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PREFACE

The invesugations here presented were carned out while I was employed as
voluntary assistant at the Brological Department of the Carlsberg Foundation
19551958

Within the past 20 years of so several members of the staff of the Depart
ment have been engaged 1n studies on the clotting of blood and the fibninolytic
system of the orgamsm The present work 15 to be regarded as part of this
comprehensive and important research scheme the spinng leader of which 1s
Tage Astrup Ph D It was in fact Dr Astrup who prompted me to this work
by introducing me to the 1ntricate problems of the coagulation process 1 wish
to thank Dr Astrup most sincerely for this and for the free and independent
working conditions offered me as well as for his positive and instructive cnt
wism durng my dailly work

A large proportion of the patients nvestigated were traced through the
Medico-Genetic Registry of the Umversity Institute for Human Genetics My
thanks are due to Professor Tage hemp M D Durector of the Institute for
his permusston to make use of the Registry and other faciliies and I also thank
Professor hemp for much valuable advice dunng the preparation of my work

Much of the matertal examined was collected while I worked as assistant
physician 1n the Department of Pathology The Finsen Institute and Radwm
Station I am grateful to Chief Physictan Johannes Clemmesen M D Head of
the Depariment partly for hus orgamsation of my daly work so as to make
1t possible for me to carry through the investigation and partly for his never
falling interest and encouragement

To Dr Mogens Hauge and Mr Arne Nielsen biostatistician both of the
Umiversity Institute for Human Genetics I am obliged for instructive discusstons
on genetic and statistical problems

Mrs Ema Laursen nee Zoffman yielded invaluable assistance i most of
the laboratory investigations

Especually 1 wish to thank my numerous colleagues all over the country
who took the trouble to answer my inqumes or in other ways placed thesr
knowledge at my disposal Without their disinterested contnbutions 1t would have
been 1mpossible for me to carry through this investigation

Further I extend my sincere thanks to the Damish haemophiliacs for thesr
readiness to co operate I hope that they will be equally co operative 1n future
mvestigations which very often will not lead to results of direct practical value
to the patients concerned
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INTRODUCTION

Paviovsky s finding 1n 1947 that blood from one haemophiliac could correct the
clotting defect 1n blood from another haemophiliac aroused a great interest
a mapping of these defects i hacmophilia Scveral reports have been pubhshcd
stnce on different defects of the i} system of h hil hal
(1954) Soulter & Larrieu (1954) Beaumont Caen & Bernard (1954) Ver
straete (1955) and Biggs & Macfarlane (1957) mention the relative frequencies
of such defects but no comprchensive investigations have been reported so
far into the mcxdence of and heredity in the :individual clotting defect

The works on h ph blished 1n are manly d
with the symptomatology and mhcnl:\ncc of the disease (Spren Hansen 1886
Andreassen 1943 Skold 1544} After the syndrome of haemophilia had been
demonstrated to be caused by vanous defects of the coagulatton system it
was found approp to ine the Damsh h hil, with a view to
studying the qualitatne clotting defect as well as the symptomatology of the
individual forms and the inheritance of these

Object of the Investiganon

The object of the present investigation was I) to collect information as far
as possible on all haemophiliacs n Denmark 2) to attempt to determune the
qualitative clotting defect in these patients 3) to study the symptomatology and
prognosss of the different forms of haecmophilia and 4) to clanfy the modes
of inhentance of the individual types of the disease
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Chapter 1
THE PROCESS OF NORMAL COAGULATION

The Classical Theory of Blood Clotting

Our knowledge concermng the clotting of biood has been greatly extended
within the past 10~20 years Year by year we have become increasingly famihar
with the apparently diffenng factors included 1n the process of coagulation
Withun the past ten years or so the number recognized has nsen from four to
about twelve The fact that the same factor goes by different names 1n the
vanous haematological schools (sce the table fig 1) adds further to the diffi
culty of following the development within the field of humoral biology and
pathology

A brief review will be given below of the development that has led to our
present knowlcdge about the blood clotting Particular impartance 15 attached to
recent works on the earhest phases of blood clotting Morcover reference may
be made to surveys by Wohlisch (1929 1940) Astrup (1944 1950) Biggs &
Macfarlane (1957} and Macfarlane (1957)

For clcarness sake 1t 1s expedient to divide this development m a number
of penods (Astrup 1944 1950)

First Period

The furst period started 1 1859 with Demus (quoted by Astrup 1944) detec
tion of fibrinogen and ended mn 1905 when Morawit. advanced his theory
about the blood clotting a theory which sull holds good n principle

According to Morawitz classical theory the blood clotting takes place m
two phases

First phase Prothrombin + thrombokinase + Ca++ — thrombin

Second phase Thrombin + fibnnogen ~~ fibtin

Prothrombin present in blood plasma 1s converted 1to thrombin { 4lexan
der Schrudt 1872) by an substance which 1s iberated
from damaged ussue or blood cells This conversion requires the presence of
Ca++ (Arthus & Pagés 1890)

The clotung enzyme bin converts the fi d 1n plasma
mto fibun independently of the presence of Ca++ (Hammarsten 1896-1897)
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N omenctature ined {n

T present work Synonyme Deficrency d sease
Christmas factor ~ Tactor 1X (Roller} Christmas discase
(Bgrs & al) - Plasma r B
{FTO) {Agzeler & o) ) PIF B detaiency
~ Antthaemophulic globuhin B (1on Cra  Deuterohemophilia
mer Matter & Loeliger) PTC defiiercy
- Platelet co-factor 11 (Seegers) Hacmophihia bke
- Plasma thromboplast fa-tor B state A
(PTT B) (Aggeler L el |
Fatoe X, - Fartor X {Aalter)
Hageman factor ~ Factor X1t Hageman trait

ageman s discase

Plasma thromboplasun ante ~ Plasma thromboplast, factor C PTA deficiency
cedent (PTA) (Rosenthal)  (PTE-C) ( Aggeicr) Rosenthalt syndrom
PIE-C 4 fiaency Trnos
haemophilia  Haemophie
ha C taemophila bke
stae B

Second Period

50 years efopsed before Morawnz theory obtamed universal recogmuion The
first disa_reements were due to differences of optnion with regard to the nature
of the tissue factor Thus factor was as stated calied thromboknase by some
writers by others cytozyme and by most Amenean wnters thromboplastin Some
invesuzators found tis actnating substance 1 agueous extracts of the tissues
where it was heat lable Others found 1t 1n alcoholic extracts where it wa
heat stable In 1912 this discrepancy was explamed by the fact that thrombo-
Kinase was found 10 consist of an active lipoid bound on protesn (Bordet Howell
Zah (quoted by Wohlisch 19290 This has since been confirmed by Chargaff
Bendich & Coften (19441

Recopmuon of Morawitz theory was however further detayed because
Amenican workers especialty adhered to two other theories regardung the clottng
of biood advanced by Autls & Gucest (1921) and Howell {1935)

The former wnters who revived 1 ooldndge s theones (1883) were of the
opinton that a ussue factor which they named tssue fibnnogen reacted with
calewm and fibnnogen to form fibnn However s theory has never been
proved expenmentally

Howell 100k anticoagulants 1o play a verv important pant in the coagulation
process prothrombin in the circulating blood being bound on an anticoaguiant
(hepann) He believed the prothrombun to be hiberated by the tissue thrombok
nase binding the dant and the then to be converted nto
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Fig1
Nomenclature table

N?v'.":pﬂ e bsd o Syno ym Defic ency distase

Fibninogen { Dems) - Factor I {Koller) Hypofibrinogenaemia
Afibrinogenaemia
Prothrombin { Alexander ~ Factor I {Koller) Hypoprothrombinaemsa
Schmudt) - Thrombogen (Morawitz)

~ Thrombozym [Nolfy
- Serozym {Bordet)
~ Prothrombin B ( Qu'ck)

Thromboplastn { Howel])  ~ Factor 31I (Koller)
~ Thrombokinase { Moranst )}
- Cytozym {Bordet)
~ Thrombokinn (I enggenhager}

Caleium - Factor IV (Koller)

Proaceelenin {Astrup Owren} - Factor V (Owren) Hypoproaccelerinaema
~ Labyle factor { Qurck) Owren § discase
~Prothrommn A { Quick) Parahaemophiha
~ Thrombogen { Nolf}
~ Plasma accelerator globuhin (Fare &
Seegers)

- Prothrombin accelerator (Fantf &
Nance)

- Blasma prothrombin conversion fac
tor { Stefaninl)

Accelern (Onren) ~ Factot VI {Onren)
~ Serum accelerator globulin { Ware &
Seegers)
~ Serum accelerator (Stefamni}

Proconvertin {Owren) ~ Factor VII (Koller) Hypoproconvertinaema
- Stable factor (Stefamni} Alexander s disease
~ Co-thromboplastin { Aann)
- Serum prothrombin conversion acce
lerator (SPCA) (de Vries & Goldstetn)
- Prothrombin convetsion acceferator
(PCA) {Owen & Bollman)

Antihaemophibe factor (AHF) ~ Factor VT (Koller} Classical haemophilia
{Brinkhous) ~ Antthaemophilic globulin (AHG)  Haemophilia
(Patek & Teylor) aemophilic A

- Antihaemaphilicglobulin A (von Cra PTF A deafiiency
mer Matter & Loehger}

- Platelet co-factor § (Seegers)

— Pfasmm thromboplastic factor A
(PTF A) (Aggeler)

~ Thromboplasunogen { Quick)

~ Thrombocytolysin (Brinkhous]

~ Facteur antthémophilic A { Souher}

~ Thrombokatafysin (Lenggenhager)
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suggesting existence of yet another coag factor wnfl the
gencraton This factor was provisionally named co-factor V (Owren 1947)
but was later cafled proconvertn (Owren 1951) factor VII (Koller Loeliger
& Duckert 1951) co-thromboplastin (AMann 1949) serum prothrombin conver
ston 1ccelerator (S P C A) (de Vries Alexander & Goldstein 1949) stable factor
(Stefarurn 1953) In Owren s opimon proconvertin does not act as an accelerator
1n the prothrombin formation but 1s necessary for the quantitattve conversion
of prothrombin Aoller et al (1951) on the other hand showed that factor VII
(p un) acts as an n this process

The result of Jacor (1949) work suggests that factor VII unhhe factor V
acts as co-factor 10 the converston of brain tissue 1nto active thromboplastin the
thromboplastic activity of brain tissue bemng increased after incubation with
serum contaiming factor VII but not factor V

Returning to Morawitz scheme from 1905 this will have to be modified
though disagreement prevails as to how the components of the prothrombin
group (prothrombin proaccelenn (factor V) and proconverun (factor VII)
react with each other (sce fig 2) Tissue thrombopl {ttssue th
combines with proconvertin {facter VII) in the presence of Ca*+ to form
a complex (convertin complex 1) which again combines with accelenn (ac
uwvated proaccelerin factor V) to form yet another complex (complex 2 pro-
thrombinase ) which activates prothrombin into thrombin  Thrombin then con
verts fibrinogen 1nto fibnin (Owren)

Fig 2

Tissue thromboplastin + factor VII + Ca  — Complex 1 (convertin}
Complex 1 + factor V —» Complex 2 (prothrombinase)
Complex 2 4 prothrombin — thrombin
Thrombin + fibrnogen — fibrin

Within recent years yet another factor has been dumonstrated This 1s the
Stuart Prower factor (Graham & Hougie 1956 Telfer Denfer & Wright 1956)
which 1s necessary for tissue thromboplastin to be able to convert prothrombin
o thrombin and also required for the formation of plasma thromboplastin
(Bachmann Duckert Greiger Baer & Koller 1957)

Fifth Period

The of the ussue th had long diverted attentson
from the fact that normal blood withdrawn carefully without admxture of
tissue yuice clots quickly

Blood hysiol

p clotting 15 able to produce a
thromboplastin which becomes activated when touching a foreign surface The

thromboplastic actvity of the blood 1s most often named plasma thrombo-
plastin  (Biggs & Macfarlane 1953) which 1s ot a defimite substance but a
function of several plasma factors (Biggs Douglas & Macfarlane 1953)
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thrombin by Ca++ alone This process has never been observed however
(Nolf 1945 Owren 1947 Mulstone 1948)

Diverging theories about the blood clotting were also advanced by some
European wniters within this peniod (e g by Nolf 1908 Stuber & Lang 1930)

All 1n all we may say that this second period of coagulation research re
presented a transttory stagnation with regard to developing a proper under
standing of the coagulation process because of the varous diverging theories
and hypotheses

Third Penod
In the middle of the thirties a seres of papers were published 1 America
which rejected Mill s theones and returned to Morawitz classtcal theory (Smith
Warner & Brinkhous 1934 Quuck 1935 a b Eagle 1935) The latter had been
mamntained throughout by European writers (Bordet Mellanby and Wohlisch)
Likewise the fundamental importance of Howell s anticoagulants was rejected
In 1935 Henrtk Dam discovered the vitamin k. and Schgnheyder noticed
1ts mfluence on the clotting of chicken blood
In 1937 Patek & Taylor found 1n normal plasma the antithaemophilic globulin
capable of shorteming the clotting time of haemophilic blood both m vitro and
mwno

Fourth Period
The fourth period compnses the mapping of the factors of the prothrombin
group

The penod started 1n 1943 when Quick d d that the p
time 10 stored oxalated plasma increased with the tme of storage and that
addition of small amounts of fresh plasma from a dicoumarol treated ammal
normalized the prothrombin time Quick luded from this observation that
fresh plasma contains 1n addition to prothrombin a labile factor which 15
destroyed by storage In 1944 Owren descnibed a haecmorrhagic diathesis caused
by deficiency of a p ly unknown 1} factor factor V (Owren
1947) later called proaccelenn {Astrup 1950 Owren 1951) This factor 1s
1dentical with Quicks labile factor

The same factor was found mdependently of Owren by Ware Guest &
Seegers (1947) who named 1t Ac globulin (accelerator globuhn) and by Fantl
& Nance (1946) who called 1t prothrombin accelerator

According to Owren (1947) factor V (proaccelenn) 1s necessary for the
conversion of prothrombin into thrombin  The rate of this reaction as well as
the produced amount of thrombm depends largely on the existng amount of
proaccelenin Astrup as early as 1941 while investigating the significance of
the autocatalysis 1n the blood clotting (Owren 1947) felt convinced of the
custence of a factor nft g the rate of thromt

In 1946 and 1947 Owren found v 1n the rate of t!
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Spaet Aggeler & hunsell m 1954 mentioned a possible fourth plasma
a which  however they subsequently

wnthdrcw (1957)

Finally Ratnoff & Margoltus ir and Ratnoff & Colopy n 1955 reported on
a factor 1n the thromboplastie system of plasma which was given the name of
Hageman factor The Hageman factor was found acciduntally as neither the
first patent after whom the factor was named noc the great majonty of the
other cases published so far presented signs of haemorrhagic dathests despite
the pronounced clotung defect

The intermediary reactions between the AHF Factor V. Chnstmas factor
platelets and caloum p ding the thromb have been stud
1ed particularly by Blgg: Douglas & Mar]ar!ane 1953 a2 b) Owren (1958)
Quuck (1954) Bergsagel & Biggs (1955) Hougre (1955 ) Aoller (1955 b)
Bergsagel & Hougie (1956) Douglas (1956 a b) and Seegers & Johnson (1956)
The vestigations of the Oxford school gave the result that the Chnstmas
factor 1s activated at an carly stage by contact with a foreige surface there
after to react with the AHF and platelets This product combines with factor
V to form thromboplastin As stated above the PTA as well as the Hageman
factor and possibly hollers factor X also t towards the thromb
plastia The thrombop!: m plasma 1s possibly started
by admixture of small amounts of tissue thromboplastin (Astrup personal com
munication)

To tabulate the process of blood clotting on the basts of our present know
ledge we may sull start from Morawitz theory though in a somewhat modified
form (see fig 3)

The thrombokinase 1n Morawitz scheme 1s to be replaced by the blood s
own bokimnase (plasma b

Fig 3
Morawu., extended coagulation scheme

Note that the scheme does not mdicate the mutual reaction of the coagulation factors

{antihaemophilic factor
Christmas factor
plasma thromboplastin antecedent (Rosenthal)
1 Plasma thromboplastin {(factor X (Keller)
Hageman factor
platelet factor
Ca

- Stewart Prower factor
Ca +

Prothrombin

—+thrombin

3 Fibrinogen-

—>fibnn
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As early as 1912 Collingwood & MacMuhon suggested that plasma isell
contams thromboplastin in wactive form They supposed that the precursor
of the thromboplastin which they called prothrombolmnase came from the
platelets at the begimming of the cloting They also found this process to be
accelerated by serum which they took to tontmn preformed thromboplastin or
an activator of the prothrombokinase

The thromboplastse activity of the platelets differs however apprecisbly
from that of tissue thromboplastie Additton of normat platelets to haemoptitic
plasma will rarely reduce the clotting hime of this whercas addmon of tissue
thromboplastin even from haemophihacs will normalise the clotting time

Qurch (1947) and Brinkhous (1947) found independently that the platelets
could only promote cfotting mn the p of the antihaemophilic globuhn
Quick regarded AHG as a ptecursor of thrambopl; hromb
which was activated by the platelets while Bnnkhau: beheved tha( throrabo-
plastin was Iiberated from the platelets after these had been dissofved by AHF

The latter acted as thrombocytaly Conley He & Morse {1949)
using sthcone treated glass tubes demonstrated that platelet free plasma con
tasns a soluble p of throsnbopt which 15 d by contact with

glass surfaces Further researches mio the plasma thromboplastin were how
ever conditional on the mvestigations of the clotting defect i haemophila
Parvlovsky showed n 1947 that the clotting time for blood from a haemo
philac bad been reduced after transfusion of 100 mi of plasma from another
haemophstrac with a greatly profonged clotting time This observation suggested
quahtatve differences of the cloting defect between different haemophiliacs
Five years elapsed however before the first subgroup of hamophlscs
was d hed Almost simul ty 1 1952 Aggeler White Glende
rung Page Leake & Bates and Biggs Macfariane Pacte Pitney & Merskey
reparted on an additional factor essential to the normal clotting This factor
was named plasma thromboplastin componesnt (PTCy in the U § A and Chnst
mas fnctor m Great Brtmn Defierency of this factor was found to effect a
chaucally sd towith b phil
Shonly after the detecuon of the Chnstmas factor Amencan woskess be
came awate of a new factor hkewise essential to the normal clotting (Rosen
thal Dreskin & Rosenthal 1953) This factor was given the name of plasma
thromboplastin antecedent (PTA) PTA deficiency 15 behiesed to be the cause
of a miid haemoptuhia ike chimeal picture seen 10 both female and male memt
bets of some familtes (Rosentfal Dresken 8 Rosenthal 1953 Frck 1954
furl Dreskin & R hal 1955 Ramot Angelopoulus & Smiger 1935 2}
In 1954 a p ly unknown t factor was demonstrated 1
serum This was designated as factor X (Duckers Fluckiger Maner & Koller
1955} 1t resembles the Chrstias factor i some respects but differs from this
i others For mstance it can be prepared of plasma from a patient with
Chnstmas disease and « s less stable than the Chrstmas factor




Chapter 11

THE CLOTTING DEFECT IN HAEMOPHILIA

Haemophilia belongs to the plasmatcally induced haemorrhage diatheses
These diseases are ch 1zed h: ) Ity by I) prol d clotting
time 2) normal prothrombin time 3) delayed conversion of prothrombin into
thrombin

The slow clotting was first demonstrated by Liston (1839) H night (1893)
noticed that the clotting time was prolonged Addts (1911) that the prothrombin
concentration was normal and Addis (1911) as well as Brinkhous (1939) that
the of prot} nto th was greatly delayed

Fibrinogen

It 1s umversally agreed that the clotting defect in haemophilta 1s not referable
to the last phase of the coagulation process 1 ¢ the conversion by thrombimn
of fibriogen mto fibnn The fibrnogen 1n haemophilic blood 1s normal quant
tatwvely as well as qualitatively (Sahle 1905 HWeid 1905 Addis 1911 Lewts
Davidson Munot Soulier Tagnon & Taylor 1946)

Prothrombin
Sahlt (1905) believed the bin content m h P blood to be nor
mal This was confirmed by Addis (1911) who however found a greatly
delayed of k bin into th

P He aseribed this to a qualita
tve change of the prothrombin The theory of a qualitative defect of the
prothrombin was rejected by Howell (1914) 1n whose opinion there 1s a defi
ciency of h which he supp to ong in the thromb:

However Howell & Cekada (1926) found the prothrombin in haemophihe blood
to be normal both qualitatively and quantitatively This has since been con
firmed by several witters (Quick Stanley Brown & Bancroft 1935 Quick
19352 Lewss Davidson Minot Soulier Tagnon & Taylor 1946 among others)
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The plasma th plastin requires 7 of p 1 and the Ste
wart Prower factor to be able to convert prothrombin into thrombmr It 1s
doubtful whether proconvertin s necessary to this process (Ackroyd 1956
Seegers & Johnson 1956} Accordmng to the modified Morawitz scheme the
clotting s thus divided v three phases as shown m fig 3

Thus scheme has the advantage of affording 2 basss for a direct classification
of the plasmatically determumed haemorthagic diatheses n three groups
(Deutch 1955, Stefarunt & Dameshek 1955 Asrrup & Spohin 1957)

1) One group comprising disorders of the formation of plasma thrombo
plastin the haemophihic dseases 2} one group with defects of the prothrombn
complex and 3) one group presenting disturbances of the conversion of fibnine
gen mto fibnin The diagnosing of these diseases will be reviewed 1n chapter JIT

As for other theones d {at f may be made to
Nolf (1808} Bordet (1912 1920y Howell (1918 1935) Stuber & Lang (1930}
Onren (1947} and Biggs & Mecjarlane (1953)
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dvided with regard to therr quality Several wnters have stated that haemo
philic platelets possess an increased resistance Morawit, & Lossen (1908) were
of the opinton that the platelets and the leukocytes give off their thrombokinase
too slowly and 1 too small amounts Howell (1914) held that the clotung defect
ou_ht to be referred to a qualitative change of the platelets these having a
dimimshed prothrombin content

According to Fomo (1914 1915) the slower clotting rate in haemophilic
blood than 1n normal 1s due to the thrombocytes giving off their thrombozyme
(thrombokinase) more slowly than normal platelets In Fonios expeniments the
clotting promoting actions of haemophilic and normal platelets differed only in
haemophilic plasma but not when the two platelet suspensions were added to
normal plasma On the other hand according to Fomo extracts of haemo
philic platelets seemed to be tnfenor to extracts of normal platelets with regard
to promoting clotting

As late as 1932 Fomo declared that the reduced coagulability of hacmo
phulic blood was due to the fathng ability of the platelets to prompt liberation
of thrombokinase so that the first phase of the coagulation process with forma
tion of thrombin proceeded too slowly Fomo showed 1n some interesting exper
ments that the clotting time for a platelet poor hacmophilic plasma could be

lized by adding a susp of normal platelets washed in phystological

sabne A suspension of haemophilc platelets did not have the same effect
The clotting times were 10 and 90 munutes respectively

Mot & Lee (1916) demonstrated that normal platelets in suspension re
duced the clotting time for haemophilic blood The same was found for haemo
philic platelets though to a much smaller extent even with very large amounts
These writers found on the other hand that platelet suspensions from haemo
philic blood and from normal blood had the same accelerating influence on the
clotung of normal plasma

Minot & Lee ded that h philic platelets are il 1y defec
tive giving off prothrombin at a slower rate than normal platelets The authors
erroneous conclusion concermng the platelet function was due 1n the first 1n
stance to the fact that they believed to determune the prothrombin time by
recaleifying oxalated plasma

Klinger (1918) was of the opinion that the coagulatton defect 1n haemo-
philia was not referable to the platelets as these accelerated the clotting of
normal blood to the same extent as the normal platelets Further the clot
retraction which 1s a platelet function was normal m haemophilic blood

According to Fetssl) & Fmd (1924) the ability of normal platelets to
cotrect the 1l defect 1n h 15 for by adsorption
of normal plasma on the surface of the platelets Washing of the platelets re
duced their coagulation promoting ability

Howell & Cekada (1926) d an
phalic platelets duning the clotting

of haemo-
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Calctitm

W right (1893) claumed that haemophilia 15 associated wath calciom deficiency
because he found a reduced cloting time for haemophihic blood to which had
been added calemwm chlonde This hypothesis was however, rejected by Mora
witz & Lossen (1908) Addis (1911) Howell (1913 1914) Howell & Cekada
(1926) and Christie Davies & Stewart (1926-1927)

Thromboplastin

In 1905 Sahl on the basis of determinations of the cloting tirae 1n haemophihic
blood withdrawn 1 different phases of the disease s well as on the basts of
h 1 the hypothesis that the defective haemostasis
in haemoptulia 15 due to the vascular waffs giving off insufficient thrombokimase
for the conversion of prothrombin into thrombin He explamed the shorteming
of the clotting tune for haemophilic blood after addition of fonmal blood s
the way that the latter brought a supply of thrombokinase liberated from the
cells of the added blood Sublt concluded from thus that the vascular walls as
well as the blood cells of haemophitiacs ate unable to gve off thrombokinase
or possibly contamn this subst: 1 smalfer g

Addis {1911) and Schloessmann (1912) thought that thete was no difference

between the blood of haemophulines and that of nommals with regard to the

of bak produced from tissue and of formed clements Ho
well (1914) demed the ewstence of thrombokinase In his view Minase
15 a substanice ot substances long known under the nume of zymoplastc or

p : g of a phospt This was supp to
accelerate the coagulation process by neutralizing antithrombin but not by any
direct action on prothrombin Howel! (1914) and Mwor& Lee (1916) had more
over remarked that the ciotting ume for haemopfufic biood was reduced when
the vean was entered Jeanly owing to of tissue pl:
Howell obtained a similar effect by adding cephalin to the blood In agreement
with this a decreased thromboplastic actvity has never been demonstrable
ussue from haemophiacs (Gressot 1912 Minot & Lee (916 Lowenburg &
Ruberstone 1918) (See however p 168)

Brown (1952) found that an extract of bramn tissue from haemophihacs
was an equally effective coagulant in haemophihie blood as novmal brain tissue
Qe ck (1954) claimed that tissue from haemophibiacs contains the same amount
of thromboplastn as normat tssue

Platelets

Thrombocytes ate present 1 a normal number i haemophilic blood (Sail
1905 Howell 1914 Minot & Lee 1916 ¥ ohlisch 1923) Opuuon has been
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as normal Quick (1949) saw no change 1 the coagulability of haemophilic
blood after addition of crushed platelets

Mond & Smger (1951) succecded 1n normalising the clotting time for haemo-
philic blood by ndding a homogenate of crushed platelets The prothrombin
consumption also improved though not always sigmificantly

Spplin (1957 2) nvestreating horse plasma laching the Hageman factor
found the thrombin generation to mmprove by adding the plasmas own plate
lets after these had been washed m physiological saline

Holburn Carroll & Tocanuns (1957) exanuned blood samples from a group
of patunts with charactensic haemophilta and found a decreased platelet
actvity to be the predominant abnormality The clotttng time and the thrombo-
plastm formation became normal after addition of normal platelets to the
patents plasma but not after addition of the same amount of platelets from
pattents Infusion of a platelet nch p]:\smn nto these patients resulted in a
normal clotting time and thrombopl The 1mp lasted
for three days

In the hterature available conflicting views have thus been advanced con
cerning the function of the pla!elcts i haemophiia  This may be due to the
vanious wnters having hil who d typical clinical
prctures and had a prolonged clotting time but who had clotting defects differing
mn quality Bestdes high platelet concentrations obtamed by adding platelet
suspension or freeze dried platelet denvatives will prolong the recalaification
tume m plasma Dilution to normal concentrations will render the recalaifica
tion ttme normal again (Aletn Farber Freeman &. Frorentino 1956)

C of the Proth btn Complex

As stated previously 1t 1s universally agreed that the prothrombim content of
haemophilic blood 1s normal D of the content by
Quick s method usually gives normal values (Quick 1935 a) indicating that the

p of the prothrombin complex factor V (proaccelern)
and factor VII (p ) are d i normal Onren (1947)
also estabhished the fact that the factor V content n haemophilic blood s
normal Frank Bilhan & Ehren (1950) found that plasma from a patient with
factor V deficiency was able to correct the clotting defect w haemophilic plasma

Plasma Thromboplastin

Sahlt demonstrated as early as 1905 that haemophilic blood clotted like normal
blood after addition of ussue extract This means, as stated that the pro-
thrombin time for haemophilic blood 1s normal Consequently the phases of
the coagulation process that have been started by thromboplastin will behave
normally On the other hand the part of the coagulation which 1s to function
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Christie Davies & Stewart (1926-1927) found the clotting tme for haemo
phihic blood to decrease to a certais minmum by adding increasing amounts
of water The same occurred after whipping of haemophtlic blood These obser
vations were explamed by increased It of prott from the decay
mg platelets

Fuchs & Falkenhausen (1930} adhered to the view of an abnormal stabihisa
tion of the thrombocytes i haemophilta While normal thrombocytes tended
to stick to foresgn bodses (glass, bacteria carbon) thrombocytes from hacmo-
philic blood did not agglutinate tll after the clotting had started These workers
also found that haemophslic platelets did not have the same clotting promoting
effect on normal plasma as normal platelets However the more the baemo-
philic platelets were washed the greater became their clotting accelerating
abihity

Govaerts & Graua (1931) found the cloting of haemophihe plasma to be
accelerated by adding normat platefets Platelets from haemophilie blood acce
Ierated the clotting of normal platelet poor oxalated plasma equally as normal
platelets but the former were abnormally stable mn their own plasma Destruc
ton of platelets 1 platelet nch haemophshic plasma proved to shorten the clot
ting time This was done m three ways 1) Freezng of platelet nch plasma
1o ~16° C After thawing the clotting tune fel} from 7 hours to 30 minutes 2)
Addition of distilled water to platelet nich haemophilic plasma  followed by
addiron of NaCl mn substance untl the sample was isotomc agam gave @
clotting time of 10~30 minutes wheseas 1t was 3 hours in the plasma to which
phystological saline had been added at once 3) By first rendersng haemophshe
plasma hypertonic with NaCl and next isotomic with distiled water a clottmg
time of 70 munutes was obtawned agamst 200 minutes m control samples

Burch (1931 1932) d ated an d osmotic of haemo
phiic platelets Whereas normal blood platelets behaved hke erythrocytes s
the p of hyp sahme | lysing at a of about

04 % NaCl the haernophihc platelets did not change sn hypotonse solutions
in hypertomic solutions a concentration of 5 % NaCl was required for ther
4 3 the h philic platelets were erushed 1n 2 mortar and then
added again to the blood from which they had been remaved the cloting tme
was greatly shortened in most cases 1o the normal
Andreassen (1943) was unable to corroborate Burch s results regarding the
d osmotic of h h & but found them to
change at NaCl concentrations between 0 34 and 040 % Lenggenhager {1936)
attnibuted no speciftc function to the platelets i the cloting of blood even i
the cloting of haemophihic blood became normal by adding a suspenstos of
pormal platelets because he obtawed the same result by adding kaolin powder
to hacmophilic blood Wright (1946} found less acglutinabihty wn haemophshic

platelets than i normal
Qrch & Stefarunt (1948) found hacmopiutic platelets to be cqually active
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intravenous njection Similar results were achieved by Patek & Taylor (1937)
who found the globuln substance to be absent or present 1n greatly dunimished
amounts i preparations of haemophihe blood They also showed that the

globulin fraction was p d with the fib They produced their
preparation by dialysing plasma with distilled water
Lozner & Taylor (1939) employed a simular p di They d to

maimtain a normal clotiing time 1 a haemophiliac by imjecting plasma globulin
every six hours

These results have since been confirmed by Mot Davidson Lenis Tagnon
& Taylor (1945) and Lenis Tagnon Davidson Mot & Taylor (1946) among
others Lewis Sotudier & Taylor (1946) found that a solution of Cohns plasma
fraction I to which the antthaemophilic activity 1s attached preserved its activ
iy after the fibnnogen had been removed

The antthaemophilic globulin AHG (Lew:s Tagnon Davidson Minot &
Taylor 1946) (th (Quuck 1947) ) {Brinkhous
1947) the anuhaemophlhc factor (Brinkhous & Graham 1954) factor VIII
{Roller 1954) plasma thromboplastic factor A PTF A (Aggeler White &
Spaes 1954) plasma thromboplastic factor (Stefamim 1953) thrombokatalysin
(Lensgenhager 1946)) 1s found in Cohn s fractions I and III tolerates heating
to 56° C 1s soluble in water and 1s rapidly dustroyed about 50 per cent within
12 hours at room temperature It 1s stable 1r the frozen state and after freeze
drying Itis precipitated at 25-33 per cent saturation with ammonium sulphate
and 15 not adsorbed by dsort It 1s present 1n plasma but not
m serum Bowvine plasma contains about 16 ttmes more antthacmophilic factor
than human plasma (Macfarlane Biggs & Bidwell 1954)

The Christmas Factor (Plasma Thromboplasun Component)

As stated previously Pavioyshy found that blood from one haemophiliac was
able to correct the clotting defect 1n blood from another haemophilic patient
Five years elapsed however before an explanation could be given of thus
observation

Biggs Douglas Macfarlane Dacie Puney Mershey & O Brien (1952) and
Aggeler White Glendeming Page Leake & Bates (1952) almost simultaneously
reported seven and one case respectively of a haemorrhagic drathesis indistin

h from h; both cl lly and on ordinary haematologtcal
exammauons Investigations compnsing determmnation of the cloting time pro-

p test and thrombopl: test revealed how
ever that the clotng defect m these pauen!s unlike that in another group
of haemophiliacs was not reduced by adding antihaemophihic factor adsorbed
plasma or Seitz filtered plasma neither were blood samples from these pa
tients able to normalise each other s clotting defect which on the other hand
was compensated by adding blood from other haemophiliacs The clotting de
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sn the absence of tissue th D must be pathot m ;
blood As stated previously normal blood will clot spontaneously withmn a few
minates even if withdrawn without admixture of tissue juice The clotung of
haemophilic blood may take hours to set 1n Normal blood seems to have the

1

power of g proth bin wnto thrombin, whereas haemophibie blood
lacks this power as seen by the slow of prott mto thromt
(Addis 1911}

Weil (1905 quoted 1946) was pr bly the first to g that

mtravenous imection of fresh serum snto hacmophittacs gave a perfectly sormat
clotting time which persisted for several days (Chnstmas patient?) Addes
(1911) found that addition of 20 pet cent normal plasma to haemophilic blood
m vitro gave a notmal clotting time  Fuvther, he observed that small amounts
of a globuhn fracton prepared by acid precipitation of normal plasma ac
celerated the clotung of haemophihic blood The results of these expenments
suggest that the glebulin fraction of normal plasma contun a coagulation factor
which 1s absent m haemophilic plasma Addis was unfortunately of the opsnson
that his globulin fraction consisted mamly of prothrombin He therefore con
cluded that 2 qualitative prothrombimn defect exists in haemophihe blood al
though his globulin fraction was able to correct the cloting defect n such
small concentrations that a prothrombin defect could probably be excluded
Addis susinterpretation of the results of hus otherwise excellent experiments
delayed for 20 to 30 years our present view concermng the clotting defect 1n
haemophitia
Ferssly demonstrated s 1924 that transfusion of cell and platelet free
plasma mto haemophibacs normalised the clothing time Feassly took the de
layed clotung of haemophilic blaod to be due to an abnormakity of the thrombin
forming plasma system
Govaert, & Grata {1931) showed that the clotting of haemophile plasma
could be accelerated m three ways 1) by adding tissue extract 2) by adding
normal piatelets and 3) by adding normal plasma i small amounts (1/25 vol )
They recarded the platelets 1o h hihic plasma as ab fly stable and
believed that therr destruction could be promoted by adding a plasma factor
other than prothrombin This factor was heat labile was present 1 phosphat
adsorbed plasma and able to pass through a Berkefeld filter It was ly
| with the h hilic factor
Pateh & Stetson (1936) contirmed Fewsly 5 {(1924) and Govaertc & Gratas
(1931) abservations having found that addition of very small amounts (1/40-
1/200 mi) of cell and platelet free plasma shoniened the clotting ume of
haemophitic blood Berkefeld filtration of the plasma did not reduce s clotting
aceeleratmg actvity  The active factor  antshaemophihic globuln  demon
strated by Addis (1911} was found m the acid precipatated globulin {raction
Pohle & Taylor (1937} found that the globulin fraction prepasred from normat
Jasma shortened the clotung time of hacmophilic blood after intramuscular or

P!
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bultn of BaSOs adsorbed plasta which does not contain the Christmas factor
The clotting defect was also corrected by adding. blood from a patient with
AHF duficiency as well as from one with Chnstmas factor deficiency

PTA (plasma thromboplistin antecedent) was found to be stable 1n plasma
and serum for 2 years at =10° and ~207 C Stenle plasma stored for 4 months
at room temperature had a normal PTA actvity Storage at —15° C increased
the actvity of PTA m both normal plasma and m plasma with a moderte
PTA deficiency Heating to 60° C caused partial destruction of the factor It
was found n BaSO; adsorbued plasma and serum but could also bu eluted
from barium sulphate after \hc ndsovphon Sertz filtered plasma adsorbed only
little PTA Plasma b manly at 25-33 per

cent saturation with ammomum sulphate :md 15 present i Cohns fraction
1V-1 The elctrophoretic mobilty of PTA 1s intermediate between that of
gamma globulin and that of beta globulin (R L Rosenthal 1955) It 1s evident
from what has becn stated aboyve that the PTA factor has properties remtniscent
partly of the AHI (salting out electrophoresis adsorption  Seitz filtration)
and partly of the Christmmas factor (Cohn's fractior IV electrophorests stabil
ity adsorption) The possibulity has therefore been d that the patients
with PTA deficiency may have a mild combined deficiency of AHF and Chnst
mas factor too (} erstraete & | andenbroucke 1955 Verstraete 1955 Biggs &
Macfarlane 1957) This hypothesis was rejected by Ramot Angelopoulus &
Singer (1955 a) The view of the latter wniters regarding the properties of the
PTA factor differs somewhat from that of Rosenthal (see the table fig 4)
Relatvely few patients with PTA deficiency have been described so far

Fig 4
The properties of the plasma thromboplastin antecedent
A o Acc. 1o
Ros h1 Rmt et
Activity 1n normal plasma sfored at increased unchanged
-20 C
Influence of tmp on activity 1 nor 60 C for 20 mun 58 Cfor I0mm  Acuvity
ma! plasma or serum no activity considurably decreased
Activity after Seitz filtration moderately decreased constderably decreased

Actvity 1n different fracuons prect  saturation

saturation
prtated with (NH ) SO 0-25  munimum 0-70,/ considerable
25-35 / maumum 20-33  maximum
33-50  small 33-50/ small
Contents in Cohn s fraction T1and 11 small amounts 1 nd

IV maxmum
I IV, V ml
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fect could also be corrected by adding serum from both narmals and other
haemopluitiacs

The Jacking factor the Chnstmnis factor, as it was named by Biggs e gl
after therr first patient or the plasma thromboplastin companent (PTC) (Agge
ler et 4l ) 15 present i fraction 1V of normal plasma (according to Cohn) and
follows the beta glot during ek ph It 15 adsocbed by Al (OH)
and BaSOy 15 precp d by iphate at 33-50 per cent satura
tion s stable at room temperature but 15 destroyed when heated to 56° C for
10 munutes It 13 found i plasma and serum from haemophiliacs with AHF
deficiency and from normals

The hoemophuha hke disease Moena described by Roller et a! (1950) 15
not identical with Chnstmas disease but 15 a mild AHF deficiency (Koller
1954)

Since 1952 numerous cases of Chnstrmas disease have been reported {Schul
rian & Smuth 1952 Lewss & Ferguson 1955 Creveld & Paulssen 1953 Poole
1953 Frick 1954 Rosenthal 1954 Torregrosa Orns & de Rovera 1954
Soulter & Larmen 1954 Ramot dAngelopoulus & Smnger 1955 J Gormsen
1956 Siplin 1956)

Graham (1956} states that 69 cases of Chustmas disease had been published
up o 1956

Biggs et al {1952} found the disense to be mhented as a sex hnked reces
sive disorder just hke classical haemophiia Tiis was borne out by Lewis &
Ferguson (1953} Frick (1954) M C Rasenthal (1954} and Aoller (1955 )

Graham (£956) on the basis of the hiteratore avaiable found that among
247 hacmopiuhacs 207 had AHF deficiency and 40 1 ¢ 16 per cent Chnst
mas factor deficency

Spolin & Videbwk (1956) and Hardisty (1957) have found a reduced content
of the Chnstmas factor in blood from some women with a haemorrhage
diathesis

Rosenthal s Factar {Plasma Thromboplastiee Antecedent)

Shortly after the first descnp of Ch discase hal Dreskin &
Rosenthal (1953) seported to have found yet another factor necessary for the
norma} coaguldation Absence or deficiency of this factor hkewise gave nise t0 a
haemophiliz fike chmcal picture thouph as a e with somewhat milder signs
and symptoms A predominant uign was that of profuse haemorrhage followsag
dental extraction Rosenthal et al s first patients were two sisters snd thew

mothet s brother )
In these patents the clotting tme was p ged and the p
conversion delayed The thrombacyte count p capilary

and bleeding time were sormal The clotting defect could be corsected by
addmg enther normat serum  which does not contam the antthaemophilic glo~
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authors named the disorder tertartohaemophiha  and the new factor plasma
thromboplastic factor D (PTF-D)

This new factor obtamned only a short life Further investigations showed
that the patients plasma lacked the Chnstmas factor and contaned an anti
coaculant of low activity (Spaet 1957)

Circulating Anticoagulants

As the final cause of the clotting defect 1n hacmophiia  mention should be
made of the circulating anticoagulants cven though these probably play a
secondary part and tend to mask the primary clotting defect (See above)

Circulating anticongulants prevent of plasma thromt but
has no influence on the formed plasma thromboplastin lhrombm or pro-
thrombin (Flougte 1955 b)

Crrculating anticoagulants may occur in threc categones of patients 1)
haemophitacs 2) partunent women and 3) some patents falling outside 1)
and 2) especially 1n association with immune reactions

Only group 1) will be dealt with here Pohle & Taylor (1938) were the
first to demonstrate that mjection of globulin into hacmophiliacs gave nise to
a refractory penod after the usual iminal fall of the clottng time

Munro & Jones (1943) followed a hacmophilic patient through four years
Dunng this peniod the pattent was given frequent transfusions at first with
a favourable effect on the blceding tenduncy but afterwards causing exacerba
tion of this tendency At the same time the patient s plasma inhibited the clotting
n normal plasma Stmular reactions have since been dumonstrated by Craddock
& Lawrence (1947)

Frommeyer Lpsten & Taylor (1950) investigated 22 patients with classtcal
haemophilia and found five who were refractory to transfusions and to treat
ment with plasma protein fractions The authors detected an anticoagulant and
precipiuns against different plasma fractions with AHF activity presumably
developed by immumisation Penalver Holburn Carrofl & Tocantins (1957)
could demonstrate no antibodies refractory to transfusion 1n blood from haemo-
phihacs Hougie (1955 b} and Verstraete (1955) have found 17 cases reponcd
m the of classical b with d of
Such cases have been discrnibed smce by Speer Hill Maloney Roberts &
Prager (1956) among others

Soulier & Larnien (1953) found anticoagulants mn two patients with defi
ciency of the Chnistmas factor Bergna & Paviovsky (1956) state that mhibitors
occur relatively more often m Christmas patients than mn patients with AHF
defictency

The are g ly heat stable 65° C for 5 minutes
(Hougre 1955b) 70° C for 10 mmnutes (Verstraete 1955) stable at refrigera
tor temperature (Hougie 1955) They tolerate long storing at ~20° C (Verstraete
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Ramot Angeloporlus & Swger (1955 a) have reposted three cases twa women
and one man d d by thrombopk test and prothromb:
consumption test Oehme & Hagette (1955) mention two brothers wih the
disease disgnosed by thromboplastin generation test, and Scardigh & Gued
(1956) one case diagnosed by clotting time determmation and prothrombn con
sumption test The mother s brother of this patient had haemophtha with AHF
deficiency Buggs & Macfarlane (1957) found three patients with PTA deficigncy
R L Rosenthal (1954) and Frick (1954) notrced that PTA deficiency, un
ke e} 1 b philia and Ch disease 15 tted to females, too

Hageman Factor

Ratnoff & Margolius ir (1955) have descnibed an asymptomatic clotting defect
localised m the thromboplastic system of the plasma The defect could be
corrected by a factor contained in adsorbed serum and tolerating heaung to
56° C for 30 mnutes The factor could be precipttated from this serum at
25-40 per cent with ipt

In addition to the furst three patients descnbed one man and two women
having this clotung defect, which was discovered acaudentally five other cases
of the disorder have been reported m the } all P and alt
except one occurnug i males (Frick & Hagen 1956 Ramot Singer Heller
& Zimmermann 1956 Siplin 1957 b)

Larriety Soulier & Culor (3957) have desenbed a sumidar clotung defect
m a woman who was hable to ecchymoses but displayed no other signs of
haemorsrhagse diathesis

Fually Srplin (1957 &) has reported a case of haemorrhagic diathesis 1%
which the clotting defect could be corrected by heated readsorbed serum This
patient was therefore referred to the Hageman group

Very little has been wratten about the inhentance of the Hageman trai
Margohus & Ratnoff (1856) believe that the disorder 5s due to an autosomal
recessive gene The maternal grandfather of the patent descoibed by Sphe
(1957 &) had been a bleeder Yhe patient s mother displayed no hagmatological
sgns of o haemorthagic diathesis

The Fourth Plasma Fhromboplasun Component
bed a h hacic diath ma

Spaer Aggeler & Kinsell i 1954 &
man aged 31 In his famly there were found both male and female bleeders
The clotting defect was chnumed to be caused by deficiency of 2 plasma and
serum factor contamed w Cobns fractons I and IV and precipitated by
normal plasma at 50 per cent sataration with ammonium sulphate The factor
was found fo be heat labile stable on storage and not adsorbed by banum
sulphate Blood transfuston did Rot tmprove the coagulability of the blood The
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authors named the disorder  tertartohacmophiha  and the new factor plasma
thromboplastic factor D (PTF-D)

This new factor obtained only a short hfc Further mnvestigations showed
that the panents plasma lacked the Chnstmas factor and contaned an anty
coasulant of low activity (Spaet 1957)

Circulating Anticoagulants

As the final causc of the clotting defect 1in haemophtha mention should be
made of the circulating anticoagulants even though these probably play a
secondary part and tend to mask the pnmary clotung defect (See above)

Cireulating anticoagulants prevent formation of plasma thromboplastin but
has no nfluence on the formed plasma thromboplastin thrombin or pro-
thrombin (Hougie 1955 b)

Cireulating anticoagulants may occur in three categories of pauents 1)
haemophihiacs  2) parturient women and 3) some patients falling outside 1)
and 2) especrally n association with ymmune reactions

Only group 1) will be dealt with here Polle & Taylor (1938) were the
first to demonstrate that mjection of globulin into hacmophiliacs gave nse to
a refractory penod after the usual imtial fall of the cloting tume

Munro & Jones (1943) followed 2 haemophilic patient through four years
Duning this period the patient was given frequent transfusions at fiest with
a favourable effect on the bleeding tendency but afterwards causing exacerba
tion of this tendency At the same time the patient s plasma mhibited the clotting
in normal plasma Sumilar reactions have since been demonstrated by Craddock
& Lawrence (1947)

Frommeyer Epstein & Taylor (1950) invesugated 22 patients with classical
haemophilia and found five who were refractory to transfusions and to treat
ment with plasma protein fractions The authors detected an anticoagulant and
precipitns acamst different plasma fractions with AHF activity  presumably
developed by immumisation Penalver Hofburn Carroll & Tocanuns (1957)
could demonstrate no antibodies refractory to transfuston mn blood from haemo-
phihacs Hougte (1955 b) and Verstraete (1955) have found 17 cases reported
1 the 1 of classical h philta with 1 of
Such cases have been described since by Speer Hil Maloney Roberts &
Prager (1956) among others

Soulier & Larrien (1953) found anticoagulants 1n two patients with defi
ciency of the Chnistmas factor Bergna & Paviovsky (1956) state that inhibitors
oceur relatively more often in Chnstmas patients than 1n patents with AHF
deficiency

The ] are g lly heat stable 65° C for 5 munutes
(Hougte 1955b) 70° C for 10 minutes (Verstraete 1955) stable at refrigera
tor temperature (Hougre 1955) They tolerate long stonng at —20° C (b erstraete
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1955) are not adsorbed and are not dialysable (Hougre 19551 Verstraete
1955) Anticosgulants are present in the gamma plobulin fraction (Craddock
& Lanrence 1947), but can be extracted with ether from serum (Verstraete
1955)

Dulution of the plasma may cause the antcoagulant effect to disappear
(Soulier & Larriey 1953}

Speer Hill Maloney Roberts & Prager {1956) mentton an mhibitar of 2
hpod character which proved to differ somewhat 1n quality having dasappeared
after freezng of platelet nch plasma but not after freezing of platelet poor
plasma

Tocantins Theory of the Clotting Defect in Haemophiha

Tocantns and his collaborators have advanced the view m a senes of papers
that classical haemophilia 15 not due to d 'y of the antih phihc factos
but haemophihic blood as also normat blood contasns a thromboplastin inhibt
tor (1942~1943 1943 1951) The antithromboplastic activity 1s beheved to
be five to eight times greater an baemophtlic plasma than m normal plasma
{Tocantins 19421943} The mhbitor when solated acts as an antagomst o
the cephabn half of the thrombopl (T 1943} T vigw 15
supported by the fact that dilutson with saline shortens the clotting tmes for
normal whole dlood and plasma as well as for haemophilic whole bload and
plasma In haemophihic blood a normal cloting time can even be obtamed by
a suitable dilutton (Tacantins Carroll & Holburn 1951) This result of dilution
could not be expected if haemophilia were caused by deficiency of a throm
baplastic factor

Tocantins view has i sorne measure been supported by other workers
(Nusson & Wenchert 1954 Verstraete 1955)

Graham & Barrow (1857} have tested Tocantins theones on blood from
h hitic dogs and explamed the sh of the clotung tme after dilu

tion of the plasma by changes w the womic strength
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DETECTION OF CLOTTING DEFECTS

Fibrinogen

Defects of the coagulatron system (see the scheme for blood clotung fig 3
p 19) may be due to absence or deficiency of fibrmogen Fibrinogen can be
detected qualitatively by adding 0 2 ml of bovine thrombin (100 units per ml)
to 05 ml of citrated plasma If fibnnogen 1s present a clot wall form 1n
ly In aGib no clot will be formed and n hypofibnine
genaemta thin fibres will form but no proper clot
A quick esumate of the fibrinogen concentration can be obtained by using
Schnetder s method (1952) The panciple of the method 1s that of adding
thrombn solution to a number of whole blood or plasma dilutions and recording
the fibnn precipitation 1n the highest dilution of the sample Comparnison with
the result of a corresponding assay of a normal plasma wilt mive information on
a possible fall of the fibninogen concentration

Inhibitors

Inhibitors among which hepann 1s the most important may interfere with the
conversion of fibrinogen mto fibnn The simplest way of tesing for nhibitors
1s to add a lttle of the plasma concerned to normal plasma and determine
the clotting time after addition of thrombin or merely after recalaification If
the clotting time 15 not prolonged sigmificantly the sample contains no abnormal
amounts of mhibitors

If an existing inhubitor with the of thrombopt we
find of h bin 1nto d by pro
thromb test test or th p genera
tion test for instance The clotting defect can be corrected by adding excess
of thrombopl: Quick s proth tune 15 nermal or very shghtly pro
Ionged

In case an mhibitor mterferes with the thromboplastin formed Quick s pro
thrombm time 15 prolonged and can be only partially normalised by adding
excess of uissue th (Stefanine & D hek 1955)

Hepann acts partly as an partly and as an 1n
hibitor of the conversion of prothrombn mto thrombin (Howell 1924-1925)
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Thts whibitory activity 15 counteracted by thromboplastin (Astrup 1944) basc
protems, such as protamne sulphate (Fecker 1935 Chargaf] & Olson 1937-
1938 Jorpes Edman & Thamng 1939) and tolwdine blue (Holmgren & Wi
lander 1937)

Hyperhepanmaemia 15 often accompamed by 2 shghtly prolonged pro-
thrombin time {Qrack 1955)

Defects of the coagulaton system may, however also be caused by 2
lowered thrombin concentsation or by a reduced formation of thrombm (see
fig 5) This may be due to a lowered concentration of prothrominn or of
thromboplastn

The Prothromban Sy stem

Prothrombin 15 converted into thrombin by thrombopl i the p of
calcwm wons The thrombin thus formed comverts fibnnogen mto fibnin (see
fiz 5

Fig 5
thromboplastin
Prothrombin -+ thrombin
thrombin

Fibrinogeny  ——-~——— fibrin

In the latter process the clotung time s approximately i inverse ratio to
the thrombm concentration (Astrup & Darling 19423 Quuck s wtroductson of
prothrombm tume o {1935) dered posuble & on of a
reduced prothrombin concentration i plasma The test consists m addmng 01
m} of bram extract {thromboplastim) and O 1 ml of CaClz to 01 ml of plasma
and then determmng the clottng time  The clotung tume has thus been rendered

dependent of the thromboplastin of the plasma sample and a
prolonged prothrombin time tndicates a reduced concentration of the factors
of the p system (prothromb ! p ) Normalt

v
satton of Quscks prothcombin time after addition of small amauats of fresh
adsorbed plasma suggests factor V deficiency wn the plasma sample Normahsa
tion of the prothrombin ume after addinton of stored serum lacking prothrombsn
and factor V suggests factor VIf d Prothrombm can be d
directly by using Russell viper venom mstead of thromboplastsn s the sample
(fyort Rapaport & Owren E9355)

Onren (1949) stabilised the coagulation system with regard 1o fibnnogen
nhibitars and factor V by adchng adsorbed bovise plasma Thus the result of

hrombin time de ding to Owren md the p b

P
proconverin concentration
Quick s ssmple method of prothrombin deternunation s of very great value
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1f the prothrombin time 1s normal and 7
are present in normal amounts Thc pmlhrcmbm time 1s normal 1 haemo-

phiba th 7 and von Wi 3 Jurgens disease
A prolonged prolhmmbm hmc 1s first of all found 1n associztion with
of p and p Further 1t 15 scen
1n condi of fibrinogen ds y and hyperheparmaemia as well as Stuart

Prower factor defictency

Plasima Thromboplastin

Mcthods of nvestigating defects of the plasma thromboplastin have especially
been developed since 1947 when Quick bed his proth
uon test However Addis as carly as 1911 ployed a
test  which Iikewse 15 suitable for investigations of these defects Anrup £
Fischer (1936) studied the plasma thromboplasun formation in clotung chicken
plasma

Plasma thromboplastin consists of 1) AHF (Patek & Taylor 1937) 2) Chnst
mas factor (Biges Douglas Macfarlane Dacte Puney Merskey & O Brien
1952 Aggcler White Glendemng Page Leake & Bates 1952) 3) plasma

1 antecedent (R hal Dreskin & R hal 1953) 4) Hacee

man l’acmr (Ratnoff & Margolius yr 1955 Ramoff & Colopv 1955) $) possibly
factor X (Roffer 1955b) 6) a thrombocyte factor (Brinkhious 1947 Quuck
1947 Conley Hartmann & Morse 1949 Macfarlane & Biggs 1953) and 7)
calewm 1ons (Moran it 1905 Bergsagel & Hougie 1956) sec fig 3

Biggs & Douglas (1953) introduced thromboplastin gencration test  for
direct measurement of the plasma thromboplasun formation For this test a
washed platelet suspension 1s mixed with fresh adsorbed oxalated plasma
(contaiming AHF and factor V) and scrum (containg Christmas factor and
factor VII) After recalarfication of the mixture a specimen of this 1s transferred
at one munute intervals to a sample of platelet free plasma or prothrombin
fibrinogen rixture recaleified at the same time The clotting times obtained are
compared with a standard curve based on dilution of plasma thromboplastin

Blood with AHF deficiency or PTA deficiency will give an abnormal
thromboplastin formation by this method when the adsorbed plasma comes
from the patient If the thromb beeomes ab when the
serum wsed onginates from a hacmophilic patient this patient has Christmas
disease or PTA deficiency

The thromboplasti test has been used for d
classical h def; of h: P factor) (Biges & Douglas
1953 Verstraete 1955 Muale & Wilson 1956) and Chnstmas disease (Biges
& Douglas 1953 Verstraete 1955 Ramot Angelopoulus & Singer 1955 de
Vries Kettenborg & Van der Pol 1955 Muale & Wilson 1956) The test has
in most cases given satisfactory results Biggs & Macfarlane (1957) state how
ever that the method may fal i mild cases of these two disenses
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The literature reports only few cases of defictency of plasma thromboplastin

d (PTA) d d by the thrombopl: generation test Biggs &
Macfarlane (1957) mvestigated three patients with a hacmorrhagic dathesis
in whom the dommant mhentance the signs and symptoms as well as the
laboratory findings resembled those mn the patients with PTA deficiency de
scribed by R hal Dreskin & R hal (1953) In one patient the result
of the thromboplastin generation test suggested combined shght antthaemo-
philic factor and Chnstmas factor deficiency In the second patient the test
gave varying results suggesting presence of now one defect and now the other
The third patient apparently had slight Christmas factor defictency

Oehme & Hagette (1955) d d defi y of plasma th
antecedent by the thromboplastin generation test i two brothers Using this
method the thromboplastin generation became normal by adding either barum
sulphate adsorbed normal plasma or normal serum Miale & Wilson (1956)
Likewsse found the thromboplastin generation test to be useful for dragnosing
PTA deficiency

In a few the thrombopl £ test has been employed for
diagnosing the Hageman defect (Ratnoff & Margolius ¢ 1955 Ramot Singer
Heller & Zummermann 1956) The thromboplastin generation became normal
by replacing the patients adsorbed plasma or serum by the corresponding
control samples

The thromboplastin generation test has been used for dragnosing combined
haemophilia 1 e concurrent deficiency of the AHF and the Chnstmas factor
(Verstraete & Vandenbroucke 1955 Verstraete 1955)

In cases of functional platelet defects ( thrombasthema') the thrombo
plastin generation test Iikewise shows a d hed thrombopl. 8
(Biggs & Douglas 1953 Holburn Carroll & Tocantins 1957)

Finally the th p test reveals thrombop! activity
mn the presence of inhibitors (Biggs & Douglas 1953 Muale & W ilson 1956)

From a t} 1 aspect the ob; may be raised that it seems n
appropriate for diagnostic purposes to work with a muxture contaiming such
an unphysiological component as serum the properties of which dffer from
those of plasma and of whose composition we actually know relatively hitle
Likewsse considerng the uncertainty prevailing as regards the function of the
platelets during the clotting of haemophilic blood 1t may scem mappropnate
to introduce a normal washed platelet suspension in the coagulation muxture
This may mask a clotung defect (see p 101)

Duckert Fluckiger Isenschmied Matter Vogel Meng & Koller (1954) ob-
served n fact that the serum factors have a very pronounced accelerating
effect on the thromboplastin gencration Bergsagel & Biggs (1955) found the
activity of the Chnistmas factor to be less in plasma than mn scrum

Miale & Wilson (1956) 1n a very thorough mvestigation studied the 1n
fluence of various facts on the result of the thromboplastin generation test They
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dumonstrated among other things that by substituting saline for plasma in the

mixture a derably greater thrombopl: activity was ob! d
than 1n expetiments where serum was replaced by saline The same workers
also found thrombin formation to occur already 0 the incubation muxture so
that the test actually gives no 1solated 1mpression of the thromboplastia forma
tion

Determunation of Clotting Time

Measurement of the clotting time for blood gives an expression of the ability
of the blood ta change spontaneously i vitro from the hiquid to the clotted
state The test 1s quite unspecific as any disorder of clotng whether due to
deficiency of a clotung factor or to presence of an inhibitor will prolong the
cloting time In the former situation the clotung time becomes normal after
addition of small amounts of normal blood whereas 1n the latter 1t remains

prolonged
Clotng time d are only ble f the lar fac
tors acting on the coagulation process are kept constant These are 1) the
p 2) the tech of blood pling 3) any contact surfaces of the
blood

The temperature should be hept at a constant level as the speed of clotung
mereases parallel with the temperature up to 37° C (Burker 1907 1913 An
dreassen 1943 Buiggs & Macfarlane 1957)

At the blood sampling great care must be taken to avoid admixture of
tissue juice The cannula must enter the vein cleanly Admixture of ussue juice
to haemophilic blood may shorten the clotung time from several hours to a few
munutes 1f the blood 15 sucked out with a record synnge froth formation should
be avoided

The extravascular surfaces of contact, such as glass tubes and cannulae
ought as far as possible to be constant An enlarged contact surface may
partly promote the activation of clotng factors (¢ g Chnistmas factor and
platelets) and partly accelerate the adsorption of the formed thrombin Any
unnecessary shaking of the tubes should be avoided The calibration of tubes
and cannulae ought to be constant In cases of hypercoagulability or mnor
clotting defects it may be expedient to use silicone treated tubes and cannulae
(Brinkhous 1947 Conley Hartmann & Morse 1949)

A special form of clotting ume determmation 1s that of measunng the
calerum clottmg time or the recalcification time for diluted plasma The proce
dure described by Howell s that of diduting plasma with an equal part of
saline and then adding the optimum amount of calcium chlonde Dilution of
the plasma will however shorten the clotung tme (4ndreassen 1945) com
pared with that for untreated bloed Clothing time determination on haemo
phihic blood by this method wall likewise give lower values Thus 1s in agreement
with the observation that dilution of haemophilic blood effects shortemng of
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1ts clotung tume (Howell 1914 Christie Davies & Stewart 1926-1927 Tocan
tins Carroll & Holburn 1951 Fessly 1934 Graham 1957)

Clotting time determination has no doubt been the most frequently em
ployed analytical method 1n haemophilia since Wright (1893) demonstrated a
prolonged clotung time 1n this disease

The clotting ime being most often prolonged m haemophilia this finding
together with the d to sp and the sex linked re
cessive mh 1 blished the d {Schl 1930
Howell 1939 chk 1941 Merskew 1950)

Within recent years however a normal clotting time has not nfrequently
been observed in haemophilic blood (Merskey 1950 Merskey 1951 Schmud
1951 Quuch 1952 Graham McLendon & Brinkhous 1953) Merskey (1951)
found a normal clotting time in ten out of 51 haemophihacs In eleven the
clotting time was just above the upper normal hmit The same author m 1951
found normal clotung times 1n haemophiliacs belonging to eight different fa
mihies

In consequence of these observations opimon has been divided regarding
the relationship between the length of the clotting time and the climcal mant
festation of haemophilia

Werl (1906) adhered to the view of a parallehism between the prolongation
of the clotting time and the bleeding tendency This view was shared by Addts
(1911) Schloessmann (1912 1930) and Merskey (1950) Sakli (1905) and
Morawit. (1930) on the other hand found the bleeding tendency to be faurly
independent of the clotting ime This view was shared by Hecht (1941~1942)
Sclutler Neligan & Budtz Olsen (1948) Andreassen (1943) using Burhers
method (1907 1913) for clotting time determmation found by studying 17
haemoplubacs that the length of the cloting time afforded no bases for con
clusions the 1 sity or of the disease

The failing correlation between chnical signs and clotting defect 1s seen
particularly 1n cases with the Hageman trat (Ramoff & Margohus yr 1955
Ratnoff & Colopy 1955 Frick & Hagen 1956 Ramot Singer Heller & Zimmer
mann 1956 Splin 1957b) where even very long cloting tumes are often
attended by no chimieal signs whatever

hlead,

Clotting Time Deternunations and Classtfication of the Different Forms
of Haemophilia
The first division of the haemophilic syndrome was as stated based on clotung
ume determunation (Pavioisky 1947)
Determination of the clotting time has since been a very mmportant test for
fi of h hil usualty bimed with p
tion test thromboplastin generation test and less Ircqucmly thrombin gcncra

tion test
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No detailed account will be given here of the works dealing with this
preblem but reference may be made to papers by Aggeler W hute Glendening
Page Leake & Bates (1952) Biggs Douglas Macfarlane Dacie Puney Mer
skey & O Brien (1952) R hal Dreskin & R hal (1953) R hal
(1954) and Souher & Larrieu (1954) among others

Summarnzing we may say about the clotung time determumnation that 1t 1s
a very simple but unspecific method of esumaung the coagulability of the
blood and that 1n connection wath other tests 1t 15 a valuable aid to classifica
tion of 2 clotting defect Demonstration of a normal cloting time docs not
preclude the presence of a clotung defect

Prothrombin Consumption Test

‘When normal blood clots 85 pur cunt of the prothrombin 1s 1mmediately con
verted snto thrombin (Brinkhous 1939 Quuck 1947 Brnkhous 1947 Quick
1949) However 1n 1939 Brnkhous as previously Addis showed that in hacmo-
philic blood prothrombin was converted into thrombin at an abnormally slow
rate This was in acreement with Morawit. & Lossen s (1908) demonstration of
a higher of thrombin in b philic serum than in normal serum
an observation which they explained as due to presence of fewer or smaller
amounts of anticoagulants 1 hacmophilic serum

In 1947 Quick on the basis of Brinkhous observation diveloped his
prothrombin consumption test The pnnciple 1s that of deterrmiming the pro-
thrombin ime  of the serum one or two hours after the blood has clotted Ths
normally exceeds 40-60 seconds

The loss of prothrombin 15 a measure of its conversion nto thrombin and

of the rate of It

Slow of p b 1s seen in 1) defi of lenn and
procomvertin 2) platelet defects a) reduced number (thrombocytopena) b}
altered quality (thrombasthema) 3) defects of the plasma thromboplastin (defi
ciency of AHF PTC PTA factor X or the Hageman factor) 4) inhibitors

If Quick s plasma prothrombsn time 1s normal and presence of an inhibitor
15 excluded the sesult of the prothrombin consumption test indicates the
thromboplastic activity of the plasma The clotung defect can then be classified
more exactly by adding plasma samples with known cloting defects or spear
meuns of known clotting factors to the tested plasma

1f the serum prothrombin activity becomes low (60 seconds) by adding either
AHF plasma Chrnistmas plasma adsorbed normal plasma or normal serum
the examined blood sample Iacks PTA If it becomes normal after addition of
AHF plasma or serum the tested plasma lacks the Chnstmas factor or PTA
and 1f normalised after addition of Christmas plasma or adsorbed plasma the
tested plasma lacks AHF or PTA Finally normalisation of the serum pro-
thrombin activity after addition of heated adsorbed serum indicates deficiency
of the Hageman factor
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The prothrombin consumption fest has been extensnely used i the study
of haemophilic blood having thus contnbuted essentially towards an under
standing of the coagulation process (Brinkhous Graham Perich & Langdell
1951 Dunn & Lwns 1951) In a number of works the test has been used to
d 1 h hiia (AHF def ) Chostmas dis
ease and Rosemhals syndrome {dggeler Wihite Glendeming Poge Leake &
Bates 1952 Biggs Douglas Macfarlane Dacie Puney Merskey & O Bner
1952 Schulman & Schmith 1952 san Creveld & Poulssen 1953 Frick 1954
Scardiagh & Grad: 1956 Roseathal 1954) Further the prothrombin consump
fon test has been used to d bt philta (Hdll & Speer 1955)
and finally to diagnose Hageman factor defimency {(Frick & Hagen 1956
Ramot Singer Heller & Zimmermann 1956 Larneu Souler & Culot 1957)

In the great majonty of cases of haemophia the prothrombm consump-
tion test 15 smtable for demonstrating the clottng defect but 1t may fal m a
few snstances Mond & Singer (1951) have occastonally found a normal pro-

thrombin mh fusk even 1n with a profonged
clotung tme Brinkhous Langdell Feruck Graham & Wagner (1954) have
desenbed 2 patent with an h philic globulin

to 16 per cent of the normal but with normaf cfotting time and prothrombin
consumption Biggs (1955) has reported a case with an antihaemophihic globuhn
concentration of 75 per cent The prothrombin consumption was here very
nearly normaf Both patients led normal fives They had no haemarthroses
but profuse haemorrhage after dental extractions

The prothromibin consumption test 1s hardly the rdea! method of analysing
haemopiniic biood because patients may have 8 biceding tendency without this
method showing pathological conditions Brggs (1955) states that st wall prob
ably show normal o sf the ilie globulin ex
ceeds 5 per cent of the normal The thromboplastin generation test ay well
as the thrombin generation test are more sensitinve and hkely to show zbpormat
thromboplastic conditions at antth phitic globuhn up to 50
per cent of the nomal (Biggs 1955)

Thrombin Generation Test

Like the two above d hods of the th bin genera
tron test differs from the remammg procedures of studying the coagulation it
that 1t can be performed on blood without addition of foreign reagents

The p ple of the 1 g test 18 that of transfernng al one
mnute xmcna!s a small amount of blood clotung af 37°C te a number of
subes contumng fibnnogen solution The clotung ume of the fibnnogen 13
determined sn each tube This being approximately wversely proportional ta
the thrombin concentration (Astrup & Darking 1932) the reciprocal yvalue for

the clotung tme of the T 3 the thromb
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tion at the time concerned Provided the concentrations of prothrombin pro-
comvertin and tnhibitors 1n the blood sample tested are normal the thrombin
formation will express the thromboplastic actiity of the blood

As catly as 1911 Addis by a thromb test d d
delayed th bi i h hilic blood This was borne out by
Hecht (1942) who centnfuged the clotting blood and at mtervals transferred
five drops of the plasma serum muxture to fibninogen solutions

Macfarlane & Biggs (1953) gave the thrombin generation test its present form
They found a steep nise of the thrombin concentration after 2 lag penod lasting
2 to 4 minutes Six minutes after the beg; g of the test the th concen
tration fell again Addition of small amounts of brain thromboplastin to the
blood eliminated the lag perniod but the remaining course of the thrombin
generation remamned unchanged This was regarded as evidence to suggest that
the blood thromboplastin had the same actvity as brain thromboplastin A
fall of the platelet count was d by less thrombin fi The lag
peniod was il 1 d m h hilic blood (defi of anti
haemophilic factor) \thrc the clotting time of haemophilic blood exceeded 30
minutes ne thrombin whatever was formed Addition of small amounts of
plasma or AHF to haemophilic blood effected normal thrombin formation

Putney & Dacte (1953) employed Macfarlane & Biggs (1953) method on
citrated plasma after recalesfication and found delayed thrombin generation 1n
plasma from haemophiliacs

The thrombin generation test has been used to a moderate extent only In
the study of haemophita Astrup (1954 not published) investigated one pa
tient and Gormsen (1956) one Spolin (1956) used the method to differentiate
between classical haemophilia (AHF deficiency) and Christmas disease The
same author has used the thrombin generation test on citrated plasma to inves
tigate the Hageman trait (1957 b) as well as combined haemophihia (AHF and
Christmas factor defictency) (1957 ¢)

Regarding investigations of clotting defects reference may besides be made
to Stefarum & Dameshek (1955) Biggs & Mactarlane (1957) and Astrup &
Siplin (1957) The technique of coagulation studies has been described 1 detail
m the two former works
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The prothrombin consumption test has been extenstvely wsed w the stady
of haemophic blood having thus contributed essentially towards an under

ding of the o process (Brinkh Graham Penick & Langdell
1951 Dunn & Lyens 1951) In a number of works the test has been used to
differentiate between classical haemophila (AHF deficiency) Chnsimas dis
case and Rosenthals syndrome (Aggeler Wute Glendemng Page Leake &
Bates 1952 Biggs Douglas Macfarlane Dacte Pitney Merskey & O Brien
1952 Schudman & Schrth 1952 van Creveld & Poulssen 1953 Frick 1954
Scardiagh & Guidi 1956 Rosenthal 1954) Further the prothrombin consump-

tion test has been used to d combined h phiba (Hdl & Speer 1955)

and finally to & H: factor d y (Frick & Hagen 1956

Rarmot Singer HeIIer&Ztmmermann 1956 Larneu Soulwer & Culol 1957)
In the great majonty of cases of k hilia the proth:

hon test 15 sutable for demonstrating the clotng defect but 1t may fail 12 2
few mstances Mond & Singer (1951) have occasionally found a normal pro-
thrombin consumption i haemophiliacs even 1n association with a profonged
clotting ttme Brinkhous Langdell Pemick Graham & Wagner (1954) have
described a patient with an anth phitic globulin
ta 16 per cent of the normal but with normal clottng tune and prothrombin
consumption Biges (1955) has reported a case with an anthaemophilic globulis
concentration of 75 per cent The prothrombin consumption was here very
nearly normat Both panents led normal hves They had no haemanhroses
but profuse haemorrhage after dental extractions

The prothrombn consumption test 1s hardly the ideal method of analysing
haemophsic blood because patients may have a bleeding tendency without thes
method showing pathological conditions Biges (1955) states that 1t will prob
ably show normal ts sf the i e globulm ex
ceeds § per cent of the normal The thromboplastin generation test as welt
as the thrombin generation test are maore sensttive and hkely to show abnommal
hromt at hilic globulin up to 50
per cent of the normal (Biggs 1955}

Thrombin Generation Test

Like the twoe above d hod: o{ the thrombin genera
non test differs from the of stud! the coagul; w
that 1t can be performed on blood wuhom addition of foreign reagents

The p ple of the bin g test 15 that of transferung at one

munute wtervals o small amount of blood clotng at 379 C to a number of
tubes contamnp Gbrinogen soluton The clotung ume of the fibnnogen 15
determined 1 each tube This bemng approxmately wverscly propostional to

the thrombin concentration (Astrup & Darling 1942) the reciprocat value for

the clotting time of the fib P the
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must be followed for many hours to record the complete prothrombin conver
sion

Another oby to the prott 7 test 1s that the testing
has to be started immediately n{tcr the samplmg The blood sample cannot be
transported over relatively long distances before the testing Spolin (1956) as
was necessary 1n the case of the present mvestigation

Using the thrombin gencration test (Macfarlane & Biggs 1953 Puney &
Dacte 1953} the d amount of tt 15 d directly Even
small amounts of thrombin are easily detected so accordingly 1t 1s possible to
follow the wmtial phases of the thrombin generation dunng which the
thrombin concentration nses rapidly The short course of testng makes 1t
easier to keep the testing conditions constant Finally the method has the ad
vantage that it can be used on otrated plasma

The thromboplastin generation test has been extensively used for classt
fication of haemophilic discases (Biggs & Douglas 1953 Ramot Angelopoulus
& Singer 1955 1 erstraete & V andenbrouche 1955 Verstraete 1955 Ratnoff
& Margolws jt 1955 Iversen & Baastrup Madsen 1956 Ramot Singer Heller
& Zimmerman 1956 Oehme & Hagette 1955 Miale & Wilson 1956) This
method requires a rather great preparatory work with preparation of platelet
suspension and substrate plasma though the plasma suspension can be re
placed by a brain extract (Bell & Alton 1954) Turther it requires thrombin free
serum and adsorbed plasma In the present study the thromboplastin genera
tion test was used to a very hmuted extent only because 1t appeared that many
of the mid defects were not demonstrable in this way (¢ g famly 23 and
fanuly 88) Biggs & Macfarlane (1957) hikewise found that this method mught
be inadequate as a dragnostic ard 1n mild cases of hacmophtha

The thrombin generation test has the ad ge over the th: b
generation test that one works with a system with fewer reagents (citrated
plasma and calcium chlonde) which therefore 1s easier to control (See also
Siolin 1956 Astrup & Spplin 1957)

Qualitats e Determination of Clotting Defects

In the first work concerned with 2 classification of haemophilic diseases m
subgroups this was based on testing the mutual mfluences of haemophilic blood
samples on their coagulability

It 1s however appropnate to define one pathological condttion by an
other n this case one cloting defect by another The testing will then depend
on the availability of blood samples with defimte clotung defects

Further 1t 15 a disadvantage that a series of tests are only reproducible
by other workers 1if these are able to procure corresponding test plasmata and
;cst ls;xa (Ramot Angelopoulus & Singer 1955 a Siohn 1957 ¢ Astrup & Sy
in 1957)



Chapter 1}

METHODS OF INVESTIGATION AND REAGENTS

It has bren mentioned pressously that the clottng defoct haemophtia 1s due
to g defect sn the thromboplastic system of the plasma (Brinkhous 1939 1947
Quick 1947} and that the p of the prothromt plex are present
m pormal amounts (Addis 1911 Quick 19352 b)

To study the qualitative clotng defect two principles of mvestigation are
therefore required one to measure whether the composition of the prothrombin
systern 1 normal (prothrombin  proaccelenn proconvertin), and one to make
out about the compositiont of the plasma thromboplastn

Four methods are possible for evaluating the activity of plasma thrombo-
plasttr 1) cloting ume deter 2) prothromb p test 3}
thromboplastin generatton test and 4) thrombin generation fest

M. 1 of the TH bopl: Aty

Choice of Metl od

Clatung nme determmation Dunng performance of the thrombm generation
test 1t ts possible to determune the recalaification ttme i difuted plasma As
stated previously this methad 1s fauly msensitne, and normal times are often
<ecn 1 hacmophita If employed afone clotung time determination would be
insuffictent for classification of the cloting defect

The prothrombuin consumption test (Brinkhous 1939 Quick 1947) 55 a very
frequently employed and very useful test in haemophdia It measuses the loss
of prothrombin and consequently its conversion mto thrombin thus nditectly
wdicaung the velocity of thrombin generation Accordimyly this method can
express the thrombopfastic activity of the plasma provided the components of
the prothrombin complex as measured by Quick s method are present in nor
mal amounts and inhibitors are not present 1 abnormat concentratons Pro-
thrombin 1s nermally present 3n high concentrations ta the blood On this ac
caunt determination of munor falls of the pratheominn concentration as scen
during the clottny, of haemophilic blood il grve maccurate values these re
presenting a small dsflerence between two farge amounts of prothrombin Hence
complete or very pronounced conversion of prothrombin is essential for this
method 1o be useful and 1 wases of clotting defects the coagulation process
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after spontancous clotung at 37° C The clotted blood was left for 4 to
6 hours at 37 © C with the clot It was then stored over night 1n refrigerator
(—4° C) The next day the clot was centnifuged off (2500 rpm for 15
munutes) Testing for bin activity was p by adding
01 ml of serum to 04 ml of 015 % fibnnogen solution at 37°C If no
clot occutred within 45 minutes the serum was regarded as thrombsn free
and was stored at —20° C
Readsorbed serum A portion of the above mentioned serum was adsorbed
twice with 20 mg BaSO4 per mulhiditre of serum for 30 munutes The banum
sulphate was removed after each adsorption by centnfugation (2500 rpm
for 10 munutes)
Heated readsorbed serum was prepared from the above readsorbed serum
by heating 1t to 56 ¢ C for 30 nunutes 1n water bath
Platelet suspenston was prepared from citrated plasma which was centnfuged
for 2 minutes {1000 rpm) The pipetted plasma (silicone treated pasteur
pipettes) was centnfured at 2500 rpm for 20 munutes 1n siliconed tubes
The deposited platelets were washed four times 1 physiological saline and
then resuspended 1 saltne The platelets were counted n Burker Turk s
counung chamber Freshly prepared platelet suspensions as well as suspen
stons stored at —20° C were used
All the plasma and serum samples were stored at —20° C Some plasma
samples were stored with their normal platelet content { platelet nich plasma )
and some after centnfugation for 15 nmnutes 2500 rpm ( platelet poor
plasma ) If the number of platelets in the platelet poor plasma was not under
10000 per cubic millimetre the plasma was recentrifuged
The tubes and pipettes were cleaned in sodwum carbonate solution and
chrommum sulphate and next rinsed six times with tap water and once with
distilled water The tubes were dried 1 incubator The tubes for blood sam
pling and the pasteur pipettes were silicone treated with dimethyldichlorosilane
(Coming corporation) After nnsing and drying the tubes were placed for about
3—4 hours m a closed glass container 1n which there was a small tube with
a few of d I
Cannulae 4 cm long calber 11 dry sterilised not stlicone treated

Methods

Thrombin Generation Test
45 ml of blood were passed direct by venous puncture (clean entering of the
vein) mto a silicone treated tube contaimng 0 S ml of 3 8 ¢ eitrate solution
The blood and the citrate were further mixed by cautiously turning the tube
upside down twice The blood samples were placed 1 icecold water untl
the testtng The crtrated blood was centrifuged for 2 munutes (1000 rpm)

Using a constniction pipette (Carlsberg) 1 ml of plasma was pipetted over
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Finally of hacmophihic plasma 15 used 75 test substrate this must be stered
frazen This 1s a drawback because we know that freezng may after the
coagulability of haemophilic blood (Govaerts & Grana 1931 Sjeln 1956 b)

Adsorbud bovine plasma normal serum heated adsorbed serum 2nd plate
let suspeasions which anybody can prepare have therefore been chosen as
reagents for defiming the clotting defects n hacmophiha These tests have
some sastances been supplemented by studies on the influence of freczing on
the plasma as well as by cross tests bet: def hi hilic pt
and between hzemophiic plasmata and haemophihe sera Thc lattcr have
been pedformed as a kind of control as 1t proved impossible 1 cases of muild
defects to manage with classification on the basis of normal scagents alone

Addition of human citrited plasma has also been employed as a means of
testing for the p of ntub bility of normal plasma fo correct the
clotting defect suggests presence of an mhibntor

The added of reagy it Iy about 20 per cent of
the plasma volume to be tested 1 ¢ 02 mi of reagent 10 1 ml of plasma m
rare cases 3040 per cent

A review of the Lierature as well as expenments with addition of varying
amounts of reagents showed this ratio 1o be suttable n most cases

Muacfariane & Biggs (1933) 1n exp ustng the th b
test found that 10 pcr cent of narmal plasma 15 unable to normahse the
k I wmh phike blood A hag (o Priney & Dacie (1953)

about 20 pcr cent or more of normal plasma 15 necessary to render the thrombin
generation normal These quanuties are large compared with those stated by
Patek & Stetson (1936) The latter workers found that addion of 1740 vol <6
of citrated blood and even as kttle as 1/200 vol % could give optimum
shortenng of the cloting time 1 haemophihic blood

Reagents

Salne 085 % NaCi

Sodeumn crtrate CcHsONas 2H O 38 % m water

Caletum chlonde 0025 M CaCl 1n aqueous solution

Saline buffer Sodmm diethylbarbaturate buffer (Michaels) 005 M pH 78
contarming ¢ 10 M NaCl Total « = 015

Adsorbed bowne playma Adsorbed twice with 20 mg BaSOs (Pharmacopea
Danca 1948) per millihtre for 30 minutes (Brodthagen 1953)

Bovine fibrinogen {Astrup & Mullersz 1952) diluted with safine buffer sm
mediately before use to 0 15 % fibrinogen A stock solution of fibrinogen
was prepared once a week

Human bran th bopt: was prepared ding to Owren (1949}

Serum to be used &s sources of Christmas factor plasma thromboplastn an
tecedent Hageman factar and factor VII was prepared from whele blood
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after spontancous clotting at 37° C The clotted blood was left for 4 to
6 hours at 37° C with the clot It was then stored over night in refrigerator
(—4° €) The next day the clot was centnfuged off (2500 rpm for 15
minutes) Testing for remaining thrombin activity was performed by adding
01 ml of serum to 04 ml of 015 €% fibnnogen solution at 37°C 1f no
clot occurred within 45 minutes the serum was regarded as thrombin frec
and was stored at —20° C
Readsorbed serum A portion of the above mentioned scrum was adsorbed
twice with 20 mg BaSO, per millilitre of serum for 30 minutes The banum
sulphate was removed after cach adsorption by centnfugation (2500 rpm
for 10 minutes)
Heated readsorbed serum was prepared from the above readsorbed scrum
by heaung 1t to 56 © C for 30 munutes 1 water bath
Platelet suspension was prepared from citrated plasma which was centnfuzed
for 2 mmutes (1000 rpm) The pipetted plasma (stheone treated pasteur
pipettes) was centrifuged at 2500 rpm for 20 munutes 1n siliconed tubes
The deposited platelets were washed four times 1 physiological saline and
then resuspended n saline The platelets were counted in Burker Turk s
counting chamber Freshly prepared platelet suspensions as well as suspen
sions stored at —20° C were used
All the plasma and serum samples were stored at —20° C Some plasma
samples were stored with their normal platelet content ( platelet ich plasma )
and some after centnfugation for 15 munutes 2500 rpm  ( platelet poor
plasma } If the number of platelets in the platelet poor plasma was not under
10000 per cubic milhmetre the plasma was recentrifuged
The tubes and pipettes were cleaned 1n sodwm carbonate solution and
chromium sulphate and next ninsed six times with tap water and once with
distilled water The tubes were dned n incubator The tubes for blood sam
pling and the pasteur pipettes werc siltcone treated with dimethyldichlorosilane
(Corning corporation) After nnsing and drying the tubes were placed for about
3-4 hours 1 a closed glass contamer n which there was a small tube with
a few milld of 1
Cannulae 4 cm long caliber 11 dry stenised not silicone treated

Methods

Thrombin Generation Test
45 ml of blood were passed direct by venous puncture (clean entenng of the
vein) 1nto a silicone treated tube containing 65 mi of 38 ¢ citrate solution
The blood and the aitrate were further mixed by cautiously turning the tube
upside down twice The blood samples were placed mn icecold water until
the tesng The citrated blood was centnfuged for 2 minutes {1000 rpm)

Using a constriction pipette (Carlsberg) 1 ml of plasma was pipetted over
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nto a tube and mixed with § ml of saline The mixture was placed 1n a water
bath (37° C} To cach of 13 umformly cahbrated dwarf tubes (nternal dr
ameter 8 5 mm) placed n the water bath was added 04 ml of D15 ¢
fibrinogen soluson Then the plasma saline muxture was recaletfied with 1 mi
of M/40 calcium chlonde solutton (37 °C) The contents of the tube were
mixed carcfully and a stop-watch was started One minute after the recalu
fication and thereafter at sntenals of one minute 01 mt of the Jotting plasma
mixture was fransferred by pip 0 e fibanogen tubes The
clotting times for the fibnnogen solutions (t) were recorded At a certain pomt
of tme the recateifted plasma muxture would clot This  calewm clotung time
ot recalcificatton time was recorded The clot formed was pressed agamst the
wall of the tube with two wooden stcks to squecze out any serum left For
each test a curve was ploted expressing the ratio botween the cloting nme of
the fibnnogen solktion {t) and the reaction ume of the plasma sample (1) To
be able to compare the results of the tests an arbitracy thrombun uat has been
chosen which 1s the reciprocal value of the cloting nme t of the fibnno.en
solution measured i1 seconds and cahuulated a5 600/t As mentoned previously
the 1 Oft 15 mversely prop 1 to the clotng ume of
fibnnogen (Assrup & Darling 1942) By way of control samples of fresh nor
mal bark blood were submitted datly fo thrombin generation test

The clotting defects were classified according to the scheme shown m fig
& where + mnd that the thromboplastse activity n the patients plasma
became normat after addition of 02 mi of one of the rengents sn the column
ta the left The bottom hine iustrates the mfluence of freezing on the throm
boplastic actity

Prothrombin Tune

1 T

All the blood samples were sukb i to p time ds ac
cordg to Qwek wsing human bram 1hromboplas<m {Bisgs & Macfarlane 1953}

Tig &
The patents plasma lacks
Plasm
At m e Cr theomboplastin H g
Add d ceageat PR PN o< de € e
(Rose thaiy )
B omAly iseass) o tra
adsorbed bovine plasma -+ T - , i
normsal seu ' o + -
beated readsorbed serum | o ] o
{
freezsng of platelet rich § ,
: t © © + | +

plasma
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Further p b proconverin deter was made n a number of
cases using Owrens P P method (Onren 1949 Astrup Mudlert. & Hansen
1951)

Platelet Count

Thrombocyte counts were undertahen 1 undiluted citrated plasma (one part
of38 % sodmm atrate to nine parts of venous blood) after a fow hours of

or after f for 2 munutes (1000 r p m)
Thc counts were made sn Burker Turk s counting chamber with half chamber
heteht (0 05 mm) The thrombocyte values are stated per pl of plasma




Chapter V

THE NORMAL THROMBIN GENERATION TEST

As mentioned priviously thrombin generation tests were performed dasly on
o Of two plasma samples onginating from apparently healthy donors to con
trol the usefulness of the fibnnogen solution

Fig 7 shows some curves for the thrombin concentration plotted agaimst the
tme It 15 seen that after a lag penod of (-4 munutes during which the plasma
thromboplastin 15 activated a rather steep mse of the thrombin concentration
follows which reaches maxsmum in the cousse of 4~7 munutes This part of the
curve expresses the thromboplastic actvity of the plasma Then a fall occurs
m the thrombin concentration This fall generally takes place at 2 slower rate
than the preceding, nise The mactnation of the thrombm which starts imme
diately on ats formation and which 15 due partly to adsorption on the formed
fibrin (Quick & Fasre Gully 1949) and partly w0 an antthrombin action (Asirup
& Darbing 1942 1943} 1s gencrally fimshed after 10-13 minutes

¥ aranons in the Course of the Thrombin Generanon ut the
Control Materal
Investigations of the course of the thrombin generaton m the control matenal
revealed as stated very great vanations m the nommal thrombin generation
(see fig 7) Itss of no inturest to rendes all the controf curves (about 1000) and

tables ding the of the thromb would be con
fusing
Jdeahized cunves for the counc of the thromb have thereft

been plotted by drawing straight hnes through the ascending and descending
sections of the curves The pomnts at which these Imes wtersect the abscissa

mark the beg and conct of the thromb respevtively
provided the generation and macuvabion proweed at 3 constant veloaty (see
fiz 8)

Four posts have been chosen to descnbe these curves 1) the ume of
begmming thrombimm generation 2) the moment of maxwnvm thrombin con
centration 3) the tume of total thrombm macthanon and 4) the maxinum
hrombin conc 3 (600)

These calculations were based an 107 unselected control curves among the

normal curves
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Thrombin generation 1n etght normal plasma samples
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Ordinate Reciprocal values of the clotting times for the
fibrinogen solution expressed as 600;t (t 1n seconds)
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Fig 8

Thrombin generation m two normal plasma samples Stratght lines have been drawn through
the ascending and descending parts of the curves (see text) Abscissa and ordinate s 1n fig 7
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1 The Tume of Beg Th bin G
Fig 9 Hustrates 1 the form of a dot diageam the distnbution of 107 tutes
of t hromt on The d fated frequency curve)
15 judged to be normal
10 NUMBER
B
8 ..
. .
6 .o
. e
4 .o . see o
o +s e reeae
r4 - s a0 sever 3e .
cees 20 o  eve we
T T
) 1 2 3 s
Fiz 9

Tunes of beginnrag thromben gereration.
Absaissa Beginning of thrombin generation
Ordinate Number of samples

The mean of the observations 15 1 89 The standard deviation bas been
calculated according to the formula

R TR
5= ‘ iﬁ.%.:‘l;lui' (Remp 1955) where s represents the single observations

and » the number of observations

li hERT %844 4!f107 == 07 Standard error = 007

Mean = 189 ;1;007
The time of begioning thrombin geperation hes withm 189 07 x 3 1¢
0-4 munutes

2 The M 1 of Th bare €
The dot diagram fig 10 shows the distribution of 107 observautons The distnt
bution 15 Judged to be normal

— ]
dard devration § = l/as:s 76 - SG43I 06/107 _

106

Standard error = 0 10

Mean = 563 4+ 0101
The of hramt Hewithm 564 & 104 x 3

1e between about 2 5 and 8 7 mnutes
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Fig 10

“The moments of maximum thrombin concentration
Abscissa Moments of maxumurm thromben generation.
Ordinate Number of samples

In a control matenal of 15 plasma samples Puney & Dacte (1953) found
maxtmum thrombin concentration between 2 5 and 4 5 munutes afier the recal
cifrcation

3 The Tume of Total Thrombin Inactivation

The dot diagram fig 11 shows the distibution of 107 observations The
distibutron 15 judged to be normal

NUMBER

[ M R R A A A R AL

Fig 11
‘The times of concluded thrombin generation

Abscissa Tumes of concluded thrombin generation
Ordinate Number of samples

s= 1115962 51 :‘?662294 49/107 — 2007

Standard error = 0 19
Mean = 12065 =019
The times of total thrombin inactivation he wathin 1205 £ 201 <3 1¢ be
tween 6 and 18 munutes after the recalerfication Puney & Dacie (1953) found that
all the thrombin had been nactivated about 10 minutes after the recalcificatron
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4 The M Thrombin C ton Obtained

The dot diagram fig 12, shows the distnbution of 107 observations The
distnibution ss normat

‘0 NUMBER
8 .-
. s e .
€ . . [N
4
2 SEEBINE e srtadaTRNG * »

® 9%e see 4 saa
I’O ' 2‘0 ' 3‘0 ' 4‘0 ’ 5‘0 50%
Fig 12

The mavmeum thrombin concentrations obtained
Abscissa Maimum thrombin concentratsans determned as 600 t
Ordinzte Number of samples

S ]

/89922 5~ 831687

0% 7369

Standard deviation S = 1

Standard error = 07123
Mean = 2805 £ 071
The hromb
50 and 6 arbitrary units
1t 15 plan 10 sce that cach of the four values for the gormal thrombm
generation show considesable variauons specially that for the maximum throm
bin concentration  This must be duc i some measure to differcnces s the
composition of the fibninogen solutions
Moreover vanations m the thrombia are
e of the thrombop activity as well as to the techmgue of blood
samphng
On reviewing the cones 1 appeared that the lag penod the moment of
+ b and the tme of completed wactivation do
not vary independently A fong lag perod 1s generally accompanted by Iste
of maxunum atron and of total thrombsn mactivation These
curves are also psually mther low

Do within 2805 - 74 x 3 1e between

ferabk o fual

Recaletficanon Tones m the Control Muterial
The dot digram fig 13 shows the dustubution of 176 hikewise unselected
yecalexfication times tn the control matersal
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Fig 13

The distrihution of 176 tecaledficatian tunes from
control matenal

Abscissa Recalcification times measured in seconds

Ordinate Number of samples

The mean of the observations 1s 153 sec

// (26931)*
dardd _|/as3m256 — 116 _
§= 75 =4218
Standard error = 42—“5 =318
1176

Mean = 153 sec =318
Only 03 per cent of the recalaification times 1n a control material exceed 153
sec + 3 X 4218 = 280 sec o 4 mun 40 sec

Repeated Im estigations of the Thrombin Generation 1n the Same Subject

The was gated several umes 1n blood samples from
the same subject for the purpose of throwing hght on the problem whether the
mtra mndividual thromboplastic activity 1s constant Fig 14 shows the thrombm
generation 1n citrated plasma from a man aged 35 with no signs of a haemo-
wthagic diathesis The samples were withdrawn at intervals of 3 months The
lag period vaned from about 4 (curve a) to about 2 munutes (curve b} The
thrombin concentration was mawmal after between 6 and 9 minutes Platelet



Fig 14

Repeated mvestigations of the thrombn generation in the same subgect Abscrssa and ordimate
asmfig 7

counts 1 the three plasma samples a b ¢, gave 620000 554 000 and
339000 respectively The prothrombin tme was normal

The lag penod as well as the moment of hromb
thus seem to vary but lutle 1t the individual subject This 1s probably account
able for by hittle spontanecus vanation wn the thremboplastic actnty of the
plasma andfor small vanations 1n the fibnnogen used

Biggs & Macfarlane (1953) found that d fibrinogen prep
made mn the same way give different thrombm times with the same thrombis
It was therefore natural to believe that vanatons of the cunes were due to
vanations of the fibnnogen However if so we should i the first mstance
expect the height of the curves to vary and not the lag periods The shght
differences demonstrated of the peaks may however be due to varving num
bers of platelets the thrombin concentratton nswng with ncreasing numbers
(Biggs & Madcfarlane 1953) (see p 57)

In the three above d tests the tmes were 4 mun
45 sec 2 mun and 3 muin 30 sec P The time>
followed the corresponding lay, periods about 4 qun 1 mun and 2 muin This
hikewsse argucs i favour of the view that varagions in the thromboplastic
actvity of plasma are responsible for the differing curves rather than vanations
of the fibninogen

com

Repeated Imestigations of the Thrombn Generation in the Same
Plasma Sample
Fig 15 shows the results of ten thrombin generation tests on the same plasma
sample The values found lLie within the hatched area wath cnly a smail
vanability of observations
The 1
and 115 seconds

d recaleificat: times ranged between 108
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Fig 15

“The course of the thrombin generation based on ten tests on the same plasma sample Abscissa
and ordinate as 1n fig 7

-
o 2 4 3 L) 10 12 MIN
Fig 16 Tand II

‘The fluence of cooling down (+4 C) on the thrombin generation Curves (a) before the cooling
down curves (b) after Abscissa and ordinate as mn fig 7
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Influence of Cooling Down on the Thrombm Generation

1t 132 well known fact that storage greatly troproses the goagulability of haemo-
phike blood (Brinkhous 1939 Quick 1941 Tocantns 1942-1943 Pavlovsky
1947 Graham Buchwalter Hartley & Brinkhous 1949) Prney & Dacie {1953)
found that stotage of the plasma for a few hours at + 4° C had no nfluence
on the thrombin generation

In o few cases the thrombun generation i normal plasma was wvestigated
alter storage m refngerator (¥ 4° C) for about 24 hours Fig 16 1 and I show
the results of two such expenments Curves (a) the th
before the storage and curves (b) the generation after storage at + 4° C In both
cases storage effected shorteming of the lag peniod and a nse of the maximum

ation obtamed The loifs tunes were sh d m

both cases Before the storige they were 4 mis 45 sec and 3 min and after
the storage 3 mun 45 sec and 1 mn 45 sec

Storage of normal plasma at + 4° C thus seems to rawse the thromboplastic
activity §t 15 di t how this ph 1s to be exp d Astrup (per
sont communicauon) concludes from the results of Misson & Wenckeres
{1954) expeniments that it may be duc to the d platet tisating
normally occurnng inhibitors thus stimulating the process of activation

Influence of Free.ing on the Thrombin Generation in Normal Plasma

Putney & Dacre (1953) state that the thrombn gensration proceeds more quickly
m frozen recalefhed plasmt than in normal plasma and that the thrombin
concentrations obtaned are higher

Fig 17 b the thromt 10 fresh plasma (cune a} and 10
plasma stored for about 24 hours at ~20° C (cune b} Cunve b shows about
four times faster nse of the thrombm concentration and 2 higher max
umum concentration Also a falf of the tecalctheation tme was found from
120 to 80 seconds The rated 1mp of the throrb
was presumably due to destruction of platelets brought about by the freezing
and subsequent thawing the accelerating effect of freezsg o the thrombu
generation being only shight m thrombopeme blood Fig 18 a and b shows the
course of the thyombin generation 1n plasma from 2 pauent with thrombopema
(85000 platelets per pf of plasma) before and after freezing The thrombin
generation 15 seen to have improved only shghtly after the freezing

Influence of the Thrambacytes on the Thrombu Generation
The number of piatelets 1s known to wfluence the amount of thrombsn formed
(Mactarlane & Biggs 1933 Puney & Dacte 1953) and to a smaller extent on
the tme of beginning thrombin generation (Macfarlane & Biggs 1953)
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Fig 17

“The nfluence of freezing on the thrombin generation (a) before freezing and (b) after freezing of
the plasma Abscissa and ordinate as1n fig 7

“1s00/t
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Fig 18

The influence of freezing on the thrombin generation 1n plasma from a patient with thrombopenia
(a) before freezing and (b) after freezing of the plasma Abscissa 2nd ordinate as 1n fig 7

Fig 19 (a) shows the thrombin generation 1n a normal plasma The number
of thrombocytes was about 336 000 per pt of plasma Fig 19 (b) shows the
thrombin generation 1n the same plasma after addiion of 05 ml of platelet
suspension (304 000 platelets per pl) to 1 ml of plasma The thrombin generation
was greatly accelerated and the maximum concentration obtamned was rased
The recalciftcation tumes were 2 mun 21 sec and 2 mun 10 sec respectively

Sumular results have been observed by investigating blood from patients with
thrombopenia Fig 20 (a) shows the thrombin generation 1n plasma from a
pattent with thrombopenta (4000 platelets per yl of plasma) Addition of 04 ml
of platelet suspension (380 000 platelets per pl) very soon gave nise to formation
and mactivation of thrombm (fig 20 b) which reached a higher concentration
The recalcification times were 3 min 40 sec and 1 min 45 sec respectively
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Influence of Cooling Down on the Thrombin Generation

t1s 2 well known fact that storage greatly improves the coagulability of haemo-
phulic blood (Brinkhous 1939 Quuck 1941, Tocanuns 1942~1943 Paviovshy
1947 Graham Buchwalter Hartley & Brinkhous 1949) Pitney & Dacie (1953)
found that storage of the plasma for a few hours at + 4° C had no mfluence
on the thrombin generation

In a few cases the thrombin generation n normal plasma was investigated
after storage s refngerator (+ 4° C) for about 24 hours Fig 16 1 and 1 show
the results of two such expenments Cunves (a) it the th g
before the storage and curves (b} the generation after stosagy at + 4° C In both
cases storage effected shortening of the lag pertod and 2 nise of the maximum
thrombmn b d The leif tunes were sh d
both cases Before the storage they were 4 min 45 se. and 3 mun  and after
the stosage 3 tmn 45 sec and 1 mm 45 sec

Storage of normal plasma at + 4° C thus seems to rarse the thromboplastic
actrvity It 1s doubtful how thus ph 1s to be explained Astrup (per
sonal commumcation) concludes from the results of Nilsson & Wencherts
(1954) experiments that 1t may be due to the degeneranng platelets inactivating
normally occurnng inhbrtors, thus sttmulating the process of activation

Influence of Freeung on the Thrambin Generation it Normal Plasma

Puney & Dacte (1953) state that the thrombin generatton proceeds more quickly
m frozen recaloified plasma than in normal plasma and that the thrombin
concentrations obtaned are higher

Fig 17 10 the th s fresh plasma (curve a) and
plasma stored for about 24 hours at ~20° C (cunve b) Curve b shous about
four times faster nse of the ithrombin concentratron and a higher max
mum concentration Also « fall of the recajerficstion tme was found from
120 to 80 seconds The demonstrated tmprovement of the thrombin generation
was presumably due to destruction of platekts brought about by the freezing
and subsequent thawing the acceleranng effect of freezing on the thrombin
generation being only shght in thrombopenic blood Fig 18 a and b shows the
course of the thrombun generation w plasma from a patient with thrombopema
(8% 000 platelets per p} of plasma) before and after freezing The thrombun
generation 1s seen to have improved only shightly after the freezing

Influence of the Thrombocvies on the Thrombin Generation
The number of platelets 15 known to influence the amount of thrombin formed
(Macfarlane & Bigss 1953 Puney & Dacie 1953) and 1o a smaller extent on
the tume of beginning thrombin generation (Macfarlane & Biggs 1953}
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Fig 17

The smfiuence of freezing on the thrombin generation (3} before freczing and (b) alter freezing of
the plasma Abscissa and ordinate as in fig 7
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Fig 18
The infl U the thrombin 1n plasma from a patient with thrombopenia

(a) before freezing and (b) after freezing of the plasma Abscissa and ordinate as in fig 7

Fig 19 (a) shows the thrombin generation 1 a normal plasma The number
of thrombocytes was about 336 000 per yl of plasma Fig 19 (b) shows the
thrombin generation 1n the same plasma after addition of 05 ml of platelet
suspension {304 000 platelets per pi) to 1 mi of plasma The thrombin peneration
was greatly accelerated and the btasned was ratsed
The recalcification times were 2 mm 21 sec and 2 min 10 sec respectively

Swmular results have been observed by investigating blood from patients with
thrombopenia Fig 20 (a) shows the thrombin generation in plasma from a
patient with thrombopena (4000 platelets per I of plasma) Addition of 04 m!
of platelet suspension (380 000 platelets per pl) very soon gave nise to formation
and wmactwation of thrombin (fig 20 b) which reached a igher concentration
The recalcdication tumes were 3 mun 40 sec and 1 min 45 sec respectively
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Influence of Cooling Donn on the Thrombin Generation

It 15 2 well known fact that storage greatly improves the coagulability of haemo-
phikie blood (Brinkhous 1939 Quuch 1941 Tocantins 1942~-1943 Paviovsky
1947, Graham, Buchwalter Hartles & Brinkhous 1949) Pitney & Dacie {1953)
found that storage of the plasma for a few hours at + 4° C had no wfluence
on the thrombin gencration

In a few cases the thrombin gencration 1n normal plasma was nvestigated
after storage in refrigerator (+ 4° C) for about 24 hours Fig 16 I and Il show
the results of two such experuments Curves (2) slusteate the thrombin gensration
before the storage and curves (b) the guneration after storage at + 4°C Inboth
cases storage effected shortemng of the lag peniod and a nse of the maximum
thrombin < bi d The Toil times were d 1
both cases Before the storage they were 4 mun 45 sec and 3 mmn and after
the storage 3 min 45 sec and 1 mun 45 sc

Storage of normal plasma at + 4° C thus seems fo raise the thromboplaste

actwty It 1s doubtful how this ph 15 to be explamed Astrup (per
sonal commumcation) concludes from the results of Nidsson & Jenckerts
{1954) expeniments that 1t may be due to the ds platelets tvating

normally occurnng inhubitors thus sumulating the process of activation

Influence of Freeng on the Thrombin Generation in Normal Plasma

Pitney & Dacre (1953) state that the thrombin generation proceeds more quickly
1 frozen recalosfied plasma than sn pormal plasma and that the thrombin
concentrations obtained are hugher

Fig 17 dlustrates the thrombin generation 10 fresh plasma (curve a) and m
plasma stored for about 24 hours at ~20° C (curve b) Cune b shows about
four bmes faster nse of the thrombin concentration and a hgher max
mum concentraton  Also a falt of the recalcsfication time was found from
120 to 80 seconds The d d imp of the thrombin g
was presumably due to destruction of platelets brought about by the freezmng
and subscquent thawing the accelerating effect of freezing on the thrombin
generation being only shight m thrombopenic blood Fig 18 a and b shows the
course of the thrombin generatton in plasma from a pauent wyth thrombopenta
(85 000 platelets per ul of plasma) before and after treezing The thrombin
generatton 15 seen to have improved only shphtly after the freezing

Influence of the Thrombocytes on the Thrombin Generation
The number of platelets 1s known to mtluence the amount of thrombin formed
(Macfarlane & Biggs 1953 Puney & Dacie 1953) and to a smaller extent on
the time of begunmung thrombn generation {Macfarlane & Biggs 1953)
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Fig 21

The thrombin generation 1n plasma from a patient with aplastic anacmua (a) before and (b) after
addition of platclets Abscissa and ordinate as i fig 7
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Fig 22

The thrombin generation 1n normal plasma (a) before and (b) after addition of heated readsorbed
normal secum  Abscissa and ordinate as tn fig 7

Influence of Serum on the Normal Thrombin Generation

O Brien (1955) found serum to have a plalcle! Iike activity as 1t sHortened the
cloting time and ! the when added to platelet
nch plasma The platelet like factor was stable for one hour at 56° C

Fig 22 (a) shows the thrombin generation in normal plasma Addition of 02
m} of heated readsorbed serum to 1 ml of this plasma ratsed the veloaity of
thrombin generation as well as the maximum thrombin concentration (fig 22b)

The same was seen using untreated serum (fig 23)

Additon of heated readsorbed normal serum to plasma from a patient
with th p Ikewise the th Fig 24 (2) shows
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Fig 19

The course of the thrombin generation in plasma (a) before and (b) after additon of platelets
Absctssa and ordsmate as in fig 7
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Fig 20

The thrombin generation in plasma from a patwnt with thrombopenia (a) betore and (b) after
addition of platelets Abscissa and ordimate gs In fig

Fig 21 (a) th the thromb s plasma from a patient vath
aplastic snaemta Thrombocyte count 5000 per ul plasma Additron of 1 ml
of platelet suspension (119 000 platelets per pl) very soon gave a nise and a
£all of the thrombin concentration which reached a very igh maumum (Fig
21b) At the same time the recalaification time felt from 6 mun S sec to { mun

An pcreased number of platelets thus seems fo accelcrate the thrombin
generation and 10 sase the thrombin concentration
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Fig 25

The course of the thrombin generation 1 normal plasma (a) before and (b) after addition of ad
sorbed bovine plasma Abscissa and ordinate as in fig 7

Influence of Adsorbed Bovine Plasma on the Thrombin Generation

Fig 25 (a) and (b) 1llustrates the course of the thrombin generation i 1 ml of
normal plasma before and after addition of 02 ml of adsorbed bovine plasma
The thrombin concentration scems to have been shghtly mcreased but no
acceleratton of the coagulation process was seen

Influence of W ashed Platelets on the Thrombin Generation
Fig 26(a)shows the thrombin generation 1n a control plasma contarning 244 000
platelets per cubic millimetre Fig 26 (b) shows the thrombin generation i the
same plasma after the platelets had been removed washed four times 1n saline
and re added to the plasma from wiich they had been isolated
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Fig 26

‘The thrombin generation in normal plasma (a) before and (b after 1ts platelets had been washed
1n physiological saline Absciss2 and ordmate s 1n fig 7
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Fig 23

The course of the thtomim generafson 1n normal plasma (a) before and (5} afier additton of nor
mal serum Abscissa and ordinate 2sin fig 7

the thrombin generation n a plasma 85 000 thromt per cubic
nmithmetre of plasma Additton of 02 m! of heated readsorbed serum to 1 mi
of this plasma greatly af g the of thrombin which reached
high concentrations (g 24 b) A srmidar effect was obtamed by adding 04
m} of platelet susg {187 000 platelets per cubic mall {hg 24¢)
The recalerfication imes i the three expenments were S min 40 sec 3 mn
and 1 min S5 sec respectuvely

These expernments conftrmed that serum contams a factor (or factors)
having a platelet hke effect It tolerates heating to 56° C and 15 not removed
by adsorptton with banum sulphate
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Fig 24

The course of the theombin generation i platelet poor plasma (b after addition of heated read
sorbed serum {€) after addition of platelets Abscissa and ordinate as 1 fig 7
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Fig 25

The course of the thrombin generation tn normal plasma (a) before and (b) after addition of ad
sorbed bovine plasma Abscissa and ordinate as in fig 7

Influence of Adsorbed Bovine Plasma on the Thrombin Generation

Fig 25 () and (b) 1llustrates the course of the thrombin generation 1 1 ml of
normal plasma before and after addition of 0 2 ml of adsorbed bovine plasma
The thrombin concentration seems to have been shightly mcreased but no
acceleration of the coagulation process was scen

Influence of Washed Platelets on the Thrombin Generation

Fig 26(a)shows the th 1n a control plasma contaming 244 000
platelets per cubic millimetre Fig 26 (b) shows the thrombin generation m the
same plasma after the platelets had been removed washed four times 1 saline
and re added to the plasma from which they had been 1solated
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Fig 26

‘The thrombin generation 1 normal plasma (a) before 2nd (b) after 1ts platelets had been washed
1 physiological saline Abscissa and ordinate as 1n fig. 7
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The curve shows a very d 3¢ of the thrombmn genera
tron after the washing The recalerfication tune was 60 seconds ta both expen
ments

Prothrombin Complex and Thrombin Generation

Whereas there has bees no occasion to mvestigate plasma from patients wath
cangemtal defects of the prothrombin plex the thromt has
been studicd w plasma from vanous patents dunag dxcoumarol treatment
Dicoumarel hus long been known (Link 1944) to cause Hypoprothrombi
naemia It has since been shpwn that n add to d hing the proth
bin content  dicoumarol reduces the contents of factor VI (Owen & Bollman
1948 Ouren & Ax 195%) factor X (Koller 1955) the Stuart Prower factor
(Bachman Duchkert Gewer Baer & Koller 1957) and though of less imterest
m this connection the Chnstmas factor (Verstraete 1955 Sise Kimball &
Adosus 1955 Johnson Seegers hoppel & Olwin 1957)
Fig 27 shows the course of the thrombin generation 1 4 patient dunng
Curve (a) the th Bt a time
when the prothrombi proconvesta level was 69 per cent measured according
to Owren The curve runs a perfectly normal course At the tme of the
expeniment ifhustrated 1 curve (b) the p~p level was 15 per cent Curve ()
cotrespends to a p ~p value of 7 4 per cent It ts plawn to see that a pronounced
falt of the p—p lovel 1s accompanted by a decreasing thrombin generation

oz & & 8 o RMN
Fig 27
The course of the thromtna generatson 1n plasma
from 2 panent under dicoumarol treatment
ap~p o toQwren /b p ~p 15/
cp~p T4
Abscssa and osdinate as n fig 7



Chapter VI

COLLECTION OF MATERIAL

Introduction

Reeard

the geography and
tion will be given bilow

The ingdom of Denmarkh comprises Denmark proper situated between
55 and 58 degrees N and between 8 and 15 dugrees E L of Grw  as well
as Greenland and The Faroo Islands

The present mvestigation of haemophthacs comprises solcly those lving 1n
Denmark proper 1 ¢ the pemnsula of Jutland bordering in the South on
Germany and the 1slands of Secland with the Capital of Copenhagen on the
East as well as Funen Lolland Falster Bornholm and a number of smaller
1slands

The total arca of Dunmark 1s about 43 000 square hilometers The popula
tion (Danish Year Book of Statistics 1956) numbcers 4 281 275 fauly equally
distnbuted between rural and urban distncts

The population bc]ongs tn the main to the Nordic race being tall (160—
180 cm) farr 3¢ or subdolich: halic and often blue-eyed A
great deal of mmmugraton has taken place the course of time especially
from the South and from Sweden

Pop of Denmark the following nforma

The Families Imvestigated

A senes of 148 patients distnibuted over 78 families have had thesr coagula
tion system investigated Seventy five of these patients belong to 35 of the 67 fa
multes included i Andreassen s (1943) senies However of these 75 patients no
more than 35 were by Ands en The 40 were born after
Andreassen had collected his matenal In 32 of Andreassens 67 families there
were no living haemophiliacs by the time the present investigation took place
The data of the majonty of the remaiming 73 patients were obtamed from
Danish provineral hospitals

In addition to the 148 patients mvestigated the author knows of another
eight haemophiliacs who either refused to co operate (three) or were too young
for blood samphng (three) or who had emigrated (two)
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Prevalence

Andreassen (1943} found 81 hacmophihacs 11 a population of 3 844,312 v e
about one haemophihiac per 50000 ihabitants or about one haemophiliac
per 23,000 male mhabitants

The author of the present work found 156 haemophiliacs n a population
of 4 281 275 {Danish Year Book of Statistics 1956) This gises about ong hae
mophihac per 27 000 or about enc per 14 000 males

The Iterature only few af the ds of | sphil
According to Heeht (1955) about 300 bleeders are known m Holand, but the
actial number 1s probably about 600 Thus corresponds to about one per 10 000
inhabutants ¥ erstracte (1955), who has described 42 cases of haemophilia, i
of the ommon that the meidence of classical hacmophiia (AHF deficiency) 5
about one per 10000 and that of Chostmas disease (PTC deficiency) one
per 100000 Biggs & Macfarlone (1953) believe that haemophilta affects
roughly one or two persons per 100 000 on the British Isles

Compann,, the Damsh senes from 1943 with the present 1t seems as if
the il of b philta has nisen derably It appears however that
28 of the haemophiliacs 1n the present sertes who had been born before 1942
are not mcluded 1n the 1943 series Correction of Andreassens figires gives
an incidence of hacmophtha of about one per 35 000 or about one per 17 000
male mhabitants

The meidence of haemophlia thus seems to have ncreased only mod
erately The g whether all b phtl s Denmarh have been e~
gistered must be answered m the negatne Some have such shght symptons
that they lead a perfectly normal hfe haung never consulted a doctor on
account of the dssease In such cases haemophilia 1s often discovered accident
ally e g on dental evtraction (See for mnstance famuly 51, p 252 and
fanuly 109 p 334} After the conciusion of the present mvestigation the author
found yet another pattent with classical haemophilia and one with the Hage
man tratt

Pedigrees

The pedigrees of the hacmophihic families are rendered 1 the Jast hapter of
the book The tist 35 pedigrees are dential with those hawviag the same
aumbers w Andreassens work They have been brought up to date

They comprise those of Andreassen s haemophiiic famihes 1n which hasmo
phihiacs were alive and examined by the author at the tume of the mestigation

The remamyng 43 pedigrees have been drava on the basis of personal
communtcations obtamed from the hving members of the famulies Where pos
sible each pedigree compnsed ot less than four generattons
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Case Records

A case record has been made for each of the Iving haemophiliacs including
information on the bleeding tendency These records are based on personal
questionmg and examinations of all the patients except six For patients who
have been 1n hospital the hospital records ha\c been reviewed  Possible i

formation 1n these on the d of 15 dered m the case
records

A pount was made of p on the first of
the discase the pature of the bleeding (bleeding in the shin the muscles the

nose the jomnts the gums melaena 1a) the changes 1n
signs and symptoms with increasing age and surgical interventions 3f any
Finally information has been procured as to how the patients manage 1n lfe
Along with the case reports which are rendered buow the respective pedigrees
and which have consecutive numbers within each famly the most important
haematological examnations are stated

Collection of Blood Samples

Under the existing, circumstances 1t was found most expedient to perform the
samplings and exammations of the patients in their respective homes The
mvestigations took place duning week ends On Saturday aftemnoon the part of
the country to be searched for haemophiltacs was wvisited In the course of
Sunday the haemophiliacs usually three or four were looked up and blood
samples were withdrawn These were placed 11 a cooler containing ice water
and transported to the laboratory where they were analysed the next day The
blood samples onginating from patients outside Seeland were thus stored at
0°C for about 18-20 hours before the analysis

Influence of Storing on the Thromboplastic Activity of
Haemophilic Blood

It 1s a well known fact that the b of h hilic blood 1 d
by standing at room temperature (Brinkhous 1939 Quick 1941 Paviovsky
1947) No satisfactory explanation can be given of this phenomenon Brink
hous (1939) and Quick (1941) supposed 1t to be due to disintegration of plate
lets and Paviovskv (1947) to inactivation of an inhibitor the decreasing clotting
time being mndependent of the presence of platelets

The author has tested the thromboplastic actiity of a few samples of
haemophilic blood bifore and after storage at 0°C for 24 hours

Fig 28 curve A shows the thrombin generation 1n plasma from a patient
with AHF deficiency (tanuly 68 no 3) The recalcification trme was 15 mmn
utes Curve B shows the thrombin generation after the blood sample had been
stored at 0° C for 24 hours The th had not mp and
the recalaification time was 14 min 30 sec
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FAM ¢8 NO 3

“1s00/t

Iig 28

The thrombin 30 by halic plasma (AHF {2} before and (b} after storage
at 0 C for 24 hours Abscissa and ordinate a3 sn fig 7

Fig 29 dlustrates corresponrding experunents on patieat no 1, family 108
{AHF dificency + serum factor deficiency) The recatcification tunes were 6
mmn and 5 mm 40 sec respectively There was no significant dfference be
tween the thromban generations m the two experiments

“Clsooss FAM 108 NO 1

Fig 29

Courses of the thrambin generation n baemophibe plasma (AHF deficiency + serum factor
deficiency) (a) before and (b} after storage at 0 C for 24 hours Apscrssa and ordinate as 1 fig 7

Fig 30 shows the thrombm generatton 1 plasma from a patient wath
Christmas disease (family 62 no 3y The curves are wdentical There 15 no
differcnce between the thrombin generations before and aftcr storage 1 sce
water for 24 hours

On the other hand spontaneous wnprovement of the thrombin generaton
scems to be possible m plasma from patients lackng the Hagesan factor In
plasma from patient ro 2 famuly 112 (sec p 339) the thrombin generation
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FAM 62 NO 3
“01s00/t
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Flg 30
‘The thrombin 'y of the Christmas factor) (a) before

and (b) after slomgc at 0 Cfor ‘4 hours Absﬂssa and ordinate as i fig 7

became normal after storage n 1ce water for 24 hours 1n a siliconed glass
tube There was a shght fall in the recalaification time from 5 mm 30 sec
to 4 pun 50 sec

Fig 31 cunve A shows the thrombin generation in plasma from a patient
with a mild antthaemophilic factor dificiency (fanuly 31 no 6) The recalct
fication time was 6 mmn 50 sec Curve B shows the thrombin generation m
plasma stored at 0° C for 24 hours Here too the thrombin generation was
abnormal though somewhat accelerated just as also the recalaification time
had fallen to 5 mn

The results of the above experiments go to show that it 1s possible to 1n
vestigate the coagulation system in blood from patients with AHF deficiency
and Chnstmas factor deficiency after the blood has been stored at 0° C for

FAM 31 NO6
499500/
30
20
10
0o 2 12 MIN

Fig 31

The thrombin generation i haemoplulic plasma (mild AHF deficiency) (a) before and (b) after
storage at 0 C for .4 hours Absuissa and ordinate as in fig 7
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24 hours as storage seems to causc no appreciable changes of the clotting
defect Dufficulties may anse if the blood sample stored in this way 55 denved
from a patient lacking the Hageman factor or = patient wath 2 mild defect
However the author has had occaston to examine blood samples from smost
of these pauents several tmes partly oy usual m Copenhagen and partly v
a local laboratary, where the blood congulation system could be tested In no
mstance was there found a normaf thromboplastic actnvty 1 plasma from a
patient with persutent signs and symptoms of a haemorrhagic diathests



Chapter V1

DIAGNOSIS AND SYMPTOMATOLOGY
OF HAEMOPHILIC DISEASES

Duiagnosis

In the p ! cases of b hilia the d causes hitle
dlmculty Haemophihia 1s a hacmorrthagie diathesis due to a difect of the
plasma thromboplastin The classical form of haemophiha 1s a hereditary dis
ease with sex linked recessive transmussion (Nasse 1820 Schloessmann 1924)
In about 30 per cent of the cases only one patient can be found mn each family
(Andreassen 1943 Dahlberg 1949 Stefamtmi & Dameshek 1955) These rc
present the so-called sporadic h philiz which 1s } from the
hereditary form both lly h and g The disease
occurs almost exclusively 11 males

Differennial Diagnoses

H philia 1s ch d h lly by 1) most often a prolonged
clotting time  2) a delayed of proth mto th owing to
deficient f of plasma thrombop} The p tme the con
tent of platelets and the bleeding nm: are normal

To give a bnef survey of the most mmp bl of

dragnosis 1n cases of haemorrhagic diathesss 1t 1s upcdxen! to divide these in 1)
the plasmatically induced 2) the thrombocytogenic and 3) the vascularly in
duced

Pl iy Induced H h Duatheses

Haemophilia (1) belongs as stated to the plasmatically mduced haemorrhagic
diatheses This group mcludes further 2) Hypoprothrombinzena hypopro
accelerinaemia  and hypoproconvertinaenua These diseases are charactensed
by a prolonged clotting time as well as by a prolonged Quicks prothrombin
time 3) Diseases with a disturbed fibna formation Afibninogenaerma and fi
brinogenopensa In the former no clot 1s formed by adding thrombin and in
the latter a prolonged clotttng time and decreased fibnn formation are seen

The plasmatically induced clotting defects mentioned under 2) and 3) may
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be 1 or acquired The I defects may be familial but nothing
certain 15 known as yet of the mode of transmssion

Finally, 4) conditions with increased fibrinolysis and 5) conditions with
mhibitors 1n the blood belong to the plasmatically induced haemorrhagic di

atheses

Hereditary Thrombocytogenic Haemorrhagic Diatheses

Thts group compnses vartous haemorrhagic diatheses all congemtal and the
majonty stll of unknown actiology

These diseases are 1) Thrombog (usually acquired) 2) hereditary
haemorrhagic thrombasthema (Glanzmann) 3) constitutional thrombopathy
(Willebrand Jurgens) 4) Naegel's thrombopathy and 5) Jurgens thrombopathy

The chinical prctures of these diseases wall not be described i detarl

The bleeding tendency in thrombopenia mamfests itself by suffusion of
blood 1n the skin and mucous membranes as well as mn the bram In the vanous
forms of thrombopathy the haemorrhages are remniscent of those n hacmo
philia (hence the name of pseudohaemophilia) They often occur penodically
etther 1n early infancy or about the age of puberty

Common to the thrombocytogenic haemorrhagic diatheses are the prolonged
clotting time the delayed clot retraction and the reduced conversion of pro
thrombin 1nto thrombin

AHF deficiency has been demonstrated 1 a few mstances of von Wille
brand Jurgens disease (Larrieu & Soulier 1953 Alexander & Goldstein 1953
Jurgens Lehmann Wegelus Erthson & Hiepler 1957 Buggs & Macfarlane
1957 Nisson M Blomback Jorpes B Blomback & Johansson 1957)

All the diseases of this group are due to domunant genes

The results of the most commonly employed laboratory tests i plasmatic
ally induced haemorrhagic diath and tl bocytog haemorrhagic dia
theses are shown n the table fig 3

Vascularly Induced Haemorrhagic Diatheses

This group compnses pumarily hereditary 4 h I (Rendu
Osler) which 15 mnhertted as a domunant disease and further characterised by
repeated haemorrhages from visible telangiectases m the shin and mucous
membranes

Vascular pseudoh hilia 1s due to a d gene occurning like the
above diseases m both males and females The haemorrhages m this discase
are highly remimscent of those 1n classical haemophilia being often mtra and
penarticular Macfarlane (1941 quoted 1953) has observed abnormally long
and tortuous capillaries with poor contractility m this disease
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Fig 32
Localisation of a clotting defect
Quick s pro-
thrombin
time normal pormal normal normal prolonged | prolonged
clotting prolonged | normalor |nommalor | normal indkfimie | prolonged.
ume or normal | prolonged | prolonged
bleeding tme | normat prolonged | prolonged | prolonged | normal normal
capillary normal or
resistance normal wopawred  {impawred | smpaired | normal normal
thrombocyte
count normal < 100000 > 100000 > 10000 normal normat
duagnosts HAEMOPHI | THROMDO- | VON WILLE | THROMBO- | AFIBRINO- PHYPOPRO-
LA PENIC BRAND § ASTHENTA GENAEMIA THROMBIN
PURPURA | DISEASE GLANZMANN AEMIAC
HYPOFIBRE
NOGENAEMIA
HEPARINAEMIA
INHIBITOR
Finally mention must be made of thc pathic  vascular
1 which d h occur from the pul

monary vessels (pulmonary haemosndemsls) and from the stomach and i
testines (idropathic haematemesis and melaena)

Symptomatology
Detailed descriptions have been given pi ly of the of

haemophiha (see Schivessmann 1930 and Andreassen 1943 among others)
Hence only a brief account will be given of 1t m this work

The most essentral signs 1s the as well as bleeding
tendency Haemorrhages may occur anywhere 1 the organism but are most
often locakised within certain areas Skin mucous membranes viscera (stomach
ntestines kidneys) muscles and jomnts Spontancous haemorrhages are rare
m the central nervous system (Skold 1944 Schiller Neligan & Budt. Olsen
1948) possibly owng to the high thromboplastic activity of the brain tissue

Conversely the very frequent and severe bleeding tendency 1n the joints
may be due to the very low thromboplastic activity mn the synovial membrane
as well as in the fibrous capsule (Astrup & Syghin 1958)

Most haemophihiacs state that their bleedmg tendency 15 penodic Bleeding
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at one sie 15 frequently followed by bleeding at varous other utes A few
warters state that the bleeding tenduney 15 most pronounced i spring and
autumn (¢ g Virschon 1854 Gunder 1938)

The k plulic bieeding p two characterntstic features One 15 that
it 15 a diffuse tissuc blecding and the other ss the secondary haemorthage
which may occur several days after a possible pumary haemostasis

The statements concerning the relation between the clottng defect and the
bleeding tendency differ apprecably

Reports are avatlable on haemophiliacs with a normal clotting tume (Mer
skey 195 a Graham McLendon & Brinkhous 1953) but whose clotting defect

was d rable by deter of the AHF content
Some wnters especially the fauly old are of the opmon that there s
proportionality between the bleed: dency and the prok of the clot

ting time (Wel 1906 Addes 1911 Schloessmann 1912) and others that the
symptomatology 15 sather mdependent of this (Moranu, 1930 Schuliz 1922
Hecht 1941-1942 Quick 1951)

Furst Manifestation of the Bleeding Tendency

Andreassen found that 74 out of 128 haemophshacs presented the first signs
of their disease about the age of 12 months In the majonty of the remamder
the disease had manifested itself before the age of 8 years while only two
were aver 10 when the first abnormal bleeding occurred Frve were mamfest
bleeders already at hurth

In Newgers (1951) senses 15 haemophiliacs had the first bleeding within
the fust year of hfe 19 withun the second year 10 snthin the second to Dfth
years 3 wethin the fifth to seventh years and 1 within the seventh to math
years In the cases of 55 out of 103 the ume of the first bleeding 15 not specsfied

Pianta (1933) reports a case 1 which b lia was not 4 tuif
the age of 35

Vi of the Bleeding Ph Durning Life

The bleeding tendency of haemophiliacs 15 often stated to alter with mncreasing
years The disease seems to become mereasmgly severe until the age of 20

Sehl 1924 And 1943) bly because this ss the most

active penod of hfe

After the age of 20-30 a decredse may occur of the signs and symptoms
withost the clotung defect disappeaning A few patients may become almost
symptom free Practically plet of bleeding ph was also
observed m a few of the cases under review where the clotting defect was
0 fonger demonstrable (see famly S2 p 256 and family 56 p 260)

then
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Permanent Changes

The main and most disabling permanent changes caused by the bleeding 1n
haemophihiacs are those of articular deformations 1 the regressive stage This
stage 15 ch ised by bony ankylosis
and atrophic muscles At this stace of joint damage the haemarthroses ap~
parently cease

Andreassen was wformed about the presence of hacmarthroses in 135 (81
per cent) out of 166 1 | Ninetytwo of these had p changes
1n the form of limited mobility and abnormal contours of the joints Hecht(1955)
states that two-thirds of hacmophilic patients present permanently deformed
joints

Another but rarer cause of the disablement of hacmophilizes 13 that of
mtramuscular haemorrhaces which may exert pressure on nerves and thus
give mise to persistent neurological changes (¢ g families 2 13 53 and 111)

Average Longervity of Haemophiliacs

Andreassen on the basis of the ages at death of 105 hacmophihiacs found the
average longevity to bu 18 years

Prognosis

According to Schloessmann (1930) about 34 per cent of haemophiliacs bleed
to death within the first two decades After that age the lethality decreases
appreciably with increasing years

Attention was early called to the fact that the progmosis 1s better 1 famuies
presenting the disease 1n a fairly mild form than 1n severely affected families
(Andreassen)

Shold (1944) found the nsk of death within the first decade to be 6 8 times
greater for haemophihiacs than for normals while withun the second and third
decades 1t was 49 and 75 times greater respectively

Symptomatology in the Different Forms of Haemophilia

Faurly Iittle information 1s avmlable on the bleeding tendency 1n the different
forms of haemophihia

R L Rosenthal (1954) found that classical haemophilia (AHF deficiency)

most often f iself by h } mto the joints and the skin as
well as by haematuria These mamifestations were rare 1n patients wnh PTA
deficiency The latter patients were p lable to h;

dental extractions and other surgical mlenenuons whereas haemarthroses wcr:
fare The bleeding tendency m Chnstmas patients was found to be inter
mediate 1 seventy between these two groups
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Verstraete (1955) and Roller {1955 a) found no symptomatologic difference
between classieal haemophiha, Chustmas disease, and combined haemophlia

Graham McLendon & Brinkhous (1953) have described a midd form of
classical haemophilia {antdh; phihc factor def) ) m which the bleedmg
tendency mantfested stseif solely by post
bleeding from cuts and after tonsiflectomy, as well as after dental cx\mchon

Chustimas diserse often mantfests itself by 2 severe bleeding tendency with
haemarthroses and mtramuscular hacmorrhages (dggeler Whie Glendenng
Page Leake & Bates 1952 Creseld & Paulsson 1953)

Buggs & Macfarlane (1957) hold that the Chnistmas group mncludes & greater
number of mild cases than the group with AHF deficiency since only four
out of 11 Chrstmas paticnts had severe chawcal signs

PTA deficiency 1s umsversally agreed to be associated with 2 small bleedwng
tendency spontaneous haemorrhages being rase (R L Rosenthal 1954 Ramot
Angelopoulus & Stnger 1955b) Oehme & Hagette (1958) described two broth
ers with PTA defwency, of whom onc had haemarthroses however

The Hageman traat 15 charactenised by absence of mandfest haemorrhages
despite the most often severe clotung defect (Ratnoff & Margols j¢ 1956
Frich & Hagen 1956 Ramot Singer Heller & Ztmmermann 1956 Speln 1957
b) Pronounced abnormat bleed: gt
val haemorrhages and haemnnbmscs) have been observed m only one patient
so far with the Hageman trat (Srolin 1957 4)

Summansing we may say on the basis of the Iterature that the great
axagonity of patients with PTA deficiency have a very shght bleeding tendency

and that patients with the H trait Iy have no h hagie dia
thests whatever As for classical haemopliha and Chnstmas disease  thei
i may vary derably both severe and muld forms besag

known Clmeally these diseases are indistinguishable



Chapter VIII

CLASSIFICATION OF 148 HAEMOPHILIACS
BY THROMBIN GENERATION TEST

1 Deficiency of Antithaemophilic Factor
(Classical Haemophilia)

A dizenosis of AHF defictency on the basts of the thrombin generation test
1s only justifiable 1f the defcctive thromboplastic activity becomes normal by
adding adsorbed bovine plasma but not by adding normal serum (sce the
table fiz 6 p 46)

It soon appeared however that this group compnsing 79 patients could
be further divided into subgroups 1) one m which the clotting defect dis
appeared by merely adding adsorbed bowine plasma (61 patients) 2) One m
which the clotting defect disappeared only after addition of adsorbed bovine
plasma to patient plasma frozen with its normal content of platelets or by

I addition of adsorbed bovine plasma and heated readsorbed se
rum (18 patients) This group will be descnibed under combined clotting defects
3) Finally a group was found i which the clotting also became normal after
additron of adsorbed bovine plasma but not after addition of normal serum
It differs however from the group of ordinary AHF duficiency by the clotting
becormng normal after addition of rcadsorbed normal serum In this group are
further included ten patients with shght AHF difictency (see p 81)

Isolated antthaemophilic factor deficrency was demonstrated 1n 61 patients
(about 40 per cent of the whole sertes) belonging to the families 1 2 10 13
16 31 34 39 45 54 57 60 64 66 68 69 70 71 72 73 76 78 79 82
84 87 91 94 98 100 103 104 105 107 110 and 111 a total of 36 famihes

The most important data of these patients are collected m the table fig
33 The patients ages ranged from 6 months to 56 years averaging just under
19 years

Symptomatology
In six patients the first sign of a haemorrhagic drathests was present at birth
In 44 pauents the disease mamfested itself withmn the first year of hfe and 1n
eight within the second year One patient had his first abnormal bleeding at
the age of 3 one at 7 and one at 10
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33
(classical haemophilia)
Bleed g
St cencat | o o | ow Fit wok o nt Ree £ 0™
hages | merv T
yitem
+ - - - - fully technical assistant 12
& - + - - partally (DB)  fastion designer 7 40
+ - 3 - - partially (D B) artist 10
+ — - - - partially (DB)  artist
3 - + - - under care of shoemaker 930
mental defectives
_ - - - schoolboy
- _ _ - + schoolboy 7 40
+ - — - + schoolboy 10 45
+ - + - - fully head clerk 822
+ - Z ~ - fully mechame 6 50
- - _ — - schoolboy 7
+ - + - - partially farm owner 16
+ + - - - fully LB 15
+ - + - - partially watch makers 8 30
apprentice
+ - - - - fully carner 7%
+ — — - fully talor 7 45
H - - - - i
Z - - - + 19
+ — _ - - futty provision dealer 9
T _ _ _ - 12 30
+ -~ - - - —(DB) IR 12 30
+ - + - - —(DB) accountant 916
+ - + - - —(DB) 11 30
+ - + - - -
+ - + - - fully business man 745
+ - M - + fully watch maker 145
- - + _ - partially rentier 12 10
+ ~ + - - 14
- - - - - 18 15
- - + — - - 14
- - - — - + optictan s apprentice 15
- - + - + 430
- -~ + — + schoalboy 7
+ - - - - schaolboy 10
- - - - - schoolboy 89
- - - - — 2
-~ - - - + 15
— _ _ + 10 3
- - — - - schollboy 522
+ - - -~ - schoolboy 4 45
- - - - + 530
— - — — + - 1.0
4 - Z Z Z - 815
- - + - - - DB 11 30
+ - + - - - DR 1L 30
+ - - - - - 9 48
+ - + - -
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Fig 33
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famibies  patients
J4ind ate thith & asehad grownmider nthes urseof y 15 A fguemih colums ndc t th pal viaeged
BRI e e

56 of the 61 patents of this group had had haemarthroses, i 36 cases
resulting sn permanent changes 26 out of 33 patents over 15 years of age
presented permanent jomnt deformitses Fafty six of the patients had hid haemo
rrhages mto the skin

These two forms of haemorrhage were by far the most frequent in this
group Next m frequency followed gingival haemorrhage winch had been ex
perienced by 35 1 e Just over half of the patients 27 had had mtramuscular
hacmorrhages 27 haematuna 26 epistanis 7 gastro stestinal haemaotchage
and 16 bleedings elsewhere ¢ g n an eye from the lobule of the ear adter
blood sampling from the frenutum of the upper kp from the ips and tongue
ete

Hoemorrhage 1 the central nervous system had occurred in one patent
only after a severe myury (fanuly 13 no 8) None had bled from the lower
respuratory tract

15 patients about 23 per cent pronounced that the disewse had grown
mulder i the course of years The alleped age of begnming abatement vared
somewhat from 13 to 32 years

11 patients ar barely one fifth were fit 1 the sense that they received no
disablement benefit cven though they were troubled penodwally by haemo
rrhages and a few were faily disabled
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(continued)

Bieding
cent || Epitaxis| rew | Other Fit 10 work Occup on Recalc fieation-
}
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- 19
- 740
+ ‘Painter s apprentice 7 45
partially 745

- ~ 730
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EXRET AR LRI
R

PEEXERLEL L
©
3

partially reads for the General 7 30
Certificate

354

27 of the total series were 18 years old or more Nine of these were able
o support themselves mine were partally fit of whom two were students

Nine of the adults were totally disabled in the sense that they were unable
to perform manual work Eight patents received disablement benefit Four of
these were able to add to their mcome by domg sedentary work None of the
patients of this group had done their military service

The Clotting Defect

The recalcificatton times 11 diluted plasma from these patients ranged between
4 mn 45sec and 16 min Twenty seven were over 10 min The defective throm
bin was ! by adsorbed bovine plasma but not by serum

though addition of serum most often gave a considerable fall of the recaleifi
cation time

In most cases within this group there was only negligable thrombn genera
tion within the 13 minutes of observation Samples from no more than seven
patients formed appreciable amounts of thrombin and only after a greatly
projonged lag penod (family 2 nos 11 and 16 family 10 nos 2 and 3
family 31 no 8 family 70 no 2 and famly 104 no 1) In another three
(family 10 no 4 family 69 no 1 and family 107 no 1) some though con
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siderably smaller amounts of thrombin were formed One of these (family
107 nio 1) obtained a normal thrombin generation after the plasraa had been
stored with sts normal content of platelets ar ~20° C

Among the plasma samples m which 5o appreciable thrombin formation
took place, esght were tested for thrombsn generation after the plasma had
been stored at -20° C with the normal content of platelets This gave a normal
thrombin geacration tn only onc sample (famuly 57 no 2)

In mine samples the effect of adding platelct suspension was mvestigated
In two (fanuly 10 nos 2 and 4) the thrombin formation mmproved so much
that it must be charactensed as normal Both patients belonged to the group
with some though delayed thrombn generation The recaleification time be
came normal i seven of these mine samples

Fresh normal plasma was added ta four cases This gave normal theombn
generation and recalaification time n all four samples

Duiscussion

In all the cases belonging to the group of AHF deficiency the thromboplaste
defect was easy to detect by means of the thrombin generation test even m
the few instances where the recalaification tme was normal or very nearly so
It 15 remarkable that i these cases (e g famsly 78) the thrombin geaeration
test showed no appreciable thrombm generation not even affer a profonged
lag penod It 1s hikewise remarkable that cven grave clotung defects may be
assoctated with almost complete freedom from baemorrhagic mamfestations
(e g famrly 60 no 2}

Conversely cases were found of very severe haemophilta causing pro
nounced chsablement n which the recalcifaction time was only moderately

prolonged and in which derabl of th were formed (fam
iy 2 no 11}

Panients with an ap le but delayed geaeration may  pos
sibly have only a mild depree of h philic factor y I so 1t

15 steange that some of these pattents are more i1} than patients with a poorer
thromboplastic activity wn the plasma This suggests that other pathogenc fac
tars eust besides the AHF deficiency and that these do not mansfest themselves
m the ¥ g of the system

While the chimcal picture m the growp with AHF defictency 15 a very
heterogeneous one the thrombin generanon s m Inost cases vmformly poor
A somewhat greater vanatton 15 seen 16 the recalerfication time

In the serses under review the cases of pure AHF defrciency constitute
no more than about 40 per cent of the total pumber of pattents This ss 2
very small proportion compared with those stated by other wvestigators (see
the table fig 51) but 13 n part ble for by the subd: of the AHF
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group 1f we include the 18 patients who lack the AHF plus freenna/serum
factor the group constitutes about 50 per cent which however 1s still a very
small proportion of the total series This problem will be discussed later

Classical Haemophilta and Readsorbed Serum

The group of AHP" dehciency compnises 1n addition to the man group a
small one which 1s of particular interest from a coagulative point of view
As m the remamming AHF pattents the clotting defoct disappeared after addi
tion of adsorbed bovine plasma but not after addition of normal serum This
group 1s however distinguished by the clotting defect being also elimunated
after addition of the same normal serum adsorbed twice with 20 mg banum
sulphate per millilitre of serum (Syshn 1957)

This phenomenon was demenstrated 1 eight out of 61 patients investigated
(e g family 71 no 4) In another six the thrombin generation improved somc

what without becoming quite normal The \ time was
1 all 61 patients except four No explanation can at present be given of this
but the p must be d that an nhibitor 15 1n

ncnvntcd by the adsorbed serum Another possibility 15 that AHF 1s present
m serum 1n an nactive form hinked to an inhibitor (Bergsagel & Biggs 1955)
It might be conceved to be hiberated from its bound state by adsorption This
small group differs neither lly nor & lly from the pa
tients with AHF deficiency

2 Shight Antihaemophihic Factor Defictency
Introduction

In continuation of the account of the pattents with classical haemophilia there
15 reason to describe a group of patients the majonty with mild haemophilic
signs and symptoms 1n whom the thromboplastic defect 15 prabably due to
a mld degree of anthaemophilic factor deficency

At the beginming of the investigation these patients were classified as lacking
either the Rosenthal factor (plasma thromboplastin antecedent) or the Hage
man factor because the cloting defect of bleod samples from these pattents
was normalised by adsorbed bovine plasma as well as by normal serum and
heated readsorbed normal serum respectively However these two groups
of PTA deficiency and Hageman factor defictency became so large com
prsing 13 and 18 patients resp that el of other p
muld defects were suspected The suspicion was confirmed by cross tests be
tween blood samples from these groups and samples with known pronounced
deficiency of the AHF or of the Christmas factor
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Ot the patients classifted primanly under the heading of PTA deficiency
eght were found by cross tests to have AHF deficiency (families 31, 67 88
99 101) two deficiency of the Christmas factor {family 23) and two combmed
defect (family 41 see p 109) Among the patients classified primanly under
the heading of Hageman trant three proved to have AHF deficiency (famikies
18 88 and 92) and four to lack the Chnstmas factor {families 8 and 23)
(see p 91}

The group of shight AHF defictency compnses ll‘pat;en!s The most umpor
tant data are shown n the table fig 34 The patients ages ranged between
9 and 81 averaging 33 years Five were over 25 years of age

S8ymptomatology

Two patients displayed signs of a hacmorthagse duathesis from buth The av
crage age at the first mandestation of the disease was about 4 years Eight
had mansfest signs before the age of 3 One stated that the disease was fust
noticed 1n relation to an operation at the age of 39 This nformation gaven
by an 81 year old patient should probably be accepted with some reservation
Yet he bad been a blacksmith and had 1aken part sn the Boer Waras 2
private so his disease 1s unhkely to have caused him any great trouble
All eleven patients had had bleedings nto the shin while ning had bled

Fig
Stight AHF
P
M Gito fU 2y
Foty | PR g L made | orm [Heme ) TR ‘m o 6| B dngjtin) ba
b yan R gt | T K8 B | T e
tons
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3 [ 49 2 3 + + + + - +
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from the gums and seven had had haemanthroses Three adults presented
permanent joint deformuties and three did not

Five patients had been troubled by episodes of protracted epistaxis one
by gastro-intestinal haemorrhages two by h 1a two by
haemorrhages and two by other hacmorrhages

Five declared that the disease had grown mulder in the course of years

The mine adults were fully ht two of these a master carpenter and a

ldsmuth 1n spite of p josnt def Five had jobs

requinng great physxcnl effort a blackmuh unskilled labourers a grocer and
a carpenter while only four had more sedentary occupations 2 tallor a gold
smuith and students

The Clotting Defect
The recalcification times ranged between 4 min and 7 mun 25 sec Five had
recalcification ttmes under 5 rmn
The thrombin generation test showed a considerable though most often
greatly delayed thrombin generation 1n blood from all these patients (e g
family 31 no 6) In two the thrombin generation was perfectly normal (fam
iy 88 nos 3 and 4)

Fig 35 shows the results of the most 1mp e with t
34
defictency
N EEE t
o | ce a Epist s l?:v om Ftiow k Occup t Recl 6 ¢
mhoges | e us Cact o
ystem
+ - + — - partially Goldsmth 7
+ - - - + fully Master tailor 6 50
i _ Z _ - 615
+ - + - - fully former blacksmith 415
- - + — + fully unskdled labourer 420
- - + - - fully unskilled labourer 4
+ - - - - fully Grocer 540
+ Z - _ - 5 30
+ - - - - partially Master carpenter 415
+ - + - - fully Tranng college 725
student
+ - - - - fully Training college 45
student
9+ o 5+ o 2+ 9

Average 525
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generation test as well as the recalesfication times m plasma samples from
thes group of patients

The clotng defect was 1 all cases corrected by adsorbed bovine plasma
and by serum In faur out of ten the defect was corrected by heated readsorbed
serum  Strangely enough the thrombin f and the Jifs tune
detextorated 1 blood from the two patients with a normal thrombin generation
(family 88 nos 3 and 4) after addition of heated seadsorbed serum

In six out of seven plasma samples the thrombin generation became normal
after addition of a platelet suspension stored at -20° C In samples from four
patients fresh platelet suspensions pave normal thrombia gencratian mn all four
cases In one of these the thrombin generation had not been normahsed by 2
frozen platelet suspenston

Eleven samples were tested after having been stored at ~20° C with therr
rormal content of platefets In seven cases the thrombm generation became
normal

In two mstances the results of freezing of platefet nch plasma and those of
addinon of frozen platelet suspension were wconsistent

In five cases the effect of freezing on platelet poor plasma was investgated
The number of platelets vaned between 1000 and 70008 per pl of plasma In
three samples the thrombin geseration became normat Flatelet poor and plate
let nich plasma reacted equally to freczing

Fually m all out of seven samples mvesugated readsorbed serum nov
malised the thrombin generation

All the plasma samples were submitted 1o cross tests with plasma lacking
the AHF and with plasma lacking the Chnstmas factor Al the stated plasma
samples normalised the thrombin generation i plasma lackmng the Chrstmas
factor but not that m plasma lacking the AHF

Duscussian

The form of haemophilia described above 15 milder both chmically and haema
tolopically than the classical AHF deficiency

The first sign of a bleeding tendency occurred somewhat fater {at the sge
of 4 years) than the first mamfestation of the classical AHF deficiency {at
the age of 1 year)

The average age was somewhat lugher 33 agamst 19 One thisd of the
adults (three out of mme) had developed permanent jomnt deformsties against
four fifths of the adults with classical haemophili

A scant half declared that the disease had grows midder wn the course of
years The corresponding figurc for classical haemophilia was about one fourth

Al the adults of this group were fit the majonty even able to do fauly
strenuous physicat work For patients with classical hacmophiha the correspond
mg figure lay between ane half and one third
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generation fest, as well as the recaleification times in plasma samples from
this group of patents

The clotting defect was m all cases corrected by adsotbed bovine plasma
and by serum In four out of ten the defect was corrected by heated readsorbed
serum Strangely enough the thromiin formation and the recalefication fime
detenorated i blood from the two patients with a normal thrombm generation
{family 88 nos 3 and 4) after addition of heated readsorbed serum

In six out of seven plasma samples the thrombin geperation became normal
after addition of a platelet suspension stored at ~20° C In samples from four
patients fresh platelet suspensions gave normal thrombin generation i a3 four
cases In one of these the thrombin generation had not been nosmatised by a
{rozen platelet suspension

Eleven samples were tested after having been stored at —20° C with thewr
normal content of platelets In seven cases the thrombm generation became
normal

In two instances the results of freezing of platelet nch plasma and those of
addiion of frozen platelet suspension were inconsistent

In five cases the effect of freezng on platelet poor plasma was investigated
‘The number of platelets vaned between 1000 and 7000 per i of plasma In
three samples the thrombin generation became normal Platelet poor and plate
let nich plasma reacted equally to freezing

Fually m all out of seven samples wnvestigated readsorbed serum nor
malised the thrombin generation

All the plasma samples were submutted 10 cross tests with plasma lacking
the AHF and with plasma lachang the Chnstmas factor All the stated plasma
samples hised the th m plasma lacking the Chnstmas
factor but not that m plasma lacking the ABF

Duscussion
The form of hacmophihia descnbed above 15 muider both chimcally and haema
i lly than the ¢l t AHF defi 'y

‘The furst sign of a bleeching tendency occurred somewhat later (at the age
of 4 years) than the fist mamifestation of the classical AHF defictency (at
the age of I year}

The average sge was somewhat igher 33 agmmst 19 One thud of the

adults {three out of nmne) had loped ¥ jount agamst

four fifths of the adults with classical haemophihia
A scant half declared that the disease had grown mulder m the course of
years The corresponding figure for classical haemophika was abost one fourth
All the adults of this group were fit the majonty even able to do famly
strenuous physicat work For patients with classical baemophiha the correspond

g figure loy between one half and one thid
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The cases runmng a faurly mild climcal course presented a correspondingly
fess pronounced clottng defect In two the thrombin generation test revealed
no defect whatever It 1s also remarkable that serum whether untreated, ad
sorbed or adsorbed plus heated contams a factor that can replace the AHF
Theoretically 1t may be a question of very small amounts of AHF This 15
however faurly unhkely, because AHF 1s supposed to be snactated duning the
clotting Moreover, 1t 15 destroyed by heating It 1s more reasonable to suppose
that other factors which wn part make up for the action of the AHF are
formed in plasma dunng the elottng This mught explam why serura added
to plasma from patients with classical haemophiha always brings about 2 con
siderable reduction of the recalcrficanon tune

The results of the platelet expenments and the freezing expenments mught
perhaps bear out thss hypothesis as these also most often showed a fall m
the Jesfs time and nor of the thrombmn g The
disintegration of the platelets possibly causes liberation of a factor which can
substitute the AHF and 1s recovered m serum In the expenments with additton
of normal platelets there was, however a possibality that these carmed AHF
adsorbed on the surface

1t 1s worth mentiomng m this place that M C Rosenthal (1954) found that
n some mstances additon of serum to plasma lacking the AHF may result
a normal clotting time and recaleification time but not m normal prothrombin
consumptxon

The two other haemophihacs belonging to famsly 31 were not classified
this group despite the muild mamfestation of the disease and the rather ap-
precrable thrombmn formation because addition of serum did not normalise the
thromboplastic actvity of thew plasma as was charactenstic of the stated group
so that subsequently there was no dgnostic difficulty

3 Christmas Factor Deficrency (plasma
thromboplastin component)

A diagnosis of Chnistmas disease was made n the cases of haemophilsa where
the thromboplastic defect 1n the plasma was corrected by normal serum but
not by adsorbed boviste plasma nor by heated readsarbed serom
¥ factor d was d 1 27 males belonging to the
famihies 4 8 14 22 23 36 43 51 $3 62 B3 85 86 93 97 and 102
In three of these the differential diagnosss aganst the Hageman trait was
difficolt (Famuly 36 nos 2 and 3 and family 83 no 1} In two of these case
addition of heated readsorbed serum greatly improved the thromboplastic ac
tevity (famuly 36 nos 2 and 3) whereas st did not sharten the tecalcification
time and the lag penod in the throminn generation test so much as 15 usually
seen i patients lacking the Hageman factor Further adsorbed bowine plasma
unable to compensate the clotung defect as it does m the cases of the

was
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Hareman trait Finally the thrombin generation curves showed practically no
thrombin formation 1n contrast to Hageman plasma which displays consid
erable, though delayed thrombin generation

In the thurd patient {(famuly 83 no 1) the thromboplastic activity was
hardly reduced though the patient doubtless had a haemorrhagic diathesis Un
hke normal serum adsorbed bovine plasma and heated readsorbed serum
did not ] the tt t

For the stated reasons these three patients have been referred to the Chnist
mas group

Symptomatology

The most important chimeal data have been tabulated 1n fig 36 The patients
ages range from 2 to 66 years averaging about 27 Twenty were over 15 years of
age

The first sign of a haemorrhagic diathesis had occurred before the age of
16 on an average about the age of 2 years Filteen had the first abnormal bleed
mg within the first year of Iife seven within the second year one at the age of
4 two at the age of 5 one at the age of 13 and one at the age of 16

All the patients had had bleedings 1n the skin Second 1n frequency were
haemarthroses (21 patients) Fifteen of these all adults had developed perma
nent joint deformuties with limited mobility and arthrotic changes Only two
adults (famly 8 nos 6 and 8) did not present permanent changes As the third in
frequency gingival haemorrhages (18 patients) followed 1n relation to primary
and secondary dentition or after dental extraction Nearly equally frequent
(17 patients) were prolonged episodes of epistaxis Eleven had had haematuna
11 intramuscular haemorrhages 5 haemorrhages i the alimentary tract and
3 1n the upper respiratory tract or the pleural cawity

Five adults were totally disabled chiefly owing to their joint deformities
Another two had such a greatly reduced working capacity as to recewve dis
ablement benefit Three adolescents were already now so unfit to work that
they will probably have difficulty 1n learming a trade Altogether one third of
these pattents had such a reduced working capacity that they must be char
actensed as invalids

Eight were able to support themselves two of these m spite of a certamn
degree of disablement

Two patients had done their military service One had had to gne up
however after 104/ months Seven of the patients declared that the disease
had grown mulder 1n the course of years
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Fig
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fambies  patients over 18§ years

The Clotung Defect

In these patients the recalcification tumes ranged between 4 and 20 mnutes

Hardly any thrombin generation was seen i plasma from 12 of the pauents
lacking the Christmas factor The corresponding recalciftcation times were very
long In plasma from £5 pauenis of bip were formed
but only after a prolonged lag period The corresponding recalesfication times
were somewhat shorter than n the preceding group but no more than two
were normal {under 5 mun) These 15 patients are unlikely to have totally
tacked the Chnstmas factor In one patient the thrombm generation was prac
tically normal as was also the recalafication tme (4 mmn)
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The presence of an appreciable though delayed thromboplastic activity
presumably indicates that the Chnistmas factor 1s not completely absent In
one case (see family 8 no 6) 1t was noticed that at a time when the thrombin
generation was normal the patient s plasma could not correct the clotting defect
m plasma from a patent with Chnstmas disease when added i the usual
amount (02 ml) whereas it cid so when added wn double quantity

Thrombin Generation after Storage of the Plasma at -20° C

In 21 cases the th was 1n plasma stored at —20° C
with its normal content of platelets In five the thrombm generation became
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normal Two of these are referable to the group with very Iittle or no thrombo-
plastic actinity before the freezing while three had had some though defayed
thromboplastic activity The remamung 16 wncluding cases with a delayed
thromboplastic activity, presented no essential mmprovement though the re
caleification times decreased

In 14 cases the thrombun was d in 1y cen
tnfuged plasma after this had been stored at ~20° C In none of these did
the thrombin generation become normal

Addiion of Platelet Suspension

The effect of adding a normal platelet suspension was studied m 14 cases
In two the thrombin generation became normal one severe and one mild In
the remammng 12 no change occutred

Duscussron

Relatively few works are avalable dealing with the classification of haemo
philic patients Beaumont Caen & Bernard (1954) found five Chnstmas pa
trents among 35 haemophiiacs 1 € about 15 per cent and Frick (1954) six
Chnstmas patents among 55 1 ¢ about 11 per cent R L Rosenthal (1954}
found Christmas factor deficiency 1n six out of 31 patients (about 20 per cent)
M C Resenthal {1954) 1 six out of 40 (12 per cent} and Souher & Larrien
(¥953) 1 four out of 33 (12 per cent) Stefamm (1954) estymated that onc
fifth of all h pht lack the Ch factor Verstracte & Vanden
broucke (1955) found four Chnstmas paticats among 43 patents (9 per cent)
and Famdl & Sawers (1956) six Chrstmas patsents among 43 haemophiliacs
{14 per cent) Biges & Macfarlane (1957) classified 190 patients with haemo
rrhagic duathesis 13 had von Willebrand s disease 2 airculating anticoagulants
while 13 were not identiied 20 had Christmas disease Calculated from the
whole senics after deduction of the cases of von Willebrands disease the
unidentsfied and the two with snhibstors these were about 12 pes cent with
Chnstmas disease

In the present senes 27 out of 148 haemophiltacs 1 & about 18 per cent
had Chnstmas disease (see however p 913 This corresponds approximately
to R L Rosenthals (1954) finding The higher ineidence of Christmas disease
10 the senes under review than 1n most other senes described 13 probably due
1o the fact that muild cases are easier to trace 1 a small well defined popula
non A few of these patents have never consuited a doctor about thesr haemo
rehage diathesss which was only fosed by of the
members of the family or detected by bleeding after demal extraction for
sstance  Another possibility x5 that the thrombin generation test 15 more sen
we than the prothrombin consumption test and the thromboplastin genesa

St
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tion test The two latter methods can both gwve normal results in mild cases
of h philia (Biggs & Macfarl 1957)

The author has relatively httle expenence with regard to these methods
but found normal values on thromboplastin generation test in a single Chnst
mas pancnl (family 23 no 4) The whole problem ought however to be

b d to more p using different parallel meth
ods of testng the same patient plasma

Among the Chrnstmas patients there was a fair correlation between the
ability to generate thrombmn the recalaification time and the degree of the
cltmical manifestations Thus the most severely affected patients had the poorest
thromboplastie activity A sumular correlation was not always seen 1n classical
haemophtlia

Chmeally the scvere cases of Chnstmas disease are indistinguishable from
classical haemophiha while the muldest cases are difficult to distinguish from
the Hageman trait As stated previously the disablement in Chnstmas disease
1s considerable About one third of the patients had a greatly reduced working
capacity

The clotung defect was corrected by normal plasma and serum In a few
1nstances 1t was also corrected by the patients own serum (e g in family 8
and family 86) These were patients whose plasma had a considerable thrombo-
plastic activity suggesting that there was not complete absence of the Chnstmas
factor However unlike 1n the following group normalisation was not obtained
with adsorbed bovine plasma

In few cases the clotting defect was compensated by freezing or after
add:tion of normal platelet suspensions The two latter problems ought to be
mvestigated more closely

4 Mild Degree of Christmas Factor Deficiency

This group compnses six patients (see fig 37) The prelminary mvestigation
classified the first four of these as Hageman defects and the last two under the
heading of PTA deficiency

‘The patients ages ranged between 6 and 50 years averaging 23 Two were
over 40 years of age

Symptomatology

Only one patent (family 23 no 9) had bled 1n nearly all the regions where
haemophalic haemorrhages usually occur The remamnder had had bleedings 1
few areas only most often 1 the sk from dental alveol and the gums In
the latter regions the d were freq 50 p d as to require
treatment

Six had had bleedings into the skin five from the gums and three haemar
throses One of these three was adult and had developed permanent jont
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other haemorthages (frenulum of the upper hip tongue) had occutred m one
patient each None had bled in the central nervous system or the lower re
spiratory tract

The two oldest patients of the group (brothers) stated that the disease had
grown milder since the age of 30 All three adults of this proup were able
to support themselves and a family Two were farm owners and the thud a
clerk

The Clotting Defect

The recalafication tme was only moderuely prolonged In one case it was
normal The umes ranged between 4 mun 45 sec and 6 mun 50 sec

Al the plasma samples p d derable thrombin but
only after a prolonged lag pentod

The thrombm generation became nortal m all ©ix cases after addstion of
adsorbed bovine plasma (The table fig 38 1s a survey of the most impostant
expenments performed with this proup) The thrombsn generation and recalc
frcation time became nosmal i all the cases by adding serum m four by
adding heated readsorbed serum

In alt six cases the thrombin generation was tested in plasma stored at
~20° C with is normal content of platelets The thrombin generatton and the
recaletfication time became normal throughout fn two cases platelet poor
plasma (19 000 and 6 000 platelets per b of plasma) was submutied to syntlar
tests Here loo pos was ob d of the thrombn peneration and
the reealaftcation tume

Additson of fresh platelet susp hised the
and the recalosfication ume n three cases In three out of four addition of
frozen platelet suspensions gave simudar results




93

37
factor deficiency
G 1 Plest ¥ Low ¢
Caemnor' | cent 1 [Epus | g’ | ow Frowok O pt Rez e fieano
o ous Vit
iem
. - + - - fully farmer 645
R - fully farmer 615
+ - M - - fulty clerc 530
+ - - - - 445
_ - _ - + 650
- - - - - 6
4+ L] 3+ 0 1+ 3

The effect of the patients own serum on the thrombin generation was
mvestigated 1 two cases The thrombin generation became normal in both

Fially the cffect was investizated of adding the patients own washed
platelets to the plasma from which the platelct suspensions had been prepared
This also gave a normal thrombin generation

In y but very the effects of this group
of plasma samplcs were tested on plasma samples with known Chnstmas factor
deficiency and with known AHF deficiency The thrombin generation and the
recalaification time became normal in the plasma samples with AHF defictency
but not n those lacking the Chnstmas factor

Duscussion

The stated group of patients offers points of ) to as well as d
from the Chnstmas group descnbed above

The average for the two groups was 23 and 27 years respectively In both
groups the first mamfestation of a haemorrhagic dathesis occurred at the age
of 2 or 3 years The mild Chnstmas defect seems to have mamifested stself
at a somewhat earlter age than the mild AHF deficiency (see later)

Permanent Joint deformitics on the other hand seem to be a much rarer
phenomenon 1n this group than tn the proper Chnstmas group All the adult
patients were fit The children were not affected or troubled by their moderate
bleeding tendency This accords well with the less pronounced clotting defect
i this group

The thrombin generation test was 1n all cases able to disclose the presence
of a clotting defect whereas 1t was impossible to classify this defect in relation
to the commonly used normal reagents

This 15 possibly due to the fact that the Chnstmas factor 1s not removed
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quantitatively by the adsorption of the plasma small amounts of the factor
being left sufficient to compensate the clotting defect 1 these samples The
author tned 10 a few expenments to raise the amount of adsorbing banum
sulphate from 20 to 50 mg without thus having aftered the results

In the expenments with serum 1t 1s surpnsing that the heated readsorbed
serum was able to compensate the clotting defect in the plasma with a mild
degree of Christmas factor deficiency because the Christmas factor should have
been removed by the adsorption and any traces left of the factor should have
been destroyed by the heating 10 56° C for 30 minutes We most not forget
however that serum actually 1s an unphystological test substrate the compost
tion of which differs totally {rom that of plasma In addion to fibnnogen
prothrombin and proaccelenin 1t seems to lack the AHF among others The
Chnstmas factor 15 apparently recovered in serum not having been consumed
dunng the cloting We do not know for certain whether the Chnstmas factor
n serum 1s wdentical with that in plasma That which has been demonstrated
1s a Chnstmas effect m scrum

It has n fact been mentioned that serum from patients belonging to the
Chnstmas group as well as to the group here described 1s able to correct the
clotting defect 1 the patients own plasma

An intensificd Chrstmas effect can evidently be produced dunng the clot
ting We know nothing certain of the ongin of this effect It may be due to
small amounts of Christmas factor or ongmate from the platelets Further an
inhibitor may be concerved to exist which inhubits the action of the Chnistmas
factor and which disappears duning the clotting The results of the expeniments
with freezing may perhaps support this latter hypothesis as freezing might
effect destruction or liberation of an inhibitor

On the basis of our present expenience we may establish the fact that to
use the thrombin generauon test for classifying hacmophiliacs cross tests with
plasma samples laching the AHF and the Chnstmas factor are required to
ensure that patients classified pnmanly m the PTA and Hageman groups do
not actually reptesent mild degrees of AHF and Chnstmas factor deficiencies

5 Defictency of Plasma Thromboplastin
Antecedent (PTA)
Rosenthal s Syndrome
In the table fig 39 are collected the patients with haemorrhagic diathesis in
whose plasma the thromboplastic actwity was smpaired while the clotting defect
was corrected whether adsorbed plasma or normal serum was added but not
by adding, heated readsorbed serum
Thus group compnsed 15 patients distributed over mine families (see the
table fig 39) or about 10 per cent of the whole series
As great uncertainty prevails with regard to the existence of PTA deficiency
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Fig 39
I T
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23 11 + —
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41 2 - 4
- 5 — +
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8 3 - 5
- 3 - +
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101 2 ~ +
- 4 — +
- 5 - +
106 1 + +
109 1 + +
- 2 + +
9 famiies IS5 patents 5 13

which some wniters regard as mad degrees of AHF and/or Chnstmss factor
deficiency (Versiraete 1955 Biggs & Macfarlane 1957) there was reason to
mvestigate whether plasma from afl these patients was able 1o correct the clot
ting defect both n plasma Iacking the AHF and 1 plasma Jackmg the Chnst
mas factor thus being charactenstic of plasma with PTA deficiency (Rosenthal
Dreskin & Rosenthal 1953)

The results of these tests were that plasma from ten of the 15 patients
with supposed PTA defictency was unable to correct the clotting defect m
plastma lackmg the AHF while plasma from two could not correct the clotting
defect 1 Chnstmas plasma Plasma from three patents corrected the clotting
defect 1 plasma lacking the AHF as well as that 1 plasma lacking the Christ
mas factor (see fig 39)

The ten plus two pattents were thereafter regarded as having shght AHF
and Chustmas factor deficiencies respectively They have beer descnbed pre
viously (p 81 and p 933 Two patwsts from the formes group (famuly 41}
were found to have a combined defect (see p 109)

Compared with the ncnrma! test substrates all the blood samples from this
group had the foll IStics 1 with reg:md to the coagula
nion process The on fune was de the loagest
bewng 9 mun 35 sec and the shortest 4 min Fne had recalafication tumes
wathin the normal range

The thromb hkewise p d features high throm
bin concentrations having been obtaned usually after a prolonged lag pensod
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However 1n several the thromb: d by the throm
bin test must be ct d as normal (¢ g famlies 88 and 109)

Chmcally the pattents of this group also had certamn features 10 common
The haemophilta had mn the man a farly mild character Only two recerved
disablement benefit seven were fully fit and two partially fit Four were chil
dren They were all troubled by bleedings mnto the skin Twelve had hacmar
throses of whom five developed permanent changes Eleven had had bleedings
from the gums and 7 prolonged eptsodes of epistaxis

The average age of this group was 25 years

True PTA Defictency

This group compnsed as stated three patients from the fammltes 106 and 109
The patients ages ranged between 14 and 45

Symptomatology

The most important signs and symptoms are recorded n fig 40

The patients 1n family 109 were troubled very Iittle by their disease They
had expenienced prolonged bleeding only from apen inyuries and following
dental extractions One had had haematurta however In the third patient of
this group the manifestation of the disease had been considerably more pro
nounced He had had haemarthroses which had left permanent changes In
this case the disease seems however to have grown constderably milder since
the age of 10 The two former patients were fully fit

The Clotting Defect

The recalcification fimes were only shghtly prolonged m plasma from the two
patients with mild bleeding phenomena (5 min 33 sec and 5 min respectively)
In the third the time was defimitely prolonged 9 min 35 sec (See the table
fig 41)

In agreement with this the thrombm generation test revealed a practically
normal thrombin generation m the two patients from family 109 The lag
peniod was just over 4 minutes thus being only slightly prolonged The maximal
thrombin concentration was very high and the mactivation of the thrombm
formed occurred at 4 normal rate In the third patient (family 106) the thrombin
generatton proceeded at a far slower rate The lag period was about 67 mun
utes

A normal thrombm generation was m all three cases obtamed after addi
tion of adsorbed bovine plasma or serum but not after additton of
heated readsorbed serum In two of the samples the effect of adding

bed serum was gated The th

became normal
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i both After the plasma had been stored with sts normat content of platelets
at ~20° C the thrombin generation became normal i all three cases In one
case the thrombin generation in platelet poor plasma stored at ~20°C was
alsa wnvestigated (family 109 ne 2} The platelet content was 3000 per cubic
mihimetre of plasma The thrombin generation became normal In one sample
the eflect of the panents awa serum on the thrombin generatips was snves
tigated (family 106) The thrombin generation became perfectly normal re
calefication tume 4 min 19 sec

In the cross tests the plasma samples from these three patients nosmahsed
the thrombin generation m plasma lacking the AHF as well as i plasma
facking the Christmas factor

There were no sigos of a haemorrhagie diathesis among the female members
of these two famihes In one the mother of the patient in famly 106 the
cloting tspe had been invesngated pressously and found o be normal (see
chapter X1iD

Fig 41
Thromben generation test and Icafcation mes e plasma with
PTA deftcrency
addd ! Frh mbn
—_ Phys 1 g 1 Adsorbed Hotd ! Read Thombs Addd gm 1w
et s rum 7 dsobd sabed g Bon  wn fro
A ml plasm 02 m se om sctum 1 Yo om w wd pluli
Famty { Pt 2™ eam oam | GZm | plsm  patit  poor
no $ i ol w
106 1 detayed  nosmal normal delayed  notmal normal
935 3 3% 6350 413 345
109 H delayed  normal normal delayed  normal normai
533 350 238 525 33 425
- 2 delayrd  pormol normal delayed notmal normal nermat
5 315 445 210 M 325
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Duscussion
R hal Dreshin & R hal (1953) d their first case of PTA

deficiency by determining the serum prothrombin time and the recaleification
tume 1n plasma and blood They found that plasma lacking the plasma thrombo-
plastin antecedent could normalise the clotung defect in plasma and blood
lacking the AHF and the Chnistmas factor The clotting defect 1n PTA-deficrent
blood could be corrected by adsorbed plasma as well as by normal serum
Adsorbed serum also contains PTA (Rosenthal 1955) The results of the pre
sent are 1 fair with these observations

Ramot Angelopoulus & Singer (1955 a) found three patients with PTA
deficiency two women and one man The clotting ttme for blood from these
likewise became pormal after addttion of either adsorbed plasma or serum
Similar results were achieved after addition of adsotbed plasma from a patient
with AHF deficiency which contams nesther AHF nor Christmas factor and
of serum from a patient with Christmas disease which likewsse 1s supposed to
lack the AHF as well as the Chnstmas factor However we cannot exclude
the possibility that adsorbed serum contamns a factor possessing Christmas
activity Conversely adsorbed plasma and serum from a PTA patient were
found by these authors to ehminate the clotting defect and normalise the serum
prothrombin time 1n plasma from patients with AHF deficiency and Christmas
factor deficiency respectively

Ope of the Danish patients had a rather pronounced clotting defect and
had previously displayed rather severe bleeding phenomena Such are unusual
n PTA patients though they have been described by Oehme & Hagette (1955)

Ramot Angelopoulus & Singer (1955 ) point out as characteristic of the
PTA patients that the clotting tumes vary and that the disease has different
climeal mamfestations within the same family
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families patients

6 Dcficiency of the Hageman Factor

Blood samples from haemophilic patients with an impaired thromboplastic
activity were at first classified m the group of the Hageman trait if the thrombo-
plastic activity became normal after addition of adsorbed bovine plasma or
after add of heated d d serum

These requirements were fulfilled by 18 samples from patients belonging
to the famultes 8 18 23 36 51 56 63 80 83 90 92 and 112 This
was a surprisingly large number Cross tests with plasma samples lacking the
AHF and the Chrstmas factor showed however that four of these patients
had a slight Chnstmas factor deficiency (families 8 and 23) and three a slight
AHF deficiency (families 18 88 and 92) Eleven patients were left from mne
families who were classified 1n the group of Hageman defects as blood samples
from these mn addition to fulfiling the above requirements bad a mormal
thromboplastic activity m muxtures with plasma samples lacking the AHF and
samples lacking the Chnstmas factor Looking at the group as a whole (all
18) the different forms are indistingmishable chnically These were mild cases
of haemophilia All the adults were fully fit the recaleification times were
only moderately prolonged and thrombmn formation took place to varymg
extents but was delayed

S logy of the True H Trait

The most mmportant chnical data are shown 1 the table fig 42 The patients
ages ranged from 1 t0 64 years averaging 29 None of the patients had had
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abnonmal bleeding phenomena at birth The first mamifestation of the disease
occurred between the ages of 6 months and 26 years Five were over 7 years
old at the first sign of a haemorrhagtc dhathesis

All the patients had had bleedings from the gums, either 1n assocration with
dentition or following dental extraction Ten had had bleedings nto the skin
and six haemarthroses none of which had resulted 1n permanent changes Five
had had prolonged episodes of epistaxis and one had had melacna

All the adults were fully fit The children were not particulardy troubled
by their disease They could even attend the gymnastie lessons at school

The Clotting Defect

The clotting times 1n dilute plasma ranged from 3 min 50 sec to 8 min

A ch: 1stic feature of the th i the plasma of these
patients was that a lag pcnod of 5-6 munutes was uswally followed by a
P nse of the con which often reached high val
ues

The table fig 43 gives a survey of the most mportant expenments made
with plasma from these pattents The figures indicate the secalcification times

Vanous mteresting observations are recorded m the table 1) in five cases
platelet suspenstons were prepared from the patients own plasma The platelets
were washed and then added again to the plasma A normal thrombin genera
tion was obtained throughout In one instance (famuly 63 no 2) the influence
of the platelet wash water on the thrombin generation i normal plasma was
vestigated The wash water was seen to have no influence 2) In eight plasma
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samples from these patients the thrombi and the 1
tme were nvestigated after the plasma samples had been stored with therr
normal content of platelets at ~20° C The thrombin generation became normal
i all eight cases 3) In eight cases the influence of freezing on platelet poor
plasma was studied In thesc expenments the numbers of platelets ranged from
5000 to 25000 The thrombin generation became normal in seven samples
In the eighth (family 80 no 2) the thrombin generation was poor but a fall
had occurred 1n the recaleificatton time from § min 53 sec to 4 min 30 sec
The mfluence of freezing on the coagulability of plasma lacking the Hageman
factor thus scems to be fauly independent of the number of platelets

The mfluence of freezing on platelet free Hageman plasma has not been
investigated A priort we should not expect the thrombin generation to become
normal 1n this plasma as it would not become so n platelet free normal
plasma after freezing the platelets being necessary for the normal coagulation
4) In three cases small amounts of fresh normal platelet suspension were ad
ded In one the thrombin generation became normal 5) Frozen platelet suspen
sion was added to four samples Three of these became normal with regard to
both thromb and i/

All these plasma samples d the thromb 1 plasma
with AHF deficiency and Chnstmas factor deficiency

The patients own serum corrected the clotting defect in thesr own plasma
(see family 8 no 3)

Duscussion

It has been shown above that the clotting defect of plasma samples lacking

the Hageman factor can be corrected m the following ways

1) by adding adsorbed normal plasma

2) by adding heated readsorbed serum (and untreated serum as well as own
and normal serum)

3) by freezing the plasma with its normal content of platelets

4) by freezing vigorously centnfuged i ¢ platelet poor plasma (seven out of
eight cases)

5) by adding the patients own washed platelets to their substrate plasma

6) by adding a normal frozen platelet suspension (three out of four cases)

The facts stated 1 items 1) and 2) are n agreement with previous m
formation on the coagulability of Hageman plasma (Ratnoff & Colopy 1955
Frick & Hagen 1956)

The results of mvestigating the mfluence of freezing on the thrombin genera
tion n plasma with this defect have been mentioned previously (Spghin 1956 b
1957b d) These are not specific for Hageman plasma a similar mfluence
having been observed though less frequently i plasma lacking the AHF the
Chnistmas factor and the PTA (see pp 80 89 98) As normalisation of the



104

thrombin generation may be seen 1n plasma with a normal platelet content
as well as n platelet poor plasma the possibihty might be concetved that the
Ireezing does not act viq the platelets, unless the thrombop formation can
be pormalised by hiberation of only very httle platelet factor

Results Irke those of experiments with washed platelets where the patieats
own platelets suspended in saline Bsed the thromt have
been achieved and described previously for both horse and man (Sydln
1957 « d) The same has been observed in plasma with shight Chnstmas factor
deficiency (see p 93) It ss hardly due to removal of an snhbstor because
the platelet wash watct does not inhibit the thrombin formation m pormal
plasma Neither can st be a question of transfer of Hageman factor, which
1s adsorbed on the surface of the platelets as the platel from the
patent plasma

If we suppose that the object of the Hageman factor 1s to sender the
platelets labide and quently to accel the Itb of the el of
the platelets contnbuting towards the plasma thromboplastin, this might per
haps, explain the effects of freezing and of washing the platelets Both processes
presumably have such a traumatising effect on the platelets that thesr content
of thromboplastic factor 1s likely to be hberated These processes mught be
Ci d to act as sut for the H factor winch mn the remaining
expermments was added with adsorbed plasma or heated readsorbed serum
This may also explam the courses of the thrombm generation curves High
though delayed thrombin conceatrations usually occur spontaneously These
are so high that the amounts of thrombin formed are normal

By promoting the disintegratton of the platelets 1t on¢ of the above ways
the curve 1s shifted to the Jeft The thrombin generahon will now set 1 at a
normal pamnt of time the clotting defect has been compensated

Fig
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Plasma from paucnls with the stated Hageman defects was as stated able
to lise the i plasma lacking the AHF and 1n
plasma lacking the Chnstmas factor The mnfluence of the plasma on PTA
deficient phsm:\ was mvestigated 18 one case {famuly 109, no 2) Here too
the th and the leufs ume became normal Thes 1s
not quite tn agreement with Frick & Hagen (1956) who mention that Hage
man plasma 15 unable to normalise the poor prothrombin consumption in
plasma lacking the AHF and PTC, and particularly m plasma lacking the
PTA On the other band to single out a new coagulation factor one must
requure that plasma lcking this new factor 1s able to correct the clotting defect
m plasma samples with other defects unless the presence of muluple defects
can be evidenced

‘The author could detect no clotting defect m the mothers of two of the
the Hageman patients investigated

An 1: trait has been descrb ly in this country
(Syphn 1957 b) but 15 not included here at 1t 1s not to be regarded as a form
of haemophilia

7 Combined Clotting Defects

Two groups have been referred to the combined clotting defects 1) Deficiency
of the antthaemophilic factor plus Chnstmas factor (combined haemophilia)
and 2) a not previously descnbed group charactensed by the somewhat lengthy
name of defi of the h: )3 factor plus f factor
The latter designation probably covers a slight Chnstmas factor deficiency

44
Christmas factor deficiency
haemophilia)
B
[ e e tow Reesl fea n
teme | st | {Bp | ap | om Feoow k Oce pt iy
Yim
+ - + - - - penstoner 1530
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Combuned Haemophilia AHF plus Christmas Factor Defrciency

Ad of bmed h philia (AHF plus Chnstmas factor deficiency)
was made n the cases where the clotting defect of plasma from haemophthacs
could only be corrected by 1 dd! of adsorbed bovine plasma

and normal human serum Simultaneous addition of adsorbed bovine plasma
and heated, readsorbed serum dud not correct this clotting defect

The present 1n bined h, philta 1 six patients
belonging to the families 1 40 42 58, and 95 The most 1mportant climeal
data are recorded in the table fiz 44 The patients ages ranged from 6 to
46 years averaging 29

Symptomatology

In this group the first sign of a haemorrhagic diathesis occurred very early,
on an average at the age of 11 months Two presented abnormal bleeding
phenomena at birth

All the patients had had bleedings into the skin Second 1 frequency were
haemarthroses which had occurred m five adults and had left permanent
changes 1 all five Four had had mtramuscular haemorrhages haematuna
gingival haemorrhages and epistaxis Three had had gastro intestinal haemo-
rrhages There had been no bleedings in the central nervous system or the
respiratory tract

The bleed: ] had d d 1n none of the patients of this group
Four recerved disablement benefit and a fifth (famly 1 no 4) had been granted
a pension This patient who m the authors opinon was the most severely
affected of the whole Danish series was also disabled

This patient was the only one of the group who had previously been able
to support humself and his family The patients with combined haemophtlia
are thus exceedngly troubled by their disease

The Clotung Defect

The recalcsfication tumes 1 dilute plasma from these patients was greatly
prolonged ranging between 10 min 30 sec and (6 mmn 30 sec (See the
table fig 45)

The thrombin generation was very poor m all cases practically no thrombint
having been formed within the period of testing

In no case did the thrombin generation become normal tll after simulta
neous addition of adsorbed bovine plasma and normal serum Addition of
adsorbed bovine plasma alone effected n all cases normalisation of the recal
afication tume but only little improver of the thrombm g In
five cases addition of serum alone normalised the recalcificatton time but 10
no case the thrombin generation
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Duscussion

tined b

Only six cases of s have been desenbed so far (Souber &
Larriex 1953 Verstraete & Vandenbroucke 1955 Hill & Speer 1955 Spphn
1957 ¢} Two of the six patients described above have been reported previously
(Sylin 1957 c)
It 15 remarkable that about 4 per cent of the total senes under review had
b d b phiia which ding to Verstraete & Vandenbroucke
1955} 15 an extremely rare phenomenon
Biggs & Macfarlane (1957) found no instances among their 164 haemophilic
patients
Three of the pauents descbed here belonged to famuhes m which no
other cases of haemophihia were known (families 42 58 and 95) Two were
found s a famaly {faomly 1) 1 winch a third lwing haemophihiac with a fauly
muld bleeding tendency had AHF deficiency alone and m whuch haemophiha
had occurred previously One belonged to a family (Family 40) mn which there
had previously been many haemophilcs
All the patients described here were greatly troubled by their disease which
seems to have persisted unchanged In these cases there seems to be agreement
between the clothing defect and the symptomatology
The diagnosis on the basis of the thrombin genesation test using normal
test substrates caused no dfficulty in these cases In one case other haemo-
philic plasma samples with known defects were mvestigated in the presence
of fresh plasma from a patent of the group under review (see however alse
pauent no 11 family 2) In ts single case (family 42) nesther plasma lacking
the antthaemophihtc factor nor plasma lackang the Christmas factor could render
the thrombin generation sormal  If the plasma sample from the patient
family 42 had been frozen down it could have normalised the thrombin genera
non i plasma with keown Ch factor defs Evidently as also
mentioned m the section on Christimas disease {reczing causes an activation
of the Chnstmas factor so that the double defect 15 masked
Frozen plasma samples from the other five panents of this group Iikewsse
d the thromb, n plasma from patients suffermg from
Chnstmas disease {farmbes 4 14 and 85) The Chrstmas defect 1n these
patients with double defect may not be complete
‘These pattents were classified 1n a separate group mamly beeause of the
charmctenstic reaction of the plasma samples to the test substrates
One patient (famuly 42) was mvestigated twice at an terval of 2 years
On the second testing the clotting defect seemed to be less prosounced and
able to be corrected by adsorbed bovine plasma alone Added serum also
1 d the bin g however though far less so
The favourable response to bovine plasma alone may be due to presence
of a smatl but suffictent amount of Chrstmas factor o compensate this defect
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The results of the lef? time n this patient suggest
a spontancous vanation of the clotung defect

Sother & Larrieu (1953) diagnosed their cases by clotung tume determina
ton Verstraete & Vandenbrouche (1955) by bopl. test
and Hil & Speer (1955) by prothrombin consumption test The latter wnters
had previously classified their two patients m the group of AHF deficiency

It 1s surpnsing that the average age for this greatly affected group of
patients was as high as 29 This 1s presumably due to the modern 1mproved
transfusion service as well as to the fact that such patients are confined to bed
for long periods thus being exposed to fewer mjurnes than the others

8 Deficiency of the Antihaemophilic Factor plus
Freezing/Serum Factor (Christmas Factor)

In the section on classical h hulia (def) of the h philic fac
tor) a group was mentioned 1n which adsorbed bovine plasma alone normahsed
the thrombin generaton only when the patents plasma had been frozen
(p 75) The clotting defect of fresh patient plasma could also be corrected
by adding heated readsorbed serum simultaneously with the bovine plasma

This group has been given the neutral name of deficiency of the antithaemo-
phitic factor plus freezing/serum factor to avoid introduction of new syndromes
(see p 111)

The group compnsed 18 patients belonging to the families 21 25 35
39 41 52 59 74 75 96 101 and 108 The ages ranged from 7 to 64
years averaging 28

Symptomatology

In 12 patients the first sign of a haemorrhagic drathests occurred within the
first year of life 1n two within the second 1n three at the age of 3 4 and 7
respectively and 1n one allegedly not tll the age of 10 (see the table fig 46)

All the patients of this group had had bleedings 1nto the skin and haemar
throses which latter had left permanent joint deformittes 1n 15 cases The three
without permanent changes were 15 years of age or younger Then followed
1n decreasng order of frequency bleeding from the gums (14) haematuna
(11) epistaus (10) intramuscular bleedings (6) and gastro intestinal bleed
mngs (4)

A single patient had had h 1cardium app and
another prolonged haemorrhage after paracentesis None had expernenced
bleedmngs m the central nervous system nor n the lower resprratory tract Five
declared that the disease had grown mulder with increasing years of whom
three fixed the ume for this at between 15 and 21 years of age

Three patients of this group recerved disablement benefit Four were unfit
for work Four others were rather crippled of whom two were nevertheless
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Drscusston
Only s1x ¢ases of bined h b have been d& bed sa far (Souber &

Larrieu 1953 ) erstraete & Vandenbroucke 1955 Hill & Speer 1955, Siehn
1957 ¢} Two of the six patients described above have been reported previously
(Syplin 1957 )

T0s remarhable that about 4 per cent of the total sexes under review had

thined b ! which dwng to Versiracte & Vandenbroucke
1955) s an extremely rare phenomenon

Biggs & Macfarlane (1957) found no mstances among therr 164 hasmophilic
patents

Three of the patents described here belonged to famlies 1n which no
other cases of haemophiia wete known (families 42 58 and 95) Two were
found tn a family (famdy 1) m which & thued hving haemophihiac with a faily
mild bleeding tendency had AHF deficiency alone and tn which haemophiha
had occusred previously One befonged to a famuly (family 40) 1 which there
had previously been many haemophitacs

All the patients descnibed here were greatly troubled by therr disease which
seems to have persisted unchanged In these cases there s¢ems to be agreement
bemeen the clotting defect and the symptomatology

The diagnosis on the hayis of the thrombun generation test using normal
test substrates caused no difficulty i these cases In one case other haemo~
philic plasma samples with known defects were wvestigated n the presence
of fresh plasma from a patient of the group under review (see however also
patent no 11 famuly 2) In this single case (family 42) netther plasma lacking
the anfthaemophlic factor nor plasma tacking the Chnstmas factor could render
the thrombin generation normal I the plasma sample from the patient
family 42 had been frozen down 1t could have normalised the thrombin genera
tion m plasma with known Chrstmas factor deficiency Ewvidently as also
mentioned 10 the section on Christmas disease freczing, causes an a¢tivation
of the Chnstmas factor so that the double defect 15 masked

Frozen plasma samples from the other five patients of this group ltkewse
ne ised the th i plasma trom patients suffering from
Chnstmas disease (famthes 4 14 and 85) The Chnstmas defect tn these
paticats with donble defect may not be complete

These patients were classtfied 1 a separate group manly because of the
charactenistic reaction of the plasma samples to the test substrates

Que patient (famly 42) was ivestigated twsce at an wterval of 2 years
On the second testing the clatting defect scemed to be less pronounced and
able to be corrected by adsorbed bowvine plasma alone Added serum also

1 d the bin g however though far less so

The favourable response to bovine plasma alone may be due to presence
of 2 small but suthicient amount of Chustmas factor 1o compensate this defect
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with 1ts normal platelet content at —20° C resulted 1 normal thrombin genera
tion and recaleification time In the 13th case 1t cffected rapid formation and
of th bin but the b was low
In 12 cases the same test was mad. with vigorously centnfuged plasma In
ten of these the thrombin generation became normal Among these was the
patient whose platelet-containing plasma had not been investigated after freez
wmg (family 39 no 23)
In ten cases adsorbed bovine plasma and heated readsorbed serum were
added 1 ly The th and the tume
became normal s all ten cases

Duscussion

The first question suggesting itself 1s whether one may be justified 1n differen
taung this group from that of pure AHF deficiency The possibility might be
concerved that only the severest degrees of AHF deficiency were collected 1n
this group This 15 not so however Two of the patients were troubled but
Little by their disease one of whom had a farly good though delayed thrombo-
Plastic activity 1n the plasma In a few instances (¢ g family 59 no 2 and
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famaies  patients

able to manage as busmess men wihile one earned a Jiving as a music teacher
and one as a bookbinder Two were fully fit hardly feelng troubled by their
disease One of these had done his mistary service The remamder were el
dren of whom one was already greatly cnppled

The Clotung Defect

The recalcification times in dilute plasma from these patients were fairly long
ranging between 4 mn 30 sec (fammly 74) and 20 min 11 were over 10 mm

The thromboplastic activity was very poor 1 17 out of the I8 plasma
samples In one (famuly 101 no 3) a sery hugh thrombin concentration was
obtamed but only after & greatly prolonged lag perod

In the p 1t was ch that additson of ad
sorbed bovine plasma alone produced a fall m the recalafication time but
nt of the thromb Stmitar were

only shght unp:
found to serum added alone
In five cases normal fresh plasma was added This gave m al five samples

a perfectly normal ume and o
In 12 out of 13 cases sddstion of adsorbed bovine plasm

a to plasma stored
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9 Miscellaneous

This group compnses panents with clottng defects which are classifiable 1n
none of the abave meationed groups as well as patients previously diagnosed
as haemophihacs but 1n whom the present 1vestigation revealed no clotting
defect

Shight Defictency of the Antthaemophilic Factor plus Christinas Factor

Pattent no 1 yn family 77 has a combined defeet presumably a shght AHF
plus Chnstmas factor deficicncy He mught perhaps nghtly have been clas
sified 1 that group As however the symptomatology and the results of the
haematological investigations differed from those for the six patients descnbed
under that heading 1t was preferred to mention this patient separately (see
the tables figs 47 and 48)

Symptomatolayy

The patient was previously troubled by hacmarthroses which had left perma
nent changes In addition he had been liable 10 epistatis subcutancous haema
tomas bleeding from munor lesions and from the oral mucosa The disease
has grown rulder the last few years He 1s now being tramed as a telegraph
operator

The Clotttng Defect

The recalerfication time was only moderately prolonged (see the table fig 48)
5 min 40 se¢ The thromt test showed derable though
delayed thrombin generation The clotting defect was corrected by adsorbed
bovine plasma serum heated readsorbed serum and own washed platetets
Freezing caused 2} of the th but the

ttons obtamed were fanly low

47
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family 25 no 3) the author added adsorbed bovine plasma in double the usual
amount to patient plasma without the thrombin generation becoming normal
This mih against the hypothesss of an solated severe AHF defect

The fact that addition of adsorbed bowine plasma as well as heated read
sorbed serum normalised the thromboplastic acttvity mught suggest a double
defect with deficiency of both the AHF and the Hageman factor This is also
unlikely because the Hageman factor 1s present in adsorbed bovine plasma

The factor which the plasma of these patents lacks besides the AHF and
which has been termed the freczmg/serum factor 15 present m normal plasma
and normal serum it 1s apparently not adsorbed from serum on barum sul
phate and 1t stands heating to 56° C for half an hour On the other hand 1t
1s removed from bovine plasma by adsarption with bartum sulphate so accord
mgly 1t cannot be wdentical with the Hageman factor

The freezing/serum factor can apparently be substituted by freezng and
subsequent thawing of the plasma What happens by this process 1s unkaown,
cxcept that the platelets are damaged However the acttvation” of this facter
seems to be largelv ndependent of the number of platelets though none of
the investigated plasma samples were platelet free

It 1s possible that serum and the platelets contamn factors capable of nev
tralising naturally occurring ahibitors (Nilsson & Wenchert)

Anather possibility 1s a combnation of AHF deficiency and a very shght
Christmas factor deficiency This hypothests 15 supported by the fact that the
thrombm generation did not become normal m the cases where cross tests were
made between fresh plasma from these patients and other plasma samples
lacking the Chnstmas factor (¢ g famuly 52 no 3 and family 74 no D It
has been shown previously that the Christmas defect can mn many cases be
compensated by freezing the plasma We also experenced that in some cases
within the group of slight Christmas factor deftctency the clottmg defect could
be compensated by adding heated readsorbed serum

Clintcally the majority of such patients are probably mdistingurshable from
patients lacking the AHF

Fig.
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Neither plasma from a patient with Christmas factor deficiency nor plasma
Jacking the antth hilie factor t the thromb or the
recalaafication time when added separately whercas when added simulta-
neously the thrombin generation became normal

The expenments with normal substrates suggested deficiency of the Hage-
man factor The reaction to the freezing test was not quite charactenistic of
the Haveman defect The results of cross tests with plasma samples having
known defects argued 1n favour of AHF plus Chnstmas factor deficiency
though probably of a stight degree

Thromboplastin Inhibitor

One patient within the total Damish senies of haemophiliacs was found to have
an nhibitor mn the blood (family 70 no 1)*) This patient had very pronounced
mamfestations of the disease ncluding large hacmarthroses and intramuscular
haemorrhages He claimed to have noticed that the bleeding tendency n
creased after transfusions (see fig 47)

The clotting defect was very severe with a greatly prolonged recalaifica
tion time and totally absent thrombin generation which could be normahsed
neither by adsorbed bovine plasma serum or plasma nor by plasma from
patients with AHF dificiency or Chnstmas factor deficiency (see fig 48)

The thrombin fibrinogen reaction was normal Thus there was no quahta
tve fibnnogen defect nor any sign of a thrombin mhibitor (sec p 279)

The patients plasma prolonged the clotting time 1 normal plasma (sec
p 279)

Thus argucs tn favour of the presence of a plasma thromboplastin inhibitor

By adding decreasing amounts of ttssue thromboplastin to the patents
plasma low thromboplastin concentrations were found to cau e a sudden pro-
longation of the clotting tme whereas the clotting time of the control plasma
was farly independent of the th No further 1den
uftcation of the demonstrated thromboplastin intibitor had been undertaken
at the time when this was wntten

Haemoplilic Patients With No Demonstrable Thromboplastic Defect
and W ith Prolonged Freedom from Abnormal Bleeding Phenomena

This group comprised three patients who 1n addition to having a normal coag
ulation system had been completely free from any abrormal bleeding phe
nomena through several years (see the tables Figs 49 and 50) These patients
were all included 1 Andreassen s senes having previously had signs of haemo-
philia and a prolonged clotung time

) After the conclusion of this work an mhibitor Was detected 1 a boy who had pre
viously been found to lack the Christmas factor
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Fig 49
Thrombin generation i haemophtlic patients with no demonstrable
clotung defect

Add dto Pl el 13

[ AR | ‘ T ‘ e

Family 24 no 4 normal norma) normal normal 272000
35 4 410

Family 29 no 2 normal normal normal normal 37 000
245 330 230

Famdy 6 no 4 normal normat normal 235000

4 4

developed signs of haemophtlia with epstaxis ecchymoses bleedings from the
gums nd a smngl haemarthrosis Andreassen as well as the author previously
found a shghtly prolonged clotung time for the patrent s blood using Burker s
method 12—15 mm and 11-12Y2 min respectively
revealed no clotting defcet The patient
has prcscnted no sngns of a hnemorrhagnc diathesss for 6 years Only by the
time this work was 1 factor ds was finally demon
strated That 1s the reason why he has been nvestigated tn connection with the
above group

Yet another case (family 51 no 5) will be reported n felatsion to this
group The pattent had had no hacmophilic signs until at the age of 26 a
dental extraction was followed by secondary haemorrhage The thrombin gen
eration test revealed a somewhat prolonged lag penod which was shortened
by adding heated readsorbed serum to the plasma This mild doubtful clotting
defect was not found again on subsequent testing and the patient has had no
signs of haemophilta since

It 15 a well known fact (Andreassen} and has been confirmed previously
i the present work that the bleeding tendency may abate 1n the course of
years as a rule between the ages of 20 and 35 Haemophiliacs may however
not only become free from signs and symptoms but also obtan a normal

50
demonstrable clotting defect
Blest ¢
G g Tow
& e v | on Firw ok Oce p ton Bec ! &
b | o tact tm
ytm
- + - - fully shop assistant 35
+ - it - - fully messenger (+ soldier) 245
- - + - +  fully 4
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The fust patient of this group (famidy 24 no 4) previously had bleedings
1 the skin and episodes of epistaras His maternat grandfather who unfor
tunately hves abroad suffers from a mild degree of haemophilla on shich
account he was exempted from mulitary service A brother of the latter 15 a
haemophihiac and has become disabled owing to hacmarthroses Andreassen
found = cloting tume of 17 punutes m the patient as well as 1n s mother

Thus the past hustory as well as the ihentance and the results of previous
haematological nvestigations go to show that the patsent 55 a haemophihiac

The patient 1s now free from any hacmophilic mamifestations s fully fit
and has no demonstrable clotting defect

The second patient of this group (famuly 29 no 2) fiest mandested a
bleeding tendency at the age of 10 years He had had gmgval and intra
muscufar haemorrhages haematuna and haemarthroses Andreassen fosnd pro
fonged clottimg times 1a the patient s blood (25 mun } and in that of his mother
{143y mun) There were no other cases of haemophilia n the famuly The
patient has displayed no signs of the disease for the past 20 years He has done
hes military service and he now has a job as a messenger

The present mvestigation revealed no clotung defect

The thurd patient belongs to famuly 56 (no 4) of whose members a brother
and the maternal grandfather are sad to have had a mild degree of haemophiha
The patient himself had p; Yy had prok d bleed from the lip oral
mucosa and nose Biood from thus patient too as well as from hs mother had
previously shown a prolonged clotung tme 16 and 12Y mun respectvely
{Andreassen)

The pattent has displayed no abnommal bleeding phenomena since the age
of 12-14 and the present investigation revealed no clotung defect

One of the pauents brothers who hkewsse 1s a haemophihac has had no
signs of the disease since the age of 15 The author demonstrated a cloting
defect once (deficiency of the Hageman factor) and once found no signs of 2
clotting defect

A fourth patent {famuly 51 no 4) whose mother s brother suffers from
haemophibia will be mentioned m tius place One year old he was operated on
for wncarcerated herma without biceding abnormally From the age of 2 he

Fig
Haemophilic patents with no
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thromboplastic activity an the plasma a fact which seems not to have been
observed before The possibihty cannot be excluded of course that this ob
servation 1s due to the imperfection of our methods Another possibility 1s that
the phenomenon 15 explamnable by spontancous samations n the thrombo-
plastic activity (see fanuly 8 no 6 and chapter X)

Three of the above patients belong to famibes with haemophilta defined
as serum factor deficiency However a normal thromboplastic actvaty has also
been found within the AHF defects Two such cases have beun repotted i
the section dealng with the group named siight AHF deficiency

These v ere the patients nos 3 and 4 n family 88, who had pnmanly been
classified 1n the group of PTA defictiency but who actually suftered from
shght AHF deticiency thewr plasma bemng unable to normahse the thrombm
generation 1 plasma presenting AHF dehetency (famdy 13 and famulv 59)
None of these bad h: l 1 signs of h plulia at the tme of the
wvestigation and they were fully fit

10 Comparison of the Damsh Material with Other
Comprehensive Materials

4 ol 3.

The table fig S1 pives a survey of the i
mvestigated 1n other countries compared with the Damish

It 35 stated sn the previously published works that between 75 and 85 per
cent of the haemopbili. patients lack the antthaemophilic factor whereas no
more than a scant half of the Danish patients lack the AHF alone Among
these are even included 11 patients with shight AHF deficioncy

As for the mncidence of Chustmas disease the statements range between
10 and 15 per cent In the authors matenat the corresponding figure 1s 22 per
cent including s:x with shght defects Correchion for these gives an meidence
of about 18 per cent

Combmed defects are menttoned m no more than two works These are
stated to occur m 2-3 per cent whereas i the Damsh senes they constitute
16 per cent Among these are however included the defects lassified pa
manly as 1) def; of the b bilic factor plus f J
factor and 2) a shight combin=d defect (patient no 1 famuly 77) After correc
tion for these two groups there are stll 4 per cent combined defects in the
Danish senes As mentiosied previously there 1s resson to regard these two
groups as mild combmned defects

The mcrdence of PTA defiaiency 1s somewhat Jower m the Damsh matenal
than w most of the foreign This may be lue to mclusion of other cloting
defects (slyht AHF defictency siight Chnstmas factor dificiency mild com
bined defects) which makes the group too comprehensne The foreign mate
rials also comprise women with PTA dcficiency




Chapter 1X

COMPARISON OF THE QUALITATIVE CLOTTING
DEFECT WITH SYMPTOMATOLOGY
AND WORKING CAPACITY

The table p 122 gives a survey of 1) the frequencies of the vanous bleeding,
phenomena n the different clotting defects and 2) the relation between the
clotung defect and the working capacity of the patients aged 18 or more The
patients 1n the group of Miscellancous have not been included owsng to their
small number

1) Frequencies of the V arious Bleeding Phenomena

Some reservation must be made with regard to these figures bucause the av
erage age and the age distnbutton are not umform for the patients with the
aifferent clotung dufects The total number of abnormal bleeding phenomena
will nise with mncreasing years in the individual patient On the other hand the
different forms of bleeding occur the earliest where the clotng defects are
the severest Furthermore some of the groups are so small that percentage
figures are difftcult to state Nevertheless the table gives a fairly good estimate
of the frequencies of the various mamfestations of the clotting defects

The severest haemorrhages (| h resulting 1n Joint de
formities intramuscular haemorrhages) were seen to be the most frequent n
patients with the combined defects They decreased 1n frequency 1n the order
stated 1 the table The fact that haemarthroses were seen n only 83 per
cent of the AHF plus Christmas group was due to one patient being no more
than 5 years old at the tume of mvestigation (1955) This patient had not yet
had any unquestionable haemarthrosis

It seems as if the 1ncidence of haemarthroses 1s a hitle lower among Christ
mas patients than among patrents with AHF deficiency The permanent changes
resulting from haemarthroses were equally frequent 1n the two groups how
ever

Bleedings 1n the skin were approximately equally frequent in all groups

Intramuscular bleedings occurred with almost the same frequency in the
furst four groups but were rare among the patients with the slight defects and
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Seven per cent lacked the Hageman factor None of the previous surieys
menton haemophilic patients with this mid cloting defect

Funally, there 15 the small group of apparently healthy patients m whose
plasma no clotting defect was detectable This does not prectude  however
that they may have a haemophihie disease

The discrepancy may be due n the first inetance to the following two
facts

1 In such a small well organtsed country as Denmark the mild cases of
haemophihia are easter to trace than in latge counties There may be patients
who are troubled so little by their disease that they only rately give it a thought
Furthermore 1 3 small country 1t 1s more Iikely to be rumoured that somebody
1s working with some medical problem or other in this case hagmophtira H
« panent 1s admtted to hosprtal with an uncharactenstic haemorrhagsc diathests
one s often nformed by the colleagues mvolved

2 The other fact 15 the chowce of testing methods

The mvestigations described show that the thrombin generation test 1s 2
atisfactory method 1a most cases It must be emphasized however that even
by this method the mild cases of haemophilia may be classified 1n wrong groups
as stated under the PTA and Hageman defects unless control fests are made
with plasma samples having known clotting defects

The method has hitherto been employed to a hmited extent only The table
shows that the methods most frequently employed so far are the prothrombin
consumptson test and the thromboplastin generation test The author has no
practical expenience with regard ta the former of these tests Using the latter
test the author could not demonstrate the clotung defect m cases of slight
Chnistmas disease The method may also fad w other mild defects {the Hage
man trait) If further the clotting trime ts only shghtly prolonged i such cases
these arc difficult to classify

This difficulty 1s probably due to the plasma of these patients beng able
to form (other) factors dunng the clotung which can compensate their own
clotting defect 1f the pattents own serum s added to his own plasma as s
done i the thromboplasttn generation test the clotting defect of the plasma
will not manifest ssetf

Platelet suspensions ate 2lso used i the thromboplastin generation test
This likewsse corrects a clatng defect (e § Hageman defect PTA deficiency}

In the cases of combmed defects a shght Chrstmas defect may probably
be mussed by using the thromboplastin generation test

In the authors opmon the thrombm generation test makes 1 possible to
work, with 3 coagulation system that s more phystological than that on which
the thromboplastn generation test 1s based as we here avoid sntroduction of
paruatly unknown coagulation factors with serum  platelet suspensions of

pord
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scemed not to occur at all in patients with the Hageman trait and PTA deft
ciency

Gastro-mtestinal hacmorrhage was noted 1n 50 per cent of the pattents
lacking the AHF and the Chnstmas factor whercas 1t was constderably less
frequent m the remammg groups (9-19 per cent)

Hacmatuna was seen 1t over half of the patients with combined defects
and 1n about half of the patients with shght Chnstmas factor deficiency

Gingival bleedings were a very common phenomenon Strangely enough 1t
was most frequent 1n association with the mild defects This 1s possibly due to
the fact that such patients relatively seldom have other forms of haemorrhage
and therefore always remember the gingival bluedings which often are of a
rather dramatic character The patients with severer clotting defects are troubled
by so many other grave and pamnful haemorrhages that those from the gums
are a relatively small problem to them

Bleedings 1n the central nervous system and the lower respiratory tract
were very rare The author knows of two patients however who died from
post traumatic epidural haematoma

Epistaxis occurred 1n the main tn the stated order of frequency except
that this sign was also very frequent among the patients with shight Chnistmas
factor deficiency

The fact may be established on the basis of these nvestigations that the
symptomatology 1s nearly the same in classical haemophiha and Christmas
disease The previously published statements that Chrstmas disease gererally
15 somewhat milder than classical haemophilia with regard to symptomatology
could not be confirmed The most severely affected Chnistmas patents are
Just as poorly as the most severely affected patients with AHF deficiency
Another thing 1s that treatment of Christmas patients 1s perharps a little more
gratifying

The question whether haemophilia grows mulder i the course of years
may be answered to the effect that the severer the clotting defect the smaller
1s the chance of abatement On the other hand 1t must be stressed that 25
per cent of the patients with classical haemophiha as well as of those with
Chnstmas disease declared that the disease had grown milder That only one
third of the patients with PTA defictency admutted a decrease of the signs and
symptoms must be accepted with some reservation as the group compnsed anly
three patients of whom two had always been troubled but hitle by their dis
ease

2) Relation Between Clotting Defect and W orking Capacity

The mvestigations 1nto this problem gave umvocal results The workmg capacity
was found to decrease with increasing clotting defect All the patients with
AHF plus Chrstmas factor deficiency were almost totally disabled at least
unfit for bodily work 20 per cent of the group lacking the AHF plus freezing/



122

A Q4 f g wAgpy wg

P ®p leny

AWIO AW Ay g oowumdw  4(
0 0 0 0 (S8 9 /€0 6 /og) ¢ [ WAU3Q WauIqEs!
0 0 0 o (@s (we (wr (oons o o
0 0 0 SNz Uy L6 (o v 0 1 Apeed
Voot Vone Voo UL s ) 6 vo) T 0 1 &g
sdy sid £ sd g sid 6 sid o1 sd gz sid of sid g 02091 < sjuanud
e 1 /59 9 08) ¢ Vs s 9 L Cs st (‘wy 0 03¢ BUISEAIDT Guw 1P
0 0 0 [} «Im ¢ ] [} 0 wun Aowndsal 3y ul sSuipadg
[0 412 79 v /s9) ¢ V)Ll (/e T (el (Vi) v sxeysdy
0 0 0 0 0o U 1 [ 0 156 WU U 3y ur sSupsIlE
Zoon g Voot () s /8 6 V) st (V1) s (s e () v s3u1pasq jeuguin
(19 6 1 /08) € /8D T VI T U8 LT (19 TE (L9) p 0mn Aseuun sy wos) surpadld
0 Ve 1 v Ve 1 (X1 N4 (V44 I [SFAVIRS Gos) g SBUIP|g [PUnSAUL ONSED
0 [ [V g1V 4 VI I U it (/i) 9 /0s) ¢ s3up30|q sejnosnwenuy
(/o001 £ 16) of (00D 9 oontr  (coonz (- T6) 95 (ooNsl  ( 00Dg s3uIpaslg uMs
/€)1 0 e w e G99 ST (/68) 98 (/ep) 1 {6 SNULOISP Juiof JusuTMII
56 ¥ 17432 4 (s 0s) € o9 L 8 1L (T 9 ( goDsl (LE8) ¢ $a501yUTWSTH]
sid g sid pp sidg sid Ir sid 17 sid 19 sid g1 sidg powousyd Suipadlg
£ 23y p o1 Jwn o) 1
b - n Rm.w.“ _mnu wmmmmu:: ' n.q_u.nu Y ﬁm:& ity
Y

(popdvr Suryion pup {Sojoiwwordwi (s yiv 1afap Swpop awvionb Yyt fo uosuvdwo)



Chapter X

IS THE CLOTTING DEFECT CONSTANT
IN HAEMOPHILIC PATIENTS?

Schloessmann as early as 1930 emphasized that the clotung ttme for blood
from a haemophilic patient 1s always the same e¢xcept for munor vanations
referable to the techmque of testing

This theory was accepted by Andreassen who nevertheless usmg Burkers
method found appreciable vanations in the clotting tume 1 the same patient
1t should be noted however that exceptin a single case repeated tests never
gave a normal clotting time

Quick & Hussey (1952) held the same view They attobuted changes in the
bleeding tendency to other factors ¢ g vascular The natures of such changes
do not secm to have been mvestigated These writers examined a haemophiltac
several umes over a 6 year penod and found clotting tunes (L.ee Whites
method) ranging between 30 and 110 minutes the majorty between 45 and
60 minutes The fairly great range of vanation was referred to different tech
miques of blood sampling among o(hers and not to varniations m the clotting
defect On p test the clotiing defect
seemed to be constant

Hil & Speer (1955) have descnibed two patients with combined haemo
phila (AHF plus Chnstmas factor deficiency) whom they had previously
classified 1n the group of pure AHF deficiency They both had hacmorrhages
at the time of nvestigation One of the patients seemed dunng a remisston
to have AHF defictency alone whereas the other on subsequent mvestigation

conttnued to have a double defect
Accord

to the ble there 15 probably reason for scepticism
with regard to the postulate that the clotting defect 1n haemophiliacs 1s constant
whereas the bleeding tendency may vary

Present Investigations

The author has submutted blood from a great number of haemophilic patients
to two or more thrombin generation tests A few examples of these mvestiga
tions will be gtven below Reference may be made also to the case reports at
the end of the book
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serum factor which 15 here regarded as a midder vanant of the above group
were fit t ¢ able 1o support themselves and a family despite penods of severe
iiness

Perfectly fit were further 33 per cent of the AHF group 47 per cent of
the Christmas group 88 per cent of the group of shight AHF deficiency 100
per cent of that of shght Chnstmas deficiency and kewsse 100 per cent of
the group lacking the Hageman factor and PTA

All the patients with severe combined defects recetve disablement benefit
In the thece grovps AHF plus freezng/serum factor AHF and Chastmas
factor about one third of the pauents rccerved disablement benefit In the
remaming groups ne patients were so disabled as to receive disablement benefit
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Fig 54
Sec legend to fig 57
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See legend to fig §7
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Fig 56
S ele end to fig 57
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Classical Haemophilia (AHF Deficrency)

Figs 52~57 tustrate the results of anafyses of blood from patients belonging
to the fammiles 69 71 and 84 aff of which have members facking the antthaemo-
phitic factor In alt the stated examples some varmtion 1s seen of the thrombo-
plastic activaty i the plasma In the samples from no 3 famsly 71, the thzombin
generation was even nearly normal on  single test The vertical marks on the
curves nchicate the recalofication times The shortest recakification time 15
seen to have been always panted by the best thrombin g None

of the samples were nvestigated withm periods with a particulacly pronounced
bleeding tendency

FAM 65 NO 2

50/t AHF
20

20

10

0
Fig 52
See fegend to fig 57
30+ 600/t FAM Tt NO3

AHFE

Figg 53
See legend to fig §7
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Christmas Disease

Fig 59 shows the courses of the thrombin generation 1 a patient lacking the
Christmas factor On he 1 1957 no ble amounts of th b
were formed The recalaification time was scarcely 16 minutes One year pre
viously measurable amounts of thrombin had been formed and the recalcifica
tion time had been just over 8 munutes

The pattent was 10 a quiescent pertod on both investigations

30 600/

Falr 85 NO
CHRISTHAS

Fig 59

Courses of the thromb:n generation sn plasma from a patient lacking the Christmas factor mves
tigated twice Sce also the legend to fig 57

Slight Christmas Factor Deficiency

Fig 60 nlustrates the courses of the thrombin generation m a patent from
family 8 whose blood was mvestigated twice at an nterval of one year A
considerable difference 1s seen m the rate of formation and the maximally
obtained The ume was the shortest on the test
where thrombin was generated at the fastest rate

0
soo/t FAM 8 NO 4

20 CHAISTIAS 1956

20

10 nsr

p— e,
o 2 4 & 8 e 12 MIN
Fig 60

Course of the thrombin generation 11y plasma from a patient with shght Chnstmas factor defi
ciency mvestigated twice See also the legend to fig §

The patient had no bleeding phenomena at the time of the mvestigation
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A R,
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0 2 4 6 8 10 12MN
Fig 57

Figs 52-57 Courses of the thrombin generation in plasma from patients with AHF deficien y
mvestigated several times The years of the mvestigations are stated on the curves The vertical
marks on the curves indicate the recalcification times
Absesssa reaction tume (T) i minutes
Ordinate Reviprocal value of the fibrinogen clotting time

expressed as 600/t (¢ in seconds)

Shght 4HF Deficiency

Fig 58 tlustrates the course of the thrombm generation 1n a patient with shght
AHF deficiency (family 92 no 2) Here too one test showed an almost normal
thrombn generaton The shortest recalcification time was also found at this
pomt of ime The patient was i a peniod of on both F

FArs 92 NO 2

o 2 4 3 8 10 12 MIN

Fig 58

neration 1n plasma from a patient with shight AHF deficiency mvesti

¢ thrombin ge:
Courses of th ated twice See also the legend to fig 57
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The Hageman Trait

Figs 62 and 63 show the courses of the bin 4 m rep i)
tested plasma from patients lacking the Hageman fnc(or

In the first patient (famuly 51 no 4) the tests were made wathin the peniod
1955~-1958 On the first two tests the thromb: and the )
tion time were normal On the last test the thrombin generation was delayed
and the leaf) tme shehtly p:

In pattent no 5 of the same family only one out of four tests revealed
a clotting defect

In patient no 3 family 56 a clotting defect was found mn 1955 but not
1t 1957 Here too parallelism was seen between the thrombn generation and
the recalaification time

FAM St NO 4
HAGEMAN

Fig 62
S-e Iegend to fig. 63

FAM 56 NO 3
41500/t HAGEMAN

LN s
\\

30
20
1957
10
o 2z % & & do nMN
Fig 63

Figs 62-63 Courscs of the thrombun generation in plasma from patients lacking the Hagerman
factor See also the legend to fig 57



130

Combmed Defects

Fig 61 a sdlustrates the courses of the thrembin generation 1n blood from 2
patient Tacking the AHF plus Chnstmas factor (famsly 1 po 4} Two tests
were made at an saterval of 2 months The thromboplastic actvity was here
uniformly poor on the two tests The recaloificaton fumes were 20 mmn and
16 min 30 sec

In this connection it should be mentioned that three patients (family 79
and family 103) classified as cf. 1 5 phit on myestigation mn 3956
were referred to the group of double defects (deficiency of AHF plus Chnstmas
factor) About 18 months later only AHF deficiency was demonstrable (See
fig 61b) The recalafication times were 18 min and 13 iy 20 see

FAM 1 WO 4
4% s00/¢

RECALCIFICATION TIME 16 MIN 30 SEC

INTERVAL
ZMOQIY HS
0

e Y 0 MIN

30

2

p—
o 2 & & 8 1o mzMN
Fig 61a

Courses of the thrombun geperation 1o plasma from a patsent with double defect AHF plus
Chaostaas factor deficiency See also the legend to fiz 57

3% s00/t
Fart 79 N £
20 AHE + CHRISTHAS
1o 1957 13'20"
€ 18
} ¥ —
o 2 s 8 0 mRMN

Fig 61b

te
£ the thrombm generation 1n plasma from a patient who on the first test showed doub!

AL us Chastrag factor deficsency) shereas on the second AHF deficiency alone
on the first tigat See alsa the fegend

tofig 57

Cou
defect (AHF ph
‘The pateent was 1n bed owiag 1o
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The Hageman Trait

Figs 62 and 63 show the courses of the

tested plasma from patients lacking the Hageman factor

In the first patient (family 51 no 4) the tests were made within the period
1955-1958 On the first two tests the thrombin gencration and the recalafica
tion time were normal On the last test the thrombin generation was delayed

and the recaleification time shghtly prolonged

In patient no 5 of the same famly only one out of four tests revealed

a clotting defect

In patient no 3 family 56 a cloting defect was found n 1955 but not
m 1957 Here too parallelism was seen between the thrombmn generation and

the recalaification time

FAM 51 NO &
@
00/t
600/ HAGEMAN
30
20
1
]
Fig 62
Sce legend to 6, 63
FaM S NO 3
1500/t HAGEMAN
e
SING 1955
30 V4
20
1957
10
t —
o ZMN

Fig 63

Figs 6.-63 Courses of the thrombin generation mn plasma from patients lacking the Hageman
factor See also the legend to fig 57
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Discussion

It 15 evident from what has been stated above that plasma from patients with
the diff forms of h phiba may vary 1 thromboplaste actvity In a
few nstances these vanations were so considerable that plasma from the same
pattent showed pathological conditions and apparently quite normal condittons
at different points of time

The first question suggesting tself 1s whether vanations in the composition
of the fibnnogen are responsible for the vamations 1 the courses of the curves
for the thrombin yeneration The varying recaleification tumes mslstate agamst
this hypothesis In the great majonity of the cases these vared parailel mxh
the thrombin generation so that a poor thromt was
by a long recalafication tume Thus a real vanation seems to extst ln the
coagulability of the blood

Thrombocyte counts it no instasce gave values lo v enough to account for
the curves runming the most level courses The poorest thrombin generation
was even seen n assocration with the fughest thrombocyte value m the same
patient

The possibility must also be considered that tissue jutce 15 admxed at the
blood samplmg This source of error was elimmated as far as possible by
using only blood obtamed by entering the vein cleanly The first few mulithitres
of blood were not used for the thrombim genesation test 1n order to allow
tissue thromboplastin 1f present to be washed away

That even small g of tissue thrombop! {1 the thromb
generatton test has been shown by adding varymg amounts of bratn thrombo-
plastin to the same haemophihc blood

Fig 64 curve A shows the course of the thrombut generation 1t haemo
phitic plasma (AHF deficrency) Curve B shows the course of the thrombm
generation after addition of 02 ml of braw thromboplastn (Owren) druted
110 to 1 mt of plasma In curve C the thromboplastin has been dituted 1 100,
m curve D 11000

It 15 seen that very considerable amounts of brain thromboplastm are re
quired to normalise the thromboplastte actvity of the hacmophilic plasma It

seems unhtkely that so much ussue thrombopl should be ad d by a
clean venous puncture that this mught cause the alterations demonstrated 12
the bility of the h phitic blood

According to the mformation avalable we may be yustfied in concluding
that the cloting defect in the individual haemophihc patient may vary con
siderably
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Fig 64

The thrombin generation 1n haemophilic plasma (facnly 83 no 2 AHF deficiency) after addition
of varying amounts brawn thromboplastin
Cunve A no bram thromboplastin
~ B 02 ml of brain thromboplastin diluted 1 10 to § ml of plasma
- C brun thromboplasttn difuted 1 100
~ D bramn thromboplastin diluted 1 1000
Abscissa and ordinate see fig. 57



Chapter X1

THROMBOCYTE COUNTS IN PLASMA
FROM NORMALS AND HAEMOPHILIACS

As stated previously it is universally agreed that the clotung defect m haeme-
philic blood 15 due to a defect of the thromboplastic syster of the plasma
To the authors knowledge a difference m number of platelets between haemo
philic and normal plasma fias never been demonstrated The number of plate

lets 1 b phihic blood 15 supposed to be the same as mn normal blood
{Schivessmann 1930}
The present fauly large 1 was i to sy counts of

thrombocytes s haemophilic as well as 1 control plsma samples

The dot diagram fig 65 shows the distbution of the thrombocyte numbers
m 311 plasma samples from normals divided 1n classes of 10000 By plotung
these figures w a cumulated frequency diagram we find a novmal distubution
The dot diagram fig 66 shows the distnbution of the thrombocyte numbers
n plasma from 150 haemophilic patents divided m classes of 10000 These
Iikewise show a normal distnbution when plotted sn a cumulated frequency
dagram

The standard deviations 1w the two materals were calculated from the
formula

. 3
S=h {i'ﬂﬁif_'. - (ﬂ.’;f_/_ﬂ) {Moroney 1954)

Where A= the class mterval (36000)
_MP—m
=
m = assumed mean 275000
P = the class mud mark
n = the number of observations
/= all observations i the class

t

1n the control materiad the standard deviation was

6T
5 = 50000 Y5 - (3’1‘1\) ~ 11633
Standard error = Mf = 6595

in
Mean = 304100 k& 6595
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@ 100 200 300 400 500 600 700 800
THROMBOCYIES IN 1000

Fig 65
Dot diagram showing the distribution of the thrombocyte rumbers in 311 normal plasma samples.

Ordinate number of normat samples Abscissa Thrombocytes in thousands per 4! of plasma
arranged 1n elasses of 10000

In the haemophilic materiaf the standard deviation was

H
S = 50000 l/m (ﬂ) = 163752

150~ \150
Standard error = 13378
Mean = 362000 + 13378
Dufference of means

'E,, — g = 362000 — 304100 = 57900
Standard error of difference
e + et = 65957 + 13378 = 14915
57500
= 388
b

ps about 01/ which means that the difference between the two means 1s
significant
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Fig 66
Dot diagram showing the distribution of the thrombocyte numbers 1n plasma samples from 350
haemophilic patients Ordinate number of plasma samples Atscissa thrombocytes in thousands
per 1l of plasma arranged n classes of 10000

By way of companson the resuits of thrombocyte counts m previous Damish
vestigations will be stated below (Hemnfd 1942)

Oluf Thomsen 200000~413000
H C Gram 300000550000
Kuhnet 255000407000
Heruld 145000-370000

The present results agree fauly closely with those rendered above Hemlds
values are the lowest with means for men and women of 225000 (standard
error 42000} and 260000 (standard error 55000) respectnely

Discussion

The authors thrombocyte counts gave a small but significant majonty m the
haemophilic plasma This 15 possibly to be regarded as an attempt by Nature
to wmprose the mpatred thromboplastic activity 1 the hacmophihic plasma by
iereasing the contrsbution of the platelets towards the plasma thromboplastin

In tvo haemophihacs the author obtamed very low figures

In one of these (no 6 famdy 31) 17000 platelets were counted per il of
plasma A subsequent count gave 630000

In the other patient (no | famuly 67) the fust count gave 92000 per i)
of plasma and the second 788000

Nome of the two patients had petecchual haemorrhages at the time of

thrombopema



Chapier \II

TREATMENT

Though the treatment of haemophuiia 15 beyond the scope of this work 1t 1s
a problem of such clinical interest that it will be brefly discussed 1t must be
emphasized immediately however that no cure has been found as yet agmunst
haemophika

AHF Deficiency

The symp ) of h philia mav be divided 1n local and
general treatment

Local Treatment
The principle of the local treatment ss that of placing 2 coagulant on an
adsorbable substance m direct touch with the bleeding surfaces

As coagulants can be used Russells viper venom (Macfarlane & Barnett
1934) or human or ammal thrombin (Lo.ner MacDonald Finland & Taylor
1941 Adams & Taylor 1943) impregnated 1n human fibne fibnn foam gelatin
sponge caleium algimate or oxudised celivlose gauze which can all be left
m place being absorbable (Macjarlane & Biggs 1955 Biggs & Macfarlane
1957) To ensure that the congulant reaches the small bleeding vessels all
clots will have to be removed A steady pressure must then be exerted for
5 to 10 munutes and thereafter slackencd slowly IE the clot produced dis
appears by proteolysis of 1s washed away by renewed haemorrthage most
often after a few hours the procedure will have fo be repeated

Lewis Tagnon Davidson Minot & Taylor (1946) used as local haemostatics
thrombin from rabbit plasma and pseudoglobulin from human bovine and
pigs plasma

It 1s very important to avoud intervention which dewitalises the ussue such
as violent compression cautenzation or burming As soon as the devitalised
tissue 1s shed off renewed haemorrhage will set 1n from a Jarger surface The
wound should be immobilised 1f possible

Dental Extraction

Haemorrhages following dental exttaction being such a frequent phenomenon
sm haemophiliacs irrespective of the degree of the disease there 1s reason to
enter further on the problem of dental extractions in these patients
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Fig 66
Dot dragram showing the distribution of the thrombocyte numbers m plasma samples from 150
haemophilic patients Ordinate number of plasma samples Abscissa thrombocytes in thousands
per pl of plasma arranged 1n classes of 10000

By way of companson the results of thrombocyte counts 1 previous Danish
investigations will be stated below {Hewuld 1942)

Oluf Thomsen 200000-413000
H C Gram 300000-550000
Kuhnel 255000-407000
Heinild 145000-370000

The present results agree faily closely with those rendered above Hemilds
values are the lowest with means for men and women of 229000 (standard
error 42000) and 260000 (standard error 55000) respectively

Duscussion

The author s thrombocyte counts gave a small but sigmificant majonity fm the
haemophilic plasma This 1s possibly to be regarded as an attempt by Nature
to improve the impared thromboplastic activity n the haemophilic plasma by
increasing the contnbution of the platelets towards the plasma thromboplastin

In two haemophiliacs the author obtamed very low figures

In one of these (no 6 family 31) 17000 platelets were counted per pl of
plasma A subsequent count gave 630000

In the other patient (no 1 family 67) the first count gave 92000 per wl
of plasma and the second 788000

None of the two patients had petecchial haemorrhages at the time of

thrombopenta
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monbund owing to the loss of blood He then had 5z ounces of blood trans
fused from 1 woman without preceding typing, ot stabtlisation of the blood
One hour after the transfuston the boy sat up 1n bed and hiemostasts had been
obtained No complications of compatibiity occurred

T e (1905) noticed 1 fall of the clotng time 10 1 haecmophiliac after
intravenous mjection of small amounts of human or bovine serum (Chustmas
patient?) The correcting influence of ccll and platekt free plasma on the
clotting of hacmophilic blood was first detected by Feussly (1924) The clotting
promoting principle the antihacmophilic factor first demonstrated by Addes
(1911) was referred to the globulin fraction of the plasma (Patek & Taylor
1937)

Intravenous mjection of milligram doses of the globulin fraction reduced
the clotting time tn 15 out of 16 hacmophihiacs (Minot Davidson Lewis Tag
non & Taylor 1945) but the clottng promoting activity was preserved for no
morc than 8-12 hours after the injection {Lewis Tagnon Davidson Minot &
Taylor 1946)

It was previously believed that transfusion of such small amounts of plasma
as 50 ml would suffice to compensate the clotting difect 1n haemophilia this
being able to normalise the cloting time Now we know that a normal clotting,
time does not preclude a difective thromboplastic activity of the blood (Mer
shey 1950 Quuck & Hussey 1952 Graham McLendon & Brinkhous 1953
Macfarlane & Biggs 1955)

Brinkhous Langdell Pemich Graham & Wagner (1954) and Biggs & Mac
farlane (1957) state that the blood concentration of AHF must be not Iess than
30 per cent of the normal to give normal haemostasis and prevent bleeding
from minor lesions For larger mjuries and surgical interventions a concentra
tion of 50 per cent 1s required Clotting time determinations and prothrombin
consumption tests are thus of httle value as a guidance to transfusion treat
ment

To raise the AHF concentration from O to 30 per cent in an average adult
person would require a plasma transfusion of about 1/ ltres (Biggs 1957)
provided no blood was lost at the same time It 1s therefore very difficult to
mamntain such high concentrations by transfusions Langdell Wagner & Brink
hous (1955) 1n transfusion experiments never obtained AHF concentrations
exceeding 20-25 per cent However they obtained a prompt haemostatic effect
n a bleeding haemophilic patient at an AHF concentration as low as 6-14
per cent The same wnters have shown that the concentration of transfused
AHF falls by 50 per cent 1n the course of 2-3 hours both 1n haemophiliacs
and 1n normals To mamntamn an AHF concentration of 5-10 per cent of the
normal bleod or plasma must be given every 2—4 hours Even 1f AHF con
centrates are given the plasma concentration will be halved within 2 hours
(Langdell Wagner & Brinkhous 1955)

It 1s most often stated that about half of the AHF actty 1n plasma stored
at + 4°C s Jost n the course of 10-14 days (Puney & Dacie 1955 Brink
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Unfortunately, the fuar of these haemorrhages has often kept haemo-
phihacs from even the simplest dental prophylaxis Consequently, by the time
a dentist 15 consulted the teeth of these patients are often too carious or infected
1o be saved by conservative treatment and therefore have to be extracted

Haemophiliacs should always have dental extraction petformed n hospital
where transfusions can be given immediately if requred General anaesthesia
1s preferable to local anaesthesta The latter may cause large soft tissue hae
matomts which may spread to the neck where they may give nse to asphyxia
Unless transfusion has been given prophylactically no more than two teeth
should be extracted at a time (Macfarlane & Biggs 1955) After the tooth has
been removed as atraumatically as possible the socket 1s plugged with fibnn
foam moistened with thrombin or Russell viper venom and digital pressure
1s exerted for 5 to 10 mmutes The haemostatic used can now be kept m
place by a small sphnt It will most often be necessary to repeat the procedure
after a few hours

Here as 1n other forms of [ocal treatment care should be taken to avoid
any rough mampulation Specially suturing of the gingival edges 18 advised
against because this may result in diffuse blood infiltration of the tissues
mvolving a nsk of compression of the cervical organs

Deep Tissue Haemorrhages
Quick (1957) recommends the use of a moderate local pressure 1n cases of
deep tissue haemorrhages e g with adhesive tape placed parallel to the blood
stream  to ancrease the mterstitial pressure and thus snhibit the diffuse bleeding
mto the tssue Further he recommends a cold stimulus to bnng about a
reflectory contraction of the blood vessels Immediately after an mjury 1t 1s
advisable to placc an 1ce bag on the skin above the site of the myury and heep
the arca cold for 24 hours

Intra abdominal haemorrhages extra as well as intrapentoneal may sul
ulate acute abdomen but must of course be treated conservatively More
particularly retroperitoneal hacmorrhages may simulate acute appendicitis

Extravasations of blood into the soft tissues of the oral cavity and throat
may as stated be extremely dangerous owing to the nsk of asphyxia Dyspnoea
must be prevented by early intubation or if the soft tissue swelling renders
this 1mpossibl h dered safe as far as possible by transfusions

General Treatment
The general treatment of haemophilia aims at restoring the coagulability of
the blood Our only chance to-day of domng so 1s by way of transfusing whole
blood or plasma or tnjecting the individual plasma thromboplastin factors
Lane (1840) was presumably the furst to stop a bleeding 1n a haemophilic
patent by blood transfusion The patient was an 11 year old boy who had
bren operated on for a squint according to Dieffenbach s method He began
to bleed a few hours after the operation and within a few days became
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Fig 67

Courses of the thrombin generation 1n plasma from a patient with AHF deficiency after transfu
5100 of 1 hitre of blood Abscissa and ordinate as in fig 57 See also the text

Fig 67 curve A shows the thrombin generation i plasma from patient
no 12 family 2 Recalcification tme 13 mun 2 hours after the patient had
recerved 1 litre of aitrated blood corresponding to about one fifth of his blood
volume the course of the thrombin generation was as shown in cune B Ap-
precable amounts of thrombin were now formed but only after a lag penod
of 6 mmul:s The recalcxfncauon time was 7 min 30 sec Twelve hours after the

the was found to be almost unchanged (curve
€) and the recnlc:l‘nc;mon time was 6 mm 25 sec Seventeen and a half hours
after the f the b (curve D) was almost as poor as
before the transfusion but the f time was still shorter

7 min 30 sec
Fig 68 shows the thrombm generation in an 8 year old boy with AHF

defictency (family 71 no 3) Curve A rep the thromb
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Fig 68

Courses of the thrombin generation 1n plasma from a patient with AHF deficiency after transfu
s10m of fresh blood Ab cissa and ordinate as n fig 57 See also the text
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kous Feruck Langdell Wagner & Gratiam 1956) Spaet & Kunsell (1953) even
found half of the AHF activity to have been lost after 24 hours and that at
refrigerator temperature

Penick & Brinkhous (1956) mvestigated the AHF stability an plasma under
different conditions of storage and found it to with falling
At refrigerator tempetature most of the AHF activity was destroyed between
the first and the third weck of storage, after which period the remainder
seemed to be more stable Freezing reduced the antihaemophilic actity by
50 per cent in the course of 1 month after which the loss of actvity wa
very small At 56° C the AHF was mactivated very quickly whereas it was
very stable in freeze dred plasma The AHF seemed to be less stable in
human than in ammal plasma Traces of thrombin and fibrinolysin also reduced
the stability of the AHF

The stabiltty 1s greater in citrated than 1n oxalated plasma (Spaet & Garner
1955 Brinkhous Penick Langdell Wagner & Graham 1956)

The nstability 1n oxalated human plasma 1s due to the presence of a heat
stable dualysable wnactivator which when added to bovine plasma destroys
the AHF of this (Spaet & Garner 1955)

Serum contains no AHF (Aggeler White Glendeming Page Leake &
Bates 1952 Biggs Douglas Macfarlane Dacie Pitney Merskey & O Bnen
1952)

The fall noticed by Werl (1905) 1n the clotting time of haemophihic blood
after 1jection of serum was presumably due to the patient having Chnstmas
disease However M C Rosenthal (1954) found n a few instances that serum
could give a normal clotung time and a normal recaleification time 1 haemo-
phihacs (AHF deficiency) but not a normal prothrombin consumption (cf
beides p 81) Adsorption of serum with barum sulphate has been found to
correct the clotting defect in a few patents with AHF deficiency (5ol 1957)

Summansing we may say that blood withdrawn carefully with sodwm cit
rate as stabiliser 1s an excellent source of AHF when used within a few days
of withdrawal and stored at 4 4° C or lower temperatures In the majonty of
cases 1t will suffice to transfuse fresh plasma n an amount corresponding to 20
per cent of the patients blood volume (Biggs & Macfarlane 1957) and will
continue to give this amount distnbuted over four transfustons per day untf
24 hours after has been ob d (Stefarum & D hek 1955) Onc
must however be prepared to use large quantities of blood and plasma

Present Invesugations

The author has not made qu ve AHF d (Biggs Eveling
& Richards 1955) but has 1n a few cases had occasion to foflow the thrombo-
plastic activity of the plasma by means of the thrombin generation test in

haemophiliacs after transfusion
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The recalaification time had fallen to 7 min 45 sec Thirty six hours after the
transfusion the thrombin gencration was the same (curve C) as after 6 hours or
perhaps shehtly better The recaterfication ttme was 6 mun 30 sec Scventy
two hours after the the th t was d (curve
D) and the recaleification ttme wns nsing 8 mun 35 sec

It 15 evident from the curves that onc htre of blood was quite msufficient
to normilisc the thrombin generatton The patient also had melaena before
duning and after the transfuston which had to be repeated twice The fact that
some 1mp t of the thromb 7 d for at lcast 72 hours
was presumably duc to introduction of Chnstmas factor which 1s stated to
remain 1n the blood circulation for up to 2 or 3 weeks (Beanmont Caen &
Bernard 1954)

The author directed the transfusion treatment of a 42 year-old patient with
AHF deficiency (famuly 10) who was to bu opcrated on for a large inguino-
scrotal herma Immediately biufore the operation venesection was performed
and 500 ml of blood werc allowed to escape Then 1000 ml of plasma were

fi As the th test now showed a normal coagulation
process the patent was operated on Topostasin (Roche) was used locally
Dunng the operation another 500 ml of plasma were transfused at a slow rate
The ncxt 10 days fresh plasma was given about 1 litre daily distnibuted over
2-3 transfustons Further venesection was performed twice with escape of 500
m! of blood The clotting status was exarmned daily by the thrombin generation
test and found to remain normal

The patient did not bleed postoperatively The wound healed up by first
mtentton and he was discharged in good health 12 days after the operation
after having recerved about 12500 ml of plasma

The uneventful course was due 1n part to the fact that the patient probably
did not completely lack the AHF This facilitated maintenance of a mgh AHF
concentration in the blood It 1s essential that the treatment 1s started before
the operation to prevent haemorrhage from beginnmg at all Otherwsse 1t 15
difficult to mantain a high AHF concentration Further 1t 1s important that
the disease 15 1n a quiescent phase with no spontaneous bleeding tendency

Disadvantages of Transfusion
One of the most important difficulties tnvolved by transfusion treatment of
classical h ); (AHF ) 1s that of and ad 1ng
the large amounts of blood and plasma that may be required to obtamn hae
maostasis

A complication which 1s rare but senious to the individual patient 1s the
development of inhibitors caused by transfusions Munro & Jones (1943) fol
lowed through several years a haemophilic patient who recewved trans
fusions The response to these was excellent at first but subsequently the clmical
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before the The 1 timte was 6 min 30 sec After trans
fusion of 150 ml of fresh blood there was found some mmprovement of the
thrombin generation (cucve B) and the reealtsfication time was 4 mun 30 sec
Four hours after the f the thromb was p un
changed (curve C) The recalaification tume was 5 min 50 sec Twenty one
hours after the fusion the thromt yn was nearly normal {curve D}
and the Ieification time was prof d 5 mun 30 sec 45 hours after the
the th bin pe n was as before thus (curve B} and the recal

ctfication time was 5 mm 30 sec

In the former of these two patients the amount of blood transfused was
unable to normalise the recalcification tme and the thrombin generation The
thrombimn generation was as poor as before the transfusion already before the
elapse of 24 hours The patient had melaena before dunng and after the
transfusion

In the latter instance where the spontaneous thromboplastic actinity of the
plasma was somewhat better than in the former the recaleification time Was
within the normal range wnmediately after the 1 Twenty one hours
after the transfuston the thrombm gemeration was nearly normal The effect on
the coagulation system was totally lost after about 48 hours The transfused
amonut of blood was too small m both cases

The author has had to follow the t m a 46 year
old patient (farmly 1 no 4) with AHF plus Chnstmas factor dcf:cwncy Fxg &%
curve A shows the thrombin before the o

thrombin was formed and the recaleification ime was 16 mmutcs Six hours
after transfusion of 1 htre of crtrated blood the course of the thrombim geners
tion was as shown 1 curve B G t of were formed
after a lag penod of 67 manutes but the course of the curve was not nogmal
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Courses of the thrombin gen
deficiency after transfusion of
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100 mi had an effect corresponding to that of 1000 ml of plasma After having
injected this concentrate they performed minor operations without abnormal
haemorrhages The only complication was onc of urticara in a few patients
Blomback & Nilsson (1957) admmistered large doses (1-3 g) of human AHF
to haemophilic patients and obtamed a good chmeal effict Two days after ehe
injection the AHF concentration had fallen by no more than about 50 per cent

Like transfusion treatment treatment with human AHF preparations may
cause development of anticoagulants and phases refractory to treatment {(Pohle
& Taylor 1938 Craddock & Lawrence 1947 Creveld Hoorweg & Paulssen
1951 Frommeyer Epstemn & Taylor 1950)

An evaluation of the AHF preparations 1s as yet difficult partly owing
to vaniations m their potency (Bidnell 1955) and partly because of the sponta
neous vanations in the state of health of haemophiliacs There 1s hardly any
doubt however that the production of ammal AHF preparations represents
a large step forward in the treatment of haemophiia and that these pre
parations have saved the Iives of several patents (Macfarlane et al 1957)
Nevertheless owing to the stated elements of nsk they should be used only
it emergencies The amimal preparations cannot be used agam later for the
same patient An rdeal therapy in b philia has not yet been
found

Christmas Disease

The local treatment of Chnistmas disease does not differ from that of classical
haemophilia

The 1 gives only rel. few details the general treat
ment of Chnstmas disease

As stated previously the Chnstmas factor 1s rather stable and present m
both plasma and serum Apparently 1t 1s not consumed dunng the clotting
In agreement with this vanous workers have stated that transfused Chnstmas
factor has effect on the recipient for 2-3 weeks (Beaumont Caen & Bernard
1954 Aggeler Spaet & Emery 1954)

Stefamm & Dameshek (1955) found transfused Christmas factor m the
blood for up to 6 days after the transfusion

The antthaemophilic factor has no nfluence on the clotting time 1n the
blood of Chnstmas patients (Aggeler White Glenderung Page Leake &
Bates 1952 Creveld & Paulssen 1953)

Present Imestigations
The author has had occaston to follow the thrombn generation after transfusion
m a 9 year old boy with severe Christmas disease (family 4 no 10)

Fig 70 curve A shows the thrombin generation in the patient< plasma
before the transfusion The recaloification time was 10 min 30 sec Imme
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state detenorated after the transfusians whie the clotting time lengibened
Simufar observations were mad by Frommeyer Epstein & Taylor (1950) who
among 22 patents with clssical haemophitia found five whose disease had
become refractory to therapy Hence, there 15 zeason to warn agamst pro
phylactic transfusions, wiich anyhow gwve only shott mmprovement of the
coagulability of the blood, and reserve the transfusians for the severe acute
haemorrhages 1f one s the situation of having to control the stage re
fractory to therapy, one must transfuse vety farge amounts of whole blood and/
or plasma 1o tise the a gulants and g formed Incidental
these tend 10 disappear 1t the course of months or years but are quickly re
formed (Frommeyer Epsten & Taplor 1950)

Among the possible compl of t of h hut
there 1 also the sk of transemtting hepatits Fraally m a siagle case thrombo
cytopema has been seen to develop folowang transiusions hecause of m
compantility of the platelet types (Stefartm & Dantesheh 1955)

7 ¢ ek the Antih hilie Factor

It has been stated previously that the human AHF 15 very unstable compared
with the ammal AHF (Spaer & Kensell 1953 Spaet & Garner 1955 Pemck &
Brinkhous 1956) p ly due to p of an i humat
plasma (Spaet & Garner 1955) Withm recent years great actvty has there
fore been displayed especially by Briush worhers to wofate the antideme
phibe factor from ammal plasma

Spaet & Kensell (1953} prepared from bowne plasma an AHF having an
activity pes mulligram proteir which was 70 times higher than that of the
tuman AHF Lorand & Labs (1954) mdicated a method of preparing pto
thrombin activitor (AHF?) from human camme and bovine plasma Bidnell
(1955} prepared a very active AHE preparauon from bovine plasma as well
as plasma from pigs and sheep The bovine AHFE has been used chnucally
w assoctation with surgical intervendons with a favourable result (Macfarlane
Beges & Budwell 1958 Macfariane Mallam W ctts Bidwell Biggs Fraenket
Honey & Tenlor 195T)

Unfortunately both bovine and ovine AHF have been found to arglutinate
the human piatelets whereas AHF fram pigs do not (Brdwefl 1955) The
ammal AHF haung an aamtgenic action 1ts use s hmited to (G-14 days
In cases of a short niced for AHF this disadvantage can be evaded by changing
from one ammal AHF preparanon 10 another Further the ammal AHF pre
parations may give 7ise to phyl m d patents (Biggs

& Macfarlane 1957}
Macfariane et al (1957) saw no developmen? of anhicoagwlapts m 13 pa

nts treated with ammal AHF preparations
e Kekwick & Wolf (1957 prepared & concentrate of human AHF of which
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hours after transfusion of ¥/ hitre of citrated blood the thrombin generation
was found to have improved as shown 1 curve B and the recalcification time
had fallen to 5 min 30 sec Twenty onc hours after the transfusion the thrombm
generation was further improved (curve C) and the recalcification ttme was 4
min 30sec As late as 72 hours after the transfuston there was stll some throm
in generation {curve D) but the time was n length
6 min 30 scc Fifteen days after the transfusion no response was traceable The
recalaification ttme was 11 min 30 sec {cunve E}

The transfused amount of blood had been too small to completely nor
malise the thromboplastic activity of the plasma Scventy two hours after the
transfuston some improvement of the th bin g was still bl
but the prol d effect m the | was not d ble in
this case either

Fig 72 shows the thrombin generation i plasma from a third patient
with Christmas discase (famuly 22 no 19) 16 hours after transfusion of 1/
Iitre of fresh blood (curve A) The thrombin generation was normal Forty eight
hours after the transfusion the conditions were as shown 1n curve B The recaler
fication time was 8 mun and the thrombin generation poor In this case a per
fectly normal thrombin generation was obtaned after transfusion of /2 litre of
blood but the response was very transitory

Compared with transfusion treatment in cases of AHF deficsency it seems
as 1f a normal thromboplastic acivity can be obtatned 1t Christmas patients
with somewhat smaller amounts of blood ot plasma which need not be freshly
drawn from a donor but a prolonged effect has not been demonstrable Fi
rally 1t may just be mentioned that serum can be used m the treatment of
Chrstmas disease

For the present transfusion treatment of Chnstmas disease should be given
according to the same scheme as that of classical haemophilia
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Fig 72

Courses of the thrombrn generation 1n plasma from a patient with Christmas disease after trans
fosion of % Titre of blood Abscissa and ordinate as s fig 57 See also the text
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Fig 70

Courses of the thrombon generation 1t plasma from a patient with Chnistmas disease after transfy
100 of 300 1l of fresh blood Abscissa and ordinate as i fig 57 See also the text

drately after the transfusion (300 mi of fresh blood) the thrombwn generation
was somewhat unproved (curve B) and the raialcifuation time was § mm Six
hours after the transfusion the thrombin generation was normal (curve C) and
the recalaification time 3 min 30 sec Twenty four and 48 hours after the trans
fusion the thrombin generation was as poor as before the transfusion (curves D
and E} The recaluification trmes were 14 and 12 minutes respectively

Though the thromboplastic activity of the plasma became normal i this
case the effect of the transfusion was of very short duration by no mesns
cortespanding with what has been stated m the hterawre

Fig 71 curve A shows the thrombin peneration 1 a 17 year old youth
with severe Chnstimas disease (famy 14 no 10) No thrombin whatever was
formed n the course of 21 mnutes The recalafication time was 11 mn Four
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Fig 71

after trans
es of the thrombia generanon in plasma from a patient with Chnstmas disease al
Coun fusson of ¥ htre of blood Abscisss and ordisate a3 in fig ST See also the text
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cerned The PTA factor is very stable its activty being present 1n plasma
and serum stored at ~10 to —20° C for 2 years Stenle plasma stored at room
temperature for 4 months had a normal PTA activity (Rosenthal 1955)

The cloting time for blood from patients with PTA deficiency remains
normal for 7—10 days after transfusion of serum or stored plasma (Stefamm
1954)

Rosentha! Dreskin & Rosenthal (1955) found a normal clotting time
m a patient with PTA deficiency for 7 days after transfusion of 450 ml of 7
days old blood bank plasma This single transfusion sufficed for performing a

without p The auther has not had occasion

to follow the lhromboplasuc activity of the plasma after transfusion to patents
with PTA deficiency

Treatment of the Hageman Trait

As stated previously only a few of the cases of the Hageman trait reported so
far have displayed clinical signs of a haemorrhagic dathesis Many of these
patients have even been operated on without haemorrhagic complicatons (Rat
nojj & Colopy 1955 Frick & Hagen 1956 Ramot Singer Heller & Zimmer
mann 1956 Syplin 1957 b) The Hageman factor 15 present in serum as well
as plasma (Ratnoff & Colopy 1955) These authors found that transfusion of
250 ml of citrated plasma to a Hageman patient effected a fall of the clottmg
time from 60 to 12 munutes Eight hours after the transfusion the clotting time
was however already 65 minutes Ramot Singer Heller & Zimmerman (1956)
obtamed a similar effect wath as hitle as 50 ml of blood stored for 20 days
Larriew Soulier & Culot (1957) corrected transitonily the clotting defect 1n an
adult Hageman patient with 150 ml of plasma

Present Imestigations

The author has had occaston to follow the thrombin generation 1n a pattent
with a haemorrhagic diathests due to deficiency of the Hageman factor (family
112 no 2) The most interesting fact about this patient was that he began
to bleed from a tooth socket at a tme when the thromboplastic activity of
the plasma was normal (see p 340) Haemostasis was obtaned only by daily
transfustons the followng 4 days

Patients having the H: trait with an p haemorrhagie
dla!hCSlS should when submitted to a surgical intervention be treated pro
by plasma 3 about Y/ ltre to be conhnued daily untl

the wound has healed up

Combined Defects

Combmed clottimg defects should be treated on the same principles as classical
haemophilia (see p 140)
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Treatment with Christmas Factor
Amencan workers have already published some papers an isolation of the
Christmas factor (Aggeler White Glendemng Page Leake & Bates 1952
Wiite Aggeler & Emery 1953 Wiue Aggeler & Glendening 1953 Aggeler
Spaet & Emery 1954)
White Aggeler & Emery (1953) found that intravenous wyection of fraction
IV of the plasma protetns shortened the clotting time for up to 7 davs and m
proved thr prothrombun consumption for up to 4 days However the mmproved
prothrombin consumption began to decline again 3~4 hours after the snjection
Schuthng (not pubhshed) using Aggelers method produced a preparation
of the Chnstmas factor which the author has had occasion fo test i vifro
on plasma from the first wo of the above mentioned Christmas panents Fig
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Fig 73

The thrombin generation 1n plasma from the patients fig 70 {curve A) and fig 71 (cucve B) after
addition of ;sofated Chnstmas factor 11 sure Abscissa and ordinate as n fig 57

73 curves A and B show the thrombin generation n plasma from the two
paents described m the  precediny, section (figs 70 and 71) after addition of
this Chnstmas preparation In both cases a striking effect was seen with ropid
formation and mactivation of the thrombin The recalufication tmes were 30
and 50 sevonds respectvely Thus there seems to be good reason for con
unung to am at wolating the Christmas factor from human blood the more
so because the raw matenals of this factor stored blood and <erum are
relatively easly avalable

Treatment of PTA Defeciency

Our expenence with regard to treating patsents with PTA d ficiency 15 shight
However, the disease generally runs such a mild coursc that the problem of

treatment 15 smalter than where the two above forms of haemopliha are con



Chapter X111

THE FEMALE MEMBERS
OF THE HAEMOPHILIC FAMILIES

Do Female Haemophihacs Exist”

By true haemophtlia 1n females we understand a condition in which the gene
for haemophilia 1s present 1n the homozygous form m the female orgamism
Such can only be possible 1 the offspring of a haemophiltac and a transmitter
of haemophilia

Theoretically haemophilia in a female may be concuved fo anse by muta
tion of the healthy gene in a heterozygote or by mutation of both genes
a healthy woman 1nto haemophilic genes

According to Andreassen (1943) no unequivocal cases of true haemo-
philia 1n females had been observed up to the tme when his book was written

In 1951 Pinmiger & Franks descnbed a woman aged 21 with a haemo-
rrhagic drathests manifesting stself by prolonged haemorrhages from cuts and
by haemarthroses

The patients father as well as her maternal grandfather were haemo-
philiacs so that she had a 50 per cent chance of having the haemophilic gene
n the homozygous form

Israels Lempert & Gulbertson (1951) mentioned a patient whose father was
a haemophiliac and whose mother had 1 haemophilic brother The patient had
a prolonged clotung time and a raised serum prothrombin level She bore an
apparently healthy daughter Uterine haemorrhage occurred 11 the puerperium
s0 that hysterectomy had to be done If this patient s mother was 2 transmstter
the patient had 50 per cent chance of bemng homozygous for haemophilia

Merskev (1951 b) gives an account of a haemophihe family m which a
haemophilac had married his coustn They had two haemophilic boys four
haemophilic girls three healthy girls and one healthy boy Three of the
haemophilic girls were marned and all their sons were haemophilic The three
haemophilic girls thus seem to have been homozygotes Merskey found a
reduced capillary resistance m two of the haemophilic girls so the possibility
that they suffered from a different haemorrhagic diathesss cannot be definitely
excluded

Brinkhous Graham Pemch & Langdell (1951) by mating heterozygous
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Treatment of Panents Having Intubitors in the Blood

Patients with 1ntubitors 1n the blood are 1 a very bad way when bleed ng
as they require transfusion of very large amounts of blood (13/2~2 htres) to
obtain temporary mmprovement of the coagulability (Fromnever et &l 1950)
an mmprovement which 1s often followed by a rise of the nhubitor actton Buven
such large amounts of blood cannot -lways cm'rect the clothng defect (cf
Hougre 1955b) The h bopl achion may d bly dor
g, prolonged mnterruption of the transfusion treatment (Munro & Jores 1943
Frommeyer Epstetn & Taylor 1950)
Several mvestigations have been made mto the mfluences of ACTH and
on the it mh philia (Verstracte 1955, § neer Mord
Hyman & Levv 1950) These drugs have never been seen to cause enher
chmeal or haematological improvement Nesther are protamine sulphate to-
lusdine blue or testosterone able 10 umprove these conditions (Verstraete 1955)

As 1o all app the P of an fant s related to
the transfusion treatment we must strongly warn agamst transfusions as 2
routine roborant m h phihn Bleedimg episodes m patents with

k may h t
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Shkold (1952) found a just significantly longer clotting time 1n transmutters
than 1n normals Puanta (1953) observed a prolonged clotting time i two out
of mine transmutters and Syolin (1954) n 22 out of 27

Merskey & Macfarlane (1951) found that measurement of the clotting time

as well as deter of the prott b are unfit for diagnos
g heterozygosity

Within recent years have been ted by the prothromt
consumption test Jurgens & Ferln (1950) found a reduced conversion of pro-
thrombin 10 transmitters though not so p d as i the h phil

Douglas & Cook (1957) observed a reduced thromboplastin formation and
prothrombin consumption in two sisters who were daughters of a haemophihiac
There were other male haemophiliacs (AHF defictency) n the famdy

Brinkhous Graham Pemuch & Lanedell (1951) found the prothrombin con
sumption to be reduced n heterozygous dogs

In a famly with mild classical haemophilia Roller Arust & Luchsinger
{1950) i a reduced hromb p n the

The same was cbserved by Biggs Douglas Macfarlane Dacte Puney
Merskhey & O Brien (1952) 1n the mother of a Chnistmas patient

In the Swiss Tenna family m which the patients have Chnstmas disease
Huser & Moor Jankowske (1957) saw normal conditions of coagulation 1n 11
unquestionable transmitters and 32 possibk transmutters

Graham McLendon & Brinkhous (1953) found an abnormally low AHF
<oncentratton i plasma from transmitters m a haemophilie family with muld
mamfestations of the disease

Thus most of the literature confirms that some clotting defect 15 demon

strable 1n several t of h h No quite f: y method 15
lable as yet for d h 7 1n the individual fernale
Present Investigation
“The author has not included in his of

transmutters of hacmophilia

However 18 women having haemophilic sons have been classified on the
basis of the clotting defect 1n these The clotting times 1n the stated women
have been published previously (Sygln 1954) but the haemophilic patents
bad not then been classified on the basis of their clotting defects

This classification 1s shown 1n the table frg 74

Nine out of ten mothers in the AHF group had a prolonged clotting time
{over 12 muin ) The same was true of all three mothers m the Chnstmas group

Two mothers of patients with double defect also had a prolonged clotting
time Of two mothers of Hageman patients one had a prolonged and the other

a normal clotting time A mother of a patient with PTA deficiency had a normal
<loting time
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dogs with haemophilic dogs bred female amsmals half of which were haemo-
phihe By mating these haemophihc she dogs with haemaphilic he-dogs the
total offspring became haemophilic as might be expected according to Nasse's
law

Tastances are given i the lterature of haemorshagic drathesss in women
whose blood shows impaired thromboplastic actvity owing to a lowered AHF

usually d with a reduced capillary resistance {Alesander
& Goldstein 1953 Larnen & Soulter 1953 Creveld Jordan Punt & Veder
1955 Matter Newcomb Melly & Finch 1956 Nisson Blomback Blom
back & Svennerud 1956 Nulsson Blomback & von Francken 1957, Jurgens
Leimann Wegelms Erikson & Hiepler 1957y None of these haemorrhagic
dsatheses have anything to do with true haemophiia Some of them are found
m familtes with von Willebrand Juzgens disease (Matter Newcomb Melly &
Finch 1956 Jurgens Lehmann Wegelms Erikson & Hiepler 195T)

Sumlar pictures have been described 1n cases of women whose thrombo-
plastic activaty i the blood was reduced owng to deliciency of the Chsistmas
factor (Sjoln & Videbak 1956 Hardwsty 1957)

True haemophda s women has not yet beess demonstrated s this couniry

The Haemophtlic Transmtter
The Bleeding Tendency

The bleed dency m the b female carner the transmrtter has
been described 1n detl ain the hterature within the last few years by Andreas
sen {1943) Schrud (1951) Merskey & Macfarlane (1951) Newger (1951) Punta
(1953) and Spphn (1954) among others The figures stated for the incidence

of an abrormal bleed d among the differ derabl

rangmg from 50 per cent {Pianta 1953) to 14 per cent {dndreassen 1943)

The bleed d m tr 15 only 1n rare cases so strong as 10
ds the p of a h philic gene (Andreassen 1943) Hence 2

bleeding tendency 15 a bad crnterion for decidmg whether or not a woman 1S
a transmtier

The Clotang in Transmtter Blood

The raterest w tracing the transmitter by mvestigating the clotting of the blood
poes back to Weid (1906) who presumably was the first to demonstrate 2
protonged clotung time 1m the mothers of haemophiliacs Up to 1943 the prob-
lem was mvestgated especsally by German workers (see Andreassen 1943
Siohn 1954) generally with the result that a varying but large proportion of
the transmutters of haemophila were found to have a prolonged cloting tme

Andreassen {1943) using Burkers method found 2 prolonged clotung tume

n 30 out of 31 transmitters



Chapter XIV

HEREDITY

Introduction

In this country the genetic relations of haemophilia have previously been a
subject for th h (And 1943) Hence only a few prob-
lems of genetic mnterest will be discussed below Be it mentioned 1n this connec
tion that a renewed study on the fn.mhty of the haemophihacs and the female

1s bemg llab with Dr Mogens Hauge
the Unnerstty Instrtute for Human Genehcs

Mode of Inheritance

It 15 unnersally agreed that classical haemophilia 1s inhenited according to
Nasse s law (1820) 1 ¢ women belonging to haemophilie. famultes transmut the
disease from the hzemophilic fathers to their offsprmg even if they marry
healthy men The disease 1s 1n other words inhented as a sex linked recessive
character The women themselves never exhibit any abnormality (see how
ever p 151)

The inhernitance of Christmas disease 15 likewise that of sex Iinked recessiv
1ty 1n all the cases published so far with attending pedirees (Biggs Douglas
Macfarlane Dacie Pitney Merskey & O Brien 1952 Lewnis & Ferguson 1953
Frick 1954 R L Rosenthal 1954 Koller 1955 a)

1erstracte & Vandenbroucke (1955) have reported a case of haemophilia
with double defect (deficiency of the AHF plus Chnistmas factor) Two maternal
male cousins had AHF deficiency alone Syglin (1957) has described a famly
(farmily 1 of the present work) 11 which there were found two patients with
combined haemophilia (AHF plus Chustmas factor deficiency) Here too the
mhentance was that of sex linked recessiity

PTA deficiency which 1s ncluded among the haemophilic diseases (R L
Rosenthal 1954 Frich 1954) 1s possibly ly toh h
being allegedly a dominant disease mamfesting stself i both males and females
In one farmly however sex linked recesstve mhentance has been found (Ste
fantm & Dameshek 1955)

Rosenthal Dreskin & Rosenthal (1955) arnved at the result that the dise
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Fig 74
Clotting times m 18 women having haemophtiic sons

Clotung defect of 3 s

wne | S ] e [ aeme
SYy-1i1; 71,413 6-13 6% -11 SU-131L
6 -12¢ 6 ~13} 7-13 71,4101,
6 131 61 -131
7 131
Ty -133,
T3~13Y

-14
6 ~151

~17
8 ~17%

This small series allows of Iimited conclusions only but 1t 1s evident that
many of the transmutters n the families represemmg the most freguent and
severe forms of h 1e cf miia and Christmas disease
may have a prolonged clotting time

.

Thrombin Generation i Transmutters

The thrombim generation was tested 1n a few mothers of haemophilic patients

In three (family 105 as well as famifies 80 and 112) belonging to famulies
with AHF deficiency and the Hageman trait respectively the thrombin ge
neration was normal

In one (famuly 53 no 1) the thrombin generation was poor This plasma
was unable to normaltse the thrombin generation i plasma from the son
who had Chnstmas disease though some mprovement was obtamed The
ability of this transmutter plasma to form thrombm became perfectly normal
after the plasma had been stored at -20° C for 3 months being now able to

lise the th 1 m the sons plasma

As 1t 15 of great |mpoxtancc from a genetic hygienic aspect to trace the
transmitter of haemophiia the whole problem should be submitted to further
investigation  using newer methods within coagulation research

T bin G n Non Transmutters
In some of the haemophikic famihes the author mvestigated the thromboplastic
activity a0 plasma from women who either had no children or only healthy

childeen
An abnormal thromboplastic activity was found 1n none of these They all

had 2 normal recaleification time and a nommal clotting time
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mothers of the haemophiliacs suggesting that the gene for hacmophilia had
been transmutted from the mother to her son Further two women who were
sssters of hacmophiliacs had a prolonged clotting time a fact which hkewise
argues m favour of hereditary haemophtha 1n these cases

In this connection we must also bear 1n mind that the gene for haemophiia
can be mhented from one transmutter to another through two or more genera
tions without haemophilic sons being borr (Quick 1957) In the Swiss Tenna
fanuly which has Chnstmas disease the gene for haemophiha has been scen
to pass five female generations before 1t mamfested atself again (Verschuer)
Punta (1953) has described a haemophilic famuly 1 which the disease had not
manifested tself for 230 years

Present Im estigations

Solitary cases of haemophilia have been found 1 25 of the Damsh haemo-
phikic families

Of the 20 famulies included 1n Andreassen s senies (1943) 1n which sporadic
haemophxlla occuned fambes 10 29 42 57 58 60 and 63 have lnng

H: t to occur sporadcally 1n famulies

29 (whcre the patient apparently 1s well though) as well as in 42 57 58 60
and 63 The latter famuly has not been mcluded under sporadic haemophilia
however because pattent number 1 1s stated to have had prolonged haemorrhage
after dental extraction and a tendency to epistaxis In famuly 10 there are now
three haemophultacs Two of these were alive 1n 1943 The inhentance 1s sex
linked recessive In the remaiming famibies no other haemophiliacs had been
born at the tme of concluston of the present mnvestigation The patent 1n
family 42 has no children The patient m famuly 57 has a son and a daughter
In this latter fanuly there 1s a chance that the daughter may bear haemo
philic sons The pattent 1n famuly 58 has no children while the patient
famuly 60 has three sons If this patient gets no daughters no more haemo
philiacs will be born 1 this branch of the famuly

The clotung defects of the 25 Imving patients with sporadic haemophilia
are distributed as shown 1n the table fig 75

Fourteen lack the AHF three the Chnstmas factor four the AHF plus
Christmas factor one the Hageman factor two the AHF plus freezing/serum
factor while one has no demonstrable clotting defect

Thus all clottng defects except PTA deficiency are represented among
the patients with sporadic haemophilia

The figures stated for the maidence of sporadic haemophriia differ some
what

In a leading article 1n the Brtish Medical Journal (1956) 1t 1s stated that
30-40 per cent of the total number of haemophilic cases are sporadic

Biggs & Macfarlane (1957) set the weidence of sporadic haemophilia at
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ase 1s autosomally d and that hingly there 15 a 50 per cent chame
that a carnier of the disease will transmit this

No more thn a single mnvestigation 1s avaifable 1nto the nhentance of the
symptom free Hageman trau

Margokus r & Ratnoff (1956) examined 44 near relations of two sisters
with the Hageman traut without being ble to demonstrate the defect m anv of
these 44 more particularly no signs of the Hageman trait were found i three
children and four grandchildren of the two affected sisters The gene thus seems
1o be recessive

Siplin (1957 d) has reported a family (family 80 of the present work)
which a patient with signs of h phiia lacked the Hag factar The
maternal grandfather of this patient had had ~ mild degree of haemophilia
but had not fad his clotting defect classified The mother of the propositus
displayed no signs of a clotung defect The mhentance thus seems to be that
of sex linked recessivity

Present Imvestigations

In 45 out of 80 wvestigated Damsh fumifies with hacmophihia the discase was
inhenited according to Nasse s law, 1 ¢ as a scx linked, rccessive discase

This was yndependent of the type of clotting defect whether AHF dcf
ciency (c g fambes 2 and 13) Chnstmas factor deficiency (e g families 4
and 22) AHF plus Chrstmas factor deficiency (¢ g famuly [) the Hageman
trait (¢ g fanulies 80 and 112) or deficiency of the AHF plus serum/freczing
factor (¢ g family 39)

The PTA defect was observed 1n two generations 1n faruly 109 Scx hinked
recessive mheritance was scen here too None of the female members of the
two families under review with PTA deficiency have had any signs of 2 haemo
rthagic diathests The mother of one of the patients (famuly 106) had 1 normal
clotupg time

The problem of differcnt defects within the same famly will be discussed
fater

According to the results of the present investigation all hacmophilic dis
cases 1 ¢ the pure plasmathromboplastic defects seem to be duc to a sex
linked recessive gene

Sporadic Haemophidia

By sporadic haemophilia we mean 1solated cases of haemoptilia 1 fanulics
with no other nstances of the discase

So far sporadic hacmophilia has not been found ta differ from hereditary
pacmophthia with regard to symptomatology clmical course or hacmatology
(Andreassen 1943 Neiger 1951) In four families supposed to have instances
of sporadic } philia And found a prol d cloting time 1n the
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g 76
The clotting defects in 10 famihes having haemophiha in q single
atbshup only

N mber [ l
Famly {h moht | Al Lak g
br hery
25 4 3 AHF + serumifreezing
factor
53 3 1 Christmas factor
54 3 2 ARF
59 2 - AHF 4+ serumfreenng
factor
6. 2 Chnistmas factor
b . 1) AHF
2) Thromboplastin tnubitor
78 3 3 AHF
9 2 2 AHF
105 2 - AHF
106 2 1 PTA
-5 19

tients too The clotung defect was found to by the same within the individual
sibship except m family 70 where onc patient had AHF deficiency and an
other thromboplastin nbibitor The fatter may however have duveloped 1n
consequence of transfusions in a patient with AHF deficiency

Mutation 1s an unbihely explanation of this phenomenon More hkely the
gene for haemophilia has ansen in the mothers or the female ancestry of these
n direct hine

Haemophilic Famuies with Multiple Clotting Defects

Only four reports are mn the on il of
different clotting deficts wnhm the same haemophilc family
Koller (1955 a) of AHF def and Chnstmas

factor deficiency 1n two different patients of the Zuncher Oberland famuly
Scardiagh & Guud: (1956) have desenbed a family in which one patient had PTA
deficiency while hus mother s brother had AHF deficiency Finally Verstraere &
Vandenbroucke (1955) and Sjphn (1957 ) have reported on famiies 1n which
there were found patients with AHF plus Chrstmas factor deficiency as well
as patients with AHE deficiency alone
No satisfactory genetic explanation has been given as yet regarding these
facts
Brinkhous & Graham (1954) divided the AHF defects into four groups ac
cordmg to the seventy of the clotting, defect to each of which they attnbuted
an i ph on the X. The gene for Chnstmas disease 15 1
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Fig 75
Distribution of the clotung defects mn 25 famdies with sporadic haemophiha
D fect Famuly no N mber

AHF 57 60 €9 67 72 73 82 87 91
94 100 103 104 110 14
Christmas 85 86 102 3
AHF + Chrstmas 42 58 77 95 4
Hageman 90 1
AHF + freez jse 75 108 2
No defect 29 1
25

25-30 per cent Andreassen found 20 sporadic cases among 205 1 e a Scant
10 per cent Calculated on the basts of the pattents then alive the incidence
1s 14 out of 81, orabout 19 per cent

In the senes under review there were found 25 soltary cases of haemo
philia among 148 imvestigated 1 ¢ about 17 per cent

The low d of sporadic h philta n the Damsh senes 1s pre
sumably due to the better chances of collecting sufficient pedigrees and tracing
and exammng relatives n a small country than 1n a large one

As the solitary cases of haemophilia differ netther clinieally haematologic
ally nor genctically from other haemophilic states and as the same clotting
defects are represented among these patients as among other haemophihacs
1t 15 unnecessary to presenve the designation of sporadic haemophiia which
only serves to confuse non experts Since haemophilia as stated previously
(sce p 115) may run an almost symptom free course with no demonstrable
clotung defect for long penods the healthy t of the famly d
will have to be examined more closely before 1t can be said with rensonable
certamty whether the case 1n question 1s one of sporadic haemophilia Sporadic
h philta 1 probably in many ferable to an inadequate farmly
tustory Ihe remainder may be due to mutation cither 1n the hacmophuiiacs
themselves or m therr female ancestry

Fanulies with Haemophilia in a Single Sibship

In continuation of the description of sporadic haemophiia mention will be
made of families i which there are or have been not less than two haemo
philic brothers 1 a single sibstup but no other cases of the disease neither
among the mothers siblings nor among the offspring of these the siblings
of the maternal grandmother etc

These are the following ten familics (see the table fig 76)

It 15 seen that different clotting defects are represented among these pa
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tient no 4 would have recened only one of the defective genes The patho-
gemic genes can no more have been located at dufferent sites on the X-chromo-
some because if so the father of transmitter no I would have been affected

The only possibility left 15 that the pathogemic genes are carned on the
same X-chromosome (see fig 78) in transrmiter no 1 Half of her sons would

then nhert a double defect while the other half would be healthy Half ot
her daughters would b transmitters of + + T and the others healthy but
none could be transmittors of a or T alone unless crossing-over had taken
place Transmitter no 3 could only get a son with AHF dificiency alone if
crossing over had occurred at the formation of her own sex cells or of some
of her mothers sex cells

Farmuly 8 In this famly three brothers nos 3 4 and § have haemo-
philia Number 3 lacks the Hageman factor while the two others have sheht
Chnstmas factor defictencey

Supposing that the Hareman trait 1s due to a third pathogenic gene d this
must be carned on the same X-chromosome as T as 1t cannot be allelomorphic
to € If 1t were allelomorphic to € the mother would presumably have been
2 haemophiiac which she 15 not Her father being healthy the pathogenic
genes cannot have been Jocated on separate chromosomes either (see fig 79)

This possibility cannot be entirely excluded however i case he has an
asymptomatic Hageman trait As it has been mentioned previously that the
Hageman trait 1n cases causmg signs and symptoms also seems to be tnhented
as a sex linked recesstve character 1t plays no part whether the father of the
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thesr opmon not alfelomorphic to these four, but carmed elsewhere on the
X chromosome

According to Koller (1955 a) the genes protecting against AHF deficiency
and Christmas factor defictency respectively are located at different sites of
the X chromosome Qccutrence of combined defect (AHF plus Chustmas fac
tor deficiency) would then be ly rare the d of AHF d
being 1 1n 100 000 and that of Chnstmas factor deficiency about 1 1n 1000 000
(according to Verstraete 1955) The fact that among about 300 haemophilic
patients classified so far six suffered from AHF plus Chnstmas factor de
ficiency therefore militates agamnst Kollers hypothesis

The Damish Material

Dufferent clotting defects 1n the same famuly (see the table fig 77) have been
demonstrated mn seven families of the present series compnsing 27 mmuestt
gated patients

Family 1 In this fammly the three mvestigated patients belong to three
different generations Patient no 8 from the fifth generation behaves chimeally
and haematologically (lacks only the AHF) differently from the patients nos
4 and 9 who have AHF plus Chnstmas factor deficiency

If we attnbute deficiency of the Chnstmas factor and deficiency of the AHF
to two pathogenic genes (T and a respectively) transmitter no 1 must possess
both genes Even if her husb had had h philia he could not have
transmutted a pathogenic gene carned on the X chromosome to his sons The
two pathogenic genes cannat be allelomorphic in transmitter no 1 because
if so she would herself have haemophilia and would then not have carned
normal allelomorphs (C and A) to suppress the pathogenic genes while pa-

Fig 77
Seven haemophihc farmilies with different closung defects within
the indndual fanuly

D fect

Famly | { | . N rber
o | wer l Chum | ane ANEE PTA 5 Mg s
1 l 8 49 J 3
3 4568 3 s
36 23 4 [ 3
39 2% 2123 26 5
51 3 45 3
88 234 5 :

101 245 |} 3

! ) Toral)] 21




The above reflections also apply where famuly 51 1s concerned as trans
mutter 1 and her father do not have mamifest haemophilia

In farmily 88 patient no 2 may lack the AHF and the Hageman factor
‘The crossing over must then have taken place at the sex-cell formation of the
daughters It 1s impossible to say for certain whether this double defect 15
present If the patient lacks only the AHF and his wife has an asymptomatic

trait the two h daugh may have the shown
m figure 83 This may explam the occurrence of both AHF deficiency and
X X
Fig 83

deficiency of the Hageman factor 1n the grandehildren of patent no 2 The
fact that one has healthy sons must be due to crossing-over The two daughters

cannot have two pathogemc genes 2 and d at the same site as they would
then be haemophilic which they are not

Fanuly 101 Patient no 3 has AHF dcficiency plus shight Chnstmas fac-
tor defictency while the h phul

fanuly lack the AHF
alone The mother of nos 2 and 3 1s healthy and may therefore have a gene

structure as shown 1n fig 84 She can in conformity with the current rules of
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three patients has an asymptomatic Hageman trat because his potentan pa
thogenic gene carrying X cf s not d to the sons
1f we leave out of account the possibilty that the % grandfath

of the three patients has an asymptomatic Hageman trait, we can if we main
tam the hypothesis of two non allclomorphs, only explam the different defects
in the three brothers by crossing over m the mother s sex cell formation The
posstbility might also be concetved however that the Chnstmas factor deft
aencyn ros 4 and 3 concealed 5 Hageman trait wiuch would be very difficult
to disclose

Famuly 36 Two brothers, nos 2 and 3, lack the Chnstmas factor, and
the thied no 4 the Hageman factor The latter patient, who 15 less troubled
by his disease than s brothers has a different father and no information
ss available as to whether he has the Hageman trat This probably makes
no dsfference however because the pene for the Hageman trait d, is carned
on the X chromosome, which the patient has mherted from lus mother

X X
Lg La
+D +C
Fig 80
X X
Lt e
ip 44
Fig 81

The mother can be sad for certam not to have the gene combination shown
1 figure 80 as she would probably then have h tiha which she has not
If her father who was healthy had an asymptomatic Hageman defect she
may have the gene combination shows n figure 81 and this may account for
the occurrence of two dilferent defects the sons If she has the genc com
bination 1 figure 82 the defferent clotting defects 1 the sons can only be ex

plamed by crossing over
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In families where only one clotting defect has been demonstrated con
siderable varations may be scen 1n the mamfestation of the disease In famly
2 for wnstance patient no 11 was considerably more ill than the remaming
affected members of the family The same 1s true of patient no 19 mn famuly
22 In family 10 patient no 3 1s troubled but litle by his disease compared
with the two other haemophihiacs of the family

The expressivity of the gene for hiemophilia may vary not only from one
patient to another wn the same famuly but also n the individual patent as
mentioned in the section on the varability of the clotung defect It s also
well known from climcal practice that the state of health of the individual
patient vanes considerably

Different clotting defects within the same family were as stated demon
strated 1n seven families P 27 lving h e onanav
erage barely four mnvestigated patients per famdly In lhe remuning 71 fam
ihes where only a single clottng defect was diagnosed the number of pa
tients investigated averaged barely two

If we deduct the 25 famulies with solitary cases of haemophilia the average
number of 1nvestigated haemophiliacs 1 each of the remaiming familes was
two

In other words two or more clotting defects were observed particularly
m the fambes with the grcatest numbers of examned haemophlhc pahcms
This goes to show that the p may be d more f
than p pposed 1f the t are extended to a greater number
of fanuly members

C of the Hjpoth

The hypothesis that all haemophslic dseases are referable to a single patho
genic gene the mamfestation of which may be influenced by other genes has
varous consequences

1 Heredity

According to Koller as well as to Brinkhous & Graham patients with a single
defect belonging to famultes m which there are also found combined defects
{e g famly 39) can only have descendams (in the second generation) with
a single defect A di to the hypothesis these patients may
very well have descendants (in the second generation) with double defects or
other defects This question canniot be defimitely settled until the families have
been followed through more generations

2 Mutatton
The mncidence of mutation mn b hilia has been calk by And

and by Dahlberg (1949) The latter wnter estimated that about one third of
haemophilic cases amse by mutation
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rahentance, give btk to 2 son with double defect, but if she gets & son with
AHF deficency alane, a crossing over must have taken place at the forma
twon of some of her sex cudy Her daughter has two haemophic sons with a
smgle defect (AHF) This daughter may then either carry a pathogenic gene
on her X chromosome or, 1n case she has the same gene structure as her
mother a crossing over must have occurred at her <ex cell formation

The mother of nos 2 and 3 cannot carry two pathogemie allelomorphs
as she would then have been Ml

~<

.
oo

e
(]

X
|
1
|
Fig 85

She may have the gene combinanion shown m figure §5 o her mother was
a transsutter of @ or € In that case she can only have a son with double defect
if crossing over has taken place

In the case of famly 39 the arguments adduced above can be used Sup
posing that each clotting defect 15 due ta a separatr pathogenic gene sons with
a sy de defect can only be born to the transmitters nos 17 and 18 f erossing
over has occurred Pathogeme allelomorphs 1n the mothers are out of the
question the mothers bemng healthy

The sbow, arguments seem 10 justfy the conclosion that the different focms
of haemophitia are not due to diffrent pathogente genes If they were the
following two possibiltties would ¢xist The genes mught be present as alle
lomorphs 1n the mothers of the haemophihacs with double defect In that cace
these mothers would have haemophiha but such has not been obscrved 1n the
present I The other bihity 15 that the pauents mught carry two
or more non aliclomorphs This 1 also rather unttkely because of the observed
rather high wncidence of double detects which would then have occurred ex
clusively by erossing over

The number of combmned defects (24) in the present senes 15 much greater
than might be expected if each dufect were due to 3 separate pathogenie gere

The hypoth tmay theref be ad d that the vanous haemophilic
diseases are due ta a sigle pathogeme gene which marmifest nself in different
ways owing to the presence of different modifving genes 1 the indivadual pa

tents
This view 15 supported by certam other facts



CONCLUDING REMARKS

Haemophilia by which we understand a hereditary haemorrhagic diathesis
caused by defects of the plasma thromboplastin presents a very polymorphous
clinscal picture The mantfestation of the disease vanes more than commonly
supposed from the severest degrees with very frequent profuse haemorrhages
to cases with only very shght signs and symptoms allowing the patients to
fill a post satisfactonly

Correspondingly the blood analyses have revealud great variatons in the
coagulability of the blood not only from one famuly to another but also from
patient to patient within the same family Vanauons 1a the blood coagulabiity
have even been demonstrated i the individual patient The causes of these
variations are unknown Onre of the most tmportant future tasks must be that
of the factors 1nfl the pl; activity

The influence of freezing on the coagufability 1n some of the clotting defects
15 of more than theoretical interest If the effect of freezing can be produced
otherwise this will open out therapeutic possibilities beyond the present fauly
unsatisfactory substitution therapy

No satisfactory explanation can be given of the fact that the platelets of
haemophilic blood after having been washed in physiological saline can m
some instances normalse the hibited clotting

Comparative studies on the coagulation factors ewsting 1n plasma and se
rum and their nteractions are also urgent

In the present work the of h has been d
to 2 one sided investigation from the view that the haemorrhagic diathesis 1s
due to deficiency of coagulation factors However the question of the role of
the naturally occurning inhibitors also suggests mself Although papers dealing
with these b are fable the g of intibitor plasmathrombo
plastin defect have not yet been co-ordinated 1n a satisfactory way

Another question suggesting ttself 1s whether haemophuia 15 due exclussvely
to defects of the thromboplastic components of plasma

Johnson Seegers Koppel & Olwin (1957) found that prolonged treatment
with anticoagulants may cavse a fall of the Chnstmas factor concentration to
zero wathout this gaving nise to such signs of a bleeding tendency as in haemo
philia

Most of the previously described Hageman patients who have a grave
clotung defect display no signs of a haemorrhagic diathesis Those described
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The meidence of mutation has not been calculated i the present work,
because the haemophibic diseases have not yet been proved to be due to one
single pathogeme gene

3 Eugenws

One of the most important problems here 15 that of tracmg the transmitter
As stated previously this problem has not yet been solved to satofactior
Especially ot must be regarded as msufficent to establish the presence of
heterozvgasity on the basts of a single clotung test, becanse the clotting defect
may probably vacy app blv 1 the just as 1t has been shown
to do 1n the haemophibacs

4 Prognosis

it s d m the introd that a study of the prognosts of the
vanious haemophilic discases bas been aimed at As stated previously under
the mdividual defects this has been posuible quoad functionem but not quoad
vitam because we have no knowledge of the quabty of the cloting defict in
the carlier haemophihic patents



SUMMARY

Recent investigations into the clotting defect in haemophilia have shown that
this disease 15 divistble mn vanous subgroups

Denmark being a relatively closed terntory with regard to population 1t
was found to be a matter of considerable interest to have all Damsh haemo
philiacs examined with a view to the clotting defect and to obtan a general
idea of the and of the indvidual forms of haemo-
phila Such a study would also afford a basis for procuning information on
the rules according to which the vanous clotung defects are imhented a
question which the Iiterature available does not clanfy

Our present knowledge concerming the clotting of blood has develophed
through five penods (Chapter I)

The first pertod ended 1n 1905 with the advancement of Morawitz theory
of coagulation according to which the blood clotting takes place n two phases

First phase Prothrombin + thrombokinase + Ca
Second phase Thrombimn + fibrinogen — fibnin

—» thrombin

The second perrod compnises the next 30 years dunng which the tissue
thromboplastm was studied This consists of a hpod component bound on
proten

Within this period other theones were advanced concerming the blood clot
ting e g by Howell Muills & Quest Nolf as well as Stuber & Lang

Within the tiurd period some Amencan wnters reported on mnvestigations
the results of which bore out Morawitz theory Patek & Taylor found the antt
haemophilic globulin while Dam & Schgnheyder detected the vitammm k and
demonstrated 1ts importance 1n the prothrombin synthests

The fourth pertod was concerned with mapping of the factors of the pro
thrombin complex

Quick (1943) demonstrated a labile factor and independently Owren
(1944) described a haemorrhagic diathests caused by deficiency of proaccelernin
which 15 1dentical wath the labile factor Proaccelerm 1s indispensable for
the of nto th the rate of this process and the
amount produced of thrombin depending on the presence of proaccelenn

A few years later Owren and Koller detected a factor proconvertin which
likewise plays an important part m the activation of the tissue thromboplastin
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in the present work all have a very mild clotting defect, but nevertheless they
display signs of a haemorrhagic diathests These two groups possibly differ
completely a problem which can be clanfied only by comparative mvestiga
tions of the two groups of patients In the group under review other pathogensc
factors are probably involved besides the clotting defect of the plasma

SpeHen & Astrup (1958) recently demonstrated a powertul thromplastn m
hibitor 1 the synovial capsule of a haemophthic patient (AHF deficiency) at
a time when the clotting defect of his plasma had been corrected by transfusion
If the function of the tissue th bopl in h hiltacs 1s obstructed by
an whbitor this can explamn the dxffusc tissue hacmorrhage m the haemo
philic patients The mfluences of the vatious tissues on the Jocal haemostasis
should therefore be submutted ta extenstve mvestigation preferably on haemo-
philic animals
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clotting defects As will be mentioned later this defect can be compensated
after addition of normal or haemophilic  blood platelets

Tnvestigations of the plasma thrombopl m cases of h ph have
revealed defictency of the antthaemophilic factor the Chnstmas factor or the
plasma thromboplastm antecedent or concurrent deficiency of the two first
mentioned factors

Finally acquired it have been detected 1n the blood
of some haemophiliacs

The methods of detecting blood clotting defects may be conventently divided
1nto three groups (Chapter 11} as shown indrectly by Morawitz scheme

The first group of methods 1s employed for investigating the last phase of
the disturbed coagulation process

This group »s maunly d with fib deter which can
be performed by numerous methods and detection of mhibitors The latter
are most simply demonstrable by their ability to prolong the clotting time of
normal blood

The second group serves to demonstrate defects of the prothrombin com

plex (p n and p bin) The easiest method s that
of Quzck H pmthmmhm tume detcnnm:mon Of other methods mention may be
made of Owren s proth rtin time di where the coag

vlation system s stabiised mlh regard to proaccelenn fibnnogen and mhi
bitors

The third group 1s employed for the plasma th
after having made sure that the components of the prothrombin comple( and
the fibnnogen content of the tested blood are normal

For the thromboplastin generation test a mixture of fresh, adsorbed oxa
lated plasma (contaimng AHF PTA Hageman factor and proaccelerin) 1s
mcubated with serum (containing Chnstmas factor PTA Hageman factor and
proconvertin} and a platelet suspension After recalctfication of the mrxture
a specimen of this 1s transferred at intervals of one munute to a sample of
platelet free citrated plasma recaleifted simultaneously and the clotting tme
1s determined Defects of the incubation muxture will give prolonged clotting
times Substitution experiments using normal substrates will generally make 1t
possible to detect the clotting defect and the thromboplastin generation test
has 1 fact been ly wsed for of the h k dis
eases The objection may be raised to the method that 1t works with such
unphystologtcal substrates as serum and washed platelets

The prothrombin consumption test 1s used to measure the prothrombin
activity in serum Normally 85 per cent of the prothrombin has been converted
mto thrombin by the end of the clotting In haemophilic blood on the other
hand the conversion of prothrombin occurs at a very slow rate The pro
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whercas 1t 15 doubtful whether 1t has any influence on the function of the
plasma thromboplastin (Ackrovd Seegers & Johnson)
In Owrens opinon thrombin 1s formed according to the following schem
Tissue thromboplastin 4 proconvertin + Cat* e camplex T (convertm}

Complex [ -+ accelenn -~ complex JI (prothrombinase}y
Complex 1l + prothrombin > thrombin

Within recent years one more factor has been demonstrated the Stuart
Prower factor which 1s also ] for the co sion of prothrombin irto
thrombin

Dunng the fefth period the thromboplastm of the plasma stself was mapped
The plasma thrombopfastm 15 2 funchion of several factors A clanfication of
these problems bas been obtained particularly through snvestigations into the
clotting defect 1 haemophilia

Collingwood & MacMafion stated as their opimon that the platelets contasn
a precursor of thromboplastin prothrombokinase which 15 liberated at the
begmmng of the clotting

Quk and Brakhous showed that the platelets can only accelerate the
clotting 1 the p of the h pr factor

In 1952 a factor the Chnstmas factor was found almost simultaneously
mthe US A and in Great Brtasn This 1s necessary for the normai clotting

Another factor which likewsse 15 indispensable for the normal bloog clotting
is the plasma thromboplastin (PTA) detected m 1953

The existence of factor X was first demonstrated 1n 1954 and that of
the Hazeman factor m 1955 These are both beheved to be included 1 plasma
thromboplasun

Our present knowledge calls for the moditication shown w fig 3 p 19

1 +

of Morawitz scheme which ongmally did not p plasma 2

H. hiha 15 ch 1sed h: Hy by 1) a prolonged (or nior
mal) clotting ttme  2) a normal prothrombin yme and 3) delayed conversion
of prothrombin into thromun (Chapter 11}

The contents of fibnnogen prothrombin and calem sn haemophihe blood
have never been found defimitely abnormal

It 1s also umversaily agreed that the thromboplastic activity sn the uissues
of hagmophibiacs 15 normal However the results of Lonenburg & Rubenstone s
nvestigations suggest that an inibitor exssts 1n the thyroid body and the fiver
a fact to which lutle attention <eems to have been guen

The nutiber of thrombocytes 15 stated to be normal m haemophilic blood
but there 15 some disacreoment as to whether ther function s normal Some
wnters claim to have demonstrated increased stabiiity of the blood platelets
of the haemophilic patents These discrepancies may be due to the vanous
investigators having worked with haemopinlic biood samples having different
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Storage of cutrated plasma at 4° C was found to rase its thromboplastic
activty

Freezing likewise the thrombop!. activity bly owing
to damage of the platelets
A nse of the number of th bocytes ) the th t

and rases the thrombin concentration

Addiion of heated readsorbed serum or normal serum to normal plasm
rasses the rate of thrombin generation as well as the maximum thrombin con
centration obtained

Adsorb.d bovine plasma adds shghtly to the amount of thrombin formed
but does not 1 the thromt

A constderably mncreased thromboplastic activity 15 obtained by removing
the platelets of the plasma washing them 1n saline and adding them agam

In plasma from patients under 1 where the p
bin proconvertin level 1s lowered the amount of thrombimn generated 1s re
duced

Chapter VI 1s concerned with the collection of the matenal There were
found 156 patients with haemophilia or 1 per 27 000 mhabitants 1n Denmark
or 1 per 14 000 male nhabitants

As the blood samples from many of the patients had to be stored 1n 1ce
water for up to 20 hours after the sampling the influence of such short storage
on the thrombopl activity of h hilic plasma was d In
plasma lacking the AHF or the Chnstmas factor or both storage caused no
unquestionable change of the thromboplastic actiity In plasma lacking the
Hageman factor on the other hand the thrombin generation became normal
and 1 cases of mild degrees of AHF deficiency the thromboplastic actiity
mmproved somewhat

Chapter VII deals with the of h: philia and the
of diff hilia 1s 1sed by a bleeding tendency
a defect of the plasma thromboplaslm and by the sex linked recessive m
hentance

The differentral diagnosis 1s from other hereditary haemorrhagic diatheses
which may be 1) plasmatically induced 2) thromt or 3) )
wduced In group 2) a dummshed content of AHF s the plasma has been
demonstrated within recent years

Regarding the p 1t 15 emph d that 1t 15 to
distingmsh chmcally between classical haemophilia (AHF deficiency) and
Chnstmas disease It 15 umversally agreed that mamfest bleeding 1s rare mn
cases of PTA deficiency Among the cases of the Hageman trait published

so far only one 1s reported to have given nise to pronounced signs and symp~
toms
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thrombint consumption test has been extensively used to classfy the haemo-
philic diseases

In mild cases of haemophilia the method cannot disclose the clotting defect

The most frequently employed method <o far for investigating haemophihe
blood 1s that of clutting tume determination The method 1s not spearfic as all
pronounced defects of the congulation system cause a prolonged clotting time
Investigations of fanly large senes of haemophiliacs have <hown that up to
20 per cent had a normal clotting tume According fo the literature there 15
no constant correlation between the length of the clotting time and the seventy
of the clncal signs

Finally the thrombin g test 15 described The procedure 15 that
of transfernng at mtervals small samples of clottng plasma to a fibnnogen
solution The clotting time 1 the solution 1s determined this being an 1ndirect
expression of the thromboplastic actiwity of the plasma provided one has made
sure 10 ad that the 3 of the prothrombin complex are normal
and that po hibitors are present This method has hitherto been employed
to a moderate extent only for cl of the b philic diseases

The following methods were chasen for mvestigating the Dansh haemo-

phulic patients Recalcyfs tine deter and the thrombin generation
test m citrated plasma (Chapter IV} These ns were supy d
by thrombocyte counts and deter of Ouick s prothrombin time

The followsng test substrates were used for classification of the clotung
defect  Adsorbed bovine plasma normal human serum heated adsorbed
human serum and platelet suspensions Further the mfluence of freezng on
the coagmlation process was mveshgated m several cases Fmally the mutuz)
mfluences of different types of hatmophilic plasma on the coagulation process
were studied

The noomal thrombin generation test 1s desctibed 1 Chapter ¥ The throm
bin generation strats between 0 and 4 munutes (lag penod) after recalefication
of the plasma The thromb ation reaches from 2 min 30
sec to 8 mn 45 sec after the et The tivation of the
1s complete 6 to {8 minutes after the recaleificanon

In the control matenal the recaleification times lie under 4 mun 40 sec

Repeated thrombin generation tests on plasma from the same normal sul
ject revealed some of the b b
and the ume at which 1t was reached This 15 presumably n the first place
due to vimations n the thromboplasue activty of the plasma and less to
vanations 1n the fibnnogen used
Repeated tests on the same plasma sample gave only small vanations of
b and the recalctf: ume

b

d

the



175

defects these 11 could not correct the clotung defect in plasma with AHF
deficiency

The average age of this group of patients was 33 In mine the bleeding
tendency had mamifested atself before the age of 3 years

All the patients had had bleedings into the sk (see fig 34) Seven had
had haemarthroses Out of five adults with haemarthroses three had perma
nent jont deformities Five declared that the disease had grown milder in the
course of years The nine adults were all fully or partally fit

The recalcification times ranged between 4 min and 7 mun 25 sec The
thrombm generation test showed normal conditions m two In the remainder

amounts of t} bin were formed after a prolonged lag period

(see fig 35)

In six out of seven cases the thrombin generatton became normal after
addition of frozen platelet suspension

In four cases fresh platelet suspension was added and this gave a normal
thrombin generation mn all four samples

In seven out of eleven cases the thrombin generation became normal after
the plasma had been frozen

In five cases the was d in platelet poor
plasma (1000-7000 thromb per cubic which had been frozen
down In three of these the thrombin generation became normal

No explanation can be given as yet of how serum can normalise the clotting
1n a plasma with slight AHF deficiency Maybe serum contams small amounts
of AHF Another possibility 1s that factors having a weak AHF effect are
formed (from the thrombocytes?) 1n plasma during its conversion into serum
The latter hypothesis may perhaps be supported by the results of the ex
peniments with freezing and addition of platelets

A diagnosss of Chnstmas disease was made 1 27 patients (18 per cent)
The defective thromboplastic activity became normal after addition of serum
but not after addition of adsorbed bovine plasma

The average age for these patients was about 27 years

The furst abnormal bleeding occurred 1n the pertod between birth and 16
years of age on an average at the age of 2 years

All the patients had had bleedings mto the skin 21 patients had had
haemarthroses which in 15 out of 17 adult patients had left permanent changes
(see also the table fig 36) Seven pattents stated that the disease had grown
milder with increasing years About one third of the adult patients were
disabled Eight adults could support themselves Two patients had done their
military service

The recalaification times ranged between 4 mm and 20 min

In 12 patients hardly any thrombin was formed in the plasma In 14 some
thrombin was formed but only after a prolonged lag period In one patrent
the th and the time were normal
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The results are given of a classification of the clotting defect 1 148 out
of 156 haemophilic patients, and the cnitena are stated on the basis of which
the mdvidual defects have been defined

Defictency of the AHF plus Chnstmas factor was demonstrated m 6 pa
hents

AHF defictency and shight Chnstmas factor deficiency 18 patients

AHF deficiency alone 61 patents

Deficiency of the Chnstmas factor alone 27 patients

Shight AHF defictency 11 patients

Stight deficiency of the Chnstmas factor 6 patients

Deficiency of the Hageman factor 11 patients

PTA deficiency 3 patients

in one patient there was found a airculating anticoagulant In three (from
Andreassens senes) no clotting defect whatever was demonstrable

Funally blood from one patient showed shght deficiency of the AHF plus
Chustroas factor
The average age for the 61 panents (4D per cent) with ssolated AHF

y (el \ philia) was 19 years The first abnormal bleedug
occurred before the age of 10 1n 44 alreadv within the first year of hie
An account 15 given of the symptomatology (see fig 33) Nimety two per cent
of the patients had had haemarthroses of whom $9 per cent developed perma
nent joint deformities 25 per cent declared that the bleed d had
grown milder with increasing years One third of the adults were able to
support themselves One third were partially fit whife one third were unfit for
manual work

The clotung defect was corrected by adsorbed bowine plasma but not bv
serum In plasma from eight of the patients the clotting defect could also be
corrected by adsorbed serum This group does not differ cimcally from the
remaimng patients with AHF deficiency

The recalerficatron times ranged between 4 min 45 sec and 16 munt

The thrombin generation was very poor in this group except 1n seven
where appreciable amounts of thrombm were d but after a p d
lag period

The thrombin generation became normal 1n one out of cight plasma samples
m which this was tested after the plasma had been stored at ~20 C The
effect of added platelet suspension was mvestigated 1n mne plasma samples
In two of these the thrombin generation became normal

In some there was d between the clotting defect and
the chmeal picture suggesting an action of other pathogemic factors n haemo-
phubia besides the clotung defect

The group of shight AHF deficiency compnsed 11 patients Eight of these
had pnmanly been classified under PTA defects and three under Hageman

defects However in €ross tests sith plasma samples having known clotting

.
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PTA or Hageman deficts Control tests with plasma samples having known
AHF or Chnstmas factor difictency were found to be necessary

PTA deficiency {Rosenthal s syndrome) was found in three patients The
clotting defect 1in plasma from these patients was corrected by adding exther
adsorbed bovine plasma or normal serum but not by adding heated read
sorbed serum Further the PTA deficient plasma samples were able to correct
the clotting defect 1n both plasma lacking the AHF and plasma lacking the
Chnstmas factor

The two patients had bled only from cuts and after duntal extraction One
of these had also bad haematuna The third patient had had haemarthroses
as well which had left permanent joint deformities The two adult patients
were fully fit

The recalafication times ranged between S man and 9 min 35 see

In the two muldest cases the thrombin generation was nearly normal In
the third the lag period was markedly prolonged

After the plasma had been frozen the thrombin gencration was normal n
all three cases

In one case the effect of the patient's own serum was tested and found to

hise the b

There were no signs of a haemorrhagtc diathests 1 any of the women
belonging to the two families investigated

11 patients were found to lack the Hageman factor The clotting defect
i plasma from these patients was corrected by adsorbed bovine plasma as
well as heated readsorbed serum Plasma samples from these patients corrected
the coagulation defect 11 both AHF deficient plasma and Chrstmas deficrent
plasma

The patients ages ranged between 1 and 64 years averaging 29 None
had displayed at 1 bleeding ph at bith Five were over 7 years
of age before they presented signs of a haemorrhagic diathesis

Al the pattents had had gingival haemorrhages ten had had haemarthroses
of whom six were without permanent changes

All the adults were fully fit

The recalcification times ranged between 3 min 50 sec and 8 min

The thrombin generation test revealed
but after a lag persod of 5-6 mnutes

As n the above mentioned substitution expenments the clotung defect
could be corrected 1n the following ways By adding washed thrombocytes to
the plasma from which they were demved by freezing the plasma by adding
the patients own serum and 1 a few mnstances by adding a fresh or frozen
platelet suspenston

No mhibitor has been demonstrated 1n the wash water used for prepanng
3 platelet suspension from omne of these patients
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In plasma from five out of 21 patients the thrombin peneration became
normal after 1t had been stored at -20°C
In 14 vigorously centnfuged plasma samples the thrombin generation did
not become normal after freezing of the plasma
Platelet suspension was added m 14 cases In two the thrombin generation
became normal
In a few instances the patient s own serum was found to correet the clottng
defect of his own plasma This was the case wath plasma samples having some
thromboplastic activity The clotting defect of such patients cannot be demon
strated by the thromboplastin generation test
A far correlation was found between the seventy of the clotiing defect
and the chmeal picture
Chmcally 1t was impossible to distinguish the severe cases of Christmas
disease from classical haemophiha and the mild cases of Chnstmas disease
from the Hageman trast
Skght Cl restmas factor defictency was diagnosed m six cases These were
1sed b Jly by disapp e of the clotting defect after
addition of erther adsorbed bovine plasma or serum In four the thrombin
generation was normalised by heated readsorbed serum These four had pre
bly been classified as H defects and the remmning two as PTA
defects However plasma from these patients could not normalise the thrombm
generation 1n plasma lacking the Chnstmas factor but only 1n plasma lackimg
the AHF
The patients ages ranged between 6 and 50 years averiging 23 The
bleeding tendency was rather shght Bleedings into the skin and from the
alyeolar process were the most frequently occurning phenomena No more than
three had had haemarthroses of whom one an adult had developed perma
nent joint deformities All the adults were fit
The recalcification times ranged between 4 min 45 sec and 6 mun 50 scc
The delayed thrombin generation became normal m all s« cases after
the plasma had been stored at -20 C In two cases wigorously centrifuged
plasma was tested 1n the same way The thrombm generation becatme normal
n both In two cases investigated the patient s own serum was able to compen
sate the clotung defect 1n the plasma from which the serum onginated
In one case the thrombin generation became normal after the platelets
of the tested plasma had been washed 1n saline
The six patents of this group were considerablv less affected by their
disease than those of the preceding group classified under Chnstmas factor
deficiency They also seemed to be less affected than the patients with shghit
AHF deficiency
1t 15 smportant to realise that the shight defects cannot by diagnosed solely
means of normat test substrates as they will then be charactensed as enther

by
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No signs of an inhibitor were demonstrated in this group

As the plasma of these patients was unable to correct the clotting defect
i Christmas plasma the defect was supposed to be one of AHF deficiency
plus shight deficiency of the Chnstmas factor

These patients were climcally indistingwishable from patients with classical
haemophihia

The group of Miscellaneous compnsed the patients whose haematological
pictures rendered them unclassifiable 1n any of the above mentioned groups

One patient was supposed to have a slight AHF plus Christmas factor
deficiency

In one patient a thromboplastin mhxbuor was demonstrated

Further 1n three patients p as | } no clot
ting defect was demonstrable They had all been free from any abnormal
blecding phenomena for several years

Fimally a patient 15 ncluded here who previously was charactensed as
haemophilic but who was free from any signs and symptoms for several years
Only after repeated investigations distnibuted over a few years was an im
pared 1 activity d 1n the plasma caused by defi
cency of the Hageman factor

In the table fig 51 the Damsh haemophilic material has been compared
with the comprehensive foreign matenals Considerable differences are noted
The Damsh matenal presents a relatively smaller number with AHF deficiency
a greater number of combined defects more patients lacking the Chnstmas
factor and fewer with PTA deficiency Finally we find 1 the Danish matenal
7 per cent haemophiliacs lacking the Hageman factor as well as a small group
with no demonstrable clotting defect

Possible causes of these are d As the most
explanations are stated the better chances of tracing mild cases of haemophihia
m a small country and the fact that the thrombin generation test 1s the most

method of defects of the plasma thromboplastin

usmg the pauents plasma alone as substrate

The frequencies of the vartous mamfestations of the different clotting de
fects as well as of the relation between the clottmg defect and the working
capacity of the patients aged 18 or more have been studied (Chapter IY)

The table p 122 gives a survey of these problems

As mught be expected the patients with combined clotting defects presented
the severest signs of a haemorrhagic diathesis Then followed the groups lacking
the AHF and the Chnistmas factor These are clmically indistinguishable  Next
followed 1n decreasing order of frequency shght AHF deficiency shght defi
ctency of the Chrstmas factor and finally PTA deficiency and defictency of
the Hageman factor

The chance of the disease growing milder 1 the course of years proved
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The results of the experiments with washed platelets and those with freezng
of the plasma suggest that the tash of the Hageman factor 15 to render the
platelets Jabile at the b of ) angd thus ) the thrombin
generation

No clotting defect was demonstrable 1 two mothers of Hageman patients

To the group of combmed clotung defects were referred six patients with
deficiency of the AHF plus Chnstmas factor as well as 18 patients lacking
the AHF plus freezing/serum factor Deficiency of the latter factor presumably
represents a shght deficiency of the Christmas factor

The ages of the former six patients ranged between 6 and 46 years, averag
mng 29

The first sign of a bleeding tendency had 1n five cases occurred within
the first year of Ife All the patents had had bleedings mto the skin The
five adults had all had haemarthroses which had resulted 1n permanent changes
(see also the table fig 44 p 104)

in none of these patients had the signs and symptoms abated n the course
of years

All the adults were disabled

The recalerfication times ranged between 10 mun 30 sec and {6 m
30 sec The thrombin generation test showed that hardly any thrombm was
formed The thrombin generation became normal only after simultancous ad
dion of adsorbed bovme plasma and normal serum or after addition of
normal plasma

Deficiency of the AHF plus freezing/serum factor was demonstrated m 18
patients In 12 of these the fust abnormal bleeding occurred within the first
year of life In a single patient the fust sign of a haemorrhagic dithests did
not occur till the age of 10 vears

Thev had all had bleedings mto the skin and jomnts All except three farly
young patients had permanent joint deformties (see also the table fig 46)
Six declared that the disease had grown mulder with increastng years Only
two aduits were fully fit whie four were partially fit and four were totally
disabled

The recalaification umes ranged between 4 min 30 sec and 20 mun In
11 samples 1t was over 10 mn

In 17 plasma samples the thrombin gencration was vvery poor In one higt

1t bin were ob 4 but after a greatly prolonged lag penod
Addition of adsorbed bovine plasma alone gave a fall of the recalafication
tume and only shght 1mp of the thromb A repeated test

after the patients plasma had been stored at ~20° C showed the thrombin
generation to have become normal The same effect was obtamed by simul
tancous addition of adsorbed bovine plasma and heated readsorbed serum to
frech plasma from the paucnt
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The hterature further contains descriptions of farmilies with a haemorrhagic
diathesis (in femalcs and males) comprsing mmpaired capillary resistance and
a reduced AHF concentration 1n the blood These conditions also called Wille
brand Jurgens disease have nothing to do with haemophiia Chnistmas defect

d with 1mp capillary has hkewise been demonstrated
m females

True haemophilia 1n females has not been observed in this country

Some disagreement still prevails as to whether a clotting defect 1s present
in the haemophilic transmutters Papers are continually being published how-
ever from which 1t seems to appear that the thromboplastic activity may be
mpaired 1n transmitters

The author has classified 18 transmitters on the basts of the clotting defects
of thetr sons Nine out of 10 mothers m the AHF group had a prolonged
clotting time as had also three out of three in the Chnstmas group and two
mothers of patients with double defect Of two mothers of Hageman patients
one had a prolonged clotting time and the other a normal clotting time The
mother of 2 PTA patient had no clotting defect

The author four to th test In one
mother of a Chnstmas patient the thrombin generation was poor An impatred
thromboplastic activity has not been demonstrated so far 1n non transmtters
from haemophilic farmlies

In all the familtes here reported having haemophilia 1n two or more genera
tions the disease 15 inhenited as a sex linked recessive character arrespective
of the nature of the clothing defect

Sporadic haemophilia was demonstrated 1 25 famultes All the clotting
defects except that of PTA deficiency wcre represenled m this group Sporadic
haemophilia deffers neither ck ly y nor ly from
other forms of hacmophtlia Hence there 1s o reason to maintain this designa
tion It 1s no independent dsease

In ten families haemophilia was demonstrated 1n a single sibship only All
the clotting defects except deficiency of the Hageman factor were represented
m this group

In seven farmulies two clotting defects were demonstrated withm the same
family (see the table fig 73) This pt has been d s
in the terature As 1t has been stated i the hterature that each clomng defec!
15 due to a separate pathogemic gene the seven Damsh families were nvestigated
from this aspect On the basis of the results of this mvestigation the author
advances the hypothesis that the vanous haemophilic diseases are due to a
single path gene the of which vanes presumably owing
to the presence of different modifying genes in the individual patients Thrs
view 15 further borne out by other facts The disease may vary considerably
i mamfestation within the same family despite occurrence of only one clot

ting defect The clotting defect may vary m the same patient Muluple clotting
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to increase 1 the stated order Correspondingly the working capacity within
the groups was found to mse i this order

In several s rupeated thrombin ¢ tests on plasma from the
same patient sevealed vanations in the shromboplastic actvity (Chaprer X)
These vanations were always attended by parallel fluctuations of the yecal
cafication tme The conclusion is drawn that the vanations are of plasmatic
ongm and not due to ad e of tissue thrombopl duning the blood
sampling

Thrombocyte counts 1 normal and haemophilic plasma samples showed a
sigmbicant difference between these, the highest figure having been obtamned
m the latter group (Chapter XI)

The symptomatic treatment of haemophifia 15 described m Chapter XiI
No curative treatment exists

The general treatment aims at restoring the coagulability of the blaod by
mtroducmg plasmasblood or plasma fractions

A 1 d h hilic factor 15 el { within a few hours On
the basis of studies of the Literature it 1s recommended to give bleeding haemo-
phiic patients (AHF deficiency) fresh ctrated plasma in an amount cof
responding to 20 per cent of the patients blood volume and to continue with
the same amount each day distributed over four daily transfusions up to 24
hours after h 1sts has been ot d

The disadvantages of transfuston are d d {ly the development
of hibitors

Treatment with AHE preparations 1s mentioned

It 15 stated 10 the hterature that transfused Christmas factor preserves s
actvitv 1n the orgamism for up to 3 weeks The author was unable to confirm
this but found that we cannot reckon the effect of transfused Christmas factor
(plasma or serum) to last more than 12 to 24 hours

In cases of PTA defictency the clotung tune 15 stated to remwn normal
for 7-10 days after transfusion of serum or plasma

Transfused Hageman factor (plasma or serum) 1s claimed to preserve its
effect 1 the orgamsm for less than 8 hours The anthor has observed biceding
n a transfused Hageman patient at a time when the thrombin generation
showed normal conditions

Exchange transfusion may be necessary n haemophilic patients having
hibitors 1n the blood ACTH and cortisone do not wmprove the coagulation
system 1nn these pitients Patients with snhibitors are m a very bad way dunng
bleeding episodes

Chapter X111 deals with the female members of the haemophilic familtes

Females with true haemophilia have been described 1n the fterature I
these the defective gene occurs 1 homozygous form

By matung male h hlic dogs with 7 bk
possible to breed female dogs with haemophiha (Brinkhous et af )

s 1t was
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defects are chiefly found 1n famibes having the largest number of haemophilic
members The consequences of this hypothesis are discussed

Finally, mention 1s made of vanous problems within coagulation research
which ought to be i to further as well as the possility
of of other patl factors 1n h phil pecally a thrombo-

plastin 1nhibitor in the tissues of haemophihacs




Chapter XV

PEDIGREES AND CASE REPORTS

In this chapter will be dered ped of Danish | hilic families and
case reports of the patients nvestigated The first 35 families (up to and m
cluding family no 69) onginate from Andreassen's work (1943) Andreassens
numbering of familics has been preserved and continued for the subsequently
collected families Andreassens numbening of the dividual family members
up to and mcluding family 69 has likewise been preserved Those interested
are referred to Andreassens wotk for further information on these patients

The present work includes only the case reports of the patients nvestigated
by the author These reports arc followed by statements of the results of blood
analyses performed partly in the hospitals where the patients have stayed
and partly by the author

The results of the thrombin generation tests are rendered graphically just
as n the preceding chapters Ascissa Reaction tme(T) 1n minutes Ordinate
The p 1 value of the clotting time expressed as 600/t {t in
seconds)

The symbols used 1n the pedigrees are explamed 1 fig 86
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Fanuly 1

NESIES

The family mmumugrated from Germany about 1850 As far as we Lnow no instances
of haemophilia had occurred previously m the family

~

Kl

4 Born 1909 1 year old the patient had prolonged ocozng bleeding from an incised
abscess 1n the forehead During childhood he had numerous oozing gingival haemorrhages
which often necessitated admission to hospital There were also frequent eptsodes of
epistaus From the age of 7-8 he was troubled by m the
knees elbows and ankles Between the ages of 9 and 17 the pattent had to move about
n a wheeled chair owmng to contracture position of the knees Gradually permanent
changes of contour and limuted mobility also developed in the elbows and ankles He has
had several episodes of painful haematuria and a few episodes of ntra abdomunal haemo
rthage The last few years the patient has been suffering from dyspepsia due to ulcer
with repeated haematemeses The disease has shown no tendency to become mulder with
wereasimg years In spite of long periods of iiness the patient bas been able to support
humself and tus family as a works manager but he eventually had to give up his job
mainly owing to difficulty of walking The patint has fecewved over 200 transfusions

Blood anulvses (The Rigshospualet (Unmveruty Hospital Copenhagen) Dept A)
Clotting time 1955 64 mun Thrombocytes 227000 Fibninogen 035¢  Serum protein
587¢ h 130 ¢

Present imestigations  Quick's prothrombin time 21 21 21 sec (control "0 sec)
Prothrombin proconvertin  according to Owren 110 *  Recalcification time 1n dilute
Plasma 16 mm 30 sec The thrombin generation test showed very litle thrombin forma
tion the first 13 munutes Then the thrombimn concentration began to fise very stowly
but 1t pever reached high values (curve

FAMT NO ¢

oz 4 & o 10 i2mw 22126 25 27 2 3

Curve B Additton of 03 ml of normal plasma The thrombin generation normal recale
fication time 3 mun 30 sec

Curve C Addition of 03 mi of adsorbed bovine plasma Slow mse and fall of the
thrombin concentration Recaterfication time 3 min 25 sec
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normal man

haemophiliac The figure indicates the case no

normal woman The hne under the symbol mdicates that she ss
chaldiess

transoutter

woman with h evidence of

sibhngs of unknown sex The figure mside the symbol indicates the
number of stbhings

9 siblings No 2 hacmophilic with no offspring No 3 normal
woman with an unknown number of children of unknown sex
The last symbol represents 7 normal sisters

married

Mlegitimate son

4 healthy brothers of whom the 2 younger are monozygous 1wiss

4 healthy brothers of whom the 2 younger are dizygous (wifis

Fig 86
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FAM 1 NO S

600/t

o 2 4 0 12 MN

Curve B Addition of 02 ml of adsorbed bovine plasma Lattle improvement of the
thrombin generation Recalcification tme 4 min 45 sec

Curve C Addition of normal serum The thrombin generation essenm!ly smproved but
the lag period was long Recalcification time 4 mun

Curve D Addition of both 07 ml of serum and 02 ml of adsurbed bovine plasma
The thrombin generation mormal Recaleification time 3 min 35 sec

Curve E The result of the thrombim generation test after simultaneous addition of 02 m!
of adsorbed bovine plasma and 02 ml of readsorbed normal plasma Recalcification
fume 3 min 20 sec The thrombin generation very poor

Curve F Thrombin generation test on frozen platelet nich plasma The thrombin genera
ton poor recalcification time § min 30 sec

Diagnosis Deficiency of the antthaemophilic factor plus Christmas factor (combrned
haemophilia)

Fanuly 2
5 Born 1897 Not examned

11 Bom 19 0 The patient has been lable to abaormal bleedings since the age of
6 months 1n Infancy chiefly oozing gingival bleedings and epistaxis as well as large
often on the body Since the age of 3 years there
has been an ncreasing tendency to bleedings in the knees elbows wrists and ankles
Permanent changes have gradually developed in the knees and elbows caustng Limited
mobility He has had frequent intramuscular bleedings but never neurological pressure
symptoms Since school age he has had several episodes of haematunia No other intra
abdominal haemorrhages have been observed The disease does not seem to have assumed
a milder character in the course of years The patient 1s periodically unfit for work and
recetves permanent sickness benefit He seems to be the most severely affected haemo
philiac in the family He has recewved numerous blood transfusions wsually with good
effect

Blood analyses 1937 (The Rigshospitalet Medical Out Patient Depastment) Clotting
ttme Howell Gram 10 min thrombocytes 226 000 bleeding time § min

194, (And eassen) Clotung tune 1) (slow venous puncture) 8 /=-11 min Clot firm
2) (normal venous puncture) 21%/s-31 mun Clot Joose Blood platelets 263000 E § R
2 min Blood type A

Present nvestigauions Quicks prothrombin time 17 18 18 sec (control 18 sec)
Prothrombin proconvertin according to Owren 86 @ Recalaification time in dilute plasma
7 min 40 sec The thrombin generation test gave very low concentrations of thrombm
(curve A) the first 7 min Then followed a slow rise of the concentration which
culmunated after 13 mun  thereafter to fall rather steeply
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Curve D Addwson of 02 ml of normal serum The thrombin generation somewhat i
proved after a lag period of § mumvtes Recalafication time 4 min 30 sec

Curve E Sumultaneous addiion of 02 ml of adsorbed bovine plasma and 02 mi of
normal serum The th normal Recal: fime 2 min 20 sec

Curve F When adsorbed serum was substitated for normal serum the thrombin geseration
mmproved but hitle

Dragnosis D of the h e factor plus Chnstmas factor (combined
haemophilia)

8 Born 1926 The furst abnormal bleeding occurred at the age of 3 years In wfancy
the patient had frequent oozng gingival haemorrhages of several days duration No
epistaxss From the age of 5-6 he had repeated haemarthroses espectally in the knees and
ankles as well as the left hup josnt He has fractured the shaft of the left femur twice
without this having caused much compheating haemorrhage The fractures healed vp 1m
normat position There have been a few episodes of renal haemorrhage the latest one 1
1956 The panent presents no permanent jout deformities except that the Jeft knee
can be bent only from 180 to 90 degrees (a sequel of fracture} There have never been

gastro mnfestinal nor b bleeding
The patient was stenlised wm 1950 There was a hitle cozing haemorshage followmg
the and a ped it the wound but no other complica

tions He has been given a smgle transfusion On ove occasion he recerved an myection
of anthaemophihc factor (The State Serum Institute Copenhagen) owing fo bacmatuna
with good effect The patten felt greatly handicapped by the disease i boyhood but smee
1946 it has caused im little trouble The patient 13 fit to work as a techncal assistant

Blood anatyses Quick s prothrombm time 20 20 23 sec (control 20 sec) Thrombo
cytes 358000 per yl of plasma Recalaficanon time n difute plasma 12 mmm The
thyombse generation test showed practically no thrombin gemeration (Curve A)

FAM I NO 2

30360070

6 2z ¢ & & 1 12MN

Curve B Addiion of 03 mi of adsorbed bovine plasma The thrombsn generation nor
ma! the recaleification time fell to 2 mun

Curve C Addwion of 02 ml of normal serum The thrombin generation very shghtly
mmproved  Recalcification me 4 mm

Diagnosss  Deficiency of the antibaemophiic factor (classical haemophifiz)

9 Porn 1950 The patient has since birth been hable 10 brusses 1 year old he had
several prolonged bleedings after baving bitten fus tongue o¢ lip During the penod of
crawhng large subcutancous hoematomas oceurred on the buttocks and sgrotum

Blood anatyses 1951 (The Childrens Haspual Marunsve)) Thrombocyses 287 000

Presens imugstiganons Prothrombu ume 19 19 19 sec (contsol 19 sec) Thrombo-
cytes 466 000 per pt plasma Clotitag time according 1o Burker Andreassen 8 > 66 min
Recalasficatian time i dilute ptasma 15 mm The thrombin generation test showed hardly

any thrombin generation (Carve A)
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FAM 1 NO @

n 12 MIN

Curve B Additon of 02 mi of adsorbed bovine plasma Little wmprovement of the
thrombin generation Recalufication time 4 min c

Curve C Addition of normat serum 'The thrombin generation essentially improved but
the lag period was long Recalufication time 4 min <

Curve D Additton of both 0 ml of serum and 02 ml of adsorbed bovine plasma
The thrombin generation normal Recaloification time 3 mun 35 sec

Curve E. The result of the thrombin gencration test after simultaneous addition of 02 ml
of adsorbed bovine plasma and 0 ml of readserbed normal plasma Recalcification
tme 3 mun 70 sec The thrombin generation very poor

Curve F Thrombn generation test on frozen platelct rich plasma The thrombin genera
tion poor recalafication time 5 mun 30 sec

Diagnosis  Deficiency of the antthaemophilic factor plus Chrstimas factor (combined
haemophiha)

Fanuly 2
5 Born 189> Not exammed

11 Bomn 1920 The patient has been liable to abnormal bleedings since the age of
6 meonths 1n infancy cheefly oomag gingival bleedings and epistaxis as well as large
often beut on the body Since the age of 3 years there
has been an increasmg tendency to bleedings m the knees elbows wrists and ankles
Permanent changes have gradually developed m the hnees and elbows causing hmuted
mobility He has had frequent intramuscular bleedings but never neurological pressure
symptoms Since school age he has bad several episodes of haematuna No other mtra
abdominal haemorrhages have been observed The disease does not scem 10 have assumed
a milder character tn the course of years The patient 1s periodically unfit for work and
recerves permanent sickness benefit He seems to be the most severely affected haemo
P?flhatc in the family He has received numerous blood transfusions usualty with good
effect

Blood analyses 1937 (The Rigshospitalet Medical Out Patient Department) Clotting
time Howell-Gram 10 min thrombocytes 226 000 bleeding time S min

1942 (Andreassen) Clotting time 1) (slow venous puncture} 8'+—11 min Clot firm
2) (normal venous puncture) 21 /z=31 min Clot foose Blood platelets 263000 E S R
2 mun Blood type A

Present imvestigations Quicks prothrombin time 17 18 18 sec (control 18 sec)
Prothrombin proconvertiy according to Owren 86 © Recalcification time 1n dilute plasma
7 min 40 sec The thrombin generation test gave very low concentrations of thrombin
(curve A) the frt 7 mun Then followed a slow mse of the concentraion which
culmsnated after 13 min  thereafter to fall rather steeply
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40 FAM 2 NO 11

Curve B Addition of 02 ml of ad orbed bovine plasma The thrombin generation nor
mal recalcification time 3 mun

Curve C Additon of 02 ml of normal serum The thrombin generation nearly nor
mal though shghtly delayed recalcificaion tme 4 min 25

Curve D Platelet rich plasma after storage at — 0 for 24 hours The thrombin genera
tion poor recalcification time 4 min 45 sec

Curve E Platelet nich plasma after storage at 0 C for 24 hours The thrombin generation
poorer than 1 the fresh plasma Recalcification time 8 min 10 sec

Diagnosts Deficiency of the antihacmophilic factor (classical haemophiliz)

(On previous testing plasma from the above patient had shown even poorer thrombin
generation A normal thrombin generation was not obtaimed then by adding plasma from
a Christmas patient or plasma from an AHF patent but only after simultaneous addition
of such two plasma samples The patents clottng defect thus seems to vary The
experiment described above (curve C) also seems to suggest a combined defect)

12 Born 1922 A bleeding tendency has been present from the first year of lfe
In mfancy the patient had frequent episodes of prolonged oozing epistaxis and gingival
haemorrhage which often necessitated admussion to hospital He also had frequent sub
<utaneous haematomas on the body which often seemed 1o develop spontaneously Stnce
school age there was an increasing tendency to bleeding in the large jomnts chefly the
knees and elbows The contours of these jomts have gradually changed and the mobility
1s somewhat hmited He has had several episodes of haematuria and also many mtra
muscular bleedings The last few years the patient has often had melaena with associated
symptoms of severe anaemma The disease has not grown mulder 1 the course of years
The patient recewves permanent sickmess benefit but 15 able to do light work as an
artisan thereby supplementing his income He has recewved several transfusions with good
effects

Blood analyses 1937 (The Rigshospitalet Medical Out Patient Dept) Clotting time
(direct} 15 mwn Thrombocytes 3.6000 Bleeding time 8 min

1942 (Andreassen) Clotung ime 191 —-27%» mun Clot loose Thrombocytes 357 000
ESR 4 mn

Present mvestigations Clotting time according to Burker Andreassen 12-25% min
Spontaneous clotting time at foom temp 50 min Quicks prothrombm time 17 17 17
sec {contrel 18 sec) Prothrombin proconvertin according to Owren 100 ¢  Recalcification

time tn dilute plasma 10 min The thrombin generation test showed a very poor thrombin
generation (Curve A)
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FAM 2 ND P2

4045007t

Cusve B Addit on of 02 ml of adsorbed bovine plasma The thrombin generaton Rormal
Recalehicabon time 1 mm 30 s

Curve & Addtton af ¢ 2 m! of normal serum The thromb poor Recalat:
ton tume 4 mun 45 gec

Duagnosis  Defi senuy of the astshaemophtc factor (classical haemophtha)

14 Born 1931 The furst abnormal bleeding occurred at the age of 3-4 months In
infan y the patient had frequem prolonged oozing gmghval haemorrhages and frequent
most often Fram the age of 3-3 years there were
in seasmly frequent usually spontancous pawnful hacracthroses especially in the elbows
snd knees which have tesulted 1 permanertly Jumited mobifity Repeated blecdings
the proximal phalanx of the left big foe has resulted 1n plantar flexwon of the foe The
paheny therefore has to wear an orthopaedic boot There have been several episodes of
mtramoscular haemorthage without af 1a or mira 2b
dosunal hacmarrhages have not been observed The patient receives permanent Sichness
bepeftt He seems to be less troubled by the drsease than hus brothers He has a supplesen
tary itcome by some hght arfisans work

Blood anahyses 1951 Clowting wume according to Burker Andreassen E':—ZZ‘/; mya.

£ resent gn Quiks brombin ime niormal P Tun ac
cording to Quren 87 ¢ Recaltficaion time i ditute plasma 5 mm The thrombin
generation test showed very shght thrombim gemeration (Curve A)

FAM 2 NO 14

0 2 < & 6 1 12mw
Curve B Addition of 02 ml of adsorbed bovine plasma The thrombia gener lion nor
mal Recalailication tme 3 sn 30 sec
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Curve C Addition of 02 ml of secrum The thrombin generation poor Recalafiation
tume 16 min 30 sec

Diagnosts Deficiency of the antihaemophilic factor (classical haemophitia)

15 Born 1934 A bleeding tendency with subcutaneous hacmatomas was present from
the age of 1 year There have been frequent bleedings from the gums and nose Later
there occurred frequent g especially the kn es elbows
and ankles In the knees these resulted in limited moblh!y Smce the age of 15 he has
oceasionally had haematuna but never melaena nor haematemesis There was prolonged
bleeding from minor cuts and on secondary dentition The patient 1s under public care
of mental defectives

Blood analyses Clotting time (Burher Andreassen) 8-23 mm Quicks prothrombin
ttme 23 25 23 sec (control 21 sec) Prothrombin proconvertin according to Owren
78 ¢ Recalcification time 1n dilute plasma 9 mun The thrombin generation test showed
very htile thrombm generation (Curve A)

40 FAM 2 NO 15

30

Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalaify ation time 1 min

Curve C Addition of 02 ml of normal serum The thrombin generation poor Recalcifica
tion tme 10 min 30 sec

Duagnosis Defictency of the antihaemophulic factor (classical haemophilia)

16 Born 1938 A bleedmg tendency was first noticed when the patient was about 1
year old It mamfested itself by extravasation of blood nto the left knee He has since
had repeated apparently spontaneous bleedings into the left knee Since 1949 there have
been changes with and irregular articular surfaces n
this knee as well as imted mobilty The patient bruises easily and has prolonged oozing
bleeding from cuts The parents state that the patient 1s less troubled by the disease than
his brother (o 17)

Blood analyses 1946 (The Rigshospitalet Paediatric Dept) Thrombocykes 286 000
Clotting tme 1012 min Gothln 10 petechiae Rleeding time 15 m

1947 (The Rigshospitaler Pacdiatnic Dept) Thrompocyies 310000 Clotting time
47 min and 45 o Bleeding bme 145 min Ggthln 5 petechie

P esent investigations Quicks prothrombin tume 15 16 17 sec (control 20 sec)
R:cnlclhcauon time in dilute plasma 6 mm The thrombin generation test showed a

Ty slow nse of the thrombin concentration whi h reached high vatues after 12 mm
(Cune A}
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FAM 2 MO 12

01500/t

Curve B Adduion of 02 mi of adsorbed bovine plasma The thrombin generation normal

Recalfication time 1 min 30 sec
Cutve C Addwion of 02 m] of normal serum The poor f
tion time 4 min 45 sec

Diagnosts Defiency of the antihaemophitic factor (classscal haemophilsa)

14 Bom 1931 The first sbnormal bleeding occursed at the ape of 3-4 months fn
mfancy the patient had frequcnx prolonped oozing gingsval haemorthages and freguent
From (he age of 23 yeors there were
dly w the etbows

most Gftet
increasingly frequent usually panful b
and knees which have resulled sn permanently hmsted mobitity Reputed Bleedings

the proximat phalanx of the left big toe has resulted n plantar flexion of the toe The
patient therefore has to wear an orthopaedic boot There have been several epsodes of
without of or nira ab

domuinal haemorrhages have not been observed The patient receives permanent sickRass
benefit He seems to be fess troubled by the disease thas hus brothers He has a supplemea
tary tncome by some light artisans work

Blood anahses 1951 Clotting ime according to Burker Andreassesy 8%2-22% mun

Present invesnganions Quick s prothrombin ime norma! Prothrombrn proconvertin ac
cording to Owren 87 @  Recalctfication time 1 dilute plasma § onn The thrombin
generahion test showed very shpht thrombin generation (Curve A)

FAM 2 NO H
i
PR
30 2R
i \
: k
0 ) \
\
'1 \i
! A
0y
P
oz 4 o TaHN
Curve B Addion of 02 ml of adsorbed bovine plasma The thrombin genaration sor
3G sec

mal Recalafication me { min
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Cune C Addton of 02 mi of nonmat serum The thrombin generation unchanged
poor Recakaicavon time & mun

Diagnosis Defiaency of the antthaemophilic factor {classical haemophilia)

18 Born 1947 At the age of J© monihs the patient had a posttraumatic haemorshage
from the frenulum of the vpper ltp He had {rcquem profonged bleedings from the bps
and tongue He Has had severat sulx These have
been nurmerous bleedinys m the knees xhouldus etbows and ankles but these have not
caused hmiied mobihty of the jouats He has mever had haematura melacna or hae
matemesis The palent has been gen several transfusiony

Blood analyses (The Rigshospitalet Paediatne Dept) Thrombocytes 344000 Pro
thrombin tume norma} Clotting ume bepinmng 117 mus condluded 12%% mun Bleeding
me mdefimte Capilary ressstance morssal Plasma fibnnopen 03. ¢ QOsmotic re
swtance normal Sesum ealerum 37-99 mp o

3948 (Med Dept County Haspital Nastved) Thrombocytes 275000 Blreding
ume 6 mwn Clotung tme 8 mun Prothrombin fime 91

Present 1956 Quicks ume 20 21 21 séc Gontrof {9
see} Recalufication nme s ddvte plasma 10 mun 43 see The thrombm geaarstion
showed hardly any thrombia generation (Curve A}

FAM 2 NOIZ

Curve B Additon of 02 m! of adsorbed bovire plasma The thrombin generation nor
mal Re alafication ume 2 mun 45 sec

Curve € Aduition of 0 mit of normal serum The thrombint genecation poor  Recaler
fication time 6 oun 30 sec

Curve D Addition of platelet suspension No mprovement of the thrombn generatian

Dragnosss Deficiency of ithe fa tor {(classs af

Fanuly 4
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FAM 2 No K

L Ty
a z 4 3 8 w2 #
MIN
Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation sor
mal Recalufication time 2 mun
Curve C Addition of 02 mi of normatl serum The thrombin generation poor Recalcifica
ton ume S mm 2§ see

Duagnowis Deficiency of the antthaemophuie factor {classical haemophiha)

17 Born 1944 The patient has brussed easily since babyhood At the age of 2 sears
he bled for 13 days from a staall eut At the age of 3 he had & posttraumatic bieeding
from the gum which contiaued for 9 days despite three transfusions and tamponade
He has repeatedly been sn hospital with bleedings 1n the knees ankles and elbows The
nght knte presents on extension defect of 10 degrees The bones of the ankles are
shightly habisteretic In 1954 a sublingual haematoma occurred which caused diffsentey
of swallowing

Blpod analyes 1347 {The Rigshospitalet Paediatric Dept} Thrombocytes 166 000
Prothrombm time (Larsen & Plam) 70 sec {control 22 sec}

1954 (The Regshospualet Paediatcre Dept) Thromb 180000  Prothronib:
tme 28 sec (controb 18 sec) Bleeding time 35 mus Capillary sesiance 3 petechae
Clotung tme 205 man (b ) ~ 335 mmn Osmotic 052038
{contra} 0 46/0 36}

Present Quick s time 19 19 19 sec fcontrol 19 sec)

Recaluification time 1n difute plasma 7 own 40 sec The thrombun generation fest showed
very bitle thrombin generation (Curve A)

FaM 2 N7
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Curve B Addition of 02 mi of adsorbed bowine plastea The thrembin gencration nor
mal Recalcfication fime 3 min 45 sec
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10 Born 1946 Few months old the pattent bled for a long nme from a sty Since
the age of 4 years there have been repeated bleedings spectally 1n the knees and efbows
as a rule following shight injuries There 1s intermittent greatly reduced mobality of the
knce jonts At the age of $ he had a bleeding 1n the left wnist These bleedings have left
no permanent changes He has had a few episodes of prolonged epistaxis and prolonged
bleeding after sampling from the ear The pattent has been given several transfusions

Blood analyses 1951 (Dronmag Lownes Childrens Haspual) Clottiag ume according
to Howell Gram 20 - 30 mun Bleeding tme 2 min. Capillary resistance 80 mm Hg for
S mn No petechrae Thrombocytes 376000 Prothrombin time normal Fibrinogen
03 ¢ Serum calcium 91 mg®  Serum protein 73 ¢ Serum albumin 52 ¢ Serum
globulin 21 ¢

1955 (Dronning Lomses Childrens Hospital) Thrombocytes 215000 Bleeding time

indefimte  Clotting time  10t/2~13 sun 30 mun 9-15 min Howell Gram > 30 mun
Prothrombin time 28 sec (control 29 sec) Capillary resistance No petechiae

Present imvestigations Clotting tme (Burker Andreassen) 6 min > 30 min Quicks
prothrombin time 21 21 2{ sec {control 20 sec) Recalcification time tn dilute plasma
19 min 54 sec The thrombint generation test showed no thrombin generation (Curve A)
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Curve B Addition of 05 ml of frozen normal platelet suspension (142000 platelets
per cubic of No of the thrombin generatton
Recalcification time 9 min 42 sec

Curve C Platelet nich citrated plasma stored 24 hours at —20 C The thrombin genera
tion poor though the clotting times in the fibrnogen tubes was somewhat shorter
Recalaification time § min 50 sec Freezmng of platelet poor plasma gave no visible
improvement either of the thrombin generation Recalctfication time 12 muin 15 sec

Curve D Addition of normal serum The thrombin generation normal Recalcification
tune 1 mm 35 sec

Curve E Heated readsorbed serum No improvement of the thrombin generation Re
calfication time 10 nun 20 sec

Curve F Addition of 02 ml of adsorbed bovine plasma Luttle improvement of the
thrombin generation afer a lag period of 6 min Re alcification tme 6 mim 50 sec

Diagnosis  Christmas factor deficiency (Chnistmas dsease)
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The famidy cannot be traced further back than to no 1 who &id ot kaow her
parents haviog beert placed out among non refateves in earfy infancy

3 Born 1890 Propositus A bleedmp tendency was observed fiom the patients fust
year of hfe In infancy mucosal haemorrhages from the rose and gums predommated
Since school age there have been frequent 't vearly
all the Jarge jomts chiefly the knees and elbows m which permanens changes have
gradvally developed X ray of the knee josnts (The Rigshospitalet Dept D 1937) revealed
bony atrophy and deformites of the jomt sutfaces due to the preseace of several
osteophytes He has had several episodes of renal haemorchage but no other merz
abdomunal bicedings There have been numerous intramuscular bieedings which have left
no permanent neurclogical symptoms The duease has been steadity progresave snce
1951 In 1955 he was bedndden for 6 months owmg to profuse bleedng i the left
shoulder That same year he suddenly became hoarse with assocated difficulty of breathing
He was ntubated and admitted 10 an otologic umit where a Jarge hazmatoma was detected
wn the feft pariform recess and a smaller one 10 the night arytenod regon After extubation
the tesprratzon was nmmpeded agam

The movements of the night shoulder jomt and both knee josnts have became greatly
hrmted The Jeft knee 15 fixed in 30 degrees flevsan and the night can be bent 15 degrees
The night hap 15 almost ankylotic The pavent who is fotally disabled has recaived geveral
wansfusions Once dunag an epusade of hacmaturia he was given antthaemophulic globulsa
with no effect whatever

Blood anafyses 1924 (The Rigshospitalet Dept B) Cloting tune according fo Howell
Gram §Z mun Bleeding ttme 3%/ mun Thrombocytes 248 000

1940 (The Rigshospitalet Dept D) Howell Gram 19 nun Thrombocytes 376000

1955 (The Rusghospialet Dept BY P 92g ¢ Pr b n serum
108 @ Thrombocyles 247 000 Clotng ume 3Yi~5 min Unne mucroscopy numeraus
erythracytes Blood urea 29 mg &

Present i Prothrombin un {Owren) 115 ¢ Recaleification me
m dilute ptasma 12 mm The thrombin generation test showed hardly any thrombw
generation withsn 1S punr (Curve A)
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Curve B Additsion of 02 mt of adsorbed bovine plasma No tmprovement of the thrombin
generation Recalctfication tme 12 min

Curve € Adhition of 02 mi of crireted plasma from a patient with classical haemophilia
{fam 68 pt no 1) The thtombin generaton normat Recalufication time 3 min

Curve § Addwon of 62 mf of sormal secum The thrombm generation rormal recalet
fication time 2 aun p

Curve E Addiion of 02 mit of heated readsorbed serum No essential improvement o
the thrombin generation Recalaificanon time 30 s ot

Curve F A simslar tesult was obtamed after addition of 62 mi of normat frozen plateie!
suspension {378 000 platelets ¢ mm)

Dragnosis  Chnstmas factor defiaency (Christmas disease)
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4 florn 1906 A bleeding tendency especially from the gums and nose has been
present since infancy There has always been prolonged bieeding after dental extraction
The patient has had several subcutancous haematomas often so extensive and paimful as
to require admussion to hospital He has had several ntramuscular bleedings following
inuncs but no abnormal bleeding from cuts Haemarthroses have never been observed
Apart from a single episode of haematuria the patient has had no visceral haemorthages
The disease has prown ratder with increassng years espectaily since the age of 30 though
he 15 still labie to h: and after mjunes The patent
1s a farmer ond 13 able to support fumself and his fanuly

Blood analyses Quichs prothrombin time 21 21 21 sec (control ?0 sec) Thrombo
cytes 19000 per gl of plasma Recalafication tme n dilute plasma 6 min 45 sec
“The thrombin generation test showed fauly quick thrombin generation after a lag penod
of § mun The thromhin concentration reached rather high values (Curve A)
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalafication time 2 min 30 sec

Curve C Addwon of 02 ml of normal serum The thrombin generation normal Re
calafication ime 1 min 45 sec

Curve D Addition of 07 ml of heated readsorbed normal serum The thrombin gepera
tion normal Recaloificaion time 1 min 45 sec

Cutve F The variation of the thrombin concentration after addition of 02 mi of fresh
platelet suspension (150 000 platelets per pl of solution) The thrombin generalion nor
mal Recalcification time 1 min 30 sec

Curve F The thrombin gencration normal after the plisma had been frozen down to
—~20 C for 18 hours with ns pormal content of platelets Recalafication time 4
min 45 sec
02 ml of the patients plasma was nor able to normalise the thrombin generation m

plasma from a patient with pronounced Christmas factor defictency (family 85 no 1)

Dragnosss  Slight Christmas factor defictency (Christmas di ense)

S Bomn 1913 The patient has since the age of 4-5 years been liable 10 bleedings
from the gums and nose which though prolonged have rarely been severe However
at the age of 9 the patient bied for 9 days and mights after extraction of all his teeth
He had to have (3 transfu 1ons e does not bieed abnormally from cuts and has never
had At the age of 31 the pauent was hernioto
mised He began to bleed 24 hours after the operation and continued for 6-7 davs
He was gwven several transfusions Apart from the singival hasmotrhages the patient

feets that the disease has improved appreciably since the age of 30 He manages ft work
as a farmer without difficulty
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The family ongenates from a small sstand where st can be traced far back The
patient marked A who was a fiddler 15 believed 10 have suffered from & muld degree of
hacmophtha He attamed the ape of B

3 Bom 1804 A bleeding tendency was present from the age of 67 years memfesting
uself ehiefly by prolonged ocomng haesorthages from the pums and mose Also he was
liable fo b artly and partly after minor mpnes
Haemarthroses have never been observed The patent has once had haematuna but
never other viscesal haemorrhages At the age of 44 the patient had all hus teeth extrasted
He then bled for 9 days and mights and had to have mmne transfusions These 18 00
abrormal bleeding after cuts Apart from the above prolonged gmpval hacmerrhages
bleedings have become rate since the age of about 30 and the patient 15 fulfy it for
his work as a farmer

Blaod analyses Quicks prothrombm timme 15 17 16 sec (control 17 sec} Thrombe
cytes 203000 per pl of plasma Recalcification time i dilute plasma 4 min 1 sec
The thromWin gemerasion test showed 3 slow nse of the thrombm concentration which
&id not reach particularly high values (Cusve A}
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Curve B Addition of 02 ml of adsorbed bovine plasma Some acceleration of the throm
bin generation Recalcification ume 3 pun 21 see
Catve € Addwon of 02 mi of the patients own serum after this had been stored at
.20 C for one year The thrombin generation normal Recsleilication time 3 mun
Curve D Additen of heated readsorbed serum The thrombmn generation normal Re
caleification tme 1 mun
Curve £ After stotage of the pauents plasma for 24 hours at 20 C the thramb
was normat Recsh ume 3 min SO sec
ﬁc patients plasma pormahsed she thrombin generation an plasma from patients
with Chrstmas disease {fsm 4 no 10 and fum 85 no B

Diagnoss Presumably the Hageman trant
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4 Born 1906 A bleeding tendency especially from the gums and mose has been
present since infancy There has always been prolonged bleeding after dental extraction
The patient has had several subcutancous haematomas oftert so evtensive and pawnful as
to require admussion to hospial He has had several intramuscular bleedings followng
imuries but no abnormal bleeding from cuts Haemartbroses have never been observed
Apart from a single episode of haematuria the patient has had no visceral haemorrhages
The disease has grown mlder with tncreasing years especially since the age of 30 though
he is still lable to h and after injuries The patient
1s & farmer and 13 able to support himself and his family

Blood analyses Quick s prothrombin time 21 21 21 sec (contrel 20 sec) Thrombo
cytes 19000 per pl of plasma Recalification tme 1n dilute plasma 6 min 45 sec
The thrombin generation test showed faurly quick thrombin generation after a lag period
of 5 mmn The thrombin concentration reached rather high values (Curve A}

FAM & NO 4

00/t

30

20

¥ —r —
4 2 é 6 & 1o 12 MIN

Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalafication time 2 min 30 sec

Curve C Addition of 02 m! of normal serum The thrombin generation norma! Re
calerfication tume 1 min 45 sec

Curve D Addition of 0 ml of heated readsorbed normal serum The thrombin genera
tion normal Recalcification time 1 min 45 sec

Curve E The variation of the thrombin concentration after addition of 02 ml of fresh
platelet suspension (150 060 platelets per pl of solutton) The thrombint generation nor
mal Recalcificatton tme 1 mun 30 sec

Curve F The thrombin generation normal after the plasma had been frozen down to
—<0 C for 18 hours with 1ts normal content of platelets Recalafication time 4
mm 45 sec
02 ml of the patients plasma was nof able to normahse the thrombin generation 1n

plasma from a patient with pronounced Christmas factor deftciency (famly 85 no 1)

Diagnosss Slight Christmas factor deficiency (Christmas disease)

S Born 1913 The patient has since the age of 4-5 years been lable to bleedings
from the gums and nose which though prolonged have rarely been severe However
at the age of 29 the patient bled for ¥ days and mghts after extraction of all his teeth
He had to have 13 transfusions He does not bleed abnosmally from cuts and has never
had or visceral b At the age of 31 the patient was hernioto
mised He began o bleed 24 hours after the operation and contmued for 6-7 days

¢ was given several transfusions Apart from the gingival haemorrhages the patient

feels that the diseasc has 1mproved appreciably since the age of 30 He manages his work
as a farmer without difficulty
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The family origmates from a small ntand where wt can be traced far ba k The
patient marked 4 who was a fiddler 1s believed to bave suffered from a mild degree of
haemophiia He nttamed the age of 81

»
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3 Born 1904 A bleeding tendency was present from the age of 6~7 years mandesimg
#sef chiefly by prolonged coztng haemorchapes from the gums sod nose Also he was
Hple to subcut H and parily after mmor sjunes
Haemarthroses have never been observed The patent has orce had haematuna but
mever other visceral hacmorthages At the age of 44 the pauent had all hus teeth exiracted
He then bled for 9 days and mghts and had to have mne transfusions There 55 no
abnormal bleeding after cnts Apart from the above prolonged gngval haemorrhages
bleedings have become sare since the age of about 30 and the patient 35 fully fit for
his work as a farmer

Dilood aralyses Quicks p othrombsn Yime 15 I7 16 sec fcontsol 17 sec) Thrombo
cytes 203000 per ¢l of plasma Recalcificauon tume in didute plasma 4 mun. 10 sec
The thrombin gereration fest showed 3 slow mise of the thrombin concentration Which
did not reah particularly high values (Curve A)
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Curve B Addwon of 02 mt of adsorbed bovine plasma Some acceleration of the throm
bin generation Recalification time 3 mun 21 sec
Curve C Addiion of 02 m) of the pabents own serum after this had been stored 2t
20 C for one year The thrombin generaton nermal Recalodlication ke 3 mon
Curve D Adduion Of heated readsorbed serym The thrombin generavon normal Re
calgification me 2 mun
Curve E. After storage of the patients plasma for 24 hours at —20 O the thrombm
generation was pormal Rewalafication tme % mm 50 sec
The paticats phwma d she thrombin s plasma from patents
wath Christmas disease ifam 4 po 10 and fam 85 »no 1)

Diagnosis Presumably the Hageman trat
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Curve B Addion of 02 ml of adsorbed bovine plasma The thrombin generation poores
The recaleification tune fell however fo 4 min 45 sec

Curve C Addition of 02 mi of normal plasma The thrombin generation normal Re
calfication time 3 pun

Curve D Addition of adsorbed normal serum The thrombm generation pormal Re
calfication tme 4 mun 30 sec

Curve E Addition of 02 ml of the patients own serum The thrombim generation nor
mal Recal iication time 3 mt 17 sec
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Curve F Addition of 02 ml of heated readsorbed serum No improvement of the
thrombin generation Recalcification time 6 min 45 sec
Curve G After the plasma bad been stored with 1ts normal platelet content at —?0 C
the thrombin generation was accelerated to become almost normat The recalcification
time was slightly prolonged S min 20 sec
Two years after the above mvesttgations the patients blood was submitted to another
series of tests owmng to a suspicion that the lack of the Chnstmas factor was not
total Quick's prothrombin time was normal The recalification time m dilutg plasma
was 3 min_40 sec Thrombocytes 580000 per pl of pfasma The thrombin generation
was perfectly normal {Curve H) Addition of 02 ml of this plasma to plasma from ' patient
with Christmas factor deficiency (fam 62 no 3) gave no essential improvement of the
thrombin generation of the latter (Curve I} On the other hand by adding 04 ml to the
same volume of plasma a perfectly normal thrombin generation was obtamed (D\rve K

Diagnosis (Shight) Christmas factor deficiency (Christmas disease)

7 Born 1919 The patient has always bruised easily He has had a few 14 days long
episodes of profuse haemorrhage following dental extraction There have mever been
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Blaod analyses Quick's prothrombin me 18 18 18 sec (eontrof 18 sec) Thrombe-
cytes 112000 per p! of plasma Recalafication time 1n dilute plasma. 6 min 15 sec
Bexelws na hiae The thromb test showed fauly lttle thrombsn genera
tiosy {Curve A) The concentration rose somewhat however after a Iag persod of 5 suun
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Curve B Addition of 82 ml of adsorbed bovine plasma The thrombn generation some
what improved but hardiy normal Recalofication time 3 mm 30 sec

Cusve C Addition of 02 mi of serum The thromb normal
tme 2 mn 30 sec

Curve D The thrombin generation normal after the patents plasma had been stered
with sty normat platelet content at ~20 C for 24 hours Recalarfication nme 2 mum
48 sec

Curve E The thrombin gencration also became normal altes freezing of the patients
platelet poor plasma (6000 thromb per pl) il time 3 mun 40 se¢

Curve F_Addiuon of 02 ml of heated readsorbed serum The thrombin generation por
mal Recalificaton time 3 man 15 sec
02 ml of the pauents plasma was nor able ta normalise the thrombum genecation

plasma with Chsstmas factor (fam 85 no 1)

Diagnosis Shght Chrstmas factor deficiency (Christmas disease)

§ Born 1911 Proposntes A bleeding tendency first appeared at the age of 5 or §
years as a prolonged cozing haemorthage from a small wound i the back of the head
There have often since been oozing bleedings from the gums and a fow episodes of
heavy epistaxis Since the age of 10 the pattent has had scveral haemurthroses mast
ofte m the knees and ankles There are no permansnt gomnt deformities The patient
has had numerous eprsodes of hacmaturia the first one at the age of {7 He has never
fad haematemesis nor melaena but often intracnuscutar haemorshages The patient s bleed
ing tendency has dechined smce the sge of 38-39 The patient has been canuiderably
more affected than the remasning bleeders of (he {family Nevertheless he has been sble
to tabe a umversity degree and can support his famuly

Blood anofyses 1949 {Bispebyery Hospital Dept A} Thrombocytes 778 D00 per sl
of plasma Capslfary resistance nun;n’zl CC!;:! retraction nowmal Prothrombin tme 2~

Y 1aneous cloting tme at mm
® ;‘,,i;:"m,,,,.gmo,,, Quick's prothrombin me 19 19 1§ sec (control 19 sec)
Recalafieatson tme 3n dilute plasma 7 qun 30 sec The thrombun peneration test nhw‘v:;!
vesy derable thrombin after a lag period of about 7 sur (Cune
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The family immugrated from Sweden about 1840

2 Born 1914 Propositus The patient has had a bleeding tendency since the age of
6 months In mfancy there had been frequent prolonged ocozing mucosal haemorrhages
from the nose and mouth of which especially the gingival bleedings often necessitated
hospitalisation  From school age the patient had sncreasngly frequent haemarthroses
gradually comprising nearly all the large jounts chiefly the knees and elbows where they
left permanent changes X ray of the knee jomts m 1937 (The Rugshospitalet Dept C)
revealed halisteresis and subchondral areas of decreased density as well as narrowed
jomnt cavities He has had many episodes of haematuria accompanied by unilateral Jumbar
pamn Intra abdominal haemorrhages were observed at the age of 34 There have often
been intramuscular bleedings Such a bleeding in the left forcarm was once accompanied
by paresthesiae of the left hand These subslded m the course of 6 months Although
the patient still oc asionally has he feels
that the disease has grown mulder since the agc uf 30 The patient 15 head-cletk 1n a
business and 1s able to support himself and a famly

Blood analyses (Andreassen) 1934 Clotting time according to Howell Gram 10 mun
30 sec Thrombocytes 891000 1937 Clotting tme 9 min 30 sec — 16 min

Present mesngations Quicks prothrombmn time 20 19 19 sec {(control 19 sec)
‘Thrombocytes 590 000 per ul of plasma Recal ification time m dilute plasma 8 mun
22 sec The thrombin generation test showed hardly any thrombin generation the first
6 munutes after which the thrombin concentratron rose slowly to reach high vatues
(Curve A’

o 2 4 6 8 1 12MIN

Curve B_Additon of 02 ml of adsorbed bevine plasma The thrombin generation nor
mal_Recalafication time 3 min 40 sec

Curve C Addition of 02 ml of normal serum The thrombin generation somewhat
accelerated but the lag p:nud still 5-6 mm The snactivation occurred rather quickly
Recal sfication time
Owing to the course of curve A showng a rather steep though delayed rise of

the thrombin the following were made as wel




202

haemarthroses haematemesis nor melaena The patient 15 not troubled by hus disease
i his darlly work

Blood anatvses Quick s prothrombin ime 20 22 22 sec (control 20 sec ) Spontaneous
clotting time for whole blood at 37 C 7 min Recalafication time in dilute plasma
4 min Thrombocytes 183 000 per yul of plasma The thrombin generation showed no
definitely pathological conditions

8 Born 1927 The pauem had m childhood had prolonged bleedmgs after havmg bit
tus hp Dentition caused no h h whereas bleeding
The patient has never had h ses h h nor melaena He
has had several episodes of prolonged eptstaxts There has been a single subcutaneous
haematoma on the forearm and a haemorrhage 1n one wrist He has done his military
service (as a dragoon) without great mconvenience A diagnostic maxullary sinus puncture
entaifed prolonged bleeding which stopped after transfusion The patient 1s fully fit for
farming and 1s able to support his famuly

Blood analvses Quicks prothrombin time 19 19 19 sec {control 19 sec) Thrombo
cytes 179 000 per ul of plasma Recalcificaion time in dilute plasma 4 mmn 15 sec
The thrombin generation test showed a very low thrombin generation The thrombin
concentration reached only low values (Curve A)

0 500/1 FAM 8 NO 8
30
20
10
P

= T —
0 2 4 6 L} 10 12 MIN

Curve B The thrombin generation normal after the plasma had been frozen to —20 C
for 24 hours with its normal platelet content though the matumum concentratton
was fairly low Recalcification time 4 min 45 sec

Curve C Addition of 02 ml of adsorbed bovine plasma No unquestionable improvement
of the thrombin generation Recal tfication tune 3 mun 50 sec

Cusrve D Addition of 02 ml of normal serum The thrombmn generanon pormal Re
calaification time 2 mt 40 sec

Curve E Addition of 02 ml of readsorbed heated serum The thrombin generation de
layed the lag period was 6 min Recalaificatton time 6 mun 15 sec
02 ml of the patients plasma was unable to normalise the thrombin generation 17

plasma wath a pronounced Christmas factor deficiency (fam 85 no 1)

Diagnosss (Shght) Chnistmas factor deficiency (Chnstmas disease)
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Curve E. Storage of the pattents plasma wath its normal platelet contest at —20 C
for 24 hours gave a poorer thrombin generation At the same time the recalcification
time was reduced 2 min 35 sec
Addition of 02 ml of the patents plasma to plasma from another patient with AHF
defictency (fam 71 no 4) did not mmprove the thrombin generation m the plasma of
the patient concerned (curve F} Recalaificaton time 6 min 45 sec After 02 m! of
readsorbed serum had been added to the patients plasma the thrombin generation became
perfectly normal (Curve G) The recalcification trme was 2 mun 50 sec

Diagnosis Deficiency of the antuhaemophilic factor (classical haemoptulia)

4 Born 1942 At the age of 1 year the patient was 1z hospital owing to prolonged
bleeding from an mjured upper bp He 1s liable to large subcutaneous extravasations of
blood In 1948 the patient was admitted to hospital on account of a large subcutaneous
haematoma over the nght ligament, extending 1nto the nighs flank He has mever had
remarkable epistaxis There have been a few episodes of haematuria but never melaena
for hacmatemesis Fram the age of { year he fawly oftea had posttraumatic haemar
throses especially 1n the elbows and ankles more rarely n the knees These have not
yet aused permanent changes Cuts never bled extraordinarily The patient has never
recetved a blood transfusion In addition to the bleeding tendency the pateat suffers
from asthma He bhas missed about one third of his school days om account of the
haemophilia

Blood analyses Quick s prothrombin time 19 19 18 sec (control 18 sec)} Thrombo
cytes 359 000 per ! of plasma Recalcification time i dilute plasma 7 min The thrombia

generation test showed a very slow rise of the thrombin concentration which did not
Teach high values (Curve A)
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Corve D Addition of 02 ml of normal platelet suspension (380 000 platelets per ¢l wasked
twice) The normat foaf bme 4 mn 30 sic

Curve E The patients platelet rich plasma stored at 20 C for & days showed 2 some
what smproved thrombin generation which however did pot seach mammum il
after 10 minuies The formed was thy quickly d Jerf
uwon tme 4 gon 26 sec

Curve ¥ Additon of 02 mi of readsorbed normal seram No improvement of the
thrombin gemeration Recalafcztion tme 6 yun 45 sec

Cutve G Additron of adsorbed bovine plasma as well as serum gave no further im
P of the thromb: than addwmon of bovine plasma alone Re
calcification tme 3 mua 25 sec
02 ml of this patients plasma was able fo nofmalse the thrombin gensration i

plasma lackmg the Chustmas factor {fam 62 but not in plasme lackmg the AHF

(fam 79 and {am 34)

Diagnosis of the factor {classical haemoplttha)

3 forn 1921 The patient has always brused easily At the age of 4 years he bad
a prolonged bleeding from a wound on s left heel A dental extraction was followed
by oozmg hsemorrhage lastng 8 days Espeviatly between the apes of 14 and 18 thert
wese frequent hacmathroses parnetlardy in the Jeft knte and i both ebows The left
hnee bas a 15 degrees {lewon defect At the age of 32 the patiens had haematuna for
3 weeks Be has never had oelaena nor haematemesis The patient has presously bad
frequent épsodes of prolonged epistaxs The patiest has not been parpicelacty troubled
by hs dusease smee the age of 28 He 1s 2 mechamc and 15 able to support hs Famly

Blood analyses 1953 (The hommunchospitalet Dept 3) Clatung time § mun
sec 14 men 15 nun 30 sec Thrombocyles 209000 Bleeding tme 2 mm 30 se¢
Fibrinogen 0367

Present Quick s frombm fme 24 25 24 sec (control 20 sec}
Prothrombin peocoreertin (Ovrem 100 @ ‘Fhrombocytes 728 000 per il of plasma Clot
ung time for whale blood at 37 C .0 mmn Recafetficanion fume m dilute plasma 6 mun
50 sec The thrombin generatiok test showed & {ag perod of 6-8 mun  after which the
thrombin cofcentration sose relatively fast and seached huph vajues but not n#f after
11 mmutes The begmning of inacuvation was rather stow (Curve A)
Curve B Addion of 02 m} of adsorbed bovine plasma cowned a rapid fise and fall

of the thrombin concentrabion Recalasficauon time 2 min 50 sec
Cutve C Addwon of 02 ml of sesom The thrombin genesaton was accelerated bt

the lag period was prolonged about $ mun Recalmfication tme 4 run 46 sec
Cune D Addon of 04 mi of fresh platelet suspension (91000 platelers per pl of

suspension washed twice) Little umprovement of the thrombin geserntion Recalcs

fication tme 3 mun
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Curve E Storage of the patients plasma with rts normal platelet conteat at ~.0 C
for 74 hours gave a poorer thrombin generation At the same time the recaleification
tme was Teduced 2 mun 35 sec
Addition of 02 ml of the patients plasma to plasma from another patient with AHF

defictency (fam 71 no 4) did not improve the thrombin generation in the plasma of

the patient concerned (curve F) Recaletfication time 6 mun 45 sec After 0. ml of
readsorbed serum bad been added 1o the patient s plasma the thrombin generation became
perfectly normat (Curve G) The recalcifi ation time was . min 50 sec

Diagnosis Deficiency of the antthaemophthic factor (classical haemophilia)

4 Born 1947 At the age of 1 year the patient was 1 hospital owing to prolonged
bieeding from an mjured upper Jip He 1s lable to large subcutaneous exiravasations of
blood In 1948 the patient was adnutted to hospital on account of a large sub utaneous
haematoma over the right ligament extending into the right flank He has never had
remarkable epistavis There have been a few episodes of havmatunia but never melaena
nor haematemesis From the age of 1 year he fauly often had posttraumatic haemar
throses especially in the elbows and ankles more rarely n the knees These have not
yet caused permanent changes Cuts never bled evtraordmardy The patient has never
received a blood transfusion In addition to the bleeding tendency the patent suffers
from asttma He has missed about ome thwd of his school days on account of the
haemophuha

Blood analyses Quick s prothrombim ime 19 19 18 sec (control 18 sec) Thrombo
cytes 359 000 per pl of plasma Recaleification fime m dilute plasma 7 mm The theombin

generation fest showed a very slow nise of the thrombin concentration which did not
reach bigh values (Curve A)
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Curve D Addition of 02 mi of normal platelet suspension {380 000 platelets per i washed
twice) The thromb normaf it tme 4 min 40 see
Curve E The patients platelet rich plasma stored at ~20 C for § days showed a some
what inproved thrombir generation which however did not reach maxmmum bl
after 10 minutes The formed was th fter guickly feafs
tion time 4 min 26 sec
Curve F Addion of 02 ml of readsorbed mormal setum No iraprovement of the
thrombm generation Recaletfication time 6 munm 45 sec
Curve G Addstion of adsorbed bovine plasma 2y well ss senwm gave no further 1m
of the thromb than addiion of bovine plasma alone Re
calctfication trme 3 mun 25 sec
€2 ml of this patints plasma was able 1o normahse the thrombin generation
plasma Jacking the Chnstmas factar {fam  62) but not iz plasma lacking the AHF
{fam 79 and fam

Diagnosss Deficiency of the anthaemophitic factor (classical haemophitia)

3 Born 1921 The patient has ahways brussed easly At the age of 4 years he had
a profonged bjeeding from 3 wound on hus left heel A dental extraction was followed
by ocozng haemorrhage tastng 8 days Espacially between the ages of {4 and IR there
were frequent haemathzoses particularly i the left hnee and in both elbows The left
knee has a 15 degrees flexson defect At the age of 32 the patent bad haematuna for
3 weeks He has never had melaena nor haematemesis The patient has previously had
frequent epsades of prolonged epsstaxes The patent has not been partwularly troubled
by his disease since the ape of 20 He 15 a mechanic and 15 able to support bis famidy

Blood qnalyses 1953 (Thr hommunchospialet Dept 3) Clotting tme § pun 30
sec 14 qmm 1S min 30 sec Thrombocytes 209000 Bleeding ttme 2 mun 30 se¢
Fibrnoges 036 7

Present Quicks ume 24 25 24 sec (control 20 see)
Prothrombsn proconvertin (Ovwten) 100~ Thrombacytes 728 000 per pf of plasma Clot
ung time for whole blood at 37 C 26 mun Recaleification ¢sme et didute plasma 6 mmn
50 sec The thromtun generation test showed a lag persad of 6-8 mun  after which the
thrombn concentration Fose selativety fast and reached high values but mot nilt afier
11 mssutes The beginning of inactvation was rather slow (Curve A)
Curve B Addison of 07 mk of adsorbed bovine plasma caused a ramd rise and fatt

of the thrombm concentraton Recalufication tme 2 min 50 sec
Curve C Addition of 02 ml of serum The thrombin generation was accelerated but

the lag pestod was profonged about 3 min Recaloficatian time 4 mun 48 sec
Curve D Addition of 04 mi of fresh platciet suspension (91 000 platelets per w of

suspenscon washed twice) Littie inprovemoat of the thrombm generaton  Recales

fication time 3 mun
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The reasons why the famtly was ot sncluded m the group with shight AHF deficiency
were parily that serum did not completely normalise the thrombin generation it two of
the patents and partly that two patient (nos 2 and 4) were much more affected
than the remaiming patients within the group with slight AHF deficiency

Climically this famuly represents an imtermediate form between the group designated

as AHF deficiency and that designated as slight AHF deficiency

Faruly 13

e

5 Born 1900 Propositus The first abnormal bleeding was observed within the first
year of life In infancy he had had iopious oozing haemorrhages from the gums and
nose There have been several haemarthroses chefly m the ankies elbows and knees
The patient has gradually developed permanent limutation of mobility of the ankles and
the knee jonts He has frequent eprsodes of haematunia and has once had an intra
abdominal haemorrhage A muscular bleeding 1n the right forearm was followed by
median nerve paralysis He has had melacna once There has been prolonged oozing
bleeding after dental extra tion The patient is hable to ecchymoses He has received
many blood transfusions The patient owns a farm which until recently was admimstered
by himself and he also took part in the work He does not recewve disablement benefat
The disease has hardly grown milder 1 the course of years

Blood analyses 1927 (The Rigshospitalet Dept B) Clotting ime ac ording to Howell

Gram 18 mun Thrombocytes 364 000
Present wnvestgations Quicks prothrombin tme 17 18 18 sec (control 18 sec)
Thrombocytes 146 000 per nl of plasma Recalcification tume 1n dilute plasma 16 min
in the course

The thrombin test showed no thrombin
of 13 munutes (Curve A)
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation pormal

The recalcifieation time fell to 3 min 25 sec
Curve C Addition of 62 ml of normal serum The thrombin generation poor Recalct

fication time 3 mm 30 sec

Dragrosis Deficiency of the antthaemophilic factor (classical haemophilia)
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Curve B Addition of 02 mi of adsorbed bovine plasma The thrombin generation
nogmal Recalofication time 2 oun 26 sec

Cune C Addiuon of 02 ml of normai serum The thrombuwy geseration normal Ke
catcification. tume fairly Jong 4 mun 30 sec

Curve D Addiwon of 02 mi of bed serum The thrombs normal
Recaloification time 3 mun 30 sec

Ty 3
e 2 & 6 8 m  1zmw

Cune E Addwon of 02 mi of heated readsorbed serum Mo defimse smprovement
of the thrombin gemeration Recalafication time 2 muwm 5O sec

Curve ¥ Addon of 02 mit of frozen platelet suspension {272 000 platelets per ul)
No smprovement of the thrombm gencration Recalufication ume 1 mm 20 sec
The patient s plasma was unable to nosmalise the thrombn generation i plasma from

another patent Jacking the AHMF (Curve G) (fam 71 ne 4} Recalaficotion time 5 mun

45 sec On the other hand the patients plasma fised the thrombin of

plasma from o patent with Chestmay disease (fam 22 ne 14) The lalter patients

curves before and after addition of the present patients plasma are H and Hh m the

<chatt

Diagnosis Deficiency of the antshaemophilic fattor felassical haemophiliay

Conments

Thus famsly eught o have been classified n the group of shght AHF dJefency
partly owing 10 2 considerable though delaged thrombwn peneration at lfeast sn the
plasma of two of the patients and party because the thrombin generation besides be
toraing potmal alter addiion of adsorbed bovine plasma mproved apprecaobly afier
addstion of serum plasma from patient 20 4 even attamed a normal thrombun generation
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10 Born 1938 The first haemorrhage was from the gums on dentition at the age of
6 months From his second year of life there have been frequent haemarthroses which
have left contractures of the elbows and knces X ray of the knec joints at the age of
17 revealed narrowed joint cavities and irregular articular surfaces Haematuria and
melaena have buen observed several imes The pahent 15 lrable to subcutaneous haema
tomas 17 years old he an nira after a fall Ths
was followed by paresis and weakness of the left leg Further there was loss of sensibility
on the antertor and medial sides of the leg These symptoms have subsided again The
patient has received a single transfusion He is reading for the general cerftficate

Blood analyses 1955 (The Frederksberg Hospital Med Dept B) Thrombocytes
637000 Cloting tume 4 min

Present 1nvesnigations Quicks prothrombin time 21 21 19 sec {control 18 sec)
Prothrombin proconvertin (Owren) 100 ¢ Recalification time m dilute plasma 22 men

‘The thrombin test showed thrombin the first 23 munutes
(Curve A)
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Curve B Addition of 02 ml of readsorbed bovine plasma ‘The thrombin generation
poor Recalcsfication time 7 mn

Curve C Addition of 02 ml of serum from a patient with AHF deficiency (fam 2
ne 11) The thrombin generation normal Recaleiftcation time 1 min

Curve D Addition of 02 m! of hezled readsorbed serum The :hmmbm generation poor
Recalcification time 6 mm 30 s

Diagnosis Chnstmas factor deficency (Christmas disease)
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8 Born 1930 The patient has had frequent haemarthroses since he began to craw!
especially 11 the knees and ankles The left kvee 15 shightly deformed with extension
defect of a few degrees About the age of 18 months he had prolonged oozing gmgival
haemorrhages Penodically he has been huble to bruise He bas had three episodes of
haematunia but vever melacna nor haematemests The pahent has never had a tooth
extracted Catarthal diseases have often been attended by profonged emstawis In 1940
the patient fell and hurt hus back Thus was followed by paun wn the fumbar region
After 8 days there was mvoluntary discharge of urine and faeces and a few days later
the patient developed deep areflexta of both legs and hypaesthessa of the ahdomen
extending as far as the fourth lumbar segment h diagnosts 2
{The kommunehospitalet Copeshagen Dept 7) The neurological changes subsided
the course of 2-3 months but coptracture perssts of the nght ankle which 15 bent
and mverted The patient has graduated in faw aud 15 able to support humself

Blood analyses 1931 {(The Rigshosptafet Paedmtnc Departm) Clotting tume ac
cording 10 Howell Gram 23 nun Bleeding time 53, tmn Thrombocytes 289 600

Andreassen 194% Clotting trme 10% mun ~ 27 min Thrombocytes 385 000 1947
Clotung tume 8-17 mm Clot foose
1954 (The Ru%shcspxlalc‘ Dept A) Fibunogen 0599 Bleedieg tme 2% mm
h 2~105 ¢ P e

¥ m oserum 142

Present s Qurck s b nme 18 18 19 sec (coatro! 18 ser)
Thrombocytes 243 000 per ! of plasma Recafoification time 1o difute plasma 15 mm
The b; test showed p 5o thrombin in the course of

13 muwutes {Curve A)

FAM 13 NO 8

21 50071

Cune B Addition of 02 ml of adsarbed bovine plasma The thrombin generation not

mal Recaluficanon tme 3 mun 3% sec
Curve € Addiion of 02 mi of normai serum Very slow rise of the thrombis concentra
uon after 8 lag period of 6 tunutes Recaloification time 6 mun 14 sec

Duagnows Deficsency of the antthaemophilic factor (classical hacmophilia)
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8 Born 1979 Propositus The patients first abnormal bleeding occurred at the age
of 2 years as a posttraumatic haematoma s the skin He has had numerous haemorrhages
since many of which have been life threatening and necessitated admssion to hospital
In infancy he most often had mucosal bleedings from the nose and mouth Later haemar
throses predomimated chiefly in the finger joints ankles and knees resulting in the Jatter
jomnts 1 permanent limutation of mobulity At the age of 8 he bled for 10 days after
dental extraction The patient has had several copious intramuscular bleedings requiring
prolonged confement 10 bed Haematuria has been observed but ro other intra abdominal
haemorthage The patient has been given several blood transfusions Although the patient
has been and sull 1s greatly troubled by his disease he manages well as a master
artisan He has three workshops and a large staff

Blood analyses 1949 (The Rigshospitalet Dept A) Clotting tme 8 mn Bleeding
ume 5% mn Capillary resistance 8 petechiae Prothrombimn ttme 22 see (contrel 22 sec)

Present imvestiganons Quicks prothrombin time 21 20 20 sec (control 20 sec)
Clotting time for whale blood at 37 C 45 min Recalcification time 1n dilute plasma

min The thrombin generation test showed some thrombin generation but only after
a lag period of 7 mm {(Curve A)
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Curve B Addition of @ ml of adsorbed bovine plasma The thrombin generation for
mal Recalcification time 3 mun 15 sec

Curve C Addition of 02 ml of normal serum The thrombin generation cofisiderably
improved but maximum concentration was not attained tll after 10 minutes Recalcr
fication time 3 min 25 sec

Curve D Addition of 02 ml of readsorbed serum The thrombin generation nearly
normal Recalafication time 4 min

Curve E Additton of 02 ml of heated readsorbed serum The thrombin generation
normal the lag period perhaps stightly prolonged Recalcsfication time 4 mm 10 sec
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4 Born 1936 A labdity o farge subcutancous hsematomss was noteed already
at the age of 1 month From the age of 1 year he had prolonged ocoznp haemarrhapes
from the gums and nose and since the age of 4 years freguent bleedings 1n the knees
efbows and ankles $Within the fast few years there have afso bees frequent bleedings nto
the finger jomnts At the age of 13 the patient s Jeft knee jornt was submutted o arthrodesss
ssace which there have been no here He has =
but never haematemenss 6or mefaena He has had one epiode of bleeding sublinguafly
and 11 the neck with no attendmy respiratory tsouble The patent 1s gven a transfuston
every 5 weehs or so and faels that 1t helps hym He s apptenticed 10 a watch maker and
15 pleased with hs work

Blood snahses 1948 {Holstebro Hospitaly Clotting tune according 10 Howell Gram
18 mun 1931 Thrombouytes 205 000

Present Quick & nme 23 23 23 sec (control 19 sec}
Cletung time for whole blood at 37 € 2X min Recalafication time n dilute plasma
8 mun 30 sec The thrombin generation test showed wery little thrombin generabion
(Curve A)

FAM 16 NO 4

o % 4 & 8 1 raMm
Curve B Addion of 02 mi of normal seruc Fhe thrombim generation poor Recalet

fication tme 5 man
Curve € Addiwion of 02 m! of adsorbed bovine plasma The thrombm generation not

mat Recalafication tume 1 min 49 sec

Daagnoss Defcwency of the aaubacmophilic factor {elascal hacmophilia)
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Curve B Addition of 07 ml of normal serum The thrombin generation poor Recalal
fication time 7 min
Curve C Addiion of 02 ml of adsorbed bovine plasma The thrombin generation
improved though the rose slowly Recalcificaton time 2 min 24 sec
Curve D Simultaneous addition of 62 ml of adsorbed bovine plasma and 02 ml of
heated readsorbed serum The thrombin generation normal Recalcification time 1
min 36 sec

FAM 2f NO 4

4%s00/r

[ 2 4 & 8 o 12 MIN

Curve E Addition of 02 ml of heated readsorbed serum alone gave no definte 1m
provement of the thrombin generation The recalcification time fell however to §
min_ 45 sec

Curve F Addition of 02 ml of adsorbed bovine plasma to the patieats plasma with its
normal content of platelets after storage at —20 C for 7 days The thrombin

was greatly ume { mm
Sizns of an mhibitor were not demonstrable The patients plasma did not delay the
thrombin generation in a control plasma Curves G and H show the thrombmn gener
ation tn the control plasma before and zfter addition of the patients plasma

Curve 1 shows the thrombin generation in the patients plasma after addition of 02
mi of adsorbed bovine plasma and addition of the platelets of the patients own
plasma after these had been washed four times There seemed to be some acceleration
of the thrombin geneiation compared with curve ¢ The recalofication time was
unchanged 2 min 25 sec

Diagnesis Deficiency of the ant haemophilic factor plus freezing serum factor
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Curve ¥ Addimon of the patients own washed platelets to the plasma from which they
had been 1sofated The th h 1 but rather poor
Recalcification time normal 3 mun 50 sec

Curre G The thrombin generation poor in the panents platelet rich plasma after thi
had been stored at ~20 C for 24 hours Recalaification tne 2 mua 30 sec

Curve H 02 mi of plasma from a patient with Christmas disgase normatised the thrombin
generation  Recalcification e 3 mun 30 sec

Curve I 05 ml of plasma from & patient with AHF defictency did not normalise the

t Recal timeg & mun 5O sec

Diagnosts Shight antthaemophbie factor daficiency

Famdy 27

‘

4 Borm 1931 A bleedng tendency mandlested dself from the ape of § momths by

2 on the body In 1941 the patent was
oft avilla One year old he had profonged
hac
Jeed

targe ap
hospial with 2 large hacmatoma i the 1
hoeemosrhape after pavancentess The patient bas had frequent epsodes of giogwvz!
morshage melagna haemituria epistaxss and h. He has had
ings afier cuts There ts extension defect of both eibows and pronounced tiewon defect
of the feft kote with halszerens and arhsoss of the bones

Blogd onalvses 1941 (The Alborg Amissygehus) Clotting tme dwect 70 mun
Thrombocyles SO0 000-382 000 Bleeding time 3 min Capsllary restance normal 1942
Clossg tine 2 hours Prothrombin tme 8

1987 (The Rugshospiialet Dept A Thrombocytes .24 000 Clotting tume 15 sun
Bleeding tme 6 run Capillary resistance No petechiae Fibnimogen 0137

Preseat amesnpations Quicks prothrombin tme 16 15 16 sec {cantrol 1\&1 sec )
Thrombocytes 486 000 per pl of plasma Recalofication ume in difute plasma 13 mun
10 see The thrombm gencration test showed no thrombin generation (Curve A)




215

Famuly 22

14 Born 1916 One year ofd the patient hzd hls first abnormal bleeding In infancy
he had frequent ocozing pingival
haematomas on the body From the age ol 2-3 yean there wm mcreasingly frequent
painful hacmorrhages into the knees and ankles Flexion contracture has developed i the
nght knee and elbow He has had several episodés of prolonged haematunia but never
haematemesis nor melaena

The disease 1s stated to have grown somewhat mulder i the course of years The
patient has had only 14 days lost through stckness a year within the past 6 eyars He
15 a tailor and can support his famly He has been given only one transfusion

Blood analvses Quick s prothrombin time 17 18 18 sec {contro! 18 sec) Thrombo
cytes 272000 per pl of plasma Recalofication time in dilute plasma 10 mmn 45 sec
The thrombin generation test showed no thrombin generation (Curve A)
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Curve B Addition of 02 ml of adsarbed bovine plasma No improvement of the thrombin
generation Recalaifiation time 9 mun 47 sec

Curve C Addition of 02 ml of normal serum The thrombin generation normal Recalcl
fication time 2 mun 30 sec

Curve D Addition of 02 ml of frozen plale]tt suspension ‘The thrombin generation
poor Recaluification time 8 mun

Curve E Freezing of the plasma with 1ts nnrmal contenit of platelets down to —20 C
gave no Jmprovement of the thrombin generation

Curve F The thrombin 1n plasma 167000 pee ul was
somewhat improved after freezng The lag period was about 5 rmautes however
Recalaification time 4 mn

Curve G Addition of 02 ml of heated readsorbed normal serum to this plasma gave mo
further improvement of the thrombin generation Recalaification ttme 5 mun 75 sec

Dragnosts  Chnistmas factor deficiency (Chnstmas disease)

15 Born 19.5 18 months old the patient had prolonged oozing haemorrhage from
a wound in the upper ip Since there have been numerous bleedings from the nose
and to a less extent from the gums From school age there were increasingly frequent
and panful haemarthroses most often m the knee jomnts which have gradually become
permanently deformed with extension defect There have also been haemorrhages m the
ankles and elbows The patient has never had haematemesis melaena nor haematuria
In 1955 there was spontaneous haemothorax The disease 15 alleged to have grown milder
with increasing years The patient receives disablement benefit however

lood analyses 1956 Quicks prothrombin tme 16 17 18 sec (control 18 sec)
Thrombocytes 475000 per pl of plasma Recaloification time in dilute plasma !l min
56 sec ‘The thrombin test showed thrombin (Curve A)
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Curve C Addition of 07 m! of normal scrum The thrambin generation normal Recal
afication bme 3 min

Curve D Addition of 02 ml of heated readsorbed serum The thrombin generation
constderably improved but the lag period was 4 min Recal tfication time 4 mun
20 sec

Freezing expenments gave the same results as in the cases of the previously described
patients of this famuly

Diagnosts  Christmas factor deficiency (Christmas disease)

18 Born 1940 3 months old the patient had an apparently spontancously developed
‘haematoma on the breast and 6 months old a hkewise apparently spontancous haematoma
n the scrolum extending to the anterior surface of the abdomen

Biood analyses Quicks prothrombsn time 19 18 19 sec (control 18 sec} Thrombo
cytes 317000 per pl of plasma Recalcification tme 1n dilute plasma 11 min 30 sec
The thrombin geaeration test showed ro thrombin generation (Curve A)

FAM 22 NO 18

o 2 4 6 8 10 12 MIN

Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation poor
Recalcification time 9 nun 25 sec

Curve C Addition of 07 ml of normal serum The thrombip generation normal Recal
afication time 3 mun 15 sec
As was the case for the remaining patients of this family freezing of the platelet rich

plasma gave no essential jmprovement of the thrombin generation

Diagriosts  Christmas factor deficiency (Christmas disease)

19 Born 1941 A bleeding tendency was noticed from early mnfancy mamifesting it
self by subcutaneous haematomas and prolonged haemorrhage following dental extraction
The patient has had several eptsodes of epistaxis of up to 3 weeks duration He has
had one episode Of haematuria but never haematemesis nor melaena There have been
numerous haemorrhages into the knees elbows shoulders and ankles A permanent flexion
contracture has accutred of the right knee joint which displays lateral subluxation There
1 extension defect of the feft elbow The forearm 15 fixed m shght pronation There
1 timted mobility of both ankles The patent 15 greatly troubled by his disease He
1s apprenticed to a waich maker

Blood analyses Quick s prothrombin tme 20 19 19 sec (control 18 sec) Thrombo
cytes 338000 per pl of plasma Recalcification time 1n difute plasma 10 mun 45 sec
The thrombin test showed thrombin (Curve A)
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Curve B Addiuon of 02 m! of adsosbed bovine plasms The thrombin ganeration poor
Recalaficationt ture 7 min 20 se¢

Curve C Addition of 62 ml of normal serum The thrombsa generation norma} Recates
ficatton time 3 mun 20 sec

Curve D Adtiion of 02 il of heated normal serum caused essential wnprovement of
the thrombin generation but the lag period was rather Jopg 4-5 mun Recalofication
tme S mmn

Curve E Freezing of the plasma with its normal content of platelets did pot mprove
the thrombmn generation Recalafication time 5 mm 15 sec

Curve F Freezng of platelet poor plasma {21 000 platelets per wl) The thrombm gepera
tion mmproved but the lag period was prolonged Recolcification time 6 smn 20 sec

Duagnosis Chestmas factor defitancy (Chnistmas disease)

17 Born 1933 2 years old the patient had o farge apparently sponfaneously developed
haematoma on the forehead He has had numcmus pingwvat baemorthages From the

age of $-6 years there were freqn chiefly mn the knees
feet and elbows There s lamted mobiity af bozh eibow jomts byt sabmited of the
other jomts He has expenenced n the muscles and

tn the skin The patient has never had hacmatsa hsematemesis noc melaena He
receives disablement bemefit but 15 pastsally fit to werk as a tailor

Blood anahaes Quicks prothrombn time 18 18 19 sec {control 18 sec) Thrombo
cytes 277000 per p} of plasma Recalafication bme i cilute plasma 1Y mun 10 see
The thrombia test showed neghgeable thrombin {Curve AY
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Curve B Addston of 02 md of adsorbed bovine plasma The thrombun generation foor
Recalerhication tme & tun
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Curve C Addition of 02 m! of normal serum The thrombin gereration normal Recal
afication time 3 mun

Curve D Additon of 07 mt of heated readsorbed serum The thrombin generation
constderably improved but the lag period was 4 mmm Recaleification time 4 mm
20 sec
Freezing expenments gave the same results as i the cases of the previously described

patients of this famly

Duzgnosis  Chnistmas factor deficiency (Christmas disease)

18 Born 1940 3 months ofd the patient had an apparently spontaneously developed
‘haematoma on the breast and 6 months old a hkewise apparently spontaneous haematoma
n the scrotum extending to the anterior surface of the abdomen

Blood analyses Quick s prothrombin ime 19 18 19 sec (control 18 scc) Thrombo
cytes 317000 per ul of plasma Recalcification time tn dilute plasma 11 min 30 sec
“The thrombin generation test showed no thrombin generation (Curve A)
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation poor
Recaleification time 9 min 25 sec
Curve C Addttion of 02 ml of normal serum The thrombin generation normal Recal
cification time 3 min 15 sec
s was the case for the remaiming patients of thus famuly freezing of the platelet rich
plasma gave no essential improvement of the thrombm generation

Duagnosis Christmas factor deficiency (Christmas disease)

19 Born 1941 A bleeding tendency was noticed from easly infancy mamifestmg 1t
self by subcutaneous hacmatomas and prolonged haemorrhage following denta! extraction
The patient has had several eptsodes of epstaxis of up to 3 weeks duration He has
had one episode of haematunia but never haematemesis nor melaena There have been
numerous haemorrhages 1nto the knees elbows shoulders and ankles A permanent flexion
<ontracture has occurred of the right knee joint which displays lateral subluxation There
15 extension defect of the left elbow The forearm 15 fixed m slight pronation There
15 limited mobility of both ankles The patient is preatly troubled by Ius disease He
13 apprenticed to a watch maker

Blood analyses Quicks prothrombin time 20 19 19 sec (control 18 sec) Thrombo
cytes 338000 per pi of plasma Recalctfication ume 1 dilute plasma 10 mun 45 sec
The thromba test showed thrombin (Curve A)
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Curve B Addiion of 02 ml of adsorbed bovine plasma The thrombin generation poor
Recalafication time 11 mun 30 sec
Curve C Addiion of 02 ml of normal serum The thrombin generaton normal Recal
cification time 3 min
Curve D Addiion of 02 ml of heated readsorbed serum The thrombin generation
poor Recalcification time 8 min 30 sec
Curve E Addition of 02 ml of frozen platelet suspension contaimng 178 000 platelets
per pl of suspension The thrombin generation normal Recalcification time ! mm
30 sec
Curve F Addition of 02 ml of the patients own serum (stored for I year) The thrombn
generation normal Recalcificatton time 2 mun

Diagnosts Chustmas factor deficiency (Christmas disease)

Famuly 23
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3 Born 1895 The patients bleeding tendency first mansfested itself at the age of
13 or 14 as a profuse haemarthrosis Thrs was followed later by numerous haemarthroses
chtefly 1n the knees and ankles as well as in the elbows on heavy work There s
hmited mobtlity of the right elbow soint which ts 35 degrees short of full exiension
The right knee jount can be moved from 180 to 110 degrees The patent hav had several
prolonged gingival haemorrhages as well as several severe intramuscular bleedings An
sntramuscular bleeding 1n the right thigh 1n 1934 became infected and had to be ncised
The operation was followed by prolonged bleeding which did not cease till afler repeated
blood transfusions The patient has several varices on the left lower leg These have
ruptured spontancously two or threc times but the bleeding each time stopped soon after
ocdimary bandaging The patients diseasc has grown milder n the course of years He
18 able to provide for himself and his family as a furnace man

Blood analyses Quicks prothrombin time 19 19 19 sec (control 20 sec) Pro
thrombin proconvertin (Owren) 90 ~ Recalcification time in dilute plasma 7 min 30
se. The thrombin generation test showed after a lag period of & mun an accelerated
theombin generation A fairly high concentration was reached (Curve A}
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Curve B Addition of 02 ml of normal serum The thrombin generation normal Recal
cification ime 3 mun

Curve C Additon of 02 m! of adsorbed bovine plasma The thrombin generation somec
what accelerated without becoming normal Recalcification ime 4 min 45 sec

Cutve D Addition of 0. ml of heated readsorbed serum The thrombin generation
poor Recalafication time 10 min

Diagnosis Chnistmas factor deficiency (Chnstmas disease)

4 Born 1896 The furst abnormal bleeding was observed when the patient at the age
of 16-17 had prolonged haemorrhage foliowing demal e((raclwn He has had frequent
haemorrhages since mn the forms of
chiefly in the knees and elbows which have himited mobility and ar: deformed The
ught knee 1s completely suff There have been occasional episodes of haematuria lasting
a few weeks but mever haematemesis nor melaena He has had several intramuscular
bleedings most often 1n the throat, wh re they have pow and then caused respiratory
troubles In 1953 there was spontancous hacmorthage from a latyngeal papilloma The
bleeding stopped 1n response fo A coagulant He was not operated on He had been a
soldier for 10?; months when he was rejected because of haemorrhage in the night knee
jont, The disease has grown mulder since his 36th year The patient 1s a grocer and
able 1o support himself and a famuly

Blood analyses Quick s prothrombin ime 19 20 21 sec (control 17 sec) Thrombo-
cytes 401000 per yl of plasma Recalcification time n dilute plasma 4 mm The
thromben generation test showed a very steep fise of the thrombin concentration after
a lag persod of 6 min The concentration fell rather soon agair (Curve A}
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Curve B Addiian of 02 ml of adsorbed bovine plasma The thrombn generation
delayed Retalcfication time § mun 10 sec

Curve T Addition of 02 mf of serum The thtombin generation normal Recaluficaton
tme 2 mumn 46 sec

Curve © On adding beated d serunt the tt was rather poot
Recatesfication tune 4 mun 26 ser

Cutve B Addition of 02 ml of platelet suspension (272 000 per i of suspension) The

poor  Recalethy ume 3 mumn 46 sec

Curve F The thrombin generation m plasma stored at 20 C with ats normal content
of platelets was almost normal though someshat delaved Recafoficabon ame §
mm 1 osec

Dugnosss Christmas factor deficiency (Chnstmes disease)

9 BHorn [935 Propostus The patient had fus furst abnormal bleeding a1 the age of
5 months when a lasge haematoma occurred on one leg Ha has had numerous haemo
trhages since espe tafly from the gums and nose which often necessitated hosp ahsation
Stnce the age of 2 years he has repeatedly been i hospital on account of bleedings into
the knees wnists elbows ankles and hip Jowmts The bleecdings arase partly spontansousty
and pastly following myunes Permanent changes with hmited mobiity have gradually
developed it both knee jomts and both ankles The patiens has had » single episode
of melaena and haematemests and several times begmatung He 15 able to provide for
humself as an office clerk

Blood analyses 1942 Cietmg tsme 15-22% mun Clot loose Blood platelets 400 000
Bleeding time 11 man

1949 Thrombocytes 400 000 Serum calowm 93 mg¥% Guthin 95 mm mercwy
for 3 mun o petechie

Present Quicks hrombim time 17 1819 sec (ontrol 18 see}
Thrombocytes 290000 per wl of plasma Recaluficabon time o dilute plasma 4 mi
30 sec The thrombin generation test showed teghgeable thrombin gemeration {Curve A)

FAM 23 NO 9
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Curve B ¥ Addition of 02 ml of plasma from pt no 3 fam 4 (Chnstmas diseasct
The thrombyn generation poor Recaloificaton time 4 pun
Cutve B ¥ Addinon of 02 mi of adsorbed bovine plasma The thrombin gencration
r Recxlafication e 4 min 30 sec
L\)r’:zac Addien of 02 mt of playma from a patent with AHF deficiency flam €9}
The thrombm generatien pormal Recalafication yme 3 min
On exammation 2 years later the course of the thrambm generation cm‘rtspond(dr o
urve D where & conviderable amount of thrambm 14 sees 1o have been gonerated afier

° od (about § minutes) Recalufication tme 5 min 30 se¢

a protonged fag pen
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After addition of either adsorbed bovine plasma or serum of heated readsorbed
serum the thrombin generation became normal (Curves E F and G respecuively) The
recalcrfication imses were 2 un 30 sec 2 min 15 sec and 3 mun 30 sec respectively
Curve H Addition of the patients own wushed platetets to the plasma from which they

ongmated hhewise normahsed the thrombin generation Recalmfication time 3 min
Curve 1 In plasma stored at —*0 C with 1ts normal platelet content the thrombm

was formal £ tume 2 mun 15 sec

FAM 23 NO 9
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Curve k02 ml of the patient s plasma was unable to normalise the thrombin generation
m plasma from another Christmas patent (fam 85 no 1

Curve L Addition of 10 mt of the patients plasma normalised the thrombin generation
m plasma lacking the Chrstmas factor

Diagnosis Slight Christmas factor deficiency (Chnstmas disease)

10 Born 1946 The patient has been hable to brmses since his furst year of hfe
He has had one episode of gingival bleeding which stopped spontancously There has
been no abrormal epistavis and never baemasthroses He once had a large haematoma
on the night thigh following an tnury There has been no haemorrhage from the gastro
satestinal or the urmary tract

Blood analyses Quicks prothrombin time 22 22 22 sec (control 19 sec) Thrombo-
cytes 804 000 per pt of plasma Recalaification time 10 dilinte plasma 4 min 45 sec The
thrombin generation test showed a rather steep mse and fall of the thrombin concentra
uon after a lag period of 5-6 mm (Curve A)
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Curve B Addition of 02 ml of adsorbed bovine plasma shortened the lag perod but
maximum thrombin concentration was not attamed uli after 9 vun Recalaficaton
ume 3 mun 35 sec

Curve © Addwan of 02 ml of normal serum The thrombm generation normal Recal
afieabon tme { mim 50 sec

Cusve D Addiion of 02 mi of readsorbed heated serum The thrombsn generation
sormal Recalafication time 3 mun {$ sec

Curve E Additton of 02 mi of frozen platelets from a patient with Chrsstmas disease
(fam 4 no 10) The thrombin generation nosmal Recalaficaton time 3 imn
35 sec

Curve F The thrombia generation was pracucatly posmal i the pauents plasma with
s normal content of platelets after storage at —20 C for 20 hours Recalaification
tme 4 min 30 sec
The patients plasma could rot normalise the shrombin generation m plasma from

another Chesstmas patient {fam 85 no 1}

Diagnosis  Shght Chrstmas factar defiaiency (Christmas dissase)

11 Born 1950 At the age of 7 months the patient bled from the frenulum labu
supenor following an mjury  He has of blood mto
the ankles after spraimng once mta the left b aed basic
jonts e has never had haematuria melaena nor epstaxs § years ofd the patient was
admutted to hospital on account of haemorrhage after having bit hus tongue Hasmostasis
was obtamed after local treatment with stypven

FAM 23 No It
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Blood anilyses (The hebenhavns Amtssygchus Hellerup Paediatnic Dept) Thrombo
cytes 370000 Prothrombin ndex 67 ,

Present tmestiganons Quiks prothrombin time «4 23 23 sec (control 20 sec)
Thrombocytes 503 000 per 11 of plasma Recalaification time n dilute plasma 6 mun
50 sec The thrombin generatton test showed a rather steep rise of the thrombun concen
tration after a lag penod of 5-6 mm (Curve A)

Cunve B Addition of 02 ml of normat serum The thrombin generation normal Recal
cfication time 2 min

Curve C Addition of heated readsarbed serum The thrombin generation slow Recal
ctficaion time 5 mun

Curve D Addition of 0 2 ml of ad orbed bovine plasma The thrombin generation normal
Recalcification ume 3 min

Curve E After the plasma had been stored with its normal content of platelets at 20 C
for "0 hours the thrombin was normal time 2 min 30 sec

Curve F 02 ml of the patents plasma was unable to normatise the thrombin generation
10 plasma from a patient with Christmas disease (fam  85)

Diagnosss Shght Chrstmas factor deficsency (Christmas discase)

12 Bora 1950 Since the age of 1-2 months the patient has had prolonged bleedings
even from minor cuts as well as a tendency to large bruises He has had numerous large
circumscribed swellings 1n the scalp of as well as
ongm There have been several bleedings 1nto the elbow jomts rvesultiag i transttonly
hmited mobihty but no haemarthroses elsewhere The patunt has never bled from the
nose gums gastro intestinal tract or urmary system He has been admitted to hospital
several tumes on account of large haematomas of the head and neck
Blood analyses (The Centralsygehuset Slagehe Surg Dept) Thrombocytes 318 000
Present invesngations Recalcification time 1a_ditute plasma 6 min 45 sec Quick's
prothrombin time 23 23 23 sec {control 20 sec) The thrombin generation test showed
a slow rise of the thrombin concentration after a lag period of 5 munutes (Curve A)
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombmn generation
essentially improved Recalcification time 3 mw 25 sec

Curve C Additon of 02 ml of serum The thrombin generation normal Recalcifica
uon tme 3 min 10 sec

Curve D Addstion of heated r:adsoxbed serum The thcombin generation delayed Recal
aficanon fume 6 mm
The patents plasma normalised the thrombin generation 1 plasma with AHF defi

ciency (fam 75 no 1 fam 76 no 1) but not that m plasma lacking the Christmas

factor (fam 85)

Dizgnosis Shight Christmas factor deficiency (Chustmas disease)
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13 Born 1953 At the age of 21 years the patient bled for 14 days from the frenufum
l3bn supertor He has been lhable to ecchymoses since 3 years old he was admitted to
hosprtal owing to haemorrhage from a large subcutancous owcrpital haematoma The pa
tient has had no mucosal haemorrhages haemarthroses haematuria nor melacna

Blood analyses (The Centralsygehuset Slagelse Med Dept) 1956 Clotung time
3 min Thi 3710000 P, proconvertin (Owren) 72 %

Present Quick's firombin time 18 18 17 sec (control 17 sec)
Thrombocytes 192 000 per pl of plasma Recaleification time 1n diute plasma $ run
15 sec The thrombin generauon test showed a slow nise of the thrombmn concentration

after a lag period of 4 mm (Curve A)
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Curve B Addition of 02 ml of normal serum The thrombin generation normal Recal

afieation time ! mun 30 sec
Curve C Addttion of 02 m! of adsorbed bovine plasma The thrombin generation

delayed Recalctfication ttme 4 mun sec
Curve D Additton of 02 m! of heated readsorbed serum The thrombin generation

detayed the Jag period about 5 mun Recalcfication time 4 min 15 sec
Curve E Storage of the plasma with its normal content of piatelets at ~20 C for

15 months resulted 1n a perfectly normal thrombin generatton Recalcificatton tme

3 mmn 40 sec

The patients plasma did not normalise the thrombmn generation in plasma from 3
Christmas patent (fam 4 no 10) but that 1n plasma from a Hageman patent {fam
86 no 1}

Diagnosts Chnstmas factor deficiency (Christmas disease}

Famiy 24
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The fanmly 1 of foreign orgin and settled n ths cauntry in 19 0 Alrer the Second
World War several members of the family emigrated again
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4 Born 1938 Propositus From the age of 2 months the patient had frequent episodes
of epistatis through some periods dady Now and then he has had large subcutaneous
haematomas on the body but never melaena
noe sntramuscular bleedings The patient cannot fell now when he had hes last episode
of bleedin, He serves a commercial apprenticeship and manages well

Blood analyses 194% (Andreassen} Clotung nme 10-16'/2 min Bleeding ume 4 mm
‘Thrombocytes 310000

Present imveshgati ns Quicks prothrombin tme 18 18 18 sec (control 18 sec)
Thrombocytes .72 000 per ul of plasma
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‘The thrombin generation test showed rapid formation and tna tivation of thrombin
(Curve A) Recalcification tume 3 min 5 sec After storage at ~ 0 C for 72 bours
the thrombim generation was accelerated m plasma having its normal content of platelets
{Curve B) as well as in plasma having 3000 platelets per pl {(Curve C)

Duagrosts No detectable clotting defect

Family 25

,? & &
i [ i I R EEEEE

The family can be traced back to before 1850 No haemophilic members are known
beyond those mentioned below

2 Born 19.8 Propositus A bleeding fendency first mamfested itself when the patient
was 3 years old as prolonged ocozing hacmorrhages from the gums and nose From
schoof age he had increasmgly frequent haemarthroses m the large jomts resulting
especially 1n the ankles m limited mobility He has had ome epsode of hacmaturia
accompamied by lumbar pan There have been several intramuscular haemorrhages The
patient died at the age of 27 from internal bleeding after having been gored by a herfer
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3 Born 1933 A bleeding tendency has been abserved since the pauent was 3 yeass
old mamfesting stselfl 1 the begmming as epistaxis and bleedings 1o the skiz These
often He has had k b 50 the koees amkles
and elbows The left knee jownt 13 now almost immobile and the molehty of the nght
ss greatly hmited There 15 also fimsted mobifity of the feft efbow The patient has had
haematuna but not hacmatemesss nor melaena He has often had gingival hacmorshages.
The patient who 1s rather troubled by his disease recesves disablement benefit He has
been given many blood transfusions In 1954 the pattent was submutted to appendiceciomy
which was followed by prolonged oozing haemorrhage

Blood analyses 1956 (The Bronderslev Fospital) Clotung time over 2 hours

Present i Quich s bin time 15 15 15 sec {controf 17 sec)

bocytes 169 000 R fnme 3n didute plasma 16 mun The thrombm
geaeration test showed no thrombin generation (Curve A)
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Cune B Additon of 02 mi of adsorbed bovine plasma The thrombin generztion
unpraved The concentration rose and fell rather quickly without reaching high values
however Recaleification time 1 oue 40 sec Addison of 04 ml of adsorbed bovine
plasma gave no further wnprovement of the thrombin generanion

Curve € Addiwon of normal serums The thrombin generation poor Recalcifwation time
§ won

Curve D Addition of 02 mi of adsorbed bovine plasma to plasma with 1ts normal
content of platelels after storage at ~20 C for 1D months The thrombn genesanon
normal Recalotficaton ttme 2 mun 50 sec

Cusve E Shows the thrombin generation under the same conditsons but m platelel poor
plasma (7000 per u! of plasma) The ihrombin generation normal

Disgnosis Deficiency of the anthaemaphilic factor {classical haemophiha) and deficiency
of the freeznng serum factor (Christmas factor)

& Born 1939 The patient has afways brused easily Since the age of 2 years there
have been frequent episodes of epistaxss and prolonged oozing haemorrhapes {rom culs
There was bieeding from the gums on secondary dentison The patent has bad hatmn‘
1ur1a atlended by lumbar parn bul never haemartemesis nor mtfaesa He has had occa;m}r:a
bieedings 1nto the knees and elbows which have resulted 1 somewhat limited mobility
The patieat states that ke is. m‘)hmo;k;m’y u:ubkd :y by d;(serndsg ::‘r does not recerve

benelit but assists hus father i has work as a herdwm:
dm;‘lco':;n;nnfvm Quick & prothrorabin ume 15 15 15 sec (control 17 sec) Throm%
cytes 286000 per of of plasma Recalofication tnte in ditute playma 13 mun
thrombin generaton fest showed no thrombin generanon (Curve A)
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Curve B Addition of 02 ml of serum The thrombin generation poor but the recal
ofication time fell to 3 mn
Curve C Addition of 02 m! of adsorbed bovine plasma caused a slow mse of the
thrombin concentraion Recalcification time 3 min
This etpertment was repeated 14 months Jater on plasma stored at —*0 C with a
content of 11000 platelets per ul The thrombin generation was somewhat improved
(Curve D) Recalafication time 4 mm 75 sec

Diagnosis Deficiency of the antthaemophilic factor (classteal haemophilia) plus deficiency
of the freczing’serum factor (Christmas factor)

5 Born 1941 The patients furst proonged bleeding occurred at the age of 7 years
atter he had myured his finger Since he has often had subcutaneous haemorchages
and long cpisodes of epistaws There was prolonged bleeding on secondary dentifion
He has never had haematutia nor gastro intestinal haemorchage There have been bleedings
into the elbows and ankles but the mobility of the joals 15 fiot hmuted

Blood analyses Quicks prothrombin ime 16 16 16 sec (control 17 se.) Thrombo
cytes 179000 per l of plasma Recalatfication time in dilute plasma § min 45 sec
The thrombin generation test showed no thrombin generation (Curve A)
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Curve B Addition of 02 ml of serum The thrombin concentration rose slowly Recal
afication time S5 min 30 sec
Curve C Addition of 02 ml of adsorbed bovine plasma A slow rise and fall of the
thrombin concentration Recalcification time 3 min
Curve D Simultancous additon of 0. ml of adsorbed bovine plasma and 02 ml of
serum The thrombin generation normal Recalcification time 1 min 20 sec
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Cune E Addution of 02 mi of adsorbed bovine plasnia to plasma (26 000 thrombocytes
per pl} stored at ~20 C for 14 months The thrombin peneration pormal Reval
cification e 3 wun 45 sec

Diagnosis Deficiency of the antihacmophiiic factar (classical haemophiha) plus deficiency
of the freezing’serum factor (Chnstmas factor)

Farmuly 29
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As far back as the present geperation remembers there have been no cases of
haemophshia 1n the famly

2 Born 1907 Propostus A bleeding tendency was detected when the patient had
a footlt extracted at the age of 10 Thts was folfowed by prolongsd oonmng hacmorrhage
for several days Simslar longed h h followed densal
There have been bleedings inta the elbaw jomts twice after sapunes but none of these have
left permanent changes There has been one epsode of haematuna without aitending
lumbar pams The patent was confmed to bed for 3 wecks He has had a few mira
muscelar bleedings The pattent has been a soldier and stood the service weli There
have been no bleeding epsodes the past 20 years No blood transfusion has ever beer
gven The patient ss a messenger (using 2 bicycle) and supports a famuidy

Blood analyses 1941 (Andreassen) Clotting time (Burhes} 15 ~ > 28 mm Clot loose
Thrombocytes 350 000

Present Quick s time 18 19 20 scc {controf 12 sec)
Thrombooytes 322000 per il of plasma Recalorfication time n duute plasma 2 mw
45 sec The thrombin gemeratson test (Curve A) showed a perfectly normal thrombn
generation with a steep rise and faff of the thrombin concentration
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With 2 view to the presence of a qualitative pfatelet defect the thrombin geeration
s & control plasma was fested partly with s own platelers and partly after addion
of a platelet suspenston from the present patients plasma
Curve B shows the thrombin generation curve for the control plasma
Cutve C shows the thrombin geperation cusve for the same plasma after centnfugation
for 10 run (2000 7 p m ) and addiion of 04 mi of plateiet ssspension from the
patients plasma There scems 1o be no reduction of the thrombin penersuon

Dhagnosis Mo detectable clotung defect
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The hving members of the family are thoroughly famihiar with the earlier generations
‘There 15 believed to have been no cases of haemophila beyond those set out in the
pedigree

6 Born 1907 Propositus A bleeding tendency has been observed since the age of
2 years In ifancy the patient had several grave gingival haemorrhages Such continued
to recur throughout tus growing years having abated only at the age of 25 He bas had
numerous haemarthroses 10 nearly all the large jomts chiefly the knees elbows and
ankles There 1s frmited mobifity of the feft knee and the left efbow There has been one
episode of haematunia and several mira abdominal bleedmgs Within recent years there
have been frequent without The
patient who 15 a master tarfor and chairman of a parlsh coupcill now manages welt
compared with formerly He thinks that the disease has grown mulder the past 10 years
He has not been in hospital for many years

Blood anatyses Quick s prothrombin time 18 17 17 sec (control 19 sec} Thrombo-
cytes 17 000 (seventeen thousand) per pl of plasma Recalcification ttme 10 dilute plasma
10 mmm 50 sec The thrombin generation test showed no thrombin gencration (Curve A}
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Curve B Addimon of 02 ml of adsorbed bovme plasma Shght improvement of the
thrombi generation and a fall of the recalcification time fo 4 mm

Curve C Addmon of normal serum Slght mmprovement of the tbrombin generation
Recalcification tme 4 men 30 sec

Curve D Addition of 04 ml of platelet suspension (170000 platelets per pl) gave
essential improvement of the thrombin but maximum
attamed fairly late Recalaification time 5 mi

Curve E Simuftaneous addition of 02 ml of adsorbed bovine plasma and 04 ml of
platelet suspension (170 000 platelets per pl) The thrombm generation normal Recal
cification time 2 min 40 sec
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Carve B Addttion of 02 m} of adsorbed bovine plasma to plasma (26 000 thrombocytes
per pl) stored at 20 C for 14 months The thrombin generalion normal Recat
cilication time 3 mun 45 sec

Diagnosis Deficieacy of the antthaemophilic factor (classical haemophdsa) plus deficwency
of the freezmg/serum factor (Chrstmas factor)

Famidy 29

o G a . 4 &

2.

As far back as the present geacrstion remembers thers have been po cases of
heemophiha 1 the famsly

2 Bom 1307 Propostus A bleeding fendency was detected when the patient had
2 tooth extracted at the age of 10 This was foliowed by prolonged coung haemerrhage
for severat days Simsiar prolonged haemorrhages followed subsequent dental extractions
There have been bleedings 1nto the efbow tomts twice after mpunes but none of these have
Teft persanent changes There has been one epsode of haematurra without attending
lumbar pain The patient was confined to bed for 3 wesks He has had a few intra
rousentar bleedings The patient has been a soldier and stood the service well There
have been no bleeding episodes the past 20 years Na bleod transfuston has ever been
gvets The patient 15 a messenger (using 2 bdicycle) and supports a famidy

Blood analyses 1941 {4ndreassen) Clotung time {Burker) 15 ~ > 25 mun Clot loose
Thrombocytes 350000

Present Quicks tme 18 19 20 sec (control 19 se¢)
Thrombocytes 322000 per pl of plasma Recalafation time in difste plasma 2 min
45 sec The thrombim gemerauon test {Curve A) showed a perfectly normal thrombis
peneration with & steep rise and fafl of the thrombiz concentration
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With 2 view 3o she presence of 8 qualiative platelet defect the thrombin generabon
10 a control plasta was tested partly with us own platelets and pastly after addison
of a plaeles suspenston from the present fatents plasma
Curve B shows ihe thrombia generation curve for the controf plasma
Cusve € shows the thrombin peneration curve for the same plasmn after centnfugation
for 10 min (2000 r p m) and addiwen of 04 mi of platclet suspenyion from the
panents plasma There seems to be no reduction of the thrombin geacraton

Diagnosis No detectable clating defect
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The living members of the farmly are thoroughly famihiar with the earlier generations

‘There 1s believed to have been no cases of haemophulia beyond those set out i the
pedigree

)

6 Born 1907 Propositus A bleeding tendency has been observed simce the age of
2 years In nfancy the patent had several grave gingal haemorrhages Such contimued
to recur throughout his growiag years having abated only at the age of 25 He has had
fumerous haemarthroses 1n nearly all the large joints chiefly the hnees elbows and
ankles There 1s hmuted mobility of the left knee and the left elbow There has been one
episode of haematuria and several ntra abdominal bleedings Within recent years there
have been frequent without The
patient who 1s a master tailor and charrman of a parish council now manages well
compared with formerly He thinks that the disease has grown mulder the past 10 years
He has not been 1n hospital for many years

Blood analyses Quicks prothrombin ttme 18 17 17 sec (control 19 sec) Thrombo
cytes 17 000 (seventeen thousand) per il of plasma Recalaification time 1n dilute plasma
10 min 50 sec The thrombin generation test showed no thrombin generation (Curve A)
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Curve B Addition of 02 ml of adsorbed bovime plasma Stight 1mprovement of the
thrombr generation and a fall of the recalcification tme to 4 mun

Curve C Addition of normal serum Shght umprovement of the thrombin generation
Recalufication tme 4 mun 30 s

Curve D Addition of 04 ml of plale[et suspension (120000 platelets per pl) g
essential improvement of the thrombin but maximum
attaimed fauly late Recaleificaon time § mun

Curve E Simultaneons addition of 02 mt of adsorbed bovine plasma and 04 mi of
platelet suspension (170 000 platelets per pl) The thrombin generation mormal Recal
aification time 2 mun 40 sec
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Cusve ¥ Spmultaneous addivon of 82 ml of serum and 84 md of platelet suspension

Ykewise resulted m 2 P 4 R i time

2 sun

Owing to the thrombopema of which no explanation conld be gven the patenls
blood was exammned 2gam 18 months later

Quick s prothrombm tme 17 17 {8 tec (control 20 sec) Thrombocytes 630000
per pl of plasma Recalufication time tn difute plasma 6 sun 50 sec The thrombin
generadion st shaned a slow nise of the thrombim concensration 2fier a fag penod of
about 8 min (Cuse As) The maumam concentration was father high bat took 15
sunutes o be attamsed
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Curve B Addition of 03 mi of adsorbed bovine plasma he Shrombm peneration was
accelerated  Recaltrficauon tme 3 min 30 sec
Cugve €1 Adiition of 02 mi of normal serum The thrombm generaton sormaf Recal
aficateon tme 3 nun 33 sec
Corve I Addition of 02 md of heated readsorbed scrum The thrombin gereration
defayed Recafafication time 6 smun
Curve Br Addition of the patiemts own serum to s own plasma effected onhy shight
aceeleration of the thrombin generation Recalaification time & mun
Curve F Addimon of 05 ml of frozen plateler suspension (205 000 platefets per yf)
improved the thrombss generatton so much as to render it afmost normal Recat
cfication tume 4 mun 45 seg
The patients plasma was unable 1o normalise the shrombin generabon in plasma
tacking the AHF (fam B4 no §) whereas it tised the thrombin [
plasma from a patient laching the Chrstmas factor (fam 62 no 3)

Dhagnoms Slight deficiency of the anthaemoptole factor {classical factor} Intesmuttent
thrombopenta?

$ Born 1906 The first abnormal bleeding was observed at the zge of 10-12 years
when dentaf exfracrion was followed by profonped oozng haemorthage The patient has
kad aumerens gogval heemorrhages sioee of which several required admsssion to hos
pitol From the age of 13-14 theve were haemarthroses most often w the knees and
elbows which however never required orthopedic trealment The mobifuy of the night
%mee 15 shehtly lnmted The patsent has had seversl mtramuscular bleedings some of
which were jocaltsed w the throat where they caused respiratory troubles There has
never been haematunia bt once a gostne hasmorthage The patient s frable to post
and h He has never been sncapacstated by hus disease

He has pot been n hospieal for 18 years and hves by ks work as a gammer
Blood analyses Quicks prothrombss time 19 19 19 sec (control 20 sec) Thrombo
362000 per wl of plasma Recalofication ume 7 min 20 sec The thwombin

s
gncrmnn test showed o freatly defayed shrombm generation (Curve A} The thrombm
congentranon rexched high values however
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Curve B Addition of serum No improvement of the thrombin generation Recalaifica
tion time 3 min 30 sec

Curve C Addition of 0. ml of ad orbed bovine plasma The thrombin generation
normal Recalaification time 3 mun

Diagnosis Defictency of the antihaemophuli factor (classical haemophilta)

9 Born 1908 The first abnormal bleeding, occurred at the age of 2 years when blood
continued 10 ooze from a wound m the forehead In infancy the patient had frequent
spontaneous gingival haemoarshages From school ate there were numerous haemarthroses
most often 1n the knee jonts which gradually caused permanent hmutation of mobihty
and changes of contour There has been one epsode of tntra abdomunal bleeding but
never haematuna He has had numerous yntramuscular bleedings The patient continues
to have frequent haemarthroses He has not been i hospital since 1927 He 1s a talor
and does not feel particutarly troubled by his disease

Blood analvses Quicks prothrombin ime 19 19 19 sec (control 20 sec) Thrombo
cytes 244000 per pl of plasma Recaleification time i dilute plasma 7 min 45 sec

thi

The thrombin showed thrombin Curve 4)
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Curve B Addition of 07 ml of adsorb:d bovme plasma The thrombin generation nor
mal Recaloification tune 2 mun 30
Curve ¢ Addition of 02 ml of normal serum The thrombu generation poor Recal
cification ttme 3 mun 30 sec

Diagnosis Deficzency of the antibaemophilic factor (classical haemophilia)
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Curve ¥ Simultaneous addition: of 02 m! of serum and 04 m! of platelet suspension

Itkewise resulted 1n & somewhat ymproved thrombin generation  Recalerficasion time

min

Owwng to the thrombopema of which no explanation could be prven the patients
blood was examined agatm 18 months ater

Quick s prothrombin ttme 17 17 18 sec {onto! 20 sec) Thrombocytes 630090
per yl of plasma Recateification tme 1n diluste plasma 6 mun 50 sec The thrombin
genesaton test showed a slow rise of ihe thrombin concentration after 2 tag period of
about 8 mun (Curve A The maxmum concentraon was rather high but took IS
minties to be attaned
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Curve B; Additon of 02 mi of adsorbed bovine Plasma the thrombm geheraton 25
accelerated Recaloification time 3 mun 30 sec

Curve C; Addstion of 02 mi of norma! serum The thromisn generation nornat Recal
ufication time 3 min 33 sec

Curve D Addition of 02 ml of hested readsorbed sernm  The thrombin generation
delayed Recalafication time 6 mn

Curve Ei Addtion of the panents own serum to hys own plasma effected only shight
au of the th Recala, ume 6 mmn

Curve Fi Addizon of 05 mi of frozen platelet suspension (205 000 platelets per i)
wnproved the thrombsn generation 5o much as to sender ¥ almest normal Recal
cifiation time 4 mun 45 see
The patents plasma was unable to normalise the thrombin geperation m plasma

locking the AHF (fam 84 no 5) wherens w d the thrombin m

ptasma from a pavent fackwng the Chrstmas factor (fam 67 so 3}

Dragnosss  Shight deficency of the antthaemophific favtor (classical factor) Intermuttent
thrombopenta

8 Born 1906 The farst abnormal bleadins, was observed at the age of 10-1 years
when dental extravtion was followed by profonged oozing haemorrhage The patient has
had aumerous guagival haemardhages stace of which several requsred edmussiwon o hos
pital From the age of 13-4 there were haemnarthrases most often in the knees and
eibows which however never required orthopedic treatment The mobulity of the right
knee 15 shghtly humtted The patient bas had several intramuscular bleedings some af
which were jocalsed s the throat where they caused respiratory troubies There has
never been haematurta but once a gastne bacmorriage The patent 13 hable o post

and He has never been incapacitated by his disease
He has not been s hosptal for 1B years and hves by his work as a carger

Blood analyses Quick s prothrombin tme 19 19 19 sec (control 20 sec} Thrombe

cytes 362000 per pt of plasma Recalpsfieatson tme 7 nmna 20 sec The thrombm
2 test showed 2 greatly delayed thrombm generanon (Curve A) The thrombin

genesatan
cotcentration teached high values however
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Cunve B Addiwon of serum No improvement of the thrombin generanon Recalaiftca
tion time 3 min 30 sec

Curve C Additon of 02 ml of adsorbed bovire plasma The thrombin generation
normal Recalcification tme 3 min

Diagnosis Deficiency of the aptthaemophihic factor (clasuical haemophilia)

9 Born 1908 The first abnormal bleeding occurred at the age of 2 years when blood
continued to ooze from a wound in the forchead In imfancy the patient had frequeat
spontancous gingival haemorrhages From school age there were numerous haemarthroses
most often m the knee jounts which gradually caused permanent hmitation of mobility
and changes of contour There has been one episode of rntra abdominat bleeding but
never haematurta He has had numerous jntramuscular bleedings The pauent continves
1o have frequent haemarthroses He has not been i hospital since 1927 He 1s a tarlor
2nd does not feel parucularly troubled by his disease

Blood analyses Quicks prothrombm time 19 19 19 sec (control 20 sec) Thrombo
cytes 244000 per yl of plasma Recalafication tme n dilute plasma 7 min 45 sec

The thrombin showed thrombin (Curve A)
FAM 31 NO §
@600/t
30
20 B
~——

8 1 12 MIN

Curve B Additton of 02 ml of adsorbed bovine plasma The thrombun generauon por
mal Recalcificaton time 2 min 30 sec

Curve C Addition of 02 m! of normal serum The thrombin generation poor Recal
cficagon time 3 min 30 sec

Diagnosss Defi sency of the antihaemophilic factor (cla sical haemophilia)
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9 Born 945 There hus been & tendency to subeutaneous haematomas since ¢arly
infancy The patent has had several prolonged mucosal haemorrhages after having bitten
his tongue Dention was attended by haemorrhages which often necessitated admussion
to hospital He has never had haematuna mefaena nor haematemnenis There have been
frequent haemorrhages wio the knees ankles and elbows bus these have sot yet cansed
permanent changes The patient has received several blood transfunions

Blood analyses Quick s prothrombin tme 18 18 17 sec {control 18 sec} Thrombo
cytes 570000 per ! of plasma Resalaficaton time i didute plasma 11 mun The
thrombn generation fest showed no thrombin generation (Curve A)

0400/ SAM 3% NO 9

30
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Corve B Addtuon of 92 mi of normal serem The thrombm generation poor Reeal
aificanon fsme 2 mun 95 sec
Curve C Addition of 02 m! of adsorbed bovine plasma The thrombin concentration
rose and feli quickly Recalmfication time 2 min 45 sec

Diagnosts Deficiency of the antthaemaphubic factor (classical haemophitia)

16 Born 1944 The patient brusses easily and has done so from turth An attack of
ofitis was woth ) d bleeding from the ear At the age of
one year he had prolonged cozing haemorrhage from @ cut m the ear He has had frequent
bieedings mto the efbows and knces There s hunrted mability of the rght etbow X ray
of the elbows and the left teg showed the bones to be deftcient @ cafcium  Destruction
and osteophyte formations were found o the elbow and knee joints as well av narrowing
of the jowt cavity of the left knee The pauent bas been givea many bloed transfusions

Blood analyses 1953 (The Rigshospualet Dept G) Clotiing time 6-45 min Capiltary
renstance Mo petechiae  Prothrombin time 30 sec {contral 18 sec) Bleeding hme
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4% mun Thrombocytes .8 000 Clotting tme 135 hoursat37 € Clowtng tme according
w Andreassen Budrket 645 mun

Presens smvestigationy Quick s prothrombim time 19 19 18 scc (controf 20 sec)
Thrombocytes 466 000 per wl of pfasma Recalafication time tn difute plasma 19 min
The thrombin generztion st showed no thrombin geseration {(Curve A)

FAM 3¢ NO 1O
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Cuxve B Addstion of 02 mi of serum The thrombin genenation poot Recadesfication
tme 7 mn

Carve € Addinon of 04 mi of adsorbed bovine plasma The thrombut geteration
normal (02 mt of bovme plasma was pot sulficient) Recalafwation tume 3 mun
45 sec

Curve D Addiion of 02 mt of fresh plasmz The thrombin generation rmproved but
somewhat delayed Recatefcation tme 4 mis 45 sec
Addruor of 82 m} of she patents plasma to a control plastma caused no Inhibition

of the thrombin generatton in the falter 1n other worde no sgns of an iakbioe ware

demonstrable (Cutve E illustrates the thrombis generation before addition of the patent s

plasma and curve F aliee)

Curve G The patients plasma dsd not lack the Christmas fatlor bang able to normabse
the thrombin gentration 3n plasma from 2 patient with Chrimas dusease {fam 4
o 1

Diagnosis  Deficiency of the anthaemophilie factor (classical haemophitia)

Family 35
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There s onty ons living patiant walh hemophstia o the famuly

& Born 1906 A bleeding tendency was first noficed when the patient, ot the age of
2 years had prolonged coztng haemorrhage from a munor sore in the mouth Swce
there Dave been several alveolar ind gugwal haemorrhages and numerous episodes of
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often spontaneous epistavis From school age there were mereasmgly frequent and panfut
hagmasthroses chuetly 1 the knees ankdes and elbaws ‘These haemorshages have gradu
ally cansed changes of the jomts X ray of the knees and elbows 1942 (The Aarhus hom
munehaspstal} shawed narrowed jomnts cavities ureguiar sclerosed amoular surfaces and
pea to walnut sized subchondral areas of decreased density He bas had one epsode of
h and 4 tar b “The patient was
previously gwven a number of blood transfustons Though the disease has grown
creasmgly milder m the course of sears the patient is stdl table to subcutancous
haematomas and to haemarthroses The patient €arns a hving as a woodcutting mackmst
and does not recave disablement benefit

Blood ancfyses 1942 (The Aarhus hommunehospital) Clotting time accordisg 0
Howell Grans 11 mun Bleeding ime 13+ min Thrombooytes 366 D00 Fibonogen D51 ¢
Clot retraction pormal

Fresent Quick s b ume 18 18 19 sec (control 16 see)
Thrombocytes 337 000 per jl of plasme Recaluficatsion time i difute plasma 11 mm
48 sec The thrombin generation iest showed no thrombin generation {Cune A)

FAM 38 NO €

“Otso0/t

Cone B Addition of 02 mi of normal serum ™o essential improvement of the thrombin
though the rose hat towards the voaciasion of the

expermment Recalcficatzon time 6 mun 45 sec

Curve € Addiuen of 82 ml of adsorbed bovime plasma Some mprovement of the
ihrorabin generatron though only after 2 lag peniod of § men Recaluheation bme
4 mn 3D sec

Curve D Sumultanccus addion of 02 mil of sdsorbed bovine playma and 02 mi of
serum The thrombin gencration normal Recslafication tme 2 mun 3§ sec

Curve £ After the plasma had been stored wih us nommal content of platelets at
20 C for 24 hours additon of 02 mi of adsorbed bovine plasms cavs
a very steep nise and fall of the ifomtus concentration Recalufication ttme 1 mn

Cune ¥ Use of plateles poor frozen plasma e a sumlar experiment gave 2 somewhat
slower nise of the thrombin concentraton Recalcfication time 3 o

Cunve © The thrombm geseraton pormal after addion of 02 mi of adyorbed bovind
plasma and 02 mi of heated readsorbed serum  Recalcification nme & min 10 sec

Fausor plus freezng serum factor

Diagnosis Deficrency of the
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2 Born 1913 Propositus The first abnormal bleeding manifested stself by prolonged
vozing bleeding from a munor sore tn the forchead when the patient was 4 years old
Dunng infancy and childhood the patient had numerous severe haemorrhages from the
gums and nose In 1936 he had to have three blood transfusions to stop the bleeding
after extraction of all Iy lower teeth From the age of 7-8 he had increasingly frequent
haemarthroses chifly in the knees and elbows where they gradually caused permanent
Iimiation of mobility Both knees are fixed 1 about 35 degrees flexion There 15 extension
defect 1n both elbows The patient has had several episodes of haematunia attended by
lumbar pam

The patient thinks that the bleeding tendency has abated somewhat with increasing
years spontaneous haemorthages occurnng less frequently than previously He 1s how
ever unable to work chiefly because of his jomnt deformities and recewves disablement
benefit

Blood analyses Quick s prothrombin time 20 20 20 sec (control 20 sec) Thrombo
cytes 177000 per ul of plasma Recalcification tune im dilute plasma 9 min 34 sec

The thrombin test showed thrombin (Curve A}
FAM 36 NO 2
“¥s00/t
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Curve B Addition of 02 ml of adsorbed bovine plasma seemed to have no influence
on the thrombin generation Recalcification time 9 min 46 sec

Curve C Addition of 02 mi of normal serum The thrombin generation normal Recal
ctfication time 3 mn 15 sec

Diagnosis Christmas factor deficiency (Christmas disease)

3 Born 1920 One year old the patient had a prolonged oozing bleedmg from a
munor sore 1n the mouth Later he had numerous haemorrhages from the gums and nose
and often From school age there have been
ncreasingly frequent haemarthroses chiefly 1n the knees shoulders and ankles The left
knee jomt 15 nearly stiff and the mobility of the right 1s greatly himuted The feft ankle
18 ankylotic The mobility of the elbows 1s greatly reduced He continues to have recurrent
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often spontaneous epistaxss From schoof age there were wcreasmgly frequent and pamful
haemarthroses chiefly m the knees ankfes and efbows These haemorthages have gradu
ally capsed changes of the jomts X ray of the koees and slbows 1942 (The Aarhus Rout
munchospital) showed namrowed joints cavities wregular sclerosed asticular surfaces and
pea to walnut stzed subchondral areas of decreased density He has had one epsode of
h and i h The patent was
previously given a number of blood tramsfusions Thongh the disease has grown m
creasmply mulder in the course of years the patient 13 stll hable to subgutancous
haematomas and to haemarthroses The patient eatns 3 bving as a woodcutisng machmmst
and does not receve disablament beneftt

#food analyses 1942 (The Aarhus Kommunchospital) Clotting time accordiog to
Howell Gram 11 mur Bleeding time 134 nun Thrombacytes 266 000 Fibrmogen 03173
Clot retraction normal

Present Quicks ume 1§ 18 19 sec (control 16 sec)
‘Thrombocytes 337 000 per wd of plasma Recalefication time s dilute plasma 1t mo
45 sec The thrombin generaton fest showed no (hrombm generanon (Curve A}

FAM 35 N0 €

“01g00/e

> $ 55 N e
¢ 2 3 3 4 H 12 MIN
Curve B Addinion of 02 mil of normal serum Mo essental smprovement of the thrombit
though the o3¢ hat towards the conclusion of 1he

expenment Recalaficalion tme 6 nus 45 sec

Curve C Addition of 2 mt of adsarbed bovine plasma Some wmprovement of the
thrombtn generation though only after a lag perwed of 5 mun Recalaification hme
4 min 30 sec

Curve D Symotaneous addimon of 02 mi of adsorbed bovme plasma and 02 mi of
serum The thrombin gencration normal Recsiofication tme 2 min 15 sec

Curve E After the plasma had been stored wsth s normal content of platefets ot
~20 C for 24 hours uddwon of 07 mi of adsorbed bovine plasma caused
a very steep nise and {1l of the thrombun concentratson Recalosficaion time | aun

Curve ¥ Use of piatelet poor frozen plasma in a sumslar expeniment gave 3 somewhat
stower rise of the thromb: time 3 un

Curve G The thrombia gencration normal afier additson of 82 ! af adsorbed bovine
plasma and 02 mi of heated resdsorbed serum Recalofication time 4 mun 10 see

Duagrosis Defictency of the anthaemephihe factor pluy freezng/serum factor
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Curve B Addition of 02 m! of normal serum The thrombin generation normal Recal
cification time | mun 40 sec

Curve C Addition of 02 ml of adsorbed bovine plasma The thrombin generation
normal Recalcification ime 3 men 40 sec

Curve D Addition of 02 ml of readsorbed normal serum (S0 mg barum sulphate)
The thrombin generation normal Recalcification time 3 mi 20 sec

Curve E Addition of 04 mt of frozen platelet suspension contatning 380000 platelets
per pl of suspenston The thrombin generation normal Recalcification time 3 min

40 FAM 36 NO 4
/\,

[ 2 4 ) L] 10 12 MiN

Curve F Addition of heated readsorbed serum The thrombin generation normal Recal
cification time 4 mun

Curve G Course of the thrombin concentration i the patients plasma after this had
been stored with its normal content of platelets at —20 C for 48 hours The thrombin
generation normal Recalcification time 4 min

Curve H Corresponding expenment with platelet poor plasma (9000 platelets per pl}
The thrombin generation normal Recalcification time 3 mun

Curve T Addition of the patients own washed platelets (04 ml 130000 platelts per ply
to the plasma from which they had been 1sofated The thrombm geaeration must
be characterised as normal Recalcification time 4 mun 15 sec
The patient s plasma normalised the thrombin generation 1n plasma lacking the Christ

mas factor (fam 85 no 1) and 1n plasma facking the AHF (fam 84 mo 5)

Diagnosss Deficiency of the Hageman factor (Hagemans trait)

5 Born 1955 The patient displayed no signs of a haemorrhagic diathesis till the age
of about 9 months when apparently without cause he began to vomit and shortly
after lost consciousness He was admitted to a meurosurgical umt where 2 plum sized
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haematuna wih attending lumbar pan He has had several eprsodes of intea sbdomnal
haemorzhage woth melaena The disease has not grows mdder m the coutse of years
The patient st frequent § bleedings
and bleedmngs i the night hip joint The patient secerves disablement benefit

Blood analyses Quick's prothrombsn time 19 19 18 sec {rontsof 20 sec} Thrombo-
cytes 210000 per wf of plasma Recalosfication time s dilute plasma 1% mn 30 sec
The thrombs tess showed ble thromb Corve &

FAM 36 NO 3
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Curve B Addiion of 02 mi of adsorbed bovise plasma The thrombn genesation poos
Reelafication time 10 mun

Curve C Addition of porwat serum  The thrombm gevezstion normal  Recaterfcation
time 2 mm 30 sec

Curve D Addwion of 02 mi of frozen platelet suspensson (150 000 thrombocytes pes #b)
Some improvement of the thfombin generation afwer a Jag pertod of 6 min

Curve E The thrombin generaton n platelet ich stored plasma {14 months xt —28 C}
was normat Recalcrfication tme 4 mun

Curve F shows the result of the camespondmng expeniment with platelet poor plasma
The thromtan geperation normal Recalafy anen ume 4 mmm 28 sec

Diapnoss Chsnstmas factor defictency (Christimas disease)

4 Bom 193 2 vewrs oid the patient bled for a long time from 2 minor wound of
one hand Blood tramsfuston was sequired 0 stop the bleedng He has had several
episodes of P gogrval He fas vaver had any teeth
enracted From the age of 3% he bad seven pamful haemuithroses inost oftes ot the
ankles The & ¢ bly and sevesty ofter the
patient hag grewan up There are no permanent hanges of the jomis I 3957 the
patient was Opesated on for a memscus fewon n ope knee The patent was given 500
) of plasma before the operauon and during the following 24 hours threc fimes 50
mi of plasma The next 5 days the panent revesed 500 mt of plasma daly There was
no bleednp sfter the aperation

The patient 18 2 telegraph operator on board a stap and manages very weil He
does pot receve disablement denel  He s f2r foss Groubled by the disease thar by
o brothers wiwh whom he has only s mother s common

Blood aralyses Quick § prothrombin tme 20 19 19 sec (control 18 sec) ‘Thrombo
tes 34000 per pi of plasma Recalrficanon tme s diute plasma 5 min 35 sec
¢ thrombin generation lest shawed a slow nise of the thrombun concemration after a

Th
lag pensod of 5 mn Curve A}
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Curve F A corresponding expertment with platelet poor plasmn (7000 platelets per 1)
The thrombin generation poor Recalaification tme 7 mi

Curve G Course of the thrombin m frozen pl i plasma alone
Only low thrombin concentrations were seen towards the conclusion of \be expenment
Recaleification time 7 min 30 sec

Curve H Sigas of tnhibitor were not demonstrated Addition of 02 ml of normal fresh
plasma resulted m a normal thrombin generation

Curve I Simultaneous addition of 02 ml of bovine plasma and 02 ml of heated read
sorbed serum to stored platelet poor plasma gave 2 normal thrombin generation Recal
cfication time 4 min 10 sec
The patients frozen plasma normalised the thrombin generation in plasma lacking

the Chostmas factor from pt mo 1 fam 85 but only partally so 1n plasma from pt

no 10 family 4

Duagnosis Deficiency of the hulic factor plus factor

23 Born 1941 From the age of 10 months the patient had subcutaneous baemorthages
after minor mjunes At the age of 2 years there was prolonged bleeding from the gum
after an mjury The second dentiion Was associated with profuse bleedngs Injections
give rise to haematomas There have been frequent bleedings ito the knees and ankles
The mobility of both knees 15 greatly Iimited In 1955 the patient had an imtrapencardial
haemorrhage after imjury of the thoracic wall The patient has received several transfusions

Blood analyses (The Vejle Amts og Bys Sygehus) 1955 Clottmg tme 40 min
Bleeding time 10z mun Thrombocytes 330 000
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haematoma was found 1 the right hemusphese The patient died few hours after the
operatton Autopsy reveafed & Jarge up to 3 cm thick subarachnoid haematoma m the
nght fissure of Sylvius extending along the lateral and mfenor surfaces of the entire
right temporal lobe The patient was given transfustons during and after the opefation
6 hours after death blood was withdrawn for analyss The thrombm generation was
somewhat slow The recalcifiation time exceeded 23 mmutes No defimte conclusions
can be drawn on the basis of this information

Fanuly 39
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21 Born 1922 A bleeding tendency first mantfested itself at the age of about one
year In infancy the patient most often had bleedings into the skin and from the gums
more rarely from the nose From the age of 3 years there were tncreasingly frequent
and panful haemarthroses comprising nearly all the large jomts chiefly the knees the
mobilitv of which has gradually become hmited with attendmg pronounced muscular
atrophy Both elbows present a shght extension defect Since the age of 5-6 years the
pattent has had several episodes of haematunia At the age of 12 he had profuse intra
muscular haemorrhage round the left hip and extending into the pelvis The haemorthage
caused prolonged loss of sensatron mn the anterior part of the thigh At the ape of
15 he had another haemorrhage in the same region This also gave loss of sensatron
nt the amterior part of the thigh as well as paralysts of the extensors of the thich These
neurologic symptoms persisted for 2 years The patient has had several episodes of melaena
He has extracted some of his own teeth without this having been followed by abnormal
bleeding The disease has grown mulder since the age of 20 Formerly the patient could
only get about in a wheeled charr but now he s able to ride on a bicycle The patient
live by teaching music and has a small shop

Blood analyses Quicks prothrombin time 16 17 16 sec (controi 16 sec} Thrombo
cytes 233000 per pl of plasma Recaloification tme m dilute plasma 12 mm 40 sev
‘The thrombin generation test showed no thrombin generation (Curve A)

Curve B Addition of 02 ml of serum No essential improvement of the thrombin genera
uon Recalcification time 6 mun

Cune C Additton of 02 ml of adsorbed bovine plasma A slow rse of the thromben
con entration and a somewhat more rapid fall Recalcification time 4 min

Curve D Addition of twice as much adsorbed bovine plasma Only lutle further im

of the thrombin generation

Cuz:mgm;rétdmi; of 02 ml of adsorbed bovine plasma to the patients plas;n;l dv;:x\h
1ts normal content of platefets after this had been stored at _201 C for ys
gave a normal thrombin generation Recalcificanon time 2 mun 15 sec
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Curve B Addition of 02 ml of serum Very little improvement of the (hrombin generation
which was poor Recaleification time 5 mn sec

Curve C Additton of 02 ml of adsorbed bovine plasma The thrombmn generation nor
mal Recal ification time 3 min 19 sec

Diagnosis Deficiency of the antthaemophilic factor (classical haemophilia)

25 Born 1925 One year old the patent had his first abnormal bleeding In infancy
he most often had mucosal bleedings specially from the gums Some of these were life
threatentng Subcataneous haemorrhages were hikewise frequent From the age of 2-3 years
he had increasingly frequent and painful haemarthroses gradually comprising nearly all
the farge jomnts chiefly howcver the knees elbows and ankles resulting 1n transonly
hmited mobility He has had several intra bleedings by
sis and numerous intramuscular bleedings In the left hand such bleeding caused develop
ment of ulnar paralysis resulung m claw hand and loss of sensation i the skin These
neurologic phenomena persist The patient has never been troubled by epistanis He states
that the disease has grown milder since the age of 21 He occastonally has haemarthroses
but these are less pronounced than previously The patent s fully fit for his work as
a provision dealer He has never been given transfusions

Blood analyser Quicks prothrombin time 20 21 20 sec {(control 18 sec) Thrombo-
cytes 237000 per pl of plasma Recalaification time in dilute plasma 9 min The
thrombin gemeration test showed neghgeable thrombin generation {Cutve A)

40 FAM 39 NO 25

4 & ] "0 2 MIN

Curve B_Addition of 02 ml of adsorbed bovine plasma The thrombin generatton nor
mal Recalesfication time 2 mm 40 sec

Curve C Addmion of 02 ml of serum The thrombmn generation poor Recalciftcation
ume 3 mm 12 sec

Curve D Addition of 02 ml of fresh platelet suspension (*00 000 per pf) and 02 ml of
adsorbed bovine plasma did mot accelerate the thrombin generation more than did
bovine plasma alone

Curve E Addition of 02 ml of adsorbed bovine plasma to the patients plasma after
this had been stored with 1ts normal content of platelets 2t —20 C for 7 months
effected a more rapid nse and fall of the thrombin concentration than when the
;daorbed bovine plasma was added to fresh plasma (curve B) Recalification time

mmn
Curve FSunultaneous addion of 02 ml of heated readsorbed serum hkewsse gave
of the thrombm Recal ifcation time 3 mn

Diagnosts Deficiency of the antihaemophilic factor (classical haemophtlia)

26 Born 1949 The patient has bruised easily sune the age of .-3 months He has
been in hospital several imes on account of epistaxis and prolonged bleedings from
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Present Quicks hrombis time 18 18 18 sec (controf 18 sec)
Thrombocytes 800800 per ul of plasma Recalcification tume m difute plasma 3¢ ma
The thrombm generation test showed no thrombin generation {Curve A)

40 500/t FAM 39 NO 23

o 2 4 8 & 1©0 2 MIN

Curve B Additon of 02 mi of serum Lattle smprovement of the thrombis generatios
Recalafication time § w45 see

Curve C Addihon of 02 ml of adsorbed bowne plasma Very slow nse of the thrombim
concentration  Recalafication time 4 mun 20 see

Curve D Addition of 02 mi of adsorbed bovine plasma to the patients platelet poor
plasma (8000 platelets per ul of suspension) after this had been stored at —20 C
for 1D months effected normal thrembm generstion Recaloification time 3 mn 21
sec

Diagnosis D of the h ehe factor plus freemng/oerum fastor

24 Born 1945 The patent has had abnormal bleeding phenomena from the age of
6 months There were prolonged Meedings on first denttion Ingury of the gum was
followed by profonged biteding He has had several haemorrbages mto the Jeft ankle
tut these have not left permanent chanipes There has been nesther haematemesss nor
mefaena but hacmaturia The patient has been mven several transfusions with favourable
results
Biood anatyses (The Vejle Amis og Bys Syzehus Med Dept} Clottmg tme 45
mis $0 mm Bleeding tme 3 mun Thrombocytes 48% 000

Present Qusck s tume 18 19 13 sec (control 13 sec)
‘Thrombocytes $42 008 per ul of plusma Recalcification tme m didute plasms 12 min
30 sec The thrombun generation test showed neglgeable thrombin generanon (Curve A}

FAM 3% NO 24

2500/t
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20
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Curve B Addwon of 02 ml of serum Very little improvement of the thrombin generation
which was poor Recalaification ttme 5 mun sec

Curve C Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalafication kme 3 min 19 sec

Diagnosis Deficiency of the antihacmophilic factor (classical haemophitia)

25 Born 1925 One year old the patient had his first abnormal bleeding In infancy
he most often had mucosal bleedings specially from the gums Some of these were hfc
were likewise frequent From the age of 2-3 years
he had mereaswigly frequent snd pamful hacmarthroses gradually comprising nearly alf
the large jomts chiefly however the knees clbows and ankles resultng in transitonly
limited motality He has had several intra abdomenal blcedinys accompanied by haemateme
sis and numerous Iinttamuscular bleedings In the Jeft hand such bleeding caused develop
ment of ulnar paralysis resulting 1n claw hand and loss of sensation in the skin These
neurologic phenomena persist The patient has never been troubled by epistaxs He states
that the disease has grown milder since the age of 21 He occasionally has haemarthroses
but these are less pronounced than previously The patient 1s fully fit for his work as
a proviston dealer He has never been given transfusions

Blood analyses Quick s prothrombim time 20 21 20 sec (control 18 sec) Thrombo-
cytes 237000 per yl of plasma Recalcification time in dilute plasma 9 min The
thrombin generation test showed negligeable thrombin generation (Curve A)
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Curve B Addition of 02 ml of adserbed bovine plasma The thrombin generation nor
mal Recaleffication time 2 mun 40 se
Curve C Addition of 02 ml of serum The thrombin generation poor Recalcification
tme 3 mm 12 sec
Curve D Addition of 02 ml of fresh platelet suspension { 00 000 per pl) and 02 m! of
adsorbed bovine plasma did not accelerate the thrombin generauon more than did
bovine plasma alone
Curve E Addition of 0. ml of adsorbed bovine plasma to the patents plasma after
this had been stored with 1ts normal content of platefets at —20 C for 7 months
effected a more rapid rise and fall of the thrombin concentration than when the
adsatbed bovine plasma was added to fresh plasma (curve B) Recalcification time
« mm
Curve F_Simultaneous addition of 02 ml of heated readsorbed serum likewise gave
of the thrombin time

3 mm

Diagnosts  Deficiency of the antihaemophilic factor (classical haemophilia)

26 Born 1949 The patient has bruised eastly since the age of 2-3 months He has
been in hospital several times on sccount of epistaxis and prolonged bleedings from
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wounds The patient has received several transfusions He has had heemorrhages mito
the elbows anhles and knees but these have left no permapent changes

Bioad analyses (The Veyle Amts ag Bys Sypehus Med Dept) Clo tng me 37
mun_ ~ 2 hours Bleeding time 15 mun 3 mun Thrombocytes 312 000

Present Quicks b bt time 19 19 19 sec (control 19 sec)
Recal ification time 10 dilute plasma 8 min 30 sec The thrombin generation test showed
neglgeable thrombim generation (Curve A)

FAM 39 NO 26
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Curve B Addition of 02 ml of normal serum No essential improvement of the thrombin
generation Recalcification time 4 mun

Curve C Addition of 02 mi of sdsorbed bowne plasma Slow st of the thrombn
concentration  Recalufication nme ¢ aun

Curve D Addition of 02 ml of adsorbed bovine plasma to the patents plasma after
thus had been stosed with @ mormal content of platelets a8 ~20 C for 24 hours
The thrombin generation normal Recalcificanon ttme 3 mun

Curve E. shows the result af the same expenment with frozen platelet poor plasma
The thrombin generation essentially improved but the concentrations attam g were rot
particularly high Revalctfication time 4 mun

Curve F Simultaneous addiion of 02 ral of adsorbed bovine plasma and 02 ml of
serum The thrombin generation normal Recaloifiation tme 1 min 45 sec

Duagnosts Deficicacy of the antthaemophulic factor plus freezmg serum factor

Famulv 40
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Bomn 1927 Proposutus The patient is severely affected by hiemop!
U\e‘g‘gc :; 3 years he has had frequent mucosal hacmorrhages specrally o;)zmg' ]gxr;ﬂ:::
hi ere and d to hospital
:lgedmgs sevirap}a:f{:lv ':?te: all the large jonis
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Su h have caused limsted mobility of the right knee and the left elbow He has had
numerows intramuscular bleedings which together with the haemarthroses have kept
the patient bedrdden for long periods from his Bth year He has had many episodes
ot and frequent 5ub The abnormal bleeding phenomena
have not abated with increasing years The patient 1s greatly disabled He receives disable
ment benefit but supplements his income by dealing 2 little with motor<cars The patient
has recetved many transfusions

Blood anlyses Quick's prothrombin ume 18 19 19 sec (control 19 sec) Thrombo
cytes 490000 per ul of plasma Recalafication time mn dilute plasma 10 mn 30 sew
The thrombin test showed thrombin {Curve A}
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Curve B Addittost of 02 ml of adsorbed bovine plasma Some improvement of the
thrombin generation which however continued to be greatly delayed Recaleification
time 4 mm 15 sec

Curve C Addition of 04 ml of adsorbed bovine plasma No further improvement of
the thrombin generation

Cunve D Addition of 02 ml of normal serum Slight improvement of the thrombmn
generation Recalafication time 3 min 45 sec

FAM.40 NO I
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0 2 4 & & 0 2 MiN

Curve E Addition of 02 ml of adsorbed bovine plasma plus 02 m! of normal serum
The _thrombin generation normal Recaleification time 3 mm

Curve E: Using readsorbed heated serum instead of serum m the above experiment (E}
the rise of the thrombin concentration was lower and very slow

Curve ¥ No signs of an mbibitor Addimon of 02 ml of ctrated plasma (fresh) to
1 m) of the patients plasma gave a steep nise and fall of the thromben concentration
Recaloification tme 2 mmn 45 sec
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Curve G Addrion of 02 m! of adsorbed bovine plasma to the pateents plasma afler
this had been stored wiuh its normal content of platelets at 20 for 13 days
effected only shight rmp t of the thromb. Reval hme «
mm 30 sec
After having been stored at 20 C the patients plasma normabsed the thrombin
generation an plasma lacking the Chnistmas facior (fams 4 14 and 22)

Diagnosis Deficiency of the antthaemophilic factor and of the Christmas factor

Family 41
'

[TF RAT

The family 1s known as far back as before 1840 No cases of haemophiira are kno#n
beyond those described below

2 Rorn 1921 Propostus A bleeding tendency was noticed from the patients first
year of Iife In wfancy he had prolonyed profuse often spontaneous mucosal haemo
srhages and bleedings mnto the skin From the age of 5-6 he had screasingly frequent
panfal haemorrhages into nearly alt the jorats knees ankles elbows wnsts and haps
Such gradually gave hmited mobility of the elbows and knees The patent has had 2
few episodes Of haematuria attended by umlateral Jumbar pam In 1941 he had a very
severe attack of haematuria accompanted by a very large haematoma n the night flank
He has had a few episodes of intra ab h
Epistaxis was frequent previously The patient has had several pingival haemorrhages and
prolonged bleedings after denral extraction which latter pecessitated transfusion The pa
tient has been given numerous transfusions allegedly with a favourable effect The dis
ease has remained unchanged 1 the course of years The patient ss totally drsabled
neatly always troubled by bleeding somewhere or other He receves disablement benefit
The patient has been tramed as a shoemaker but 1s unable to work as such

FAM 41 NO 2
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Birod analyses Qu ks prothrombin time 18 18 17 sec (contral 19 sec) Thrombo
cytes 369000 per p! of plasma Recalcification time n difute plasma 8 min 25 sec
The thrombin generation test showed negligeable thrombin generation (Curve A) The
curve marked Aq shows the course of the thrombin concentration in a blood sample with
drawn 10 months later The recalcification ttme was then 5 min 50 sec

Curve B The thrombm generation normal after addition of 02 ml of adsorbed bovine
plasma Recalafication ttme 3 min 40 sec

Curve C Addition of 02 ml of normal serum The thrombin generation constderably
1mpraved though with a shghily protonged lag period and a somewhat fate occurrence
of maximum thrombin concentranon Recakificaton time¢ 4 mmn

Curve D Addstion of 02 ml of readsorbed normal serum The thrombin generation nor
mal Recalcification time 3 min 45 sec

Curve E Addition of 02 ml of heated readsorbed normal serum Some improvement
of the thrombin generation Recalaification time 7 mun
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Curve F Simultaneous addinon of 02 ml of adsorbed bovime plasma and 02 ml of
heated readsorbed normal serum The thrombin generation normal Recalcification
time 1 mm 30 sec

Curve G Addition of 02 mi of the patients own serum after this had been stored for
10 months The thrombm generation normal the lag perrod about 4 min Recalaifica
tron time S mun 30 sec

Curve H The thrombin generation normal after addition of 02 ml of adsorbed bovine
plasma to the patients plasma (5000 platelets per pl) after this had been stored at
—20 C for 3 days Recalcification time 2 mun 28 se¢

Curve I The thrombin generation 1n plasma with its normal content of platelets after
storage at —20 C Little simprovement The recaleification time had fallen to 4 mm

Curve K 02 ml of the patients plasma improved the thrombmn generation somewhat in
plasma from a patient with classical haemophilia (fam 84 no 5) Recalcification time
5 min 20 sec

Curve L Addition of the patients frozen plasma to plasma from a patient with Christ
mas disease (fam 85) normalised the thrombin generation Recalafication time 2
mm 25 sec

Diagnosis Slight deficiency of the factor plus factor

4 Born 1939 The patient displayed a bleeding tendency from the age of 6 months
manifesting nself by large often spontaneous haematomas oft the body as well as pro

louged oozing haemorrhages from the gums The patient died 7 years ofd at home from
haemophilia
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Curve G Addition of 02 mi of adsorbed bovine plasma to the patients plasma after
this had been stored with its normal content of platelets at ~20 for 18 days
effected only shght of the tme 4
mm 30 sec
After having been stored at ~20 O the patients plasma normalised the thrombm
gemeration 1 plasma lacking the Chrstmas factor (fams 4 14 and 22)

BPragnows Defictency of the antthaemophilic factor and of the Chrstmas factor

Famdy 41

B o

The famly 13 known as far back a8 before 1840 No cases of haemophula are known
beyond those descnbed befow

2 Barn 1921 Proposstus A bleeding tendency was moticed from the patients fust
year of life In infancy he had profonged profuse ofien spontancous mucosal haemo
rthages and bleedings into the skin From the age of 56 he had mcreasmgly frequent
panful haemarrhages wto neatly ail the jomts knees ankles elbows wrsts and hups
Such gradually gave hmted mobility of the elbows and knces The patient has had 3
few episodes of haematuna attended by undlateral lumbar pan In 1941 he had a vety
severe attack of baematuna accemponsed by 8 very large baematoma mn the right flank
He has had a few episodes of intra 1} i d with
Epistaxts was frequent previously The patieat has had several gingeval haemorrhages and
prolonged bleecings after dental exiraction which latter necessitated transfusion The pa
tent fias been given memercus wansfusions ailegedly with a favourable effect The dn
ezse has remaned unchanged m the course of years The patent 15 fotally diabled
nearly atways troubled by bleeding somewhere or other He recewves disablement benefit
‘The patient has been traned as a4 shoemaker bot s unable to work as such

FAM. ¢t WO 2
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Curve H Addition of 02 ml of heated readsorbed serum The thrombin generation poor
Recalaification ttme 7 min 40 see

Cune I Simultancous addition of 02 ml of adsorbed bovime plasma and 02 ml of
heated readsorbed serum The thrombin generation normal Recalcification time 2
min 15 sec

Curve k Addition of 02 ml of the patients own serum after thus had been stored for
10 months A slow but considerable rise of the thrombin concentration Recalcification
time 4 mn

Curve L Addition of 02 ml of adsorbed bovine plasma to the patients plasma _after
this had been stored at =70 C for 3 days The thrombin peneration normal Recal
afication time 3 mn
The patients plasma behaved hike that of patient o 2 in the presence of plasma

lacking the AHF and plasma lacking the Christmas factor

Diagnosis Shght deficiency of the factor plus factor

Comments

It was difficult to classify the patients m fanuly 41 They differ from the remaming
patients belonging to the group of AHF plus freezing/serum factor deficiency in that
the thrombin generation 1n their plasma became normal after addition of adsorbed bovine
plasma alone However when the plasma had been frozen the thrombin generation was
accelerated very considerably after addition of adsorbed bovine plasma The same reac
tion was observed after simultaneous addition of adsorbed bovine plasma and heated
readsorbed serum to the fresh plasma Addition of normal serum alone gave almost
normal thrombin generation The same effect was obtamed by adding the patients own
serum

It seems as if addition of merely one of the two factors these patients are supposed
to lack 18 2ble to normalue the coagulation system

‘That the patients were not referable to the group of PTA deficiency appears further
from the fact that their plasma did not correct the clotung defect m plasma lacking
the AHF

Family 42
] ?

7 3
I B L’1ib Eiﬁ

4 Born 1927 Propositus A bleeding tendency was manifest from the age of 6 months
In wnfancy the patient had many prolonged often Iife threatentng haemorthages from the
gums and nose which necessitated blood transfusions From the age of 2 years pamful
haemarthroses werc very frequent gradually comprising nearly all the large jomts The
mobility of the knees elbows and ankles has become permanently Lmited The n ht
knee 15 ankylosed and there 15 pronounced muscular atrophy of the entire mght lower
leg The patient has for several years been wearing a plaster or leather bandage round
the nght leg He has had several episodes of haematuria accompanted by lumber pain
Theﬂ;l;anjm 15 greatly dlsab}]ed The disease persists unchanged
tood analyses 1941 (The Kgbenhavos Amtss:
mg to Howell Gram 20 mm yeshus Gentofte Clotuing bme accord
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5 Born 1937 A bleading tendency was {isst noticed womediately after bith when
the patient presented large ecchymoses He has had several epsodes of apistaxis and
beedmgs from the gums There has been no hasmatunia nor bleeding from the gastre-
intestinal tract He has had haemarthroses comprising most of the large jomts knees
aplles elbows wrists fups The right elbow 13 fixed 1n extenuion posstion 'The patiests
disgase persists vachanged He 1s disabled and receives dwablement banefic

Blood enalyse  Quicks prothrombin tme 19 19 20 sec feontrol 19 sec) Thrombo
cytes 165000 per pl of plasma Recalafication time in diute plasma 8 mun 40 sec
The test showed thrombin {Curve A)

FAM 41 NO§
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Curve B After storage of the paticats plasma with sts normal costent of platelets 3
—20 C for 5 months a lag period of 5-7 mmutes was followed by some nse of
the \hmmbm concentration  Recalafication time 7 min 46 seo

Curve C Addition of 02 mi of fresh controf plasma The thrombia genetation formal
Recalesfication tme 3 min 20 sec

Curve D The better n the patients fresh plasma
about 10 months after the expmmcnt stlustrated 1 curve A Recalaficanon time
4 min 5D sec

Cusve £ Addiion of 62 m! of adsorbed bovine plasma The thrombin generaton
essentially mrproved bus the thrombin concentration rose farly slowly Recalaification
time 2 min 45 sec

Curve F Addition of 02 mi of normal serum A slow rise of the thrombin concentra
tton Recalethcauon ume 4 mn

FAM 41 NO S
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Corve G Addstion of rcadsoxbed serum The thrombin generaton poor Recalafication

ume 5 mie
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Curve Bi Addion of 02 ml of adsorbed bovine plasma The thrombwmn generation
normal Recalaifi ation ttme 1 mue 48 sec

Cutve Ci Additiop of 02 ml of normal serum The thrombin generation considerably
improved but not normal Recal ification tume 4 mun

Comments

The results of these latter investigations suggest that the patient has an isolated AHF
deficiency since bovine plasma alone normalised the thrombin generation On the other
hand addiion of serum scemed to have some influence on the thrombin generation
appreciable amounts of thrombin having been formed The possibility might be concetved
that the deficiency of the AHF and the Christmas factor 1s shight so that adsorbed
bovine plasma which perhaps 8 not quite without Christmas factor is able ta pormalise
the thrombin generation

Tt is remarkable that the recalcification time was nearly twice 2s long on the first
nvestigation (15 min) as on the second The same was true for the lotting time t of the
fibrinogen samples m the thrombin gererauon test. These facts suggest that the clotting
defect 1s not constant

Duagnoss (first mvestigation) Deficiency of the antthaemophihic factor and the Chnstmas
factor

Family 43

are)

3 Bomn 1936 Propositus A bleeding tendency was first observed whea the patient
at the age of 6 months developed large apparently spontaneous haematomas round both
eyes Since there have been numerous gingval haemorshages and especially prolonged
oozng often Iife threateming bleedings from the nose Such have necessitated admission
to hospital eight umes The patient khas received four blood transfusions owing to lIoss
of blood from epistaxis Since the age of 2 years the patient has had increasingly frequent
haemarthroses in nearly all the Jarge joints The haemastbroses most often come on
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1942 Clotting e 3042235 mun Clot loose Blood platelets 241 000 Blood grovp A

Present nvestigatoas Spontaneons clotting time for whele blood at 37 € 68 mm
Quick s prothrombim tme 21 19 19 sec {control 19 sec) Thromboeytes 313000 gt
wt Recaloficaton fime s ditute plasrma 15 min The thrombin generauon test shawed
no thrombin peneration {(Curve A)
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Curve B Addton of 03 ml of adsorbed bovine plasma gave some wnprovement of the
b the thrombis Tising very sfowly Ths wactivaten
af the thrombea formed hkeense very sfowly K tume 3 @t
15 sec Addiwn of DS mi of adsorbed bovine plasma 8:d not pormalise the thrombin
generauon eithes
Curve € Addmion of 02 ml of normal serurs Very shight wnprovement of the thrombm
generaton  Recaloification time 3 wmn
Curve D Addiwion of 82 ml of adsorbed bovine plasma as well as 02 mi of normaf
serum effected 2 steep nse and alf of e thrombm concentrayon Recatafication
time 2 min 33 sec
Curve £ Addihon of 02 mi of readsorbed serum bad hardly any effect pot even whes
added symultapeonsly with 02 mi of adsorbed bovine plasma Recalcification time
5 mun 23 sec
The tbromisn generation was normalsed pesther by plasma fackmg the AHF (fam
% oo 13} nor by Chostmas glasrea (fam 23 no 3)
2 years after the abave wmvestiganon the patients bload was exammed agam Quicks
prothrombn me 20 20 20 sec (contral 19 sec} Thrombocstes 366000 per pl of
plasma Clotung tme for whole blood at 37 € | hour Recalcification twme 1 difute

plasma 7 onn The thrombin test showed ble thrombn
(Curve A%
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Curve B Addition of 07 mi of adsorbtd bovine plasma The thrombin generation nor
mal Recalaification time 3 mun sec
Curve C Addition of 07 ml of normnl serum effected a very slow nse of the thrombin
concentration which however did not attain high values Recaleification time 3 mun

Diagnosis Defictency of the antthaemophilic factor (classical haemophitia)

9 Born 1923 A bleeding tendency was first observed when the patient was 1 month
old In infancy he had numerous severe bleedings from the gums and nose which often
necessitated admission to hospital and required blood transfusions From the age of 3
years he had frequent gradualty nearly all the
large joints These caused greatly imited mobility of the knees elbows and ankles The
haemarthroses increased very considerably 1n frequency with increastng years Durng
one period the habiity to such was so pronounced that bleeding iato the joints might
occur merely by the pauent getung out of bed Between the ages of 17 and 19 the patient
had about 50 haemarthroses a year He has had numerous episodes of haematuria ac
companied by umilateral Jumbar pain and several severe imtra abdominal haemorrhages
attended by haematemesis and ileus like states He has had several mtramuscular bleedings
of which a few were locahised in the throat where they caused respuratory troubles
‘The pauent feels greatly hand: apped by his disease but 1s inclined to think that 1t has
grown somewhat milder since the age of about 21 He has often been bedndden for
about 6 months at a time He has been given numerous transfusions with a favourable
effect The patient recewes disablement benefit which he supplements by domg some
office work

Blood analyses Quick's prothrombin time 18 16 17 sec (control 18 sec) Thrombo
cytes 367 000 per ul of plasma Recalcification time 1n dilute plasma 9 mun 16 sec

wed

The thrombm thrombin {Curve A)
FAM 85 NO 9
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spontaneousty They have caused permanent limtation of mobiitty m the koces and elbows
At the time of mvestigation there were bleedings into the shoulder and neck muscles
The patient has had several epuodes of haematuria with astending lumbar pam a8 well
as of melaena He s dsabled and receives disablement benefit

Bload analyses Quick's prothrombint time 23 22 21 sec {control 19 sec) Thrombo
cyies 122000 per i Recaltification tme i didute plasma 18 rmn The thrombu
generation test showed no thtombin generation (Cutve A

Curve B Addinon of adsorbed bovine plasma The thrombin generation poor Recal
cfication tmz % mmun

Curve € Addition of 02 ml of normal serum The thrombin generation pormal Reca)
cfication tme 2 tun 15 sec

Curve D Addibon of 02 m) of hested readsorbed serum The thrombim gemerabon
poor though shghtly smproved Recaleifscation time § min 45 sec

Curve E The thrombin generation smproved velatively hatle afier the patents plasma
had been stored wath uts pommal platefet content at ~20 C for 7 months Recal
afication time 30 mm

Dhagnows Chustmas disease

Family 45

i

B ‘?ﬁéébébéé
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8 Born 1925 At the age of 2 months the panent got jarge apparcntly spontancous
haematomas on the arms and leps From the age of 2 years he has had very scvere
oftess hife threatemng gmgival haemotrhages and from the age of 5-6 years ncreassgly
frequent haemanthroses chiefly to the nght knee shouldess elbows and ankles Th;
mobihity of the knees and efbows has gradually become permanently Jimted He has ha
haematura twice each tme jashng one month There has been profosged bleeding after
destal extracton The patient thinks that the blecding phenomena tead 10 occur lmerd
muttently #nd that they have abated somewhat since he has grown up He has r;mvels
x sgle blood transfusion The patrent has tried to wark at a radio works but b[ﬂ grm
bleedings i the shoulder jounts on the least physical exertion He recenves dysablemes
benefit b6

1ck s prothrombin time 18 18 18 sec (control 18 sec) Thromi
,::,"fzszaa{;y;’r ﬁu:{k p!xa)sma Recaletlication time w didute plasma 123 mon 30 sec
S{th thrombia £ fest showed ble thrombun {Curve A)
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Present imvesnigations Clotting time according to Burker Andreassen 11 min~12%
mn Quick s prothrombin tme 19 19 19 sec {control 19 sec) Thrombocytes 302 000
per pl of plasma Recalcification time tm dilute plasma 5 min 50 sec The thrombin
generation test shawed a very slow mse of the thrombin concentration (Curve A)

Curve B Addition of 02 ml of adsorbed bovine plasma No essential smprovement of
the thrombin generation Recalafication time 3 mmn 30 sec

Curve C Addition of 02 ml of serum The thrombin generation normal Recalcification
ume 1 mun

Curve D Freezing of the plasma gave no unquestionable improvement of the thrombin
generation Recalaification trme 4 min 30 sec

Curve E Additon to this frozen plasma of 02 mil of platelet suspension (150000
thrombocytes per g} effected a rapid nse and fall of the thrombin concentration
Recalaification time 3 mun

Curve F Addition of heated readsorbed serum Some improvement of the thrombin
generation but the lag peniod was over 4 min Recalafication time 5 mm 15 sec

Diagnosis  Christmas factor deficrency (Chnstmas disease)

4 Born 1933 One year old the patient was operated on for incarcerated hermia
without extraordmary bleeding A bleeding tendency first manifested stself when the
patient was 2 years old as frequent episodes of epistaxis and bleedmgs into the skin
At the age of 7 he had a prolonged oozing haemorrhage following extraction of two
teeth At the age of 15 there was agam prolonged bleeding after dental extraction 13
years old he expenenced bleeding 1nto the left knee but he bas had ne other haemarthroses
There has never been haematemesis haematuria nor melaena The past 6 years the
patient has had no abnormal bleeding phenomena

Blood analyses 1943 (Andreassen) Clotttog time 12-15 mun

Present invesnigations Clotsng time according to Burker Andreassen 11-12% mn
Clotting time for whole blood at room temperature (25 C) 16 mn Quicks prothrombin
time 20 20 20 sec (control 18 sec) The thrombin genmeration test showed a normal
thrombin generation (Curve A} Recalaifi ation time 2 pun 50 sec As a reduced thrombo

o 2 4 & 2 10 12 MIN

plastic acuvity was not demonstrable m the patients plasma the mvestigation was repeated
8 days later Quicks prothrombin time 18 18 18 sec (control 18 sec) The thrombin
§3neralxon test again showed a niormal thrombin generation Recalcification time 3 mun

sec

The patients plasma normahsed the thrombin generation 1 plasma from a patient
lacking the Christmas factor (fam 4 no 10) and from & patient with AHF deficiency
(fam 2 10 16) The recalcification times were 3 min 30 sec and 3 min 5 sec respectively

In 1958 the patient appeared however with 2 desire for a certificate of freedom from
haemophihia A renewed blood analysis revealed pathological conditions
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Curve B Additton of 02 ml of adsorbed bovime plasma The thrombin generation nor
mal Recalafication fime 3 min

Curve C Addmtion of 02 m! normal serum The thrombm generation poor Recal
cification time 6 mm

Diagnosis Defictency of the antihaemophtlic factor (classial haemophiha)

Famdy 51

A farly good krowledge 1s had of the famuly through several generations No cases
of haemophilia are traceable wn previous generattons

3 Born 1919 Proposttus From lus fist year of ife the patient was liable to episodes
of profuse epistaxss partly spontaneous and partly after even the slghtest inuries In
infancy he also had large 11 years old he had a
bleeding mto one kmee At the age of 12 another haemarthrosis m the same Joint
Though the latter was of short duration the blood persisted for 2 months At the age
of 14 the patient was submutted to adenotomy This gave nse to prolonged oozmg haemo-
rrhage which did not stop il the patient had recewved a transfusten A subsequent dental
extraction was lthewise followed by oozing haemorrhage of 3 weeks duration Ths
necessitated another blood transfuston The patent bruises eastly He ts a mechamc and
manages his work without difficulty He 1s able to support hys famuly He bas dome his
military service

Blood analvses 1941 (The Rigshospitalet Med Out Pauent Dept) Howell Gram
1 6mm 2)4mm 30sec Blood platelets 298 000 Bleeding tme 7 mn Blood group 0

1942 (Andreassen) Clottng ttme 9-14%; mun Clot loose Bleeding tume 5 min

FAM 51 NO 3
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Curve B Addiuon of 02 ml of adsorbed bovine plasma The thrombsn generation nor
mal Recalafication time 3 mimn

Curve C Addition of 02 mi of normal serum The thrombin generation normal Recal
ctfication time 1 mun 19 sec

Curve D Addition of 02 ml of heated readsorbed normal serum The thrombin genera

tion normal Recalesficaon time 3 mun 26 sec

FAM §f NO S
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Curve k. Addition of 02 ml of frozen platelet suspension (178000 platelets per pl)

The thrombin generation normal Recaletfication time 3 mun 36 sec
Curve F Course of the thrombin generation i the patents plasma after this had been

stored with its normal content of platelets at —20 C for 2 months The rise and

the fall of the thrombn concentration were here steeper than 1n curve A Recalafica
ton tume 3 min 40 sec

The patients plasma normalfised the thrombin generation 1 plasma from a patient
with Chnstmas disease (fam 85 no 1)

An analysis of the patients blood 3 months later at a time when he had no bleeding
phenomena the recalerfication tyme was found to be 3 mmn 20 se¢ Quicks prothrombin
time 19 19 19 sec (control 18 sec} Thrombocytes 423000 per pl of plasma The
thrombin generation was normal (Cutve G)

Diagnosis  Defictency of the Hageman factor
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Quicks prothrombin tme 18 18 18 sec {control 17 sec) Thrombocyies 642000
per yl of plasma Recaltification time in dilute plasma 5 min 50 sec The thrombm
test showed hromb but after a lag peniod prolonged
0 a scant 6 min {Curve Ai)
Cusve Bs Additan of heated readsorbed serum The thrombim generation normal Recal
aification time 2 pun 45 sec
Curve Ci Addition of adsorbed bovine plasma The thrombn generaton notmal Recal
afication tme 2 mun 50 sec
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Curve D: Addmion of the panents own washed platelets to the plasma from which
they had been wolated The th normal tme 2 mun
30 sec

Curve Ei Addiion of plasma from a panent with AHF deficiency (fam 84 no 3
The thrombm generation normal Recalcification time 4 min 45 sec

Curve F Addition of plasma from a patient with Chostmas disease (fam 14} The
thrombsa generation normal Recalafication time 3 nun 10 sec

Curve G Addition of serum from the same Chnistmas panent The thrombin generation
normal Recaleification tme 2 min SO sec
The thrombin generation was normaf 1a the pauent s platefet poor plasma (3000 platelets

per ul} after this bad been stored at —~.0 C

Diagnosts Deficrency of the Hageman factor

5 Born 193t The pauent was not aware of a bieeding tendency until the age of
26 He has never had h epistanss melaena nat
bleedings nto the skin The pauient had previously had a footh extracted without this
having been follawed by secondary bleeding At the age of 26 he had twa teeth extracted
on account of a dental abscess This was followed 12 hours later by oozing haemorrhage
After tamponade (here was haemostass for 2-3 days but then the blreding recurred
and perasied for 9 days The bleeding was so pronounced that the patient was admtted
to hosprial m 2 shocked state with a haemoglabin level of 30% He was unvonsious
2 hires of blood were requred to procure hacmostass Thers were no large bieeding
vessels
Blood anatvses (The R Dept A) Th 397000 Bleechng time

{ mis 45 sec Clotting ime 4 mun 15 sec {afier transfusion) Prothrombin 95 < -113 ~”
Present 1mestganions 2 days after the above mentioned blaod transfusson Quucks
cothrombin tme 17 17 I7 sec (comiral 17 sec) Thrombocytes 620000 per sl of
plasma Recalcification thme @ difule plasma 4 mm 25 sec The thrombin generstion
fest showed hpgh thrombas but the did nat nse ull after
2 lag peniod of 4 min The smactvation of the thrombia was rot concluded after 33 mm

(Curve A)
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Curve F Addition of 02 ml of adsorbed bovine plasma alone to the patients plasma
after this had been stored with ifs normal content of platelets at —-20 C for 24
hours gave a normal thrombin generation Recalcificaion time 2 mun 15 scc

Curve G The patients platelet poor plasma added to platelet rich plasma from pt no
10 fam 4 (Chnstmas disease) was unable to normahlise the thrombin generatton of
the latter though considerable improvement was obtamed Recalcifiation time S
mm 30 sec

Diagnoss Deficiency of the hitic factor plus

factor
Comments

The result of experiment G suggests sbight defictency of the Chnstmas factor i
addition to the AHF deficiency

Famuly 53

1 Born 1917 The patient 15 hable to subcutaneous haemorrhages which are the
only signs of a bleeding tendency

500/t FAM 83 No 1
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Family 52

3 Born 1921 Propositus A bleeding tendency was mamfest from the age of 4 years
In infancy he most often had profonged ocozing gitngival haemorrhages but nat epistaus
From school age there were increasingly frequent pamful haematthroses gradually com
prising aff the large jomts chiefly the ankfes and knees where they have feft permanent
changes i the form of Jamted mobibty The patent has had mumerous tramuscsiar
haemorrhages At the ape of 25 dental extraction was followed by bleediog lastmg 10
days At 26 be had haematarsia At 36 he was admutted to hospeeal awing to anaemia and
fatigue During the stay an hospral the patient was found to have preumonia and 8
pulmonary abscess The pauent dred after several smpor haemophtyses Post martem
diagnosts Hasmophilsa abscess of the xight sofertor pulmonary lobe pulmopary oedema
grave anaenmua chrome ilateral calculous pyelovephnitis adhestve fibrosis of both pleurae
mild to moderate atherasclerosis of the coronary arteries and aorta mild to moderate
ddatation and hypertrophy of the left veniricle of the heart acute hyperplasa of the
spleen The patent was practically unfit for work on account of s disease which had
not grown miuder with iereastng years

Blood analyses 1946 (The Alborg Amissygehus Med Dept) Prothrombin index
89« Thrombocytes 420 000 Clotting time 72 mun Bleeding tme 2 min

1557 (The Alborg A hos Med Dept) P
Thrombocytes 195000 Fibrinogen 230 mg @ Clotting ume 34 mun  Bleeding tme
2% miw

Present Quicks ume 17 17 17 sec (control 17 sec)
Thrombocytes 284 000 per ul of plasma Recaloification time 1a dilute plasma 10 min
30 sec The thrombint generation test showed no thrombm peneration {Curve A)
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Curve B Addition of 02 mi of adsorbed bovine plasma Some nse of the thrombiz
concentration Recalatfication time 4 mun 10 sec
Cunve € Addion of 02 m! of normal serum caused bo rise of the thrombua concentra

won Recalafication hape 4 oy 38 sec
Curve D Additson of heated readsorbed normal serum A slow nise of the thrombin
centration  Recalcification mt 7 min 40 sec
(_‘u:;nﬁ Srmultancous additon of 82 m) of adsorbed bavine plasma and 0° ml of
eated readsorbed serum The thrombm gencration normaf Recafaification Gme 3

mm § sec
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Curve E Addinon of 02 ml of platelet suspension Some rise of the thrombin concentra
tron after a lag penod of 6 min Recalofication time 7 min 30 se¢
Curve F Addition of 0. ml of heated readsorbed serum The thrombm generation

poor Recalcification time 7 min 30 sec

Diagnosis Chnstmas factor defictency (Christmas disease)

Fapuly 54

2 Born 1925 Propositus A bleeding tendency was observed from the first year of
Ife At first thts mamfested stself chuefly by bleedings from the gums and nose as
well as spontancous haemorrhages into the skin Since the age of 3—4 years he has had
ncreasingly frequent haemorrhages into the large joints especially the knees the mobility
of which has gradually become permanently imited There s atrophy of the muscles of
both legs The patient has had several episodes of haematuria accompanied by lumbar
pain There have been numerous intramuscular bleedings The disease seems not to have
decreased 1n severity n the course of years The patient 1s disabled and receives dsable
ment benefit

Blood analyses 1939 (The Thisted Sygehus) Howell Gram 15 min Blood platelets
240000 Bleeding thme 2 mun

1948 (The Thisted Sygehus) Clotung time 71415 mm Blood platelets 420 000

Present imiestiganions Quicks prothrombit tme 21 20 18 sec (control 20 sec)
Thrombocytes 186 000 per i of plasma Recalcification trme 1n dilute plasma 11 min

30 sec The thrombmn test showed thrombin {Curve A)
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Curve B Addition of 02 mt of adsorbed bovine plasma The thrombie generation nor
mal Recalosfication time 2 mun 15 sec

Curve C Addition of 02 ml of normal serum The thrombin generation poor Recalcifica
tion time 6 mun

Diagnosis Defi tency of the antihaemophilic factor (classical haemophihia)
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Blood analvses Quicks prothrombin time 19 19 20 sec (control 20 sec) Thrombo-
cytes 99000 per pl of plasma Recalcification time in dilute plasma 4 mmn 70 sec
The thrombin generation test showed a very slowly rising thrombin concentration (Curve A)

Curve B Addition of 02 ml of platelet suspension (141 000 platelets per pl of suspension}
to the patent s blood normalised the thrombin generation Recalcification time 2 min

Curve C After storage of the patients plasma with its normal content of platelets at
—20 C for 3 months the thrombin generation was found to be perfectly normal
Recalcification time 2 mun 15 sec

Curve D Addition of 02 ml of fresh patent plasma to 1 ml of citrated plasma from
the pattent mentioned below (no 3) with manifest haemophilta gave only shight
1mprovement of the patients th time 5 mun 15 sec

Curve E Addition of plasma stored at —20 C to citrated plasma from the patient
mentioned below gave a normal thrombin generation with a steep rse and fall of
the thrombin concentration Recalcification ttme 3 mun 30 sec

Diagnosis Impatred activity y due to a reduced content of
Chnistmas factor

3 Born 1935 Propositus A bleeding tendency was noticed from the age of 4 months
manifesting ttself by bleedings from the gums and nose as well as profuse haemorrhages
1nto the skin The patient has had several episodes of melaena and one of haematemesss
There has repeatedly been haematurta The pattent has had two or three retrobulbar
and subi h h caustng of the eyeball and eversion of the
eyelids During these episodes the patient had diplopia He has had several intramuscular
haemorrhages 1n the nght hand among others (claw hand) He has had numerous haemar
throses in the knees ankles elbows and wrsts which have resulted 1n permanently
himeted mobility of the elbows knees and ankles The right forearm 1s about 10 ¢cm
shorter than the left The head of the radius ts dislocated ulnarly The right hand presents
40 degrees ulnar flexion

Blood analyses 1937 (The Roskilde Amtssygehus) Howell Gram 1) 10 mm <}
28 mun Thrombocytes 500000 Bleeding uime 3 muin

Present Quick s time 21 20 20 sec (control 20 sec)
‘Thrombocytes 240000 per pl of plasma Recalcification time 1n dilute plasma 19 mmn
Clotting time for whole blood at 37 C 28 min The thrombin generation test showed
no thrombm generation (Curve A)
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Curve B No signs of an mhibitor Addution of 02 ml of normal citrated plasma effected
a normal thrombin gemeration Recalcification time 3 min 20 sec
Curve C Addition of 02 ml of adsorbed bovine plasma The thrombin generation poor

tion time 5 min
Cur]:eecla)‘u.fAlcdad:uon of 02 m! of serum The thrombin generation normal Recalafication

tme 2 mmn 30 sec
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Blood analyses (Andreassen) Clotting time 18-2214 min Blood platelets 369 000
Fibrinogen 1n plasma

Present tmyestiganions Prothrombm time 19 18 19 sec (controf 19 sec) Recalctfica
tion time in dilute plasma 6 min 20 sec The thrombin generation test showed very
considerable thrombin generation after a lag period of 5-6 min The iactivation proceeded
very slowly (Curve A}

<0 AFAM 56 NO3

o 2 ‘ 6 8 o R2MIN
Additon of plasma either from a patieat with Christmas disease (fam 23 no 3) or
from one lacking the AHF (fam 76 no 1) normalised the thrombin generation (Curves
B and C) The recaleification times were 3 min 45 sec and 2 mun 30 sec
Addition of 0 2 ml of heated readsotbed serum or 0 4 ml of platelet suspension likewise
gave a normal thrombin generation (Curves D and E) The recalcification times were
4 mn and 4 mm 15 sec

Duagnosis Deficiency of the Hageman factor

About 2 yesrs after the above investigation the patients blood was examined again
Quicks prothrombin time 16 17 17 sec (control 17 sec) Thrombocytes 448 000 per
ul of plasma The thrombin generation test showed a perfectly normal thrombin generation
(Curve F) Recalofication time 3 mun 20 sec

4 Bom 1934 The patient displayed a bleeding tendency from the age of 2 years
when a munor sore of the ip was followed by prolonged copious bleeding After this
there were often prolonged haemorrhages from the nose and mouth Haemarthroses were

never observed Since the age of 14 the patent has motwed no abnormal bleeding
phenomena

{500/t FAM 56 NO 4
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4 Born 1934 From the age of 6 months there were bleedings from the nose and
mouth Dentitton was attended by bleedings From the age of one year there were re
current bleedings nto the sk after minor mjuries Since the age of 4 years the patient
has had haemarthroses comprising primarily the knees the left elbow and the right
bip The mobility of the nght knee 1s Itmited and there 1s atrophy of the entwe right
leg The mobtlity of the left elbow 1s shghtly limited He has had several episodes of
haematuria with associated lumbar pain but never haematemests nor melaena

Blood analyses 1956 (The Thisted Sygehus) Thrombocytes 296000 Cloting lme

for whole blood over 2 hours i time 16 min P tume 24 sec
{control 24 sec)

Present Quick s hrombin time 18 18 17 sec (control 18 sec)
Thrombocytes 172000 per pl of plasma Recalcification time i dilute plasma 9 min.
The thromb showed thrombin (Curve A)
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Cutve B Addition of 02 ml of normal serum The thrombin generatton poor Recal
cification time 5 min

Curve C Addition of 02 ml of adsorbed bovine plasma The thrombin gencratton not
mal Recalcification time 1 min 40 sec

Diagnosis Deficiency of the antthaemophilic factor (classical haemophilia)

Farmily 56

5785 8 B:I‘El_rf—b

3 Born 1929 Propositus A bleeding tendency was first observed when the patient
was 7 years old itself by oozing h on second dentinon
He has had several episodes of prolonged epistaxis one of which was so severe as to
necessitate admission to hospital From the age of 6-7 years the patient had haemorrhahg:;
into both knees and one elbow These have lel’;‘ no permanent changes Hes?:cxe 1:.;

often i
of 14 Pt;oefu;:uenl has expenenced no abnormal bleeding phenomena apart {mrln
aof:'c:asxcmal brutses after violent smyunies The patient 15 a keen football player and feels

no troubles He s a panist and 1s fully fut
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Curve B Additon of 02 ml of normal secum The thrombin generation improved though

stll poor Recalctfication time 6 min
Curve C Addition of 02 m! of adsorbed bovine plasma The thrombin generation nor

mal Recalaafication ttme 2 min
Curve D Addition of 02 ml of readsorbed serum The thrombin generation normal
Recalcificauon time 3 min

Diagnosis Deficiency of the antihaemophilic factor (classical hacmophilia)

Family 58

i ’6 -3 T -] i 1i
2
The family immugrated about 1850 At that ime no haemophilic members were known

2 Born 1935 Propositus A bleeding tendency mantfested stself from the age of
about one year as cozmng haemorrhages from the gums and nose offen so severe as to
necessitate admisston to hospital and treatment by blood transfusion In 1937 he was
operated on for incarcerated umbilical herma (The Odense Amtssygehus) There was
prolonged profuse secondary bleeding which however stopped spontancously From the
age of 45 years he has had haemarthroses compnsing chiefly the elbows and knees
where they have caused limtted mobihity He has had several episodes of haematuria

epistaxis and The patent 15 greatly disabled 1s unfit for
any work, and receives disblement benefit

Blood analyses 1937 (The Odense Amtssygehus) Bleeding time § min 30 sec

1956 (The Centralsygehuset Svendborg Med Dept) Clotting time 7 mun 30 sec
Bleeding time 3 min Bexels No petechiae Prothrombin time 28 sec (control 22 sec)
Serum proteins 62 ¥ Xray of the knees and elbows revealed arthrosts

Present investigations Quicks prothrombin time 70 19 19 sec (control 19 sec)
Thrombocytes 335000 per ul of plasma Recalification time n dilute plasma 15 mmn
The thrombin generation test showed no thrombin generation (Curve A)
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Blood analyses (Andreassen) Cloting time 11-16 min Blood platelets 437000
Fibninogen 039 % Bleeding ttme 4 mun

Present Quicks proth time 20 20 20 sec (control I7 sec)
Thrombocytes 235 000 per ul of plasma Recalcsfication time im drlute plasma 4 mn The
thrombin generation test showed a perfectly normat and
(Curve A)

Dragnosis No detectable clotting defect

Family 57

M e

2 Born 1913 Propositus A bleeding tendency was noticed from the age of 2-3 years
manifesting 1tself at first chiefly by subcutaneous haematomas on the body and later
by bleedings from the gums and nose A few of these were life threatening and were treated
by blood transfusions with good effect From school age he has had haemarthroses
spectally 1n the knees and hips Some of these were so severe as to keep the patient i
bed for long pertods The mobility of the left hup joint is slightly inuted X ray of the
nght knee showed decreased density of the medral condyle of the femur There are 1o
other permanent changes of the jomnts The patient has had several profuse mtramuscular
bleedings At the age of 42 he had a single episode of haematuria but there have been
no other visceral bleedings After the age of 16 the abnormal bleeding phenomena begaim
to decrease in frequency and intensity mow rarely troubling the patient He has done
gymnastics over a period of 10 years with difficult agility exercises without these having
caused lum any trouble The patient ss an attendant and also keeps a shop

Blood analyses 1937 (The Aarhus Amtssygehus) Howell Gram 35 nun Blood plate
lets 772000 Bleeding ttme 1 mm 30 sec Plasma fibnnogen 051% 1956 (The
Aarhus Kommunehospital) Clotting time 9 min Bleeding ftme 4 mun 30 sec Capillary
resistance  No petechize

Present Quicks time 18 18 18 sec (control 16 sce)
Thrombocytes 331 000 per pl of plasma Recalcification time in dilute plasma 7 mun
45 sec The thrombin test showed thrombin (Curve A)
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FAM 59 NO f'
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Curve E. Addition of 02 ml of heated readsorbed serum as well as 02 ml of adsorbed

bovine plasma The thrombin generation normal though the Fise proceeded at a
somewhat slower rate than in the pre eding experiment Recalaification time 2 min

42 sec

Curve F Addition of 02 ml of adsorbed bovine plasma as well as 02 ml of platelet
suspension (145 000 per pl of suspenston) The thrombin generation normal Recal
cificaion time 2 mn 37 sec

Curve G After storage of the patients plasma at —20 C for 7 months addition of
02 ml of adsorbed bovine plasma alone effected a normal thrombin generation Recal
cification me 3 mun 15 sec The platelet content was 7000 per ul of plasma.

Diagnosts Deficiency of the lic factor plus factor

2 Born 1906 From early mfancy even the slightest mjury gave mise to abpormal
bleeding The patient has had many haemarthroses These have left permanent jomnt
deformities a 35 degrees extension defect of the left elbow the nght knee 1s fixed
extension The patient has had a single episode of haematunia but never melaena nor
epistaxts The disease runs a defimtely smtermuttent course It has grown milder with
increasing years The patient 13 now handicapped only little by his disease The patient
owns a wood working factory and is able 10 support humself and a faml;

Blood analyses Quicks prothrombin time 19 18 18 sec (control 18 sec) Thrombo
cytes 306000 per pl of plasma Recaleification time 1n dilnte plasma 12 mm 45 sec

The thrombin test showed ble thrombmn Curve A)
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Curve B Addinion of 07 ml of serum The thrombin generation poor Recalcifi ation
time 6 min 25 sec

Curves C and C  Addition of 07 ml or 0 4 ml of adsorbed bovine plasma The thrombin
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Curve B Addition of 02 m! of bovine plasma gave a shght delayed rise of the thrombm
concentration  Recalcification ime 4 mun 45 sec

Cutve C Addition of 02 mi of serum A very low nse of the thrombiu concentration
Recalufication time 6 mun 30 sec

Curve D {\x%dxuon of 02 mt of adsorbed bovine plasma as welt a3 02 m! of normat

serutn e nocmat time 3 mm
Dhagni 0y of the h factor plus Chrstmas factor
Family 59
3 I

1 Born 1892 A bleeding fendency has been mamfest since early wiancy The patient
15 hable to subs h both iguries and spontaneous Evea
ounot euts ate followed by prolonged bieedings Large haematomas develop after totra
muscular tngecions The patient has had numercus haemarthroses which have left perma
nent changes 1n some of the jomnts Both elbow jomts are fixed at 130 degrees They
can be moved only few degrees The ankies are fixed 1 90 degrees flexion Both kaee
joimts are stff v extension The patiant has had several episodes of pawnful haematuna
but never haemotcmesis fior melaena He has never had a tooth extracted but 1y hiable
1o gingval haemorrhages There have been several episodes of profonged epsstaxis After
traumaue amputation at the age of 62 of the distal and middie phalanges of the left
second and fifth fingers the patemt had to be phen three blood transfumons with
excellent effect The patient 15 preatly disabled The disease seems not to have grown
warfder with increasiag years but the patient nevertheless manages as a businessman

Bloed anolyres Quicks prothrombw ume 17 17 17 sec (control 18 sec} Thrombo
cytes 245000 per pt of plasma Recalesficaton time i dilute plasma 16 mup 30 se¢

The thrombin test showed ble thrombim {Curve A}
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Curve B Addwon of 02 mt of narmal serutn Mo essenttal unprovement of the thrombin
encration Recalaification tme 3 mun 41 sec

Curfre C Adhuon of 02 ml of adsarbed bovine plasma A stow nse of the thrombi
copeentralion which never attamed pacuicularly high values Recaloficatron e 3
mm 36 sec

Curve D Additiont o
serum  The fhrom

f 02 mt of adsorbed bovine plasma as weli as 02 m! of narmal
b generation normal Recalesficgion ume 1 mn 43 sec
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Family 62

& 5

At

3 Born 1939 Propositus 6 momihs old the pauent devefoped a farge haematoma on
the arm after an ity He s hable to large painful bruises Minor sores cause prolonged
bleeding He has had many episodes of prolonged epistanss and several episodes of haema
tutia but nevet haematemesis nor melaena From the age of 10 there were frequent scvere
bleedings 1o the knees clbows and ankles which have left permanent changes Both
elbows present an exiension defect of 30 degrees The left knee which 1s deformed can
be moved from 1B0 ul 170 degrees The patent 1s greatly affected by his disease He
was unable to altend school He hvet with s parents and carns a litile money by
making Jeather goods

Blood analyses 1939 (The Herming Sygehus) Howell-Gram 38 min Blood platelets
458000 Bleeding time 4 mun 30 se¢ Bexelus No petechiae Blood group A

1985 (The Tarm Sygehus) Clotung ume 38 min Thrombocyles 458 000

Present imvestigations Quicks prothrombin time 19 19 70 sec (control 19 sec}
Thrombocytes 589 000 per wl of plasma Recalcification wme 1n difute plasma 17 min
The thrombin generation test showed no thrombin generstion (Curve A)
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Curve B Addition of 02 m) of adsorbed bovine plasma Some improvement of the
thrombin generation after a lag period of 6-7 min Recalafication time 7 myn
Curve C Addition of 82 mi of normal serum The thrombin generation normal Recal
ofication ume 1 pun 30 sec
Curve D Addwon of 02 ml of heated serum  Slight of the
thrombin generation Recakification time 6 min
Curve F shows the course of the thfombin concentration 1 the pauenls plasma after
this had been stored with 1ts normal content of platelets at =70 C for 15 davs
The thrombin generation was improved but not normal Recalafication time 6 mun
Curve F Addition of 05 mi of frozen platelet suspension (205 000 pcr #) to the Dnnenls
plasma effected fast formation and of thrombin
3 mimn

8
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onty shghtly mp d The re.al times were 2 mm 45 sec and
4 nup 30 sec respectively
Curves D and E Addiion of 02 mi of adsorbed bovine plasma to the patients plasma
after fhus had been stored at ~20 C for 6 day The thrombn genera 10n pormal
10 matter whether the patents plasma was platefet rnh or platelet poor The se af
cification tumes were 2 mun 20 sec and 3 mun respectively

Diagnosis Deficiency of the h factor plus f factor

Family 60

Fr
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2 Born 1918 A bleeding tendency was detected when the patent at the age of about
one year had a prolonged vozing bleediag from 2 small sore 1 the tongue 3 years old
he had « hife h hage after of two teeth At the age of 34
he had a smgle episode of prolonged epistaxss From the age of 8-8 he had numerous
pamful bleedings into the large joints chiefly the ankles knees and hips There was
transstoply Jimted mobility of the knee joints but permanent changes bave ocesrred
none of the jonts The patient has never had haematemests nor melaens In adolescence
he had a few episodes of haematurta The disease has grown considerably mslder sin e
the age of 1S pow cavsing the patient futle trouble The patent 1s & watch maler and
able to five by lus work He does not recesve disablement benefit

Blood anohses Quiks prothrombin tume 19 13 18 sec (coatrol 19 sec) Thrombo-
cytes 334000 per wl of plasma Recalufication time i dilute plasma 12 min 45 stv
The thrombin generation test showed no thrombin generation (Curve A}
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Curve B Addwon of 02 mi of normal serum The thrombin generation poof Recal

won tme 4 mun 45 sec
Cm::el«:é lAdrlmon of 02 mt of adsarbed bovine plasma The thrombun geacration nor

mal Recalafication time 3 min

Dragnosss  Defciency of the anthaemophili factor (classical haemophihia)
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FAM 63 NO 2
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Curve B Addition of 02 mt of adsorbed bovine plasma The thrombin generation nor
mal Recalcification ttme 3 mun 30 sec

Curve C Addition of 02 ml of heated readsorbed serum The thrombin generation nor
mat Recalesfication time 3 muin 25 sec

Curve D shows the course of the thrombin concentration 1 the patients platelet poor
plasma (4000 platelets per ) after addition of 1 ml of a fresh platelet suspension
contammg 421 000 platelets per gl These platelets onginated from his own plasma
and had been washed three times in physiological sahne The (hrombm generation
was normal Recalcfication time 2 mn 45 sec
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Curve E To imvestigate whether an intubitor was present in the wash water of the
platelets 1 ml of this was added to 1 ml of control plasma Curve E illustrates the
thrombin generation 1n the plasma before addition of the wash water and curve F
that after addition of the wash water The recalcification imes were 3 mi. and . mun
45 sec respectively Inubition of the thrombin generation was not demonstrable

Curve G The thrombin generation 1n the patients plasma after this had been stored
with ity normal content of platelets at —20 C for 48 hours Recalcification time
1 min 40 sec

Curve H shows the result of a simitar expersment with the patients platelet poor plasma
{18000 platelets per pi of plasma) The course of the curve must be characterised
as normal Recalcsfication tune 2 mim 45 sec

The patient s plasma normalised the thrombin generation 1n plasma lacking the Christ
mas factor and in AHF deficient plasma

Diagnosis  Deficiency of the Hageman factor
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Cunve G Addion of 02 m! of serum from a patient with AHF deficiency {fam 67}
The th normat Recaloficzion ume 2 mmm 40 sec

Duageosts Chrstmas factor deficiency (Christmas disease)

Family 63
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The family 1s known several generations back but cases of haemophiba are not known
for certan 1o have been present in the elder generations Several famuly members hve
abroad

2 Born 892 Psoposttus A bleeding tendency was first observed at the age of 10
when 1ncision of an abscess was folfowed by prolonged ocozing haemorrhage The wound
was sutured twice befors the bleeding stopped Later the patient bad frequent episodes
of prolonged often spantaneous epsiasny but these ceased after the age of 30 When young
he was also lrable to Iarge subcutaneons baematomas fn 1941 the patient had haematury
with attending thscharge of concretions In 194! he also had a severe attack of haem
stemests without preceding dyspeptic complamss He was admitted ta hospial where no
other cause of the patent s way than the h h T
was necessary to stop the bleeding There bave been 7-8 episodes of mefaena At the age
of 64 the patent had a prolonged bleeding affer dental extraction which necessitated
transfusion

The patient 15 Iutle handicapped by his disease He manages tus work as a debt
collector nding uplull and downhuil an fecycle without ever taking account of his disease

Bloodanalyses 1941 (The Hitlerpd Sygebns) Howeld Gram 8 sun Thrombocyles
400000 Bieeding tme 4 mun

1042 (Andreassen) Clotung ume 13%-1% mun clot foost Bleeding time 4% min

tes 343 000
mﬁﬁfﬁly imestigations Quicks prothrombin fime 15 15 15 sec {control IS sec)
Thrombocytes 445 000 per wl of plasma Reculoification ume in dedute plasma & mn
45 sec The thrombin generation est showed aficr a fag penod of 6 nua & siow rise
of the thrombin concentration which nevertheless aumned high vajues {Curve A)
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Family 66

1 Born 1933 When the patient was about one year old a bleeding tendency manifested
wself by swelling of the knees after injures One year old he fractured hus right knee
Later he had many episodes of epistaus which twice necessitated blood transfusion He
died 2 years old of pacumomia

Blood analyses (The Rigshospitalet Pacdiatic Dept) 1935 Thrombocytes 354 000
Rumpel Leed No petechiae Bleeding time 5-6 mun Howell Gram 15 min

Duagnosis Haemophilta (not classified)

2 Born 1939 Propositus There have been abnormal bleeding phencmena since the
age of one year Ecchymoses and frequent blecdings 1oto the elbows shoulders hips
and knees There 15 limited mobihity of the Jeft knee which can be moved from 120
to 80 degrees The left elbow 1s fixed at about 130 degrees There 1s pronounced atrophy
of the extremital muscles The patient has had several episodes of melaena and haemateme
s1s as well as one of haematuria He has bled a few times from the gums and nose The
patient 1s under public care for mental defectives

Blood analyses 1957 (The Centralsygehuset Slagelse Med Dept) Thrombocytes
44000 per il of plasma Bleedxng time 3 oun 10 sec Clotting ime 10 min Prothrombin
proconvertin (Owren) 6¢

Present in emganonx (1956) Quich s prothrombin time 17 16 17 sec (control
17 sec) Thrombocytes 283 000 per pl of plasma Recalcification time 1n dilute plasma
14 min_The thromben test showed thrombin (Curve A}

1957 Quicks prothrombin tme 18 18 19 sec (control 19 sec) Prothrombin
proconvertn (Owren) 100 ¢  Thrombocytes 76 000 per ul of plasma Recalesfication
tme 1n dilute plasma 9 mmn 45 sec The thrombm generation test showed negligeable
thrombia generauon (Curve B)

“©soon FAM 66 NO 2
30 ,
O 8
20
! Ay
10 , € et

[ 2 4 6 L) 1o 12 MIN



270
Family 64
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§ Born 1912 Proposttus The patient has had many haemarthroses since the age of
2 years Nearly zll the jonts have been ovolved and several of these have become
permanently changed The nght ¢lbow can be moved from 45 to 160 degrees The
olecranon s distocated backwards The muscles of the upper arm are highly atrophic The
left elbow presents 30 degrees extension defect The nght &nee 1s neatly fixed in extension
The Jeft knee can be bent 30 degrees The patient has had several episodes of hasmatura
with no attending pain but never haematemesis nor melaena He has had a few epssodes
of epsstaxss There bave bren many subeutsneous haematomas He feels that the disease
has grown mider with increasing years The patent who s greatly disabled 15 3 sman
of wdependent means He keeps poultry to supplement his sncome He has received abont
25 transfusions

Blood analyses 1942 (Andreassen) Clotng nme {Burkes) 31%,-42 mm

Present Quicks tme 19 I8 19 sec (control 18 sec)
Thrombocytes 252000 per pf of plasma Recalcification time m dilute plasma 20 s
The thrombm test showed neghgeable thrombin (Curve A) Cune

As ilfustrates the thrombin generation in a bloed sample withdrawn about 1%z years after
the above The recalaification ime was thea 12 mun 10 sec The thrombin generation was
sull very poor
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Cusve B Addwon of 02 m! of adsarbed bovine plasma The thrombm peneraton nov
mal Recalcificanon time 2 mun

Cusve C Addision of €2 ml of normal serum Lattle improvement of the thrombu
generation Recalcification tme 2 30 sec

Cutve D Addtion of 02 mt of readsorbed serum gave some further improvement of the
thrombin geseration  though not to the novmal level Recalmficanen tme 2 munt

20 sec
Diagnosis Deficsency of the antibaemophfic factor (elassical haemoptula)
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Blood anatvses Thrombocytes 333 000 per pl of plasmz Recalcsfication time n dilute

plasma 3 min The thrombin gencration test showed 2 normal thrombin generasion
{Curve B)

¢ Horn 1936 A brother of pt no 4 He has never displayed signs of a hatmotrhapgie
athews
" Blood aaalyses Quicks prothrombum ume 18 18 18 sec (control 18 sec) Thrombo-
cytes 473000 pee ub of plasma Recalarfication time in dilute plasma 3 mup 25 wec
The thrombn generation test showed a normat thrombin geaeration (Curve Ci}

Famuly &7

]

‘

The propouitus = the only hacmophiltae known w the farmly

1 Born 1945 Propostus Al bisth the patient had a large cephatic haematoma which
perssted for one yeaz 2 years ofd he had bloed accumutanons sn the nght and the
Ieft anhies after an snjury Smce there bave been freguent bleedings wto the knees
elbows shoulders hips wrists and fanger joints but these have lefl no permanent changes
On second dentition there were prolonged ocomng haemorrhages He has never had
epistavss melaena nor The panent bruses easdy His parents
thunk that the disease has grown sornewhat mider with mcreasing years The patient bas
never been given blood transfusions

Blood analys s Qu cks prothrombin time 18 17 1% sec {contro} 18 sec) Thrombo
cyies 92000 per pl of plavme Recalufication ume w dlute plasme 6 men 15 sec
The thrombin generation test showed a very poor throwbi peneration (Curve A}
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Curve C Addition of 02 ml of normal serum No essential improvement of the thrombu
generation Recalcification time 4 min

Curve D Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalcification time 3 min 30 sec
Freezing of the plasma addition of platelet suspenston or readsorbed serum gave mo
essential of the thromb Addition of 02 ml of adsorbed
bovine plasma as well as 02 ml of heated readsorbed serum effected no better throm
bin generatton than addition of bovine plasma alone

Duagnosts Defictency of the antthaemophilic factor (classical haemophilia)

3 Born 1944 From the age of one year the patient had prolonged bleedings 1nto the
skin He has had several episodes of haematemesis and melaena and very often epstanis
He has been given several transfusions There have often been bleedings mto the elbows
knees and ankles These have left permanent joint deformittes There 1s 10 derrees
extension defect of both elbows The contours of the knee jomts are blurred and the
mobility hmited In 1956 the patient was admstted to hospital with a feeling of heaviness
wm the stomach followed by haematemests He died 24 hours after admussion

4 Born 1946 A bleeding tendency was observed from the patient was about one
year old mantfesting 1itself by frequent bleedings of unknown cause into the tissues
as well as frequent haemarthroses especially into the knees There are permanent changes
1n the left knee which presents 50 degrees extenston defect He has never had haemateme
sis melagna nor haematuria

Blood analyses Quicks prothrombin ime 18 19 18 sec {(control 18 sec) ‘Thrombo
cytes 503 000 per pl of plasma Recaloification time m dilute plasma 18 mun 15 sec

The thrombimn test showed ble thrombm (Curve A)
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalaification tme 2 min 30 sec

Curve C Addition of 02 ml of serum Little improvement of the thrombin generation
Recalificatton time 3 min 30 sec

Diagnosis Defictency of the anthaemophilic factor (classical haemophitia)

a Born 1910 The patient has never displayed signs of a haemorrhagic diathesis

Blood analvses Quicks prothrombm ume 18 18 18 sec (control 18 sec) Thrombo
cytes 191000 per gl of plasma Recalafication time m dilute plasma 3 min The
thrombin generation test showed a normal thrombm generation (Curve Ad

b Born 1936 A sister of pt no 2 She has never displayed signs of a haemorrhagic
diathesis She has a son who likewse has displayed no signs of a haemorrhagic diathesis
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Cusve a itlusteates the thrombis generation s the patients plasma After a lag penod
of just over 4 min the thrombin concentration yose slowly 1o reach high values
Cutve b Addion of 02 mi of wdsorbed bovine plasma The thrombin generation ror
mal Reealoification time 2 min 39 sec

Curve ¢ Additon of 02 mi of normal serum ‘The thrombm gencraton notmat Recal
aficatsion tme 2 nun 27 sec

Curve 4 Addition of 02 mi of heated serum gave o of the
thrombie gencration Recalafication tme 6 mm 15 sec

Curve ¢ The patients own scrum was umable to normalise the thrombin generation
Recalafication time 6 min 3D sec
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Curve { Additsan of 05 mi of fresh platelet suspension (300 006 per ) No impravement
of the thrombin generation Recalufication tme 6 min 30 seo

Curve g Frozen platelet suspension (20§ 000 per ui) gave som accelerstion of the thrombmn
generation  Recalesfication tme 4 min 40 sec

Curve b Addstion of 05 ml of plama from 2 patent with AHF deficiency (fam 31
70 6} 10 65 mi of 1 patient s plasma did not sesult 18 & norma) thrombar genergton
Recalcificavon wme 5 oun 35 sec

Curve 3 On adding 05 mi of the patients plasma to 05 m! of plasma from a patient
with Chrstmas duease the thrombin generstion became norma$ {fam 62 no
Recalafication ume 3 min 1S sec

Curve kI a simrlar expeniment the pabients plasma was muxed wuh plasma from a
patient with the Hageman tran tlam 112 mo 1) “The tromdn generalion was normat
n the mitture Recaltificatian time 3 nun 40 sec
The patents plasma could not nosmalise the thrombin generation 1n AHF.deficient

plasma {fem 2 no 1D

Diagnosis  Sheht AHF defwrency
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Curve B Addthon of 02 1l of frozen plarelet suspension contamng 135000 platelets
per pl of plasma No essentiad of the th Recal
cification ume & min 35 sec

Curve C Addition of 82 m} of adsorbed bovine plasms A steep nise and falf of the
;r(:)mmbm concentralion which did not reach hugh values Recalaficanen time 3 min

HET

Curve D Swumilas condiions were found after addition of 02 mat of nocmatl serum  Recel

oification time 2 min 20 sec
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Cunve E Sunultaneous addition of 02 mi of adsorbed bovsse plasma and 02 mi of
normal serum to 1 mi of the pauents plasma gave no further tmprovement of the
thromtin_geseratson

The results of these PTA ¢ However additon of 02
mi of the patients fresh plasma to plasma from 2 patient with classical haemophilsa (fam
66 no 2) gave hwile improvement of the thrombin {surve Fy

ume 7 mm Addition of 02 mi of the patients plasma fo plasma from a patient with
Chrsstmas duease (fam 4 no 10} (Corve G} effected 2 fanrly steep nise and fall o
tlus patients theombin Concentration after 3 lag period of 3 mun Recaluficznon time
3 mun 45 sec Storage of the patients platefetcontaning plasma at ~20 € for 17 days
gave no essential smpravement of the thrombm {Curve H)

me 6 s
* Owing to the thrombopeaia the mvestigation was epeated & moaths later Quick 3
qme 18 18 18 sec fcontrol 20 tec) Thrambocytes 788000 pes i of

wothrormbm
slasma Recaleiheation tme s dilute plasma § mun 15 ser
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal The recalification time was somewhat prolonged however: 5 min 45 sec
Curve C By adding 04 mi of adsorbed bovine plasma 10 the patient s plasma 1he throm
bin generation was still normal The recalcification time was now 3 mm 5 sec

Curve D Additton of 02 ml of normal serum The thrombin generation poor Recal
cfication time 8 oin

Curve E Addition of 02 ml of readsorbed serum The thrombin generation poor Recal
ofi aion time 5 min

Diagnosis Deficiency of the antthaemophilic factor (classical haemophilia)

Family 69

’

The propositus 1s the only haemophiliac known 1n the famly
T Born 1950 Propositus The patient has bruised easily since he was about one year
old He once bled for 3 days from the Lip after 2 mmor 1ury One year old he had a

FaM 67 NO f
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¥ Born 1938 Propositas A bleeding tendency mamsfested wself from the patient was
one year old as subcutancous extravasations Sunce the age of 2 years he has had bleedin s
o the kntes ankies and wrists Such have cavsed hmited mobsisty of the hoees and
ankies He has had episodes of haematunz and prolonged epistaus as well a8 a single
epssode of mira abd h: bt pever h nor melaena

Blood analyses {The Fredenksberg Hosprial Dept B) Thrombocyies 600000 Clot
ing time 7 pun {control § mm) Bleeding tme 10 min Captflary remstance ho
petechiae  Prothrombin 90 <%

Present Qurck s tme 24 25 24 sex (controf 22 sec)
Recalarfication time 1 dilute plasma 34 nun The thrombm generation test showed
zeghgeable thrombin genezavon {Cunve A)

FaM sE MO T
40500/ ¢
30
20
-
//6
10 /"
- &
frimy ek 2

¥ T T
[ 2 £ 13 8 0 12 MIN
Curve B Additon of 02 mt of adsorbed bovine plasma The thrombin generation
normal Recaloficaton tme 1 mun 30 sec
Curve C Addion of 02 ml of normal serum No :mproverent of the thrombin genera
non Recalotfication tane 6 mun

Diagnosss Defictency of the antuhaemophilic factor (tlassical baemophilia}

2 PBorn 1940 In early infancy the pattent had 2 subcutaneous haematoma on the
buttocks At the age of 7 he bled for a long tme from a sore of the hand Several
transfanions wese cequited to obtain haemostasis From school age there have been frequent
haemarthroses specsally in the knees and ankles At the age of 14 he was admuted to
hospital twice with hatmatna and once with mtramuscular bleeding i one thigh He
bruses easily but was otherwise troubled but hitrle by fus disease the past 3 years Afler
ttis stterval he had @ postizavmatic heemorthage imio the nght ankie The bleeding
stopped after a fauly short while but was followed by 2 spontancous haemorshage toto
the Jeft ankle The patient has neves had haematemesss nor melaena He 15 ot particularly
hable to epistaxis He has sever kad 2 tooth extracted

Blood onahses Quicks prothrombm ume 23 23 23 sec (control 23 scc) Thromba
cytes 500 000 per jt Spontaneous cloting time at 37 C about 11 hours Recaleification
fime 1n dilute plasma 15 mun The thrombi generation test shawed neghgeable thrombin
generaton (Carve A}
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Blood analvses (The K H Dept 111) Clotng time over 60 hours Bleeding time 13
min Thrombocytes 277000 Bexehius No petechiae Fibrmogen 0440487 Pro
thrombsn proconvertin (Owren) 50 ¢ =72  Serum proten 6

Present P P (Owren) 100 @ Prothrombin index
75 ¢ Recalaification time in difute plasma about 20 mun The thrombin generation test
showed no thrombin generation (Curve A}

Curve B Additon of G2 mi of adsorbed bovine plasma The thrombin generation poor
Recalcification time 5 min

Curve € Addition of 02 ml of normal scrum Shight smprovement of the thrombin
generation  Recalctfication tme 4 mun

Curve D Addiuon of 02 mi of normal plasma The thrombin generation poor Recal
cification time 7 mm
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Curve E Addition of platelet suspension The thrombin generation poor Recalcification
tume 15 mm

Curve F Addition of 04 ml of citratel plasma from a patient with Christmas disease
{fam 4 no 7} The thrombin generation poor Recaicification time § min

Curve G Addition of 02 mi of citrated plasma from a patient with classical haemo
phiia (fam 69) The thrombin gencration poor Recalasfication time 7 mun
The table fig 86 shows the thrombin fibrinogen reaction 1n the pattents plasma and

m a control plasma A senies of dilutions of thrombin solution were prepared To each

tube was added 04 ml of patient and control plasma respectively The clotmg time tn

the mixture was determmned

Fig 86
Senes of thrombin difotions 1 1 Yy i Yie Y,
Clotting tmewn pt pla ma 9 n 18 33 $0 >4
Clotting time 11 control
Plasma 19 16Y n st >3

The thrombin fibrinogen reactions seemed to be umform in the two expenments

The ifluence of the patients plasma on the clotung time of normal plasma was
vestigated by adding mcreasing volumes of patent plasma (senes of dilutions) to the
control plasma and determiming the recalofication time (se¢ the table fig 87)

Tig 87
Control plasma (ml) 02 02 02 02 02
Patient plasma (mi) o 0025 005 01 02
Saline (ml) 02 0178 015 01 0
Recaleification umes 145 27 229 3.6 340
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bleeding into the nght cibow joint and § years ofd epstans of 10 days duraton He
has had neitber haeratemes:s melaena nor haematura
Rlood analyses 1955 £The Bprnehospitalet Martinsvey) Thrombocytes 315000 Capl
far; No h P; time (Plum and Larsen) sormal Bleeding
time  5~10-3 mm

Present P P {Owren) 300 % Recalafication time
m diute plasma 4 min 30 sec The thrombin generation test showed a very sow thrombua
genetation {Curve A}

Curve B Addwion of 02 mi of adsorbed bovine plasma The thrombin generation naz
mal Recalafication teme 1 nun

Curve € Addiion of 02 ml of normat serum The thrombin gemeration poor Reeal
afication trae 3 min 30 see

Dagnosis Deficsency of the antshaemophilic factor (classical baemopbiha)

Fanuly 70

T Sl

‘We know of no other cases of hasmophilia s the farmly

1 Born 1940 Propositus The patient has had frequent bleedings from the pose and
gums sice early mfoncy and sinece be began to crawt recurrent hagmarthroses specially
i the knces enkles shoulders and efbows The riht knee ts suff after straightemng of
contracture There s linued mobility of the left knee joint and of both ankies The
patent has had numnerous sntramuscutac bleedings and bleediags sate the sk There
have been neither haematursa nos gastro wtesunal haemorthages The patent s greatly
disabled and spends much of bis time in a wheeled charr He thinks that the bleedings
become worse after blood transfusions

FAMZ0 NO Y

CURVE O
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These thromboplastin concentrations were cvidently too small to nactivate the
hibitor of the patients plasma

Duagnosis Thramboplast mhibitor

2 Born 1943 One year old the patient bled for a long time after having bitten his
Iip and later his tongue He has had many episodes of prolonged epistavis and has always
brussed casly He has had numerous bicedings into the knees and elbows where they
caused shghtly limited mobility There were also frequent bleedings into the right ankle
and the left wnist The patient has had a few episodes of haematuria lasting up to 2
weehs but never haematemests nor mefaena He has never expenenced magival or ntra
muscular haemorrhages Several blood transfusions have been given which accordmg to
the patient were followed by prolonged bleedings

Blood analyses Quicks prothrombin time 18 19 18 se¢ (controt 17 sec) Pro-
thrombin proconvertin (Owren) 93 « Thrombocytes 472000 per pl of plasma Recal
cification tumes in dilute plasma 7 min The thrombin generation test showed very lttle
thrombin generation (Curve

« 51 FAMT0 NO 2
so0/t \
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalcification ime 3 mun 12 sec

Curve C Addition of 02 ml of serum The thrombin generation improved but not nor
mal Recalaification time

Curve D Also addition of 02 ml of uad Orb:d serum effected some improvement of
the thrombin without t however R time 2 run
50 sec

Curve E No signs of an inhihitor The patients plasma added to normal plasma did not
alter the normal thrombmn generation Recalafication time 1 mmn 30 sec

Curve F shows the thrombin generation 18 plasma stored at ~20 C for 24 hours The
thrombin poor tme 5 min 30 sec

Diagriosts Deficiency of the antihaemophilic factor (classical haemophilia)



280

By addmg increasing volumes of patient plasma the clotting tume (n the control plasma
WS Scen 10 merease m femgth

Finally the wnfh of tissue thromb on the Senf) times ia the
pahents plasma and sn 2 control plasma wcn veshigated A senes of salme didutions
of Owrens thromboplastn were prepared (see the table fig §8)

Fig 88
Setes of salne
SLioofow 0l gy | Sou gime | Cowagim
Tubere | th ombopastn | gl wegat 1| wih omol
Touly o Plasmad ml | plasma 02 mf
ml

1 622 o2 22 23
2 8221 az 21 24
3 Q221 02 B 30
4 0222 02 23 43
3 022 a2 34 32
£ 92 2% 02 40 A7
7 022 02 50 57
8 0227 (i3] 1§ 16
9 022 02 119 121
10 0227 Q2 140 144
13 022t 02 2142 133
12 8221 02 7351 16
13 0223 02 912 210
M [ Paraid (94 9a 217
135 0224 02 1230 242

To &ach tube wese added 02 mi of patient plasma and 82 ml of M/40 CaCl and the
clotting tme was determined ( diluted ane Stage prothrombun time ) Corresponding &3
parments wese made with the controf plasma In fiz 82 the relations bcmccn thremba
plasin concentrations and clotang times are $
concentrations below 2% the clotyng times 1 “the patients plasma mcuawd abruptly
m length

CLOITING TIME IN WiV
2

1, K
Fam 70 40 1 —t
;
#. K 8
:
L3
«
»
4
2
ot A I N R )
¥ CNEA NES
THROMBOPLASTIN CONCENTRATION
Fig 89
(ab: ) and clottng umes {ordsate}

batyeen
Rm:‘ft?lim of Gwrens Ihmmbop!:mm and a contra} plavenz (Corve A) 3 well 23 Owsens
o thromboptasun 2nd patient plasma



283

4 Born 1949 From the age of 14 months the patient bruised easily and was lable
to large haematomas after minor injunes Since the age of 18 months he has had frequent
haemorrhages into the ankles knees elbows and wnsts Gradually some irregulanty has
developed of the epiphyseal surfaces in the elbow joints The mobility 1s not hmited He
has never had melacna  haematuria nor haematemesis

Blood analyses 1950 (The Rigshospitalet Paediatnic Dept) Clotting time 8-11 mun
35 sec Prothrombin time 23 sec (control 20 sec) Bleeding ttme 4% mun Capiflary
resistance (80 mm for 5 mun) No petechiae Fibrinogen 041 %

Present investiganons Quicks prothrombin time 19 19 19 sec (control 18 sec)
Thrombocytes 389 000 per yl of plasma Recalaification time in dilute plasma 8 men
9 see The thrombin generafion test showed a poor thrombin generation (Curve A}

FAM 7t NO §
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Curve B Addiion of 02 mi of adsaxbed bonse plasma The thromen generston nor
mal Recalaification ime 4 muin 10 s

Curve C Addition of 0.2 ml of normal serum Some mprovement of the thrombin genera
tion_which was poor Recalcification tme 5 min 40 sec

Curve D Addition of 02 mi of readsorbed serum The thrombin generation normal
Recaeification time 3 mun 30 sec

Curve E Heated readsorbed serum gave only little improvement of the thrombin genera
ton_Recalcrfication tme § min
rve F Course of the thrombin generation m the patients plasma after this had been
stored at —20 C for 7 days The thrombin generation normal Recalcification time
3 min 15 sec

Diagnosts Deficiency of the anthaemophilic factor (classical haemophiha)

Family 72

1

There are no other known cases of haemophilia 1n the family
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3 Borm {947 Propostus The patient has brused easly smce birth and has been
hable fo Gaemarthroses sice the age of one year chiefly in the cfbows knees 2nd
ankles most often spontaneous The feft elbow joint has become permanently changed
with mild deformation of the articular suefaces The nght knee Jacks 45 degrees m fulf
flexion At the age of 3 the patient bled for a fong tume from a sore of the lower hp
Transfusion was necessary to stop the bleeding Mmor cals caused profonged biceding
4 gears old the patent had prolonged cozmg b after dental He bus
never had meltena nor b

Blood anafyses 3953 (The Rigshospitalet Paediatnic Dept) Clotung nme 18-27 nus
Bleeding tume 3% wun  Prothrombin time 20 sec (contrel 17 sec) Thrambacytes
245000 1955 Clotting ttme 25-30 mn Th 1 386000 P b time
18 sec {contre! 18 sec) Fibrnogen 038 ¢ 0358 ¢ Bexelms No petechue

Present Qucks p ume 16 16 16 sec (control 17 sec¢)
Thrombocytes 640 00D per ui Recalerfacanon toe w didvte plasma 10 mun The thrombin
test showed thromb iCurve A)
e FAM T WO 3

2 2 4 2 & L 12 MIN

Curve B Additton of 02 mi of adsorbed bovine plasma The thrombm generation nortpal

Recalafication tme 2 mmn 40 sec
Curve € Addiion of 02 mi of pormal serum  Little tmprovement of the thrombis

generation  Recalcifieation time 3 25 see

Disgnoss  Deficiency af the antihaemophilic factor (classical haemophilia)
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and cozing haemorrhage from a bite m the cheek 4 years old he had haematomas in
various muscles as well as bleedings tnto the shoulders and ankles These have caused
o permanent changes so far He has had neither haematemesis melaena haematuria nor
epistaxis

Blood anahses 1953 (The Rigshospitalet Paediatric Dept) Thrombocytes 247 000
Prothrombin time 21 sec (contral 20 sec) Bleedmg tme 2! —over 12 min Capillary
resistance {Gothlin) 0-3 petechiae Clotung time 45-120 mun After transfusion 9 mun

Present imestigations Quicks prothrombin time 23 23 22 sec (control 20 sec)
Recalufication time 1n dilute plasma 15 mun The thrombin generation test showed neglige
able thrombin generation within 21 min (Curve A)
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalofication time 3 min 40 sec

Curve C Additon of 02 ml of normal serum The thrombin generation poor Recal
cafication time 4 mm 30 sec

Curve D Addition of 02 ml of readsorbed normal serum The thrombin generation
poor Recalcification ttme 13 min

Curve E Addition of 02 ml of adsorbed bovine plasma as well as 02 ml of serum
effected no better thrombin generation than addition of adsorbed bovine plasma
alone Recalcification time 2 mun 35 sec

Duagnosis Deficiency of the antihaemophilic factor {classical haemophitia)

Family 74

® & & <] [}

2

1 The patient died at the age of 2 years from epistaxis He 15 sad to bave had
numerous haemarthroses

2 Born 1944 Propositus From early infancy the patient had frequent subcutancous
extravasations of blood He has had two episodes of prolonged bleeding 1 relation to
secondary dentition Since the age of 2 years the patient has bad repeated haemorrhages
mto the knees and ankles Arthrosis has developed i the might knee jomt The left
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1 Born 1945 Proposuus A bleedmg !endency was first noticed when the patiest

at the age of § manths d Since the age of one year
there were h and Neatly ail the Jarge jouts have
been subject to haemarthroses There 15 now Ixmned mobilty of the night knee and
hip He has never had b melaena nor epistaxis The patient 15

greatly troubled by lis disease He has been admitted to hospial several times to be
given blood transfusions

Bload analyses 1955 (The Rigshospitalet Pacdiateic Dept) Psothrombin fume 18 sec
(control 18 sec) Thrombocytes 296 000 Fribrinogen 034 ¢ Capillary resistance {Goth
hn} No petechiae Clotting tsmie  24-180 min  After transfusson 7 nmun

Present imestigations Prothsombin time 19 21 23 sec (comirol 21 sec) The
thrombin generation test showed neghigeable thrombin generation wathin 23 mu (Curve A}
Recalesfication tume i dslute plasma 512 mun
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Curve B Addiion of 82 mt of adsorbed bowvine plasma The thrombin generaton not
mai Recalfication time 2 min 42 s

Curve C Addion of 02 m! of normal serum The thrombin generaton poor Reeal
afication time 4 min 10 sec

Curve D Addition of 0 2 m! of readsorbed serum The thrombun generation poor Recal
cification time 4 mun

N 18 1, 2
« 6 8 fo mMNES,

Diagnosis  Deficiency of the antthaemophubic factor {classical haemophiha}

Fanuly 73

1

No other cases of hacmophihia are known 8 the famudy

1 Born 1951 Propositus From zhc zg: of 2 months the patient displased ugzu nl
and

he form:
a basmorrhagic diathesss int
ngs afier minor snjurnes 2 years nld he devi

sloped 2 large haematoma m the scmlum
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1
There are no known cases of haemophiha tn the family beyond that described below

1 Bom 1946 Proposius From the age of 5 months even the shightest hurts gave
mse to ecchymoses 7 months old the patient had a prolonged coznng haemorrhage after
a cut 1 the heel A blood transfusion was necessary The patient has had haemarthroses
since the age of 11 months but there are o permanent changes as et The patient
has been admitted to hospital several times and has recerved many transfusions

Blood analyses (The Rigshospitalet Pacdiatric Dept) Prothrombin time 18 sec
(control 21 sec) Thrombocytes 160000-334 000 Clotiing time 2%z hours Bleeding time
2 mm Fibrmogen 045 % 1955 Cloting time before transfusion 60 — over 170 mumn
After transfusion 6-8 mio.

Present mvestigations Quicks protbrombin tme 70 19 19 sec (control 19 sec)
Thrombocytes 176 000 per i of plasma Recalcificaion ime 1n dilute plasma 17 min
‘The thrombin test showed thrombin (Curve A)

FAM 75 NOT
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Curve B Addition of 0. ml of zdsorbed bovine plasma The thrombin generation poor
Recalaification time 8 min

Curve C Addition of 02 ml of normal serum The thrombin gereration poor Recal
cfication time 8 min 15 sec

Curve D The thrombm as normal atter of 100 ml
of fresh blood Recaloifcation fime 3 mom 45 ste

Curve E Stmultaneous addition of 02 ml of serum and 02 ml of adsorbed bovine
plasma_gave a normal thrombin generation Recalcification time 4 min 30 sec

Curve F The same result was achieved by adding adsorbcd hovme plasma to patient
plasma stored at —20 C Recalcification time 4 mm

Diagnosis Deficiency of the factor plus fi factor
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kaee presents & 20 degrees extension defect There has been no haematuna haematemess
melazrz nor epistavis The patient suffers from congeartal syphitss and 1s mentadly dack
ward He 1s under public care for mental defectsves

Blood analyses 1954 (The Rigshospitalet Paediatrie Dept) Prothrombin 69 %80
Cloting tme 10~180 min Bleehtg tume 3 myn 20 mun Fibrinogen 0529 Fhrombo-
tytes 203 000~352 000 Capdllary resistance No petechiae Serum protem 849 Alby
mm 57 % Globuln 27%

Present Quick s f time 20 21 23 sec {control 19 sec)
Prothrombsn groconvertn (Owren} 1209 Thrombocytes 216 000 per yf of plasma Recal
cilicatron ueme i didwee plasma 4 man 38 see~11 min 20 sec The thrombin genecatan
test showed a poor thrombims generation (Curve A)
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Curve B Addition of 04 m} of adsorbed bovine plasma Some but very sfow rise of the
thrombin concemtration  Recalesfication tme 3 sun 30 sec

Curve C Addiion of 02 mi of mormal serum The thrombun generation poor Heeal
cification tume 3 mun 30 sec

Curve D Addition of 02 o] of adsarbed bovine plasoix as well &s €2 ml of noemal
serum The thrombin generation normal Recaltfication time ) pup 46 sed

Curve E. Addition of 82 mit of adsorbed bovine plasma as well as 02 ml of heated
teadsorbed serum The thrombia generat:on normal Recalafication time 3 smun

Curve F Addition of 04 mi of adsorbed bovine plasma 10 plasma stored with 1ts nor
ma! content of platelets at ~20 C for 24 hours gave a normal thrombin groeration
Recalatfication time 1 mun 45 sec

Diagnosts D of the antih hilc factor plus factor

This pattent s fresh plasma could not be normalsed by plasma lacking the AHF o
by plasma lackung the Christmas factor whercas simultaneous addition of these two plasma
samples d the th The patients blood must therefore be sup
posed to lack both the AHF and the Chnstmas factor The latter defect may however
contrary to expectation be substituted by & factor in heated readsorbed serum
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Family 77

ST

The propositus 1s the only known hiemophilic member of the family

1 Borm 1935 Propositus One year old the patent bled for a Jong time from a cut
1 the tongue At the age of 3 years a copious amount of blood accumulated 1n the
region of the left knec jomt The patient has since had frequent haemorrhages 1nto both
knees wrists and the left elbow There 1s 70 degrees extension defect of the left elbow
He has never had haematuria hacmatemesis nor meleena The patent has had several
episodes of prolonged epistatts Once at the age of 10 he had to have blood transfused to
stop the bleeding He bruises rather eastly and bleeds for a long titme after munor fesious
The patent often mussed school on account of fus disesse which allegedly has abated
within the last few years He has no permanent job and recewves disablement benefit
He 1s now preparing for a qualification as a telegraph oberator apd manages well

Blood analyses 1943 (The Rigshospitalet Paediatric Dept) Thrombocytes 249 600
Prothrombin uime 34 sec {control 34 sec) Clotung tme (Lundsten) 5 hours Clotting
time according to Burker 19-25 mun Fibrinogen 052 ¢ Bexelus No petechme

Present imvestigations Quicks prothrombin time 20 70 21 sec (control 20 sec)
Thrombocytes 415000 per pl of plasma Recaleification time i dilute plasma § mm
The thrombin generation showed a fairly fast rise of the thrombin concentration after
a lag persod of 6-7 mm (Curve A} 18 months later the course of the thrombin generation
was as tlustrated by curve Ay Recakufication time 5 mm 40 sec

FAM 77 NO !
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Curve B_Addition of 02 ml of adsorbed bovm: plasma The thrombin gengration nor
mal Recaloification time 3 mun 45 se

Curve C Addition of 02 ml of pormal s:mm The thrombin generation normal Recal
«fication time 3 mm

Curve D Addstion of 0 ml of heated readsorbed normal serum The thrombia gencra
ton mormal Recalcification time 5 mm
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Famuly 76
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The faguly comes from Germany

% Born 851 He was ostensibly a bleeder He died at home i 1914

2 Born I915 The patient died 2 years old um a hosputal y Germany from hacmorrhage
from a cut v the nght eyelid

3 Born 1952 Propositus From the age of 3 months the patient was hable to haem
atomas evest afler siight Austs 4 manths old be had a fresh haemorrhage from the rectum
One year old the patent was admutted to hospital with a large hasmatoma i the ghiteal
regron 18 months old he bled from the fremulum labi sup He recerved three transfusions
with no unquestinable etfect He has since been gwen several tramsfuuons om accomnt
of subcutancous haemorrhages He has aever had haemarthroses nor haematuria

Blood analyses 1954 (The Rigshospitalet Paediatric Dept) Thromboeytes 327008
Clotting e 60-90 nun Prothsombin ime 22 sec {control 18 sec) Caplary resstance
5 petechias Fibrinogen 029 ¢ Serum protems 69 % Albumin 54 %t Globulm 15

Present Qurck s hrombmn tume 20 20 20 sec (control 19 sec)
Spontaneous cloting time at 37 € 68 mun Recalufiation time in difute plasma 10
aun 30 s~ The thrombig test showed thrombin wittn

16 mun (Curve A)

FAM 76 N0 3
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Curve B Adiition of 02 ml of adsorbed bovine plasma The thrombin generatron nor

mal Recalofication tme 3 mmn
Curve C Addwon of 02 ml of normal serum The thrombin generation poor Recal

ofcanon ume 5 m
Curves D and E :Huslrais the thrombun genesanon after addpon of readsorbed serum

and heated readsorbed serum respechively

Dugross Defictency of the apthagmophific factor {classical haemophslial
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Present mvesngations Quicks prothrombim time 19 19 19 sec {control 16 sec)
Thrombocytes 454000 per pl of plasma Recafcfication time n dilute plasma 5 mn
22 sec The thrombin generation test showed a very low and very slowly nsing thrombin
concentration {Curve A)

“ FAM 78 NO f

Y500/t

0 2 ‘v 6 L 10 12 MIN
Curve B Addition of 02 ml of normal serum Little improvement of the thrombin
generation Recalcification time 3 mun
Curve C Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recal ification time 1 min 20 sec

Diagnosis Deficiency of the antthaemophilic factor (classical haemophilia)

2 Born 1945 A bleeding tendency mamfested itself from early infancy by frequent
subcutaneous haematomas When he began to crawl haemarthroses occurred chiefly m
the knees He has also had bleedings into the ankles and nto a single finger joint The
patient has receved several transfusions The left knee 1s suff 1 *0 degrees fleuon X ray
of the knees ankles and left elbow (1953) revealed minor destructions of the borders of
the joints and halisteresis 3 years old he was submitted to adenotomy Transfusion was
necessary on account of excessive bleedmg At the age of 4 he had a tooth knocked out
This was followed by prolonged bleeding Another transfusion had to be given

Blood analvses (The Rigshospitalet Paediatrc Dept) 1953 Thrombocytes 296 000~
412000 Prothrombin time 20 sec (control 1§ sec) Bleeding tme 7 mun Clottng
tme 22-45 mm

(The Vejle Amts og Bys Sygehus) Clotung time 18 min

Present imvesgations Quicks prothrombin tme 18 18 18 sec (control 18 sec)
‘Thrombocytes 459 000 per 1 of plasma Recalcificatton ttme in dilute plasma 4 mun

45 sec The thrombim test showed negl thrombim (Curve A)
FAM 78 NO 2
1500/t
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FAM 77 NO 1
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Curve E Simwar conditions were found after addition of 1 md of the patrents own four

;l;ne! washed platelets (500000 per pi of suspension) Recaletfication time 4 mun
500

Corve F Freezing of the plasma with 155 normal content of platelets accelerated the
thrombin generation and #s smactivation but the thrombi concentrations attamed
were very low Reealoification tme 2 mun

Corve G Addiion of 82 mi of plasma from pateent ne 4 fam 54 (AHF deficiency)
The thrombin generation delayed Recatesfication ttme 6 nun

Curve H Addition of 02 ml of plasma from patieat no 6 fam 8 (Chnstmas disease)
The thrombin generatzon still delayed Recalcification ttme § min 15 sec

Cusve I Simultancous addition of the two latter plasma samples effected a perfectly
normal thrombin generation Recalctfication uae 3 mun 45 ser

Daagnosis Deficiency of the anuhaemophihe factor plus Christmas factor

Commenrs

As the clotieng defect could be corrceied by adsorbed plasma and the setum factors
seperately it s probably a queshon of a sipht defect This 1s further borne out by the
fact that considerable though defayed amounts of thrombin ate formed i the panents
plasma withopt addimon of test subsisates

Fanuly 78

o B

1 Born 1943 Proposuus From birth the patient displayed o habiity to subcusancous
haematomas When he began to craw! bleedings occurred ata the ankles and knees These
have left no permanent joint deformilies The patient has had one episode of haematuna
1n relation ta an mpry 3 years old e was submnted 10 appenticectomy 1n relation 10
(s he had 10 have numerous blood transfusions 30
Blood anahses (The Vesle Amts og Bys Sygehus Med Depty Clotung fime £ "
mn Bleeding trne 6-10 mun Thrombecytes 415 000 Prothrombm tume 24 sec (contto

25 se)
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nght knee He has had a few episodes of hacmatunia but never gastro intestinal bleedimgs

AU the age of 9 the patients might eye was destroyed by a posttraumatic haemorrhage

Blood analyses Quicks prothrombin ttme 19 18 18 sec (control 19 sec} Thrombo-

cytes 208000 per pl of plasma Recalcification time n dilute plasma 13 min 20 sec
(Curve A)

The tbrombin test showed thrombin
FAM 79 MO {
0500/t
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Curve B Addion of 02 ml o adsobed bovune plzsma. The thrombi gencrstion noc
mal Recalafication time 2 min
R e o8 mermal secum The thrormbia generation poor Recal
fication. time 5 mim 15 sec
Curve D Addition of 02 ml of plasma from a pauent with Christmas disease (fam
6 to 2) The thrombin generation normal Recalcification ttme 3 mmn 10 sec
Addution of plasma from a patient with AHF deficiency (fam 10 no 2) The thrombin
generation poor Recalcification ime 3 min 45 sec (Curve E)

Diagnosts Deficiency of the antihaemophilic factor (classical baemophilia)

2 Born 1943 A bleeding tendency was first noticed when the patient was 2 years
old mamfesting rtself by profuse gingtval haemorrhage 1o relation to dentition The patient
has since been hable 10 bleedings 1nto the shin spontaneous as well as following minor
mjuries He has had repeated haemorrhages into the ankles Since the age of 3 there has
beea continuously aggravating talipes equinus of the nght foot A life threatemng haemo
rrhage following blood sampling from the ear lobe necessitated transfusion He has
never had haematemesis melaena epistavis nor haematuria

Blood analyses (The Ruigshospitalet Paediatric Dept) Prothrombin 28 sec (control
+ sec) Clotting time 1 hour 35 mmn Thrombocytes 111000 Bleeding time 6 min
Capillary resistance (8¢ mm mercury for S mun ) No petechiae Fibrinogen 0 36 ¢

FAM 79 NO 2
“s00/t
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Curve B Addttion of 02 ml of normal serum The thrombin generatton poor Recal
cification ttme 3 min 45 sec

Curve C_Addttion of 02 m! of adsorbed bovine plasma The thrombin generation nor
mal Recalefication time 1 mn

Duagnosis Deficrency of the antihaemophilic factor (classical haemophilta)

3 Born 1951 Since early infancy the patient has been lable to profuse bleedings mto
the skin Nearly 2 years old he was admutted to hospital on account of bleeding of 2
days duration from the tongue after a bite

Blood analyses (The Vejle Amts og Bys Sygehus) Bleeding tume 4 mun 35 sev

Present 1m Quicks time 19 19 20 sec (control I8 sec)
Thrombocytes 419000 per pl of plasma Recaluification trme in dilute plasma 5 mia
30 sec The thrombin generation test showed a very poor thrombn generation (Curve A)

00/ FAM78 NO 3
30
20
8
10 o
0 10 12 MIN

Curve B Addition of 02 ml of normal serum The thrombin generatton poor Recal
cfication time 3 min 15 sec

Curve C Addition of 02 ml of adsorbed bovine plasma The thrombn generation nor
mal Recalcification time 1 min

Diagnosis Deficiency of the antithaemophilic factor (¢lassical haemophshia)

Family 79

5 & & o o4&

! L4
1 Born 1940 Propositus 18 months old the patient had a large ex(rzvasnluoﬂ of lz!ood

There have been frequent and
m omﬂl:"kf:s had several bleedings into the soft ussue of the neck but these have never
smccd hoking sensaion He has bad frequent bleedings into the elbows knees nnll;s
o n::sc and fhouldexs There 1s shghtly limited mobility of the right elbow and the
toe jou
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Curve B Addition of 02 m! of adsorbed boviné plasma The thrombin generation nor
mal Recalaificaon ime 4 min

Curve C and D Addinon of either 02 ml of normal scrum or 02 ml of heated read
sorbed serum gave a mormal thrombin The
hmes were 1 mun 33 sec and 2 mun 50 sec

Curve E. The thrombin generation normaf i plasma with its normal content of platelets
after this had been stored at —70 C for 2 days Recalcification time 2 min 30 sec

Curve F A corresponding expenment with platelet poor plasma (6000 platelets per pl
of plasma) Recal tfication time 4 mm 30 sec

Curve G 02 ml of the patients plasma normalised the thrombin generation in plasma
from a patient with both AHF and Chnstmas factor deficiency (fam 1 no 4)
Recalafication ttme 2 min 45 sec
The patients plasma could also normalise the thrombin generation m plasma lacking

the AHF (fam 13) and plasma lacking the Chnstmas factor (fam 22)

Diagnosis Defictency of the Hageman factor (the Hageman trait)

A Born 1930 There have never been any signs of a haemorrhagic diathesis

Blood analyses Quicks prothrombin ime 20 70 20 sec {(control 19 sec) Thrombo-
cytes 668000 per i of plasma Recalafication tme m dilute plasma 3 min 50 sec
The thrombie generation test showed a normal thrombin generation (Cunve A)

307 sp0/t FAM 80 4
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Famuly 82

The propositus s the only haemophiliac known in the family

1 Bom 1938 Proposttus The patient has brussed easily since s first year of life
18 months old he had a haemorrhage mnto his nght knee jont He has since had several
hacmarthroses 1n the elbows knees and ankles The mobiity of both knees 15 mited
1948 X ray of the nght knee jount revealed grave arthrotic changes with deformation
of the articalar surfaces of the tbia and femur and n addion habsteresis of both
femora The patient has had frequeat episodes of epistaxis as well as a few of haematuna
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Present Quicks bin time 19 20 20 sec (control 19 sec)
Thrombocytes 644 000 per ul of plisma Clotting time for whole blood at 37 C 2 hours
Recalcification time 1n dilute plasma 8 min 15 sec The thrombn generation test showed
neghgeable thrombin generation (Curve A)

Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recaleification time 2 min 15 sec

Curve C Addition of 02 ml of normal serum The thrombin generation poor Recal
cification time 4 mn 55 sec

Curve D Addition of 02 ml of plasma from a patient with Christmas disease (fam 62
no 3) The thrombin generation normal Recalcification time 3 mm 15 sec

Diagnosis Deficiency of the antihaemophilic factor (classical haemophilia)

Family 80

Rty

2

1 Born 1900 A bleeding tendency was mamfest from early infancy The panent
suffered from gmgwal haemorrhages on second dentiion melaena haematuria ntra
muscular and bleedings prolon.ed from minor cuts and haem
arthroses specially m the elbows [Che pattent was 1n hospital several fimes on account
of the haemophilic discase He died at home at the age of 48 apparently from coronary
thrombosts

2 Born 1956 Propositus 6 months old the patient had a bleedng mto the left ankle
Since there have been several subcutaneous bleedings and haemarthroses localised n the
ankles He had prolonged gmgival haemorrhages on first dentiton He has had nexther
haematuria melaena nor intramuscular bleedings

Blood analyses Clotting time (37 C) 1 hour 45 rmr Quicks prothrombin timé
16 17 18 sec (control 16 sec) Thrombocytes 660000 per ul of plasma Recalafication
tme 1n dilote plasma S mun 53 see The thrombin generation test showed a slow rise
of the thrombin concentration after a lag period of 4-6 min (Curve A)

FAM 80 NO 2
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Curve B Addition of 0 2 ml of adsorbed bovine plasma No improvement of the thrombin
generation. Recaleification time 4 min 10 sec

Curve C Addition of 0. ml of normat serum The thrombin generation normal Recal
cificanon ume 1 mn 20 sec

Curve D The thrombin generation likewise improved after addition of 02 ml of heated
readsorbed serum thongh the was Jess nme
Z mn 30

Curve E Adslmcn of 02 ml of frozen platelet suspennion (250000 platelets per Wiy
‘The thrombin generation wmproved Recalaificalion time* 2 mun 40 sec

Curve ¥ The thrombin generation did not improve after storage of the plasma with us
normal content of platelets at —20 € Recalafication time 4 mun

Duagnosis Obs  Christmay discase

2 Born 1954 Propositus The patient has always brussed easily One year ofd he
developed a large haematoma on the forehead after an smjury 2 years old he had an
intra abdominal haemorrhage attended by intense pan and intumescence under the right
curvature He was given transfusion with a favourable effect on the acute case He has
never fiad mefaena haematemesss haemalutia epistaxis gingival haemorrhage nor hae
marthroses

Blood analyses 1956 (The Rigshospitalet Paediatnc Dept) Clotting ime 1846 mn.
Prothrombin ume 19 sec (control I8 sec) Thrombocytes 274000 Blecding tume 4 min
Capillary resistance (Bexelus) 3 petechiac

Present imestigations Quick s prothrombin time 1% 19 19 sec (contro! 19 sec)
Thrombocvies 230000 per pl of plesma. Recaloification time 1n dilnte plasma 7 run
45 sec The thrombin generation test showed a very poor thrombra generation (Curve A)

FAM 83 NO 2
“21600/t
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There has never been melaena nor haematemess The patent was 3 foctory wotker
but fost tus job when 1t became known that he was a bleeder He now racewes dis
ablement benefit

Blood analyses Quick s protheombin time 19 19 19 sec (control 19 sec) Thrombo
«ytes 178000 per pt of plasma Recalufication time m difute plasma 11 min 30 sec
The th, s test showed ble thromb, (Curve A}

4D FAM 82 NO (
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Curve B Addion of 02 ml of adsorbed bovtne plasma The thrombia generation nor
mal Recalcification ttme 3 mm 30 sec

Curve C Addition of 02 m} of normal serum Little improvement of the thrombin
generation Recalctfication tume  dmn 45 sec

Cusve B No signs of an nhibitor  Addition of 02 m} of fresh plasma resulted in fast
generaton and wmactivation of thrombin Recalcification time 2 mun 45 sec

Diagnosis Deficrency of the antthaemophili. factor (classical haemophiia)
Famdy 83
a?
d *

3

2

Information ss avatlable on the last few generations only because a) was placed out
at the age of 4 years and knew nothing of her fanuly

1 Born 1905 The patient has always brursed casily Between the ages of 2 and 24
he often had captous bleedings from the nose Toath-cleamng was once followed by
oozing gingival haemorrhage of several days duration The patient has never had haemat
una haematemesis melaena nor hacmarthroses Hermotomy in 1936 was followed by
profuse bleedng 1ato the scrotum and mto the subcutanecus tissue of the abdomen A
single transfusion had a favourable effect

Blood analyses 1956 (The Kege Sygehus) Prothrombin index 44-52-62 Bleeding ume
61,-5 -5 mn Clotung time 7 7 62 min Thrombocytes 104000 195 000

Present imvestiganions (IS days after blood transfusion) Quick s prathtombmn tme 18
{7 17 sec (control 18 sec) Thrombocytes 451 000 per ui of plasma Recalcrication time
1 dilute plasma 4 min The thrombin generation test showed a steep rise and falt of the
thrombin concentration but after 2 lag period of 4 min (Curve A)
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Curve B Addition of 02 m! of serum The thrombin generation poor Recalaification
ume 4 mun 45 sec

Curve C Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalafication time 2 mun 25 sec

Duagnosis Deficiency of the antthaemophulic factor (classical haemophilia)

3 Born 1938 In early infancy the patient tended to bleed for a long time from
scratches The first and second dentitions were associated with prolonged haemorrhages
which often had to be treated by blood transfusions He has had frequent bleedings into
the large joints Arthrodesss has been performed of the nght knee jont He has never
had melaenz nor He 1s hable 1o subcutancous haemorrhages

Blood analyses Quicks prothrombin time 18 18 18 sec {control 19 sec) Thrombo-
cytes 343 00 per ul of plasma Recalification time 1n dilute plasma 9 mun 48 sec The

thrombin test showed thrombimn (Curve A)
0. so0/t FAM. 8% NO 3
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Curve B Addition of 02 ml of serum The thrombin gegeration poor Recalafication
wme 7 min 20 sec
Curve C_Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalorfication time 3 mmn 15 sec

Diagnosts Deficiency of the antihaemophilic factor (classical haemophilia)

4 Bom 1947 The patient has from his first year of life been Lable to bruises and

to prolonged bleedings from mnor lesions There have been haemorrhages mnto the knees

and e¢lbows but these have not yet caused permanent changes He has had npeither
melaena nor h:

40 FAM 84 NO 4
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation poor
Recaleification time 11 mun 52 sec

Curve C Addition of 02 ml of normal serum The thrombin generation normal Recal
cification nme 2 mm 30 sec

Curse D Additton of 02 ml of heated readsorbed serum The thrombm generation
poor Recalcification time 7 mun 10 sec

Cunve E The thrombin generation ymproved somewhat after addition of a platelet suspen
sion Recalcification time 4 min 30 sec

Curve F llustrates the course of the thrombin generation 1n frozen platelet poor plasma
(3000 per ul) Recaletfication time 18 mun

Dragnosis Christmas factor deficiency (Christmas disease)
The above patient has since developed an nhibitor

Family 84

;T_;néfslra ‘
41

1 Is stated to have been a bleeder He died at the age of 48

2 Born 1929 Propositus From his first year of hife the patient often had bleedings
into the skin Later he also had frequent intramuscular bleedings The patient has had
several episodes of severe epistaxis as well as prolonged bleedings after dental extractions
necessitating numerous transfusions He has had melaenta but never haematemesis There
have been several episodes of haematuria He has had many hacmarthroses especially
1n the elbows and knees where they have caused pronounced limitation of mobihty The
disease has grown somewhat mulder within the past 3-4 years but the patient 15 stall
greatly handicapped by his disease and recetves disablement benefit

Blood analyses Quick's prothrombin tme 20 20 19 sec (control 19 sec} Thrombo
cytes 207000 per ul of plasma Recalcificaion time m dilute plasma 7 mmn 45 sec
The thrombin test showed ble thrombin (Curve A)

8 NO 2
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The propositus 1s the only hacmophiliac known m the family

1 Born 1946 Propositus 18 months old the patent had a gingtval haemorrhage
Tasting 8 days after an injury The patient bled down to a HB ¢ of 29 and transfusion
was required 3 years old he was again admtted to hospital on account of gingrval haemo
rrhages He has brussed easily since early sfancy 2 years old he bled for a long time
after having bitten his tongue From the same age he has had haemarthroses chiefly 1o
the ankles and elbows There are no permancat joint deformities The patient has never
had haematuria haematemess nor melaena Neither has he been troubled by epistaxss

Blood anahses Quicks prothrombin tme 19 19 20 sec {control 19 sec) Thrombo
cytes 277000 per jl of plasma Spontancous clotting time at 37°C over 3%4 hours
Recaleification time 1 difute plasma 8 min .5 sec The thrombin generation test showed
negligeable thrombin generation (Curve A)

FAM 85 NO !t
500/t
20
-
20 N .
s I
w7 \\ R
14
P Ao
- = s A

— S
o 2 4 6 [ 10 2MN

Curve B Addition of 02 ml of adsorbed bovine plasma The thrombmn generation poor
Recalcification time 8 min 21 sec

Curve C Addttion of 02 ml of normal serum The trombin generation normal Recal
cification time 1 min 30 sec

Curve D After the plasma with s normal content of platelets had been frozen to —20 C
;or 24 bours the thrombimn generation became norma! Recalcification tme 3 min

0 sec

Curve E No improvement of the thrombmn generation in frozen platelet poor plasma
Recalcification time over 17 mm

Curve F Addition of 02 m! of heated readsorbed serum The thrombim generation poor
Recalctfication time 15 min

Diagnosis Christmas factor deficiency (Christmas disease)
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Biood anafyses Quick s prothrombit time 18 17 18 sec (control 19 sec) Thrombo
eytes 4X2000 per i of plasma vaalcmcauon time in dilute plastna 9 run 45 sec
The fest showed {Curve Ay

Curve B Addition of 02 ml of normal serum No es enin) amprovement of the thrombin
generation  Recaloficagion tme 4 pun 40 sec

Corve C Addibon of 02 ml of adsatbed bavice plasma The thrombsa gereration nor
mal Recahification time 1 mun 30 sec

Cutve B No defingte signs of an tntubitor Addinon of 02 mi of sormal plasma resvited
in a fast mse and {all of the b time 2 min

Duwagnoss Deficiency of the antthaemophyhic factor feiassscal baemophihia)
On 2 previous mvestigatson the above patent showed signs of a combmed defect (ARF
plus Chastenas factor deficsency)

§ Born 1948 A bleeding tendency was notced from early wfancy mamifesting sself
by latge subeutancous haematomas From the ape of 6 he had bleedings into the elbows
ankles and knees The latter jounts have developed arthrouc changes The patent had
severat prolonged gingsval haemorrhages on second destinon He has also had some
episades of epistaxss but gever haematemesis hatmafuna toes metaena The patient has
bezn gven several fransfusions

Blood anafyses {The V:borg Amts og Skive Bysygehus Med Dept) Prothrombia
wdex 94 <t Fsbrinogem 036 % <‘

Pre. Quel hrombin fime 18 18 13 sec {control 19 se¢)
Thmmbocyics 284000 per wl oE plasma Recarcnlxcanon tene i difute p!asma 14 mmn
test showed thrombun {Curve A)
FAM 8% NO S
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Curve B Addstion of G2 mi of normal serum N essential improvement of the thrombn
generation Recalcfication tse 4 mhin 45 sec

Curve C Addman of 02 m! of adsorbed bovine plasma The thrombin generation for
mal Recalaficaton fowe 3 muo 30 sec

Bragrosts  Deficrency of the anethaemophilic factor {classiat haemophilia)
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Curve F Freenog of platelet ich plasma gave a normal thrombe generation though
after a lag period of 4 mun Recalafication time 4 mun 45 sec
Addition of plasma from patient no 3 fam 8 (Hageman trait) or from a patient
with AHF deficiency (fam 105 no 1) normalised the thrombin generatton

Diagnosis Christmas factor deficiency (Chrstmas disease)

Family 87

ek

The propositus 1s the only family member known to have haemophilia

1 Born 1949 Prop No signs of were seen unti!
the age of 7 Extraction of a tooth then gave occasion to some bleeding which stopped
spontancously after about 2 hours At the same age a sudden unprovoked pam occurred
m the right leg A few days Jater a large swelling developed on the lateral aspect of the
nght thigh At the same time the patient had become anaemic He has displayed no other
signs of a haemorrhagic diathesis

Blood analvses 1936 (The Gren Sygehus) Prothrombin index 95 © Bleeding time
2 mn Clotung time 1 hour Thrombocytes 380000 Fibrinogen 055 ¢ Gothlin No
petechiae The bone marrow showed active er and ould

Present nvestiganons Quicks prothrombin time 17 16 17 sec (control 17 sec)
Thrombocytes 525000 per pd of plasma Spontaneous clotiing time at 37 C 1 hour 36
mn Recalaification time 1n dilute plasma 19 mun The thrombin generation test showed
neghgeable thrombin generation (Curve A}

FAM 87 NO f

o 2 4 6 8 1o 12 MIN

Curve B Addition of 02 ml of normal serum The thrombin generation poor Recal
afication time 4 mmn 45 sec

Curve C Addition of 02 ml of adsoxbed bcvme plasma The thrombin generation por
mal Recaleification time 2 min

Duagnosis  Deficiency of the antihaemophilic factor (classical haemophilia)
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No cases of haemophilia are known beyond that of the proposivs

1 Born [925 Propositus A bleeding tendency has mamfested itself since infancy by
b of blood The pathent once bled for 8 days
after dental Blood was sy In 1956 he bled for a long tme
after having butten hes tongue The patwent has never had haemarthroses or renal haemo
rrhage Neuher has he experienced gastro intestinal haemorrhage The pauent owns a
farm wihi b he works humself wathout bewng partieularly troubled by he diease
Blood analyses 1956 (The Rigshospitalet Dept A) Thrombouytes 315000 Pro
thrombm time normal Bleeding ime 1'-~3 mun Clottmg time 3% - 4.5 min Capsflary
resistance No petechsae

Present Queck s tme 19 18 18 sec (control 19 sec)
Owrens prothrombut proconvern 90 < Thrombocytes 315000 per i of plasma The
thrombin genecation test showed a poar thrombin fCurve

ume 6 mun. 45 sec

FAM 86 NO

Curve B Additton of 02 ml of adsorbed bovine plasma Considerable improvement of
the thrombia geperation which however did not become qmite normal Recal sfication
time 4 mua 30 se¢

Curve C Addition of normal serum The thrombin generation norma! Recalels ation

nme 2 min 30 sec
Cu“z:nD ‘Additton of heated readsorbed serum The thrombm gencration considerably

oved Lag period abuut 4 min Recalufication time 4 min 8
Cur‘vfplri. The patient » own secum normalised the thrombin generation m his own plasma

Recalofication tme 1 min 45 sec
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Cunve F Addition of 02 ml of fresh platelet sllspenslon (380000 platelets per pl of
The thrombin normal nme 2 min 40 sec
Cutve G Frozen platelet suspension did not improve the thrombun generation Recal

aficanon ume 4 min 40 sec
Curve H Storage of the patents plasma with ats normal content of platefets at —20 C
for 72 hours effected 3 normal thrombin generation Recalcification time 3 mun 26

se

c
Curve 1 Using platelet poor plasma (7000 platelets per pl) the thrombin geaeration hikewise
became normal Recalcification tme 3 mun
9 months before the abave investigation the thtombin generation was found to be
as llustrated by curve ko The recalaification time was 5 mun 50 sec
The patients plasma normalised the thrombin generation in plasma from a Chnstmas
pauent (fam 85) but not that in plasma from a patient lacking the AHF (fam 13
no %)

Duagnosis Shght deficiency of the anuhaemaphilic factor

3 Born 1935 The patents bleeding tendency was first noticed when at the age of
2-3 years he was submutted to adeno and tonsillotomy There was pralonged oozing
secondaty haemorrhage which required admission 1o hospital The patient bruises easily
and wounds give prolonged secondary bleeding H: has never had haemarthroses haemat
urra melaena nor Until the age of 14 he had
frequent episodes of emistaxis The patient who s an unshilled {abourer 15 troubled but
lttle by his disease He 15 never absent from his wark on account of this He has
never been given transfusions

Blood anatyses 1954 (The Homsyld Sygth\\s) Bleeding time 3 min 10 sec Thrombo
cytes 298000 Clot retraction 4 mim
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2 Born 1875 39 years old the patient was submiied to herniotomy allegedly with
no abnormal bléeding At the age of 41 he bled for a long time after traumatic amputa
ton of 3 finges The patsent thinks that this was the first ime he became aware of his
disease 45 years old he was operated on for haemorrhouds allegedly with no abnormal
blecding phenomena 44 years old he was operated on for Graves disease There was
profonged bleeding from the wound which had to be revised a few hmes The panent
was then gtven transfusions The patent his had episodes of prolonged epistaus and
several oozing gangival haemorchages lasting 2 week after dental extractions He bruises
eastly The patient has had a fcw cpx;odts ot melaena without an ulcer having veen

but never b

The patient has never felt parmu!aﬂy handxcapped by bis disease He 13 a blacksmuth
by professton and managed tus work without difficulty He was i the Boer War as 2
prvate He now recerves an old age pension

Blood analyses 1953 (The Horsens k Capitfary Mo pe
techiae Bleedng ttme 4 mun Clotting ttme 3 min Thrombocytes 245 000

Pment nve tigations  Quucks prothrombun time 19 18 18 sec (control 19 sec)
to Owren 80 Thrombocytes §42000 per pl of
plasma Recalctfication time 1 dilute plasma 4 mm 15 sec The thrombin generatron
test showed a slow re of the thrombin concentration (Cunve A)

40 oo/t FAM 88 NO 2
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2
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Curve B Addition of 02 mi of adsorbed bovine plasma The thrombm geaeration sior
mal the thrombin concentratrons higher The lag period was about 4 mn  however
Recalcification e 4 mun 35 sew

Curve C Addition of 02 mi of normal sefvm The thrombin geperation normal Recal
afication time 2 min 43 sec

Curve D Similae conditians were found after addiion of 02 ml of the paucnts own
serum stored for nearly 12 months Recalaification tme 2 aun 45 sec

Curve E Addition of 02 m! of heated readsorbed pormal serum The thmmbm genera
tion normal Recalctfication fume 3 min 35 sec
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Curve F Addition of 02 ml of fresh plalele( suspenston (380000 platelets per ul of

¢ thrombin mal time 2 miz 40 sec

Curve G Frozen platelet suspenslon aid nol improve the thrombmn generation Recal
cfication ume 4 min

Curve H Storage of the pnuenu pl:sma with its normal content of platelets at —0 C

far 72 hours effected a normal thrombin generation Recalaification twme 3 mun 20

sec
Curve T Using platelet poor plasma (7000 platelets per y) the thrombm generation lihewsse
became normal Recalaification time 3 mun 30 sec
9 months before the above investigation the thrombin generation was found to be
as illustrated by curve K The recaloi{cation tme was § mun 5Q sec
“The patient s plasma normalised the thrombin generation tn plasma from a Christmas
pauent (fam 85) but not that 1n plasma from a patent lacking the AHF (fam 13
no 5)

Diagnoss  Shght deficency of the anvhaemophibie factor

3 Born 1935 The patients bleeding tendency was first noticed when at the age of
2-3 years he was submitted to adeno and tonsillotomy There was prolonged oozmng
secondary haemorrhage which required admission to hospital The patient bruises easily
and wounds give prolonged secondary bieedmg He has pever had haemarthroses haemat
vria melaena haematemesis nor intramuscular haemorrhages Until the age of 14 he had
frequent episodes of epistaxis The patient who is an upshilted labourer 1s troubled but
bitle by his discase He 15 never absent from lis work on account of this He has
never been gven transfusions

Blood analyses 1954 {The Hornsyld Sygehus) Bleeding time 3 min 10 sec Thrombo
cytes 298000 Clot retraction 4 mm

%0 FAM 88 NO 3
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Present Qurck s tume 23 24 21 sec (control 19 sec)
Prothrombin proconvertin {Owzen) 120 % Thrombocytes 282 000 per ! of plasma Recal
afication ume m difute plasma 4 pun 20 sec The thrombin generation fest shoved
a steep nise and fall of the thrombin concentration after a Jag period of scarcely 4 mun

{Curve A}

Curve B Addition of 02 m} of adsorbed bovine plasma reduced the lag period Reesl
sification tme 3 mun 30 sec

Curve C Addition of 02 mt of normat serum or of §2 mE of readsotbed serum {Curve
D) effected a steep rise and fall of the thromb: times
2 mmn 20 sec and 2 mun 10 sec

Curve E Addition of 02 mi of heated readsorbed mormal serurm The thrombin genera
tion poor Recalofiation tme 6 min 10 sec

Curve F Freezung of the plasma with ats normal content of platelets gave some accelera
ton of the thromb time 4 min
The patients plasma d the th b n plasmea from a Chstmas

patient (fam 385 no 1) but not that in plasma from a patent with AHF deficiency

{fam 13 no 5

Dragnosis Shght deficiency of the antthaemophiic factor

4 Born 1937 At the age of 11 months the patient bled for a long time from 2
small crack i the bp § years old he bled for 2 wecks from a munor eut in the foot He
has had z few posttraumatic bleedings imto the knee jounts but not mto other jomts
He 1s not partenlarly lable 1o brutses An mpury at the age of 18 was followed by
epistaxis lasting 6 days He has never had boematursa hacmatemesss nor melaena The
pauent ts an unskitled Jabourer and able to hve by his job

Blood aralyes 1956 (The Horasyld Sypehus) Thrombocytes 200000 Ciotting time
5 mn 30 sec Bleeding time 7 min Prothrombm time 40 sec {control 41 sec)

Present Quicks tme 24 25 24 sec (control 19 sec)
Prothrombin proconvertm (Owren) §20 ¢ Thrombocytes 352 000 per pl of plasma Recal
cification tume n dilule plasma 4 min The thrombsn genesation test showed a normal
thromban generaton (Curve A)

0 FAM 88 NO 4
§00/t
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Curve B Addition of 02 mi of adsorbed bovine plasma caused some acceleration of the
thrombmn generation Recalafication tme 3 mm 20 sec
Curve C Additon of normal serum or of readsosbed serum (Curve D} resulted in 3
fast rise and fall of the thrombin concentranion The recalcificanon tumes &ete 2 ann
and 2 rmn 30 sec respectively
Cur:g SPiC Addion of Deated readsorbed serum did not improve the thrombia generation
Recaleification tme 4 min 30 sec
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‘The patient s plasma improved the thrombin generation 1n AHE -defictent plasma (fam
13 and fam 59) but did not vender 1t normal (Curve F) whereas t normalised the
thrombin generation 1n plasma from a Christmas patient (fam  85)

Diagnosis Shght deficiency of the anthaemophilic factor

% Born 1940 Tonsllectomy and adenotomy at the age of 2 years were follawed by
vozng haemorrhage Jasung about 2 weeks The patient 13 hable to prolonged epistaxis
After a dental exttaction he bled for 11 days He bruses easily and the bruises are
visble for a long time He has had a single haemorrhage into one knee The resuiung
changes persisted for about 2 months There are no permanent changes He has never
had hacmatuna hacmatemesis nor melaecna No blood transfusion has ever been given
The patient 13 a compostors appreptice and 1t not particulirly handcapped by his
disease

Blood analyses Quicks prothrombm ume 19 18 18 sec (control 19 sec) Pro-
thrombin proconvertin {Owren) 60 @ Thrombocytes 453000 per yl of plasma Recal
cification tune 1n dilute plasma 3 mun 50 sec The thrombin generation test showed a
notmal thfombin generation after u 1ag penod of just over 3 min (Curve A) 9 months
previously the thrombin generation was 83 illustrated 1n gurve Ay Recaleification time
5 min 45 sec
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Curve B_Addition of 02 mi of adsorbed bovine plasma The thrombin generation not
mal Recalcificanion tume 3 nun

Curve C Addition of 02 mt of normal serum effected a very steep nse and fall of
the thrombin concentration Recalcification time 1 min 55 sec

Curve D Addition of 02 ml of fresh platelet suspension (380000 platelets per ) of
suspension) bikewise gave a very steep mse and fall of the thrombin concentration
Recalcification time 2 min 30 sec

Asaoft FAM 88 MO §
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Curve E After storage of the patwents plasma a1 —20 C for 72 hours the thrombia
concentration rose and fell at a very fast rate Recalcification time 2 mun 30 sec
Curve ¥ Addrtion of 02 mi of heated readsorbed serum also accelerated the thrombin
generation  Recalerficatcon time 3 ran 45 sec
The patient s plasma lised the b m plasma from a Chrstmay
patient (fam 43) as well as in plasma from a patient with AHF deficiency {fam 84)
See curves G and H respectively

Diagnosis Deficiency of the Hageman factor

Famidy 90

The propositus 1s the osly haemophiliac known in the famuly

1 Born 1941 Propositus 10 months ofd the patient cut his finger on a razor blade
There was very prolonged oozng haemorrhage from the cut About the age of 18 months
2 large haematoma developed 1 the scrotum after a fall 2% years old he had profonged
ooznng haemorrthage from o bite sn the border of the fongue Two larze haematomas
developed on the upper surface of the tongue These were removed surgwally and the
patient was given two transfusons From the age of 3-4 he had frequent haemorthrows
comprising particularly the ankles and koees as well as the nght wrst The patient bruises
very easity On second dentition there were prolonped oozing hasmerthages The patient
has occasionally had attacks of scute abdomsnal pan but never hsematemesis melaena
ror haematursa The drsease has grown somewhat milder within the past 2-3 years though
the patient 1s suil hable to subcutaneous haemotrhages and bleedings wmto the younts The
tatter have left na permanent gomnt deformslies

Blood analyses 1951 (The Rigshospstalet Paediatric Dept) Thrombocytes 131000
Prothrombin e 29 sec tcontrol 29 sec) Serum protesn 7 < Serum albumm 48
Fibnnoges 222 < Bleeding ume 3 min Capillary resistance 80 mm for 5 mn No
petechiae

Present imestpanons  Clotting e {Andrassen Burker) 6 mn-18 suo  Quicks
prothrombin ume 15 15 15 sec {control 17 sec) Thrombocytes 175000 per p! of
plasma Recalafication ume m dsfute plasma 8 min The thrombm generation test showed
negirgesble theombin generaton (Curve A}

Fam 30 NO ¢
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Curve B Addition of 02 m! of adsorbed bovine plasma effected considerable improve
ment of the thrombin generation the concentration of which rose and fell rather
quickly Recalcification tume 2 mun 45 sec

Curve C Addition of 02 ml of normal serum caused a very steep nise and fall of the
thrombin concentration Recalcification ume 1 min

Curve D Addition of 02 ml of heated readsorbed serum The thrombtn generation nor
mal Recaloficanon bme 2 min 30 sec

Curve E The thrombin generation in the patients platelet contamning pfasma was nor
mal after storage at —20 for 72 hours Recalaification time 2 mun 25 sec

Curve F shows that the thrombin generation was normal in the patients platelet poor
plasma (75 D00 platelets per p) fter this had been stored at —20 C for 11 months
Recalcification time 3 mun 50 sec
The patients plasma normalised the thrombin generation m AHF.defictent plasma

(fam 84) and in plasma lacking the Christmas factor (fam 22)

Diagnosis  Deficiency of the Hageman factor

Famuly 91

3
No other cascs of haemophilia are known 1n the famuly

1 Born 1949 Propositus 18 months old he had a prolonged haemorrhage from 4
superficzal cut mn a finger pulp Dentibon was not assoctated with bleeding From the
ape of 2 years he fairly often had swollen knees and ankles as well as accumulanon of
blood 1n the hip jomnts There are no permanent jomnt deformunies The patient bruises
eastly Periodically there have been frequent episodes of epistaxis He has never had
haematemesis nor melaena but one ¢pisode of mild haematuna

Blood analses 1953 (The Rigshospitalet Paedatec Dept) Clotting trme 20 mun
Bleeding time 3 min 30 sec Thrombocytes 272000 Bexelus 4 petechiae Prothrombin
tme 24 sec (control 18 sec) Fibnnogen 033 7

1956 (The Centralsygehuset Slagelse Med Dept) Prothrombin proconvertin (Ow
ren) 118 ¢ Cloiting time 6 mun 30 sec Bleeding time about 24 hours

Present investigations Quicks prothrombin time 20 21 2] sec (control 19 sec)
Thrombogytes 193 000 per ul of plasma Recalctfication time m dilute plasma 7 min 40
sec The thrombin generation test showed no thrombin generation (Curve A)

FAM 9 NO 1
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Curve B Addition of 82 m! of normal serum  Lutle improvement of the thrombin genera
tion Recaleification time 3 min 15 sec

Cunve C Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalefication ime 3 mm 15 sec

Diagnosis Dy of the h hihe factor {classical haemophdia)
Family 92
7
H B

Several members of the family hve m Germany

1 Haemophiic He died 1936 1 Germany

2 Born 1919 Propositos The patient has siwass been hable to large ecchymoses
after mpunes Dental extractions were three times followed by very prolonged bleedings
which necessitated transfustons The patient has never had haemarthroses melaena haemat
emeus hacmatunia nor epistaxis He 13 2 grocer and manages well He does not recaive
disablement besefss

Blood analyses Quick s prothrombimn tme 20 20 21 sec {conteet 19 sec ) Thrombo-

cytes 215 000 per pl of plasma Recalefication ume 1 difote plasma 5 amyn 40 sec
The thrombin generation test showed a poor thrombin generatson after a lag pessod of
§F min (Curve A

FaM 92 NC 2
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Curve B Addmion of 02 mi of adsorbed bowne plasaia Some acceleration of the
thrombin generation  Recalcification time 3 mn 40 sec .
Curve C Addimsos of 52 mi of normal serum The thrombin generation normal Recal

¢« 3 min 20 sec
Curcvleﬂ Cla)“osl:u:;:r conditsons were found after addiwon of heated readsorbed sormal

serum  Recalaification time 5 min 36 sec
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Curve E The thrombin generation was normal after the platelet-contuning plasma had
been stored at —20 C for 11 days Recalmfication time 4 mm

Curve F Addition of normal frozen platelet suspenston gave a normal thrombin genera
tion Recaloificatron time 3 min

Curve H Storage of platelet poor patient plasma (5000 platelets per pl of plasma) at
—20 € for 9 months effected a normal thrombin generation Recalcification time
2 min 35 sec

Curve I shows the thrombin generation tn the patients plasma 10 months after the
first mvestigation Recaleification time 4 min 30 sec The thrombin generation seemed
to be normal
‘The patient s plasma normalised the thrombtn generation i plasma from a Christmas

patient (fam 27) but pot that in plasma lacking the AHF (fam 84} or with shght

AHF deficiency (fam 41 no 2)

Diagnosis Slight deficiency of the antihaemophitic factor

Comments

It 1s remarkable that this patients plasma which according to the cross tests with
plasma samples having known defects lacks the AHF was found 1 the substitution
experiments to be corrected the best by test substrates prepared from serum On a sub
sequent wmvestigation however au equally good correction was obtaned with adsorbed
bovine plasma Further 1t may be pomnted out that the patients own serum was able
to correct hus clotting defect a fact also noticed 1n famuly 88

3 Haemophilic He lives 1n Germany

Family 93

.
Six generations back there is said to have been a boy with a bleeding tendency

1 Born 1946 18 months old the patient bled for a long time from the upper Iip after
contusion He has often had mucosal haemorrhares lasting a week 1n the oral cavity
Dental extractions were followed by prolonged oozing haemorrhages of vp to one weeks
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duration He has never had b b nor melaena The
patient 15 Lable to subcutancous haematomas He 1s troublad but hitle by his disease

Blood analyses Quicks prothrombin time 19 19 18 sec (control 17 sec) Thrombo-
cytes 347000 per uf of plasma Recalusfication time n difute plasma 7 min SO s&c
The thrombin generation test (Curve A) showed a poor thrombm generation after a by
period of 6 mmn
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Curve B Additton of 02 ml of adsorbed bowvine plasma The thrombin generation poos
Recalerficanon tune 7 mun 30 sec

Curve € Addition of D2 m! of normal serum The thrombun generation normal Recal
cficatsion tme 2 min 30 sec

Curve D Storage at —20 € of the plasma with us normal content of platelets mproved
the thrombm the now risiag after a lag period
of 4 mun Recalufication tme  Smn 50 sec

Curve E Heated readsorbed serum improved the thrombin generation after a lag penod
of 4 yun Reealerfication time 6 nmun

Dhagnosts Chrstmas factor deftciency (Chtistmas disease)

2 Born 1948 Propasitus The patient displayed no abnormal bleeding phenomena the
fitst § vears of hfe 5 years old he developed a haematoma oft the hp after an wmry
Puncture of this resulted m ooung which
1o hosprial Two transfustons were requited before haemostasis was obtained There was
prolonged bleedmg from a tite mn the tongue The patient was sa haspital for 4 weeks
on account of thrs He has had many episodes of prolonged epsstaus but never hacmar
throses haematura hasmatemesis nor meleene Me brusses very eastly He has bad so
pingval haemorrhages
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Blood anal ses 1955 (The Alborg Amtssygehus Med Dept) Thrombocytes 450 000~
373000 Bleeding time 1%3-2% min Clottng tme 9 min Prothrombin ume 103-61
Fibnn 28 mg © Recaforfication ime normal No signs of an inhibitor of the plasma
thromboplastin Capillary resistance No petechiae

Present imvestigations Quicks prothrombin time 18 18 19 sec (control 17 sec)
Recalcification ime in dilute pfasma 7 mun 15 sce The thrombia generation test showed
negligeable thrombin generation (Curve A

Curve B Addition of 07 m! of adsorbed bovine plasma The thrombin generation poor
Recalaafication ume 6 min

Curve € Addition of 02 ml of normal serum The thrombin generation normal Recal
aification time 1 i 30 sec

Curve D Additon of heated readsorbed serum fikewise improved the thrombin genera
tion but after a longer lag period (ust over 3 muin) Recalafication ume 4 mun

Cutve E Storage of the patisnis plasma with its normal content of platelets at -0 C
for 48 hours gave hitle improvement of the thrombin generation. Recalofication time
5min 0 sec

Duagnosis Christmas factor deficiency (Christmas diseasc)

Famly 94

The propositus 1s the only haemophihac known 1 the family

1 Barn 1941 Proposius 18 months otd the patient fefl and hurt his chin which tied
for 50 fong that admission to hospital was necessary He has often had epistaus and
subcutancous haematomas There have been several bleedings into the knees but these
have not left permanent changes He has never had haematuna haematemesis nor
melaena On second dention frequent prolonged gengwal haemorthapes were experienced
The patient has received several blood fransfusions The discase seems to have grown
tmilder in the course of years The patient 1s apprenticed to a painter and manages wel)
He has exgenencel to abmormal bleeding phenomena the past 18 manths
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duration He has never had haemarth h. por elaena The
patient 15 lable to subcutaneous haematomas He 1s troubled but httle by hus disease

Blood analyses Quicks prothrombin ttme 19 19 18 se. (control 17 sec) Thrombo
cytes 347000 per ul of plasma Recaleification time n dilute plasme 7 min 50 sec
The thrombin generation test (Curve A) showed a poor thrombimn generation after a lag
peniod of 6 mmn

FAM 93 NOt
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Curve B Addition of 02 mi of adsorbed bowvine plasma The thrombrn generation poor
Recalcification tume 7 min 30 se

Cutve C Addition of 0. m! of normal serum The thrombin peneration normal Recal
@fication me 2 mun 30 sec

Curve D Storage at —20 C of the plasma with sts normal content of platelets mproved
the thrombin generatton the conuentratton now fisiag considerably after a lag period
of 4 min Recalctficaion time  Smin 50 sec

Curve E Heated readsorbed serim tmproved the thrombin generation after a fag penod
of 4 min Recalerfication time 6 mn

Dreagnosts Christmas fa for deficiency (Christmas disease)

2 Born 1948 Propositus The patient displayed no abnormal bleeding phenomena the
first 5 years of ife § years old be developed a haematoma on the Lp after an mury
Puncture of this resutted m prof oozing b which 1 admsssion
to hospital Two transfusions were required before haemostasis was obtamed There was
prolonged bleedrag from a bite i the tangue The pattent was in hospital for 4 weeks
on account of this He has had many epsodes of prolonged epistaxis but never haemar
throses haematunia haematemests nor melaena He bruses very easily He has had no
mingval haemorrhages

FAM 93 NO 2
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Curve B Addition of 02 m! of normal serum The thrombin generation poor Recal
cification time 2 min 45 sec

Curve C Addition of 02 mt of adsorbed bovine plasma The thrombin generation poor
Recalcification ime 3 mun 15 sec

Curve D Addition of 02 ml of adsorbed bovine plasma as well as 02 ml of normat
serum The thrombin generation normal Recalcification time 2 ymn 25 sec

Curve E Addition of 02 ml of adsorbed bovine plasma to the patients plasma stored
with its normal content of platelets at —20 C for 2 months did not improve the
thrombin generation more than addition of bovime plasma to fresh patient plasma
Recalaification tume

Curve F There were no signs of an jhibitor Additton of 02 ml of normal plasma
effected fast gemeration and inactivation of thrombin Recalaification time 2 mun
30 sec

Diagnosis  Defictency of the antihaemophithe factor plus Christmas factor (combined
‘haemophilia)

Family 96
No formation ss available on the family the patient bemg a stepchild

1 Born 1944 Propositus ‘The patient has since birth been liable to large bruises On
second dentutson there were prolonged gingival haemorrhages He has had frequent bleedings
mnto the knees and elbows The left kace 15 almost stiff He has niever had haematuria
but a single episode of melaena He has not been troubled by epistaus The patient has
been gven many blood transfusions e g in relation to cach dentition Bleedings from
wounds ar _very difficult to stop Haemostass 15 generally obtamed onty after transfusions
of which he has received about 100

Blood analvses 1946 (The Rigshospitalet Paediatne Dept) Prothrombn time 18
sec (control 18 sec) Bleeding tome 10 mm_Clotting time 11 -2 hours Thrombocytes
399000 Capillary resistance 3 petechiae Fibrinogen 034 </

Present inyvestigations Quicks prothrombin time 18 17 17 sec (control 18 sec)
Thrombocytes 478000 per i of plasma Recalcification time 1n dilute plasma 9 mm
50 sec The thrombin test showed thrombin (Curve A)
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Blood analyses 1957 (The Rigshospitalet Dept B) Thrombocytes 273000 Pro
thromb 62 “ Clottang tme 26 ymun  Bleeding time § mun

Present Quicks h tune 17 17 16 sec fcontrol 17 sec)
Thrombocytes 580000 per i of plasma Recalufication fume m dilute plasma 7 mun
45 sec The thrombmn test showed fe thromt (Cune A}

Curve B Addition of 92 mf of adsorbed bovine plasma The thrombin generattan nor
mal Recalafication time 2 min
Curve C Addition of 02 mi of normal serum effected a slower thrombin generation
hromb at 9 mum} 1 ume 3 mm 45 sec
Curve D Addstion of 02 mi of readsorbed normal serum gave 2 still better thrombin
than serum § tme 3 pmn 50 sec
Curve E 02 m! of beated readsorbed normal serum effected hitle improvement of the
h time 4 mm 45 sec
The patients plasma could not the m AHF deficient
:xflasma8 S()Iam B4 no 35) but normalsed that wm plasma lacking the Chmstmas factor
am

Diagnosts Defictency of the antthaemophilic factor (classical hoemophihia}

Famddy 95

1 Born 1913 Praposuus A bleeding tendency was noticed from early mfancy Especr
ally the patient has been woubled by haemarthroses chrefly wi the knees ankies and
elbows The knee jounts could be bemt no more than about 25 deprees Both efbows
presented 30 degrees extension defect The patient browed eastiv and had frequent episodes
of profonged epistaxis but pever pingsval haemorrhages He never had hacmatura but
melaena and haematemesss The frequency of bleedmg phenomena decseased somewhat
with ancreasing years The palient recerved disablemens beoefit Jn 1954 a cyst was
detected in the left e Microscopy of ussue from this (1936) resealed ostertss fibrosa
ke changes aud myostas ossificans of the muscles surrounding the hup som presumably
o sequel of previous haemorrhapes In 1956 the paueat was admutted to hospital owing
to profuse bleeding from a Jarge baemaioma in the repion of the nght hip On mession
there were found larige malodorous haematoma masses and pus s well as bleeding
from the bony cyst The pauent died from snsemwa m spite of frequent transtusions
Post morters diagnosss Excessive anaemua of the organs Osteofibrosss of the pelviy and
the proumat end of the left femur Anbrosis of the lefe knee Emaciation Myostis
ossificans of the adductors of the left thugh (hacmophihia)

‘Blood analvses 1954 (The Yiborg Amts og Bys Sygehus) Clottng fime §0-12 st
Bleeding time 6 min Prothrombin sndex 100

Present imestigations Quicks prothrombin tme 7 16 37 sec (control ll sec)

per pb of plasma Recaleification tme i ddute plasma 12 min

s 228 000
;rg'::boﬁfimombm generation test showed neglgeable thrombin generation {Cusve A
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Curve B Addition of 02 ml of normal serum The thrombin generation poor Recal
ofication time 2 mn 45 sec

Curve C Addition of 02 ml of adsorbed bovine plasma The thrombin generation poor
Recalufication time 3 min 15 sec

Cutve D Addition of 02 ml of adsorbed bovine plasma as well as 02 ml of normal
serum The thrombin generation normal Recaleification time 2 mun 25 sec

Curve E Addition of 02 ml of adsorbed bovine plasma to the patients plasma stored
with 1ts normal content of platelets at —20 C for 2 months did not mmprove the
thrombin generation more than addition of bovine plasma to fresh patient plasma
Recalcification time 4 mun

Curve F There were no signs of an mhibitor Addition of 02 ml of normal plasma
effected fast gemeratton and mactivation of thrombin Recal ification tume 2 mn
30 sec

Diagnosss Deficiency of the anthaemophilic factor plus Christmas factor (combined
‘hacmoptulia)

Family 96
No mformation 1s available on the famly the patient bemng a stepchild

1 Born 1944 Propositus The patient has since birth been lrable to large bruises On
second dentition there were prolonged gingival haemorrhages He has had frequent bleedings
mto the knees and elbows The left knee 15 almost stiff He has never had haematunia
but a single episode of melaena He has not been troubled by epistaxis The patient has
been given many blood transfusions e g in relation to each dentition Bleedmgs from
wounds ar very difficult to stop Haemostasis 1s generally obtamed only after transfusions
of which he has recetved about 100

Blood analyses 1946 (The Rugshospitalet Paediatric Dept) Prothrombin time 18
sec (control 18 sec) Bleeding ime 10 mun Clotting time 1 »—. hours Thrombocytes
399000 Capillary resistance 3 petechiae Fibrinogen 034 ¢

Present investigations Quicks prothrombin time 18 17 17 sec (control 18 sec)
Thrombocytes 478 000 per pl of plasma Recalcification time i dilute plasma 9 mm
50 sec The thrombin test showed thrombm (Curve A)
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Curve B Addiion of 02 m} of adsorbed bovine plasma gave considerable mprovement
of the thrombn generation Recalufication time 3 mm 30 sec

Curve C Addion of 02 m} of normal serum Some smprovement of the thrombumn
generatwn Recalaification time 2 mun 30 sec

Curve D Additen of 02 mi of adsarbed bovine plasma to platelet rich plasma stared
at ~20 C d the thrombia but the obtained were
rather low Recalorfication ttme 4 omn 1S sec

Curve E Additzon of 02 ml of adsorbed bovine plasma as well as 02 mi of heated
readsorbed serum The thrombin generation normal Recaluficatton time 3 min 20
sec

Curve F The thrombin generation became nosmoal after addition of 02 ml of adsorbed
‘bovine plasma to the pattents platelet poor plasma (9000 per i) after this had been
stored at —20 C for 14 months Recalcification ttme 2 wun. 7 sec.

Diagnosis  Deficiency of the antihaemephilic factor plus freezing’setum facsor

Famuly 97

.
Only four generattons of the famly are known the maiernal grandmother of the
propositus berng an adapted chid

1 Born 1944 The patient died m 1951 from haemorrhage mnto the throst From
the age of 6 months he had frequent 1
spontaneous pngin He once bled for a long time hiom the ear lobe after blood sampling
Scarcely 7 years old the patient bled from the left tonsst after having had an orthrodontic
clasp fured The patient was admuited to hospital greatly shocked and anaemn  He
hed shortly after during blood Extensive of blood was
demonstrated submucously t the tongue n the pharyax as well as the left check and mio
the soft tissue of the neck Large ecchvmoses were seen on the hcadLand neck

Blood analyses 1946 (The ric Dept } ‘T‘ i 511?00
Protucombin ttme 22 sec (vontrol 18 s¢ ) Bleeding ume over 12 hours-9 min Capillary
resistance 80 mm for 3 pun  No petechiac Clot retraction  15-90 min  Fibrinogen

0397
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2 Born 1950 Propositus From the age of 10 months a blceding tendency manifested
sself by bruses after smyurtes prolonged bleedings from munor cuts and frequent episodes
of prolonged cpistatis One year ofd he developed a large haematoma on the forchead
followed by orbital haematomas At the age of about ore year he had melaen: From
the age of § there were frequent haemarthroses specially in the ankles knees and hips
5 years old he had profuse ntramuscular haemorrhage into the right lower leg and ankle
during which the Achultes tendom became necrosed There is limited mobility of the night
ankle the right knee and the nght hip The pattent has never had haematuna

Blood analyses 1951 (The Rigshospitalet Paediatric Dept) Thrombocytes 162 000
Clotung time at 37 C 9 mn 25 sec~10 min 15 sec Prothrombin ime 20 sec (contro!
19 sec) Capillary resistance {70 mm for 4 min) No petecuae Bleeding trme 3-7 mun
Fibninogen 041 Serum proten 73 ¢

Present imvestigations Clotting time (Burker Andreassen) 7 min to over 30 mm
Quicks prothrombm tme 17 18 17 sec (control 17 sec) Thrombocytes 313 000 per
1l of plasma Recakification tme i dilute plasma 18 min 35 sec The fhrombin generation
test showed no thrombin generation (Curve A)
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Curve B Addition of 02 ml of adsorbed bovine plasma No essential improvement of
the thrombin generatton Recaluift ation tine

Curve C Addition of 02 ml of normal serum The thrombin generation normal Recal
cification time 2 mmn 15 sec

Curve D The thrombm generation Was somewhat improved but not normal 1 the pa
tients plasma stored with 1ts normal content of platelets at —20 C for 10 months
Recalcification time 7 mun

Curve E Addition of 02 ml of heated readsorbed serum effected essential improvement
of the thrombin generation after a lag pertod of about 8 mun Recalerfication time
7 min 20 sec

Duagnosis Chrstmas factor deficieacy (Chrrstmas disease)
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Curve B Addstion of 02 mi of adsorbed bovine plasma gave considerable wnprovement
of the time 3 mm
Curve C Additon of 02 ml of normal serum Some improvement of the thrombin
generation  Recalafication time 2 mun 30 see
Curve D Additon of 02 ml of adsorbed bovine plasma to piatelet rich plasma stored
at ~20 C the ¢ i but the abtaned were
saiker Jow Recafofication tame 4 mun 15 sec
Curve E Addition of 02 ml of adsorbes bovine plasma as well as 02 ml of heated
d serum The normal tere 3 ran 20

see

Curve F The thrombia geaeration became normal after addition of 62 mi of adsorbed
bovine plasma to {he patients platelet poor plasma (3000 per 1) after this had been
stored at ~20 C for ¢ months Recalaificaton tume 2 min 7 sec

Enagnosis Defsciency of the anuhaemophtlic factor plus freezing serum factor

Family 97

z
Only four gemeratioms of the famuly are Rnown the maternal grandmother of the
proposttus being an adopted emid

3 Born 1943 The patient dred in 1951 from haemorrhage mto the throat Irom
the age of 6 months he had frequent b often of ap )
spomanecus ongn He ence bled for a long tume from he ear lobe sfter blood sampling
Searcely 7 years old the patent bled from the left tonstt after having had an orthrodontic
clasp fised The patient was adnulied 1o hospital greatly shocked and anaemuc He
dred shortly after during blood E of blood was
demonsteated submucously m she tongue tn the pharynx as well as the fefi cheek and into
Ae soft tasue of the meck Large ecchymoses were seen on the head and neck 000

Blood analyses $946 {The R Pacd ept 5“"
Prothrombin tsme 22 sec {contrat 18 sec ) Bleeding ume over 12 hours-9 ma Capillary
sesistance 50 mm for 3 i No petechiae Clok retraction  15-80 min Fibnnogen

039 ¢
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2 Born 1950 Propositus From the ape of 10 months a bleeding tendency manifested
atself by bruises after snjuries prolonged bleedings from munor cuts and frequent episodes
of prolonged cpistatis One year old he developed a large haematoma on the forehead
followed by orbital haematomas At the age of about one year he had melaena From
the age of 5 there were frequent haemarthroses specially in the ankfes knees and hips
5 years old he had profuse intramuscular haemorrhage into the nght lower leg and ankle
during which the Achilles tendom became necrosed There 15 lmited mability of the right
ankle the right knee and the night bip The patient has never had haematuria

Blood analyses 1951 (The Paedsatnc Dept) Th 162 000
Clotting time at 37 C % min 25 sec~10 min 15 sce Prothrombin ttme 70 sec (control
19 sec) Camallary resistance (70 mm for 4 mun} No petectuae Bleeding time 3-7 mun
Fibrinogen 041 ¢ Scrum protem 73 ¢

Present tmestigations Clottng time (Burker Andreassen) 7 min to over 30 mm
Quick s prothrombin time 17 18 17 sec (control 17 sec) Thrombocytes 313000 per
wl of plasma Recalaification ime 1n dilute plasma 18 men 35 sec The thrombin generation
test showed no thrombin generation (Cutve A)
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Curve B Addition of 0. ml of adsorbed bovine plasma No essential improvement of
the thrombin generation Recalcification time

Curve € Addition of 02 m! of normal serum The thrombin generation normal Recal
afication time . min 15 sec
tve D The thrombin generatton was somewhat improved but not normal in the pa
tients plasma stored with its normal content of platelets at —20 C for 10 months
Recaletfication time 7 mm

Curve E Addition of 02 ml of heated readsorbed serum effected essential improvement
of the thrombin generation after a lag period of about 8 mun Recalaification time
7 min 20 sec

Diagnosis Christmas factor deficiency (Christmas disease)
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1 The paueat bled to death at home about 12 monthks oid

3 The patient died at home about 10 years old from gingival haemorrhage

3 The panent died 1n 1940 about 30 years ofd from loss of blood A bleading
tendency mamfested nself from the age of 4 years by & habuity to bruses guogival
baemorrhages bleedmgs lasting several days from mupor cuts and occasinally swelling
of the jowts with associated fenderness and pam On admission to hospital m 1926
{Tarm) her kner joints were swollen and she bled from the pums

EBlood analyses Bleeding ttme 2% mun

4 Born 1933 The panent brused easily but dupleyed no other signs of 2 haermo
rrhagie dathess He bled to death at the age of 2V» years after operation for phamosis

5 Born 1938 Propostus The panent has brwsed eastly simee eatly imfancy both m
relation to mpunes and spontaveously He has had severat emsodes of prolonped epistaxs
as weli as haemorrbages into the sboufders elbows and finger jossts There ase no
permageat jouat deformaties The patient has had perther haematura melzenz nor haem
atemesss

Blood anafyzer Quicks prothrombin time 15 1B 18 sec {coutrol 18 see} Thrombe
gytes 384000 per u! of plasma Recalafication time i dlute plasma. 7 mun 45 sec

The thrombin test showed negl thrombim (Chrve A)
‘0 FAM 98 N0 §
500/t
30
20

10 Pt ’
22 ':/M'———""‘: T

o 3 4 6 6§ 10 nMw

Curve B Adduon of 02 ml of pormal serum The thrombin genezation poor Recal

ton tme 2 munt
(m::mc: Addstion of 02 ml of adsorbed bovine plasma The thrombun gen2raton nor
mal The sere not bigh however Recatorfication time
3 mn
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5 months later the experiment was repeated by adding 02 ml of bovine plasma to
platelet poor (10000 platclets) as well as to normal platelet rich plasma after storage
at 20 C In both cases the thrombin concentration was found to mise and fall at a fast
rate

Duagnosis Deficiency of the antihaemophilic factor (classical haemophitia)

6 Born 1952 He 18 stated to bruise casdy
The author has had occasion to examme the blood of the first ancestress of family 98
No signs of a clotting defect were detectable

Family 99

I

1 Born 1873 'The patient 1s believed to have had a very mild degree of haemophilia
He has never been in hospital on account of this He died at the age of 79

2 Born 1947 The pauent has always brused easily He has had several episodes of
prolonged epistaxis Just over 12 months old he developed a large haematoma 1 the gum
after an njury He has never had nor melaena
Neither has he had bleedings on second dentition The patient has never been given a
blood transfusion He has always been fully able to attend schoot

Blood analyses Quicks prothrombin time 19 20 20 sec (control 19 sec) Thrombo
cytes 379 000 per pf of plasma Recalcification time 1n dilute plasma 5 mm 30 sec
The thrombin generation test showed a rather fast rise and fall of the thrombin concen
tration after a lag penod of 5 mm (Curve A
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Curve B Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalcification time 2 min 30 sec

Curve C Addition of 02 m! of normal serum The thrombin generation normal Recal
cification time 3 min 15 sec

Curve D Addition of 02 ml of heated readsorbed serum The thrombun generation poor
Recalafication tume 6 mn

Curve E Addition of 02 ml of frozen platelet suspension (171000 per pl) resulted
m some acceleration of the thrombm generation Recalification ime 4 min 30 sec
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1 The patient bled to death at home about 12 months old

2 The patient died at home about 10 years old from gingival haemorrhage

3 The patient died 1n 1940 about 30 years old from loss of blood A bleeding
tendency mamfested utself from the age of 4 years by a habiity to bruises gingival
haemorrhages bleedings lasting several days from mmor cuts and occasionatly swelling
of the joints with associated tenderness and pain On admission to hospital i 1926
(Tarm) her knee joints were swollen and she bled from the gums

Blood analyses Bleeding time 23 mua

4 Born 1934 The patient briused easily but displayed no other signs of a haemo
rrhagic diathesis He bled to death at the age of 2!/: years after operation for phimosis

5 Born 1938 Propositus The pattent has brmsed easily since early infancy both
relation to mjuries and spontancously He has had several episodes of prolonged epistatis
as well as haemorrhages into the shoulders elbows and finger joints There are po
permanent jomt deformeties The patient has had neither haematuria melaena nor haem
atemesis

Blood analyses Quick s prothrombin time 18 18 18 sec (control 18 sec) Thrombo
cytes 384000 per pl of plasma Recalafication time in dilute plasma 7 mun 45 sec
The thrombm test showed 1 thrombwn generation (Curve A)

0 FAM 98 No 5
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] 2 4 & 8 10 12 MIN
Curve B Addition of 02 mi of normal serum The thrombin generatton poor Recal

afication time 2 mun
2 ml of adsorbed buvme plasma The thrombin generatton nor
Cur::alc'l":gdm““ bol high however Recalasfication time
3 mm

were not
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S months later the experiment was repeated by adding 02 ml of bovine plasma to
platelet poor (10000 platelets) as well as to normal platelet rich plasma after storage
at —20 C In both cases the thrombin concentration was found to nse and fall at a fast
rate

Duagnosis Deficiency of the antthaemophilic factor {classical haemophilia)

6 Born 1952 He 1s stated to bruise easily
The author has had occasion 1o examine the blood of the first ancestress of fanuly 98
No signs of a clotting defect were detectable

Family 99

¢

1 Born 1873 The patient ts believed to have had a very muld degree of haemophilia
He has never been 1n hospital on account of this He died at the age of

2 Born 1947 The patient has always brused eassly He has had several episodes of
prolonged epistavis Just over 1. months old he developed a large haematoma 1n the gum
after an injury He has never had nor melaena
Neither has he had bleedings on second denution The patient has never been given a
blood transfusion He has always been fully able to attend school

Blood analyses Quicks prothrombin time 19 20 .0 sec (control 19 sec) Thrombo-
cytes 379000 per ul of plasma Recalufication time i dilute plasma 5 mun 30 sec
The thrombin generation test showed a rather fast rise and fall of the thrombia concen
tration after a Jag period of § mn (Cutve A)
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Curve B_Addition of 0. ml of adsorbed bovine plasma The thrombin generation nor
mal Recalafication tme 2 min 30 sec

Curve C Addition of 02 ml of normal serum The thrombm generation normal Recal
cification time 3 mun 15 sec

Curve D Addition 0f 0 ml of heated readsorbed serum The thrombin generation poor
Recalcification ime 6 min

Curve E Addion of 02 ml of frozen platelet suspension (171000 per pl) resulted
i some acceleration of the thrombin generation Recaleification tme 4 mun 30 sec
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Curves T and G show the courses of the thrombin generation in the plasma with ity
normal content of platelets and in platelet poor plasma (7000 platelets per pi) after
storage at ~20 C for 12 ranths The curves must be charactenized as pormal The
recaloification times were | mun 15 sec and 1 mun 58 sec respectvely
The patients plasma did not normalise the thrombin generaton 1 AHF-deficient
plasma {fam 84 no 5} {(Curve H} but normalised that m plasma tacking the Chnstmas

factor {(fam 102) (Curve 1)

Driagnosis Shght deficiency of ths antthaemophihic factor

Fanuly 100

dodado d o S b

t

No other cases of haemophilia are known in the family on which information 18
ayailable as far back as the patents great great grandmother

1 Born 1954 Propositus The pauent was from birth liable to ecchymoses on the body
and the extremiies I8 months old he bled from the gngval mucosa The bleeding
necessitated admission o hospital where the patient recewved six transfusions He has
not yet had haemarthroses haematuna nar melaena

Blood analyses 1956 (The Proth bin time 25 sec
{control 27 sec) Clottng time 34 61 28 mun Bleedng ime 9 10 3% mun Fibrinogen
079 % Thrombocytes 465000 Capillary resistance (Bexelius) about 50 petechiae

1956 (The Dept G) P time 18 sec (control 25 sec)
“Thrombocytes 348 000 per pt of plasma Fibrinogen €23 Capdlary tesistan ¢ (Bexe
fius) 4 petechize However on blood sampling from the arm many petechiae were observed

distat to the tourmquet
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Present invesuganions Quicks prothrombin tme 19 19 18 sec (control 19 sec)
Recaletfication tume 1 dilute plasma 12 mun The thrombin generation test showed no
thrombsn generation {Curve A}
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Curve B Addition of 02 ml of normal serum No essential improvement of the thrombia
generation Recalificatton time 4 mmm 30 sec
Curve C_Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalcification me 2 min 25 sec

Diagnosis Deficien y of the antihaemophilic factor (classical haemophilia) and impatred
capillary resistance

Family 101

1
&8

' mmi%

1 No information 1s available on this patient beyond the fact that he died from a
haemophilic disease as a young man about 1866

2 Bom 1889 The patient does not remember when he had the first sign of a
haemortbagic diathesis 28 years old the patient was operated on for a mouse m the
tight elbow jomt He nearly bled to death dunng the operatton The patient bruses
very easly He has had numerous gimgival haemofrhages of which many required trans
fusions There have been frequent bleedings mto the elbows and knees In the knee joints
these have left pronounced himtation of mobility The patient has sever had haematemesis
melacna nor haematunia He 1s 2 master carpenter and able to support his family though
be 15 partially disabled

Blood analvses Quicks prothrombsn tme 19 19 19 sec (control 18 sec) Thrombo
cytes a7 000 per pl of plasma Recalaficaton tme 1 dilute plasma 4 mun 1S sec
The thrombin generation test showed a very slow nise of the thrombimn concentration
(Curve A)
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Curve B Additisn of 02 ml of adsorbed bavine plasma The thrombin generatsion nor
mal Recaleificauon time 3 mun

Curve C Addition of 02 ml of normal serum ‘The thrombin genetation normal Recal
ctfication time 3 mn 15 sec

Curve D Addition of 04 mi of fresh platelet suspension (200000 plateiets per pl of
suspension) ‘The thrombin generation normal Recaloification time 3 nun 50 sec
Simdar conditions were found after addwion of frozen platelet suspension

Curve E The thrombm generation was not unquestionably improved after the patients
plasma had been stored with its nosmal content of platelets at ~°0 C for 6 435
Recalaification time § mun 26 sec

Curve F The patients plasma (02 ml} normahsed the thrombin generation n plasma
from a patient with Chrstmas disease (fam 85 no 1) but not that in plasma from
apattent with AHE' deficiency (fam 84 no 5)

Diagnosts Slight deficsency of the anbhaemophilic factor

3 Born 1892 From the age of about 10 years the patient had bleedings mto the
right ankle the right knee and the nght elbow There 1s permanently hted mobity of
the left elbow and the feft knee which Jacks about 20 degrees m full extension The
patient ha had three episodes of haematuria Dental extractions were a few times followed
by profonged haemorrhages He has never had epstaws haemalemesss nor melaena He
does not bruise abnormaily The patient has vecewed a few transfusions The disease has
grown muder with increasing years The patient ts now troubled but little by his bleeding
tendency He served tus time s a soldier and managed well He owns a farm and has
been able o provide for his famidy

FAM for NG 3
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Blood analyses Quich's prothrombsn time 70 20 21 sec (control 19 sec} Thrombo
cytes 154000 per p! of plasma Recalaification tme 1 dilute plasma 6 min 45 sec
The thrombin generation test showed a greatly delayed nise of the thrombin concentratton
which nevertheless reached farly high values (Curve A)

Curve B Addition of 07 ml of adsorbed bovine plasma No definite improvement of
the thrombin generation Recalaification time 4 min 49 sec

Curve € Addmon of D2 ml of normal serum The thrombin generaion was somewhat
accelerated but the lag period was stll prolonged Recalcification time 5 mun

Curve D Addition of 02 ml of heated readsorbed serum No improvement of the
thrombin generation Recalcification time 6 min 50 sec

Curve E. Simultaneous additron of 02 ml of adsorbed bovine plasma and 02 ml of
heated readsorbed serum The thrombin generation normal Recalcification time 3
mm

Curve F Addition of 02 ml of adsorbed bovine plasma to the patents plasma after
this had been stored with its normal content of platelets at ~20 C effected a normal
thrombin generation Recalcification time 1 min 50 sec

Diagnosts Deficency of the factor plus factor

4 Born 1934 From a chuld the patient was hable to bleedings mnto the skin He has
had several episodes of protonged epistaxis On first dentition there were oozing haemo
rrhages from the gums The patient has had numerous haemarthroses specially n the
knees and ankles but these have left no permanent jont deformities He has never had
haematuria nor melaena 22 years old the patient was operated on for a mouse i the right
elbow jomnt. Pre and postoperatively he receved half a hitre of blood After the suture
had been removed the patient was given half a litre of blood daily for 3 days The next
two weeks 25 ml of blood were transfused daily There was only scant postoperative
bleeding and haematoma formation

Blood analyses (The Centralsygehuset Silkeborg Med Dept) Bleeding time (Duke)
2 mn Fibrinogen 039 © Clotting ime 7% ~13 min Prothrombin time  86-100 ¢ Pro-
thrombin proconvertin (Owren) 58-103 ¢ Recaloification time determination and the
thromboplastin generatton test revealed deficiency of the PTA factor and later of the AHF

Present investigations Quicks prothrombin tme 19 18 18 sec (control 19 sec)
Thrombocytes 249 000 per pl of plasma Recaloifi ation time it dilute plasma 7 min
25 sec ‘The thrombin generation test showed a slow rise of the thrombin concentration
after a lag period of about § mun (Curve A) The thrombin concentration reached high
values

FAM 101 NO 4
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Curve B Addition of 02 ml of adsorbed bovme plasma The thrombin generation nor
mal Recalaficaion time 3 min

Curve C Addition of 02 ml of normal serum The thrombin generation normal Recal
cfication time 1 mun 45 sec
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Curve D Addition of 02 ml of heated readsorbed semm The thrombm generston
poor Recafaification hme 2 min 50 sec

Curve E Storage of the patients plasma at ~20° C for 2 months gave some ymprovement
of the thrombin generation though stll with a )l d lag period
tme 4 min 45 sec

Curve F After addition of 02 mi of fresh citrated plasma from a pamm with PTA

deficiency (fam 106 no 1) the but the
ded very siowly Recal ume 2 mn 45 see
The patients plasma did not the 1h: n AHF deficient

plasma (fam 105 no 1} but normalised that 1 plasma fmm a Chns\mas pnu:nl (fam 85
so 1)

Diagnosis Slight deficsency of the antihaemophulic factor

5 Born 1937 The patient has had frequent subcutaneous haemorrhages since the age
of 6 months On second dentiion there were prolonged oozing haemorrhages The patient
fias had several bleedhngs snto the knees and ankles but these have not caused permarent
changes He has never had epistaxis haematuria haematemesis nor melacsa

Blood analyses Quicks prothrombin time 17 17 17 sec (contro} 19 sec) Thrombo
cytes 289000 per ut of plasma Recaleification ime 1n dijute plasma 4 mum § sec
The thrombim generation test showed a very slow nse of the thrombin concentrauon
which nevertheless reached fairly Jugh values (Curve A
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Curve B Addiion of 02 ml of adsorbed bovine plasma The thrombm generation not
mai Recaleification time 4 mmn
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Curve C Additon of 02 mt of normal serum The thrombin generation somewhat
accelerated but the Jag period was prolonged abomt 5 min Recalatfication time 4

Curve D Stmultancous addition of 02 ml of adsorbed bovine plasma and 02 ml of
serum The thrombin generation normal Recalcification tme 2 min 15 see

Curve E. Addition of 02 ml of adsorbed bovine plasma and 02 m! of heated readsorbed
serum effected a slower nise of the thrombin concentration Recalcification time 3 min

Curve F Addition of 02 ml of fresh catrated plasma The thrombin generation normal

Recalafication ttme 2 mun 50 sec

Curve G The thrombin generation normal after addition of 02 ml of readsorbed serum
Recaleification time 3 min
‘The patient s plasma normalised the thrombin generation in plasma lacking the Chnist

mas factor (fam 85 no 1) but not that i plasma from a patient with AHF defictency

(fam 84

Diagnosis Slight deficiency of the antihaemophilic factor

Comments
The results of the experiments 1illustrated by curves D and E suggest shight deficiency
of the Christmas factor 1 addition to the AHF defiency

Family 102

1 Born 1938 Propositus From carly infancy even the slightest touch caused bleedings
into the skin The patrent has had many episodes of prolonged epistaxis 2% years old
he developed a large haematoma 1 the face 1n relation to a scratch He has expenenced
numerous pamnful haemorrhages mto the ankles knees efbows shoulders and finger joints
The right knee 13 fixed 1n 125 degrees flexson There have been several episodes of
haematuria with attending Jumbar pan but never haematemesis nor melaena The patent
lives by trading and by domng a little artsans work. He does mot receive disablement
benefit He was unable to manage an apprenticeship

FAM 102 NO 1
0 600/t
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Blood analyses 1955 (The Cenfralsygehuset Sikeborg Med Dept) Prothromb
time 30 sec (control 28 sec) Prothrombm proconvertin (Owren) 45-61 % Clotung
time (37 C) three tube method 110 155 220 run Thrombocytes 244000 per pb of
blood Fibnnogen 072 % Capillary resistance (Bexelws) notmal Bleeding tune {Dukey
4 min Pecalufication time determination on plasma and the thromboplastin geveration
test revealed deficiency of the Chnstmas factor

Present Quiks time 23 23 21 see (controf 19 sec)
Thrombocytes 238000 per ul of plasma Recalofication time 1n dilute plasma 6 mip
35 sec The thrombm generation test showed a poor thrombint peneration after a lag
period of 6 mun (Curve A)

Curve B Addition of G2 mi of adsorbed bovine plasma the thrombin generation poor
Recalefication time 5 min 20 sec

Curve C Addcion of 02 mi of normal serum The thrombin generation normal Recal
afication time 1 mmn 25 sec

Cunve D The thrombin generation poor i plasma stored with its mormal content of
platelets at 20 C for 9 months Recalaification time 6 min 45 sec

Diagnosts Chrstmas factor deficiency (Chustmas disease)

Family 103

‘“g“gmfimm

1 Born 1949 Propositus Bleedings mto the skin were noticed shartly afier the patients
tirth At the age of 6 months a farge haemitoma developed on the back and abdomen
after a fall He was 10 hospital for 6 months There was prolonged lleeding from the
car lobe after bload sampiing From the age of 2~3 years he had frequent haemorthages
wfo the knees fups and elbows but these have caused no permanent changes He had
haematuria at the age of 5 but never melaena nor hacmatemesis The patient has had
one episode of epistaxis which lasted several days and had to be mzxcd by blood trans
fusion The second dentition was by cozing At mtervals he
recesved a transfusion once a month The mmprovement following the transfusion allecedly
lasted up to one week
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Blood analyses 1951 (The Aarhus) Th 47 000-154 000~
328000 Bleeding time 3% min Clotting tme 72 mun Prothrombin tndex 70 ¢

1953 (The Sundby Hospital Peadwtric Dept) Thrombocytes 64000 480000 250 000
Clotting time over 14 mmn Bleeding time over 18 mun Prothrombin index 97 &

Present nvestigations Quick s prothrombin time 19 19 19 sec (control 19 sec)
Thrombocytes 473 000 per ul of plasma Recalafication ttme in dilute plasma 7 mm
30 sec The thrombin gencration test showed a slow thrombin generation (Curve A)

Curve B Addition of 0” ml of normal serum The thrombin generation poor Recal
cification time 4 muin 35 sec

Curve C Addition of 02 m! of adsorbed bovine plasma The thrombin generation nor
mal Recalcification time 3 min 10 sec

Curve D Addition of 02 m! of plasma from a patient with Chrstmas disease (fam 67)
The thrombin generation normal

Diagnosis  Deficiency of the antihacmophilic factor (classical haemophilia)
Comments

On a previous mvestigation the thrombin generation 1n this patients plasma was
considerably poorer than on the present (Curve A) It was then normalised only by

simultaneous addition of adsorbed bovine plasma and normal serum The clotting defect
had therefore been classified as AHF plus Christmas factor deficiency

Family 104

Q_IJ?

’
No other cases of a haemophihc disease are known in the famity

1 Born 1941 Propositus The disease first manifested stself by large haematomas on
the upper arms when the patient was 6 months old 14 months old the patient bled for
3 months from the gums after an mjury He has had numerous subcutaneous haemo
trhages posttraumatic as well as spontancous and several haemarthroses chiefly in the
ight knee and the left ankle which 15 suff as well as m the left elbow and hip There
was some oozing haemorrhage on dentiion The patient has mever had melaena nor
haematemesis but repeated episodes of prolonged epistaxis There has been a single
episode of haematuria The disease tends fo run an mtermittent course A bleedmg 1n
one area s generally accompamed by bleedings in vanous other locations The palient
has had frequent stays m hospital and recewved about 25 blood transfusions Previously
he was given private lessons 1n his home but now he 13 able to attend school The disease
has allegedly grown milder 10 the course of years

Blood analyses Quicks prothrombin time 18 18 18 sec (control 18 sec) Thrombo
cytes 269000 per ui of plasma Recalcification ime 1 dilute plasma 9 mn 50 sec
The thrombin generation fest showed no thrombin generation the first 6 mm  but then
the thrombin concentration rose slowly to reach fairly high values after 11 min The
mactivation of the penerated thrombim proceeded at a rather fast rate (Curve A)
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Curve B Addition of 02 m! of normal serum The thrambin generation poor Recal
cilication tme 4 mug 30 sec

Cutve C Addition of 02 mi of adsorbed bovine plasma The thrombin generation nor
mal Recalaificanon time 3 min 30 sec

Curve D Additien of 02 ml of frozen normal platelet suspension (108 00D platelets
per pf) The thrombin generation poor Recalofication tune 7 mun 30 sec

Diagnosss Deficiency of the anthaemophilic factor (classical haemophulia)

Family 105

t 1
463 Bi [ i )
i
The famuly which comes from South Schieswiz 1s known w direct line seven genera
tions back. No previous cases of haemophihia are known

1 Born 1953 Propositus The patent has always bruised casly 18 months ofd be
had an ooznng hacmorrhage lasing 4 days from a runor sore of the pafate He has had
nesther h nor melaena The patient bled for 3
weeks from the ear Jobe after blood sampling

Blaod anuyses 1956 (The Ragshospitalet Paediatric Out Patient Dept) Clottmg trme
pyer 15 nunutes (37 C) Bleeding ume 2%-2 min Thrombocytes 260 400335 000 Pro-

P
‘hm}"“b.::msns;wle‘i{t’lb;uam Quicks prothrombin ume 18 37 37 sec {control 18 sec)
Rccal,c’munon time 1 dnute plasma LI min 43 sec The thrombin generation fest
showed neghgeable thrombin generation the furst 17 mun (Cutve A)
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Curve B Additon of 02 ml of normal servm The thrombin generation poor Recal
afication time 4 mm 30 sec
Curve C_ Additron of 0. ml of adsorbed bovine plasma The thrombin peneration not
mal Recaletfication tme 3 min

Diagnosis Defictency of the antihaemophilic factor (classical haemophilia}

2 Born 1957 A bleeding tendency was first observed when the patient was 5 months
old He was then seen for routine infant exammation Blood sampling from the ear
lobe was followed by prolonged oozing haemorrhage No other clical stgns of a haemo
trhapic diathests have been noticed as yet

Biood anatyses Quick s prothrombin ttme 19 19 20 sec (control 18 sec} Thrombo
cytes 572000 per pl of plasma Recalcification time m dilite plasma 16 mun The
thrombin generation test showed no thromben generation (Cueve A)
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Curve B Additon of 02 ml of normal serum The thrombin generanon poor Recal
cification time 4 min 50 sec

Curve C Addition of 02 ml of adsorbed bovine plasma The thrombia generation sor
mal Recalcification ume 3 min 15 sec

Diagnosis Deficiency of the anthaemophslic factor (classical haemophilia)
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- oz
The famuly comes from Hungary

1 Born 1942 Propositus At hirth the patient presented ecchymoses on the head and
body 12 months old he was operated on for plumoss The operation was followed by
profonged oozing haemorrhage On frrst dentition there were cozng haemorrhages The
patient s lable to and bleed: Jasting several hours after
scratches He has had several episodes of prolonged epistaxis Smce the age of 3 years
there have been bleedings into the ankles knees and elbows Both elbow jomts present
20-30 degrees extenston defect He has never had haematemesss mefaena por haematuna
He has been given a few transfusions The patients bleedwnp tendency has abated con
siderably since the age of 10 He can now take part sn mild forms of athlencs

Blood anafyses 1952 {The Aarhns hommunehospital) Clotting time according to Bur
ker over 45 mun Clottng time according to Lee White over 45 min Bleedng hme
1 min Fibnoogen 069  Prothrombin normal Capillary resistance normat  Osmotic
resistance pormal Serum proten 66 % (Albumin 455 ¢ Globulm 205 %) Thrombo
cytes
Presens Quicks tme 21 22 21 sec (control 19 sec)
Thrombocytes 416 000 per ¢l of plasma Recalesfication tone m dilufe plasma § mmn
35 sec The thrombmnr gencration test showed a slow nise of the thrombin concentration
after a lag perrod of 7 min {Curve A)

FAM 126 NO ¢
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Curve B The thrombin generation became perfectly normal after addimon of 02 mi of
adsorbed bovine plasma Recalctfication time 3 mun
Cutve C Addition of 02 mi of normal serum The thrombin generation normat Recat
ume 3 mun 20 sec
cxlxc[z;ugl!_!hcx rise of the thrombin concenfration was essentiaily slower but the lesel
Cunve + normal after addibon of B2 m of readsorbed normal serum Lag

almast
a:‘x:;datw:::n Recalorfication time 4 mim 18 sec Using heated serum the thrombin

generation was considerably delayed
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Curve E. Addition of 02 m! of frozen platelet suspension (272 000 platelets per 1 of
salinc) The thrombin generation nearly normal Recalaification time 4 mun 35 sec

Curve F After the plasma had been stored with ats normal content of platelets at —20 C
for 3 months the thrombin ume 3 nun. 45 sec

Curve G 02 ml of the patients plasma normahsed the thrombin generation m AHF
deficient plasma (fam 103 no 1) and that n plasma lacking the Chnstmas factor
(fam 10. no 1) (curve H)

(PTA} syn

Diagnosis Deficiency of the plasma
drome)

2 Born 1946 The patent bled to death from the nose at the age of 4 years

Faruly 107

'
The propositus 15 the only family member known to suffer from haemophilia

1 Born 1940 Propositus Since the age of about one year the patient has been lLiable
1o havmatomas atter hurts as well as to prolonged ocozig haemorrhages from muor
cuts S years old he was i hospital with prolonged epistaxis The patient has had a tooth
knocked out on two or three oceasions This was each time followed by prolonged oozing
haemorrhage He has had several bleedings into the ankles and the left elbow as well as
©one mto the night knee These have left no permanent jomnt deformities The patient has
never had haematunia melaena nor haematemesis and has never receved a blood trans
fusion The patient was not much absent from school

Blood analyses 1945 (The Rigshospitalet Paediatnic Dept) Thrombocytes 438 000
Clottng time according to Burker over 3 hours Spontancous clotting of venous blood
about 35 min P tme normal Fibru 045 ¢ Bexelus No petechrae




332

Present Quick s tme 20 21 20 sec (control 1§ sec)
Prothrombm procomvertin (Qwren) 80 % Thrombocytes 252 00D per nl of plasma Recal
aification time m difute plasma 7 mun The thromiin generation test showed a very poor
thrombin generanon {Cucve A)
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Curve B Addwson of 02 mi of normal serum The thrombin generatwon poor Recal
afication time 2 min 45 sec

Curve € Addition af 82 ml of adsorbed bovine plasma The shrombin geveration nor
mal Recalafication time 4 min 31 sec

Cutve D No signs of mhibitors Addwon of 02 mi of fresh orated plasma rormahsed
the thrombin generation Recaleification time 3 muin 42 sec

Curve E The thrombm generation was normat after the plasma had been frozen down
with 1ts pormal content of platelets Recaloification ume 3 min 50 sec
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Curve F Addition of 0 2 mi of adsorbed bovine plasma to the frozen platelet rich plasma
The thrombin generation normal Recalafication ume 2 min
Curve G The same expenmens made with platelet poos plasma showed delayed thrombin
peneration  Recalafication time 3 min
The patients plasma could not narmalise the thrombin generation m plasma from &
patrent with known classical haemophilia (Curve H) (fam 13 no 8) but normahsed that
 plasma from a patent lacking the Christmas factor (fam 22 no (4) (Curve J)

Dragnosss Deficiency of the antihaemophitic factor (classical haemophulia)
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‘The propositus 1s the only hacmophitiac known 1n the famly

1 Born 1935 Propositus 18 months old the pattent had prolonged oozng haemo
rrhage from the frenulum labn supertor He bruses easily There have been many bleed
ngs 10to the elbows shoulders knees ankles and toe jouts Both elbow jomts present
an about 30 deprees extension defect X ray revealed arthrohic changes in the knees
shoulders and elbows He has had a single episode of haematuria but never gastro i
testinal haemorrhages ‘The patient has received several blood transfusions Since the age
of 15 the disease which varied somewhat 1n Intensity has grown considerably milder
The patient 1s an journeyman bookbinder and manages well He does not recewe dis
ablement benefit

Blood analyses 1951 (The Aarhus) P 80 ¢ Capillary
resistance No petechiae Bleeding ime 15 mn Clotung time 18 min  Fibnnogen
046

Present imvestigations Clottng time according to Burker Andreassen 6 5-19 5 mm
Quick s prothrombin time 15 16 16 sec {control 18 sec) Thrombocytes 289 000 per pl
of plasma Recaleification time in dilute plasma 6 mmm The thrombin generation test
showed negligeable thrombmn generation (Curve A)

FAM 108 NO 1
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Curve B Addition of 02 ml of normal serum The thrombin generation poor Recal
afication time 3 mun

Curve C Addition of 02 ml of adsorbed bovine plasma The thrombin concentration
rose slowly and never reached particularly high values The inactivation of the generated
thrombin ‘proceeded at a fast rate Recalcification time Z mm 50 sec

Curve D The thrombin generation was accelerated after addition of 02 ml of normal
serum as well as G2 ml of adsorbed bovine plasma The concenuanons attained
were not particularly bigh Recalafication tme 1 mm 50 s
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Curve E Addstion of normal {resh plasma (o the patient s piasma normahsed ihe thrombin
gencration  Recalcification ttme 3 mun 30 sec

Curve F Freezang of the pauents plasma with sts normal content of platelels did not
mprove the b tetfe time 6 min 50 sec

Curve G Addition of beawed readsorbed serum as well as adsorbed bovine plasma effected
2 steep nse and fall of the thrombsn concentration Recalefication fyme 4 mun 45
sec The same was obtained by adding bovine plasma to the patwents platelet rich
plasma after this had been stored at —20
There were no signs of an wbibitor The thrombin generation 1 normal plasma (Curve

H) was not whibnted by adding 02 mi of the patients plasma (Curve I)

Duagnons D of the factor plus f y factor

Family 169

ij EjE 6‘?& 1°
1 Born 1911 Propositus A bleeding tendency was noticed from childhood mamifesting
Mself by prolonged bleedings from minor lesions Imunes were often fojlowed by Jarge
ecchymoses He has never had haemarthroses renal bleedings nor other abdominal haemo-
rrhages In 1936 the patient was operaled om for nght sided mguinal herma There was
protonged seeondary haemorrhage and the patient was not discharged till 4 months after
the operation In 1938 dental extracion was foflowed by ooung haemorrhage fasung 2
months In 1953 there was agam prolonged sccondary hacmorrhage after dental extrac
tion The pattent was sxv:n 300 m! of blood before the extracnon He 13 a smalt holder
without help
md};?;ao:\:ﬁf:nmu Prothrombis me 15 16 17 sec (control 20 see) Platelets 790000
per pt of plasma Recalafication tume i dilute plasma § aun 33 sec The thrombm
tion test showed a lag penod bordening on the normal  The thrombin concentration
““c}:ad high maxmom values 8 menutes after the recalafication and the machvation
:Eacth: mrgmbm was almost complete after 13 mn (Curve A)

] ]
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Curves B C and D The thrombin generation became pormafl afier addition of 02 mi
of adsorbed bovine plasma normal serum and twice adsorbed serum reepectively
The recal iff ation times wete 3 nun 50 sec 2 mn 38 sec and 3 min 3 sec
There was no improvement after addition of 02 ml of frozen platelet suspension

Q2000 per pl) (Curve E) nor nfter additon of 0. ml of readsorbed heated normal

setum (Curve F) The recalaification times were 4 min 35 sec and § mun 25 sec

respectively
Nesther dud freezing of platelet nch plasma smprove the thrombin generation (Curve G)

Recalafication time 4 mun 52 sec
‘The patients plasma normalised the thrombin generation ylnsm:\ facking the AHF

(tam 81) and i plasma lacking the Chnstmas factor (fam 10 )

hagnosss Defisency of the plasma (FTA) s syn
6}

2 Bom 1929 The patient bleeds for fanly long penods from supesfica) scratches
Dental extracuon was followed bv oonng haemorrhage lasung 3 davs No transfusion
was given He has had 2 few episodes of manosymptomatic haematuria

The patient 13 a farmer and fuily fit He served his ume as a soldier i the Damsh
Life Guard

Blood anatyses Quicks prothrombin time 20 70 21 sec (control 18 sec) Thrombo-
cytes 274000 per ul of plasma. Recalaification tme 1 dilute plasma 5§ mun The
thrombin generation test showed exceifent thrombin generation after a lag penod of 4
min Maximom thrombin concentration was obtamed after 10 min The inzctvation pro«
ceeded somewhat slowly (Curve A)
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Curve B A normal thrombin generation was obtamned by removing the patients platelets
washing them and then adding them to the plasma Recalafication tme 2 min
Curves C and ' Addihion of adsorbed bovine plasma or normal serum normalsed the

3 tmes were 3 mun 15 sec and 2 mi

respectively
Curve E After addion of 02 mi of heated readsorbed serum a Jag penod of 4 mn
was found again The secaleafication time was 4 mmm 45 sec
Curve F Addition of 1 mi of plasma from a patient wath the Hapeman trat (fam
112 po 1) normahised the thromiin generation Recalefication time 3 min
The patients plasma \! the thrombin m AHF.defrcient plasma
tfam 84) as well as in plasma facking the Chnstmas factor (fam 43)

Diagnosis Deliciency of the plasma th it dent (PTA) ( syn
drome)

Family 110

'
No other cases of haemophiha are known i the famuly

1 Born 1952 Propoutus From early infancy the patient was hiable to subcutancous
haematomas 4 years old he had haemorrhages mto one knee and one ankfe There
are no permanent joint deformities Dentition was not assacrated with bleedings The
patient has never had & melaena nor

Blood analyses 1957 (The Bprnehospitalet pa Fuplebakken) Clotting time 16 min
Bleeding Ume 4 wun Prothrombi time 35 sec (control 29 sec} Capillary resistarce
20 mm Hg for 3 min 1 petechia Serum calowm 10{ mg ¥ Fibrinogen 306 mg ¢

Present Quick s time 18 19 1% sec {control 19 sec)
Thrombocytes 573000 per i) of plasma Recalafication time i dilnte plasma 6 mun
30 sec The thrombin generation test showed a slow tise of the thrombm concentration
which reached a fairly hugh level after 12 min

0 FAM 110 NO 1
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Curve B Addition of 02 mi of adsorbed bovine plasma The thrombin generation nor

mal Recalcification time 4 mmn 20 sec
Curve C Addition of 02 ml of normal serum The thrombin generation greatly improved

Recalafication time 4 mun 35 sec
Curve D Addition of 02 ml of heated readsorbed serum The thrombin generation was
accelerated but was delayed Recalctfication time 6 mug 15 sec

Diagnosis  Deficiency of the anthaemophilic factor (classical haemophihia)

Family 111

No previous cases of haemophihia are hnown in the family

1 Born 1938 Propositus A bleeding tendency was first notice 1 when the patient was
about cne year old manifesting stself by a very large haematoma on the forehead after an
1ngury On the consequent admission to hospitat blood sampling from the ear lobe caused
prolonged bleeding The patient has had many subcutaneous haematomas since as well
as bleedings into the elbows wrsts knees ankles and hups The bleedings 1nto the jomnts
caused permanent changes with limited mobility of the elbows and knees On second
dentition there were prolonged ocozing haemorrhages He has had several episodes of
prolonged epistaxis as well as melaena and haematemests but never haematurta Following
a road accident which caused jntramuscular bleeding i the nght arm ulnar paralysis
developed of the mght hand The patient 1s greatly handicapped hy his disease He was
unable to attend school regularly

Blood analyses 1957 (The Rigshosprtalet) Fibrninogen 023 ¢

Present vestigations Quicks prothrombin time 20 20 20 sec (control 18 sec)
‘Thrombocytes 130000 per u! of plasma. Recalaification time 1n dilate plasma 7 min

30 sec The thrombin test showed thrombin (Curve A)
FAMI1 NO ¢
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Cutve B Addition of 02 mi of adsorbed bovine plasma The thrombim generation nor
mal Recalaification tme 3 ymn 30 sec

Curve € Addition of 02 m! of normal serum The thrombin generation poor Reeal
et ation time 3 min 40 sec

Quive D After the patients plasma had been stored with its normal content of platelets
at =20 C for 24 hours the thromb was further ! after addinon
of 02 mi of ad otbed bowvine plasma Recaloification time 1 mun 21 sec

Corve E sllustrates the thrombin generanion in the patients plasma with its normal con
tent of platelets after this had been stored at —-20 C for 24 hours Nothing was
added to the plasma The hat improved but greatly
delayed The recalaification time had fallen appreclahly 2 min 45 sec

Dragnosss  Deficiency of the antthaemophitic factor (classical haemophulia)

2 Born 1954 The patient brunsed easily from the age of about one year He has twice
had prolonged bleedings after rupture of the frenulum labu sup There were a few hoemo
yrhages into the knees but these left no permanent changes Dentition caused no bleeding
He never had haematunia haematemesis nor melaena At the age of 3 years a muosal
lesion 10 the mouth was followed by prolonged haemorrhage which requiced some blood
transfusions The patient died 4 vears old from a posttraumatic epidural hacmatoma
{Syphn & Astrup 1958)

Blred analyses Quicks prothrombin me 14 15 15 sec (control 18 sec) Thrombo-
cytes 400 000 per ! of plasma Recalaification ime  dilute plasma 12 min 30 sec
The thrombin est on blood ds abaut 24 hours after the
patient had been given one nmpnu|c of antihaemoptulic giobulin (The State Serum Institu ¢}
showed negligeable thrombin generation (Curve A)
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Curve B Addition of 02 m} of normal serum The thrombm generation poot Recal
cificaton tyme 5 min

Curve € Addison of 02 ml of adsorbed bovine plasma The thrombin generatian nor

1 Recalaification tme 3 min 50 sec

Cur:‘:D Addition of twice as much adsorbed bovine plasma (04 mi to 1 ml of patient

plasma) effected further acceleration of the thrombin generation and mactivation
cation tme 2 mmn 40 sec

Cu Rec;ln{:be thrombin generation was somewhat better m plasma stored with s nor

rxvneai conteat of piatelets at ~20 C for 48 hours Recaleificahion time 30 sec

Diagnosis Deficsency of the antibaemophiic factor (classical haemophilia)
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No other cases of haemophulta than the two described below are known m the family
which 15 very large

1 Born 1910 A bleeding tendency was first noticed when the patient at the age
of 10 years bled for a long time after dental extraction .4 years old he bled for two
weeks after dental extraction At the age of 42 a cut was followed by hacmorrhage
lasting 3 weeks Haemostasis was obtamed nﬂer a transfusion He has never had haem
atunta melaena and he
does not bruise abnormally The patent 15 a farm~o\~ncr and 15 fully fit

Blood analyses Quicks prothrombin time 18 18 18 sec (control 18 sec) Thrombo
cytes 389000 per ul of plasma Recalcification time i dilute plasma 5 min 30 sec
The thrombin generation test showed a very steep mise of the thrombin concentration
after a lag period of 5 min (Curve A) The mactivation of the thrombim Itkewise proceeded
at a very fast rate

—F— v —
[ 2 4 6 8 10 12 MIN

Curve B Addition of 02 ml of adsorb:d bovmc plasma The thrombin geaeration nor
mal Recatcificaion time 3 mu

Curve C Addition of heated r:adsorbcd serum The thrombin generation normal Recal
cification time 3 min

Curve D The course of the thrembin generation s the patient s plasma after the platelets
had been removed washed twice tn saline and added agam w the plasma The
thrombin generation norma} Recalaification time 2 min 30 s

Curve E Addition of 05 ml of plasma from a patieat with AHF dehc:ency (fam 31
Do 6) normalised the thrombm gemeration Recalcification time 4 min

Diagnosis  Deficieacy of the Hageman factor
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2 Born 1942 Propositus The patient has bruised easiv since the age of about one
year 12 years old fie was bedridden for 3 months owing to haemerrhage nto one kne
At the age of 13 dental extraction was followed by profonged bieeding Transfusion way
required {4 years old he had another gingival haemorrhage round a loose tooth He has
never had haematemesis haematuris melaena nor epistaxis There are no permanent jomt
deformities The patient who 1s word blind s not particularly handicapped by his bleeding
tendency He has rarely been absent from school and has atiended the pymnastic lessons

15 years old the patient was adnutted for dental extraction He recewved haif 4 lire
of blood before the extraction About 60 bours after this there was conng hacmorthage
from the site of extraction (The thrombin generation was then normal} The next 4 days he
recewved daily blood and plasma transfusion Then haemostasis was obtamed

Blood analyses (The Rigshospitalet Med Dept A) Thrombocytes 105000 Bleeding
time 1 mun 35 sec Clotting tme 8 min 28 sec Capilfary resistance normal Fibrinogen
031 %

Present Qunks bm time 15 16 16 sec (control 16 sec)
Thrambocytes 360 000 per ul of plasma Recalcification time 1n dilute plasma 5 mun 30
se  The thromin g neration test showed a rather steep rise of the thrombsn generation
after a lag perod of about 5 min (Curve A)

40 FAM 112 NO 2
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Curve B shows the thrombin peneration in the plasma after standing at 4 C for 24
hours Recalsfication time 4 mun $O sec The thrombin generation must here be
charactenized as normal

Curve C The thrombin generation m the patients platelet poor plasma (5000 platelets
per pl) after addon of 1 ml of a platelet suspension (170000 per pi) comtaimng
his own platelets washed four times The thrombm geaeration was perfectly normal
Recaleification tme  § min 30 sec

FAM {12 NO 2
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Curve D Addition of 02 ml of adsorbed bovine plasma The thrombin generation nor
mal Recalaification tme 1 mun 45 sec

Curve E Additton of 02 ml of heated readsorbed serum The thrombin generation nor
mal Recaletfication ime 1 min 40 sec

Curve ¥ shows a normal thrombin generation mn the patients plasma 4 hours after he
had recewved 02 lures of plasma Recalification time 3 min

Curve G 52 hours later the thrombin generation was stil normal Recalaification time
3 min. 2-3 hours later the patient began to bleed

Curve H The thromben generation was also normal in the patients plasma after storage
with 1ts normal content of platelets at —20 C for 7. hours Recalcification time
2 min 30 sec

Curve I The corresponding expenment with platelet poor plasma (9000 platelets per ui)
The thrombimn generanon improved but after a prolonged lag peniod (about 5 min)
Recal ification time 5 mm.

Curves he and K illustrate the results of thrombun generation tests made on a control
plasma before and after addition of 02 ml of ptasma from the present patient The
recalaification time was 3 mm 30 sec in both cases Thus there was no stgn of
an inhibitor

Addition of 02 ml of the patients plasma to plasma from a patient with AHF
deficiency (fam 13 no 8) and plasma from a patient with Christmas factor deficiency
(fam 22 no 15) normalised the thrombin generation in these (Curves L and M) Furt
her consderable improvement was obtaned in plasma with double defect (fam 1 no
4) after addition of 02 ml of the present patients plasma Recalcification ume 5 mun.
(Curve N}

Diagnosis Deficiency of the Hageman factor

FAM. 112
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The coagulation systems ef the patients mother elder sister and younger brother

were nvestigated A normal thrombin generation was found in all three cases (¢
I II and D
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