo tablets. Therapy was started two 

hours before extraction and continued for a five day period. 
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:flood loss was measured using 
St 
Cr labelled red blood 

cells as described by Watson and Dickson (1.904). This entailed 

separate collections of oral secretions and faeces over 24 hour 

periods for five days. On day 4 the patient received a purgative. 

Each patient received the factor VIII or IX equivalent 

of 1000 ml of human plasma intravenously one hour before extraction 

and also tetracycline (250 mg four times per day). Infection 

at the site of extraction is thought to he a contributing factor to 

contribution of bleeding. All extractions were carried out under 

local anaesthetic. In the event of excess bleeding from the 

sockets in the five, day period, a clinical decisions was made to 

infuse further blood products. Sufficient plasma or plasma 

concentrate was given only to stop the bleeding. The clinician 

was not aware which tablet the patient was receiving, nor the 

results of the laboratory assays. 

Factors Vifi and X were assayed using the method of 

Margolis (t958) as modified by Breckenridge and l-atnof'f (1982). 

Tests of fibrinolysis were performed as previously described by 

McNicol and Douglas (1 64) and assessment of parameters of 

liver and renal function, -were performed by standard Autoanaly,er 

techniques. Haematological indices were measured on the Coulter mS 

RLIT0002185_0083 



r;' '. 

counter and erythrocyte sedimentation rate by the method of 

Westergren (1920). Inhibitors of factor 'VIII and DC were 

sought using the method of Biggs and Bidwell (1959). ,F."tandard 

12 lead electrocardiographs were made in all patients before 

and at the end of the trial. All patients in this series had the 

extractions performed under local anaesthesia, including where 

appropriate, inferior dental block. No side effects resulting 

from this procedure were observed in any patient. Details of 

the patients in both groups are shown in Table 13. 

:Results 

The data concerning blood loss is shown in rllable 14. 

Teeth extracted: 

As the amount of bleeding is partly a reflection of the 

extent of the wound area, the number of roots removed is con-

sidered rather than the number of teeth removed. The number 

of roots extracted in the tranexamic acid group (mean 5. 5) was 

not significantly different from the placebo group (mean 6. 9). 

Blood loss: 

The moan volume of blood lost per patient in the placebo 

group was 8i ml and in the tranexam: mic acid treated group $1 ml. 
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There  was a }ride range in the total loss per patient. The blood 

loss per root extracted was 15.3 ml/root in the placebo grout 

mid 8.99 ml in the tranexamic acid group. This corresponded to 

a mean fall of :l. 4 gin per 100 ml in the haemoglobin level and 

5 per cent fall in haematocrit in the placebo group and a fall of 

0. 3 gm per 100 ml in the haemoglobin and a 0.0 per cent fall 

In haematocrit in the tranoxananic acid group. Using a rank sum 

test (.anon-  Whitney U test) there is a. statistically significant 

difference between the blood loss in the placebo group and the 

AMCA group (0. 01 (13 (0.025). 

flOpla.ce Rnenxt therapy: 

The results are shown in ̀gig. 26. In only two patients 

was it clinically necessary to transfuse plasma or plasma con-

contrate in the tranexamic acid group after the initial dose. One 

of these patients had extraction of twenty-two roots, the largest 

number in this series. In the placebo croup eleven patients 

required multiple infusions during the give day trial period and five 

patients re ,uired no replacement therapy; all these had a, mild or 

moderate degree of defect. The patient requiring the greatest 

amount of replacement therapy was in the moderate degree of 
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grour. 

Plasma fibrinogen levers and erythrocyte ; edir entation rate: 

The results are shown in fig. 2'1. Significant elevation 

of fibrinogen is found in the placebo group on day 5 after extraction. 

This finding is mirrored in the erythrocyte sedimentation rate 

which is also significantly increased (p = 0. 05). 

Urcokinasse sensitivity and euglobulin lysis time: 

The results are shown infig', 28. As would be predicted, 

significant depression of lysis is shown in the uroid ease sent'.

sitivity test after treatment with tra.gnexamic acid (p = 0. O y). 

%oth treated and untreated groups show a fall in the euglohulin 

lyric times indicating increased levels of circulating activator. 

The inter group results are, however, not significantly different 

(l3 = 0. 1); the tra xe? gamic acid is discarded in the superaaat:a nt 

during preparation ions. of the e uglobuli n precipitate. 

4 ena.l and liver function tests: 

stimatioxas included serum urea, bilirubin., alkaline 

phoBphata.se, S. G. 0. T. , S. G.P. T. , total proteins, albumin 

and globulin. No significant differences were found betvTeen. 
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the tranexamic acid treated group compared with placebo. 

Both groups showed a significant rise in the blood urea after 

extraction (,p = 0. 05). 

Electrocardiograph: 

No changes are found after therapy in either group. 

Side effects:

No side effects were reported in either group. 

(c) Discussion 

It Ims been shown by many authors that surgery can be 

safely undertaken in haemophilia and Christmas disease if 

adequate replacement therapy with plasma products is provided. 

The criteria for success of a new therapeutic agent in dental 

extraction must include a reduction in blood loss from the extract-

ion site and also a reduction in the total requirement for plasma 

replacement therapy. The use of tranexamic acid as an adjunct 

to conventional therapy in this series of dental extraction ful-

filled both criteria; post-operative bleeding and also the total 

volume of plasma product required, were both reduced. 

Tranexamic acid is the active trans-stereoisomer of 

aminomethyl cyciohexane carhozylic acid and it has been shown 
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by M, elander et al. (1964) and Okamoto of al. (1 X064) to have 

powerful antimfibrinolytic properties. The molecule has a 

configuration similar to aminocaproic acid and like amino 

caproic acid is a competitive inhibitor of ;plasminogen activation 

at concentrations in plasma greater than :io and a nonce,

Competitive inhibitor of plasmic at concentrations greater than 

1. -2Ivi. These concentrations may be readily achieved in vivo 

(Dubber et al., 1965). 

Tranexamic acid had the advantage over aminocaproic 

acid of being about ten thaw more potent (Dabber et a:4. , 1985; 

Mel. an ler et al., 1965; Deutsch and Fischer, :1966) and having 

minimal side effects. All inhibitors of fibr'ixa.olysis when used 

W patients with haeniorwrhag lc disease have the potential danger 

of precipitating obstruction of the renal tract with unlysable 

clots (McNieoi et al., 1961; Gobbi, 1967; Van l:i"terbeeis et al.,

1.968) however no patients in this study, who were all screened 

prior to therapy for the presence of haex.aai ur°ia., showed evidence 

of this complication. 

Although the cause of post-ex traction bleeding from the 

tooth socket in the haemophiliac is not clear, t presumably 
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represents an imbalance between defective fibrin formation due 

to the abnormality in the intrinsic thromboplastin system and 

the normaal removal of deposited fibrin by fibrinolytic enzymes 

produced by plasminogen activators locally and in the saliva 

Albrecht son et al., 1958). It was noted that all patients in 

this series showed a fall in the ouglobulinn lysis times, indicating 

increased levels, of circulating plasminogen activator. This 

has been recorded by several authors in people sunder stress 

(Macfarlane, 1.937; Biggs of al., 194`7) and may be important 

in the light of the report by Lucas et al. (i86) that extraction 

of teeth may be safely carried out in haemophiliacs under hypnosis 

without plasma therapy. However, In the immediate post-extraction 

period the most important aspect of haemostasis is probably 

defective fibrin formation. In a recent study (Walsh et al., 1971), 

haemophilic patients who had their level of clotting factor raised 

to 50 per cent of normal by a single haemostatic infusion before 

extraction rarely bled before the third post-operative day. This 

suggests that despite the transient nature of the rise in the plasma 

level of these factors the haemostatic effect is prolonged. Bleed-

ing after three days (up to she days) was commonly seen in our 

group of control patients and presumably represented digestion of 

RLIT0002185_0089 



r O 

the haemostatic fibrin plug by fibrinolytic yrnes. ht.ihition 

of these lytic enzymes by tranexamic acid, as was manifested 

in the prolongation of the uroki ase sensitivity tests, allowed 

fibrin to remain in situ and presumably expo; dited healing of the 

sockets. This greatly reduced the necessity to infuse plasma 

products into our patients. 

We consider that measurement of blood loss using 
5:1Cr 

labelled red blood cells offers a more accurate assessment of 

the effectiveness of therapy than fall in haemoglobin or days in 

hospital.. lrlowever, in all patients, when bleeding was noted 

clinically, plasma or plasma products were immediately given 

and the effectiveness of tranexamic acid Faust be judged against 

a combination of total blood lost and the amount of plasma products 

infused. 

There was no evidence of any toxic action of tranexamic 

acid in this series of patients. There was however a significant 

rise in the mean blood urea levels in both groups after tooth 

extraction. This probably results from digestion of blood in the 

g1t. 
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The com :ticnIlons of n'11ultiplo, 'tranarnsion', are well. 

known (fie Gruchy, 1.962). to haemophilia these may include 

production of inhibitors of s . tt aemophilic factor and Serum 

hepatitis. It is a reasonable as suriiption that reduction o: 

plasma requirements by the use of tranexamio acid will reduce 

the incidence of inhibitors and serum hepatitis as wall as 

reducing blood loss. 
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CH :PTER 6 

GASTROINTESTINAL . LEEDE G• IN HAEMO.1-TILIA.

(a) Introduction 

In his review of 256 cases of bleeding disorders Grano 

didier (1855) found gastroinotestnal haemorrhage to be the second 

commonest cause of spontaneous bleeding and this observation 

has been confirmed by Wilkinson et al. (1961) and Stuart et al. 

(1966). Many isolated case reports have appeared of the surgical 

management of bleeding associated with proven peptic ulcer-

ation in haemophilia but no large series of cases of gastrointestinal 

haemorrhage was published until 1965 (Carron et al., 1065). 

At that time about one third of deaths in the haemophilic population 

resulted from uncontrolled intestinal haemorrhage or its sequellae 

(Hour- ,ldin, 1961; Wilkinson et al., 1961). 

in :many cases no local iource of bleeding was found 

(Britten, 1963) but in some the cause of bleeding was peptic 

ulceration (: er ond, 1955; Walker, 1955; van Creveld, 1957; 

Macfarlane et al., 1.957; andley et al., 1961; Ingrain, 1962; 

Kerr, 1964(a)). In all of) these case reports operative inter-

vention was necessary because of massive haemorrhage and all. 
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required some variety of gastrectomy. 

The incidence, clinical features and sequeallae of gastro-

intestinal haemorrhage in haemophilia have been well documented 

by Carron et al. (196). They made a retrospective study of 

the case records of eighty registered adult haemophilic patients in 

Newcastle and found fourteen out of eighty had suffered gasstro-

intestinal haemorrhage, twelve of these had a duodenal ulcer. 

Six of the patients with duodenal ulcer required gastrectomy and 

one pyloroplasty and vagotomy. It was the conclusion of these 

authors that if a patient with haemophilia is found to have peptic 

ulceration he should have elective surgery after the first gastro-

intestinal bleed. 

In the last few years there have been dramatic changes 

in the availability of potent concentrates of plasma to treat ha+emo-

philia and Christmas disease so it seemed worthwhile to reassess 

the prognosis of gastrointestinal haemorrhage in these bleeding 

disorders. 

(b) Patients and methods 

All patients with haemophilia or Christmas disease in the 

region who have had haeratemesis or melaena in the past ten years 
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have been included in the survey. Clinical grading of severity 

of the bleeding defect was that do- scribed by Bi ;€s and Mac 

fari:ane (195$) and assay of the antiiaaemophilie factor or Christ

mas factor was performed by the method of Mary goiis (1958) as 

modified by Brockennridge and 1 atnof (1.962). All patients 

underwent barium meal examination in an attempt to determine 

the site of bleeding. Duodenal or gastric ulcer: were diagnosed 

only when an ulcer crater was visualised on the barium meal 

and confirmed in the patients who underwent surgery. 

Results 

Thirty...two patients with .L 0 separate episodes of gastro-

intestinal bleeding were found. This represents an incidence of 

25 per cent in the adult haemophilic poinulation. Twenty -seven 

of the patients had classical haemophilia and fire had Christmas 

disease. 'ifteen had a severe defect, twelve were moderately 

affected and fire were mildly affected. At the time this survey 

was undertaken the mean age of the patients was 40. 1 years the 

youngest being twenty-two years and the oldest sixty--slx years. 

The average age of onset of the first gastrointestinal 

haemorrhage was 81.6 years Taut there was a wide range, the 
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youngest patient bleeding at age 6 years and the oldest at 63 

years. When the age of onset of the first symptoms of g tro-

intestinai disease is considered (dyspepsia or bleeding) the mean 

age was 30.6 years. This difference was not significant. in 

patients with dyspeptic symptoms alone the average age of onset 

was 30.8 years. 

The patients were then classified into two main groups 

according to whether they had symptoms of dyspepsia suggesting 

a clinical diagnosis of peptic ulceration. The first group con-

sisted of seventeen patients who had a history of dyspepsia and the 

second group of fifteen patients had no history of dyspepsia. This 

is obviously an artificial division but from the clinical point of view 

it serves to separate the patients. The relevant clinical details 

of the two groups are shown in Tables 15 and 16. 

Age 

There is no significant difference between the ages of 

these two groups, the mean age in the eupeptic group being 38.5 

years (range 22 - 66) and the mean age in the dyspeptic group 

40.9 years (range 17 - 60). 
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There is a significant difference between t1te two groups 

when the severity of the haemostatic defect is considered. As 

seen in Table 3 the eupeptic group contains eleven patients with 

a severe defect, three with a moderate defect and one mild defect. 

In the dyspeptic group there are four with a severe defect and nine 

with a moderate defect and four mild cases. The differences 

in numbers of the severe and moderate patients are highly signi-

ficant ( 2u  4. 5, p ( 0.05) 0. 02). 

Blood group 

In the thirty-two patient; there are eighteen with blood 

group 0 (56.25 per cent), nine with blood group A (28.2 per cent), 

three in group X3(9.4 per cent) and two in group A (6. 15 per cent). 

When the seventeen patients with radiologically proven peptic 

ulcer are considered there are eight in group 0 (47 per cent), six 

in group A (35. 3 per cent), two •in group ;B (11. U per cent) and one 

in group AD (5. 9 per cent). These results are not significantly 

different from the incidence of blood groups In the West of Scot-

land. 
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Age at which first bleeding occurred 

There was no significant difderenc€, between the groups 

in the age at which bleeding occurred. This was 31.4 years 

(range ( 50) in the eupeptic group and 31.0 years in the dys-

petic group. 

In the dyspeptic group clinical symptoms suggestive of 

peptic ulcer preceded bleeding in eleven patients and In three 

symptoms started at the time of the first bleeding episode. In 

three other patients symptoms did not appear till after the first 

gastrointestinal haemorrhage. In the eleven patients with dysm 

papal, preceding bleeding there was an average period of 4.

years (range I m 13 years) with ulcer type symptoms before 

haemorrhage. 

Number and type of bleeding episodes 

In the thirty-two patients studied, a total of 107 episodes 

of gastrointestinal bleeding were recorded. Eighty episodes 

of bleeding started with haematemesis and twenty-seven with 

melaeua. In the seventeen patients in the dyspeptic group there 

were tiifty•eight episodes of bleeding (mean 3.4, range I m 15) 

and in the eupeptic group of fifteen patients a total of forty-Hine 
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bleeding episodes (mean 3. 3, range 1 - 14). In patients with 

proven peptic ulcer the mean (4. 5) number of bleeds is higher 

Than the mean for the rest of the patients (2. 1). This result is 

significant (t = 2. 61, p ( 0. 01). 

Association of bleeding with salicylates or alcohol 

Fourteen of the 107 episodes of bleeding were associated 

with prior ingestion of salicylate or alcohol. In both group" there 

were four episodes associated with salicylate ingestion and three 

with alcohol. ingestion. Patient 3 was admitted with haematemesis 

on two occasions after drinking heavily and on three occasions 

after taking salicylates. 

Time between ons set of bleeding and _diagnosis 

In the dyspeptic group four patients were shown on barium 

meal examination to have peptic ulceration before the first bleed 

but nine had no radiological proof of ulcer until some years after 

the first bleed (mean length of time = 5.4 years, range 6 months 

12 years) despite having ulcer symptoms. Two had positive 

barium meals at the time of bleeding and in two others no bleeding 

source has been found. In only nine of the thirty-two patients 
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was the probable source of bleeding shorn radiologically at the 

time of the first episode of haematemesis or xnelaena. 

Diagnosis aosir 

In the dyspeptic group, fifteen n of seventeen patients 

had peptic ulceration; twelve had duodenal ulceration, two gastric 

ulceration and one both duodenal and gastric ulcers. 

]n the eupeptic group, eleven patients had normal barium 

meals, two head radiological evidence of active duodenal ulceration, 

one had a haematoma of the duodenal wall and one had intestinal 

obstruction with volvulus of the ileum as a result of an Heal 

hac saatoma. Patient 6 had chronic myeloid leukaemia and was 

on busulphan treatment at the time of bleeding but was not throan'oom 

cytopenic. One patient (number 11) exsanguinated from aliment-

ary bleeding despite massive infusions a blood (:LO pints), plasma, 

cryoprecipitate and porcine anti.haenzophil.ic factor. No radio-

logical  lesion was demonstrated. He was shown to have a potent 

antibaemophili.c factor inhibitor and at post mortem was found to 

have multiple erosions throughout the length of the gastrointestinal 

tract. 
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Surgical management 

Seven patients have undergone surgery. Only one patient 

required an emergency procedure. The details are shown in 

Table 4. Four patients ( , :.2, 20 and 2c~) had pylor %.3lasty and 

vagotoiny for duodenal ulceration and two (pationts, :19 and 31) 

underwent partial gastrectomy for gastric ulcers. Only one 

patient has done 'badly after surgery (patient 7). - e has had 

eight haematemeses poet operatively all of which have been 

treated conservatively. Insulin test meal has shown that vago-

tomy is incomplete the pH off the gastric secretion falling to pHHL. 

Two other patients (20, 31) have symptoms of mild dumping which 

have responded to conservative management. Patient 30 developed 

a potent arnti aacmrzophiiic factor inhibitor which wa,s demonstrated 

on the seventh post-operative day aaixi patient 12 developed serum 

hepatitis as a result of cryoprecipitate therapy given during the 

operative period. 

Discussion 

Gastrointestinal bleeding is a common feature of haemo- 

philia and Christmas disease is axt it may be ei remely difficult in 

the individual patient to demonstrate the basic pathological lesion. 
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In this survey we have shown that 25 per cent of our adult haemo. 

philic patients have had gastrointestinal bleeding. Of these 53 

per cent have peptic ulceration, gastric or duodenal.. rri e

incidence of proven duodenal ulcer is 13.2 per cent of the adult 

haemophilic population, an incidence which is significantly higher 

than that found by Doll and Averya-Jones (195.) axid i.lingworth 

(1953) in the general population. It is well established that this 

group of patients are subjected to abnormal stress (Early, 1959; 

,ogle, 1964) and this may precipitate a bleeding episode (Legg, 

1872; Browne, Mally and Kane, 1960; Matteson and Gross, i960). 

It is also possible that the delayed healing in haemophilia., such 

as is seen with a tooth socket, may also play a part in the con 
-

tinuaation of bleeding. 

There is a significant difference in incidence of severely 

affected patients in the eupeptic and dyspeptic groups. In the 

eupeptic group, where there is a preponderance of severely affected 

patients, it is possible that bleeding occurs readily when the 

mucosal injury is minimal, whereas in the dyspeptic group, where 

the majority of patients are only moderately affected, the mucosal 

lesion must he more advanced before bleeding occurs. 
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The absence of symptoms in the presence of active 

duodenal ulcers is well known. Dunn and Etter (1962) found 

evidence of duodenal ulceration radiologically in 31 per cent of 

206 patients who had no ulcer syanptoins. Duodenal ulceration 

was shown radiologically in two of our patients (7, 10) who have 

had no symptoms. 

The average age at which the first gastrointestinal 

bleed occurred was 31.6 years in the whole group and 29 years 

in the patients who -were eventually shown to have duodenal ulcer. 

This is slightly older than found by Carron, Boon and Walker 

(1905) in haemophilia and also by Doll and Avery-Jories (1951) 

in the general population. In the patients with dyspeptic symptoms 

the finding of an average of 4.0 years history before the first 

haemorrhage is similar to that found in patients with peptic ulcer 

in the general population by Coghill. and Willcox (1960). 

There is a preponderance of blood group 0 in this series 

of patients (56. 6 per cent) but this is not significantly different 

from the frequencies of ABO groups in the West of Scotland 

(Wallace, 194). There is no relationship between ABO blood 

groups and haenmophiliaa, (Chaudhuri, 1060; Wilkinson et al. , 1961) 
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but there is a positive correlation between peptic ulcer (especially 

duodenal ulcer) and blood group 0 (.bird et al., :1954) and also 

between liability to haemorrhage and blood group 0 (Langman 

and Doll, 1965). A predominance of blood group 0 in haemo-

phi.lic patients with gastrointestinal bleeding has been reported 

previously by Carron et al.. (:1965). 

Ingestion of aspirin and aspirin containing components 

produces a defect in aggregation of platelets (Zucker and Peterson, 

1968) and in patients with coagulation defects may produce severe 

haemorrhage (Kaneshiro et ai.. , 1970). All our patients With 

coagulation defects have been warned about the effects of eali. 

cylates and this probably accounts for the low incidence of sali- 

cylate induced bleeding in this series compared with patients with 

non--haemophilic haematemesis (Alvarez and Summerskill, :4.958). 

The recurrence rate of gastrointestinal haemorrhage is 

high; twenty-three of the patients have had more than one episode 

and one has had fifteen separate episodes. All of these recurrences 

have been treated conservatively with plasma concentrate and 

blood if necessary. No patient has required emergency surgery 

for intestinal bleeding per so; patient 30 required emergency surgery 
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for intestinal obstruction due to volvulus of the ileum. Only 

one patient died of haemorrhage and he had been shown to have 

a potent antihaemophilic factor inhibitor. This low mortality 

is in keeping with the figures of Fra.enkel and Truelove ( .95) 

for non.haemophilic haematemesis in which the prognosis was 

shown to be dependent on the age of the patient. This low 

mortality shows an improvement from the 33 per cent mortality 

in haemophilic gastrointestinal bleeding quoted by .Hour-Ellin 

(1961) and it would seem likely that this is due entirely to the 

availability of potent concentrates of the appropriate coagulation 

factor. 

The decision to advocate surgery is extremely difficult 

and on balance we still tend to take a conservative approach. 

The criteria for surgery in non-haemophilic patients with peptic 

ulcer (Hunt, 1952) do not apply to the haemophiliac. In the small 

series treated surgically three patients have had an excellent result, 

two have mild dumping syndrome and two have had further gastro-

intestinal bleeding. Against this must be balanced the production 

of serum hepatitis and antihaemophilic factor inhibitors from 

muitlple infusions of plasma products if the patients are treated 

conservatively. 

RLIT0002185_0104 



92. 

CHAPTER '1 

ELEC;TROENCEPHALOGR'APHY IN HAEMOPHILIA 

AND CHRISTMAS DISEASE 

Intracranial bleeding is one of the commonest causes 

of death in patients with haemophilia, the mortality rate being 

over 70 per cent (Singer and Schneider, 1962; A lagille, and 

Charles, 1964; Potter, 1965); most episodes of bleeding are 

spontaneous there being no history of trauma (Eyring at al., 

1065). 

It has been suggested by Denton and Gourdean (18'70) 

that in haemophilia subclinical bleeding into the central nervous 

system occurs frequently and might explain the high incidence of 

emotional instability and psychiatric disorders documented by 

Agle (1994). Evidence presented by these authors using electro-

encephalography suggested that abnormal tracings were present 

in about 50 per cent of haemophilic children who had no clinical 

evidence of previous intracerebral bleeding. 

As this suggestion was out of keeping with our own 

clinical experience of a large adult haemophilic population wb 

undertook a survey of thirty consecutive admissions to the aaemo-

philia Centre. 
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Methods and materials 

Thirty patients with an age range  from eleven to fifty- 

four years of age were studied. Twenty-five patients had 

classical haemophilia and five had Christmas disease. Using 

the clinical grading system of severity of the disease as des- 

cribed by Biggs and Macfarlane (:i 9 3), fifteen of our patients 

were severely affected, eight were moderately affected and seven 

had a mild defect. All patients had a neurological examination 

and a standard electroencephalograph (International 'Federation 

1.0/20 system). Tracings were interpreted by two independent 

experts as normal, minor abnormality or gross abnormality. 

results 

The results are shown in `fable 1.9. Gross abnormalities 

were found in only two tracings. One of these patients had sus-

tamed a subarachnoid haemorrhage and the other had overt epilepsy. 

Three other patients had minor abnormalities in their tracings. 

The only patient with clinical abnormality in the central nervous 

system was the patient with the subarachnoid haemorrhage. 

Following treatment with plasma concentrates the clinical and 

E. E. G. abnormalities hi this patient resolved. 
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Discussion 

With modern therapy, control of haemorrhage from 

sites other than the brain has improved dramatically (Kerr, 

1968). Intracranial haemorrhage therefore remains the major 

barrier to the severe haemophiliac achieving a life expectancy 

comparable to the general male population. 

In this unselected series only three Patients were un-

expectedly found to have an E. E.G. abnormality. This figure 

(10 per cent) is within the normal expected in a hospital population 

(Walshe, 1958). In none of these patients was there associated 

clinical abnormality, history of trauma or fancily history of 

epilepsy. Our figures therefore differ markedly from these of 

Denton and Goureleau (1970) who found that 1,50 per cent of their 

haemophilic patients had an E. E. 0. abnormality and those of 

Little and Hammack (1971) who found E. E. G. abnormalities in 

all of six haemophilic patients examined. The reason for the 

discrepancy is not clear. These patients were of the same range 

of severity  but were of different age groups. Those authors 

surveyed a paediatric population in which the interpretations of 

the E. E. G. is extremely difficult. The finding of an abnormal 
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E'. E.G. does not necessarily indicate previous intracerebral 

bleeding as idiopathic epilepsy has been previously recorded in 

haemophilia (Silverstein, 1964). 

The severely affected haemophiliac is subject to intracranial 

haemorrhage throughout life but in individuals with disease of 

lesser severity, the peak incidence of bleeding appears to be 

in the later decades of life (Kerr, 1964(b)). The expectation 

therefore would be that adult patients would have a higher incidence 

of E. E. G. abnormality than children, if the E.1 E. G. abnormality 

was due to previous blooding. This we have not found. 

Our figures suggest that abnormalities in the electro-

encephalograph are no commoner in haemophilia than in any 

other chronic disease state. 
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SECTION 3 

COMPLICATIONS OF TPEATty' ENT 

"When sorrows come they come not 
single spies but in battalions. " 

Hamlet, Act 4, 
. Scene 5. 

CHAPTER 8 SERUM HEPATITIS 

CHAPTER 9 (a) PLASMA FIBRI\OGEN AND B. S.1.. 

(b) BLOOD GROUP ANTIBODIES 

(e) DUPLICATION OF LXI-I 

CHAPTER 10 11 VE STIGAT IONS OF THE EFFECT 
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CHAPTER 8 

SERUM HEPATITIS U HA MO:PHILIA AND 

CHRISTMAS DISEASE 

(a) Introduction

Virus hepatitis is an acute inflammation of the liver 

and in general the definition excludes infection due to recognised 

viruses such as cytomegalovirus, cox. aackio A and B, Herpes 

simplex, yellow fever and adenovirus. Two clinically similar 

infections are described; infectious hepatitis (epidemic jaundice) 

caused by virus A and serum hepatitis (homologous serum 

jaundice, transfusion hepatitis, inoculation jaundice) caused by 

virus B. 

Serum hepatitis was first described in 1885 by Ltrman 

following an outbreak of jaundice amongst a group of shipyard 

workers vaccinated against smallpox with glycerinated t lym ph" 

of human origin. It was then appreciated that jaundice could be 

transmitted in centres where multiple injections ;were given such 

as venereal disease and diabetic clinics (M/iacCal.lum, 1943). 

The introduction of blood transfusion and the use of plasma products 

was followed by episodes of jaundice which had a long incubation 
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period of up to six months. This type of- hepatitis could be 

transmitted by any procedure in which the skin or a mucous 

membrane was punctured by instruments contaminated with the 

blood of a carrier of the virus eg. needles, lancets tattoo 

needles, razors, dental and surgical instruments, dialysis 

e uiriment and tissue and organ transplants. Virus hepatitis 

is now the most t important complication of blood transfusion 

(Mosley, :1966; Zuckerman, 1970(a) and (b)) and in 1963 in the 

United States out of 1.8 million tra .sft lion a given it was 

estimated that the incidence of clinical hepatitis was 30, 000 

cases with nearly 3, 600 deaths. 

A major advance in the study of viral hepatitis occurred 

in 1964 with the discovery of the Australia (Au) antigen by Blum- 

berg. The antigen was detected when the serum of a haemo-

philic patient who had received multiple transfusions was tested 

by imnanunodiffusion against that of an Australian aborigine, and 

was originally considered to be an example of an inherited trait 

(Blumberg et al., 1965 and 1967). The antigen has been found 

only rarely in healthy North American and European commuiiitios 
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and has not been found in the serum of patients suffering from 

various liver diseases other than hepatitis. The antigen has 

been shown to occur frequently in the blood of patients receiving 

multiple transfusions, in 20 per cent of patients with virus hepatitis 

and in 10 - 14 per cent of patients with leukaemia. :fit is also 

found in I - 20 per cent of normal people living in the tropics 

and in South-East Asia (Blumberg et al., 1908). 

Prince (1968(a)) described the appearance of an antigen 

which lie termed the Std antigen, in the blood of a patient during 

the early incubation period of post-transfusion hepatitis and this 

was confirmed by Okochi and M/luralsa: i (1968) who found a strong 

association between the Australia antigen and post-transfusion 

hepatitis in Japan. The 811 antigen has since been shown to be 

identical to the Au antigen (Prince, 1968(b)). Some patients 

transfused blood containing AuSlI antigen subsequently developed 

hepatitis with the antigen in their blood, while others developed 

antibody to it, with no evidence of hepatitis. It is known that the 

antigen may persist in the blood after recovery from the acute 

phase of hepatitis and it has been recorded over a twenty year 

period in an apparently healthy volunteer blood donor (Zuckerman 

RLIT0002185_0112 



99. 

and Taylor, 1969) and also in the blood of half the volunteers 

inoculated with MS-2 strain of serum hepatitis (Giles et al., 

1969). 

.Au-311 antigen has now been identified in all the plasma 

fractions used therapeutically in the treatment of haemophilia 

and Christmas disease (Schroeder and Mozen, 1970) and thus 

confirms the clinical evidence of transmission of the virus in 

the various fractions; eg. in fibrinogen (Anderson et al., 1960; 

C'r onberg et al., 1963; Newcomb and Watson, 1.063), in Cohn FI-O 

(Harder and Schulman, :1966), in cryoprecipitate (Del Duca et al., 

1966; Besselaar et al., 1966; Forbes et al., 1969; Whittaker 

et al. , 1969; Fitzpatrick et al., 1969), in glycine precipitated Al-IF 

(Irinldious et al., 1968) and in Christmas factor concentrates 

(Kingdon, 1970). 

As out-patient and home treatment of haemophilia becomes 

readily available more and more patients are receiving replace-

ment therapy with plasma infusions with a resulting increase in 

exposure to hepatitis virus. "Phis surrey of an adult haemophilic 

population has been carried out to establish the incidence of 
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clinical jaundice, anicteric hepatitis and the association of the 

episodes with the incidence of positive reactions for Australia 

(3H) antigen and antibody. 

Patients and methods 

To obtain figures for the incidence of clinical jaundice 

1'18 consecutive admissions to the Haemophilia Centre were 

questioned about jaundice and its relationship to transfusion of 

blood or blood i roducts. 

To determine the incidence of AuSH (HAA) antigen in 

the haemophilic population blood was tested by immunodiffusion 

techniques each time a patient was seen with a new bleeding episode 

and on follow tie after an episode of bleeding which required blood 

or plasma transfusion. Assays of AuSH antigen and antibody were 

performed in the Regional Mood Transfusion Centre by irmnuno-

electrophoresis. Liver function tests were also performed on 

these occasions. These included serum 'hilirubin, alkaline 

phosphatase, gluatamic oxalo-acetic transaminase (COT) and 

glutainic pyruv'ate transaminase (GPT) all of which were estimated 

by standard autoanalyser techniques. Total protein and albumin 
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and globulins were estimated as necessary. J3romou.lphtha.lein 

retention test (45 minutes) was performed by the method of 

Fleck and Morrison (1970). Seventy-eight patients with haemo-

philia or Christmas disease were seen in this part of the survey. 

Out of the haemophilic population these were the patients at 

maximum risk as they were receiving multiple transfusions of 

plasma concentrates for therapeutic purposes. 

R esul.ts 

(b) Incidence of clinical _jaundice 

Twelve patients out of 129 cue stioned (10. 1. per cent) bad 

a past history of clinical jaundice and all the episodes had been 

related to transfusion of blood or plasma products in the previous 

six months. One patient had two episodes of jaundice within the 

space of one year. Seven patients were treated at home by their 

own practitioners and five were admitted to hospital. The main 

biochemical findings of this group of five are shown in Table 20. 

Only two of the five patients had positive AuSH antigen, mono 

developed positive AuSH antibodies. Patient 2 lias had persistence 

of antigen in his blood for two years now and has clinical and bio-

chemical evidence of continuing liver cell damage. 
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(c) Inciedexnce of anicteric hepatitis

In a four year period eleven out of sevontyacigh't patients 

who were repeatedly tested were found to have anicteric hepatitis. 

Of these eight were found on routine biochemical testing of blood 

samples and three had minimal symptoms. itseiev'ant data from 

these patients is shown in Table 21. Two of these patients 

have had two separate episodes of biochemical hepatitis having 

totally recovered from the first attack. In only one patient 

was the Australia antigen found and he then developed a positive 

AuSH antibody. In one other patient AuSH antibody developed 

during the course of the hepatitis although AuEH antigen had not 

been found. All the patie: is had exposure to plasma products hi 

the previous six months. These varied from 6 units of fresh 

frozen plasma to 380 units of cryoprecipitate. 

(d) Incidence of AuSH antigen and antibody 

In seventy-eight adult haemophiliacs who have received 

multiple iransfisions four patients have been found with positive 

AuSH antigen. Two of these had clinical jaundice, one had 

anicteric hepatitis and one patient was found by chance to be a 

AuSH antigen carrier, with no previous history of hepatitis. 
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Ten patients (:12. 6 per cent) were found to have AuS 

antibody when first tested. In only three of these was there 

evidence of previous, hepatitis but all had severe haemophilia 

and had received multiple infusions of blood, plasma and plasma 

products in the past. In one patient the antibody test became 

negative after four months. in the other nine patients the 

antibody is still present. The follow up period varies from 

two months to two years. 

:t'.a ollow n of patients with evidence of hepatitis or positive Au 

antigen or antibody

Only thirteen patients out of a possible twenty.dsix with 

evidence of hepatitis were willing to come for B. S. P. tests and 

review. Four of these had abnormal B. S. P. retention at 45 

minutes. In a control series of thirteen haemophilic patients 

of the same severity who had received an equivalent number of 

infusions but who had never had hepatitis and had negative AuSH 

antigens, four ° had abnormal B. 8, P. retention, This would 

indicate an incidence of hepatic impairment of 30 per cent in 

haemophilic patients receiving multiple infusions. 
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(e) Disei)s Sion 

In the history of blood transfusion it was appreciated 

early on that blood and blood products might transmit hepatitis 

(Propert, 1938; S urlinag et al., 1946; Brightman and Korns, 

1947; Barnet et al. , 1950; James et al., 1950; Rosenthal et al., 

1950; Wallace, J., 1961) and it has been shown that the incidence 

of hepatitis increased linearly with the number of transfusions 

of blood up to 6 units (Alen and Sayman, 1.962). The Australia 

antigen has been found in all the fractions used therapeutically 

in haemophilia and Christmas disease (Schroeder and Mozen, 1970) 

but the risk of hepatitis depends on the particular fraction used; 

for example the risk following; fibrinogen may be as much as 35 

times that after whole blood ( ,ucd e nan, 1070(a)). By virtue 

of the fact that effective therapy in bleeding disorders requires 

concentrates of the deficient factor made from pools of normal 

plasma the exposure  of as individual patient to the virus is high. 

In theory it should he possible to test every donor unit 

of blood for the presence of antigen and so reduce the incidence 

of serum hepatitis, but .Ater et al. (1970) have produced evidence 

that this will reduce the incidence of serum hepatitis by no more 

than 25 per cent. 
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The incidence of clinical jaundice in our series was 10 

per cent and this compares with a figure of 2 per cent ( Izza 

and Biggs, 1969), 10 per cent (haycock et al., 1963; Newcomb 

and Watson, 1963), 14 per cent (Cronberg et al., 1963) and 30 

per cent (Maid€r and Shulman, 1966). It is thought that clinical 

jaundice is only the tip of the iceberg and that up to 100 cases 

of hepatitis may occur for each overt jaundice (Harper;; et al., 

1964). More recent studies however suggest that only 3 M 

anicteric cases occur for each icteric case (Mirick et al., :11965). 

It is probable that the thirteen episodes of anicteric hepatitis 

which were found fortuitously represent a gross underestimate 

of the incidence in the population at risk. Liver function tests 

are abnormal for such a short time that It would require twice 

weekly estimation for sibs months to ensure complete screening 

of the patients and this is impractical. In one patient hepatitis 

occurred despite the presence of Australia antibody in the plasma. 

This, has been noted before by Holland et al. (1969). 

In three of these patients (18.'' per cent) with evidence 

of hepatitis AuSll antigen was found. One of these patients 

(patient 2) has continued to have a positive Au.SH antigen in his 
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blood for two years and one has developed an AuSH antibody which 

has been present eighteen months. One patient (: a1 tent .4 ) 

devei(.m d any AuSH antibody without having had detectable AuSH 

antigen, a ythenomenon reported previously by Zuckerman (1870(a)}. 

This incidence of positive AuSH antigen is low compared with 

the 40 per cent of patients :Pound to be positive by Cossact et al. 

(1.000) and. the 82 per cent by Gocke and Kavey (1909) In patients 

with probable serum hepatitis. It has been suggested that there 

are important regional variations in the incidence of Au ai:l antigen 

(Mathews and MacKay, 19 70) and it ham been shown to have a low 

incidence in the West of Scotland (Laitiw'ah et al., 1970). 

Australia antibody was found in 12.8 per cent of haero-

philie patients examined. This is in keeping with the figures of 

1.2.8 per cent found by Kunst and : osier (1070) and of :i7 per cent 

by Seeler and Mufeon (1071). Antibody has been detected in as 

many as one-thfrd of haemophilic patients (Blumberg mberg et al.., 1905; 

Shulman and Barker, 1909), Patients with persistence of AuSH 

antigen have been shown to have biochemical and histological 

evidence of liver impairment (Singleton et al., 1071).  This was 

soon in both of our patients with persistence of AuSH antigen, one 

had hepato-cellular failure and the other abnormal retention of 
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P. T1 incidence of abnormality of B, S. P. retention i 

25 per cent in patients with a previous history of hepatitis + 

Australia antibody and 30.6 per cent in a group of multitransfused 

haemophiliac, who had no history of hepatitis and who do not have 

AuSP antibody, There appear; to be no study of the :long term 

hepatic effects of multiple transfusions on liver histology in 

haemophilia although there have been sporadic case reports of 

death from serum hepatitis (blew c th and Watson, :1.963). 

It is possible that production of higherpurity AHF conceit--

traces which contain less fibrinogen may reduce the incidence 

of hepatitis and also some reduction may also result from exclusion 

of AuSH antigen positive donors. Similarly judicious use of 

fibrinolytic inhibitors such as aminocaproic acid and trane amic 

acid may reduce the haemostatic requirements is selected cases. 

This study has shown the high incidence W serum. hepatitis 

associated with patients receiving multiple transfusions of pooled. 

blood ,products but there appears to be a. low incidence of . f uSIH 

antigenaemia. We do not as yet know the relative importance 

of the various icterogenic viruses, but R is quite possible that 

virus B is not the only infective agent responsible for post-transfusion 
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hepatitis. It is also possible that there may be other portals 

of entry for infective agents other than transfusion. 
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CHAPTER 9 

CHANGES It'T PLASMA la IBRR OGEN AND 

ERYTi CYTE SED ENTATI N AFT R 

TREATMENT WITH CRYO R 'JCWWITATE 

(a) Introduction 

The preparation of cryoprecipitate involves the cold 

precipitation of various factors in blood plasma. These consist 

mainly of fibrinogen and antihaeno hilic factor with smaller 

amounts of the other globulins, albumin and some coagulation 

factors (Table 22). The amount of fibrinogen varies from batch 

to batch but average cryoprecipitate contains about 40 -@ 50 per 

cent of the fibrinogen from the starting plasma. Brown et al. 

(1967) found the levels of clottable protein in cryoprecipitate to 

be eleven times that of the starting plasma but we have found it 

to be only 2 - 3 times that of plasma (Forbes et al., .1969). As 

the half life of infused fibrinogen is between 4 - 6 days (Madden 

and Gould, 1952; Zetterquist et al., 1964) compared with the 

half life of infused antihaemophilic factor of about ten hours 

(Douglas, 1958; Biggs and Denson►, 1963; Abildgaard et al., 1964), 
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the result of cryoprecipitate therapy is a rise in the Plasma 

level of fibrinogen. This may re=ach massive levels, the highest 

reported being 2, $00 mg /:i00 nil (harder and Shulman, :1066). 

We record here the changes in plasma fibrinogen associated with 

cryoprecipitate therapy and the effect on the sedimentation- of red 

blood cells. 

~.ilarinogen and Erythrocyte Sedimentation Rate _(E ) 

Fibrinogen and E 1 were measured before and after 

therapeutic infusion of various amounts of c ryoprecip Late. The 

results "are shown in fig. 2) and the differences are highly signi-

ficant in bothinstances (p ( 0. 001). Fig. 30 shows the r nation -

ship between, the E SH and the fibrinogen levels in a series of 

forty-three patients both treated and untreated (r = 0. 3255). 

Fig. 31 shows the changes in fibrinogen, ESR and AHF levels 

which occurred in one representative patient. 

Discussion 

The production of very high levels of plasma fibrinogen by 

infusion of plasma products is usually thought to be a benign con 

sequence of replacement therapy with only the minor problems of 
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rouleaux formation and occasional difficulty in crossamatching 

blood (ivlarder and Shulman, 1966; Bloom of al. , 1.968). There 

are however occasional reports o:" mild haemoiysis in the 

recipient (MacMillan et al., 1961; Le Queens et al., 1967) and 

a suggestion that activation of the fibrinolytic enzyme system 

may occur (Shaubrora, 1908). The evaluation of elevated fibrin-

ogen levels :jai the aetiology of hasmolysis is extremely difficult 

as these patients are usually the most severely ill, have had 

major surgery, have bacterial infections and usually have had 

whole blood transfusions. It has been shown -that glycine pre 

cipitated preparations of Al-IF contain lso--antibodies to the main 

blood groups (Abildgaard et ai, , 1966) but we have been unable 

to show this in cryo recipitate (Forbes et al., 1169). In a recent 

case report we described a haemophilic boy who developed acute 

intrav'ascular hacmolysie when his plasma fibrinogen was 1.000 x g 

per cent (Forbes et al., 1972). The picture in this patient was 

complicated by concomitant therapy with cephale hl, and prior 

therapy with ampicillin. in retrospect it is not possible to be 

certain of the part played by these various factors. The full 

report of this patient is in the Appendix 4. It is unusual, in that 

RLIT0002185_0125 



112. 

the plasma level of cephalexin was extremely low and other 

factors, such as high blood urea and low albumin were absent. 

(b) Blood grout antibodies

It is well known that patients receiving multiple trans-

fusions of blood develop antibodies against blood group antigens. 

Eleven (8. 6 per cent) out of 128 haea ,ophilic patients 

have been found with blood group antibodies (Table 23). The 

commonest antibody was to the l h system (eight patients). 

Three patients had antibodies to the K ell group. All the patients 

had a moderate or severe degree of haci ophilia. or Christmas 

disease and all had received many transfusions of whole blood, 

plasma or cryoprecipitate and because of this it is not certain 

how isoi.mraunisation came about, one patient anti-D antibody 

appeared for the first time after the patient had received a course 

of cryoprecipitate alone. This is the first documented case of 

accidental production of antis. after cryoprecipitate therapy and 

presumably represents carry over of red cells with D antigen 

during preparation. Minute amounts of red cells or red cell 

stroma can produce nh-antibodies (Wailer, 1949; Wiener, 1940) 

and we have estimated that any single hack of cryoprecipitate may 
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contain 0. 1 ml of trapped cells. This individual received 190 

packs of cryoprecipitate which may have contained p to 19 ml 

of red cells. No attempt has been made in the past to give thera- 

peutic materials according to the blood groups of the donors or 

of the recipient as this had always been considered unnecessary. 

The importance of knowing the iso-antibody status of 

these patients is the avoidance of transfusion of Rh positive or 

Kell positive blood which might produce acute intravascular 

haomoiysis (Wiener and Jonri-Gordon, 1947). 

(c) DuDuration of LDH-l4 in a patient receiving 

multiple transfusions 

Introduction 

The existence of multiple molecular forms of lactic 

dehydrogenase is well documented and five isoenzymes have 

been demonstrated (Vesell and l3ear°n, 197;  Wieland and 

Phiciderer, 195`l). Differences in the concentration of the 

individual iso-enzymes have diagnostic significance in diseases 

of heart (Cohen of al. , 1964:; Starkweather et al. , 1966), liver 

Welmo and Van Maereke, 1961), striated muscle (Emery, 1965) 
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and red blood cells (Hess and Walter, 1981). Fujimoto et al. 

(198$) have shown additional bands between LDH$L and -2 and be-

tween LDH-2 and -3 in a patient with oesophageal carcinoma with 

hepatic secondary deposits. They concluded that the bands 

were produced by the tumour cells and represented an altered 

form of the M subunit, which produced a set of hybrids with 

the normal H subunit. We report here the unique observation 

of duplication of LDH4 after multiple transfusions of plasma 

products. This is the first demonstration of heterogeneity of 

LDH iso-enzymes in the population. 

Case history 

The patient was a severely affected haemophiliac aged 

14 years. He sustained a rupture of the left ureter with a massive 

retroperi'toneai haematoma as a result of a crushing injury. 

Surgery was undertaken under cover of cryoglobulin precipitate, 

which is a crude concentrate of antshaemophi.lic factor made by 

the cold precipitation of human plasma (Pool et al., 1964). This 

therapy was continued for 30 days to permit healing of the wound 

and resorption of the haematoma. Cryoglobulin precipitate grom 

1, 500 donors was used in this patient. 
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Methods 

Electrophoretac separation of lactate dehydrogenase e 

(L:DH; L-lactate : NAD odidoreductasc, EC 1..1.. 1. 27) ioo-enzymeo 

was carried out on cellulose acetate and zones of activity were, 

made visible, by incubating the strips in contact with (2 g/dl) agar, 

Tris-buff~ere✓d to pH : 8.4 and incorporating, a.ting, per Litre, 1.00 nmol 

of lactate, 1.5 ramol of NAD, 66 c,enol of phenazine anerthosulphate, 

O0 umo1 of thiazolyl tetrazolium and 6 po of of semicarbazide 

hydrochloride. 

On the fifteenth day after the patient's admission it was 

noted that the fastest anodal migrating g iso-enzyme ( ,D 14) 

showed two distinct bands. This splitting of the LDI1.1 zone was 

demonstrable until the nineteenth. day after admission and was 

also shown when hydrroxybutyrato or glycerate was substituted 

for lactate. No forrax€azan dye was Produced in this position in 

the specimens affected. Simultaneous electrophorogrars of 

sera obtained on the fourteenth, fifteenth, nineteenth, and twentieth 

days are, shown in Fig. 32. 

During this :period the plas,enaa LDH levels wore between 

700-1.000 U/litre. 
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Following a suggestion by Professor J. H. Wilkinson, 

we progressively decreased the quantity of serum subjected to 

electrophoresis olectrophoresis but a similar splitting of the LDHa2 band, the 

most prominent, could not be demonstrated. 

It is likely that the additional band was not an artefact, 

but represented an abnormal I1 subunit present in one more of 

the transfused plasmas and suggests heterogeneity of the LDI3I

iso-enzyme molecule in the population. This is the first demon-

tration of this phenomenon. 
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CHAPTER __10 

AGGREGATION OF HUMAN PLATELETS BY 

COMMERCIAL PREPARATIONS OF BOVI .O 

AND PORCINE ANTI lA i O l lLi FACTOR 

(a) Introduction 

A.ntihaemophiiic factor (A.HF) prepared from bovine and 

porcine plasma is of proven value in the management of ha,emorr- 

hage in haemophilia (Diggs, 1967). It ha r been. effectively used 

in human patients (Macfarlane et al., 1954; :Macfarlane et al., 

1057; Macfarlane and Diggs, 1959; 
rflggs, 

1960; Rizza and 

Biggs, 1909), in haemophilic dogs (Sharp and bile, 1964) and in 

a haemophilic horse (Nosed l et al., )i962). Bovine AHF at con-

centration 3 of 0.5 mgr/ml produces platelet aggregation both in 

vitro (Sharp and Bidwell, 1957) and invariably in vhro (Macfarlane 

and Biggs, 1950). Thrombocytopenia was also recorded in the 

haemophilic horse treated with bovine AHF (Nossel et a a.:t. , 1.962). 

The effect of porcine A F preparations in vivo and in -vitro is 

not so well defined. Sharp and Bidwell (1957) shouted no effect 

on human platelets in vitro when the porcine preparation was used 
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at 0.5 nag/ml but when the concentration was raised to 5 mg/real 

platelet aggregation could be produced. Occasional cases of 

transient thrombocytopenia have been recorded in human haemoa• 

philic patients during therapeutic admnhi tration of porcine AHHF 

(Macfarlane et al., 1957; Pizza and Biggs, 190)9). 

Materials and methods 

;o .lection of blood: All samples were collected by clean 

venopuncture from healthy human donors using plastic syringes. 

Nine volumes of blood was added to one volume of 3.8 per cent 

sodium citrate or 2 per cent ethylenediamine'tetracetic acid. 

AU glassware was siliconised using "Silielad" (Clay Adams Inc., 

New Jersey, U. S. A. ). 

Platelet: rich plasma: was prepared from annticoagulated 

whole blood by centriatgation at 800 g for five minutes at room 

temperature. 

Porcine and bovine antiphaemophilic factor: preparations 

were purchased fromn. S. Maw & Son, J3arnet, Hngland. The 

contents o:: each annpoule was dissolved in ;iO ml of normal saline 

and stored at ..2E ° C. The average weight of dry material per 

vial of bvine .All ' was 5177 mg and of porcine material was 407 mg. 

RLIT0002185_0132 



11.9. 

The dilutions referred to in the text were prepared from this 

stock solution. The fibrinogen content of these materials was 

(bovine) 576 mg/100 ml and (porcine) 350 :mg/ WO ml. 

The methods used to prepare these animal products 

are essentially those described by Bldwwelll. (19 5 (a,) and (h)) and 

depend on fractionation with potassium phosphate and sodium 

citrate. This results in a preparation of AUF between 100 ... 

400 fold concentrated with respect to the starting plasma. 

Adenosine di. hospihate (AD ): Sigma Chemical Company, 

St. Louis, Missouri. A stock solution of :WO pg ADP per l 

was prepared and kept at --20°C. Dilutions referred to in the 

text wore made from this. 

Collagen- was extracted with saline from n human Achilles 

tendon. 

Animal plasmas (Colorado, U. S. A.): were purchased from 

the Colorado Serum Company and were kept frozen at -20°C. 

Plasma from a range of primates was obtained from the Laboratory 

for Experimental. Medicine and Surgery in Primates (L. E. M. S. I. P.) 

New York University Medical Center, New York. All samples 

were obtained deep frozen in 4 per cent sodium citrate. 

RLIT0002185_0133 



120. 

Plasma from the four animal species which produced 

maximum platelet aggregation was clotted by addition of 0.025 M 

CaCl2 and the serum incubated at 370C for three hours to remove 

any residual thrombin. Platelet aggregation of the starting 

plasma was then compared with the incubated serum. 

Adenosine: (Sigma Chemical Company Limited, London) 

was made up in normal saline and used at a anal concentration 

of 50 pg/ml of platelet rich plasma. 

Celite 512: (Johns-Ma nvril.le Company, Celite Division, 

New York, N. Y.). 

Jephadex G20O and Sepharose 413: (Pharmacia, Fine 

Chemicals, Uppsala, Sweden) were expanded in barbital-saline 

buffer (0. 15 M, pH 7. 3). 

Plasi in: A. B. Kabi Pharmaceuticals, London) was dissolved 

in normal saline Immediately before use to the required concentration. 

Thrombin: (Parke, Davis, and Company, Detroit, Michigan, 

U. S. A.) was diluted in barbital saline buffer as required. 

Agarose: (BDH Chemicals Limited, Poole, England) was made 

up to 0.9 per. cent In barbital buffer pH . 4, 0.05 M. 
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Rabbit anti-human fibrinogen antiserum. was purchased 

from Behringwerke A. G. 

Bovine and porcine fibrinogen loch Light Laboratories 

Colnbrook , ,; England, were dissolved, as required, in distilled 

water to give the reouir ed concentration. 

Clinical study: Three haemophilic patients ware given 

porcine .AHF therapeutically. Two underwent major surgery 

and one, with an A i ' inhibitor , eras bleeding from the g q tr a~ 

intestinal tract. Standard dosage schedules as recommended 

by the manufacturers  were given except in the third patient in 

whom twice the standard dose war eventually given ill an attempt 

to overcome the inhibitor and provide a haemostatic level of 

AF. 

P telet aggregation: was measured by the turbidimetric 

method of :Born (192). The apparatus used in this study con- 

silted of an E. E. L. titrator connection to a galvanometer 

(E. E. L. type 20, Evans Electrouselenium Limited, England). 

A perspex cuvette was fitted on to a titrator above a magnetic 

stirrer and in the light path from the photoelectric cell. 

Platelet rich plasma, 2 ml amounts, was added to the cuvette 

together with a mall stirring rod. When the stirring rod was 
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rotating at a uniform speed, the optical density reading of the 

plasma sample on the galvanometer scale was adjusted to an arbit- 

rar°y value of 0.600. The l iasnna was agitated for 30 seconds 

to ensure that no change in optical density occurred before addition 

of 0.1. ml aliquots of aggregating reagent. Changes in light 

transmission, at a wavelength of 492 in, were recorded at 30 

second intervals over a period of ten minutes from the addition 

of the test material. Control samples were handled in an identical 

fashion except that normal saline replaced the test solution. 

Platelet adhesiveness: was Measured by the glass bead 

column nethod as described by Hellem ($6O), and modified by 

Hirsh et al. (1966). The glass bead column was made by filling 

a length of vinyl tubing (NT/ 13, Portland Plastics3, Kent) with 

2.6 g Ballotini glass beads (0. 57 mm in diameter) to give a 

column 6 cm in length. The glass beads were held in the column 

by a filter of fine nylon gauge fitted at each end of the column. 

2 ml of platelet rich plasma were incubated for 10 minutes at 

37°C with 0.1 ml aliquots of porcine or bovine A HF then drawn 

into a graduated plastic syringe which was Then fitted to an electric--

ally operated mechanical pump. The plasma was pushed through 

the column of beads at a constant rate. The apparatus used. in 
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the study gave a mean contact t ue between plasma and glass 

of 30 ± I seconds. Platelet counts were performed on the plasma 

samples before and after passage through the column. rrhe

difference between the two counts was expressed as a percentage 

of the initial platelet count and this value taken as an index of 

platelet adhesiveness in the; sample. This was repeated in seven 

different plasma samples. 

Chandler tube technicue: As described by Chandler (1958) 

and modified by Cunningham et al. (1965). The transparent 

vinyl tubing, 1.2. 3 mm bore, '7l cm in length was made into loops 

by means of a nylon adaptor. The loops were washed in cold 

water and rinsed in 0.9 per cent sodium chloride. Citrated 

platelet rich plasma, 5 ml aliquots, was added to the two loops 

and the volume made, up to 15 ml with saline. Alll.' solution or 

saline (0.25 ml) was added to the system and the loops rotated 

on the turntable of a blood cell suspension mixer (Matburn Limited, 

London) at 28. 5 rpm in a glass fronted incubator at 3'7°C. The 

platelet aggTegation was a.s Messed by the length of time taken 

for the appearance of a "snowstorm" effect. This was repeated 

on seven different plasma samples. 
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Preparation of rabbit antibody against partially purifieporcine

AfF: Partially purified porcine AHF prepared by gel 

filtration on Sepharose 4B was concentrated by pressure dialysis 

on an Amicon using a PM30 membrane. Two m l of concentrated 

AHF, containing approximately 20, 000 units of AHF activity and 

5 mg of protein was mixed with 2 ml of Freunds complete adjuvant 

and injected intramuscularly into a white New Zealand rabbit. 

The injection of antigen was repeated at three weeks, then one 

week later and the animal was bled ten days after the last injection. 

The serum was allowed to clot overnight then heated at 56°C 

for thirty minutes. To make the antibody monospecific for AC: , 

equal volumes of antibody were incubated for one hour with 

purified porcine fibrinogen :+repared by gel filtration. The 

fibrinogen was removed by heating at 56°C for thirty minutes 

and the antibody concentrated by absorbing the water with Lyphogel 

(Gelman Instrument Company). 

Platelet counts: were performed by the method of :facie (195C) 

using formol citrate as the diluting fluid. 

Antihaemophilic factor: was assayed by the Method of 

Margolis (1958) as modified by Breckenridge and Ratnoff (1962). 
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:Dal es were performed at °C in cellophane casings 

( iai i g Corporation, Chicago, ill ois). 

U:r centrt a tion: was carried out in a Beckman Model 

L ultracentr iuge, the samples being spun at 60, 000 g for twwenty-

fou hours. 

A.crila xnide gel disc electrophoresis: was performed at 

pH 9.5 as described by Da i. (1964) using a standard :7 a cent 

gel. The gels were stained with 0.5 per cent aniline black in

7 per cent acetic acid. 

Imm nodiffusion: was Carried out by the method of 

Ouchterlony (:902) in 0.9 per cent agarof o in barbital buffer, 

pH 3. , 0.05 M. 

rotein : protein concentration was determined ined by the 

method of Lowry et 
al. 

(1951), or estimated more crudely by 

absorption at '280 mje in a Beckman Model :DIJ spectrophotometer. 

Gael. r•iltration of hwnan iateletss was carried out by the 

method of Tangen et al. (19fl). Platelet rich plasma (p. r. p.), 

prepared as described previously from hewn blood collected 

in acid-  citrate, dextrose anticoagulant, was filtered on a 1. 5 30 cm 

column of Sepharose 213 (Pharniacia Fine Chemicals Inc.). 
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The volume of platelet rich plasma applied to the column varied 

from 0. 5 •- :. 6 al and the eluting buffer was 0. 145 IV! NaCi, p 

7.4 with 0.005 M. Tr_i2m-na base containing 5 x 10-5 1W Ca. Cl2

and 0. 1. per cent glucose. Platelets prepared by this method are 

free of non'Wabso.rbed plasma proteins and aggregate with ADP 

and collagen. 

lR esultr 

(b) Effect of bovine and porcine Al-IF on human platelets 

1) Platelet aggregation in vivo by porcine AHF: Infusion 

of porcine , FIF into haemophilic patients resulted invariably in 

th ombocytopenia. In the first two patients (fig. 33) thrombo- 

cytopeni.a was transient and the platelet count returned to normal 

within twenty-lour hours. However in patient 3 (fig. 34) severe, 

prolonged, thro ibocytopenia was produced with exacerbation 

of gastrointestinal bleeding and a rise In blood transfusion reclire-

mente. No rise in MD? e levels could be detected in this patient. 

2) Platelet aggregation in vitro by bovine and porcine A'.F 

re arationo. Bovine and porcine AH. preparations are 

Potent Platelet aggregating agents in vitro (fig. 35). When either 

was added to human platelet rich plasma, in concentrations 
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equivalent to those obtained during therapeutic administration, 

irreversible platelet aggregation occurred within two minutes. 

At lower concentrations the effect was less marked and aggro- 

gation became reversible. On a weight for weight basis the 

bovine material was approximately four times more potent, in 

producing platelbt aggregation than the Porcine material 

Platelet aggregation was produced by samples from ten separate 

batches of bovine and porcine AHF preparations. 

3) In vitro effect of various animal lasrnas on aggregation of 

human platelets: The results are shown in fig. 36. Plasma 

from goat, sheep, pig, cow and horse produced aggregation of 

human platelets in vitro. Plasma from a range of primate 

(chimp, rhesus monkey, black ape, baboon, gibbon and scuirrel 

monkey) produced very slight, reversible aggregation and plasma 

from a wide range of animals (dog, cat, rat, opposum, rabbit, 

hamster, guinea pig, turkey, pigeon, chicken, paddlefish and 

lobster) produced no aggregation. 

Comparison of the aggregating action of four animal 

plasmas with their sera is shown in fig. 37. In all four cases 
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clotting results in a marked diminution of aggregating ability 

but this did not entirely disappear. 

4)  Platelet adhesiveness by the_ method of Helkern: The 

mean adhesiveness of the seven control sanipies using platelet 

rich plasma is 12 per cent -1- 3 per cent and the seven test samples 

79 per cent ± 4 per cent. This difference is highly significant 

(t= 22, p(0.001). 

) Effect on the Chandler tube system. The average time 

for the appearance of the "snowstorm" in the seven tests was 

141 seconds with a standard deviation of seventeen seconds. 

The "snowstorm" consisted of aggregates of 50 - 100 platelets. 

No "snowstorm" appeared in the control tubes and no fibrin 

formation was seen In either tube. 

(c) Physical and ches ica,l ropers ices of the platelet 

aggregating agent 

1) To determine if the aggregating agent was a protein: An 

equal volume of 10 per cent trichlorocetic acid (T CA) was added 

to the AFI preparations (one-tenth volume) and the resulting 

precipitate was centrifuged at 2000 rpm for ten minutes. A 
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control tube was set up in which an equal volume of saline was 

added to the AIIF'' preparation. Aliquots (0. 1 ml) were then 

added to platelet rich plasma in the aggregometer. This results 

in complete loss of aggregating activity. TCA in this concen-

tration had no effect on platelet aggregation. 

2) Dialyses: Dialyses of solutions of animal AHF were 

pe °formed at 4° C in cellophane casings (Vial ing Corporation, 

Chicago, Illinois) using at least forty times the sample volume 

of barbital saline buffer. After twenty-four hours no significant 

change could be detected In aggregating activity. 

bsor~tion: Absorption was performed with calcium 

phosphate or celite 512, 10 mg/ml of Al-111' preparation at room 

temperature. The absorbent was removed by centrifugation 

and eluted with 10 per cent sodium. chloride. The eluate was 

dialysed overnight against barbital-saline buffer. Aggregating 

activity of the supernatant and the eluate was tested and the 

activity was shown to remain in the supernatant, No activity 

was found in the eluate from the calcium phosphate or celite. 
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4) Effect of temperature: Aliquots of the AHF prepara-

tions were kept for ten minutes in a waterbath at 4000, 5000, 6000, 

7000. Any precipitate which formed was removed by centri-

fugation at 800 g for ten minutes. Samples of stock AHF solutions 

wore also kept at .20° C for two years and at room temperature 

for ono week. The results are shown in fig. 38 (a) and (b). 

These results Indicate progressive destruction of the platelet 

aggregating  factor as the temperature is raissed, with complete 

destruction of aggregating activity when the preparations, were 

kept at d0 C for ten minutes. 

The aggregating factor is stable when kept at roam 

temperature for a week and also at -200CC for two years. 

5) Ultracentrifugation: of the crude animal AHF was 

carried out in a. Beckman Model L ultracentrifuge, the samples 

being spun at 60,000 g for twenty-four hours. This had no 

effect on the aggregating activity which was present to the Same 

degree at the top and bottom of the tube. 

6) Inhibitors of platelet aggregate onn: The effect of collect... 

inag the platelet rich plasma in 2 per cant othylenodrannine tetra-

cetic acid was determined and also the effect of preincuhation of 
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citrated plaatelet rich plasma at '70C with adenosine and heparin. 

Addition of ethylene diamine tetracetic acid (E. D. T. A.) to the 

platelet rich plasma resulted in inhibition of aggregation. 

Similarly preincubation of platelet rich plasma with 

adenosine at a concentration of 60 gg/Hill of plasma :resulted In 

inhibition of aggregation, as did dipyridaole ("Y 'ersantin"). 

Heparin produced no inhibition of aggregation even in 

concentrations of 25 u/ni of plasma. 

7) Effect ®a hi. e scion of acetylsalicylic acid (_Pasiilrin", at. . a. ) 

on bovine and porcine .AHF induced platelet aggregation: Four 

volunteers were given 1.2 g of acetylsalicylic acid after blood 

had been removed for assessment of platelet aggregation by animal 

AUF. Samples were taken two hours afterwards and platelet 

aggregation retested. The aggregating agents tested were collagen 

and crude bovine and crude porcine .AHF preparations at a final 

concentration of 2. 5 mg/nil of plasma. 

In all four experiments similar findings were made. 

Collagen induced aggregation was totally abolished and the secondary 

phase of platelet aggregation seen with the animal materials was 

abolished. 
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The results of one of these four experiments is shown 

in fig. 30 (a) and (h). 

(d) Purification of the f1atelet aggregating agents 

Gel filtration of crude porcine or bovine ant ihae ophili.c factor 

by Sepharose 4 R 250 mg of crude porcine or bovine A IF 

were dissolved in 3 ml of barbital-  saline buffer then sufficient 

sucrose was added to give a concentration of 10 per cent. This 

was applied to a column of Sepharose xB, measuring 2. 5 x 25 cm, 

equilibrated in barbital- saline buffer, The protein was washed 

through the column with barbital-saline buffer and the effluent 

collected in 3 ml aliquots. This was then examined for protein 

concentration, aggregating activity, a antihaeinophiiic factor 

activity, and for the presence of fibrinogen by addition of thrombin 

(10 t/ml) and calcium chloride, 0.025 M. 

The results are shown in figs. 40 (a) and. (b). 

Two protein peaks were easily and consistently separated. 

The major peak contained fibrinogen as evidenced by the appear-

ance of fibrin on the addition of thrombin and calcium. These 

tubes contained no platelet aggregating activity or A} IF activity. 
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Polyacrilan ide disc gel electrophoresis of this peak shows a 

single line (fig. 41, left). 

The smaller protein Coale, preceding the fibrinogen 

peals, coix aino all the platelet aggregating activity and the AHF 

activity (figs. 4 (a) and (b)). No fibrin could be detected in the 

peak tube on addition of thrombin but polyacrilamide disc gel 

electrophoresis of a concentrate (x 100) showed a line In the 

fibrinogen position (fig. 41, right) but no other line suggesting 

the presence of AHF was found. This is probably due to the 

inability of the large AHF molecule to enter the separating gel, 

a finding reported previously for human AD' by Kass et al. 

(1980). Injection of this peak into a rabbit confirms the presence 

of an impurity which can be readily removed by absorption of 

the antibody with purified fibrinogen (fig. 43). 

The aggregating activity in the peals tube was about one-

third that of the starting material as was the level of AHF activity. 

This represents a 1.00 fold increase in purity of the aggregating 

protein. 
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Does the purified fraction produce the name pattern of platelet 

aggregation as the crude AHF ? Platelet aggregation was 

tested using both crude porcine AFIF and the purified fraction. 

A volume of 0. 1 ml of aggregating agent was added to 2 ml of 

platelet rich plasma. 

The results of this experiment  are shown in fig. 44. 

A similar pattern of aggregation is produced by the 

crude and the purified material. At a critical concentration a 

biphasic reaction is seen in both. preparations. 

Aggregation of htaanasn platelets at 3700  and 24°C (room temp 

Rerature) Purified bovine AHF (200 jig/ml) was added to 

stirred platelet rich human plasma both at 37°C and at 24°C 

(room temperature) in an attempt to see if the pattern of aggreu, 

gation of platelets was different. 

The results are shown in fig. 45. Similar patterns of 

irreversible platelet aggregation are found at an AHF concentration 

of 30 j g/ml but at 5 Mg/ml the biphasic pattern is lost when aggre-

gation is carried out at room temperature. Similarly at 2 g/inl 

slight reversible aggregation occurs at 37°C but not at 24°C. 
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Association of the te et aggregating adti'vity Zvi' h antthaenao-

hilic factor 

the aggregating activity associated with Al -IF activity? 

Samples of purified porcine and bovine AHF were diluted with 

barbital-saline buffer to provide a concentration of aggregating 

activity which produced rapid, irreversible aggregation of plate« 

lets in human plateletrich plasma. This material was then 

incubated with cane-tenth volume of plasma from a haernophiliac 

with a potent AHF inhibitor and as a control, one-tenth volume 

of plasma from a haemophiliac Without an inhibitor. Platelet 

aggregation and AHP assays were measured at zero time and after 

incuabation for sixty minutes. 

In two separate experiments the antihaernoplr.il.i.c factor 

activity of the purified porcine or bovine fraction was totally 

destroyed without any change in the platelet aggregating activity. 

The starting level. of AHP in one experiment was 2.80 units/ml 

and in the other 1.0 units per ml. The results of one experiment 

are shown in fig. 40. 
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Association of aggregating activity with the ntihaemopllzi .c 

factor _molecule Partially purified porcine M:1T was pre- 

pared lay gel, filtration as already described. A fraction -was 

chosen which produced rapid irreversible platelet aggregation. 

Eaual volumes of this fraction were incubated with €onetenth 

volume of the monospecific anti-AHF antibody or control rabbit 

serum for thirty minutes at room temperature. The tubes were 

then spun at 3000 g for thirty minutes and tooted for platelet 

aggregating activity. AHF activity was assayed at the beginning 

and end of the incubation period. 

The results are shown in fig. 4?. Incubation of the 

partially purified AHF with a. is ,onospecific antibody to A}iF 

results in total removal of the aggregating activity. No apparent 

change was noted in control tube. Addition of the antibody also 

resulted In total loss of A IF activity. The assay level of AHF 

in the control tube was unchanged at 2. 3 u /anl and in the anti=body 

tube was 0.01 u /nil. 

3) Association of aggregating activit with fibrinogen. In 

a similar experiment to that described above the use of a mono -

specific antiFilbrinogen antibody had no effect on platelet aggregation. 
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(e) Aggregation of human platelets by commercial 

bovine and porcine fibrinogen preparations 

Commercial preparations of both bovine and porcine 

fibrinogen were obtained from Koch-Light Laboratories. Both 

preparations were made tip in saline to concentrations of 400 mg 

per cent and 800 mg per cent. 

At concentration of both 4 mg/ml and 8 mg/jai. bovine 

fibrinogen produced platelet aggregation. Porcine fibrinogen 

at, a concentration of 8 pg/ml produced only slight aggregation 

(fig. 48). 

Gel filtration of bovine and porcine fibrinogen preparations and 

Sepha.rose 4:B 250 mg of commercial bovine or porcine 

fibrinogen in 5 ml of saline were filtered through Sepharose 'lB 

equilibrated with barbital-saline. Alicaiots of 5 ml were collected 

mid analysed for protein, fibrinogen, antihaemophilie factor 

and aggregating activity. 

As shown in fig. 4 (a) and (b) a pattern similar to that 

produced by filtration of commercial animal AHF wan obtained. 

There were at least two protein peaks. The first peak contained 

all the platelet aggregating activity as well as the AHHF activity. 
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No thrombin clottahle material was present in this fraction. 

The second, larger peak contained fibrinogen as evidenced 

by the production of fibrin by thrombin. No platelet agg;re- 

gating activity or significant icant levels of A H F were found in this 

fraction. 

To determine if gel-41 tered platelets were aggregate d by puri-

fied bovine and porcine AHD,' Gel filtered platelets (2 ml) 

were substituted for platelet rich plasma in the Dorn system and 

0.1 ml of the purified AHHF fraction., addod. irreversible aggi e-

Cation of platelets occurred at the concentrations shown in fig;. 

50. 

Effect of incubation of human plasm in with purified AHF prepar-

ations Preparations of purified bovine H1' (200 ig/ml) and 

purified porcine AHHE (350 g9/anal) were incubated with purified 

human Alas iin I u /mi and 0.25 u /ini respectively. Appropriate 

controls were set up with normal saline. Samples were assayed 

for AHE activity and aggregating activity at various time intervals 

as showy in figs. 51 (a) and (b). In the experiment  using bovine 

Alt the preincubation sample of MW activity assayed at 430 per 

cent and produced rapid irreversible aggregation. By fif'toen 

minutes a no activity could be detected using the assay; platelet 

aggregating activity had been substantially reduced. 
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In the second experiment using porcine AHF with piasmin 

at a lower concentration (0. 25 u/ml.) the starting level of AHF 

activity was 340 per cent but by fifteen minutes of incubation no 

activity was detectable. However it was only after :i.20 minutes 

of incubation that a significant reduction in platelet aggregation 

was obtained. Total loss of aggregating activity was found after 

sixteen hours of incubation. 

To determine if animal platelets are aggregated by porcine or 

bovine ATIF Platelet rich plasma was obtained from a 

wide range of animals by drawing the blood directly into one-

tenth volume of sodium citrate (0. H M). Species examined 

included, pig, horse, cow, goat, rabbit, mouse, rat, dog, and 

guinea pig. 

No aggregation of platelets of any species except the 

guinea pig was found with either bovine or porcine AHF. 

The results of aggregation of guinea pig platelets by 

crude bovine and porcine AHF is shown in figs. 52 (a) and (b). 

(f) Discussion 

Both bovine and porcine AHF preparations cause aggrew 

gation of human platelets in vivo and in vitro. This action is 
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intrinsic to the native plasma from which the M ̀IF is prepared 

and is also found in the plasma of goat, sheep and horse. 

Aggregating activity is found at low levels in primates but is 

absent from many other mammals and all fish and fowl tested. 

The aggregating activity is precipitated by ten per 

cent trichloracetic acid and is inactivated by heating at 60°C 

for ten m inutes. It is not absorbed by celite 512 or calcium 

phosphate and is therefore not related to the contact or vitamin 

K dependent coagulation factors. Aggregation was not inhibited 

by heparin which inhibits thrombin Induced platelet aggregation 

(Clayton and Cross, 1963). 

The pattern of platelet aggregation is temperature 

dependent and is biphasic, aggregation starting on addition of 

the crude A}Iui preparation without the delay seen with collagen 

(Zucker and l Morelli, 1062; Honig, 1963). Identical Patterns 

of platelet aggregation are produced by crude and partially purified 

AHH:iF . The reaction is dependent on calcium ions and is blocked 

by preincubation of the platelet rich plasma with aaclonosine, a 

competitive inhibitor of endogenous ADP release. The second 

phase of aggregation can be blocked by prior ingestion of acetyl- 
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salicylic acid which is- thought to produce inhibition of release 

of endogenous platelet ADII (Zucker and Peterson, 1968). The 

aggregating activity is also destroyed by iaacubation with plasmin. 

Gel filtration off the crude A}'I ' preparations shows th

two major protein fractions are present. The largest fraction 

is fibrinogen which gives a single line on polyacrilaanide disc 

gel electrophoresis. The smaller of the two fractions contains 

coincidental peaks of AHF and aggregating activity. This material 

is not pure and disc gel electrophoresis of a concentrated sample 

yielded a line in the same position as fibrinogen. Antibodies 

produced against this fraction contained two lines on irnmuno-

diffuusion plates. 

The possibility existed that the aggregating activity was 

either A}IF or a high molecular weight polymer of fibrinogen. 

In an attempt to destroy AHF activity, samples of the purified 

animal AHF were incubated with a potent inhibitor obtained from 

a patient with haemophilia. ''Despite total loss of AHF activity 

as measured in the coagulation assay system no changes resulted 

In platelet aggregation. In unpublished experiments we have 

shown that these Inhibitors do not alter the level of AHF like antigen 
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in plasma (Forbes and Prentice, 1".172). However addition of 

a potent moncosireciiic antibody against AHF resulted in rapid 

loss of platelet aggregating and AHF activity. Addition of an 

autifibrinogen antibody had no effect on aggregation of platelets 

or AIIF activity. This suggests that the aggregating activity 

is due to a property of the AHF molecule rather than the active 

site or sites which participate in the coagulation cascade. 

The disappearance of the aggregating agent from animal 

plasmas when they are clotted, or from crude porcine and bovine 

AHF on the addition of small amounts of thrombin probably 

reflects destruction of the AHF molecule during the clotting process 

or loss from absorption onto fibrin. AHF activity has not been 

detected in serum. 

The finding of agglutinins to human platelets in animal 

plasmas is not now. Le Roy et al. (1960), Brinkhous et al. 

(1965) and Mason and Read (1967) described an activity present 

in the fibrinogen fraction of -various animal species which they 

called thrombocyte agglutinating activity (TAg). Soluzn (1968) 

showed that highly purified bovine platelet fibrinogen aggregated 
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human platelets, however, some of the aggregating activity 

remained despite the removal of all thrombin clottable material. 

Bovine fibrinogen prepared commercially has been 

used as a platelet aggregating agent by Caen et al. (1966 (a) and 

(b)), in patients with thrombasthenia whose platelets were not 

aggregated by ADP, adrenaline, noradarenaline, 5w-hydra ytryptna 

amino, thrombin, purified collagen, crude connective tissue or 

human fibrinogen. Bovine fibrinogen at a concentration of 1.. 5 

mg/ml produced aggregation in five of the six cases tested. 

These authors also showed that the aggregating activity could be 

destroyed on incubation with plasinin and the reaction did not 

consume complement. This reagent is now used to define certain 

platelet abnormalities eg. r$hrombasthenia, Bernardo 3oulier 

Giant Platelet Syndrome (Council on Thrombosis, A.  A., 1.012). 

Gel filtration on Saoharose 4)3 of commercially available 

preparations of bovine and porcine fibrinogen shows that there are 

two protein peaks which are identical with those obtained after 

gel filtration of commercial AHF preparations and it has been 

shown that the platelet aggregating material is contained within the 

AHF peak and is not related to the fibrinogen fraction. 
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The mechanism by which partially purified animal AHF 

aggregate human platelets is unknown. As the reaction is bi-' 

phasic and is blocked by prior ingestion of acetyl-salicylic acid 

this would suggest active transport of the material through the 

platelet membrane. Falcao et a ,l. (196' ) using electron micro-

scopy claimed to have shown the presence of a cementing sa'r.~•- 

stance between the platelets and no change in the external membranes 

of platelets aggregated by bovine fibrinogen preparations. We 

have been unable to confirm this using purified A  and gel-a 

filtered platelets. It is possible that the appearances described 

by these authors were a result of non-specific trapping of plasma 

protein. 

infusion of animal AHF preparations into haemophilic 

patients gives rise to thromnboeytopenia which is transient and 

is related to the dose given. Thrombocytopenia is probably due 

to trapping of large platelet aggregates in the capillaries a 

phenomenon which is similar to the retention of platelet aggregates 

in the Flellern glass bead columns. Bleeding as a result of the 

low platelet count has been occasionally documented (Biggs and 

ivlacfarlane, 1959; Hall et al., 1.962; Rizza and Biggs, 1069), 
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despite a normal or high level of AUF. In one of our patients 

(case 3) there was no rise in the plasma level of AHF due to 

inactivation by inhibitor but there was evidence of increased 

gastrointestinal blood loss with a rise in blood transfusion 

requirements and a fall in haemogiobi.n which corresponded to 

the throinbocytopenic episode. 

All three of the patients experienced pain along the line 

of the vein through which the AHF solution was administered and 

also suffered thrombosis in the veins at the infusion site. This 

thrombogenic effect has been recorded previously (Biggs, 1.960), 

and may be due to adherence of platelet aggregates to the endo-

thelium of the vein with production of platelet thrombi. This 

phenomenon has been observed by Berman and Fulton (1961) 

and Mustard et al. (1962) while infusing other platelet aggre-

gating agents. Such platelet thrombi may stimulate formation 

of fibrin with resultant occlusion of the vessel 

Examination of a blood film in one of our patients during 

infusion of porcine AHF showed multiple platelet aggregates con-, 

sisting of 30 e 50 platelets, measuring 100 - 200 p in diameter. 
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Such platelet aggregates could have pathological consequences 

but this has not been proven in man. However, in experimental 

situations, a similar picture can be produced by infusion of 

adenosine diphosphate intravenously. Transient thrombocyto-- 

pennia has been produced by this means in humans (Davey and 

Lander, 10^04), rats (Nordoy and Chandler, :19664:), cats (Born 

and Cross, 1963), swine (Mustard et al. , 1964; Murphy et al., 

196 4) and in rabbits (Regoli and Clark, 1963). In experimental 

animals, :platelet aggregates induced by ADP, can be seen block-

ing capillaries in the lung (Nordoy and Chandler, 1964) ;There 

they may produce irreversible tissue changes even though the 

platelet thrombus itself is transient. Mustard et al. (1964) 

prodbiced myocardial infarction in swine by infusion of ADP; 

and in the rat, infusion of AT: I:' may result in respiratory arrest 

with platelet thrombi in the pulmonary capillaries, a reaction 

that can be produced under e:,q}p,erimen al conditions by the injection 

of other embolising particles (De Takats, 1535). In the rabbit, 

if platelet aggregates are formed within the renal circulation, 

focal acute glomerulonephritis is produced with areas of cortical 
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necrosis (Glynn et al., 1966). In these experiments fibrin 

thrombi were found in the renal arteries and glomerular capil-

laries twenty-four hours after ADP infusion. This finding was 

interpreted by the authors as indicating that the fibrin thrombi 

were secondary to the platelet aggregates occluding blood. flow. 

In the original toxicity studies by Sharp and Bidwell 

(:1957) Injection of ARF preparations into rabbits produced no 

histological changes of note. This was probably because rabbit 

platelets are not aggregated by bovine or porcine AHF preparations. 

This is in keeping with the finding of Le Roy et al. (1960) that 

there is harked interspecies differences to a range of aggregating 

agents. A wide range of experimental animals (dog, pig, cow, 

horse, sheep, rat, rabbit) have been examined and no effect 

of porcine or bovine AIN has been shown on their platelets. The 

only animal platelets which give the same reaction to AHF as the 

human is the guinea pig. This confirms the observations of 

Sinakos and Caen (19G7) who used a crude bovine fibrinogen pre-

paration to produce platelet aggregation. 

Despite wide usage of these preparations there has been 

no clinical evidence of pulmonary or myocardial complications 
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in patients receiving bovine or porcine AHF. in one case (Wardle, 

19667), proteinuria developed during a course of bovine AHF 

which also produced tiirorobocytoponia. Proteinuria and bio-

cheanical evidence of renal damage was present in this patient 

three months later. In a case described by Goudoinand et al. 

(1968) the patient developed a reversible episode of gl.omerul.o-

nephritis. The cause of this was obscure but it was suggested 

by the authors that it represented an immune reaction. 

It is certain that many haemophiliacs owe their lives 

to the use of animal antihaemophilic factor, however, as more 

potent concentrates of human material become available the use 

of animal products will diminish but they still retain great interest 

as platelet aggregating agents in which role they seem to have 

unique actions. 

RLIT0002185_0162 



ACKNOWLEDGEMENTS TS 

RLIT0002185_0163 



149. 

ACKNOWLEDGEMENTS 

My personal interest in the problems of haemophilic 

patients was initially aroused by Professor A. S. Douglas and 

Dr. G. P. McNicol while on secondment to the University of 

East Africa in 19651 6 "Thereafter I joined the staff of the 

University Department of Medicine, Glasgow Royal Jnfirmary 

in 19666 as a Registrar in Medicine with special duties in the 

care of patients with haemophilia, and associated diseases. 

Experience in the fractionation and purification of coagulation 

proteins was gained during tenure of aa.Fulihright Fellowship 

and an American Heart Association Fellowship (1908-1970). 

During this time I worked with Dr: Oscar D. Ratnoff, Professor 

of Medicine, Case Western Reserve University, Cleveland, 

Ohio, Since 1970 1 have continued working with Dr. G. P. McNicol 

and Dr. C. IL M.Prentice in the Regional Haemophilia Centre 

and the University Department of Medicine, Glasgow Royal infirmary. 

I wish to thank my many medical colleagues in various 

specialties for devoting time, thought and effort to our patients. 

RLIT0002185_0164 



150. 

In. particular Dr. W. rt. Greig for advice on radioisotope joint 

scanning, Dr. W. James for performing the therinogra.phs of the 

knee joints, Mr. Ian ling, Department of Biochemistry for 

estimation of muscle enzymes, Dr. l a.ry Grant for ultrasono-

grams, Dr. Brian 1 :pule for radiological services, Dr. Stewart 

Renfrew for electroencephalograms, 'Or. John Wallace (Blood 

Transfusion Service) for estimation of AuSH antigen and antibody 

and Drs. Barr, Craig and Thommson. (Regional Haemophilia Centre) 

for aspects of day to day patient care. I am grateful to Professor 

E. M. McGirr for providing ample facilities for research and 

experiment in his wards and laboratories. 

I wish to thank, the librarians of the Royal College of 

Physicians and Surgeons of Glasgow and the University of Glasgow 

for their help in obtaining references and the staff of the Department 

of Medical Illustration, Mrs. Brenda Burn, Mr. Fraser Speirs 

and Mr. Raul Kent Per p reppart ttion of the figures and photographs. 

Finally I would like to th€a.aik Mrs. Irene Macfarlane and Mrs. 

Judith Adams for typing this thesis. 

RLIT0002185_0165 



REFERENCES 

RLIT0002185_0166 



151. 

EFEI EdVCES 

Aarte, N.J. M. (1969) 
Bibliotheca radiologica, 5, 206 

Abell, J. M. and Bailey, LW. (1960) 
Archives of Surgery, 81, 569 

Abildgaard, C. F. , Cornet, J. A., Fort, E. and Schul a.an, 1. 
(1 9814) 
British Journal of l: lacanatology, 10, 225 

Abildgaard, C. F. , Sinione, J. V. , Corrigan, J. J. , Scalar, R. A. 
Edelstein, G., Vandorhelden, J. and Schulman, 1. (1966) 
Now England Journal of Medicine, 275, 471 

Abul El Kaseam in 'Al-Tasrif' written about 1.100 A. D. Trans-
lated by Grimm, S. (1519) in 'Ll er Theoricae no non 
Practicae Alcaharavii' 

Addis, T. (1911 
Journal of Pathology and Bacteriology. 1.5, 427 

Aebi, U. , Richterich, R,, Colombo, J.P. and Rossi, E. 
Enzymologica l3ioicgica et Clinica (Basel), 1., 61 

Agarwal, A., Lloyd, K. N. and Davey, P. (1970) 
Rheumatology and Physical Medicine, 10, 349 

Aggeler, P. M. , Hoag, ag, M. S. , Waller. tein, R. 0. and Whi.e sell, D. 
(190:1 
American Journal of Medicine, 30, 84 

Aggeler, P. M., White, S. G., Glencdening, M. B., Page, E. P., 
Leave, T.D. and Bates, G. (1952) 
Proceedings of the Society for Experimental Biology 
and Medicine, 79, 692 

RLIT0002185_0167 



152. 

Atle, D.P. (16,,x;) 
Archives of Internal Medicine, 114, 76 

Ahlberg, A. (1965) 
Acta orthopec ica Scandinavica (Suppi. ), 7r?, 1 

Aird, I., Bentall, H. H., Mehigan, J. A. and Roberts, J. A. F. 
(1954) 
British Medical Journal, 1, 315 

Alagille, E. and charles, J. (1964) 
lI 'rnostase, 4, 285 

Alagille, D. , Lambert, A., Lauden, A,, Bach, P. and 
poulai., M. (1965) 
Revue do 3tomatologie, 66, 19? 

Alarcon--.-govia, D., Traijeciue, M., '.rovar, E. and Adams, M.A. 
(1967) 
Arthritis and Rheumatism, 10, 262 

Albert, S. M., Glickman, M. and Kai.lish, M. (1964) 
Annals of the New York Academy of Sciences, 121, 157 

Albrechtsen, 0. K. , Storm, 0. and Claa.sen., M. (1958) 
Scandinavian Journal of Clinical and Laboratory T ivesti.H 

gation, 10, 310 

Alexander, B., Goldstein, R., Landwehr, G. and Cook, C. D. 
(1951) 
Journal- of Clinical Investigation, 30, 596 

Alfasi, L, On tractate Yevamoth 64b in the Babylonian Talmud 
see edition of Otzar Hasefarim, New York (1957) 

Allen, J. G. and Sayiinan, W.A. (1962) 
Journal of the American Medical Association, 180, 1019 

Alter, H. J. , Holland, P. V. and Schmidt, P.3.  (19' 0) 
Lancet, 2, 14.2 

RLIT0002185_0168 



153. 

Alvarez, A, S. and Su merekill, W. il. J. (1956) 
Lancet, &, 920 

Anderson, F1. D., McCall, K. B., Gibson, S. T. and Yost, P. W. 
(1.960) 
Vox Sanguiynis, 5, 03 

Anon (1805) 
Sainmiung auserlesener Ahhiandlungen, 22, 275 

Anon (1068) 
Editorial, Lancet, 2, 131 

,Assmaaa, R. (1869) 
Die Hi hnophille w. G Lange. 
Inaugural Dissertation, Berlin 

Bailey, R. w., Penner, J.A. and Korte, G. J, (1965) 
Surgical Forum: American College of Surgeons, 
Chicago, 16, 464 
Ahstracte in Journal of Bone and Joint Surgery (1967) 
(American Edition) 49, 1009 

Banyer, H. (1743) 
Philosophical Transactions of the Royal Society, 
London, 42, 268 

Barnett, E. and Morley, P. (1971) 
The British Journal of } adiology, 44, 733 

Barnet , R. N. , Fox, LA. and Snavely, J. G. (1950) 
Journal of the American Medical Association, 144, 226 

Barrow, E. M. , Bullock, W.R. and Graham, J. 13. (1960) 
Journal of Laboratory and Clinical Medicine, 55, 9.136 

Barton, P. G. (1907) 
Nature (Loud.), 21.5, 1508 

Baumann, P., Richterich, E., Eseher, J. and Schonholzer, G. 
(1962) 
Schweizerische Zeitschrift fur Siaortmedizin (Geneve), 16, 33 

RLIT0002185_0169 



154. 

Bayer, W. L,, Shea, J. :o., Curiel, D. C. , 8zeto, 1. L. F. 
and Lewis, J.11. (1969) 
Journal of Done and Joint Surgery (American 
Edition), 51., 1.423 

Decker, F. (1.942) 
Zentralblat fUr Chirurgie, 69, 1133 

Belcher, E.H. and Vetter, H. (1971) 
'ltadi.oisotopes in Medical Diagnosis', Butterworthe. 

Dendien, W. M. and van Creveld, S. (1935) 
Acta brovia !*,Tcerlandica do physiologia, pharma-
cologi.a, inicrobiologia e. a., 5, 135 

Bennett, E. (1970) 
Clinical Science, 38, 118 

Berg, K. and Barn, A. (1966) 
Transactions of the Association. o: American. Physicians, 
'19 :.65 

Berman, N. J. and Fulton, C. P. (1961) 
In 'Blood Platelets 4, edited by S. A. Johnson, a:i. W. Monto, 
J. W. Febuck and R. C. Horn, Churchill, London, 

Desselaar, G. H. , Loeliger, E. A. , Fekkes, N. and Eernisse, J. G. 
(1966) 
Folla Medica :Neemlaudica (Haarlem), 9, 160 

Biggs, R. (1960) 
Acta haematologica, 24, 124 

Bigger, H. (1967) 
British Journal of 1aematology, 13, 452 

Biggs, R. and Bidwell, E. (1959) 
British Journal of Flaematoio€gy, 5, 379 

Biggs, R. and Denson, K. W.E. (1963) 
British Journal of Hacinatology, ", 532 

RLIT0002185_0170 



155. 

Diggs, II. and Douglas, A. S. (1953) 
Journal of Clinical. Pathology, 9, 23 

Biggs, R. , Douglas, A. S., Macfarlane, R. G. , Dade, J. V. , 
Pitney, W..R. , Mersicey, C. and O'Brien, J.R. 
(1952) 
British Medical Journal, 2, i378 

Biggs, R. and Macfarlane, H. 0. (.963) 
In 'Human Blood Coagulation and its Disorders' 

l cl vdll Scientific Publications, Oxford 

Biggs, H. and Macfarlane, R. G. (i936) 
'Trea,tmen.t of Haeniophilia and Other Coagulation 
Disorder  Blackwell Scientific Publications, 
Oxford 

Biggs, H., Macfarlane, R. G. and Piling, J. (19417) 
Lancet, :i., 402 

13ir1., W. (1960) 
Wiener Klinische Wochenschrift, 72, 858 

Blab den, H. (1817) 
Medico-Chi.curgicai Transactions, 8, 224 

Bloom, A. L., Enoch, B.A. and Richards, H.J. (1966) 
British Journal of Surgery, 55, 109 

Blumberg, B. S. (1964) 
Bulletin of the New York Academy of Medicine, 40, 377 

Blumberg, B. S. , Alter, H. and Visnieh, S. (1965) 
Journal of the American Medical Association, 1.91., 541 

Blumberg, B. S., Gers tley, B. 3.3. , Huungerford, D. A., 
London, W. T. and Sutnick, A. I. (1966?) 
Annals of internal Medicine, 06, 924 

RLIT0002185_0171 



166. 

Blumberg, B. S., Sutnick, A. I. and London, W. T. (1968) 
Bulletin of the Now York Academy of Medicine, 44, 1566 

B okel man, W. (18"81) 
'Ueber die Natur and Bedeutung der haomophilen 
Gelenkaffectionen' Gottingen. Kastner 

Bolton, F. Ca. and Clark, J.E. (1959) 
British Journal of Haematology, :i, 396 

Born, G.V.R. (1962) 
Nature, 194, 927 

Born, G.V.R. and Cross, M.J. (1963) 
Nature (Bond.), 197, 974 

Boos, N.F. (11364) 
Annals of the New York Academy of Sciences, 121, 223 

Breckenridge, R.T. and Ratnoff, O.D. (1962) 
Blood, The Journal of Hematology, 20, 137 

Brightman, I. J. and Korns, R. F. (1947) 
Journal of the American Medical Association, 135, 268 

Brinkhous, K. M. (1947) 
Proceedings of the Society for Experimental Biology 
and Medicine, 66, 117 

Brinkhous, K. M., Carnoy, Ch. N. and Shermer, R.W. (19 70) 
VIth Congress World Federation of Haemophilia, 
Baden, Austria 

Brinkhous, K. M. and Graham, J. B. (1950) 
Science, 111, 723 

Brinithous, LM.,  Read, M. S. and Mason, Ii. G. (1935) 
Laboratory Investigation, 14, 335 

RLIT0002185_0172 



1.CF"7. 

Brin1 hour, K. M., 51aanbrom, E., Roberts, H. H., 
Webster, W.: ., Fekete, L. and Wagner, R.H. (196$) 
Journal of the American Medical Association, 206, 67 

Britten, A. F. and Salzman, E. W. (1966) 
Surgery, Gynecology and Obstetrics, 123, 1333 

Britton, C. J. C. (1963) 
'Disorder; of the Blood' London 

Brown, D. L. , Ilardisty, R. M. , Kosoy, M. 11. and Bracken, C. 
(1967) 
British Medical Journal, 2, 79 

Browne, W. J. , Nally, M.A. and Kane, H.P.  (1960) 
American Journal of Orthopr y'chiatry, 30, 730 

Bulloch, W. and Fildes, P. (1911) 
in 'Treasury of human Inheritance'. London, Dulau 
and Company, 1012. Parts V and VI, Section XIW 
on Haemophilia., p. p. 169-34`7 

Caen, J., Leclerc, 3. C., Patru x, C., Bord, M., Bourdon, R. 
and Bernard, J. (1964) 
Nouvelle Revue francaise d'Hematologie, 4, 896 

Caen, J. P., Castaldi, P. A. , Leclerc, J. C. , Inceman, S., 
Carr ieu , M.J. , Probst, M. and Bernard, J. (1966a) 
American Journal of Medicine, 41, 4 

Caen, J.: °'. , Vainer, 7-1. and Gautier, A. (1.966b) 
Throgn.ibasthenia. 'Conference on haemostasis and 
thrombosis', Chapel Hill, 1866. Published in 
Thrombosis et Diatheses :HTa.exnorrhagica, 18, 
(Suppl• ), 223. 

. _. 

Carron, .D. B. , Boon, T. II. and Walker, F.C. (1965) 
Lancet, 2, 1036 

Cb audhuri, S. (1960) 
Transfusion, 3, 267 

RLIT0002185_0173 



158. 

Chandler, A.B. (1958) 
Laboratory Investigation, 7, 11.0 

Chen, Y. F. (1965) 
Journal of Bone and. Joint Surgery, (American 
Edition), 47, 517 

Clayton, S. and Cross, M.J. (1963) 
Journal of Physiology, 169, 82 

Coates, H. (1828) 
North American Medical and Surgical Journal, 
6, 45 

Coghill, N. F. and Wili.cox, R. G. (19(30) 
Quarterly Journal of Medicine (NS), 116, 575 

Cohen, 1. and Nelken, D. (1964) 
`l'ransfusion, 4, 343 

Cohen, L., Djordjevich, J. and Ormiste, V. (1964) 
Journal of Laboratory and Clinical Medicine, 64, 355 

Collins, D. H. (1949) 
'The Pathology of Articular and Spinal Diseases', 
p. 225. London, Edward Arnold and Company. 

Colombo, J. P., Richterich, R. and Hosai, E. H. (1962) 
Klinische Wochenschrift (Berlin), 40, 37 

Consbrnch, G.W. (1810) 
Hufeland's Journal, 30, 116 

Cooksey, M.W. , Perry, C.B. and Raper, A.B. (1966) 
British Medical Journal, 2, 1633 

Cosh, J. ,A. (1966) 
Proceedings of the Royal Society of Medicine, 59, 88 

RLIT0002185_0174 



I 59, 

Cosh, J. A. , Lindsay, D. 1. , Davis, B. , and Ring, F. J. 
(1970) 
Annals of Rheumatic Diseases, 29, 691 

Cosh, J.A. andRing, E.F.J. (1967) 
Journal do rcadiologie, d'electrologie et Archives 
d'electricite anedicale, 48, 1 

Coss art, Y. , Taylor, P. E. , Vahrman, J. and Zuckerman, A. J. 
(1969) 
British Medical Journal, 3, '755 

Council on. Thrombosis, American Heart Association (1972) 
Newsletter, Vol. 1, No, 2 

Craig, J. (1826) 
Edinburgh Journal of Medical Sciences, 2, 64 

Cronberg, S., Bei rage, S. and Nilsson, 1. M. (1963) 
Lancet, 1, 967 

Cunningham, G.:M1. , McN'icol, G.P. and Douglas, A. S. (1965) 
Lancet, '1, 729 

Davie, J. V. (1956) 
'Practical 'Haematology', 2nd ed. London, Churchill. 

Davey, M. G. and Lander, 1-i. (1964) 
Nature (Lond.), 201., 1037 

Davie, E. W. and Ratnoff, O.D. (1954) 
Science, 145, 1.310 

Davie, E. W. and Ra.tnoff, 0. D. (1065) 
''Tae Proteins of Blood Coagulation' In Newrath, H. 
(ed) The Proteins 3rd Ed. Academic Press, Novi York 

RLIT0002185_0175 



160. 

.Davis, B. (1964) 
Annals of the Now York., Academy of Sciences, 121., 404 

Davis, T. (1626) 
Edinburgh Medical and. Surgical Journal, 25, 291 

de Gruchy, G.C. (1962) 
In 'Clinical Haematology in Medical Practice',
. 586. Blackwell Scientific Publications, Oxford 

Del . aca, V. (Jr.) and Eppes, BZ. B. (1966) 
New England Journal of Medicine, 275, 966 

Denson, K. W. B. , Biggs, R. and Manned, P.M. (1968) 
Journal of Clinical Pathology, 21, 160 

Denton, R.L. and Gourdeau, R. (1970) 
Bibliotheca ha.ematologica, 84, 135 

Do Palma, A. F. (196`1) 
Clinical Orthopaedics, 52, 145 

Desmond, A.M. (1955) 
Proceedings of the Royal Society of Medicine, 48, 523 

Do Takats, G., Bock, W. C. and Fenn, G. K. (,1 39) 
Surgery, 6, 339 

Deutsch, E. and Fischer, M. (1968) 
Acta haernatologica, 30, I 

de Vries, A., Alexander, B. and Goldstein, R. (1949) 
Blood, The Journal of Hematology, 4, 247 

Doll, R. and Avory-Jones, F. (1951) 
Medical Research Council Special Report. Series 
No. 2'16, London, H. lvi. S. 0. 

RLIT0002185_0176 



1.6:.. 

Donald, J., MacVicar, J. and Brown, T.G. (1958) 
Lancet, 1., 1188 

Douglas, A.S. (1058) 
Journal of Laboratory and Clinical Medicine, 
51, 850 

Dreyfus, '-C. , Schapira, G. and Demos, J. (1960a) 
Revue Francaise d'Etudes Cliniques et Biologiques 
(Paris), 5, 384 

Dreyfus, J C. , Schapira, CL, Sc'f..7ibat, L., Fena1s", J. 
and Lenegre, J. (1960b) 
Archives des Maladies du Coeur et des Vaisseau x 
(Paris), 2, 187 

Dubber, A. '. C. , Mc1 "icol, G.P. and Douglas, A. S. (1965) 
British Journal of Haematology, 11, 23`7 

Dubois, E. (1838) 
Gazette medicale de Paris, 2, 43 

Dunn, J.A. and Etter, :L. E. (1962) 
New England Journal of Medicine, 266, 68 

Duscick, K. T. (1942) 
Zeitschrift f lr die gesamte Neurologie Land Psychiatric, 
1."74, 1.53 

Early, D.F. (1.950) 
British Journal of Psychiatry, 1.05, 243 

Ebashi, S. , Toyokura, Y. , Momoi, H. and Sugata, 11. (1959) 
Journal of Biochemistry (Tokyo), 46, 103 

Elbl, M. , Fischer, M. and Kuhbt3ck, J. (1965) 
Deutsche medizinische Wochenschrift, 00, 1864 

Emery, A. E.11. (1965) 
Nature (Loud.), 201., 1044 

RLIT0002185_0177 



1.62. 

Eiikseeu, J., Midvedt, T. and 13erga.n, T. (10 70) 
Scandinavian Journal of Infectious Diseases, 2, 53 

Eyring, E.J. , Bjornson, D.R. and Close, J.R. (1965) 
Clinical orthopaedics, 40, 95 

F alcao, L. , :P rots st, M. , Gasitier, A. , Vainer, 1l. , Michel, H. 
and Caen, cLP. (1967) 
Thrombosis et Dia.thesia lHlaen orrhagica, 18, 691 

Fass, R. J. , Perkins, R.L. and Saslavv, S. (1970) 
American Journal of the Medical Sciences , 259, 187 

li avre-Gil.ly, J., Chatain, R. , Trillat, A. and Saint$$'aul, E. 
(1965) 
HH(mn.osstase, 5, 95 

Feasey, C. M., James, W.B. and Davison, lvi. (1970) 
British Journal of Radiology, 43,462 

Feissly, R. (1924) 
Bulletin et xnernoires dc la Societe de medicine de 
Paris. 

Felt, J. D. (1834) 
'History of Ipswich, Essex and Hamilton'. Cambridge, 
Mass., Charles Folsom 

Fitzpatrick, J. and :Kennedy, C. C. (1969) 
British Medical Journal, 4, 299 

Fleck, A. and Morrison, B.D.A. (1970) 
Clinica chimica acta, 30, 751 

Forbes, C.:0. , Craig, J. A. , Mitchell, R. and McNicol, G.P. 
(1972) 
Postgraduate Medical Journal, 48, 186 

Forbes, C..). , MacKay, N. and Khan, A. A. (1966) 
Transactions of the Royal Society of Tropical Medicine 
and Hygiene, 60, 777 

RLIT0002185_0178 



163. 

1{ orbes, C.D.,, Hunter, J., Barr, R.D., Davidson, J. F. , 
Short, D. W. , McDonald, G.A. , M cNicol, G.P. , 
Wallace, J. and Douglas, A. S. (1969) 
Scottish Medical Journal, 14, 1 

Forbes, C. D., King, 1. and MeNicol, G.P. (1971) 
Clinical Chemistry, 17, 948 

Forbes, C.D., and Prentice, C. R. M. (1972) 
Unpublished observations 

Forfota., E. (1931) 
Ueber die Gelenk and Knochen veraenderuugen bei 
Blutern Rt5ntgenprxis, 3, 399 

Ford, R.D. (19-10) 
Quoted in Postgraduate Medical Journal, Oct. Suppl. , 
46, 108 

Foord, R.D. (1971.) 
Personal communication 

Fournier, A. (1851 
Gazette des hopitai .zi civils et militaires, 123, 494 

1+raenkei, G. J. (1957) 
journal of the Royal College of Surgeons, Edinburgh, 
3, 54 

Fraenkel, G. J., Taylor, K, B. and Richards, W. C. D. (1.959) 
British Journal of Surgery, 4.6, 383 

Fraenkel, G. J. and Truelove, S.C. (1955) 
British Medical Journal, 1, 999 

Freund, E. (1925) 
Virchows Archiv fUr pathologische Anatomic and 
Physiologic and fur Klinische Madlzine, 256, 158 

Fu)inoto, Y., Kazarian, 1. and Wilkinson, J.H. (1968) 
Enzymologla Biologica et Clinica (Basel), 9, 124 

RLIT0002185_0179 



164, 

Gile , CLIP., McCoilum, f. W., Berndtson, L. W. (Jr.) 
and Kruginan, S. (1969) 
New England Journal of Mer icine, 281, 1.1.9 

Gfrdwood, . 't. 11. (1971) 
'Symposium on the Adverse Effect of Drugs (ed. 
by G. C. Manson) Beechain Research Laboratories 
Publication 

Giordano, N. D., Watkins, R. S . , ladivoyeviteh, M. and 
Goodsitt, E. (1967) 
Oral Surgery, 24, 171 

Glynn, M.F. (1966) 

Federation Proceedings, 25, 554 

Gobbi, F. (1967) 
Lancet, 2, 472 

Gecko, D. J. and Kavey, N.B. (1969) 
Lancet, 1, 1.055 

Goldie, 1. (1969) 
Acta orthopaedica Scandlnavica, 40, 382 

Goodfellow, J.W., Foam, C. B. D.'A. and Matthew, JIM. (1967) 
The Journal of 13one and Joint Burger y (British Edition), 
49, 748 

Goaderxaa zd, M., _tlel,m a ...._ :rz.rsalot, Y., 'e arq et-.Gemnez, A. 
and Le c ~eN : a ar , B. (1966) 
La Presse Medicale, 76, 197 

Goulston, S. J. M. and McGovern, V.J. (1965) 
Gut, 6, 207 

Graham, J.B. (1°5?) 
Genetic problems: l-laemophilia and allied disorders 
K. M. 13rinldious ed. Chapel bill, N. C., 'University of 
North Carolina Press p. 137 

RLIT0002185_0180 



165. 

Graham, S.: U. , Buckwalter, J. A. , Hartley, L. J. and 
l3rinkkhous, K.M. (1949) 
Journal of Experimental Medicine, 90, 97 

Craig, F.A. and :Ross, G. (1963) 
Metabolism: Clinical and Experimental (New York), 
12, 5'd 

Gralnick, H.R., Wright, L. D. and McGinnis s, M. H. (1967) 
Journal of the American Medical Association, 199, '725 

Grandidier, L. (185i) 
'l.Die liflnophilie oder die Biuterkranikheit each eigenen 
and freinden Bioba.cihtungen xnonogr aphisch bearbeitet' 
0. Wigg'and, Leipzig 

Green, F, A. and Hays, M. 'T. (1969) 
Arthritis and Rheumatism, 12, 299 

Griffiths, P.D. (1966) 
ClInica chimica acta, 13, 413 

Gunning, A. J. (1966) 
In 'Treatment of Haemophilia and Other Coagulation 
Disorders' edited by R. Biggs and R. C. Macfarlane, 
Blackwell Scientific Publications, Oxford 

Haber ian, J.D. , Ehrlich, C. E. and Levenson, C. (1968) 
Archives of Physical Medicine and Rehabilitation, 49, 18`7 

Mail, M.; .P. (1961) 
British Journal of faematology, 7, 340 

Hall, M. R. P. , Handley, D.A. and Webster, C. 11. (1962) 
Journal of Bone and Joint Surgery (British Edition), 
4.4., 781. 

Hampers, C. L., Prager, D. and Senior, J.R. (1964) 
New England Journal of Medicine, 271, 747 

RLIT0002185_0181 



166. 

andley, D. A., Painter, N. S. and Hall, M.11. P. (1961) 
L,mcet, 1, 482 

Hardisty, R. M. (1.957) 
British Medical Journal, 1, 1039 

Hardisty, .. M. and Ingram, G. I. C. (1965) 
'Bleeding Disorders. Investigation and Management' 
Philadelphia, Davis 

Hartm nn, J. R. and Diamond, L. K. (1957) 
Practitioner, 178, 179 

Hay, J. (1813) 
New England Journal of Medicine and Surgery 
(Boston), 2, 221 

IHellem, A.J. (1960) 
Scandinavian Journal of Clinical. and Laboratory 
Investigation, 12, Suppl. p. 51 

Hess, 1. and Walter, .D.1. (1961) 
Annals of the New York Academy of Sciences, 94, 69:1 

Ileac, J.W., Macdonald, H.P. , Frederick, U., Jones, UN., 
Neely, J. and Gross, D. (1964) 
Annals of Internal :Medicine, 61, 10:1 

Hill, J. M. and Speer, US. J. (1 955) 
Blood, The Journal. of Hematology, 10, 357 

Hirsh, S., McBride, J.A. and Dade, J. V. (1966) 
Australasian Annals of Medicine, 1.5, 122 

Hirshman, H. J., It scoitz, S.R. and Schulman, N.H. (1970) 
Blood, The Journal of Hematology, 35, 189 

HUcllstetter, P. (16'74) 
'HHarum Ohservationur Mediciria.lium Decades Sex' 
'rancofurti et Li stae, Tom 1, Decas ii, Casus 
nonus, p. 170 

RLIT0002185_0182 



167. 

Holland, P. V., Walsh, J. H., Morrow, A. C. anti Purcell, R. H. 
(1909) 
Lancet, 2, 553 

Hopf, F. (1828) 
per die HIRmophil,ie oder die erbliche Anl.age zu tUdtlichen 

Blutungen? C. W, Decker Wurzberg 

lopf, F. (1.839) 
Quoted by Grandidier, (1.839), in Schinidt's Jahrbucher 
der in-und auslandischen gesaminten Medieth, 28, 171 

Horowitz, EL, Ninon, N. and Bassen, F. A. (1959) 
British Journal of Racfl.ology, 32, 51 

1-lougie, C. , Barrow, E.M. and Graham, J.B. (1957) 
Journal of Clinical Investigation, 36, 485 

Hougie, C. , :Denson, K. W. E. and Biggs, R. (196'd) 
Thrombosis et Diathesis Haemorrhagica, 1.8, 211 

Hougie, C. and Twomey, J. J. (1967) 
Lancet, 1, 698 

Hovig, T. (1963) 
Thrombosis et Diathesis Haemorrhagica, 9, 264 

Howell, W. H. and Cekada, B. B. (1920) 
American Journal of Physiology., 78, 500 

foyer, L. W. and Breckenridge, R, T. (1968) 
Journal of Laboratory and Clinical Medicine, '12, 883 

Hunt, T. (1952) 
Modern Trends in Gastroenterology, a. 398, London 

lllingworth, C.F.W. (1953) 

( ^`

Peptic Ulcer', Livingstone, Edinburgh 

GIngram, .1. (1 962) 
Transfusion, 2, 88 

RLIT0002185_0183 



108. 

Mernationa:i Union of Biochemistry (1961) 
'Report of the Commission on Enzymes' 
Pergamon Press, Oxford 

Jntern ati.onal. Union of Biochemistry (1965) 
'Enzyme Nomenclature' 
Elsevier, Amsterdam 

lsraels, M. C. G., Lempert, 1-1. and Gilbertson, E. (1951) 
Lancet, 1, .137 

James, CL, scorns, R. F. and Wright,  A.W. (1950) 
Journal of the American Medical Association, 1.44, 228 

Jefferson, A. (1959) 
Journal of euroioy and Psychiatry, 22, 63 

Jordan, H. H. (19 d8) 
'Hemophilic Arthropathies' Springfield, Illinois, 
Charles C. Thomas 

Kaneshiro, M. M., Mielke, C. H., K aslmr, C. K. and 
Rapaport, S.1. (:t870) 
New England Journal of Medicine, 281., 1030 

Kaplan, X. , Heisherg, D. and Weinstein, L. (1968) 
Archives of Internal Medicine, :121, 17 

Kaspar, C. K., Dietrich, S. L. and Rapaport,  B.I. (1970) 
Archives of internal Medicine, 125, 1004 

Kass, L., Ratnoff, 0. D. and Loon, M.A. (19&) 
The Journal of Clian.icai lnwestigaation, 48, 351 

Katz, A. H. (1970) 
'Haemophilia m A Study in Hope and Reality,

Charles C. Thomas, Springfield, ilinois. 

RLIT0002185_0184 



I69. 

Kerr, C,.13. (1863) 
'The Management of Haemophilia Australasian Medical 
Publishing Co. Ltd. 

Kerr, C. B. (1964a) 
Australian and New Zealand Journal of Surgery, 33, 241 

Kerr, C.B. (1964b) 
Journal of Neurology, Neurosurgery and Psychiatry, 
7, 166 

Key, J. A. (1929) 
Journal of Bone and Joint Surgery, 11, 703 

Key, J. A. (19 2) 
Annals of Surgery, 915, 108 

King, J. (1970)  
'Practical Clinical nzyrology' D. Van Nostra d 
and Co. Ltd. , London 

King-don, H. S., Davis,:  E. 
w. 

and l.Ratnaoff, O.D. (1.064) 
BIochen istry, 3, 166 

Kingdon, H. S. (1 9"i 0) 
Annals of Internal Medicine, 73, 636 

Kunst, V. A. J. M. and Rosier, J. G. M. C. (1970) 
Lancet, : ., 4,23 

i oiler, F. , Krusi, CX. and L1uchsnger, G (1950) 
Schwei aerische inedizinisehe Wochenschrift, 80, 1.1.01 

Koliig, F. (1882) 
Volkmann's Sam lung Klinische Vortrage, 38, 233 

Kosalcai, N. ,and Miyakawa, C. (1970) 
Postgraduate Medical Journal, (Suappi. ), 46, 107 

RLIT0002185_0185 



1`70. 

Kg, N. T. , Chauvin, M. T. , :Pinon, C. and Halpern, B. N. 
(19 70) 
Postgraduate Medical Journal, ( .ippi. ), 46, 109 

Lafaargue, .. (1835) 
H vue laaedicale francais, ":, 89 

.Lalwa a, A. C.Y Y., Goudie, )R. B.,Goldberg, D. M., Davidson, J..~{ F. 
and Murray, '3  . S. (197 0 ) 
Lane t, 2 , 121 

Lane, S. (1840) 
Lancet, 1, 185 

Laugman, M. J. and Doll, R. (i$65) 
Gut, 6, 270 

Legg, W. (1872) 
In 'A Treatise on Haemophilia' H. , Lewis, London 

Lemp, .1i. (1857) 
':Do haeinoiihiliaa aiazanu la' Inugura1 dissertation Berol 
and in Schmidt's Jahrbucher der in--nixed tulandischen 
gesammten Medicin, (1863), 117, 330 

Le Quesne, L. P., Parker••Wiiiiarn , B. J., Stewart, 3. W. and 
Worth, P. H, L. (1.067) 
Lancet, 2, 482 

Le Roy, E. C., Mason, ;L. G. and Brinkhous, K. M. (1900) 
American Journal of Physiology, 199, 1.83 

Lewis, 3. H., Didisheim, P., Ferguson, 3, if. and Li, C. C. 
(1,963) 
American Journeri.i of ;iuman. Genetics, 15, 53 

Lewis, J. H. , Tagnon, H. J. , Davidson, C. S. , Minot, G. R. and 
Taylor, F.1-1. L. (1.9 6) 
Blood, The Journal of Hematology, : , 1.66 

RLIT0002185_0186 



Liston, 3.11. (1839) 
Lancet, 2, 1.37 

Little, S.C. and lla nunoek, W. 3'. (1 971) 
Alabama. Journal of Medical Sciences, 8, 11 

Lloyd-Williains, F. (1969) 
Quoted by Collins, A. J. and Cosh, J. A. (1 70) 
Annals of iheumatie Diseases, 39, 388 

Lloyd-Williams, K. , ldoyd- iiliainc, F. J. and Handley, 11. 5. 
(1961) 
Lancet, 2, 1378 

Lothe, F. (1988) 
Transactions of the Royal Society of Tropical 
Medicine and Hygiene, 62, 3 

Lowry, O.H, : osebrough, N.J. , Farr, A.L. and 
Randall, R.J. (1951) 
Journal of Biological. Chemistry, 1.93, 265 

Lucas, 0. N., Carroll, 1. T . , Find .elman, A. and 
Tocantins, L. M. (1962) 
Thrombosis et Diathesio Hae orrhagica, 8, 209 

Lundblad, 11. L., Pitlick, F. and Davie, E. W. (1969) 
Unpublished observations quoted in 'Recent Advances 
in Blood Coagulation' ed. L. Moller, J. and A. 
Churchill, Ltd., London 

Uirman, A. (188 
a) 

Berliner Klinieche Wochensch.r :t, 22, 20 

Madden, R.E. and Gould, R. G.' (1.962) 
Federation Proceedings, 2, 252 

RLIT0002185_0187 



I y92 

Mab onides , M. 
yaws of circumcision, Book of Adoration (Serer 

Ahavah), in Code of Mai-monde; (Mishueh T orai~) 
Pardes Publishers, Jerusalem, 1957, chapter 1, 
paragraph 18. 

Marder, V.J. and Shulman, N. R. (1980) 
American Journal of Medicine, 41, 56 

Margolih, 3. (1958) 
Journal of Clinical Pathology, 11, 406 

Marini, M.P., Arturi, F. and Crolle, G. (1966) 
Haematologica, 51, 653 

Marion, M. M. J. (1965) 
}Iemostase, 5, 69 

Mason, LG. and Road, M.S. (196'i) 
Experimental Molecular Pathology, 6, 370 

Mathews, 3. D. and Mackay, I. R. (1970) 
British Medical Journal, 1, 259 

Mattsson, A. and Gros s, S. (1938a) 
American Journal of Psychiatry, 122, 1349 

Matteson, A. and Gross, S. (1966b) 
Journal of Pediatrics, 68, 952 

Maxfield, W. S., Weiss, T. E. and Shuler, S. E. (1972) 
Seminars in Nuclear Medicine, 2, 50 

Maycock, W. D'A. , Evans, S., Vallet, L., Cambridge, B., 
Wolf, P., MeGibbon, N., France, E. E., Wallet't, L. H., 
:oacie, 3. V. , Biggs, R. , Handley, D. and Macfarlane, R. G. 
(1963) 
British Journal of Haamatology, 9, 9,15 

RLIT0002185_0188 



1.73. 

Meckei, J.:E' F. (:1815)
Deutsches Archiv fllr die Physiologic, 2, 138 

MMeiander,pr~yB

~ . 
pp

, G
''

 l.in~~ii^ecki,,'~eG. , Granstrand, B. and 
Hanshoff, G. (1964) 

Xth Congress, International Society of Haematology, 
Stockholm, Sweden 

Merskcy, C. (1951) 
Quarterly Journal of Medicine (N. S.), 79, 299 

Merskey, C. (1958) 
Leech, 28, 45 

Mine, Y., Nishida, M. , Goto, S. and Kuwahara, S. (1970) 
Journal of Antibiotics, 23, 575 

Minot, G.11. and Lee, R. 1. (1916) 
Archives of internal Medicine, 18, 4, 741 

Mirick, G. S. , Ward, R. and McCollum, R. W. (1965) 
New ,iigland Journal of Medicine, 273, 59 

Molthan, L., Reidenberg, M. M. and Eichrn!an, M. F. (1967) 
New England Journal of Medicine, 277, 123 

Moor-Jankowski, J.K. , Truog, G. and Hur , er, H. J. (1957) 
Acta genetica et statistica inedica, 1, 597 

Moskowitz, R. \V., Schwartz, H. J., Michel, B., Ratnoff, O.D. 
and Astruir, T. (1970) 
Journal of Laboratory and Clinical Investigation, 76, 790 

Mosley, J.W. (1966) 
Epatologla, :i2, 527 

Mountford, LA., Ross, F. C. M. , Burwood, R.J. and Knapp, M.. S. 
(1971) 
British Journal of Radiology, 44, 860 

RLIT0002185_0189 



1701. 

1V.lo wrat, A. C., Disney, T. F. and Vaughan, J. 1. (19''1) 
Annals of Rheumatic Diseases, 30, 183 

Mir Iller, J.R. (1942) 
ahlentherapie, '12, 281 

Murphy, E. A. , Mustard, J. F. , Rowsell, H. C. and 
:Downie, 11 G. (1904) 
(Abstr.) Circulation, 29, a ttppl. 3, 23 

Mustard, J. F. , Murphy, E. A. , Rowsell, 1l. C. and Downie, H. G. 
(1962) 
American Journal of Medicine, 33, 621 

Mustard, J. F . , Howseil, H. C. and Murphy, E. A. (1964) 
Circulation, 20, `appl. 3, 23 

Mustard, J. F,, Rowsell, H. C., Robinson, G. A., Hoekseina, T. D., 
and Downie H. C. (1900) 
British Journal of Haematology, 6, 259 

Mac Callum, F. 0. (1043) 
British Journal of Venereal Diseases, 19, 63 

McCarty, D.J. , Polcyn, R.E. , Collins, P, A. and, Gottschalk, A. 
(1970a) 
Arthritis and Rheumatism, 13, 1.1 

McCarty, D. J., P olcyn., H.E. , Collins, P.A. , and Gottschalk, A. 
(197Oh) 
Arthritis an Rheumatism, 13, 21 

Macfarlane, R. G. (1937) 
Lancet, 1, 10 

Macfarlane, R.0. (1962) 
Thrombosis et :oiathesis I-laemnorrhat ica, 6, Suppl. 2, 4.08 

RLIT0002185_0190 



iris. 

Jlacfarlanne, R. G. (1964) 
Nature (Loud.), 202, 498 

Macfarlane, H. G. and Biggs, R. (1959) 
'Haenophil.ia and Other Haennorrhagic States', 1). I9 
rinichous, K. M. (ed. ), 'University of North Carolina 

Press, Chapel Hill 

Macfarlane, H. G. , Biggs, R. and Bidwell, l. (1950 
Lancet, 1, 1316 

Macfarla

ne, 

H. G. , Mallaain, P.C. , Witta, C. J. , Bidwell, E., 
Biggs, R. , i'ranke1, G.J. , Honey, G. E. and Taylor, LB. 
(1957) 
Lancet, !, 251 

McKusick, V. A. (1962a) 
Quarterly Review of Biology, 37, 69 

McKissick, V. A. (1.962b) 
Journal of the History of Medicine, 17, 342 

MacMahan, J. S. and Blackburn, C.B.. C.R.B. (19519) 
Australian and New Zealand Journal of Surgery, 29, 129 

McMillan, C. W. , :Diamond, L. K. and twgenor, D. M. (1981.) 
New England Journal of Medicine, 265, 224 

McNicoi, G.P. and Douglas, A. S. (196 4) 
'Recent Advances in Clinical P athologye series 4;
edited by S. C. Dyke, p. 187, London 

McNicoi, G. P. , l°letcher, A. P. , Alkjaersig, N. and Sherry, S. 

Journal of Urology, 88, 829 

McQuecu, M. J. , Garland, I. W. C. and Morgan, H. U. M. (1972) 
Clinical Chemistry, 18, 275 

RLIT0002185_0191 



1'16. 

Nacre, C. F. (1820) 
Archiv Air mecizin Erfahr (Berlin), 1, 385 

Nelson, M. G. and Mitchell, E. 8. (1962) 
Acta. haematologica, 28, 187 

Neuman, G.J. (1968) 
Clinical Chemistry, (Now York), 14, 9179 

Nowcomb, T.F . and Wathon, M. E. (1963) 
Journal of the American Medical Association, 
1.85, 631 

'ilohn, J.E. and Nilson, I.M. (1962) 
Thrombosis of Diathosia Haemorrhaglca, '`7, 552 

Nilsson, I. M., Berman, S., Reitalu, J. and Walden8trt3m, J. 
(1959) 
Lancet, 2, 264 

Nilsson, I. M., Blombi.ck, M. and l ar ren, 0. (1961) 
Acta medica Scandinavica, 665 

Nordoy, A. and (;haler, A. B. (1967) 
Scandinavian Journal of }lae atolo r, 1, 16 

Nossel, 11. L. (1.964) 
'The Contact Phase of Blood Coagulation' Blackwell 
Scientific Publications, O lord 

Nosed, H. L. , Archer, B. X. and Macfarlane, B. G. (196 2) 
British Journal of Haematology, 8, 335 

Nour-El in, F. (1961) 
British Medical Journal, 1, 824 

Qkd n ka, S. , Kumagai, 1 . , Ebashi, S., Sugata, EL, l omol, H. 
Toyokura, Y. and Fuie, Y. (1961) 
Archives of Neurology (Chicago), 4, 520 

RLIT0002185_0192 



Okamoto, S., Sato, S., Takada, Y. and Okamoto, U. (1964) 
Kejo Journal of fedicine, 13, 17 

Oliver, I. T. (1955) 
Biochemical Journal (London), 61, 116 

Osler, W. (:1.885 ) 
': hemophilia' in W. Peppers 'A System of Practical 
Medicine', Philadelphia, Lea Bros, 2, 933 

Otto, J. C. (1803) 
Medical Repository, 6, 1 

Ouchteriony, 0. (1962) 
'Diffusion  4n -gel Methods for Immunological Analysis II, 
S. Karger, Basel 

wren, P. A. (1947) 
Acta medica ,Scandinavica, 128, Suppl. 194, 1 

Paddon, A.J.N. (1967) 
Journal of the Dental Association of South Africa, 
22, 64 

Pappas, A.M. , Barr, J. S., Salzman, E.W., Britten, A. and 
Risoborogh, E. J. (1964) 
Journal of the American Medical Association, 18'7, 772 

Parks, A. G. (1956) 
Proceedings of the royal Society of Medicine, 49, 933 

Patelc, A. J. and Taylor, F. 11. L. (1937) 
Journal of Clinical Investigation, 16, 113 

Pavlovsky, A. (1947) 
Blood, The Journal of Hematology, 2, 185 

Payne, W. W. and Steen, R. E. (1929) 
British Medical Journal, 1, 1.150 

Perkins, U. L. , Saslaw, S. and B-111maler, D. (1967 ) 
Clinical R esea.rch, 15, 426 

RLIT0002185 0193 



Peterson, J. (194i) 
Acta radiologica, 28, 323 

Pool, J.G. , ershgold, E.J. and Pappenhagen, A.R. (1964) 
Nature (Lend.), 203, 312 

Potter, J.M. (1965) 
Acta neurochirurgica, 13, 380 

Prentice, C.R.M. and Iatnoff, O.D. (1967) 
Seminars in Hematology, 4, 93 

Prentice, C.R.M., Lindsay, LM., Barr, ILD., Forbes, C.D., 
Kennedy, A.C. , MeNicol, G.P. and Douglas, A. S. (1971) 
Quarterly Journal of Medicine (N, S. ), 40, 47 

Prince, A. M. (1968a) 
Proceedings of the U. S. National Academy of ► cience, 
60, 814 

Prince, A.J.H. (1.968b) 
Lancet, ire, 462 

Prnpert, S.A. (1938) 
British Medical Journal, 2, 677 

Quick, A.J. (1943) 
American Journal of Physiology, 140, 21.2 

Quick, A. J. (1966a) 
Thrombosis et Diathesis l3aemorrhagica, 16, 31.8 

Quick, A.J. (1966b) 
'Haemorrhagic Disease and Thrombosis' 
2nd ed. Lea and Febiger 

Ramgren, 0. (1962a) 
Acta me.lica Scandinavica (Suppl.. ), 379, 1 

R a gr en, 0. (1962b) 
Acta medica Scandinavica, 171, 237 

RLIT0002185_0194 



179. 

Rapaport, S. L , Hjort, P. F. and Patch, M. J. (1965) 
Scandinavian Journal of Clinical and Laboratory 

Investigation, 17, (Suppi. 84), 38 

Rapaport, S. I., Schixfman, S., Patch, M. J. and Ames, S. B. 
(1963) 
Blood, The Journal of Hematology, 21, 221 

Ratnoff, 0.1). (1980) 
'Bleeding Syndromes C. C. Thomas, 
Springfield, Illinois 

Ratnoff, 0.0. (1063) 
Archives of Internal Medicine, 112, 92 

Ratnoff, 0. D. (1966) 
In 'Progress in Hematology' ed. Brown, E. B. 
and Moore, C. V. , Grune and Stratton, Inc. 

Ratnoff, 0. D. and Colopy, J. E. (1955) 
Journal of Clinical Investigation, 34, 602 

1 atnoff, 0. D. and Davie, E. W. (1.962) 
Biochemistry, 1, 6177 

Regoli, D. and Clark, V. (1963) 
Nature (Lond.), 200, 540 

Reid, W. 0. , Lucas, 0. N., Francisco, J. and Geisler, P. 11. 
(1964) 
American Journal of the Medical Sciences, 24.8, 184 

: einerrt, H. (1869)
~~ 74, 'Veber ophilie 

inaugural Dissertation, Gottingen, W. F. 1 astner, p. 12 

Remmers, A. R, and Kaijot, V. (1963) 
Journal of the American Medical Association, :185, 98 

RLIT0002185_0195 



180. 

evol, L. .965) 
HHetnosta e, 5, 87 

:pizza, C.11. and Biggs, la. (1069) 
In 'Recent Advances in Blood Coagulation' 
Ed. L. Poller, J. and A. Churchill Ltd. , London 

Rodn n, G.P., Thrower, T.D., Helletr°om, H.1:R. , Didisheini, P. 
and Lewis, J. H. (1959) 
Arthritis and Rheumatism, 2, 152 

Rosenthal, M. , Basses, P.A. , and Michael, S.R. (1950) 
Journal of the American Medical Association, 144, 224 

Rosenthal, R.L. , Dreskin, O.H. and Rosenthal, M. (1953) 
Proceedings of the Society for Experimental Biology 
and Medicine, 82, 171 

Roy, S. and Ghadially, P. N. (1966) 
Annals of the Rheumatic Diseases, 25, 402 

Schiffmau, S. , Rapaport, S. E. and Patch, M. J. (1964) 
Clinical Research, 1.2, 110 

Schmidt, E. and Schmidt, F. W. (1967) 
'Guide to Practical Enzyme Diagnosis' 
Published by Boehr inger : ani heim GmbH, Mannheim, 
Germany, p. 81 

Schmidt, E. , Schmidt, F. W. , Horn, H. D. and Gerlach, U. (1.963) 
In 'Methods of Enzymatic Analysis', edited by Bergmeyer, H. U., 
Verlag Chemie, Weinheim/Bergstr, Academic Press, 
New York 

Schneider, K.W.  and Heise, E. R. (1963) 
Deutsche Medizinische Wochenschrift (Stuttgart), 88, 520 

RLIT0002185_0196 



181. 

Schroeder, 1). D. and Mozen, M. M. (1970) 
Science, L68, 1462 

Schuli an, 1. (1962) 
Medical Clinics of North America, 4. 6, 93 

Schulman, I. and Smith, C.1:1.. (1952) 
Blood, The Journal of Hematology, 7, 794 

Schwarz, E. (1960) 
Radiology, 75, ̀ 795 

Seegers, W.H. (1.065) 
Thrombosis et Diathesi Haemorrhagica, :14, 213 

Beeler, H. A. and Mufeon, M. A. (1971) 
The Journal of Infectious Diseases, 123, 279 

Shanbror, E. (1968) 
Fifth Congress of the World Federation of Haemophilia, 
International Haemophilia Syinpostum, Montreal 

Sharp, A.A. and Bidwell, E. (1957) 
Lancet, 2, 359 

Sharp, A.A. and Dike, G. W. (1964) 
Thrombosis et Diathesis Haemorrhagica, :10, 494 

Shulman, N. H. and Darker, L. F. (1969) 
Science, 1 05, 304 

Silber, H. and Christensen, W.R. (1959) 
Blood, the Journal of Hematology, 14, 581'4 

Silverstein, A. (t964) 
The Haemolahilias, international Symt-jo,shnn, University 
of North Carolina, Press, p. 349 

Simpson, 1-1. E. and Bigge, 11. (1962) 
British Journal of Ba.ematology, 8, 91 

RLIT0002185_0197 



182. 

Sinakos, Z. and Caern, J. P. (1997) 
Thrombosis et Diathesis Haemorrhagica, 17, 99 

singer, 1 a. P. and Schneider, : . C. (1962) 
Neurology, 12, 293 

Singleton, T. W., Fitch, :L, A., Merrill, :D. A., Kohler, P.F F. 
and R ettberg, W. A. H. (1971) 
Lancet, 2, '185 

Soluxn, N.O. (1968) 
Scandinavian Journal of Haematology, 5, 474 

Soulier, J. P. and Larrieu, M. J. (:1053) 
New England Journal of Medicine, 249, 547 

purling, N., Shone, J. and Vaughan, J. (194$) 
British Medical, Journal, 2, 409 

Starker, L. (1918) 
Mitteilungen aus den Grenzgobieten der Medizin and 
Ciaarurgie, 31., 381 

Star°kweather, W. H. , Spencer, I.I. , Schwartz, E. L. and 
Shoch, 11. X. (1966) 
Journal of Laboratory and Clinical Medicine, 6'7, 329 

Steel, W. M., Duthie, IL B. and O'Connor, B. T. (1.969) 
Journal of Bone and Joint iurgery (British Edition), 
51, 614 

Stortr, E., Traldi, A., Tosatti, E. and Davoli, P. G. (1969) 
Acta haematologica (Basal), 41, 193 

S orti, E., Traldi, A., Toaatti, E. and Davoli, P.C. (1970) 
Gazetta Sanita:ria, 19, .1.1 

RLIT0002185_0198 



183. 

Stuart, J. , Davies, S. }L, Cumming, R. A. , Gfrdwood, L H. 
and Darg, A. (1966) 
British Medical Journal, 2, 1624 

wanton, M.C. (195`7) 
'The Pathology of Hemarthrosis in Hemophilia' in 
Hemophilia and T: emophilioid Diseases' es' ad. 

K. M. Br  ~W hous, Chapel Hill, N. C. , p. 219 

wanton, M. C. (:.9959) 
Laboratory ago tigatian, 8, 1269 

Tangen, 0. , Berman, H.J. and Marfey, P. (1911) 
Thrombosis et .Diathesis 1Haemorrha gica, 2t, 268 

°Panzer, M. L. and Oil arg, C. (1959) 
Journal of Biological Chemistry, 234, 3201 

Tavenner, R.W.H. (1968) 
British :oontai Journal, 124, 19 

Telfer, '.".1.. , Denson, K. W. E. and Wright, D.R. (1956) 
British Journal of Haematology, 2, 308 

Trevea, P. (:.8 38) 
La tcet, 2, 533 

Trueta, Y (1 66) 

T 'Treat ent of Haemophilia and Other Coagulation 
Disorders' Ed. Bigg , R. and Macfarlane:, R.G. 
Blackwell Scientific Publications, Oxford 

do V aldorrama, J. A. F. and Matthews, J. M. (196i) 
Journal of Bono and Joint Surgery (British Series), 
4?, 256 

wan Crevold, S. (1.971) 
Acta haoa natologica, 45, 120 

RLIT0002185_0199 



1 4. 

van Crevcld, S. , Hoorweg, PG. and Stijn, LW. (1957) 
Archivum Chirurgicum Neerlandicuin (Den Haag), 
9, 263 

van Creveid, S. aw'! Kiugma, M. J. (1961) 
Nederiand ch tijdschrift voor geneeskunde, 105, 1045 

van Creveid, 8. , .'1 oeden ! .acker, Ph. J. , King .a, M. J. 
and Wagenvsnort, C. A. (1971) 
Journal of 'Gone and Joint Surgery, 53, 296 

Van Itter eek, H., Vormylea, J. and Veretractc, M. (1960) 
Acta haeinatologica, 39, 23

Vesell, E, S. and Beam, A.G. (1957) 
Proceedings of the Society for Experimental Biology 

a 

and Medicine, 94, 06 

ie i9 P. (1863) 
Quoted by Grandidier in '13ericht ether die h .inophilie, 
8chrn.kiis Jahrbucher der in-und auslai dischen gesaia men 

edicin', 117, 332 

Vieli, P. (1839) 
Quoted by Grandidier in Schmidt's Jahrhucl er der in=tend 
auslandi echen gosainmten. Meadicin, 28, r O 

V irchow, R. (1854) 
'Handbuch der speciellen Pathologic and Therapie', Berlin 

YiittFanen, S. M. and Laai ioaen, A. L. (19'?0) 
Acta rheuinatologica Scandi uvvica, 16, 91 

aaler, B.A. (1959) 
Scandinavian Journal of Clinical -and Laboratory : nve :i. 
gation, 11, 1 (Suppi. 37) 

Walker, W. (1 055) 
Lancet, 1., '149 

RLIT0002185_0200 



185. 

Waller, R.K. (19 9) 
Journal of Laboratory and Clinical Medicine, 34, 270 

Wall, P. L., McConnell, J. L. and Moore, D. (1964) 
Journal of Laboratory and Clinical Medicine, X54, 1015 

Wallace, J. (1054) 
British Medical Journal, 2, 534 

Wallace, J. (1961) 
. ,s.neet, 1, 1005 

Walsh, P. N. , Riz a., C. B. , Matthews,  J. M. , >;°eipe, S., 
iCernoff, P. B. A., poles, M. .3., Bloom, A. L, Kaufman, B. M. , 
Beck, P., Hanarn, C. M. and Bigge, 1:t. (1971.) 
British Journal of Haematology, 20, 463 

Tal ehe, F. (1958) 
YU 'Diseases of the Nervous system' 
E. and S. Livingstone Ltd., Ediahurgh and London 

Wardle, E.W. (1967)  
Lancet, 2, 233 

Ware, A. G. and Seegers, W.1-1. (1948) 
American Journal of Physiology, 152, 567 

Watson, W. C. and Dickson, C. (1964) 
Gaut, 'ii, 488 

Weil,, P.E. (1906) 
Bulletinet m moires de, la Societe de medicine de Paris, 
23, 1001 

Weime, H. J. and Van Maercke, Y. (1961) 
Annals of the New York Academy of Sciences, 4, 808 

Weiss, T. E. , Maxfleid, W. S., Munson, P. J. and Hidalgo, J. H. 
(1965) 
Arthritis and Rheumatism, 8, 076 

RLIT0002185_0201 



1

Weiss, T. E0, , :axfield, W. S. , Munson, P. J. mid Hidalgo, J. U. 
(1960) 
Southern Medical Journal, 59, 484 

Wessler, S. and Avioli, L. V. (1968) 
Journal of the American Medical Association, 206, 2202 

Westengren, A. (1'920) 
Act a medico S candianavica, 54, 247 

Whaley, i ;. , Pack, A.1. , Boyle, 3. A., Dick, W. C., 
Downie, W, W. , Buchanan, W. W. and Gillespie, F. C. 
(19a$) 
Clinical Science, 35, 47 

Wliittalker, 3. A. and Brown, M. 3. (1 9) 
British Medical Journal, 3, 397 

Whittaker, B. L., Copeland, D. L. and Graham, 3. B. (1962) 
American Journal of Human Genetics, 114, 149 

Wieland, T. and. Pfleiderer, G. (1.957) 
Biochenische Zoitschrift, 329, 112 

Wiener, A. . (1949) 
Proceedings of the Society for Experimental Biology 
and Medicine, 70, 576 

Wiener, A. S. and Stun- Goy: dorm, E. B. (11941) 
evue d'ho' matologie, 2, 

Wilkinson, 3. F., NourEldin, F., lsracis, M. C. C. and 
Barrett, LE. (1961) 
Lancet, 2, 947 

Wllloclks, J. , Donald, 1. , Campbell, S. and Dune more, 1. IL
(:1067) 
Journal of Obstetrics and Gynaecology of the British 
Commonwealth, '14, 637 

RLIT0002185_0202 



:d.7 
r 

Willocks, J. and . unsmoro, LL (1971) 
Jc rnal of Obstetrics and Gynaecology of the British 
Commonwealth, 78, 804 

Jilson, J. (181 9) 
Lectures on the Blood and on the Anatomy, Physiology 
and Strgical Pathology of the Vascular System of the 
Human Body, Burgess and Hill, London, p. 410 

Wilson, R. (1971) 
Personal communication 

Wishart, C. , Smith, C. A. , Honey, 0. E. and Taylor, ::..B. 
(1957) 
Lancet, 2, 303 

Wright, A. E. (3.893) 
British Medical Journal, 2, 223 

Wright, N. , Clarkson, A. ]R., Brown, S. S. and Fuster, V. (1971) 
British Medical Journal, 3, 347 

York, P. e`.. and Landes, ]R. (1988) 
Journal of the American Medical Association, 
206, 1 086 

Yoshida, K. (1961) 
Acta haematologica Japonica, 24, : xo 

Young, J. M. and Hudaeck, A. G. (1954) 
American Journal of Pathology, 30, 7099

Zetterquist, L, , B. lom b Lck, B., Carlsson, L. A. and Franzen, S. 
(1964) 
In Proceedings of the Xth Congretis of the International 
Society of Haematology, Stockholm 

i merman, T. S. and Ratnoff, 0. D. (1971a) 
Journal of Clinical Investigation, LO, 244 

RLIT0002185_0203 



18tr, 

Zimmerman, T. S. and Rainoff, 0. D. (1. 71b) 
Journal of Ciblicai I ivwsti. ation, 50, 255 

Zucl.er, M. fl and Boy: relli, J. (1902) 
Proceedings .ngs of the Society for E per iinent .l Biology 
and Medicine, 109, 779 

Zucker, M. B. and Peterson, J. (1968) 
Proceedings of the Society for Experimenna1 Biology 
and Medicine, 12'7, 547 

Zuckerman, A. 3. (1970a) 
British Journal of Haematology, 1. , 1 

Z eker an, A.J. (1970b) 
'Virus diseases of the liver' Butterworth, London 

Zuckerman, A.3. and Taylor, P. Via. (1969) 
Nature. 223, 81 

RLIT0002185_0204 



OP H.D. 

CURT ICULIPY 1'TTJt ' 

;;axne: CItARL S :JOIUGLAS FORDES 

ate of -firth: 
----------------- 

GRO-C 1938 

Civil Status. Married, 1965. One child. 

Graduated M.B., CIII.B. University of Glasgow, 1961. 

,:.R.C.P. - .~dinbua:gh 1964 
i.:.R.C.1 . -- Clast;orr 1964 
x,:.I3.C., . - London 1965 

Present Appointments: Registrar in Medicine with special duties in the 
care of patients with haemophilia. 
Department of Medicine, Glasgow Royal Infirmary, 

Previous A-Prointments: 1. 1961 - 1962: House Surgeon, Royal Hospital 
for Sick Children, Glasgow, 

2. 1962: House Physician, University I,.edical
Unit, Stobhill General ::ospita.1, Glasg;o7r0 

3. 1962 - 1963: Clinic Research Fellow, 
Departr.en•t of .•ateria iledica and Therapeutics, 

University of Glasgow. 

4. 1964 - 1965: Registrar in Medicine,
University I.indical Unit, Stobhill General Hospital, 
Glasgow, and Assistant, Department of Materia 
I:Meclica nd Therapeutics, University of Glasgow. 

5. 1965 - 1966: Honorary Senior Registrar, 
Itenyatta National Hospital and Honorary Clinical 
Lecturer, ;ialcerere University College (On 
oecondment from the University of Glasgow) . 

6. 1966: Lecturer in '_M,Materia IJedica and Thera-
peutics, University of Glasgow and Registrar in 
Lied.icine, University Medical Unit, Stobhill General 
Hospital, Glasgow, 

7, 1966 - 1968: Registrar in Medicine with special 
duties in the care of patients with haemophilia, 
University Department of Medicine, Glasgow Royal 
Infirmary. 

8. 1968 - 1970: Research Fellow, American `( 
Heart Asuociation (with Dr. Oscar Ratnoff, 
Case estern Reserve University, Cleveland, 
O'iio, U.S.A.) lbrio~ t Fellow. 

RLIT0002185_0205 



of blood group antibodies and the effects of elevation of the plasma 

fibrinogen m)-e discu ,sed. 

Animal AHF preparatlonu have been used for come y ?a ' 

in the management of haemophilia. In Chapter : 0 are the studies 

carried out both in vivo and in vitro into the 'r .echaniem of latelet 

aggregation by p 'epag ation s of animal AHF. I prevent evidence 

that the aggregating agent ;c the AHF molecule itc :lf and riot 

aibrinogon as had been thought previously. This work includes 

-mveutigation of the physical and chemical characteristics of the 

aggregating agent as well as tudie o. inhthitors of the reaction. 
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Products, From this Study it is clear that patiots with haemo-

philia philia may safely have teeth extracted after small doses of plasma 

concentrate and tranexamic acid. 

Patients with haemophilia and other bleeding disorders 

are well known to have behaviour disturbances and on occasion 

florid psychiatric symptoms. One reflection of stress may be 

the high incidence of peptic ulceration. This often ;presents as 

gastro-intestinal bleeding and was one of the commonest causes 

of death. Chapter 6 is a review of the episodes of gastrointestinal 

bleeding seen in this unit in the past ton years and covers one 

hundred and seven separate episodes of bleeding. In this I have 

confirmed that peptic ulcer occurs in over 50 per cent of these 

patients and may be symptomless. The hazards of conservative 

management and the complications of surgery are described. 

The keystone of the modern treatment of haemophilia is 

replacement of the deficient activity by infusion of plasma or 

plasma concentrate. This exposes the haexaophiliae to various 

additional hazards, of which serum hepatitis is the most important. 

In this section is described the incidence of both clinical jaundice 

and anicteric hepatitis, as well as the incidence of positivity of 

Australia (Au SCI) antigen and antibody. In addition the incidence 
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r is 
signs acute therapy with plasma products the clinical ~xgrx~ In the a.c~c~.cc. 

haemarthro i s resolve rapidly but the radioactive scan remains 

abnormal. This suggests that the mechanism for production 

of pain (perhaps kinin generation) is different from that producing 

continuation of hyperaemia in the synoviunn. 

1aematoinata of muscle are usually situated peripherally 

and present no clinical diagnostic problem. . Chapter 4 is con-

cerned with attempts to diagnose early occult muscle bleeding 

by estimation of serum enzymes which are liberated from damaged 

muscle. The use of ultrasonography in the localisation and 

quantitation of peripheral haema,to atta is also investigated and 

new methods of investigation of chronic haei-.aatomata (pseudo 

tumours) are described. 

The commonest elective surgical pro .edure in the haemo-

philia is dental extraction. in recent years the availability of 

potent concentrates of plasma products have overcome the problems 

of excess bleeding from the extraction site but have introduced the 

hazards of production of serum hepatitis or .AH" inhibitors. 

Chapter 5 is the report of a carefully contr^ol"ic~d, double-blind 

trial of tranexamic acid, a fibrinolytic inhibitor, in the reduction 

of post-extraction bleeding and of the requirements of plasma 
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2. 

Perhaps the greatest cause of morbidity in haemophilia 

is recurrent bleeding into the joints of the severely affected 

eatients. From studies both in the human and in the animal it 

would seem that a vicious circle is set up in which bleeding 

produces hypertrophy of the synovial vilii and produces synovial. 

hyperaemia; this in turn increases the chances of further bleeding 

and eventually bone and cartilage changes occur, it seems 

likely that if therapy is to be successful then it :oust be given 

early before cartilage or bone changes have occurred. It is 

known that plasma infusion will produce dramatic relief of the 

symptoms of acute haernarthrosis but as yet there is no evidence 

that it significantly alters the pathological processes in the joints. 

I have atte muted to use the new techniques; of radioactive joint 

` ,scanning with technetium, and therx-nograLp by in an attempt to define 

the early changes in the knee joints of haemophilic patients with 

acute and chronic joint disease and also with no apparent Joint 

disease. These two techniques probably measure slightly different 

aspects of joint inflammation but both are more sensitive than 

clinical examination and detect changes i efore they are apparent 

radiologically. Both methods are easily repeatable and offer a 

method of assessing resolution of acute haeniarthroses. following 
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The .:aer ro hillas: Clinical axed Laboratory investigations. 

summary  of M.D. Thesis; submitted by Dr. Charles D. For es 

The clinical features of haemorrhagic disease have been 

recognised for almost i,1508 years but it is only in the last fifty 

years that significant advances have been made in their diagnosis 

and treatment. 

The advances of most importance concern the under-

standing of the normal coagulation and haemostatic mechanisms. 

It has become apparent in recent years that the t" leedint Syndro est" 

consist of a large number of different diseases each with its own 

specific protein abnormality. In this thesis I look at the ha+emorr-

1 a ie px°o Tea s o patients with haemophilia and Christmas disease. 

In these two diseases the clinical episodes of bleeding are identical 

although they are due to deficient activities of different proteins. 

The thesis consists of three sections. in the first is the 

detailed historical introduction to the "Haemohilias" and the 

current concepts of the clotting mechanism. In the second section 

there are five chapters dealing with different clinical facets of 

bleeding in these patients and in the third section is described the 

complications and side effects of therapy with plasma, products of 

human and animal origin. 

it
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FIGURES 
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THE INTRINSIC CLOTTING 
MECHANISM

l i 
Hageman F.(XII) Act. Hageman F. 

PTA (XI) Act. P.T,A. THE EXTRINSIC CLOTTING 
Cam' MECHANISM 

Christmas F. (IX) Act. Christmas F. Tissue Thromboplastin 
A.H.F.(VIII) 

Thrombin 
Altered A.H.F Factor VII (PRO-SPCA) 

Ca" 

jl~ 

Cara 

phospholipid 

Thrombin Stuart F (X) Act, Stuart F. 
Proaccelerin (V) Altered Proaccelerin 

Ca+4
phospholipid 

Prothrombin converting 
principle 

Ca++ 
phospholipid 

Prothrombin (II) Thrombin 

Fibinogen Fibrin monomer 
Fibrinogen 
stabilizing 
factor (XIII) 

Fibrin polymer 

Fig. I Diagrammatic atic repre . eut:ation of the "waterfall" or " eaccade "

theory of blood coagulation as put forward originally by 
Macfarlane (1O(4) and Davie and Ratnoff (164). The original 
sequence of eventh has been modifieda. .ighe ly in the light of 
modern knowledge. 
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Acute joint disease -6 patients 
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6 elation between the clinical 'siga& score and the radio -
active scan abnormalities in acute haemophilic hilic ht enar throsis. 
There Is a good correlation bet e the scan abnormality  d 
the 'signs' score. For comparison the other joint of the 
-patient is shown. All those joints were the site of frequent 
previous bleeding episodes and all had evidence, both clinical 
and radiological, o chronic hasmoph:lic a.rthro-pathy. 

4- acute ho 3hao 3i, • .. chronic joint. disease. 
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Chronic joint disease -15 patients 
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Fig. 7 Relation b t veen the clinical 'signs' score and the radio
scan in chronic haemophilic joint disease. There is 

a poor correlation between the clinical 'signs scoro and 
the abnormality of the scan. 
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ig. 1.3 Pelation between the clinical ':3igns' scores and thormogra by 
scorers in acute and chronic haemophilic arthrap t ?y arid in 
patients wItih no joint disease. 

+r represents acute haemarthx oci.s 
o represents chronic joint disease 

-- no apparent joint disease 
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Acute joint disease - 5 patients 
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Fig. H Comparison of then vnographo and radioactive scans in acute 
haomarthrosis. The opposite joint, which has chronic disease, 
is shown for comparison. There is a good cork elation 
between the scans and thermograph in the acute joints. 

- acute haemarthrosis 
• chronic joint disease 
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Chronic joint disease - 6 patients 
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Fig. 1 Comparison of thermographs and radioactive scans in chronic 
haemophilic ophilic joint disease. There is a poor correlation between 
the scans and the thernnographs, lx is possible that the scan 
and thermograph measure different aspects of joint inflamaation 
in this situation (see text). 
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Fig. 6 Distribution of creatine Tina. ;e activity in forty-one Patients 
with hasm:ophilia or Christmas disease who had no evidence 
of muscle disease or muscle bleeding. There is no significant 
difference between this group of patients and the normal levels 
reported by MacQueen et al. (:1972). 
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Fig. 17 Representative figure to shove the changes in creaatine kinase 
and lactate dehydrogenase after muscle bleeding in a patient who 
developed a massive muscle haoxnatomi after an intramuscular 
injection (patient 2). The peak acti, ity of CE In this patient 
occurred at 96 hours. Peak LDHH activity occurred on day 10. 
Electrophoresis s and examination of isoenzymes showed a 
pattern I ) 2 ) 3 ) 5 ) 4 suggesting that the increase In LD H 
resulted from breakdown of red blood cells within the iaaeniatonla. 
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Fig. 8 Pattern of elevation of CK and LDH in a patient with cevore 

Christmas disease who presented with loin pain of undetermined 

aetiology. 
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Fig. 26 Factor? VIII replacement given after dental e h .'action to patients 
receiving tranoxamic acid or placebo. in the treated group only 
two 1 ati ate required to have additional ropl-acement therapy 
and in the placebo group eleven required an average of 620 unite 
of factor Iii l 1. 
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Pig. `1 Changes in the erythrocyte e sedimentation rate and fibrinogen 
levels In the tranexami.c acid treated and placebo groups. 
The signticant rise in E . and fibrinogen is a reflection of 
the volume of plasma concentrate infused. 
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Fig 28 Uroldnase sensitivity tests and euglobulin lysis time estimations 
before and after treatment with tranexamic acid and in the 
placebo group. r epression of urokinase sensitivity indicates 
that the plasma level of trranezaric acid was sufficient to 
inhibit fibrinolysis. In both groups there was a fall in the 
euglobulin lysis time indicating accelerated lysis but the 
differences were not significant (P W 0. 1). 
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+'i . 20 Erythrocyte sedimentation rate and fibrinogen levels before 
and after cryopreoipitate infusion in eight patients. In both 
tests there are significant differences pre and post-111ftusion 
(P=(0.001). 
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Fig. 30 Show's the relationship between fibrinogen and erythrocyte 
sedimentation rate (r = 0. 32 5). With a rise in plan s -
iibrinogen there is a, corresponding rise in the ES.R until it 
reaches a level which 

e 

pproximates to the packed Cell volume, 
at which point no change in the ESF occurs with a further rise 
in fibrinogen level. 
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Fig. 3i Serial eeli.n~.ations a! ery'throcy'te sedimen tation rate, plasma 
fibrinogen and factor VII levels in one representative patient 
who received multiple fn2usions of a ryoprecipitate during 
surgery. The amount of eryopreal itate given is indicated 
at the top of the slide. The peak l:. o el Of fibrinogen and ES.- 
occurred on day 4. 
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Fig. 32 Cellulose acetate electrophoresis of LDH irso-enzymes. 1, 
day 14; 2, day 15; 8, clay '19; 4, clay 20. Zones of activity 
were made visthie by incubating the strips in contact with 
agar, tris-buffer ed to ph 8.4 and incorporating, per litre, 
100 xm. nxel of lactate, 1. G ate. mol of NA]), Goa p mol oc phenazine 
reethooulphate, 500  aol of thiazolyl tetrazoli . n and G t, mol of 
semicabazide hydrochloride. This figure has been retouched 
to bring out the bands more clearly. The original photograph 
u y be seen in our article in Clinical Chemistry (1 YZi), 1"7, c 48. 
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Fig. 83 Effect on the platelet counts of infusion of 8, 000 unit closes (0) 
of porcine A1 + in two patients with haemophilia. Thrombo-
cytopenia was noted 10 minutes after the injection and e2ram 
ination of peripheral blood films at this time showed the 
presence of circulating platelet clumps of 30-•; 0 platelets. By 
12 hours the, numbers of platelets had risen to approach the pre 
treatment level. Giving two doses of 8, 000 units within the 
space of 12 hours resulted in severe prolonged thromboe yto-
penia and in patient 2 (above) resulted in a decision to discon•
Hulse therapy with animal material. 
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Fig. 34 Effect on platelet count, haemoglohin and the blood transfusion 
requirements of the infusion of porcine AH: F. 8, 000 units were 
given for the first two days and 10, 000 units were given for the 
net three day's. Severe throrhocyto joa is produced an 
increase in gastrointestinal blood loss with a fall in haemoglobin 
despite a rise in the rate of blood traxasiu,sion. This patient 
had a. high titre inhibitor and did not have a rise is plasma AllF 
afters the porcine infusions. 
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EFFECT OF PORCINE/BOVINE A H F 

e3

TIME minutes 

Fig. 35 Aggregation of human platelets by different concentrations of 
commercial porcine and bovine A:HF preparations. in this 
system a fall in optical density indicator platelet aggregation. 
Irreversible aggregation of platelets was produced by bovine 
AHF at a concentration of 50 jtg4ni and by porcine AT.-D at 
200 /2g/ml. This would suggest that bovine A: -T has, weight 
for weight, about fatir times the aggregating-activity of porcine 
A HP preparations. At certain concentrations platelet 
aggregation is reversible. 
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Fig. 3 + Aggregation of human platelets by various mammalian plasmas. 
Aliquots of 0. 1 ml of animal plasma were added to 2 ml of 
human platelet rich plasma. algid irreversible aggregation 
was produced by sheep and goat plasma and reversible 
platelet aggregation by cow, pig and horse plasma. 
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Fig. 37 Comparison of plasma and serum from various animal plasmas. 
ij the aggregation of human platelets. Serum was obtained by 
clotting the plasma samples wvith the addition of calcium chloride 
(0. 025 ) and th m incubated  at 37° C for three hours to remove 
any residual throm'biu. Clotting of the plasma resulted in 
diminution of the aggregating activity in all eases, suggesting 
that the aggregating activity lay in the fibrinogen fraction or 
some closely related fraction. 
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Fig. 38 Progressive inhibition of the platelet aggregating agent with 
rise in temperature. The effect on porcine Al F is shown. 
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Fig. 39 (a) and (b) The effect of ingestion of acetylsalicylic acid on 
aggregation of human platelets by AHF preparation showing 
inhibition of the second phase of aggregation after the ingestion 
of aspirin. (a) is porcine: .111', (b) is bovine AHF. 
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Fig, 40 (a) Gel filtration of the commercial preparations of porcine 
A'€ F on SepharQ e 4B. This shows 'than, there are two 111ain 
protein p ale> . The second peak consists of fibrinogen alone. 
The first contains all the AHF activity and the aggregating 
agent which have coincidental peake of activity. 
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Fig. 00 (b) Gel ifitration of bovine A}IF on Sepharoe 4E 
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Fig 42 (a) Aggregation of human platelet rich plasma by samples 
of eluato from the Sepharose 4B cols. nms shown in :Fig. 4 (a). 
Thlc shows that aggregating activity is found only in the 
samples of shoats from the first pvotein peaks i.. e. the AHF 
iimmunaotlfhu s.on. 
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Fag. 42 (b) Aggregation o human platelet rich plasma by samples 
of eluate from column shown in fig. 40 (b). 
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Figa 44 Coraparriron of platelet aggregation between the purified 
porcine AHF material and the impure AMF. The pattern 
of platelet aggregation is similar with both preparations. 
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Fig. 4 Coin ariion of aggregation of human platelets by purified 
AEF at 24°C and at 37°C. It is apparent that at 7°C the 
pa torn of platelet aggregation is different at some con-
centrations of AIU?, from that at room temperature. Using 
a concentration of 5do /ml of purified porcine AT-I there is 
secondary phase of platelet aggregation which i.s irreversible 

whereas at 24°C the aggregation is reversible. 
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F ig 46 Aggregation of human platelets by porcine AHF before and 
after incubation with a. spontaneous inhthitor from a haemo-
philiac patient. The starting level of AE F activity was 
2.8 units/mi. This AHF activity was totally destroyed when 
incubated with the inhibitor. No change occurred In the 
aggregating activity. 
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3i g. 4'? Lo s:w of aggregating activity after incubation of a mono specific 
rabbit antibody against AHF, with a purified fraction of porcine 
A Hxi . There is complete loss of MIF activity and of 
aggregating activity after incubation, There was no loss of 
aggregating activity when normal rabbit serum was used as a 
C on.r gal. 
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Fig.48 Aggregation of human platelets by commercial preparations 
of bovine and porcine fibrinogen. The pattern of aggregation 
is similar to that produced by AFIF preparations. The 
aggregating activity in bovine fibrinogen seems to be between 
2 -, 4 times greater than the porcine fi 3rogen. 
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Fig. ' ~r ( ' ) Gel fflL! ati;)si of oscine ib "inogo3.A on r+0 } ta'e ose 4B. 

The pattern of eerparation is identical to that produced from 
the commercial A`al11 pr aratioxa.s. ±1atei& agg eg'at- 
activity is localised to the peaks of AHF activity which 
contaminates these preparations. 
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i'ig. 49, (b) Gel filtration of bovine fibrinogen on Sepharose AID. 
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Fig. 50 Aggregation of gel filtered human platelets, by purified bovine 
and porcine AHF. Comparison with previous figures will 
show that production of irreversible platelet aggregation 
requires a much higher concentration of the aggregating 
agent when washed platelets are used. 
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Fig. L (a) The effect of incubation of, plasmin on aggregation 
produced by porcine AUF . rrhere is pro ps€vivo loss of 
A tiF activity and also of the aggregating activity. 
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Figs 51 (b) The effect of incubation of plasmnin on aggregation 
produced by bovine 1HF. There is progressive loss of 
AIDS, activity and also of the aggregating; activity. 
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Fig. 52, (a) Aggregation o guinea pig plateleth by porcine AE . 
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Fig. 52 (b) Aggregation of guis a pig platelets by bovine , UF. 
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TABLE 2 Serial radioactive scan scores in a patient 
with a resolving acute haerarthro is of 
left knee (patient 11o. 4) 

Date 'Signs' score Scan score 

Right Left lUght Left 

1) Acute haemarthrosis 

2) 22:1..'70 

3) :I4 1.71 

4) 10, 371 

5) Acute haerarth.e o;:siis_s 
13: 4.71 

3 . : 11* 1 3 

3 0 1 3 

3 : 0 3 

3 0 1 2 

3 : 11,,E I I 3 

Shops the rapid clinical response to AI-IF therapy with 
return of the °sign' score to zero within 48 hours with 
only gradual improvement of the semi over twelve weeks, 
Progress complicated by a recurrence of the acute 
haemarthrosis in the left knee:. 

Denotes joint with acute haemarthrosis 

7& The right knee joint is the site of degenerative changes 
both clinically and radiologically 
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TABLT 3 Radioactive scan scores in two patients, 
before and after an acute haemarthrosis 

' i n& score Sean score 

Right Left Right Left 

Patient 2. 26.10.70 4 
a 

4 1 
a 

1 

Acute haemarthrosis 
6. G. 71 4 a i2 1 . 3 

Patient 3. 10.11.70 4 a '1 1 t 

Acute hae arthrosis 
20.5.71 4 n 12* A. 3 

Both patients had severe haemophilia with multiple 
previous episodes of bleeding into the knee joints and 
chronic arthritic changes as judged clinically and radio 
logically. Both have a baseline abnormality in the 
radioactive scans which is due to the chronic arthritis 
and both show a change 3n 'signs' and scan scores with 
the onset of the acute haemarthrosis. 

b;. Acute haemarthrosis 
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TABLE 5 Clinical and radioactive scan scores in patients 
with chronic haex .oPhilic joint disease 

Patient 
number 

Age Severity Incidence of 
bleeding score 

Right Left 

'signs' score 

Right Left 

scan score 

Right Left 

9 24 Severe 1 3 0 4 2 3 

10 25 Moder m 2 ♦ 0 4 
P 0 2 0 

ate 

11 21 Moder.- 1 0 1 P 0 2 a 2 
ate 

:1.2 i9 Severe 3 3 1 2 3 0 3 

13 .2 Severe $ 3 0 P i 3 a 3 

14 48 Moder.e 2 2 2 2 2 0 1 
ate 

lb 24. Severe 3 e 3 2 4 2 2 

:16 42 Severe 3 3 2 e 3 3 a 1 

11 ' 51 Severe 3 P 2 6 P 6 3 a I 

_ 8 • 32 Moder- 2 ♦ 2 0 ♦ 1 1 s 1 
ate 

19 38: Severe 3 P 3 2 a 4 2 0 1 

20 14 Severe .i ♦ 3 2 P 3 2 ° 2 

21 29 Severe 2 P 3 0 P 
4 0 o 3 

22 19 Severe 2 ♦ 3 3 ° 5 3 3 

23* 1.2 Severe 2 e 0 3 e 0 3 3 

All patients in this group had evidence clinically of chronic haemophilic 

joint disease in one or both knee joints. 

.11 Patient had Christmas disease 
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TABLE 6 Radioactive scan scores in patients with haemophilia 
but no apparent joint disease 

Patient 
number 

Age Severity Incidence of 
bleeding score 

Eight Left 

'Signs' score 

Right Left 

Scan score 

Right Left 

24 49 Mild 0 0 0 . 0 0 0 

25 16 Mild 0 
e 0 0 : 0 0 0 

26 50 Mild 0 0 0 : 0 0 0 

27 11 Mild 0 : 0 0 : 0 2 a 2 

28 11 Mild 0 : 0 0 0 3 

29 14 Mild 0 : 0 0 : 0 3 0 3 

30 35 Mild 0 0 0 0 0 0 

3:. 52 Moderr - 0 . 0 0 
e 

0 0 . 0 
ate

32 31 Mild 0 0 0 : 0 0 0 
e 

33 1.4 Mild 0 0 0 0 0 0 0 

34 3.6 Mild 0 0 0 : 0 0 0 

35 34 Mild 0 , 0 0 0 0 . 0 

None of the patients in this group had sustained previous bleeding 
into the knee joints and none had clinical evidence of arthritis. 
Radiology of all these joints showed no abnormality. 
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TABLE 12 Clinical details of patients undergoing ultra -
sonograp y of muscle haematomata 

Patient Disease Severity Age l aematoma 

Site Size 

l Haemophilia Severe 3`1 Call Massive 

2 Haemophilia Severe :.0 Thigh Massive 

3 Haemophilia Severe 23 Calf  Moderate 

4 Haemophilia severe 22 Buttock Massive 

5 Circulating 
anticoagulant - 68 Thigh sigh Massive 

6 Christmas 
disease Severe 25 Calf Moderate 

Y Haemophilia Severe 14 Thigh Moderate 
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TABLE 13 Clinical data of patients receivthg AMCA 
or placebo 

T'LACE°O ACA 

Number of episodes of extraction i 6 16 

Number of patients 14 14 

Number with haemophilia 9 11 

Number with Christmas disease 5 3 

Level of plasma factor (mean, 
per cent) 4.5 5 
(range) (0 - 22) (0 - 23) 

Clinical severity: Severe 'd 8 

Moderate 6 5 

Mild 1 1 

Patients are equally divided between the test and placebo groups 
with regard to number of episodes of extraction, disease, severity 
and assay of levels of coagulation factors. 
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TABLE 14 Results in the AIVLCA treated and placebo 
groups after dental extraction 

PLACEBO AMCA 

Number of roots extracted (mean) U. U 6. 
(range) (2-12) (2-22) 

Blood loss per patient (ml) (wean) 84.1 61.2 
(range) (4-323) (1-749) 

Blood lost per root extracted (mean) 15.3 8.9 
(ml) (range) (0. 5-64) (0. 5-38. 6) 

'Unite, of replacement therapy (mean) 617 30 and 65 
per root extracted (units) (range) (0-15, 800) in two 

patients 

Fall In haemoglobin (Gins (mean) 1.4, 0.3 
laer 1.00 Ml) 

Fall in hae xatoa rit (per cent) (mean) 5.0 0.9 

1-lacnmophilic patient treated with AMCA show a significant reduction 
in blood loss (0.01 (p (0.025) and a highly significant (lr (0.001) 
reduction in plasma requirement;. 
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TABLE 17 Comparison of the grade of defect 
in the two groups of haemophilic 
patients with gastrointestinal bleeding 

Grade of deject Severe Moderate Mild 

Patient's without 11:x. 1 
dyspepsia 

Patienis with 9 4 
dyspepsia 

* 2 with Chri stmad disease 

include 1 with Christmas disease 

a include 1 -with Christmas disease 

There is a significant difference in the distribution of 
the severity of the disease in the two groups of patients 

4.5, p (0.05) 0.02). 
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TABLE 22 Levels of coagulation factors 
I unit (approximately 20 MI) of 
cryo arecipitai e 

Factor Level (Mean -+- S. D.) 

11 4:8 + 19 per cent 

V 65± 9 per cent 

52 ± 6 per cent 

VI[I 130 Via- 79 units per pack 

Fibrinogen 55 + 2

' 

1 mg/ 100 al 

mPlas inogen 2. a ± 0.25 c. u. /ml 

Plasminogen activator Nil 

This oho s the wide variation in level of AIM (T VI. ) 
In individual packs of cryoprecipitate and this is one 
of the major disadvantages of its use. Fibrinogen Is 
precipitated simultaneously with AHF and is the major 
protein constituent. During long continued admin-
istration of cryopreci itaate a state of hyperfibrinoro,

genaemia appears due to the relatively long survival 
in the circulation, 
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ABLE 23 Incidence of blood group antibodies in 
128 patients with hae'iAophiia and 
Christmas disease 

Number of patients Antibody 

Anti K 

4 Ant i - D 

2 Anti - C -, -D+C 

1 )0111 1_C 

I Anti -E 

All patients except one had received multiple; blood 
transfusions  as well as plasma products before 
detection of the antibody. One patient developed an 
anti ..r t after i : 'ttsion, of cryopre cipitate alone. 
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APP END]E  3 

A _ DM NAL M THOD 3 

( ) 'ibrhio en assay 

The method described is that of Ratnoff and Menzie 

(1951) as 'modified by Alkjaersig (1960). In this assay fibrin -

ogen is clotted with thrombin; the fibrin co formed is hydrolyzed 

with sodium hydroxide and the tyrosine released is estimated 

colourimetricaily. A constant proportion of tyro wine in the 

: ibri'nogen molecule is assumed (1:11.7). 

in a 15 Ail test tube are placed 140. 2 l" glass beads 

(diameter 0.15 mm), 6.0 ml saline, 0.1ml thrombin solution, 

100 N. 1, H. units /ml, 0.2 ml, 2.5 per cent calcium chloride 

and 0.2 ml plasma. The tube is shaken but not inverted ,md the 

fibrin is caught up on the glass beads. After standing for one 

hour at a °C the tube is shaken agahi and centrifuged for 10 minutes 

at 2, 000 r. p. nn. The glass beads and adherent fibrin are washed 

three times with saline. After final contrifugation and decant-

ation of the washing fluid, 0. -4,  ml 10 per cent sodium hydroxide 

is added and the tube boiled in a water bath for 20 minutes. 

After cooling to room temperature, 0.6 ml 5 per cent trichlor 

acetic acid, 2 ml 0.5 INT sodium hydroxide and 0.6 ml dilute (1:2) 

RLIT0002185_0300 



A. 2 

Wolin Ciocalteu reagent are added. After standing for 15 minutes 

for colour development, optical density at &0 mi is read 

against a reagent blank. Readings are converted to fbrinogen 

concentration, mg/ 100 ml, from a standarded tyrosine curve. 

Al:kjaersig, N. (1960) in. N. 1. H. Conference on Thrombo-

lytic Agents, ods. Roberts, : . R. , Geraty, J. D. , University of 

North Carolina Press, Chapel Hill, l). 316 

RRatnof; , 0. D. , Menzie , C. (1991.) 37, 316, Journal of Laboratory 

and Clinical Medicine 

(2) ] l.a minogen assay 

The method used was the caseinolytic assay of Remmert 

and Cohen (1949) as modified by Alkjaersig et al. (1959). Anti. 

plasmin is first destroyed by incubating the plasma with acid. 

The acid is neutralised with alkali and buffer, and streptokinase 

is then added to convert the plasminogen to plamin. The plasmin 

so produced is assayed by a casehnolytic technique, the amount 

of tyrosine released from the casein being a measure of the 

amount of plasmin present. 

The casein solution used is prepared by boiling for 20 

minutes 25 gin casein (tP: ammarsten" quality, Nutritional Bio-

RLIT0002185_0301 



A3. e3 

chemicals Corporation, Cleveland, Ohio) in 500 ml phosphate 

Niffer, 0.1 Molar, l-ll '1.6. The solution is filtered while hot 

and after cooling, the pH is readjusted to ' . 6. 

To 0.5 ml plasma is added 0.5 ml]. / 6 N hydrochloric 

acid. After standing for 15 minutes at room temperature to 

destroy antiplasmin 0.5 ml 1/6  N sodium hydroxide is added, 

followed by 1.0 ml phosphate buffer, 0.1 Molar, pH 7. 6, 0.5 ral 

streptokinase solution 2,000 units/ 1. (Varidase -Lederle), and 

2.0 ml 5 per cent casein solution. After addition of casein 

the assay mixture is incubated at Z7°C for 62 minutes. At 2 

minutes and 62 minutes 2 ml aliquots are taken and to each is 

added 2 ml 10 per cent trichiorac°tic acid. After centrifugation 

(2,000 r. p. m. for 10 minutes) I ml of the supernatant is added 

to 5 ml 0.5 N sodium hydroxide and :i. 5 ml 5 per cent trichlor-

acetic acid, followed by 1.5 ml dilute (1:2) Folin Ciocalteu reagent. 

After standing for 15 minutes for colour development, the optical 

density of the 62 minute sample is read at 650 mfr with the 

minute sample as blank. Tyrosine release is read off a standard 

curve, one casein unit equals 180 ing tyrosine released in one hour. 
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Ai ae rig, N., Fletcher, A. P. and Sherry, a g. (1959) Journal 

of Clinical Lwostigation, 3, 1000 

Renanmert, L. F. and Cohen, P. (1949) Journal of Biological 

Chemistry, 181,  431 

(3) luglobuUn lysis 

The fraction of plasma which precipitates in dilute solutions 

at pl-I U. 3 (the eugiobul.in fraction) contains plasminogen activator, 

plasminogen and fibrinogen, but antiplasmin is largely in the 

supernatant (Macfarlane and Pilling,  1946). f the euglohulinn 

precipitate it resuspended and clotted with thrombin, bin, much shorter 

lysis times are found than with the whole plasma from which the 

eugloXr ulin precipitate was prepared (for a normal plasma, hours 

instead of days). The technique is therefore more convenient 

than whole plasma clot lysis time determination. 

Method 

The method used was that of Sherry et al. (1959). The 

test is set tap within 30 minutes of withdrawal of the sample, which 

Is stored at 4° C. To ''1.4 marl acetic acid, ply 5.3, is added 0.6 ml 

plasma. After standing 10 minutes at 40C, the precipitate is 

centrifuged down at P., 000 r. p. in. for 10 minutes in a refrigerated 
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centrifuge. The supernatant is poured off, the precipitate is 

dissolved in 0.7 ml barb'tone buffer in 0.9 per cent saline, pH 

7. A., and clotted with 0. 1 ml thrombin, 10 N. 1. H. units /mi. 

Time for complete clot lysis at 37°C is noted. 

Calculation of results 

Results axe expressed in arbitrary units. It has been 

shown by Sherry and Ally aersig (1057) that in fibrinolytic assays, 

activity is a direct function of the reciprocal of the lysis time, 

and accordingly a logarithmic mic plot of lysis times against units 

of activity shows a linear relationship. Eu lobulin lysis times 

are expressed in terms of arbitrary units of activity derived from 

such a plot. A lysis time of 30 minutes is assigned an activity 

of one unit, and the values for other lysis times are obtained by 

dividing the lysis times observed into 30. Normal euglobulin 

lysis times are over 300 minutes (L e. less than 0.1 unit) and if 

lysis has not taken place the test is discontinued at 300 minutes, 

the result being presented as "less than 0.1 unit". 

Macfarlane, 13. G. and Piling, J. (;t$46), Lancet, 2, 562 

RLIT0002185_0304 



A3.6 

Sherry, S. and Alkjaersig, N. (1057 Thrombosis et Diathesis 

iaemorrhagie (,tuttg. ), 1, 264 

Sherry, S. , Lindemeyer, B'. 1. , Fletcher, A. P. and Alkjaersig, N. 

(19 59) Journal of Clinical Investigation, 36, 8x.0 

(4) Ur olUnase sensitivity test 

The test was performed according to the method of McNicoi 

and Douglas (1964). 0. 2, ml of plasma, 0.32 ml of urokinase 

(€i00,i/ni1), 0.1 ml of thrombin (20 t'/ml) are added together 

in a 10 z 75 mm glass tube and allowed to clot. The time taken 

for dissolution of the clot is recorded. The time is then converted 

to arlAtrary units, 1 unit of activity being equivalent to 10 minutes, 

2 units are equivalent to 5 minutes and z unit being equivalent to 

20 minutes. 

McNicol, G. P. and Douglas, A. S. (1904) in '.`Recent Advance's in 

Clinical Pathology', edited 'by Dyke, S.C. 

(6) Assays for ant ihaemophllxe factor and Christmas factor 

The method described is that of Margolis (1.958) as 

modified by Breckenridge and Ratnoff (1902). 
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(a) Prepare a lcaoliri.phospholipid mixture by mixing :i ml 

phospholipid with 50 mgm kaolin in a mechanical hoino ;oniser. 

Using a I ml glass or plastic pipette, immediately pipette 0. 1 marl 

of the E .a lln -.phospholipid mixture into as many 10 x '(5 mm 

di losable glass tubes as will be needed. To do this, draw :t m l 

of the mixture into the pipette and fill no more than six tubes; 

if the kaolin settles, re-Mill the pipette. Carefully re-mix the 

kaolin-phospholipid mixture before each pilpetting to ensure an 

even distribution of reagent in all tubes. 

(b) Place the kaolin-phospholipid tubes in an ice-water bath. 

(c) Using an 0.2 ml silicon-coated or plastic pipette, pipette 

0. 1 ml of substrate plasma into each of two kaolin-phospholipid 

tubes, tap gently to mix, transfer to the 37° C bath and set the 

interval timer to ring at 8 minutes, 

(d) After 6 minutes, prepare: a 1:20 dilution of the plasma to 

be tested by mixing 0.1. ml of plasma with 1. 9:ml barbital-saline 

buffer in a cellulose-nitrate or thin-walled polypropylene tube, 

kept in the ice bath, using a 0.2 ml silicone pipette to transfer 

the plasma. invert the tube over parafilrm to mix. 
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(e) At 8 minutes, transfer with a plastic or silicone-coated 

pipette, 0.1. ml of diluted plasma to each substrate-kaolin-•Glicidex 

tube and immediately add 0.:L ml 0.025 M calcium chloride, 

using 0.2 ml glass pipettes. Start the stop watches with each 

addition of calcium chloride. Mix Immediately, and then let the 

tubes stand at 31700 until the watches read 30 seconds. Then 

mix gently and tilt the tubes continually until the clotting occurs. 

The tubes arc tilted by rotating the wrist; they should be held 

one beside the other, in such a way that the degree of rotation 

is the same in both tubes. The end-point is usually sharp, a 

firm clot appearing suddenly; stop the appropriate watch as 

soon as a clot is noted. Record the clotting time to the nearest 

tenth second. 

(f) 11 the plasma of the subject under test is more than 2 seconds 

different from the "control" plasma, repeat the assay with the 

plasma with the shorter clotting time, diluted 1:40; this should 

be a fresh dilution, rather than a serial dilution of the 1: 20. 

epeat the process until the clotting time is longer than that of the 

other plasma. 
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(g) To determine the "leer cent activity" of the plasma with the 

longer clotting time, plot the clotting times of the plasma which 

has been calibrated on log-log paper and read the activity of the 

other by interpolation. 

(h) A standard frozen pooled plasma may be used for the 

calibration curve. In this cane, a fresh normal plasma should 

also be tested at a concentration of 1:20. 

(6) Erythrocyte sedimentation rate (E. S. R. ) 

The method used is that of Westergren (1921). Venous 

blood to rediluted with 3.8 per cent trisodlu r. citrate in the 

proportion of I par of citrate to 4 parts of blood. The sample 

Is then drawn up in the Weatergren tuba' to the 200 rum mark. 

The tube is placed exactly vertical and left undisturbed for 60 

minutes. The height of the clear plasma above the upper limit 

of the column of sodimenting red cells to then read to the nearest 

millimetre. This figirre in millimetres per hour is the IlL S. 1R. 

Woster°g;ren, A. (1921) Acta medic a. Scandinavica, 54, 247 
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APP: NDIX 4 

ADDITIONAL CASE HISTORY 

A case of iutravascular haemolysis occurring 

during c : ~halexin tl y and associated with 

massive elevation of the plasma fibrinogen 

We describe here the case of a haemophilic boy who 

developed acute ini ravascular haemolysth while recovering from 

repair of a ruptured ureter. At this time his fibrinogen level 

was 1000 mg/ 1.00 ml and he was tai.ing cephale yin. The cause 

of the haemolysis has not been clearly defined. 

Case history 

The patient was a severely affected haemophiliac with 

no antihaemophllic factor (AH ) activity detectable in the plasma. 

: e sustained a rupture of the ureter, multiple fractures of ribs 

and large haernatomata of head, arms and logs as the result of 

a crushing injury. This was associated with intraperitoneal 

bleeding and a fail in haemoglobin from 15 to 6.2/100  ml. 

Surgery to the ureter was undertaken under cover of cryoglobulin 

precl. aitate, prepared by cold precipitation of human plasma (Pool 

et al., Iv y). "!Four units of donor blood were transfused to 

RLIT0002185_0310 



A4.2 

bring the haemoglobin to 12 /100 ml. No serological abnor-

malities were detected at the time of performing the matching 

toots. The infusions of cryoprecipitate were continued for 

thirty-two days to allow complete healing of the ureter, skin 

incision and the drainage tube tracks. On the sixth postoperative 

day the patient developed haerrnaturia and a haematoma of the thigh 

at the site of an Intramuscular injection when the AETY activity 

of the plasma fell below the haemostatic level. This was the 

only time the patient had any evidence of bleeding during the 

postoperative period. 

During anaesthesia the patient aspirated gastric content 

and developed a pnenmonnitio of the left lower lobe and collapse 

of the right upper lobe. This was treated with anmpleil.lann, 1 0 / 

day for nine days, then with cephalexin, 2 0/day for thirteen days. 

Mood urea was elevated to 50 mg/ 100 ml immediately 

after surgery but rapidly fell to normal and at the time cephalexin 

was administered ranged from 20 25 mg/.100 ml. 

Wine days after the start of cepha.lecin therapy the patient's 

plasma was noted to be brown in colour and the following results 

suggestive of acute  intravascular haemolysis were obtained; 
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a aethaexnalbua .in 2.3 4 mg/ 100 ml, plasma haemoglobin 6 mg/ 100 ml, 

r eticaalocyte count 5- per cent, total bilirubin 1.5 mg/ 100 mi. 

Direct broad spectrum antihuman globulin (Coombst) test using a 

standa slide technique was negative and the osmotic fragility 

of the red blood cells was normal.. .giaemolysis increased and 

maximum values were seen on the thirteenth day of cephalexin 

therapy when the reticulocyte count was 1.3 per cent, the methaom 

albumin 3.4 0' mg/ 100 ml and the plasma haenioglobln 8.0 mg/ 100 ml. 

The serum complement level was normal. The maximum serum 

level of cephale in obtained during this time was of 10 pg/nil., 

three hours after an oral (lose of 500 Ong and this occurred on 

the twenty-third postoperative day. Serum proteins were slightly 

elevated, the total being 8.7 C / 100 ml with an albumin of 4.6 6 / 

100 ml (55 per cent) and globulin of 4.1 6/100 ml. Electro-

phoresis of plasma proteins showed elevation of the g a:mmaglobulin 

fraction to 2.4 6/100  nil (25.4 per cent). P-globulin 8.5 per cent, 

globulin 8 per cent and o(. globulin 3.1 per cent were 

within normal limits. Plasma fibrinogen was grossly elevated at 

1.067 mg/100 nil. 
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Since it is reported (Kosakai and Miyakawa, 97O) that 

the direct antiglobulin test on the red blood cells of patients 

receiving cephalooporinno varies, depending upon the particular 

drug given and the particular antihuman globuulinnreagennts and 

technique employed, it was decided to attempt to enhance the 

sensitivity of the method by using a two-stage method modified 

from that of Cohen and Nelken (1964). The patient's thrice 

washed red blood corpuscles, collected soon after cessation 

of cephalexin therapy, were incubated at room temperature with 

goat antihuman serum, washed to remove free serum and followed 

by a rabbit antigoat serum on a slide. Careful attention was given 

to finding the optimal dilutions for the rabbit antigoat and goat 

antihuman sera. The patient's cells tested by this technique 

gave a positive reaction, control sensitised and uunensitised cell 

reacting satisfactorily. No irregular blood group antibodies 

were detected in the patient's serum. Direct antiglobulin reactions 

were performed using specific goat antihuman lgG immunoglob.ulin 

and anti  Ci component of complement with negative results. 

This is in agreement  with Moithann et al. (1961) who reported the 
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coating on the cells of their patients to be uuon -specific protein 

in nature. 

Ceph ,lexin was stopped at this time and thereafter the 

levels of plasma haemoglobirt, methae tkalbumin and the reticulo-

cyte count fell and haemoglobin level rose to normal. 

Discussion 

All members of the cephalosporin group of drugs are 

Imown to bind normal plasma proteins to red cells in vitro and 

so produce a positive direct anti-globulin test (Kaoeak .,i and 

Miyalvawa, 19 7O; Mine et al.., 170). The antlglobulin reaction 

is dependent on the type of antiserum. used and hi in vitro oxlper i-

mente the incidence of positive tests rises with the concentration 

of the drug. 

Molthan et al. (196?) reported positive direct Coombe' 

tests in 75 per cent of patients receiving cophalothin. This 

finding was confirmed by Gralnick et al. (:196 7) who showed that 

40 per cent of patients on cephalothin developed a positive Coombs' 

test. In these series, patients with impaired renal function had 
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a high incidence  of positive tests probably because of the high 

blood celihai.othin concentrations and because azotaeixic red 

cells were more e easily sensitised. The Incidence of positive 

tests was also higher in patients with by oalbuminaemia. 

A similar result was reported by York and Lander, 

(1968) and P oord (1970) in patients receiving cephaloridine. 

In the latter study involving sixty-five patients, the overall 

incidence of positive Coombs tests was 15 per cent but all the 

positive tests occurred in the group of patients receiving over 

4 C of ceph .loridixne/day. This gave an incidence of 26 per 

cent in this group. Perkins et a .. (1 67) reported similar 

observations in patients receiving cephalothin or cephaloridine. 

Girdwood (1971) reviewing the notifications to the Safety of Drugs 

Committee cites eight examples. 

At least five cases of positive Coombs' tests have been 

recorded after co halo in therapy. Two cases are quoted Toted by 

oord (1870), one of these being in ry monkey and one case by 

Pass et al. (1970). Also Erikesen et al. (1970) report that two 
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out of five patients on cephalexin developed a positive Coombs' 

test as determined by a 'tube' technique although the slide test 

was negative. 

Positive Coombe' tests in patients on cephalosporins have 

been regarded as laboratory curiosities and of no significance 

with regard to haemolytic anaemia; however, two cases of acute 

haexaolysis have been described (Kaplan et al. , 1968; Foord, 1971). 

The first patient received cephaloridine and the second cephaledin. 

Both patients had, however, received penicillin therapy prior to 

the cephalosporin and both had impaired renal function. The 

incidence of cross-  sensitisation reactions between penicillin and 

celoi aios orinns is probably between 10 and 15 per cent (Ky et al., 

.1970) but varies widely according to the criteria chosen. 

The case presented here is complicated by the prior 

administration of ampicillin, the elevation of the gam. aglobulin 

and the high fibrinogen level, but renal function, plasma albumin 

and the plasma level of cephalexin were all within normal limits. 

During the whole of this haemolytic episode and for tern days there- 

after, the patient received cryoglobulin precipitate and had no 

evidence of bleeding. 

RLIT00021 85_031 6 


