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1

 Historical  i ntroduction  
  Christine A.   Lee  
  University of London, London, UK  

  Oxford Haemophilia and Thrombosis Centre, Headington, Oxford, UK       

       It was the best of times, it was the worst of times, it was 
the age of wisdom, it was the age of foolishness, it was 
the epoch of belief, it was the epoch of incredulity, it was 
the season of Light, it was the season of Darkness, it 
was the spring of hope, it was the winter of despair, we 
had everything before us, we had nothing before us, we 
were all going direct to Heaven, we were all going direct 
the other way. 

 Charles Dickens,  A Tale of Two Cities  (1859)    

  Early  h istory 

 Hemophilia is probably one of the best examples in medicine 
where basic scientifi c discovery has been rapidly translated 
into clinical practice. Many patients with hemophilia have 
been enthusiastic to participate in trials of new treatments, 
and although such treatments have prolonged life, they have 
also been associated with devastating side - effects. 

 Many people have been aware of this rare sex - linked disor-
der because Queen Victoria, who reigned from 1837 to 1901, 
was a carrier  [1]  (Figure  1 ). She had two carrier daughters, 
Alice and Beatrice, and a son with hemophilia, Leopold  [2] . 
Her daughter Alice was the grandmother of Alexis, the 
Tsarevich, whose repeated hemophilic bleedings resulted in his 
mother, Alexandra, coming under the infl uence of Rasputin. 
It has been suggested that hemophilia may have had a pro-
found effect on Russian history  [3] . Beatrice, born in 1856, 
was the last child of Victoria and Albert. Her daughter Ena 
became Queen of Spain and had two hemophilic sons, 
Alphonso and Gonzalo. Beatrice had three sons, two of whom, 
Leopold and Maurice, were affected with hemophilia. All 
three sons served during World War I, when Maurice was 
killed, but Leopold died in his late 20s following surgery  [4] .   

 Dr John Otto, a physician in the New York Hospital from 
1796 to 1817, published the fi rst medical description of hemo-
philia — this was a case of a woman carrier, and the sex - linked 
inheritance was noted as well as the occurrence of premature 
death  [5] . 

 Bulloch and Fildes ’   Treasury of Human Inheritance  has 
been described  “ for students of haemophilia  …  at once [their] 

Shakespeare for its drama and human warmth and their bible 
for its towering authority ”  with 1000 references and case 
reports and 200 pedigrees of hemophilic families  [1,6] . It 
includes a description of seven generations of the Appleton -
 Swain family, originating from a small town near Boston, 
USA, from the early part of the eighteenth century to the later 
years of the nineeteenth. This family was fi rst described by 
Hay who noted,  “ None but males are bleeders  …  whose 
daughters only have sons thus disposed. ”  The kindred was 
re - investigated by William Osler in 1885. Many of the hemo-
philic males died an early death from bleeding  [6] . 

 The natural history of hemophilia without treatment was 
vividly reported in a monograph published by Carroll Birch 
in 1937 from the USA. This was summarized by Biggs  [7] . 
The cause of death in 113 patients was recorded — many died 
from very trivial injury; 82 died before 15 years of age and 
only eight survived beyond 40 years (Table  1 ).    

  Treatment 

 The fi rst treatment for hemophilia was reported in 1840 in 
 The Lancet   [8] . George Firmin, an 11 - year - old boy, bled after 
surgery for squint. Using the recently developed syringe by Dr. 
Blundell (Figure  2 ), blood from  “ a stout woman   ”  was directly 
transfused and the child survived. The paper describes the 
inheritance of hemophilia in the family.   

 Fractionation of human plasma was developed in response 
to the challenges of World War II. The major components of 
plasma were separated by the control of their solubility in a 
multivariable system. The fi ve variables were salt, protein, 
alcohol, pH, and temperature  [9] . Cohn ’ s fraction 1 was rich 
in factor VIII and fi brinogen. 

 McMillan pioneered the use of human factor VIII in the 
USA and in 1961 he published his experience  [10] . Replacement 
therapy with Cohn ’ s fraction 1 was used in 15 hemophilic 
patients presenting with a variety of hemorrhagic and surgical 
conditions. There was effective hemostasis in all patients. 
However, mild and transient hepatitis developed in one patient 
35 days after infusion (this was possibly hepatitis C). 

 In 1954, in the UK, Macfarlane speculated that:
   …  maintenance therapy would be impracticable if only 
human AHG (FVIII) were available, since it would need a 
special panel of about 500,000 donors to treat the 500 
hemophiliacs estimated to exist in the country (the UK)  …  

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.
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 Figure 1     The family tree of Queen Victoria.  Reproduced from  [6]  with permission.  

  Table 1    Cause of death for 113 cases of hemophilia by Carroll 
Birch. 

   Cause of death     No. of cases      Notes  

  Operations    25    Circumcision    15  
          Tooth extraction    6  
          Vaccination    1  
          Lanced hematomata    2  
          Tonsillectomy    1  
  Trivial injuries    23    Cut lip, bitten tongue, 

injuries to forehead, 
fi nger, scalp, etc.  

  Epistaxis    6    Four with serious 
injuries    Hematuria    4  

  Throat bleeding    3  
  Cutting fi rst tooth    1  
  Fracture of leg    1  
  Internal bleeding    21  
  Central nervous bleeding    7  
  Lung hemorrhage    5  
  Intestinal bleeding    3  
  Gastric bleeding    3  
  Miscellaneous    4  
  Birth trauma and 

umbilical bleeding  
  7  

  Reproduced from  [7]  with permission. 

Bovine blood has 16 times the anti haemophilic activity 
(FVIII) of human blood and enough would be available for 
the continuous treatment of the whole haemophilic popula-
tion of this country  [11] .   

 Thus, bovine antihemophilic globulin (AHG, FVIII) was 
produced in Oxford, UK, and used to cover tooth extractions. 
The treatment was effective and the rise in FVIII was measured 
by the newly developed thromboplastin generation test  [12] . 
However, the material showed some antigenic properties — an 
early recognition of inhibitor or antibody development. This 
led the Oxford group to develop an alternative animal source 
of FVIII — porcine FVIII  [13] . 

 The scientist Edith Bidwell led much of the early fractiona-
tion work at Oxford, and in 1961 the fi rst patient to be treated 
with human FIX concentrate was reported  [14] . A 4 - year - old 
boy, with severe hemophilia B, had developed a large 
hematoma following a diffi cult venipuncture. The resulting 
hemorrhage had become infected resulting in osteomyelitis of 
the radius. A through - the - elbow amputation was performed 
in June 1960 under cover of FIX concentrate. The patient, 
aged 39 in 1995, qualifi ed as an architectural technician, 
drove, and played golf  [15] . 

 The life of people with hemophilia was revolutionized by 
the development of cryoprecipitate. Judith Pool, in the USA, 
had discovered that if plasma was cooled to a very low tem-
perature in the test tube a  “ cryoprecipitate ”  developed, which 
contained fi brinogen and FVIII. A method for making cryo-
precipitate in a closed - bag system from a single blood dona-



HISTORICAL INTRODUCTION

3

 Figure 2     Blundell ’ s syringe for the direct 
transfusion of blood.  Reproduced from  [8]  
with permission.  

tion was described  [16] . This meant that people with 
hemophilia could learn to treat themselves at home for the 
fi rst time. Such treatment is still used in the developing world. 

 During the 1970s human freeze - dried (lyophilized) FVIII 
and FIX became available and patients were able to treat 
themselves more conveniently at home. The blood donors 
were British for the manufacture of NHS concentrates. 
Commercial products were manufactured from mostly 
American donor plasma. The donor pool size could be between 
10   000 and 20   000 donations and the cryoprecipitate was pro-
duced from large - pool fresh - frozen plasma. The FVIII was 
extracted using ethanol and salt — Cohn ’ s fractionation — and 
the fi nal product was freeze dried or lyophilized. It was recon-
stituted by adding water and (self) - administered intravenously. 
Such products were not heated until 1985. 

 The availability of these products resulted in a dramatic 
increase in treatment. The lives of patients with hemophilia 
were improved because they could self - treat at home as soon 
as spontaneous bleeds occurred. However, they resulted in 
epidemics of human immunodefi ciency virus (HIV) and hepa-
titis C virus (HCV).  

  Human  i mmunodefi ciency  v irus 

 The epidemic of HIV occurred during the years 1978 – 85 and 
was largely caused by USA - derived commercial concentrate. 
The fi rst patient to seroconvert in the UK was treated in 1979 
for abdominal bleeding and he developed non - A non - B hepa-
titis (HCV) followed by HIV  [17] . When an HIV test became 
available in 1985 it was possible to retrospectively test stored 
samples from patients with hemophilia to establish the dates 
of seroconversion. In this way, a cohort of 111 patients with 
HIV with known dates of seroconversion was identifi ed 
(Figure  3 )  [18] . The median age was 22 years (range 2 – 77) 
and the median date of infection was January 1983 (range 
December 1979 to July 1985). All these patients were coin-
fected with HCV either at or before the time of HIV infection. 

1979 1980 1981 1982

Anti–HIV-negative serum
Anti–HIV-positive serum

1983 1984 1985

 Figure 3     Patients with hemophilia and estimated dates of serocon-
version.  Reproduced from  [18]  with permission.    

This cohort was closely monitored clinically, and serial CD4 
counts were assessed regularly from December 1982. It was 
established that there was a linear decline of CD4 count from 
the normal of 800/ μ L and on average acquired immunodefi -
ciency syndrome (AIDS) developed when the CD4 count 
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reached 50  [19] . It was thus possible to model for each patient 
in the cohort the time from seroconversion when he would 
develop AIDS  [20] . Predictions from this study in 1994 sug-
gested that one - fourth of people infected with HIV would 
remain free of AIDS (without treatment) for 20 years or more. 
At that time this aroused much publicity because previously 
it had been thought that HIV inevitably resulted in rapid 
death.   

 The epidemic of HIV in hemophilic patients in the USA 
showed an increase in deaths per million from 0.50 in the 
1970s to 60 by 1990  [21] . In the UK, 1246 of 7250 patients 
with hemophilia were infected with HIV. Observations on this 
well - characterized cohort resulted in a series of publications 
charting the course of the epidemic  [22 – 25] . Highly active 
antiretroviral therapy   became available in the early 1990s and 
as a result the deaths from HIV were reduced. This was shown 
very clearly in the patients with hemophilia in the UK (Figure 
 4 )  [25] .    

  Hepatitis C  v irus 

 The epidemic of HCV was a much longer one, from 1961 to 
1985. The fi rst patients became infected from the fi rst large -
 pool plasma - derived FIX concentrates, used in 1961, and the 
epidemic ended with the dry heating of concentrates in 1985. 
Thus, all patients with HIV were coinfected with HCV either 
at the time of HIV infection or before. The natural history of 
HCV in a population of 310 patients whose date of infection 
was known showed that 25 years after infection with HCV 
19% had progressed to death from liver disease and that HIV 
was a cofactor for progression  [26] . 

 However, the fi rst recognition that hepatitis was a hazard 
of blood transfusion was a publication in 1943  [27] , reporting 
seven cases of jaundice occurring 1 – 4 months after transfusion 
of whole blood or plasma, and a publication in 1946  [28] , 
showing the increased risk of pooled plasma.   Thus, it was not 
surprising that large - pool clotting factor concentrates should 
cause hepatitis; however, this was diffi cult to characterize in 
the absence of a test for HCV until 1991. There was also 
enthusiasm for the new concentrates among both patients and 
their treaters. In a historical interview Dr. Rosemary Biggs 
explained,  “ The next thing that started to crop up was that 
patients started to get jaundice, and we felt at that time that 
they were better alive and having jaundice than dead with 
haemophilia ”   [29] . In an anonymous leader it was recognized 
that  “ In some cases early death from liver disease may be the 
price paid by haemophiliacs for the improved quality of life 
afforded by the easy availability of clotting factor concen-
trates ”   [30] . 

 The high risk, approaching 100%, of non - A non - B hepatitis 
following a fi rst exposure to plasma - derived clotting factor 
concentrate (irrespective of whether the donors were of NHS 
or USA commercial origin) was demonstrated, although the 
hepatitis from commercial product was more severe, with a 
shorter incubation period  [31] . Once testing had become 
available it was possible to characterize the HCV epidemic in 
hemophilic patients more clearly  [26] . Approximately one -
 third of those infected with HCV were also infected with HIV. 
It was found that the relative hazard of death for those coin-
fected with HIV and HCV was 19.47 compared with those 
infected with HCV alone  [26] . 

 Many patients with hemophilia have been  “ cured ”  or 
 “ cleared ”  of HCV with interferon - based therapies, most 
recently with pegylated interferon and ribavirin. In an inter-
national multicenter cohort study, 147 patients maintained a 
sustained viral response up to 15 years after treatment whereas 
in 148 unsuccessfully treated patients the cumulative incidence 
of end - stage liver failure was 13% after 15 years  [32] . 

 The ultimate cure for end - stage liver failure is liver trans-
plantation, and a small number of transplants have been per-
formed in hemophilic patients. A report in 2002 described 11 
hemophilic patients who were monoinfected with HCV and 
who had been successfully transplanted. Since the liver is the 
site of synthesis of clotting factors, on average, 36 hours post 
transplant the patients no longer needed treatment with clot-
ting factor concentrate — liver transplantation is essentially 
 “ gene therapy ”  for hemophilia  [33] . 

  New  p roducts 

 The epidemics of HIV and HCV were the stimuli to achieve 
safe plasma - derived products using viral inactivation proc-
esses. These were effectively introduced in 1985 and no HIV 
or HCV transmissions following exposure to clotting factor 
concentrates have occurred since that time. The fi rst - genera-
tion products were conventionally fractionated and heated in 
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 Figure 4     Impact of HIV on mortality rates in the UK hemophilia 
population.  Reproduced from  [25]  with permission.  
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lyophilized state ( “ dry heated ” ). These have now been with-
drawn. Second - generation products involve dry superheating 
at 80 ° C for 72   h; solvent detergent; pasteurization; and heating 
in hot vapor. Third - generation products are prepared by mon-
oclonal immunoadsorption directed to either FVIII or von 
Willebrand factor, the carrier protein for FVIII  [34] . 

 In 1984, a series of landmark papers were published in 
 Nature  describing the structure of FVIII and the cloning of the 
gene  [35] . This enabled the manufacture of recombinant FVIII 
and the investigation of such products in worldwide trials. The 
results of a study in 107 patients, including pharmacokinetics, 
treatment for home therapy, surgery, and in previously 
untreated patients (PUPs), who were mostly children, demon-
strated that it had biologic activity similar to plasma FVIII and 
was safe and effi cacious in the treatment of hemophilia  [36] . 
This meticulous study showed, for the fi rst time, the natural 
history of the treatment in PUPs and the development of 
inhibitors (antibodies to FVIII) — 6 of 21 children developed 
inhibitors. It soon emerged that the three recombinant prod-
ucts, two full - length FVIII, and one B - domain deleted, had 
similar inhibitor incidences of 25%  [37,38] . Inhibitors have 
now emerged as the biggest challenge in the treatment of 
hemophilia.   

  Variant Creutzfeldt – Jakob  d isease 

 Even though plasma - derived concentrates are very safe with 
respect to HIV and hepatitis transmission, and also recom-
binant products are used predominantly in the developed 
world, there remains the possibility of variant Creutzfeldt –
 Jakob disease (vCJD), particularly in the UK. 

 The peak exposure of the UK population to vCJD through 
the food chain was in 1998 when nearly 400   000 cattle were 
infected with bovine spongiform encephalopathy (BSE). There 
has been almost no BSE since 2000 and the small epidemic of 
vCJD in humans has peaked with a total 166 cases (www.cjd.
ed.ac.uk). 

 However, there have now been four cases of transmission 
by blood from donors incubating vCJD  [39] . Thus, surveil-
lance of the UK hemophilia population is ongoing because 
many were treated with plasma - derived concentrates manu-
factured from UK - derived plasma between 1980 (when the 
epidemic of BSE began) and 2001 (when concentrates derived 
from non - UK plasma were used exclusively)  [40] . At the time 
of writing, abnormal prion protein has been demonstrated at 
post mortem in the splenic tissue of a patient with hemophilia 
who died from other causes  [41] .  

  The  f uture 

 The outlook for people with hemophilia is now very good. In 
a study of 6018 people with hemophilia in the UK between 
1977 and 1998, who were not infected with HIV, the median 

life expectancy was 63 years for those with severe hemophilia 
and 75 years for those with nonsevere hemophilia. This 
approaches that for the normal male population (Figure  5 ) 
 [42] .   

 This new edition of  The Textbook of Hemophilia  gives a 
perspective on the  “ state of the art ”  in 2010. There are still 
many challenges, but as the history of hemophilia shows, there 
is no doubt that future advances in basic scientifi c discovery 
will be rapidly translated into clinical practice.   
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   The editors would like to express their gratitude to Professor Edward G.D. Tuddenham for permission to reproduce the cover image of factor 
IX and for the following legend. (CL, EB, KH) 

 The Tsarevitch Alexei Romanoff was a descendant of Queen Victoria who had severe haemophilia with bleeding from an early age. By the time 
of this photograph he already had a fl exion deformity of his left hip and knee due to bleeding. As all descendants of Queen Victoria affected by 
her mutation had died before factor VIII and factor IX were differentiated, the type of haemophilia in the royal families of Europe was unknown 
until in 2009. Forensic DNA analysis of bones of the murdered Russian Royal family, recovered from graves near Yekaterinburg, prove that the 
royal disease was Haemophilia B, due to single base substitution creating a novel out of frame splice acceptor site at the 5 ′  end of intron 3. The 
molecule in the background is factor IX which Alexei lacked, causing the tragic bleeding that changed the course of history. 

    Reference: Genotype Analysis Identifi es the Cause of the  “ Royal Disease ”     Evgeny I.   Rogaev  ,   Anastasia P.   Grigorenko  ,   Gulnaz   Faskhutdinova  , 
  Ellen L. W.   Kittler  ,   Yuri K.   Moliaka  .  Science :  326 ;  817  ( 2009 ).   
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  Introduction 

 The maintenance of blood fl uidity and protection from blood 
leakage provide major biophysical challenges for the organ-
ism. Nature has evolved a highly complex, integrated, and 
dynamic system which balances the presentations of proco-
agulant, anticoagulant, and fi brinolytic systems. These systems 
function collectively to maintain blood within the vasculature 
in a fl uid state while at the same time providing potent leak 
attenuating activity which can be elicited upon vascular per-
foration to provide the rapid assembly of a thrombus princi-
pally composed of platelets and fi brin to attenuate extravascular 
blood loss. The dynamic control of this system is such that 
the coagulation response is under the synergistic control of a 
variety of blood and vascular inhibitors, resulting in a process 
that is regionally restricted to the site of vascular damage and 
does not propagate throughout the vascular system. The rapid 
coagulation response is also tightly linked to the vascular 
repair process during which the thrombus is removed by the 
fi brinolytic system which also is activated regionally to provide 
clot removal coincident with vascular repair. 

 A list of important procoagulant, anticoagulant, and fi bri-
nolytic proteins, inhibitors, and receptors can be seen in 
Table  1.1 .    

  Importance of  c omplex  a ssembly 
to  c oagulation 

 Laboratory data combined with clinical pathology lead to the 
conclusion that the physiologically relevant hemostatic mech-
anism is primarily composed of three procoagulant vitamin 
K - dependent enzyme complexes (which utilize the proteases 
factor VIIa, factor IXa, and factor Xa) and one anticoagulant 
vitamin K - dependent complex (which utilizes the protease 
thrombin)  [1,2]  (Figure  1.1 ). These complexes — extrinsic 
factor Xase (tissue factor – factor VIIa complex), intrinsic 
factor Xase (factor VIIIa – factor IXa complex)  [3] , and the 
protein Case complex (thrombin – thrombomodulin)  [4]  — are 
each composed of a vitamin K - dependent serine protease, a 
cofactor protein and a phospholipid membrane; the latter 

provided by an activated or damaged cell. The membrane -
 binding properties of the vitamin K - dependent proteins are a 
consequence of the post - translational  γ  - carboxylation of these 
macromolecules  [5] . The cofactor proteins are either mem-
brane binding (factor Va, factor VIIIa), recruited from plasma, 
or intrinsic membrane proteins (tissue factor, thrombomodu-
lin). Cofactor – protease assembly on membrane surfaces yields 
enhancements in the rates of substrate processing ranging 
from 10 5  – 10 9  - fold relative to rates observed when the same 
reactions are limited to solution - phase biomolecular interac-
tions between the individual proteases (factor VIIa, factor IXa, 
and factor Xa) and their corresponding substrates  [6 – 8]  
(Figure  1.2 a). Membrane binding, intrinsic to complex assem-
bly, also localizes catalysis to the region of vascular damage. 
Thus, a system selective for regulated, effi cient activity pres-
entation provides for a regionally limited, vigorous arrest of 
hemorrhage.   

 Additional complexes associated with the  “ intrinsic ”  
pathway are involved in the surface contact activation of 
blood  [3] . However, the association of the contact - initiating 
proteins (factor XII, prekallikrein, high - molecular - weight 
kininogen) with hemorrhagic disease is uncertain  [9] . 

 Of equal importance to the procoagulant processes is regu-
lation of anticoagulation by the stoichiometric and dynamic 
inhibitory systems. The effectiveness of inhibitory functions 
are far in excess of the potential procoagulant responses. 
These inhibitory processes provide activation thresholds, 
which require presentation of a limiting concentration of 
tissue factor prior to signifi cant thrombin generation  [10] . 
Antithrombin and tissue factor pathway inhibitor  [11]  are the 
primary stoichiometric inhibitors while the thrombin – throm-
bomodulin – protein C system (protein Case, Figure  1.1 ) is 
dynamic in its function.  

  Extrinsic  p athway to  b lood  c oagulation 

 The initiating event in the generation of thrombin involves the 
binding of membrane - bound tissue factor with plasma factor 
VIIa  [12] . The latter is present in blood at  ∼ 0.1   nM [ ∼ 1 – 2% 
of the factor VII concentration (10   nM)]  [13] . Plasma factor 
VIIa does not express proteolytic activity unless it is bound to 
tissue factor; thus factor VIIa at normal blood level has no 
signifi cant activity toward either factor IX or factor X prior 
to its binding to tissue factor. The ineffi cient active site of 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.
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factor VIIa permits its escape from inhibition by the anti-
thrombin present in blood. Vascular damage  [14]  or cytokine -
 related presentation of the active tissue factor triggers the 
process by interaction with activated factor VIIa, which 
increases the  k  cat  of the enzyme and increases the rate of factor 
X activation by four orders of magnitude  [15] . This increase 
is the result of the improvement in catalytic effi ciency and the 
membrane binding of factor IX and factor X. 

 The tissue factor – factor VIIa complex (extrinsic factor 
Xase) (Figure  1.2 ) catalyzes the activation of both factor IX 

and factor X, the latter being the more effi cient substrate  [16] . 
Thus, the initial product formed is factor Xa. Feedback cleav-
age of factor IX by membrane - bound factor Xa enhances the 
rate of generation of factor IXa in a cooperative process with 
the tissue factor – factor VII complex  [17] . 

 The initially formed, membrane - bound factor Xa activates 
small amounts of prothrombin to thrombin  [18] . This initial 
prothrombin activation provides the thrombin essential to the 
acceleration of the hemostatic process by serving as the activa-
tor for platelets  [19] , factor V  [20] , and factor VIII  [21]  

  Table 1.1    Procoagulant, anticoagulant, and fi brinolytic proteins, inhibitors, and receptors. 

   Protein  
   Molecular 
weight (kDa)  

   Plasma concentration  
   Plasma  t 1/2   
(days)  

   Clinical manifestation a   

   Functional classifi cation     nmol/L      μ g/mL     H     T  

   Procoagulant proteins and receptors   
  Factor XII    80    500    40    2 – 3     −         Protease zymogen  
  HMW kininogen    120    670    80         −         Cofactor  
  LMW kininogen    66    1300    90                Cofactor  
  Prekallikrein    85/88    486    42                Protease zymogen  
  Factor XI    160    30    4.8    2.5 – 3.3    +/ −         Protease zymogen  
  Tissue factor    44            N/A            Cell - associated cofactor  
  Factor VII    50    10    0.5    0.25    +    +/ −     VKD protease zymogen  
  Factor X    59    170    10    1.5    +        VKD protease zymogen  
  Factor IX    55    90    5    1    +        VKD protease zymogen  
  Factor V    330    20    6.6    0.5    +    +    Soluble pro - cofactor  
  Factor VIII    285    0.7    0.2    0.3 – 0.5    +     −     Soluble pro - cofactor  
  VWF    255 (monomer)    Varies    10        +        Platelet adhesion carrier 

for FVIII  
  Factor II    72    1400    100    2.5    +     −     VKD protease zymogen  
  Fibrinogen    340    7400    2500    3 – 5    +    +/ −     Structural protein cell 

adhesion  
  Factor XIII    320    94    30    9 – 10    +    +/ −     Transglutaminase 

zymogen  

   Anticoagulant proteins, inhibitors, and receptors   
  Protein C    62    65    4    0.33        +    Proteinase zymogen  
  Protein S    69    300    20    1.75        +    Inhibitor/cofactor  
  Protein Z    62    47    2.9    2.5    +/ −         Cofactor  
  Thrombomodulin    100    N/A    N/A    N/A            Cofactor/modulator  
  Tissue factor pathway 

inhibitor  
  40    1 – 4    0.1    6.4    ×    10  − 4  

to1.4    ×    10  − 3   
          Proteinase inhibitor  

  Antithrombin    58    2400    140    2.5 – 3            Proteinase inhibitor  
  Heparin cofactor II    66    500 – 1400    33 – 90    2.5    +    +/ −     Proteinase inhibitor  

   Fibrinolytic proteins, inhibitors, and receptors   
  Plasminogen    88    2000    200    2.2            Proteinase zymogen  
  t - PA    70    0.07    0.005    0.00167            Proteinase zymogen  
  u - PA    54    0.04    0.002    0.00347            Proteinase zymogen  
  TAFI    58    75    4.5    0.00694        +    Carboxypeptidase  
  PAI - 1    52    0.2    0.01     < 0.00694            Proteinase inhibitor 

 Proteinase inhibitor    PAI - 2    47/60     < 0.070     < 0.005     −           
   α  - Antiplasmin    70    500    70    2.6    +        Proteinase inhibitor  
  u - PAR    55                        Cell membrane receptor  

   +, presence of phenotype;  − , absence of phenotype;  ± , some individuals present with the phenotype and others do not; H, hemorrhagic disease/

hemophilia; T, thrombotic disease/thrombophilia; VKD; vitamin K - dependent proteins.  

   a Clinical phenotype; the expression of either hemorrhagic or thrombotic phenotype in defi cient individuals.   
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 Figure 1.1     Overview of hemostasis. Coagulation is initiated through 
two pathways: the primary extrinsic pathway (shown on the right) 
and the intrinsic pathway (historically called the  contact  or 
 accessory pathway , shown on the left). The components of these 
multistep processes are illustrated as follows: enzymes ( open circle ), 
inhibitors ( hatched circles ), zymogens ( open boxes ), or complexes 
( open ovals ). Fibrin formation is also shown as an oval. The 
intrinsic pathway has no known bleeding etiology associated with 
it, thus this path is considered accessory to hemostasis. Upon injury 
to the vessel wall, tissue factor, the cofactor for the extrinsic factor 
Xase complex, is exposed to circulating factor VIIa and forms the 
vitamin K - dependent complex, the extrinsic factor Xase. Factor IX 
and factor X are converted to their serine proteases factor IXa 
(FIXa) and factor Xa (FXa), which then form the intrinsic factor 
Xase and the prothrombinase complexes, respectively. The 
combined actions of the intrinsic and extrinsic factor Xase and the 
prothrombinase complexes lead to an explosive burst of the enzyme 
thrombin (IIa). In addition to its multiple procoagulant roles, 
thrombin also acts in an anticoagulant capacity when combined 

with the cofactor thrombomodulin in the protein Case complex. 
The product of the protein Case reaction, activated protein C (aPC), 
inactivates the cofactors factors Va and VIIIa. The cleaved species, 
factors Va i  and VIIIa i , no longer support the respective procoagu-
lant activities of the prothrombinase and intrinsic Xase complexes. 
Once thrombin is generated through procoagulant mechanisms, 
thrombin cleaves fi brinogen, releasing fi brinopeptide A and B (FPA 
and FPB) and activate factor XIII to form a cross - linked fi brin clot. 
Thrombin – thrombomodulin also activates thrombin activatable 
fi brinolysis inhibitor (TAFIa) that slows down fi brin degradation by 
plasmin. The procoagulant response is downregulated by the 
stoichiometric inhibitors tissue factor pathway inhibitor (TFPI) and 
antithrombin (AT). TFPI serves to attenuate the activity of the 
extrinsic factor Xase trigger of coagulation. Antithrombin directly 
inhibits thrombin, factor IXa and factor Xa. The intrinsic pathway 
provides an alternative route for the generation of factor IXa. 
Thrombin has also been shown to activate factor XI. The fi brin clot 
is eventually degraded by plasmin - yielding soluble fi brin peptides. 
Modifi ed from  [32] . 

(Figure  1.1 ). Once factor VIIIa is formed, the factor IXa gener-
ated by tissue factor – factor VIIa combines with factor VIIIa 
on the activated platelet membrane to form the  “ intrinsic 
factor Xase ”  (Figure  1.2 a), which becomes the major activator 
of factor X. The factor VIIIa – factor IXa complex is 10 9  - fold 
more active as a factor X activator and 50 times more effi cient 
than tissue factor – factor VIIa in catalyzing factor X activation 

 [22,23] ; thus, the bulk of factor Xa is ultimately produced by 
the factor VIIIa – factor IXa complex (Figure  1.2 ). 

 As the reaction progresses, factor Xa generation by the 
more active  “ intrinsic factor Xase ”  complex exceeds that of 
the  “ extrinsic factor Xase ”  complex  [24] . In addition, the 
 “ extrinsic factor Xase ”  complex is subject to inhibition by 
tissue factor pathway inhibitor (Figure  1.2 b)  [25] . As a 
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 Figure 1.2     Vitamin K - dependent complex 
assembly. (a) The factor Xa generated by 
the tissue factor – factor VIIa complex 
activates a small amount of thrombin which 
activates factor V and factor VIII leading to 
the presentation of the intrinsic factor Xase 
(factor VIIIa – factor IXa) and prothrombi-
nase (factor Va – factor Xa) complexes. At 
this point in the reaction factor IXa 
generation is cooperatively catalyzed by 
membrane - bound factor Xa and by the 
tissue factor – factor VIIa complex. The thick 
arrow representing factor Xa generation by 
the intrinsic factor Xase illustrates the more 
effi cient factor Xa generation by this 
catalyst. (b) The tissue factor pathway 
inhibitor (TFPI) interacts with the tissue 
factor – factor VIIa – factor Xa product 
complex to block the tissue factor - initiated 
activation of both factors IX and factor X. 
Inhibition of the extrinsic factor Xase 
complex results in the factor VIIIa – factor 
IXa complex (intrinsic factor Xase), 
becoming the only viable catalyst for factor 
X activation. Used with permission from 
the  “ Dynamics of Hemostasis ”  
Haematologic Technologies, K.G. Mann, 
2002. 
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consequence, most ( >    90%) of factor Xa is ultimately pro-
duced by the factor VIIIa – factor IXa complex in the tissue 
factor - initiated hemostatic processes. In hemophilia A and 
hemophilia B the  “ intrinsic factor Xase ”  complex cannot be 
assembled, and amplifi cation of factor Xa generation does not 
occur  [26] . Factor Xa combines with factor Va on the acti-
vated platelet membrane receptors and this factor Va – factor 
Xa  “ prothrombinase ”  catalyst (Figure  1.2 a) converts pro-
thrombin to thrombin. Prothrombinase is 300   000 - fold more 
active than factor Xa alone in catalyzing prothrombin activa-
tion  [6] .  

  Attenuation of the 
 p rocoagulant  r esponse 

 The coagulation system is tightly regulated by the inhibition 
systems. The tissue factor concentration threshold for reaction 
initiation is steep and the ultimate amount of thrombin pro-
duced is largely regulated by the concentrations of plasma 
procoagulants and the stoichiometric inhibitors and the con-
stituents of the dynamic inhibition processes  [24] . Tissue 
factor pathway inhibitor blocks the tissue factor – factor VIIa –
 factor Xa product complex, thus effectively neutralizing the 
 “ extrinsic factor Xase ”  complex (Figure  1.2 b)  [27] . However, 
tissue factor pathway inhibitor is present at low abundance 
( ∼ 2.5   nM) in blood and can only delay the hemostatic reaction 
 [28] . Antithrombin, normally present in plasma at twice the 
concentration (3.2    μ M) of any potential coagulation enzyme, 
neutralizes all the procoagulant serine proteases primarily in 
the uncomplexed state  [11] . 

 The dynamic protein C system is activated by thrombin 
binding to constitutive vascular thrombomodulin (Protein 
Case). This complex activates protein C to its activated species 
activated protein C (Figure  1.1 )  [4] . Activated protein C com-
petes in binding with factor Xa and factor IXa and cleaves 
factor Va and factor VIIIa, eliminating their respective 
complexes  [20] . The protein C system, tissue factor pathway 
inhibitor, and activated protein C cooperate to produce 
steep tissue factor concentration thresholds, acting like a 
digital  “ switch, ”  allowing or blocking thrombin formation 
 [10] . 

 In humans, the zymogen factor XI which is present in 
plasma and platelets has been variably associated with hemor-
rhagic pathology  [29] . Factor XI is a substrate for thrombin 
and has been invoked in a  “ revised pathway of coagulation ”  
contributing to factor IX activation (Figure  1.1 )  [30] . The 
importance of the thrombin activation of factor XI is evident 
only at low tissue factor concentrations  [26] . 

 Factor XII, prekallekrein, and high - molecular - weight 
kininogen (Figure  1.1 ) do not appear to be fundamental to the 
process of hemostasis  [31] . The contribution of these contact 
pathway elements to thrombosis remains an open question 
and further experimentation is required to resolve this issue 
 [31] .  

  Conclusion 

 Advances in genetics, protein chemistry, bioinformatics, phys-
ical biochemistry, and cell biology provide an array of infor-
mation with respect to normal and pathologic processes 
leading to hemorrhagic or thrombotic disease. The challenge 
for the 21st century will be to merge mechanism - based, quan-
titative data with epidemiologic studies and subjective clinical 
experience associated with the tendency to bleed or thrombose 
and with the therapeutic management of individuals with 
thrombotic or hemorrhagic disease.  In vitro  data and clinical 
experience with individuals with thrombotic and hemorrhagic 
disease will ultimately provide algorithms which can combine 
the art of clinical management with the quantitative science 
available to defi ne the phenotype  vis  á  vis  the outcome of a 
challenge or the effi cacy of an intervention  [28 – 34] .  
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   Factor  VIII  

  Factor  VIII  and  h emophilia  A  

 Blood coagulation is a fi nely controlled process which enables 
plasma and cellular blood components to perform their func-
tions in a fl uid phase. However, upon damage to the lining of 
a blood vessel an insoluble clot must be formed at the site of 
injury to minimize loss of blood components. This process is 
initiated by activation of platelets and the formation of a 
primary platelet plug followed by the coordinated and highly 
regulated formation of a stable fi brin mesh. Maintenance of 
hemostasis relies on the regulated interaction of the vitamin 
K - dependent proteases, protease cofactors, membrane sur-
faces and receptors, calcium ions, and protease inhibitors. 
This process is characterized by the rapid and sequential acti-
vation of three separate vitamin K - dependent serine pro-
teases — factors VII, factor IX, and factor X — and their cofactor 
complexes — tissue factor, factor VIII, and factor V — that 
make up the intrinsic, extrinsic, and common coagulation 
pathways, respectively. These pathways act to rapidly and 
effi ciently cleave the vitamin K - dependent zymogen pro-
thrombin to its active serine protease form, thrombin, at the 
site of injury, which leads to cleavage of soluble fi brinogen to 
insoluble fi brin and clot formation. Factor VIII acts as an 
essential cofactor for factor IX in the intrinsic coagulation 
cascade, amplifying factor IX activity by several orders of 
magnitude. The physiologic signifi cance of these pathways is 
evident from genetic defi ciencies that result in bleeding disor-
ders. In the absence of factor VIII clot formation is impaired 
leading to prolonged bleeding. Mutations in  F8 , the gene 
coding for coagulation FVIII leading to defi ciency of factor 
VIII or impaired factor VIII function, result in the clinical 
disease hemophilia A. Hemophilia A has been recognized for 
over 2000 years as an X - linked bleeding disorder character-
ized by spontaneous bleeding into joints and muscles and 
severe bleeding from traumas. Treatment of hemophilia A has 
steadily improved since the discovery in the nineteenth century 
that whole - blood transfusion improved coagulation in patients 

with hemophilia. In the 1980s the gene for factor VIII was 
cloned and this discovery led quickly to production of recom-
binant factor VIII in mammalian cells for replacement therapy 
in patients. All the proteins involved in the coagulation cascade 
require post - translational modifi cations for appropriate secre-
tion, plasma half - life, and function - recombinant DNA tech-
nology has provided the ability to produce safe and effi cacious 
preparations of factor VIII replacement therapy. Gene therapy 
approaches for hemophilia are rapidly approaching, and need 
to consider, the requirement for proper post - translational 
modifi cation in protein secretion and function. 

  Domain  s tructure of  f actor  VIII  

 Factor VIII and factor V are homologous glycoproteins that 
serve as cofactors for proteolytic activation of factor X and 
prothrombin, respectively. These cofactors act to increase the 
 V max   of substrate activation by four orders of magnitude. They 
have a conserved domain organization of A1 – A2 – B – A3 –
 C1 – C2 (Figure  2.1 )  [1] . The A domains of factors V and VIII 
are homologous to the A domains of the plasma copper -
 binding protein ceruloplasmin. Copper has been detected in 
factor VIII and its presence is associated with functional factor 
VIII activity  [2] . One mole of reduced Cu(I) was detected in 
recombinant factor VIII and likely resides within a type 1 
copper ion - binding site within the A1 domain  [3] . The C 
domains are homologous to phospholipid - binding proteins 
such as milk - fat globule protein, suggesting a role in phospholi-
pid interaction. While the amino acid sequences in the A and 
C domains are 40% identical between factors V and VIII, there 
is only limited homology between the B domains. However, 
the B domains of both proteins have conserved the addition of 
a large number of asparagine - linked oligosaccharides as well 
as a large number of serine/threonine - linked oligosaccharides, 
suggesting a role of the carbohydrate in cofactor function.   

 Recently, the crystal structure of a B - domain - less factor VIII 
was solved revealing a triangular heterotrimer composed of 
the three A domains with the A1 domain interacting with the 
C2 domain and the A3 domain interacting with the C2 domain 
 [4,5] . This crystal structure and biochemical studies have 
yielded an  in silico  model of the activated factor VIII – activated 
factor IX complex with factor IXa wrapping across the side 
of factor VIIIa and forming an extended area of interaction 
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including large portions of both the heavy and light chains of 
factor VIII  [4] . Interestingly, these factor VIII structures 
contain two Cu 2+  ions and one or two Ca 2+  ions and three 
asparagine - linked carbohydrate moieties which are essential 
to the structure  [4,5] . 

 Factor VIII contains a 19 - amino - acid signal peptide that is 
removed upon translocation into the endoplasmic reticulum 
(ER). Factor V is secreted from hepatocytes as a single - chain 
polypeptide of 330   kDa. Factor VIII is processed within the 
secretory pathway in the cell to yield a heterodimer primarily 
composed of a heavy chain extending up to 200   kDa (prima-
rily two species from residues 1 to 1313 or 1648, where 
residue 1 is the amino - terminal amino acid after signal peptide 
cleavage) in a metal ion - dependent association with an 80 -
 kDa light chain (residues 1649 to 2332) (Figure  2.2 ). This 
association is stabilized by noncovalent interactions between 
the amino - terminal and carboxy - terminal ends of the factor 
VIII light chain with the amino - terminus of mature von 
Willebrand factor (VWF). VWF interaction stabilizes factor 
VIII upon secretion from the cell, inhibits factor VIII binding 
to phospholipids, and increases the half - life of factor VIII 
circulating in plasma  [6,7] . The ratio of VWF to factor VIII 
is maintained at 50:1, where an increase or decrease in the 
plasma VWF level results in a corresponding change in the 
level of factor VIII.   

 Factor V and factor VIII circulate in plasma as inactive 
precursors that are activated through limited proteolysis by 
either thrombin or activated factor X (Xa). Thrombin activa-
tion of factor VIII results in cleavage initially after Arg740 and 
subsequently after Arg residues 372 and 1689  [8] . Cleavage 
at both Arg372 and Arg1689 is required for activation of 
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 Figure 2.1     Domain structure and processing 
of factor VIII. The structural domains of 
factor VIII are depicted: A1 domain 
(1 – 336), A2 domain (372 – 740), B domain 
(740 – 1648), A3 domain (1690 – 2020) and 
the C domains (2021 – 2332). Above, the 
pairing of disulfi de bonds is shown. Below 
are represented the potential N - linked 
glycosylation sites (vertical bars up). Three 
regions (stippled areas) rich in acidic amino 
acid residues and lying between domains A1 
and A2, A2 and B, B and A3 contain sites 
of tyrosine sulfation (s). Intracellularly, 
factor VIII is cleaved within the B domain 
after Arg1313 and Arg1648 to generate an 
approximately 200 - kDa peptide and the 
80 - kDa light chain. The two cleavages 
required for thrombin activation are 
indicated ( *  * ). The sites for aPC cleavage 
and inactivation are also shown ( * ). 

factor VIII procoagulant activity. The cleavage at Arg1689 
releases activated factor VIII from VWF, thereby relieving the 
inhibitory activity of VWF on factor VIII, permitting the acti-
vated form of factor VIII to interact with negatively charged 
phospholipids. Thrombin - activated factor VIII consists of a 
heterotrimer of a 50 - kDa A1 - domain - derived polypeptide, a 
43 - kDa A2 - domain - derived polypeptide, and a 73 - kDa 
derived light - chain fragment  [9,10] . Upon thrombin activa-
tion, the B domains of both factors V and VIII are released. 
The amino - terminal sides of the thrombin cleavage sites within 
factors V and VIII are rich in acidic amino acids and contain 
the post - translationally modifi ed amino acid, tyrosine sulfate.  

  Disulfi de  b ond  f ormation 

 Factor VIII and factor V also have a conserved disulfi de 
bonding pattern in which two disulfi de bonds occur within 
the A1 and A2 domains, whereas only the small disulfi de loop 
is present in their A3 domains. In addition, each C domain in 
factor V and VIII contains one disulfi de bond  [11] . There are 
a number of nondisulfi de - bonded cysteine residues within 
factor VIII; one cysteine residue is not oxidized in each A 
domain and there are four cysteine residues within the B 
domain that are also likely not oxidized. Disulfi de bond for-
mation occurs in the oxidizing environment of the ER and it 
is possible that protein chaperones, such as protein disulfi de 
isomerase, are important to ensure proper disulfi de bond for-
mation and exchange occurs prior to exit from the ER. Factor 
VIII contains a total of eight disulfi de bonds, seven of which, 
interestingly, are found in factor V  [12] . Replacement of 
cysteine residues with glycine in any of the seven conserved 
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 After addition of the high - mannose - containing oligosaccha-
ride core structure (composed of glucose 3  - mannose 9  - N -
 acetylglucosamine 2 ) to consensus asparagine residues, 
trimming begins with the removal of the three terminal glucose 
residues that is mediated by the action of glucosidases I and 
II. Glucosidase I removes the terminal  α  1 – 3  glucose and glu-
cosidase II subsequently removes the two  α  1 – 2  glucose residues. 
Glucose trimming is required for binding to the protein chap-
erones calnexin (CNX) and calreticulin (CRT) within the 
lumen of the ER. Prolonged association with CNX and/or 
CRT is observed when proteins are unfolded, misfolded, or 
unable to oligomerize. CNX and CRT bind most avidly to 
monoglucosylated forms of the N - linked core structure. 
Removal of the third glucose from the oligosaccharide core 
structure correlates with release from CNX and CRT and 
transport to the Golgi apparatus. The selectivity in binding of 
unfolded glycoproteins to CRT and CNX is mediated by 
reglucosylation of the deglucosylated N - linked oligosaccha-
ride. This reglucosylation activity is performed by a UDP -
 glucose:glycoprotein glucosyltransferase (UGT). Only 
unfolded, mutant, or unassembled proteins are subject to 
reglucosylation. Reglucosylated proteins rebind CNX and/or 
CRT and, in this manner, unfolded proteins are retained in 
the ER through a cycle on CNX – CRT interaction, glucosidase 
II activity, and UGT activity. Subsequent to glucose trimming 
in the ER, at least one  α  1 – 2  - linked mannose is removed by an 
ER  α  1 – 2  - mannosidase prior to transport out of the ER. This 
system acts as a quality control mechanism allowing only 
properly folded factor V or factor VIII to be translocated out 
of the ER for secretion while sequestering or sending mis-
folded proteins to the proteasome through ER associates deg-
radation pathways. 

 Upon transit through the Golgi apparatus, a series of addi-
tional carbohydrate modifi cations occur that are separated 
spatially and temporally and involve the removal of mannose 
residues by Golgi mannosidases I and II and the addition of 
N - acetylglucosamine, fucose, galactose, and sialic acid resi-
dues. These reactions occur by specifi c glycosyltransferases 
that modify the high - mannose carbohydrate to complex 
forms. Also within the Golgi apparatus, O - linked oligosac-
charides are attached to the hydroxyl of serine or threonine 
residues through an O - glycosidic bond to N - 
acetylgalactosamine. Serine and threonine residues subject to 
glycosylation are frequently clustered together and contain an 
increased frequency of proline residues in the region, espe-
cially at positions  − 1 and +3, relative to the glycosylated 
residue. Galactose, fucose, and sialic acid are frequently 
attached to the serine/threonine - linked N - acetylgalactosamine. 
O - glycosylation occurs in the Golgi complex concomitant 
with complex processing of N - linked oligosaccharides. 

 Factor V and factor VIII contain a large number of N - linked 
oligosaccharides. Comparison of the N - linked oligosaccha-
rides present on recombinant factor VIII expressed in mam-
malian cells to human plasma - derived factor VIII indicated 
that both proteins display similar occupancy and complexity 
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 Figure 2.2     Synthesis, processing, and secretion of factor VIII in 
mammalian cells. The factor VIII primary translation product is 
translocated into the lumen of the endoplasmic reticulum (ER), 
where N - linked glycosylation occurs. A fraction of factor VIII binds 
tightly to the protein chaperone BiP and requires adenosine 
triphosphate (ATP) hydrolysis for release  [43] . A portion of factor 
VIII is retrotranslocated into the cytoplasm and is degraded by the 
cytosolic 26S proteasome. Another fraction of the molecules interact 
with the lectins calnexin/calreticulin and then with the protein 
chaperone complex LMAN1 – MCFD2 for transit to the Golgi 
apparatus. In the Golgi apparatus additional processing occurs that 
includes complex modifi cation of carbohydrate on N - linked sites, 
addition of carbohydrate to serine and threonine residues, sulfation 
of tyrosine residues, and cleavage of the protein to the mature 
heavy and light chains. 

bonding pairs in factor VIII resulted in impaired secretion 
while elimination of the disulfi de loop pairing residues 1899 
to 1903 in factor VIII resulted in improved secretion  [12] .  

  Asparagine -  and  s erine/threonine -  l inked  g lycosylation 

 Addition of N - linked oligosaccharides to many glycoproteins 
is an obligatory event for the folding and assembly of newly 
synthesized polypeptides. The presence of oligosaccharides is 
often required for the effi cient transport of individual glyco-
proteins through the secretory pathway  [13,14] . In addition, 
N - linked glycosylation frequently affects the plasma half - life 
and biologic activity of glycoproteins. The consensus site for 
N - linked glycosylation is Asn – Xxx – Ser/Thr, where Xxx may 
be any amino acid except for proline. The utilization of a 
particular consensus site for N - linked oligosaccharide attach-
ment is determined by the structure of the growing polypep-
tide. As a consequence, proteins expressed in heterologous 
cells most frequently exhibit occupancy of N - linked sites very 
similar to that of the native polypeptide. 
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at the N - linked sites  [6] . However, a detailed analysis demon-
strated that differences in the microheterogeneity of oligosac-
charides present on human plasma - derived factor VIII and 
recombinant factor VIII produced in baby hamster kidney cells 
do exist  [15] . The light chains of factor VIIIa and factor Va 
migrate as doublets upon SDS - PAGE because of differences in 
the complexity of N - linked oligosaccharides present on the 
light chain  [16] . The difference in complexity of the N - linked 
sugars on the light chain does not affect factor VIII activity. 
The majority of N - linked oligosaccharides within factor VIII 
and factor V occur within the B domain. Recent studies indi-
cate that the N - linked oligosaccharides within the factor V 
and factor VIII B domains may be important to interact with 
the protein chaperone complex LMAN1 – MCFD2 for facili-
tated transport from the ER to the Golgi compartment  [17,18]  
(Figure  2.2 ). Mutations in either of the subunits of this het-
erodimeric complex cause combined defi ciency of coagulation 
factors V and VIII  [19,20] . MCFD2 appears to recruit factor 
V and VIII to the LMAN1 cargo complex and LMAN1 acts 
to recycle MCFD2 back to the ER. In the absence of LMAN1, 
MCFD2 is secreted from the cell  [21] . In patients with com-
bined factor V and VIII - defi ciency plasma this results in lower 
circulating levels of factors V and VIII for patients with 
MCFD2 mutations compared with those with LMAN1 muta-
tions  [22] . 

 Detailed analysis of recombinant factor VIII demonstrated 
that 3% of the total sugar chains contain a Gal α  1 – 3 Gal group 
on some of the outer chains of the bi, tri, and tetra - antennary 
complex - type sugar chains that is absent on factor VIII derived 
from human plasma. This structure was present in Kogenate ®  
(prepared from baby hamster kidney cells) and not in 
Recombinate ®  [prepared from Chinese hamster ovary (CHO) 
cells]  [15] . The  α  1 – 3  - galactosyltransferase that produces this 
structure is expressed in most nonprimate mammalian cells, 
and primates frequently develop antibodies to this structure. 
Approximately 1% of immunoglobulin in human plasma is 
directed toward this moiety, so it is expected that antibodies 
should be detected. A limited clinical trial did not detect any 
difference in the effi cacy and/or half - life of factor VIII that 
contains the Gal α  1 – 3 Gal group. Therefore, there is no evidence 
of detrimental effects of this structure present on recombinant 
factor VIII.   

  Chaperone -  a ssisted  f actor  VIII   f olding 

 Factor VIII protein is secreted at markedly lower levels than 
similar proteins including factor V  [23] . Secretion of factors 
V and VIII in the proper tertiary and quaternary structure 
requires considerable chaperone assistance in the ER. It has 
been established that folding of factor VIII is considerably 
more onerous than even the homologous protein factor V and 
this accounts for the major difference in secretion  [16] . 
Misfolded, unfolded, or defective proteins are refolded, 
sequestered in the ER or degraded through ER - associated 
degradation (ERAD) by retrotranslocation into the cytosol 

and degradation by the 26S proteasome  [24 – 27] . In addition 
to the calnexin/calreticulin system that acts in a  “ quality 
control ”  capacity, the ER has a complex tripartite system to 
match protein - folding capacity to protein load, termed the 
unfolded protein response (UPR)  [28] . In addition to detection 
of unfolded proteins in the ER lumen, reactive oxygen species 
induced by factor VIII expression act a signal to activate the 
UPR  [29] . These reactive oxygen species also impair protein 
folding and antioxidant treatment improved factor VIII secre-
tion  [29] . This pathway acts to decrease general protein trans-
lation, increase protein - folding chaperones, and increase 
degradation of misfolded proteins in order to decrease the 
protein - folding stress on the ER. The IRE/XBP - 1 arm of the 
UPR is largely responsible for increasing chaperone - assisted 
protein - folding capacity through spliced XBP - 1 mediated 
transcription of chaperones. Overexpression of spliced XBP - 1 
with factor VIII resulted in increased BiP/GRP78  , an ER 
lumenal chaperone protein of the heat shock protein 70 
(hsp70) family. As factor VIII is translated and translocated 
into the ER, BiP interacts with factor VIII transiently and 
retains factor VIII within the ER lumen. Expression of factor 
VIII induces transcription of the BiP gene  [30]  and the level 
of BiP inversely correlates with the factor VIII secretion effi -
ciency. Overexpressed BiP complexes with factor VIII in the 
ER and results in decreased factor VIII secretion  [31] . Site -
 directed mutation of F309S of factor impairs interaction with 
BiP and improves factor VIII secretion effi ciency  [32,33] . 
Dissociation of BiP from wild - type factor VIII requires much 
more ATP than dissociation from the F309S mutant  [32,34] .  

  Tyrosine  s ulfation 

 Sulfate addition to tyrosine as an O 4  - sulfate ester is a common 
post - translational modifi cation of secretory proteins that 
occurs in the trans - Golgi apparatus and is mediated by tyrosyl-
protein sulfotransferase that utilizes the activated sulfate 
donor 3 ′  - phosphoadenosine 5 ′  - phosphosulfate (PAPS). This 
modifi cation occurs on many secretory proteins including a 
number of proteins that interact with thrombin, such as 
hirudin, fi brinogen, heparin cofactor II,  α  2  - antiplasmin, vit-
ronectin, and bovine factor X. In addition, both factor V and 
factor VIII contain multiple sites of tyrosine sulfation  [35 – 37] . 
Tyrosine sulfation can modulate the biologic activity, binding 
affi nities, and secretion of specifi c proteins. For example, tyro-
sine sulfation at the carboxy - terminus of hirudin increases its 
binding affi nity to the anion - binding exosite of thrombin  [38] . 

 Recombinant factor VIII contains six sites of tyrosine sulfa-
tion at residues 346, 718, 719, 723, 1664, and 1680  [35] . All 
sites are sulfated to near completion, so it does not appear 
that this modifi cation is ineffi cient in CHO cells. Site - directed 
mutagenesis was used to change individual or multiple tyro-
sine residues to the conserved residue phenylalanine in order 
to identify their role in factor VIII function. Tyrosine sulfation 
at all six sites was required for full factor VIII activity. In 
addition, mutagenesis of Tyr1680 to Phe demonstrated that 
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sulfation at that residue was required for high - affi nity interac-
tion with VWF  [37,39] . In the absence of tyrosine sulfation at 
1680 in factor VIII, the affi nity for VWF was reduced by 
fi vefold. In contrast, mutation at residue Tyr1664 did not 
affect VWF interaction. The signifi cance of the Tyr1680 sulfa-
tion  in vivo  is made evident by the presence of a Tyr1680 to 
Phe mutation that causes a moderate hemophilia A, likely 
owing to reduced interaction with VWF and decreased plasma 
half - life  [40] . The other sites of tyrosine sulfation within factor 
VIII affect the rate of cleavage by thrombin at the adjacent 
thrombin cleavage site. It was suggested that thrombin selec-
tively utilizes the tyrosine sulfate residues adjacent to cleavage 
sites in factors V and VIII to facilitate interaction and/or 
cleavage.  

  Phosphorylation of  s erine and  t hreonine  r esidues 

 Phosphate has been observed in factor V and factor VIII, 
although its signifi cance remains unknown. Exposure of 
factors V and VIII to activated platelets results in phosphor-
ylation of serine residues in factor V and primarily threonine 
residues in factor VIII  [41] . Phosphorylation can occur within 
the heavy chain of factor Va and both the heavy chain and 
light chains of factor VIII, possibly within the acid - rich 
regions. Phosphorylation of factor VIII by casein kinase II is 
thought to occur within the acidic regions 337 through 372 
and 1649 through 1689. Although the kinase responsible for 
the phosphorylation remains unknown, it may be related to 
casein kinase II  [42] . Partially phosphorylated factor Va was 
shown to be more sensitive to activated protein C (aPC) inac-
tivation, suggesting that phosphorylation of these cofactors 
may downregulate their activity.  

  Proteolytic  p rocessing 

 Factor VIII proteolytic processing within the B domain after 
arginine residues 1313 and 1648 can saturate the proteolytic 
machinery of the cell. Both arginine residues at 1313 and 1648 
have consensus sites for furin cleavage. In this case, secretion 
of heavy chains that extend to residue 1648 and secretion of 
light chains that extend to 1313 can be detected. In addition, 
some single - chain factor VIII is detected in conditioned 
medium from transfected mammalian cells and in heparin -
 treated human plasma  [6,43] . However, all analyses to date 
indicate that these partially processed products of factor VIII 
have identical activity to fully processed factor VIII. For 
example, double mutation of Arg1313Ile and Arg1648Ile 
yields a single - chain factor VIII molecule with functional activ-
ity similar to wild - type factor VIII  [16] .  

  Summary 

 Eukaryotic cells contain an extensive machinery to modify 
polypeptides that transit the secretory compartment. In the 
case of coagulation factors VIII, a large number of post -

 translational modifi cations occur; many are required for secre-
tion of the polypeptide and others are required for functional 
activity of the polypeptide. Proper synthesis and secretion of 
factor VIII requires that the primary translation product is 
modifi ed by signal peptide cleavage and core high - mannose 
oligosaccharide addition upon translocation into the lumen of 
the ER. Within the ER, factor VIII requires trimming of 
glucose residues on the core N - linked glycols for transport to 
the Golgi compartment. In the Golgi compartment additional 
modifi cations occur, which include: (i) tyrosine sulfation of 
six residues that are required for effi cient activation by 
thrombin and for high - affi nity VWF interaction; (ii) extensive 
addition of oligosaccharides to many serine/threonine residues 
within the B domain; (iii) complex modifi cation of N - linked 
glycols; and (iv) cleavage of single - chain factor VIII to its 
heavy -  and light - chain species. To date, there do not appear 
to be any specifi c post - translational modifi cations that signifi -
cantly limit secretion and/or functional activity of factor VIII. 
Further studies are required to elucidate the effect of factor 
VIII expression in different cell types in order to identify the 
importance that subtle differences in post - translational modi-
fi cations may have on their secretion,  in vivo  half - life, and 
function. These considerations will be important when con-
sidering different cells and tissues as targets for gene therapy.   

  Factor  IX  

  Factor  IX  and  h emophilia  B  

 Hemophilia B is caused by mutations in the  F9  gene leading 
to defi cient or defective factor IX in its role as a serine protease 
in the intrinsic coagulation cascade. These mutations result in 
slow clot formation and prolonged bleeding. Hemophilia B 
was recognized as a clinical entity distinct from hemophilia A 
when it was noted that mixing plasma from patients with one 
hemophilia corrected the prolonged clotting times from 
patients with the other hemophilia  [44,45] . The primary struc-
ture of human factor IX was determined from affi nity - purifi ed 
factor IX from plasma and the cDNA sequence was cloned 
using oligonucleotides derived from the bovine factor IX 
amino acid sequence  [46 – 48] . This work led to the develop-
ment of recombinant factor IX produced in CHO cells for 
clinical use in patients with hemophilia B  [49,50] . Prior to 
being secreted from hepatocytes, factor IX undergoes  γ  -
 carboxylation, O -  and N - linked glycosylation, phosphoryla-
tion, sulfation, disulfi de bond formation, and  β  - hydroxylation, 
as well as cleavage of the signal peptide and propeptide. Gene 
therapy trials in hemophilia B have shown safety, but, to date, 
little effi cacy  [51] . Improved understanding of the mechanisms 
of factor IX processing and secretion has important implica-
tions for both production of recombinant factor IX and future 
gene therapy trials in hemophilia B. 

 The domain structures of the vitamin K - dependent coagula-
tion factors factor VII, factor IX, factor X, prothrombin, 
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 Figure 2.3     Domain structure and processing 
of factor IX. Factor IX is composed of 
a signal peptide, propeptide,  γ  -
 carboxyglutamic acid domain (GLA), 
epidermal growth factor (EGF) - like 
domains, activation peptide, and serine 
protease catalytic domain. Short arrows 
represent intracellular processing sites that 
cleave away the signal peptide and the 
propeptide. The long arrows represent the 
cleavages required for activation by factor 
VIIa/tissue factor (VIIa/TF) or factor XIa. 
The 35 amino acid activation peptide is 
indicated.  γ  represents  γ  - carboxyglutamic 
acid and  β  represents  β  - hydroxyaspartic 
acid. The 330 – 338 loop that interacts with 
factor VIII is shown by a dotted line. Also 
indicated are sites of addition of asparagine -
 linked oligosaccharides (N), serine or 
threonine - linked oligosaccharides (S and T, 
respectively), tyrosine sulfation (Y - S), and 
serine phosphorylation (S - P). 

protein C, and protein S deduced from their cDNA sequences 
demonstrate that they contain common structural features 
(Figure  2.3 )  [52] . All contain a signal peptide that is required 
for translocation into the lumen of the ER. This is followed 
by a propeptide that directs vitamin K - dependent  γ  -
 carboxylation of the mature polypeptide. Upon transit through 
the trans - Golgi apparatus, the propeptide is cleaved away. The 
amino - terminus of the mature protein contains a  γ  - carboxy 
glutamic acid - rich region (Gla) that includes a short  α  - helical 

stack of aromatic amino acids. Then there are two epidermal 
growth factor (EGF) - like domains. In factor IX, protein C, 
and factor X, the amino - terminal EGF domain contains  β  -
 hydroxyaspartic acid (Hya) at homologous locations. The 
next region is the activation peptide (12 – 52 residues) that is 
glycosylated on asparagine residues and is released by specifi c 
proteolysis accompanying activation. The remainder of the 
vitamin K - dependent protease comprises the serine protease 
catalytic triad that is absent in protein S.    
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  Disulfi de  b ond  f ormation 

 The vitamin K - dependent coagulation factors, exemplifi ed by 
factor IX, have conserved disulfi de bonds. Generally, three 
disulfi de bonds occur within each EGF domain, and several 
disulfi de bonds occur within the serine protease catalytic 
domain. In addition, factor IX has a disulfi de bond that con-
nects the amino - terminal half with the carboxy - terminal half 
of the protein so that after activation the two portions of the 
molecule do not dissociate. In factor IX, cysteine residues at 
18 and 23 within the Gla domain form a small essential 
disulfi de loop where mutations at either cysteine residue 
results in severe hemophilia B  [53] .  

  Asparagine -  and  s erine/threonine - 
 l inked  g lycosylation 

 With the development of recombinant factor IX produced in 
CHO cells for treatment of hemophilia B, a detailed charac-
terization and comparison of the carbohydrate structures was 
performed between plasma - derived and recombinant - derived 
factor IX  [54] . In both plasma -  and recombinant -  derived 
factor IX, Asn157 and Asn167 within the activation peptide 
are fully occupied with complex - type N - glycans  [55] . 
Recombinant factor IX contains tetra - antennary, tetrasia-
lylated, and core fucosylated glycans at both sites. Plasma -
 derived factor IX contains bi - , tri - , and tetra - antennary, 
sialylated glycans, with and without fucose. Both molecules 
have a range of minor structures; however, the glycans present 
on plasma - derived factor IX are considerably more heteroge-
neous and diverse. The diversity may be a consequence of the 
plasma pool. 

 Both plasma -  and recombinant - derived factor IX contain a 
number of O - linked oligosaccharides. In the fi rst factor IX 
EGF domain, serine residues 53 and 61 are uniformly 
O - glycosylated. The EGF1 domain in both recombinant and 
plasma - derived factor IX contains nonclassical O - linked 
glycans at Ser53 and Ser61. Ser53 contains Xyl – Xyl – Glc – Ser 
and Ser61 contains the tetrasaccharide with a terminal sialic 
acid (NeuAc), NeuAc – Gal – GlcNac – Fuc – Ser61  [56 – 58] . This 
indicates that CHO cells (the cells used as a host to produce 
recombinant factor IX) have the enzymatic machinery to 
produce the structures present on plasma - derived factor IX 
that is synthesized in human hepatocytes and that it is not 
saturated at high expression levels. The carbohydrate struc-
ture at Ser61 in factor IX contains fucose - linked tetrasaccha-
ride with a terminal sialic acid. Ser61 within the fi rst EGF 
domain of factor IX has the consensus sequence (C – X – X – G –
 G – T/S – C) for fucosyl modifi cation of O - linked sugars and is 
also found in factor VII, but not in factor X. However, a 
crystal structure of factor IX demonstrated that both these 
O - linked modifi cations reside on the face of the EGF domain 
that apparently does not interact with other components of 
the factor Xase complex  [59] . In addition to the serine - linked 
oligosaccharide addition in the fi rst EGF domain, both plasma -

 derived and recombinant - derived factor IX molecules are par-
tially occupied by O - linked glycans at residues Thr159, 
Thr169, Thr172, and Thr179, as well as as - yet unidentifi ed 
additional sites  [55] . The function of these O - linked glycans 
remains unknown.  

   γ  - Carboxylation of  g lutamic  a cid  r esidues 

 The vitamin K - dependent coagulation factors contain the 
post - translationally modifi ed amino acid  γ  - carboxy - glutamic 
acid (Gla). The Gla residues are essential for these proteins 
to attain a calcium - dependent conformation and for their 
ability to bind to phospholipid surfaces, an essential interac-
tion for their function. The precursor of the vitamin 
K - dependent coagulation factors contains a propeptide that 
directs  γ  - carboxylation of up to 12 glutamic acid residues at 
the amino - terminus of the mature protein, all of which is 
completed prior to translocation out of the ER  [60 – 62] . 
The propeptides (residues  − 18 to  − 1 in factor IX) of these 
factors share amino acid similarity by conservation of the  γ  -
 carboxylase recognition site and the site for cleavage of the 
propeptide. 

 The residues that are carboxylated in factor IX are glutamic 
acid residues 7, 8, 15, 17, 20, 21, 26, 27, 30, 33, 36, and 40. 
Mutations at residues 6, 7, 17, 21, 27, 30, or 33 result in 
moderate to severe hemophilia B, indicating their functional 
importance. High - level expression of the vitamin K - dependent 
plasma proteins in transfected mammalian cells is limited by 
the ability of the mammalian host cell to effi ciently perform 
 γ  - carboxylation of amino - terminal glutamic acid residues and 
also to effi ciently cleave the propeptide  [49,63,64] . Analysis 
of factor IX expressed in CHO cells revealed that the protein 
had a much lower specifi c activity compared with the natural 
human plasma - derived protein. The reduced specifi c activity 
was attributed to both the limited ability of CHO cells to 
cleave the propeptide of factor IX as well to effi ciently perform 
 γ  - carboxylation  [49,64] . Generally, expression of factor IX at 
levels greater than 1    μ g/10 6  cells/day saturates the activity for 
most cells studied  [63] . Overexpression of the  γ  - carboxylase 
did not improve  γ  - carboxylation of factor IX when coex-
pressed in transfected mammalian cells  [49] . These results 
suggest that the amount of carboxylase protein is not a limit-
ing factor to direct vitamin K - dependent  γ  - carboxylation 
 in vivo . Several possibilities exist for the inability of the 
overexpressed  γ  - carboxylase to improve factor IX carboxyla-
tion  in vivo . First, the overexpressed  γ  - carboxylase may 
be mislocalized within the secretory pathway. It is possible 
that another protein, such as a protein chaperone, may be 
required to utilize a more complex substrate, such as factor 
IX, as opposed to a small peptide substrate. It is possible 
that another cofactor, possibly reduced vitamin K, is limiting 
for factor IX carboxylation  in vivo . Further information on 
the mechanism of  γ  - carboxylation reaction  in vivo  is required 
in order to elucidate the rate - limiting step for  γ  - carboxylation 
 in vivo . 
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 Recombinant factor IX produced in CHO cells contains 
11.8 Gla residues/mole of factor IX, compared with plasma -
 derived factor IX that contains 12 Gla residues/mole. The 
difference resides in the ineffi cient carboxylation of residues 
36 and 40 within recombinant factor IX  [65] . In contrast to 
the fi rst 10 Gla residues in factor IX, glutamic acid residues 
36 and 40 are not conserved in the other vitamin K - dependent 
coagulation factors. To date, no functional difference is 
observed between fully carboxylated factor IX and factor IX 
defi cient in Gla at residues 36 and 40.  

   β  - Hydroxylation of  a spartic  a cid and  a sparagine 

 Blood coagulation factors IX and X, protein C, and protein S 
contain the modifi ed amino acid erythro -  β  - hydroxyaspartic 
acid in the fi rst EGF domain. In addition, one molecule of 
 β  - hydroxyasparagine is found in each of the three carboxy -
 terminal EGF domains in protein S. Hydroxylation of both 
aspartic acid and asparagine is catalyzed by aspartyl  β  -
 hydroxylase, requires 2 - ketoglutarate and Fe 2+ , and is inhib-
ited by agents that inhibit 2 - ketoglutarate - dependent 
dioxygenases. This enzyme recognizes a consensus sequence 
C – X – X – X – X – X – X – X – X – C in the  β  - sheet and C – X – D/N – X – 
X – X – X – Y/F – X in the antiparallel  β  - sheet  [66] .  β  - hydroxylation 
is unnecessary for high - affi nity calcium binding to the fi rst 
EGF domain  [67] . In addition, inhibition of  β  - hydroxylation 
of factor IX expressed in mammalian cells did not reduce 
functional activity in factor IX  [68] . It is interesting that only 
30%   of plasma factor IX is modifi ed by  β  - hydroxylation at 
Asp64 and this same amount of  β  - hydroxylation occurs in 
recombinant factor IX expressed at high levels in CHO cells 
 [68] .  

  Tyrosine  s ulfation 

 Plasma - derived and recombinant - derived factor IX are sul-
fated on Tyr155. Whereas plasma - derived factor IX is mostly 
sulfated, recombinant factor IX is approximately 15% sul-
fated  [54,58] . This is one unusual example where a sulfated 
tyrosine occurs adjacent to an occupied N - linked glycosyla-
tion site (at asparagine residue 157). Plasma - derived factor IX 
and plasma - derived factor IX differ in their  in vivo  recovery, 
where the absolute recovery of plasma - derived factor IX is 
approximately 50% and the recovery of recombinant factor 
IX is approximately 30%. Studies suggest tyrosine sulfation 
on factor IX may be responsible for the difference in the 
recovery of these two sources of factor IX  [58] . For example, 
infusion of recombinant factor IX enriched for full sulfation 
at Tyr155 demonstrated an equivalent recovery to plasma -
 derived factor IX (approximately 50%). Similarly, removal of 
the sulfate, as well as phosphate, from plasma - derived factor 
IX resulted in a molecule having a recovery similar to recom-
binant factor IX. Finally, administration of recombinant 
factor IX to hemophilia B dogs and isolation of the circulating 
factor IX yielded species that were enriched with tyrosine 

sulfate compared with the starting material. The sum of these 
observations suggests that tyrosine sulfation at 155 in factor 
IX can infl uence  in vivo  recovery.  

  Phosphorylation of  s erine and  t hreonine  r esidues 

 Phosphate has been observed in factor IX, although its signifi -
cance remains unknown. Plasma - derived factor IX is fully 
phosphorylated at Ser158 whereas recombinant factor IX con-
tains no phosphate at this position  [58,69] . Factor IX pro-
duced in myotubes had considerably less phosphorylation at 
Ser158 compared with plasma - derived factor IX but main-
tained similar specifi c activity  [70] . The presence or absence 
of phosphate or sulfate on factor IX has no effect on the  in 
vitro  clotting activity.  

  Proteolytic  p rocessing 

 The requirement for propeptide processing for factor IX func-
tion was fi rst made apparent by identifi cation mutations 
resulting in hemophilia B that prevent processing of the factor 
IX propeptide. Mutations of the Arg at the P1 or P4 positions 
inhibit propeptide cleavage and the resultant factor IX is 
secreted into the plasma, but is nonfunctional because of the 
presence of the propeptide  [71,72] . This mutant is unable to 
bind phospholipid vesicles and may also display reduced  γ  -
 carboxylation of glutamic acid residues  [72] . It is likely that 
the presence of the propeptide yields a molecule that is defec-
tive in phospholipid interaction as a result of an inability to 
undergo a calcium - dependent conformation in the Gla domain. 

 Characterization of the amino acid requirements around the 
propeptide cleavage site has identifi ed that both the P1 and 
P4 arginine are important for effi cient processing mediated by 
furin and PACE4  [73,74] . Overexpression of furin in trans-
fected cells as well as in transgenic animals improves the 
processing ability to yield fully processed proteins  [64] . 
Recombinant factor IX is produced by coexpression with 
furin/PACE to ensure complete processing of the propeptide.  

  Summary 

 Factor IX undergoes a remarkable number of varied post -
 translational modifi cations prior to secretion from the hepa-
tocyte. Cotranslational translocation into the lumen of the ER 
occurs concomitantly with signal peptide cleavage and addi-
tion of core high - mannose oligosaccharides to the polypeptide 
is followed in the ER by glucose trimming of the N - linked 
oligosaccharide core structures,  γ  - carboxylation of 12 amino -
 terminal glutamic acid residues, and  β  - hydroxylation of a 
portion of molecules on residue Asp64 occurs. Upon transit 
into the Golgi compartment, additional modifi cations occur, 
which include (i) complex modifi cation of N - linked oligosac-
charides; (ii) tyrosine sulfation at Tyr155; (iii) serine/threonine 
glycosylation at residues Ser61 and Ser53, as well as several 
threonine residues within the activation peptide; and (iv) 
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cleavage of the propeptide. In addition, factor IX isolated 
from human plasma is phosphorylated at Ser158 within the 
activation peptide. A majority of the modifi cations within 
factor IX occur within the activation peptide and may regulate 
activation of factor IX. Appropriate  γ  - carboxylation and 
propeptide cleavage are essential for functional secretion and 
activity of secreted factor IX. Both of these activities are easily 
saturated upon expression of factor IX in heterologous cells. 
The large number of other modifi cations likely also affects 
factor IX activity by mechanisms that are not understood to 
date. Further studies are required to elucidate the effect of 
factor IX expression in different cell types in order to identify 
the importance that subtle differences in post - translational 
modifi cations may have on their secretion,  in vivo  half - life, 
and function. These considerations will be important when 
considering different cells and tissues as targets for gene 
therapy.   
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   Introduction 

 It is now over 25 years since the factor VIII (FVIII) protein 
was fi rst purifi ed  [1] , leading to the subsequent cloning of the 
gene  [2] . Detection of causative mutations in the FVIII gene 
( F8 ) was initially slow and laborious, but recent years have 
seen great advances in the technology for detection of varia-
tions in  F8 . These, coupled with the recently published crystal 
structure of FVIII  [3,4] , have paved the way for a much greater 
understanding of the relationship between FVIII structure and 
the function of the cofactor in coagulation. There are still 
many questions to answer as to how FVIIIa (the thrombin -
 activated form of FVIII) interacts with phospholipid mem-
branes and promotes the activity of activated factor IX (FIXa) 
so enormously in the activation of factor X (FX). Comprehensive 
mutation detection is often now performed by polymerase 
chain reaction (PCR) and direct sequencing of all exons. 
Because of the size and complexity of the  F8  gene this is still 
a considerable undertaking in many centers. FVIII function is 
briefl y described below; however, for details of current think-
ing on the functional aspects of FVIII, readers may look to 
Chapter  4    of this volume.  

  Structure and  f unction of the  f actor VIII 
 g ene (  F 8 ) and  p rotein 

    F 8   g ene 

 The human  F8  gene was cloned between 1982 and 1984 
simultaneously by two groups  [2,5] . At the time, the gene was 
the largest described (186   kb), and is still one of the largest. 
Mapping positioned the  F8  gene in the most distal band 
(Xq28) of the long arm of the X chromosome. As shown in 
Figure  3.1 , the gene contains 26 exons, 24 of which vary in 
length from 69 to 262 base pairs (bp); the remaining much 
larger exons, 14 and 26, contain 3106 and 1958   bp, respec-
tively. However, the large majority of exon 26 is 3 ′  untrans-
lated sequence, so that exon 14 bears by far the largest exonic 
coding sequence, largely that of the B domain (see below). The 

spliced FVIII mRNA is approximately 9   kb in length and pre-
dicts a precursor protein of 2351 amino acids.    

  Production of  f actor  VIII   p rotein 

 After removal of the 19 peptide secretory leader sequence, 
FVIII has a mature sequence of 2332 amino acids with the 
domain structure A1 –  a1  – A2 –  a2  – B –  a3  – A3 – C1 – C2  [6] . Figure 
 3.1  shows the relationship between the domains and the 
cDNA exons. FVIII circulates in plasma complexed noncova-
lently with von Willebrand factor (VWF), which acts as a 
plasma carrier, apparently protecting it from proteolysis and 
rapid clearance. 

 The domain structure of FVIII is very similar to that of 
coagulation factor V (FV)  [7] , although the B domains are 
unrelated in sequence and FV lacks the short acidic  a1 ,  a2 , 
and  a3  sequences. The A domains of FVIII and FV are homol-
ogous to ceruloplasmin and hephaestin (which share the 
domain structure A1 – A2 – A3), and homology of the FVIII and 
FV C domains has been noted with slime mold discoidin I  [6] , 
milk - fat globule membrane protein  [8] , and a receptor tyro-
sine kinase found in breast carcinoma cells  [9] . There is no 
signifi cant homology between the B domain of FVIII and any 
other protein sequence in the human genome; however, the B 
domains of FVIII and FV share the characteristic that they are 
large and very heavily N - glycosylated, a factor that may be 
crucial in their intracellular folding and processing (see 
Chapter  2   ). 

 Factor VIII is highly sensitive to proteolytic processing after 
secretion, and only a small fraction of circulating FVIII is in 
the single - chain form: the majority consists of heavy chains of 
variable length (consisting of the A1 and A2 domains together 
with variable lengths of B domain) linked noncovalently to 
light chains consisting of the A3, C1, and C2 domains. 
Expression of active recombinant FVIII lacking the entire 
length of the B domain has confi rmed that this domain is 
unnecessary for activation of the protein or procoagulant 
function  [10] : a cleavage after R759 (probably by thrombin) 
during coagulation serves to remove it. In contrast, the FV B 
domain is important for normal activation of the cofactor. 

 The function of FVIII is to accelerate the activation of FX 
by FIXa on a suitable phospholipid surface, thus amplifying 
the clotting stimulus many - fold, and specifi c proteolytic cleav-
ages between the domains both activate and inactivate the 
cofactor (see Chapter  4   ). It is clear that the active form (FVIIIa) 
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consists of a heterotrimer of an A1 –  a1  chain linked by a metal 
cation - dependent bond to the A3 – C1 – C2 chain; with the 
A2 –  a2  chain held by electrostatic association between the A1 
and A2 domains. Inactivation and loss of procoagulant func-
tion occurs through either spontaneous dissociation of A2 –  a2  
or proteolysis of FVIIIa by activated protein C (aPC). 

 Until recently, three - dimensional structural analysis of FVIII 
was based upon homology models using the separate struc-
tures of similar domains. In 2008, two groups independently 
solved the structure of B - domain - deleted FVIII by X - ray crys-
tallography at intermediate resolution  [3,4] . This demon-
strated that the heterotrimer consists of the fi ve expected 
globular domains with a metal ion bridge between the A1 and 
A3 domains. The C1, C2, and A3 domains contain phosphol-
ipid - binding regions that serve to anchor the cofactor on the 
negatively charged surface of activated platelets that form the 
platform for coagulation amplifi cation. The crystal structure 
has been used to produce a putative model of the  “ tenase ”  
complex in which FVIIIa and FIXa interact over an extensive 
surface including two high - affi nity binding sites for FIXa in 
A2 and one in A3. The main advantage of the crystal structure 
is that it allows mapping of naturally occurring hemophilia A 
mutants with accurate prediction of the deleterious effects of 
mutating specifi c residues. Although this clearly represents a 
major advance, there are still a number of questions that 
remain to be answered regarding the purpose of the B domain, 
the mechanisms by which FVIIIa accelerates the catalytic func-
tion of FIXa and the interaction between FVIII and VWF that 
serves to stabilize FVIII in the circulation.   

    F 8   g ene  d efects  f ound in  h emophilia  A  

  F8  gene defects associated with hemophilia A may be divided 
for convenience into several categories: (i) gross gene rear-
rangements; (ii) insertions or deletions of genetic sequence of 
a size varying from one base pair up to the entire gene; and 
(iii) single DNA base substitutions resulting in either amino 
acid replacement ( “ missense ” ), premature peptide chain ter-
mination ( “ nonsense ”  or stop mutations), or mRNA splicing 
defects. These classes are described briefl y below. 

 At its last update in 2007, the international online hemo-
philia A mutation database ( http://europium.csc.mrc.ac.uk ) 
listed over 2800 individual reports of  F8  variants, including 
all insertion/deletions and single - base DNA replacements, 
whether directly submitted to the database or derived from 
journal reports. The overall incidence of hemophilia A does 
not vary appreciably between different ethnic groups. All 
classes of defects can result in severe disease. However, the 
single most clinically important defect is a gene rearrangement 
(an inversion) involving  F8  intron 22 (see below), which 
results in approximately 50% of all severe disease cases world-
wide. Inversions are omitted from the database as they are 
almost entirely identical both genetically and by phenotype, 
and therefore highly redundant. Apart from the intron 22 
inversion there are few repetitive mutations, with most genetic 
defects caused by private mutations. This indicates a high 
degree of spontaneous mutations in the  F8  gene. Studies in 
small populations have occasionally shown a preponderance 
of a single mutation, suggesting a founder effect. But these are 
often found with mild disease and it is then unclear whether 
they are causative or act as a marker for a disease - associated 
haplotype. For full details of the other categories readers 
should consult the database. A summary of mutations listed 
in the online database is given in Table  3.1 .   

  Gene  r earrangements 

 As noted above, gross gene rearrangements of  F8  consist 
almost entirely of a unique inversion whose mechanism was 
described in 1993  [11,12]  and which is now known to be 
responsible for approximately 50% of all cases of severe 
hemophilia A. Prior to these studies, PCR amplifi cation of all 
26  F8  exons detected mutations in only about 50% of cases 
of severe hemophilia. However, reverse transcription (RT) -
 PCR of  F8  mRNA from most of the remaining severe cases 
showed that no amplifi cation was possible between exons 22 
and 23, suggesting a rearrangement within the  F8  gene in this 
region. 

 Unusually, the intron separating exons 22 and 23 (IVS22) 
contains a CpG island associated with two additional tran-
scripts, originally termed  F8A   [13]  and  F8B   [14] .  F8B  is a 
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 Figure 3.1     Linear representation of the  F8  
gene showing (above) the 26 exons and 
(below) the domain organization of the 
protein based on amino acid homology 
comparisons. 
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  Table 3.1    Summary of mutation data available from analysis of 2853 individual reports in the online hemophilia A database at 
 http://europium.csc.mrc.ac.uk  

   Hemophilia A mutations  

   Clinical severity where reported     Inhibitor status where reported  

   Severe (%)     Moderate (%)     Mild (%)     Variable (%)     Positive (%)     Negative (%)  

   Total unique mutations     1221    718 (67)    123 (11)    212 (20)    23 (2)    171 (19)    727 (81)  
   Unique single - base variants     809    369 (52)    105 (15)    206 (29)    23 (3)    78 (13)    513 (87)  
  Missense    583    204 (40)    92 (18)    187 (37)    23 (5)    44 (10)    391 (90)  
  Stop    131    112 (97)    4 (3)    0 (0)    0 (0)    31 (31)    69 (69)  
  Splice    95    53 (66)    9 (11)    19 (23)    0 (0)    3 (5)    53 (95)  
   Unique insertions     80    67 (91)    5 (7)    2 (3)    0 (0)    16 (26)    46 (74)  
  Small ( <    50   bp)    75    63 (92)    5 (7)    1 (1)    0 (0)    15 (25)    45 (75)  
  Large ( >    50   bp)    5    4 (80)    0 (0)    1 (20)    0 (0)    1 (50)    1 (50)  
   Unique deletions     332    282 (95)    13 (4)    4 (1)    0 (0)    77 (31)    168 (69)  
  Small ( <    50bp)    197    157 (93)    9 (5)    4 (2)    0 (0)    31 (22)    113 (78)  
  Large ( >    50bp)    135    125 (97)    4 (3)    0 (0)    0 (0)    46 (46)    55 (55)  

   The distribution of these mutations among severe, moderate, and mild disease, and relation to inhibitor status where known, are given.  F8  inversions 

invariably result in severe disease, but are not included in the database because of their high redundancy: inversions are responsible for about 45% of all 

severe disease.   

transcript of 2.5   kb and is transcribed in the same direction as 
the  F8  gene, using a private exon plus  F8  exons 23 – 26.  F8A  
is transcribed in the opposite direction to the  F8  gene; further-
more, two additional copies of  F8A  were found approximately 
300 and 400   kb telomeric to the  F8  gene  [13] . Thus, the large 
majority of the  “ missing ”  cases of severe hemophilia were 
explained by homologous recombination between the 9.5 - kb 
intronic sequence (now termed  int22h - 1 ) and one of the two 
extragenic homologs of this sequence ( int22h - 2  and  int22h - 3 ). 
The recombination occurs during the meiotic division of sper-
matogenesis, resulting in a large inversion and translocation 
of the gene sequence including exons 1 – 22 away from exons 
23 – 26 (Figure  3.2 a and b). Of these two common types of 
intron 22 inversion, the distal homolog is responsible for the 
majority of the severe hemophilia A inversion cases, while 
crossover with the proximal copy results in a further minority 
of cases  [15] .   

 Most laboratories now carry out initial screening for the 
intron 22 inversion in all cases of severe hemophilia A. Whilst 
Southern blotting provides a relatively laborious screening 
method, it is able to detect some rarer, nonstandard gene rear-
rangements involving intervening sequence (IVS) 22. In most 
centers detection is now performed more rapidly by a long -
 range PCR method  [16] . 

 Even with the recognition of the IVS22 rearrangements a 
residual 5% (approximately) of severely affected hemophiliacs 
with no known defect remained. Most of these cases were 
found to be caused by a different inversion resulting from 
recombination between a 1.0   kb sequence in intron 1 ( int1h - 1 ) 
and a homologous sequence  int1h - 2  approximately 140   kb 
upstream of  F8   [17] . Recombination of these sequences results 
in separation of the  F8  promoter – exon 1 sequence from the 

remainder of the  F8  gene (Figure  3.2 a and c): this inversion 
may account for approximately 2 – 5% of severe hemophilia A 
cases. 

 Anti - FVIII inhibitor development is a signifi cant complica-
tion in hemophilia A: 21% of intron 22 inversion cases have 
demonstrated inhibitors  [18] , a rate higher than the average 
across all mutations but lower than that in cases caused by 
large deletions or nonsense mutations (see below).  

  Single -  b ase  s ubstitutions in the   F 8   g ene 

 Substitution of single bases in  F8  exons may result in amino 
acid substitutions ( “ missense ”  variants) or the introduction of 
stop codons causing premature peptide chain truncation 
( “ nonsense ”  variants). In addition, single - base substitution at 
mRNA splicing sites (at the intron – exon boundaries) can 
result in splice variants, which may or may not also include 
an amino acid alteration. 

 As of 2007, there were over 1900 individual reports of 
single - base substitutions in the hemophilia A database, with 
over 800  unique  variants listed: the actual reports are far too 
numerous to show here (even condensed to one line per unique 
mutation), and readers may access the database directly for 
phenotypic information. This includes FVIII clotting activity 
and circulating antigen levels, clinical severity, anti - FVIII 
inhibitor status, and journal reference (where available) for 
each report. Some overall analysis, however, is presented here 
(see Table  3.1 ). 

 The unique single - base variants are made up of 583 unique 
missense mutations (i.e., resulting in an amino acid substitu-
tion), 131 unique stop mutations, and 95 unique splice vari-
ants. The distribution by exon is given in Table  3.2 . Exon 14 
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 Figure 3.2     Simplifi ed representation of the 
gene inversion mechanisms resulting in 
severe hemophilia A, involving sequences in 
introns 1 and 22 of the  F8  gene. 
Recombination between homologous 
sequences in intron 22 and  ∼ 400   kb 
telomeric to the gene leads to separation of 
exons 1 – 22 from exons 23 – 26, with the 
former sequence inverted and relocated to 
the site of the telomeric homologous 
sequence (a and b); alternatively, recombi-
nation between the intron 1 sequence and 
its telomeric homolog results in relocation 
and inversion of exon 1 (a and c). 

contains approximately 10 times as much coding sequence as 
the other exons and has a much higher burden of causative 
mutations generally. Missense mutations are actually very 
poorly represented per kilobase of coding sequence, refl ecting 
the dispensability of the B domain for functional activity.   

 Table  3.1  gives some stratifi cation of unique single - base 
mutations by clinical severity and anti - FVIII inhibitor status. 
While missense mutations and splice variants are associated 
with all disease severities, stop mutations (as expected) result 
almost exclusively in severe disease (97% of cases). 

 In 591 single - base cases in which inhibitor status is known, 
78 are reported as inhibitor positive (13%, broadly in accord 
with published studies on inhibitor incidence) with about 70% 
of these associated with severe disease. Stop mutations result 
in a much higher proportion of cases with positive inhibitor 
status (31 of 100) in comparison with the missense mutation 
group, in which only 10% (44 of 435) are inhibitor positive, 
or the splice variant group, in which only 3 of 56 cases had 
inhibitor development. This extremely low incidence is unex-
plained. Remarkably, of the 31 unique stop mutations associ-
ated with the generation of anti - FVIII antibodies  in vivo , only 
four are found in the fi rst 13 exons, and none at all in exons 
1 – 7. The reasons for this highly skewed distribution of inhib-
itor - positive cases relative to the position of the stop mutation 
in the FVIII mRNA are unknown, although various hypoth-
eses have been formulated (see Chapters  8  –  10   ). 

 Although the large majority of unique single - base mutations 
have been reported only once, with over 1900 individual mis-

sense reports in the database, it is obvious that many other 
single - base mutations occur in multiple reports (24 unique 
mutations have been reported independently on 10 occasions 
or more, with six of those reported independently over 25 
times). This suggests some enhanced predisposition to replica-
tion errors at the local chromatin level, whether caused by the 
well - known CpG dinucleotide effect, by specifi c sequence 
motifs (e.g.,  “ runs ”  or repetitions of a particular base), or by 
other local factors. 

 Frequently, both the clinical phenotype and FVIII activity 
measurement are highly variable within the cases for a single 
mutation. For example, the mutation Arg2016Trp has been 
reported 26 times, with clinical severity varying from severe 
to mild, and FVIII activity from  <    1% to 5% of normal plasma 
values. The variability in these multiple reports suggests that 
additional factors besides the defi ned mutation in the  F8  gene 
infl uence FVIII levels. It is now well known that mutations in 
at least two genes coding for proteins involved in glycoprotein 
traffi cking in the endoplasmic reticulum (ER) and Golgi appa-
ratus can result in reductions in the secreted levels of both 
FVIII and FV, resulting in the rare disorder of combined FVIII 
and FV defi ciency  [19] . FVIII defi ciency may also be seen in 
von Willebrand disease, particularly the 2N subtype. However, 
it is likely that there are additional unknown factors, both 
genetic and environmental. 

 Now that accurate structural information about normal 
FVIII and its domains is available it is possible to make 
interpretations as to the cause of hemophilia at the level of 



CHAPTER 3

28

protein structure. The large group of missense mutations 
in the database might be expected to provide a fertile area 
for analysis, correlating FVIII function with protein structure, 
and increasing our understanding of  “ molecular pathology ”  
in hemophilic mutation cases. However, in order to make 
interpretations about either FVIII function in plasma, or 
the ability of a variant molecule to be secreted, it is necessary 
to know circulating FVIII antigen levels as well as activity 
levels. 

 Thus, a hemophilic missense mutation associated with a 
plasma activity of, for example, 5% of normal may result 
either from a functionally normal molecule that is poorly 
secreted or unstable and thus circulates at the level of 5% 
(often termed  “ CRM - negative ” ) or from a dysfunctional mol-
ecule present at a normal 100% antigen level ( “ CRM -
 positive ” ). In the absence of a FVIII antigen measurement, the 
differentiation of these two possibilities at the level of protein 
structure will be very diffi cult, since in the former case one 
seeks to explain the effect of the amino acid substitution on 

  Table 3.2    Summary of the distribution of mutations in the online database by   F 8  exon. 

    F8  exon     Point mutations     Deletions     Insertions  

   Number     Size (bp)     Missense  
   Nonsense 
(stop)     Splicing     Small     Large  

    

  1    343    15    2    4    2    na    1  
  2    122    10    1    5    8    na    4  
  3    123    25    0    6    5    na    0  
  4    213    35    7    4    1    na    1  
  5    69    13    1    10    4    na    1  
  6    117    11    2    6    4    na    2  
  7    222    38    5    4    8    na    1  
  8    262    27    6    1    8    na    1  
  9    172    27    3    5    7    na    3  
  10    94    10    3    3    5    na    0  
  11    215    36    1    4    2    na    1  
  12    151    20    5    4    2    na    1  
  13    210    32    3    2    7    na    3  
  14    3106    43    52    6    77    na    39  
  15    154    19    2    3    4    na    0  
  16    213    26    7    2    7    na    0  
  17    229    28    3    2    6    na    5  
  18    183    34    5    1    5    na    4  
  19    117    16    1    8    4    na    4  
  20    72    8    1    0    2    na    2  
  21    86    9    5    1    0    na    1  
  22    156    19    5    4    3    na    1  
  23    145    30    1    4    7    na    0  
  24    149    13    5    4    3    na    2  
  25    177    13    2    2    7    na    3  
  26    1959    26    3    0    9    na    0  
  Total    583    131    95    197    135    80  

   Total unique single base (point) mutations: 824. Total unique mutations of all types: 1236.  

  na, not applicable.   

secretion or stability in plasma, while in the latter the substitu-
tion will affect the procoagulant function of the variant 
protein. 

 Unfortunately, data on plasma FVIII antigen level (in addi-
tion to FVIII activity) are available for only a minority of the 
unique missense reports despite the availability of commercial 
enzyme - linked immunosorbent assay (ELISA) kits. In addi-
tion, for two - thirds of cases where antigen is reported, the 
levels are broadly in agreement with activity, indicating that 
the hemophilic mutations result in defective secretion or insta-
bility of an otherwise functionally active cofactor. Since we 
understand the mechanisms of protein folding, chaperoning, 
secretion, and clearance so poorly, it is extremely diffi cult to 
make mechanistic explanations of why these amino acid 
changes result in low plasma levels in this group. Possibilities 
include mutations abolishing existing cysteine residues known 
to be involved in disulfi de bridge formation, introducing new 
cysteine residues which may promote novel illegitimate 
disulfi de bond formation, or mutations at, or near, site(s) of 
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binding to VWF, which may result in defective association 
with the plasma carrier for FVIII. 

 In the remaining one - third of cases in which plasma activity 
and antigen levels are both known, FVIII antigen levels are 
essentially normal (or only mildly reduced) while activity 
levels are grossly reduced or even undetectable. This indicates 
that the mutation causes hemophilia by generation of a func-
tionally inactive molecule that circulates normally. This 
smaller class of missense mutations gives strong clues as to 
which amino acids are crucial for functional interactions in 
this enormous molecule, and attempts have been made to 
interpret CRM - positive mutations in terms of structure – func-
tion relationships  [20] . 

 Rationalization of the effects of some of these missense 
mutations is fairly simple: for example, modifi cations of pro-
teolytic sites known to be required for FVIII activation 
(Arg391Cys/His, Ser392Pro/Leu, Arg1708Cys) all result in 
normal circulating FVIII protein levels with functional activity 
in the range 12% or below. Other mutations would be 
expected to have their effect by modifying interaction with 
one of the ligands of FVIII (e.g., VWF, factor IXa, phospholi-
pid membrane), resulting in reduced functional activity. For 
example, three mutations with very low FVIII activity and 
normal antigen levels are associated with N - glycosylation 
variants. Ile585Thr leads to a new glycosylation (Asn583) at 
a FIXa binding site; Met1791Thr predicts a new N - glycosylation 
at Asn1789, also close to a FIXa - binding region; and, unex-
pectedly, loss of an N - glycosylation site at Asn601 resulting 
from the Ser603Arg mutation also results in a dysfunctional 
protein. 

 Mutations impacting the stability of the heterotrimeric form 
of activated FVIII (FVIIIa) may give rise to hemophilic conse-
quences. A number of mutations that are widely separated in 
the linear sequence of FVIII cluster at the interdomain inter-
faces and produce discrepancies in measured FVIII activity 
depending on which laboratory assay is used. FVIII activity is 
normally measured by either a one - stage or two - stage clotting 
assay or a chromogenic assay. These are discussed in more 
detail in Chapter  38    but in many laboratories the chromogenic 
and two - stage assays are considered to measure FVIII activity 
by a similar methodology. In the vast majority of hemophiliacs 
the FVIII activity is the same whichever assay is used, but in 
a small, but distinct, group of cases of mild or moderate 
hemophilia caused by missense mutations the results vary. 
This can cause problems in clinical management with uncer-
tainty as to which assay truly refl ects the patient ’ s phenotype. 
In classical  “ assay discrepancy ”  the one - stage assay produces 
higher activity levels than the two - stage. There are now some 
15 unique mutations in this group with the one - stage assay 
producing levels that are up to fi vefold higher. Among the fi rst 
of this class of mutants that were described are Ala303Glu, 
Ser308Leu, and Arg550Cys. In a rarer group with  “ inverse 
assay discrepancy ”  the results with the one - stage assay are 
lower. There are at least fi ve unique mutations in this group 
(personal communication from Dr. Mike Makris, Sheffi eld 

Haemophilia and Thrombosis Centre  ). In both situations the 
chromogenic tends to agree with the two - stage value. 

 Some explanation for the mechanism behind this phenom-
enon can be derived from mapping of the mutations in the 
crystal structure of FVIII (Figure  3.3 ). Although the structure 
is of nonactivated FVIII rather than FVIIIa, it does provide an 
indication of the position, and interaction between, adjacent 
domains. The majority of the mutations occur at the interface 
between the A2 domain and the A1 or A3 domains. As the 
A2 domain is a separate polypeptide chain that is held within 
the complex by electrostatic forces, mutations in these residues 
are likely to affect the strength of that interaction. The chro-
mogenic and two - stage assays include a longer incubation 
time than the one - stage assay, leading to greater dissociation 
of the A2 domain in mutants with weakened attachment. 
Prolonging the incubation time in the one - stage assay leads to 
lower levels, confi rming that this is the likely mechanism. 
However, some of the mutants are at the interface between 
the A3 and C1 domains which are covalently attached, indi-
cating that destabilization of interactions between other 
domains can also affect function. It is generally felt that the 
two - stage or chromogenic values correlate better with the 
clinical phenotype and it is noteworthy that in the few cases 
where thrombin generation has been measured the results 
correlate better with these assays.   

 The mechanism of inverse assay discrepancy is likely to be 
more diverse. The fi rst mutant in this group that was fully 
studied (Tyr365Cys) is close to a thrombin cleavage site, with 
a resulting reduction in the rate of activation by thrombin. In 
this case the assays with longer incubation times allow for 
more mutant protein to become activated, producing higher 
levels. 

 Although these mutants represent a small group, it is becom-
ing clear that reliance on the one - stage FVIII assay as the sole 
functional test in the diagnosis of nonsevere hemophilia A 
might lead to the diagnosis being missed. 

 It is a reasonable assumption that approximately two - thirds 
of all hemophilic missense mutations will cause the phenotype 
by defective FVIII secretion or stability while the remaining 
one - third generate a dysfunctional molecule. However, only 
performance of FVIII antigen assays allows assignment of a 
particular mutation into the appropriate category of molecu-
lar pathology: in the absence of these data, apparently sophis-
ticated analyses of interspecies residue conservation or 
structural modeling may be misleading.  

  Sequence  i nsertions and  d eletions 

 The hemophilia A mutation database lists both  F8  insertions 
and the more numerous deletions.  F8  deletions are divided for 
convenience into large ( > 50   bp) and small ( < 50   bp). 

  Sequence  i nsertions 

 There are 158 individual reports of insertions associated with 
hemophilia A; however, these are composed of just 80 unique 
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A1
A2
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C1C2

 Figure 3.3     Ribbons representation of the 
crystal structure of B - domain - deleted factor 
VIII. The positions of mutations associated 
with classical assay discrepancy are shown 
by red spheres. These cluster in two groups: 
at the interface between the A2 domain and 
the A1 and A3 domains and at the interface 
between the A3 and C1 domains. PDB ID: 
2R7E. (See also Plate  3.3 .) 

insertion events, the vast majority of which are very short (less 
than 10   bp), with a very small number of larger insertions such 
as long interspersed elements  [21]  or Alu repeats  [22] . Most 
of the repetitious reports consist of insertions of an additional 
adenine base at the site of a run of adenines; for example, 
there are more than 20 separate unrelated cases of insertion 
of an A into a run of eight As at codons 1458 – 1460, and a 
further 12 cases of insertion of A into a run of nine As at 
codons 1210 – 1213. Runs of As in the  F8  cDNA are relatively 
common, and these insertions (and small deletions, see below) 
result from DNA polymerase slippage during replication. 

 Although the vast majority of insertions cause frame - shifts 
resulting in severe hemophilia (Table  3.1 ), a small number of 
 “ A - run ”  insertion cases are associated with low but measur-

able FVIII activity levels and only moderate (or even mild) 
clinical severity. This probably results from a small percentage 
of normal mRNA molecules being produced by  “ corrective ”  
slippage errors on the mutant template during transcription. 

 Of the 80 unique insertions, 62 have inhibitor status 
reported, with 26% of cases inhibitor positive (Table  3.1 ) — a 
very similar percentage to that found in single - base stop muta-
tions (see above), as may be expected.  

  Sequence  d eletions 

  Small  d eletions  s ubgroup ( < 50   bp) 

 There are 340 individual small deletion reports in the data-
base, composed of 197 unique small deletions, of which 55% 
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(108/197) are of single bases. As with small insertions (see 
above) almost all the multiple reports are of deletions of a 
single A in a run of As: For example, there are 35 separate 
reports of an A deletion in a run of nine As at codons 1210 –
 1213, which is also a hotspot for single - base insertions (see 
above). 

 Small deletions generally cause frame - shifts and are almost 
all associated with severe disease; however, as with small 
insertions, there are a small number of moderate or mild cases, 
often associated with  “ A - runs ”  but also with in - frame dele-
tions. Overall inhibitor development is lower than expected, 
at 22% of all unique cases with known status, compared with 
values of around 30% for insertion frame - shifts and nonsense 
point mutations.  

  Large  d eletions  s ubgroup ( >    50   bp) 

 There are 135 individual reports in the database, probably 
comprising close to that number of unique large deletions 
(detection methods are fairly imprecise so it is diffi cult to 
compare different reports where the deleted sequence may be 
simply given as  “ 10   kb ”  or  “ exons 1 – 5 ” ): the deletions range 
from just a few hundreds of bases up to more than 210   kb, 
deleting the entire gene, and are responsible for about 5% of 
severe hemophilia A cases. 

 Large deletions in the  F8  gene almost invariably give rise to 
clinically severe disease with no measurable FVIII activity or 
antigen. Unexpectedly, however, there are four independent 
reports of clinically moderate disease (two quoting low but 
measurable FVIII activity levels, one also a normal FVIII 
antigen level), all associated with exon - skipping deletions 
toward the C - terminus of the FVIII protein, involving exon 
22, exons 23 – 24, and exon 25. Remarkably, signifi cant or 
even normal secretion of hypoactive FVIII lacking C - terminal 
amino acid sequences may occur in these cases, alleviating the 
clinical severity. 

 There is a very high level of inhibitor development (46%) 
in this subgroup of cases (46/101) — far higher than that found 
for the small deletion subgroup (22%): clearly, there is a 
relationship between the size of deletion and the likelihood of 
inhibitor development. Grouping all deletions yields an overall 
inhibitor development rate of 31% (77 of 245; Table  3.1 ), 
similar to the nonsense mutation group (31%).     

  Conclusion 

 After about 25 years of mutation hunting in hemophilia A, 
the technology of detection has reached the point where, in 
large centers with substantial cohorts of patients, causative 
mutations can be found in around 95% of cases. The remain-
ing small percentage of undetermined genetic causes may 
suggest that there are unknown gene rearrangements still to 
be found, or that there are other causes outside the  F8  gene; 
however, there remains an understandable impetus for affl icted 

families to have their mutation defi ned for prenatal 
diagnosis. 

 Rather surprising, considering the number of years over 
which mutations have been accumulating in the database, is 
the fact that novel mutations continue to be added at an 
undiminished pace, and there are several large centers which 
have not as yet submitted their own mutation lists. The 
number of missense mutations causing clinical disease as a 
fraction of the length of the FVIII primary sequence currently 
stands at just over 32% (approximately 720 of 2232). How 
many more disease - causing mutations exist within this remark-
able protein is yet to be determined.  

  Public  d atabases 

 The Haemophilia A Mutation, Structure, Test and Resource 
Site (HAMSTeRS):  http://europium.csc.mrc.ac.uk/  

 The Human Gene Mutation Database:  http://www.hgmd.
cf.ac.uk/ac/index.php   

  Mutation  n omenclature 

 Numbering in this chapter follows the guidelines of the Human 
Genome Variation (HGV) Society. +1 refers to the  “ A ”  of the 
ATG translation start codon for nucleotide numbering and the 
methionine residue that this codes for in peptide numbering. 
Most earlier publications use a peptide numbering based on 
the mature protein: subtraction of 19 from the amino acid 
numbering given here generates the previous commonly used 
numbering.  
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  Introduction 

 Phenotypic differences between patients with severe hemo-
philia have gained a large interest. Elucidating the origin for 
differences in phenotype in a disease caused by a single gene 
mutation has the possibility to shed more light on factors that 
infl uence the hemostatic balance and also to concomitantly 
discover new treatment modalities. In 1984 the molecular 
basis of hemophilia A was unraveled  [1] . This led to a large 
interest to establish the mutation that causes hemophilia. It 
was fi rst hypothesized that the differences in bleeding pattern 
were explained by mutation type only. However, even in 
patients with inversions, phenotypic differences were observed. 
It is increasingly obvious that even in a monogenic disease the 
phenotype is determined by more than a single factor. This 
phenomenon has also been demonstrated in other hematologic 
diseases such as sickle cell anemia  [2] . 

 Further studies on the phenotype in severe hemophilia are 
interesting because the clinical symptoms are well established 
and only the severity of the symptoms varies between patients. 
Moreover, the crucial role of factor VIII/IX in the coagulation 
cascade gives possibilities to unravel other factors important 
for hemostasis. 

 The aim of this chapter is to consider different hypotheses 
that may lead to differences in hemostasis and as a conse-
quence to the heterogeneity of phenotype.  

  Bleeding  p atterns and  s everity 
of  h emophilia 

 In hemophilia the clinical diagnosis has been largely deter-
mined by the differences in bleeding type associated with the 
level of coagulation factor VIII or IX activity. The phenotypic 
differences are caused by a slight elevation of the factor VIII/
IX baseline from  < 0.01   IU/mL for severe hemophilia, up to 
 > 0.01 and  ≤ 0.05   IU/mL for moderate hemophilia, are large 
 [3] . In cohorts with hemophilia followed before the era of 
modern hemophilia treatment, the phenotypic range covers 

the whole spectrum from very frequent joint and muscle bleed-
ings that lead to crippling arthropathy and death at a mean 
age of 20 years to limited clinical problems in patients with 
moderate hemophilia  [3] . 

 Patients with severe hemophilia will start bleeding earlier; 
typically at the age of 6 – 8 months when the child becomes 
more active  [4] . Within patients with severe hemophilia, the 
age at onset of joint bleeding is variable and has been recorded 
to be between 6 months and almost 6 years  [4,5]  (Figure  4.1 ). 
Patients with moderate hemophilia express the most varied 
bleeding pattern, which can vary between almost no bleeding 
up to severe muscle and joint bleedings, which will prompt 
the use of prophylaxis, as in patients with severe hemophilia 
 [6 – 8] . The estimation of the baseline level is crucial and should 
be performed at least three times in a well - established labora-
tory. Within patients with moderate hemophilia, bleeding 
pattern appears related to baseline factor VIII levels  [7] : 
patients with  > 2 – 3% factor VIII rarely bleed.   

 The observation, made more than 40 years ago, that levels 
of factor VIII/IX of only 2 – 3% were associated with fewer 
bleeds was the reason in Sweden to start prophylaxis and 
change the phenotype of a patient with severe hemophilia to 
a moderate one  [9] .  

  Bleeding  p attern in  s evere  h emophilia 

 Because of the consequences for dosing prophylaxis, together 
with the high cost of prophylactic treatment, investigators 
took a large interest in identifying other factors in patients 
with severe hemophilia that could potentially infl uence 
phenotype. 

 An available parameter that is mostly independent of treat-
ment is the age at onset of bleeding, especially the age at the 
fi rst joint bleed. In addition, several prospective studies have 
documented that 10% of patients with severe hemophilia do 
not suffer frequent joint bleeds and have no or minimal 
arthropathy even with limited therapy  [10 – 12] . For patients 
on prophylaxis this parameter is, of course, dependent on 
treatment, but it can be approximated by studying variation 
in clotting factor consumption necessary to prevent the patient 
from bleeding. 

 However, determining the number of bleeds is diffi cult, 
especially in patients on prophylaxis. These patients experience 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.

4



CHAPTER 4

34

no or limited joint bleeds and will report every event/case of 
joint pain as a bleeding. In contrast, patients receiving on -
 demand treatment, and especially those without home treat-
ment, will come into the hospital only with large bleeds and 
will ignore small joint bleeds. This effect has to be recognized 
in defi ning scoring of phenotypes in clinical studies. 

 For orthopedic outcome, lifelong treatment history and cal-
culations of bleeding and traumatic incidents have to be 
considered. 

 In 2001, Fischer  et al.  developed a prognostic score to 
predict which patients could stop taking prophylaxis in adult-
hood  [13] . This score was based on the age at start of prophy-
laxis, mean lifetime dose of prophylaxis (IU/kg/week), and 
mean lifetime joint bleed frequency (number/year). Recently, 
Schulmann  et al.  presented another scoring system to quanti-
tate the phenotype of hemophilia  [14] .   This score was based 
on the annual number of joint bleeds and clotting factor con-
sumption calculated from a 10 - year follow - up period, in com-
bination with the World Federation of Hemophilia score for 
orthopedic outcome. In this study patients with mild, moder-
ate, and severe hemophilia were included. Unfortunately, both 
scoring systems are highly dependent on treatment regimen 
(especially dose of prophylaxis) and cannot be used directly 
in other hemophilia populations. 

 Several other studies demonstrated that in patients with 
severe hemophilia a later age at fi rst joint bleeding was associ-
ated with a milder (bleeding) phenotype  [15,16] .  

  Review of  o ther  f actors  t hat  m ay 
 i nfl uence  h emostasis 

 Several determinants may have an impact on hemostasis and 
eventually affect the patient ’ s bleeding phenotype. Some are 
listed below. 

  Gene  d efects 

 Nowadays, it is possible to determine the gene defect in almost 
all patients with hemophilia  [17,18] . A wide range of muta-
tions has been recognized and more will be added in the fol-
lowing years. 

 More than 50% of patients with severe hemophilia A have 
inversions in intron 22  [18,19] . As a consequence, they have 
a complete absence of factor VIII. Theoretically, they form a 
perfect patient group for studying the causes of variation in 
phenotype. It is very likely that the substantial variation in 
bleeding phenotype in this population is caused by factors 
independent of factor VIII levels. However, even in this mono-
genetic subgroup a large difference in phenotype has been 
observed. Although the determination of the gene defect is 
very important and can classify patients in different diagnostic 
groups, it has not been proven to be more accurate than the 
measurement of the factor VIII/IX level.  

  Hemostatic  b alance 

 The blood coagulation cascade is initiated when tissue factor 
(TF) is exposed to the circulating blood and binds to plasma 
factor VIIa  [20] . The factor VIIa – TF complex triggers a 
cascade of reactions which ultimately lead to thrombin gen-
eration and, consequently, fi brin – platelet clot formation. 
Factor VIII, together with factor IX, is crucial for the acceler-
ated formation of factor Xa by TF – VIIa complex. Factor VIIIa 
increases the catalytic activity of factor IXa, which results in 
approximately 50 - fold more effi cient conversion of factor X 
into factor Xa by the intrinsic pathway  [20,21] . 

 The coagulation process is downregulated by inhibitors 
such as antithrombin (AT) and proteins C and S. Defects of 
these inhibitors and the more common mutation in the factor 
V gene ( FV Leiden ) can potentially lead to a prothrombotic 
status. Large cohort studies have demonstrated that thrombo-
sis is a multifactorial event and that only the measurement of 
thrombotic risk factors simplifi es the problem  [22] . 

 Moreover, in the last 10 years it has been established that 
the levels of coagulant and anticoagulant factors in individuals 
are variable. In addition, levels of coagulation factor will 
change during the lifetime of individual patients. This con-
fi rms the complexity of the relationship between single genetic 
mutation and biology  [23] . Several studies have searched for 
the infl uence of prothrombotic mutations in patients with 
hemophilia. Already, in 1996, the association between  FV 
Leiden  and a milder phenotype was observed  [24] . In a large 
pediatric study the prevalence of prothrombotic risk factors 
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 Figure 4.1     Distribution of age at fi rst joint bleed in 132 patients 
with severe hemophilia. Median 1.8 years, range 0.2 – 5.8. 
 Reproduced from  [5]  with permission.  
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  Table 4.1    Patients ( n    =   42) with a severe versus a mild phenotype, 
selected from the extreme ends of 285 patients with severe 
hemophilia. 

  Phenotype     Severe     Mild  

  Number of 
patients  

   21     21  

  Intron 22 
inversion,  n  
(%)  

   12 (57)     11 (52)  

         Mean       Interquartile 
range   

    Mean       Interquartile 
range   

  Age (years)    23    18 – 42    30    20 – 40  
  Age at fi rst joint 

bleed (years)  
  1.0    0.4 – 1.2    4.6    3.6 – 5.5  

  Clotting factor 
use (IU/kg/
year)  

  2214    1758 – 2695    1154    628 – 1993  

  Joint bleeds 
(number per 
year)  

  3.5    1.6 – 4.4    1.8    1.0 – 5.5  

  Joints with 
Pettersson 
score  <    3  

  0.5    0 – 2    4.5    4 – 5  

  VWF:Ag (%)    122    104 – 147    114    95 – 136  
  VWF:ristocetin 

(%)  
  114    91 – 134    120    95 – 136  

  Protein C:act 
(%)  

  89    80 – 100    87    81 – 99  

  Protein S:Ag 
(%)  

  94    84 – 109    92    76 – 106  

  aPC response 
ratio  

  0.97    0.94 – 1.01    1.00    0.97 – 1.02  

  Reproduced from  [26]  with permission. 

in children with severe hemophilia A did not differ from previ-
ously reported data in the normal population  [16] . However, 
the fi rst symptomatic bleeding leading to diagnosis in children 
with severe hemophilia occurred at a median age of 1.6 years 
(range 0.5 – 7.1 years) in children having prothrombotic risk 
factors. This was signifi cantly later than in hemophilic patients 
without risk factors [0.9 years (range 0.1 – 4.0;  P    =   0.01)]  [16] . 

 In an attempt to fi nd the determinants of clinical phenotype 
in the clotting cascade, Van Dijk  et al . studied 42 patients with 
severe hemophilia  [25] . These patients were selected from the 
extreme ends of a well - defi ned single - center cohort of 214 
patients with severe hemophilia, with lifelong data on treat-
ment and outcome available (Table  4.1 ). Standardized labora-
tory tests were performed after a wash - out period of a 
minimum of 72   h. Table  4.1  shows the large differences in 
phenotype between both groups. The age at fi rst joint bleed 
varied between a median age of 1 year for the severe group 
versus 4.6 years for the mild group. Moreover, signifi cant 
differences ( P     <    0.01) for the total number of joint bleeds and 
annual clotting factor consumption were observed. 

Interestingly, the proportion of patients with an inversion was 
similar. A large interindividual variation of coagulation factors 
was observed. However, no signifi cant differences were found 
when comparing coagulation factors, prothrombotic factors, 
or fi brinolytic factors between the two groups.    

  Thrombin  g eneration 

 The coagulation system is usually investigated by means of 
two  in vitro  classic clotting tests, the activated partial throm-
boplastin time (aPTT) and prothrombin time (PT), which 
assess only time to initiation of clot formation and do not 
entirely refl ect global hemostatic balance. 

 Over the last 10 years there has been increasing interest in 
the application of tests that are able to measure the overall 
hemostatic potential in a patient. Some studies have suggested 
that clot waveform analysis may be used to detect differences 
in phenotype  [26] . Studies on the clinical implications of tests 
for the whole hemostasis have been reviewed recently  [27] . 
Tests such as the thrombin generation test (TGT) measure the 
course of thrombin formation over time. The most widely used 
test at the moment is the automated recording of thrombin 
generation. This test can be performed in both platelet - poor 
and  - rich plasma  [28] . Another test to measure the whole 
hemostatic potential of a patient is the use of the thromboe-
lastogram (TEG)  [29] . In this test undiluted plasma, or some-
times whole blood, is used. In a series of 46 patients with 
hemophilia (34 with hemophilia A and 12 with hemophilia 
B), a signifi cant correlation between plasmatic factor VIII or 
IX levels and endogenous thrombin potential (ETP), peak and 
time to peak obtained by thrombin generation measurement 
was found  [30] . In another study, in which the thromboelas-
tographic principle was used, signifi cant differences in the 
curves of thrombin generation were observed between patients 
with the same factor VIII or IX activity level, but correlation 
of this laboratory variation with the bleeding phenotypes is 
still lacking  [29] .  

  Fibrinolysis 

 Until now, one study has suggested an association of the 
fi brinolytic activity with the bleeding phenotype in hemophilic 
patients. In 21 patients with severe hemophilia the median 
tissue - type plasminogen activator (TPA) concentration was 
signifi cantly elevated in patients with a more severe pheno-
type, as was the activity of the thrombin - activatable fi brinoly-
sis inhibitor (TAFI)  [31] . Median activity of the plasminogen 
activator inhibitor 1 (PAI - 1) and the concentration of TPA –
 PAI - 1 complexes were twofold higher than in patients with a 
less severe phenotype. The hypothesis of different fi brinolytic 
potential and a changed bleeding phenotype was also tested 
in a group of patients with severe hemophilia. In this  in vitro  
study, the potential of recombinant factor VIIa to downregu-
late fi brinolysis via activation of TAFI was investigated. It was 
clear that there was a large intervariability in antifi brinolytic 
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potential of recombinant factor VIIa between patients  [32] . 
Whether these differences can also explain the heterogeneity 
of phenotypes has not yet been established. 

 In parallel with fi ndings in rheumatoid arthritis, it has been 
suggested that interleukin 10 (IL - 10) levels may have a poten-
tial protective effect against arthropathy. This may be one of 
the additional factors explaining the heterogeneity in joint 
damage  [33,34] . It also cannot be ruled out that infl ammation 
infl uences the levels of these factors, making them likely to be 
less specifi c for studying heterogeneity in patients.  

  Platelets 

 When platelet function is measured  in vitro , large interindi-
vidual variability is observed  [35] . Because platelets have a 
large impact also on the formation of thrombin it can be 
speculated that platelets also infl uence phenotypes in hemo-
philia. A fi rst study which has undertaken this approach was 
performed a long time ago  [36] . Its results suggested that 
platelet coagulation activity could have an impact on the 
bleeding tendency in hemophilia.   

  Environmental  f actors 

 The clinical phenotype also may be infl uenced by external 
factors. Risk - taking behavior and physical fi tness may play an 
important role. Although there has been no formal research 
on the role of physical activity on bleeding pattern, one may 
hypothesize that patients with a less active lifestyle encounter 
fewer bleeds. On the other hand, muscle training and partici-
pation in sport can sustain joint function and prevent bleeds 
 [37,38] .  

  Discussion 

 The considerable variability in bleeding patterns within 
patients with severe hemophilia has prompted studies on 
factors other than factor VIII that may infl uence the fi nal 
outcome of the hemostatic balance in patients with 
hemophilia. 

 The most promising determinants of hemostatic balance 
were the well - known prothrombotic risk factors. A study in 
mice suggested that factor V Leiden has the ability to improve 
the hemophilia A or B phenotype, but this effect was mainly 
evident at the level of the microcirculation following a particu-
lar vascular injury  [39] . Another interesting study assessed the 
role of factor V inactivation in relation to activated protein C 
(aPC) using a mouse model. It was concluded that aPC - resist-
ant factor V had the potential to infl uence hemophilic bleeding 
 [40] .   

 Although the results of these studies are interesting, they do 
not provide the full explanation of differences in phenotype. 
Recently, it was demonstrated after factor VIII substitution 

that an almost linear relation was observed between the indi-
vidual factor VIII activities administered to the patients and 
the activities measured in the plasma samples  [41] . However, 
data obtained with TGT and TEG revealed a high interindi-
vidual variation and a very poor correlation to the adminis-
tered factor VIII activity. It was concluded that to measure the 
hemostatic effect of factor VIII not only the activity but also 
the interplay between coagulation factors and cells, especially 
platelets, should be taken into account. 

 The role of the fi brinolytic system has been recently largely 
discovered  [42] . This is also an interesting fi eld but has only 
been scarcely been investigated in hemorrhagic diseases. 

 Gene defects such as the inversion type and large deletions 
lead to a total absence of coagulation factor. Since these 
defects are present in more than 50% of the patients with 
severe hemophilia, these patients are ideal candidates to study 
the effects of other parameters. Additional studies on the 
determinants of phenotype preferably should be undertaken 
in this genetically homogenous group of patients. 

 Although it is well known that coagulation assays are dif-
fi cult to standardize, the benefi ts of the thrombin generation 
test in determining a bleeding phenotype still have to be dem-
onstrated. From a clinical point of view, it would be very 
interesting to predict a patient ’ s bleeding phenotype more 
accurately. The study of other determinants of coagulation is 
largely complicated by the large interindividual variance of 
these factors. Moreover, they not only vary in a patient, but 
are also infl uenced by, for instance, infl ammation. To study 
the correlation between different factors large cohort studies 
are needed, such as performed in cardiology. It can be debated 
whether this is feasible for a rare disease like hemophilia.  

  Conclusion 

 The origin of the large heterogeneity of phenotypes in severe 
hemophilia is multifactorial. As they produce no factor VIII, 
patients with severe hemophilia and inversions are ideal can-
didates to further studies on these parameters. To correlate 
new factors to phenotypes in patients, large and well - charac-
terized cohorts are needed. Until other parameters have been 
identifi ed, the heterogeneity of the clinical phenotype may best 
be predicted by the age at fi rst joint bleed.  
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5
   Introduction to  p rophylaxis 

 The prevention of bleeds by prophylactic clotting factor 
replacement therapy has now been advocated for almost half 
a century. It started with the observation that the clinical 
phenotype of patients with moderate hemophilia was very 
different from severe hemophilia  [1] . Patients with moderate 
hemophilia and factor VIII/IX activities of 0.01 – 0.05   IU/mL 
bled only after trauma and had a fairly normal life expectancy, 
while patients with severe hemophilia (factor VIII/IX  < 0.01   IU/
mL) had spontaneous severe muscle and joint bleeds and early 
crippling hemophilic arthropathy, with a life expectancy of 
only 20 years. Because of this observation, it seemed logical 
to supply the missing clotting factor in patients with severe 
hemophilia and increase the level of clotting factor activity 
above 1%. 

 Professor Inga Marie Nilsson from Malm ö , Sweden, was 
the fi rst to start prophylactic replacement therapy with cryo-
precipitate in boys with severe hemophilia A  [2] . The patients 
who fi rst started on prophylactic therapy were those with 
frequent bleeds. In these fi rst studies it was demonstrated that 
the number of bleeds decreased and that these patients lost 
fewer days from school or work. This Swedish initiative was 
repeated in the Netherlands by Professor Van Creveld, who 
also reported a reduction in the number and the severity of 
bleeds  [3] . After the availability of more clotting factors, the 
group of patients who received prophylaxis was extended. 
Moreover, it was observed that early prophylaxis was more 
effective in preventing arthropathy, and that radiologic joint 
damage could not be reversed by prophylaxis. So, in subse-
quent years, prophylaxis was started earlier, before the occur-
rence of joint damage  [4,5] . 

 Consequently,  “ primary prophylaxis, ”  defi ned as the start 
of regular continuous treatment before the age of 2 years or 
after the occurrence of the fi rst joint bleed  [6] , was recom-
mended. After favorable experience, prophylaxis increasingly 
became the treatment of choice for boys with severe hemo-
philia, and was recommended by the American Medical and 
Scientifi c Advisory Council (MASAC)  [7]  and World Health 
Organization (WHO)/World Federation of Hemophilia 
(WFH) experts  [8] . 

 However, some stated that evidence from randomized con-
trolled trials (RCTs) was needed to truly establish the benefi ts 
of prophylaxis replacement therapy for severe hemophilia. A 
Cochrane review, focused on results from RCTs only, stated 
that there was no evidence for the benefi ts of prophylactic 
treatment  [9]  and was avidly debated in the hemophilia com-
munity  [10] . In 2007, the results of an American multicenter 
RCT that had started in 1996 were published  [11] . In this 
trial, 65 of 119 screened patients with FVIII  < 0.03   IU/mL, 
aged less than 30 months, and with normal joints on physical 
examination, magnetic resonance imaging (MRI) and X - ray, 
were randomized to receive prophylaxis (25   IU/kg every other 
day) or enhanced episodic treatment (40   IU/kg, followed by 
20   IU/kg after 24 and 72   h). MRI and radiography were per-
formed at study entry and at age 6 years. Infusion logs, data 
on emergency room visits, and physical examination scores 
were collected frequently. Primary endpoints were MRI and 
X - ray scores at age 6. 

 In total, 49 patients completed the protocol, and the mean 
follow - up was 49 months. Patient characteristics and results 
are shown in Table  5.1 .   

 As expected, outcome was signifi cantly better in the prophy-
laxis group: patients treated with the enhanced on - demand 
regimen had a 6.1 times higher relative risk of joint damage 
on MRI [95% confi dence interval (CI) 1.5 – 24.4] and a 5.2 
times higher risk of damage on X - ray (95% CI 0.65 – 41.5). 
Differences in number of bleeds experienced and number of 
factor infusions were even more signifi cant. 

 As follow - up was only 4 years, the correlation between MRI 
fi ndings and the total number of bleeds ( r    =   0.14) and physical 
examination scores ( r    =   0.26) were only weak. The authors 
concluded that prophylaxis was effective in preventing hemar-
throses and structural joint damage detected by MRI in boys 
with severe hemophilia. 

 Preliminary results of the 10 - year Italian RCT comparing 
prophylactic (25   IU/kg three times a week) with on - demand 
treatment in 40 children with severe hemophilia A again 
showed that prophylaxis reduces the number of joint bleeds 
(0.2 vs. 1.1 bleeds/month) and arthropathy (71% vs. 26% of 
patients with zero Pettersson scores at age 12)  [12] . 

 Although these RCTs provide unequivocal evidence that 
prophylactic replacement therapy prevents bleeds, they will 
never be able to establish the long - term benefi cial effects of 
prophylaxis on arthropathy. It is simply impossible to conduct 
an RCT in a rare disease with 20 to 30 years of follow - up 
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at a preinfusion level of  > 1% to mimic the clinical phenotype 
of moderate hemophilia (high - dose regimen). In contrast, in 
the Netherlands, prophylactic dosages are adjusted according 
to bleeding pattern and aimed at preventing spontaneous joint 
bleeds. Trough levels are not taken into account. As a result, 
this strategy is associated with a relatively low clotting factor 
consumption (intermediate dose regimen). Both Sweden and 
the Netherlands have followed their cohorts of patients with 
severe hemophilia longitudinally, routinely collecting data on 
treatment and outcome. As both cohorts are complete, selec-
tion bias plays no role; therefore, the long - term outcome of 
these cohorts gives information on the long - term effectiveness 
of these two regimens. 

 Using routinely collected data, all 128 patients with severe 
hemophilia without inhibitors, born between 1970 and 1990, 
treated in Malm ö , Sweden, and the Van Creveldkliniek, the 
Netherlands, were compared  [16] . Patients were evaluated at 
the date of their last routine radiologic examination, and the 
median follow - up ranged from 9 to 23 years (Table  5.2 ). In 
the 1970s, twice - weekly prophylaxis was started earlier in the 
intermediate - dose group; this was reversed in the 1980s. In 
the last three treatment years before evaluation, the majority 
of patients in both cohorts received prophylaxis three times 
per week, but overall clotting factor consumption was 2.4 
times higher in the high - dose regimen. Overall, patients treated 
with the high - dose regimen had fewer joint bleeds per year. 
Differences in long - term orthopedic outcome and Pettersson 
score were small and only signifi cant for the youngest patients. 
The study showed that both prophylactic regimens are able to 
prevent arthropathy to a large extent. Further follow - up of 
both cohorts is currently under way.      

  When to  s tart  p rophylaxis 

 The timing of the initiation of prophylaxis is important: 
 “ primary prophylaxis ”  has been recommended for all boys 
with severe hemophilia  [6] . 

 Recently, it has been suggested that prophylactic treatment 
should be individualized according to patient characteristics 
 [17,18] . One of the arguments in favor of an individualized 
approach is the large variability of bleeding patterns in patients 
with severe hemophilia, as is refl ected in the age at fi rst joint 
bleed. Several studies have reported a wide variation of the 
age at fi rst joint bleed, ranging from 0.2 to 5.8 years, with 
medians of 1.6 and 1.7 years  [19,20] . It has been suggested 
that arthropathy is best prevented if prophylaxis is started 
before the second  [21]  or third  [18]  joint bleed, but the ben-
efi ts of starting before the fi rst joint bleed have not been 
established. Strong support for an early start of prophylaxis 
also can be obtained from the Swedish experience  [17] . In an 
analysis of 121 patients with severe hemophilia, it was shown 
that the age at start of prophylaxis was an independent predic-
tor for the development of arthropathy, but dose and interval 
of prophylaxis at the start of prophylactic treatment were not. 

  Table 5.1    Patient characteristics and results from the American 
 RCT  comparing prophylaxis with enhanced on - demand treatment 
in patients with hemophilia  A  and factor  VIII  activity of  < 0.03   IU/
mL. 

        Prophylaxis  

   Enhanced 
on - demand 
treatment      P  - value  

   Patient characteristics      N    =   32     n    =   32      
  Mean age (years)    1.6    1.6    0.78  
  First index joint bleed 

before enrolment [ n  (%)]  
  18 (56)    13 (39)    0.17  

   Outcome      n    =   27     n    =   29      
  Absence of MRI changes 

[ n  (%)]  
  25 (93)    16 (55)     < 0.01  

  Absence of X - ray changes 
[ n  (%)]  

  27 (96)    22 (81)    0.10  

  Joint bleeds (median 
number/patient/year)  

  0.20    4.35     < 0.01  

  Total bleeds (median 
number/patient/year)  

  1.15    17.13     < 0.01  

  Number of factor infusions 
(mean)  

  653    187     < 0.01  

  Occurrence of life -
 threatening bleeds 
(number of patients)  

  0    3    0.24  

    Data from  [11] .   

  Patients received prophylaxis (25   IU/kg every second day) or enhanced 

episodic treatment (40   IU/kg, followed by 20   IU/kg after 24 and 72   h). 

Inclusion criteria: factor VIII    <    0.03   IU/mL, age    <    30 months, maximum 

two joint bleeds per index joint (ankles, knees, elbows), normal physical 

examination, normal joint imaging at baseline, and absence of inhibitors.   

 [13] ; this is why observational studies will remain very impor-
tant in hemophilia. 

     The  o ptimal  t reatment  r egimen for  p rophylaxis 

 Even if the benefi ts of prophylactic replacement therapy are 
fi rmly established, the optimum treatment dose remains under 
discussion. The half - life of clotting factor concentrates is 
short: for factor VIII it is about 8   h in children and about 12   h 
in adults, while the mean half - life for factor IX is about 24   h 
 [14] . As a consequence, prophylactic administration is most 
effective when given frequently. Carlsson  et al .  [15]  calculated 
that daily prophylactic infusions would reduce factor VIII 
usage by 82%. In addition, effi ciency could further be 
improved by taking the patient ’ s individual pharmacokinetic 
profi le into account. In theory, daily prophylactic infusions 
would be most cost - effective. In practice, however, the lifelong 
need for frequent intravenous injections imposes a heavy 
burden on the patient and his family, and very few patients 
are willing to take daily prophylaxis. 

 Prophylactic therapy is mostly given in a dose of 25 – 40   IU/
kg three times per week. This original Swedish protocol aimed 
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  Table 5.2    Comparison of treatment and outcome according to differently dosed early prophylactic treatment regimens  [16] . 

       Patients born between 1970 and 1979     Patients born between 1980 and 1989  

     
   Intermediate dose 
( n    =   44)  

   High dose 
( n    =   24)      P  - value  

   Intermediate dose 
( n    =   42)  

   High dose 
(n   =   18)      P  - value  

  Age at evaluation (years)    22.7 (20.4 – 25.3)    17.2 (15.2 – 20.4)     < 0.01    13.5 (10.6 – 15.7)    9.0 (6.3 – 13.5)     < 0.01  
  Age at start of prophylaxis two times 

per week (years)  
  5.5 (4.2 – 8.7)    12.1 (9.5 – 13.6)     < 0.01    4.7 (3.7 – 6.2)    2.1 (1.2 – 4.6)     < 0.01  

   Treatment and bleeds in the last 3 years   
  Frequency of prophylaxis ( n /week)    3 (2 – 3)    3 (2 – 3)    0.68    3 (2.5 – 3)    3.3 (3 – 3.5)     < 0.01  
  Dose of prophylaxis (IU/kg/week)    35 (24 – 44)    82 (57 – 90)     < 0.01    40 (33 – 49)    89 (78 – 107)     < 0.01  
  Annual clotting factor use (IU/kg/year)    1466 (1039 – 1926)    4301 (3034 – 4726)     < 0.01    2126 (1743 – 2755)    4616 (4105 – 5571)     < 0.01  
  Joint bleeds per year ( n )    2.5 (1 – 5.7)    0.5 (0.2 – 1.8)     < 0.01    3.7 (1.7 – 5)    0.2 (0 – 0.3)     < 0.01  
  Patients without joint bleeds (%)    5    25        10    50      

   Outcome   
  Clinical score (max 90)    2 (0 – 5)    0 (0 – 4)    0.45    0 (0 – 2)    0 (0 – 0)     < 0.01  
  Pettersson score (max 78)    10 (3.5 – 17.5)    4 (0 – 15)    0.75    0 (0 – 5)    0     < 0.01  

   Values are medians (interquartile ranges).  Reproduced from  [16]  with permission.    

Recently, Schobess  et al .  [22]  showed no differences in radio-
logic outcome at age 12.5 years when comparing 42 patients 
who started prophylaxis before the third bleed (including soft 
tissue bleeds) with 67 age - matched patients who started later. 
However, both groups started prophylaxis early: at a median 
age of 1.7 years and 2.5 years, respectively. 

 A practical strategy to start prophylaxis very early is to 
follow the example of Dr. Petrini and start with once - weekly 
infusions. This approach is more acceptable for parents and 
may reduce the need for central venous catheters. After start-
ing once - weekly infusions, the Swedish aim to increase the 
frequency of infusions to three times weekly or every other 
day as soon as possible  [23] . Others advocate increasing fre-
quency according to bleeding pattern, increasing the number 
of weekly infusions stepwise at the occurrence of each joint 
bleed or severe bleed until patients take prophylaxis three 
times a week or every other day. Formal evaluations of this 
treatment strategy are still lacking. The Canadian group have 
formalized a step - up regimen a prospective trial in boys with 
hemophilia A with factor VIII activity levels of less than 2   IU/
dL and normal joints on physical examination and imaging, 
patients with three or more bleeds in one joint were excluded. 
Their approach is to start with once - weekly 50   IU/kg between 
the age of 1 and 2.5 years, and increase stepwise to 30   IU/kg 
twice weekly and 25   IU/kg every other day at the occurrence 
of four signifi cant bleeds within a 3 - month period or fi ve 
bleeds in one joint independent of time. A report on the fi rst 
25 boys with a median follow - up of 4.1 years was recently 
published  [24] . Thirteen boys (52%) escalated to step 2 after 
a median of 2.3 years, and four boys (16%) escalated to step 
3. The average number of joint bleeds was 1.2 per year, but 
nine patients (36%) still developed target joints, suggesting 
that the step - up criteria may be too lenient. 

 The discussion on how early to start prophylaxis is still 
ongoing. Patients on prophylaxis still experience joint bleeds, 
even on high - dose regimens  [4,11] . Starting prophylaxis very 
early must be balanced against problems in venous access. 
Using a more individualized regimen, the use of central venous 
catheters may be avoided. Additional support for starting 
prophylaxis early has been provided by the results of the 
CANAL study group, suggesting that early prophylaxis may 
help prevent inhibitor formation  [25] .  

  Prophylaxis in  a dults 

 The aim of prophylactic replacement therapy is to prevent 
bleeds and their consequences, especially hemophilic arthropa-
thy. Most countries which start with early prophylaxis con-
tinue prophylactic treatment for adults, as recommended by 
the WHO/WFH  [8] . However, starting prophylaxis in adoles-
cents and adults has not been included in available guidelines. 

 To continue prophylactic replacement therapy that has been 
started in early childhood is only logical: joint bleeds in adults 
still induce damage  [26] . The early reports from Sweden and 
the Netherlands have shown that prophylaxis started in adults 
prevents bleeds and slows arthropathy  [4,5] . However, the 
combination of high costs and uncertainty about the effects 
of prophylaxis in patients with established arthropathy have 
rendered starting prophylaxis in older patients controversial. 
Recently, Tagliaferri  et al.  reported on 84 patients who started 
prophylaxis during adolescence ( n    =   30) or adulthood ( n    =   54) 
 [27] . As expected, the mean number of joint bleeds was sig-
nifi cantly reduced (from 32.4 per year to 3.3 per year; 
 P     <    0.01), with a signifi cant reduction in days lost from 
school or work, hospital visits, and hospital admissions. 
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  Table 5.3    Outcome and costs reported in studies comparing on - demand treatment (OD) with prophylaxis (PR). 

   Study     Design  
   Patients ( n ) 
(OD/PR)  

   Follow - up 
(years)  

   Age (years) 
(OD/PR)  

   Joint bleeds/
year (OD/PR)  

   Consumption 
(IU/kg/year) 
(OD/PR)  

   Orthopedic 
surgery (%) 
(OD/PR)  

   Children   
  Aledort  et al.   [42]     Prospective cohort    411/66    5    13    16.5 vs. 5.7    1038 vs. 2772    NA  
  Smith  et al.   [32]     Retrospective cohort    90/27    2    7 *     NA    1015 vs. 3323  *      NA  
  Manco - Johnson  et al.   [11]     Prospective RCT    33/32    4    6    4.9 vs. 0.6    1819 vs. 5770  #      NA  

   Adults   
  Schramm  et al.   [43]     Retrospective cohort    670/335    1    35    7.7 vs. 3.4    1224 vs. 3208     –   
  Fischer  et al.   [34]     Retrospective 

complete cohort  
  103/49    1    22    16.9 vs. 5.1    1488 vs. 1612    20% vs. 55%  

  Steen Carlsson  et al.   [35]     Retrospective 
complete cohort  

  61/95    11     > 18    NA    780 vs. 3024    9% vs. 52%  

   Values are given as means.  

  NA, not applicable; RCT, randomized controlled trial.    

   * Median values.  

   # Patients in both arms received enhanced treatment (total 80   IU/kg) for each joint bleed.   

Concomitantly, physical examination scores tended to improve 
( P    =   0.13) and health - related quality of life improved signifi -
cantly. Mean clotting factor consumption increased with less 
than 50% from 2871 to 3987   IU/kg/year. The lack of consen-
sus on the benefi ts of continuous prophylaxis in adult patients 
is refl ected by two surveys: one from Europe, reporting that 
only 23% of patients over 50 years old were on prophylaxis 
 [28] , and another from Canada, where 70 of 162 patients 
(43%) aged 31 – 70 years were on prophylaxis  [29] . 

 In contrast, it has been observed that some patients who 
have been treated with early prophylaxis consider discontinu-
ing in adulthood. At entering the third decade of life, patients 
may get a job, and physical activity may be more confi ned to 
well - defi ned periods during the week. In the Netherlands, 
where primary prophylactic treatment is standard for all 
patients with severe hemophilia, about two - thirds of patients 
experiment with discontinuing their long - term prophylaxis. In 
their early 20s (median age 21.4 years), 35% of a cohort of 
80 Dutch and Danish patients switched to on - demand treat-
ment for more than 1 year  [30] . It must be emphasized that 
patients discontinued on their own accord, without consulting 
their doctor. Having received early prophylaxis, these patients 
only experienced a median of three joint bleeds per year 
without prophylaxis. Median clinical scores were similar in 
patients who discontinued prophylaxis and those who contin-
ued, as were median Pettersson scores (median 13 points). 
However, longer evaluation is needed to assess the safety of 
discontinuing prophylaxis in these young adults. Later, this 
observation was confi rmed by a European survey  [28] : of 218 
patients with severe hemophilia treated with early prophy-
laxis, 27% reduced the intensity of prophylaxis, and 42% 
discontinued prophylaxis. Eventually, 22% remained on 
reduced - intensity prophylaxis, and 30% continued on - demand 
treatment. 

 It is important to note that patients who switch to, and 
remain on, on - demand treatment are a subgroup with a milder 
bleeding pattern  [31] . Currently, these patients may be best 
defi ned by a later onset of joint bleeding and a lower treatment 
requirement while on prophylaxis.  

  Prophylaxis  v ersus on -  d emand  t herapy: 
 i ssues of  c ost -  e ffectiveness 

 Results of the most important published studies comparing 
prophylactic with on - demand treatment are shown in Table 
 5.3 . Because it has been repeatedly demonstrated that clotting 
factor consumption accounts for over 90% of treatment cost 
in hemophilia  [32,33] , most studies have used clotting factor 
consumption as the main parameter for treatment cost. Three 
studies have been performed in children, and three in adults. 
Follow - up varied from 1 to 11 years. Selection bias was 
excluded by using an RCT in children, and reduced by com-
paring complete cohorts in two adult studies  [34,35] . Only 
the study by Steen Carlsson was aimed at studying costs and 
benefi ts of prophylaxis.   

 All studies comparing prophylactic with on - demand treat-
ment that are summarized in Table  5.3  consistently reported 
that prophylaxis was associated with fewer joint bleeds. 
Concomitantly, a 100 – 200% higher clotting factor consump-
tion for patients on prophylaxis was reported in all but one 
study. The similar clotting factor consumption for both 
regimens reported by Fischer  et al.   [34]  may be explained 
by lower clotting factor consumption on the Dutch intermedi-
ate dose regimen  [16] , together with the need for short courses 
of prophylactic treatment in the French cohort. From a meth-
odologic point of view, it is important to avoid selection bias 
and include both patients with a milder and more severe bleed-
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ing pattern for both treatment strategies  [13] . Moreover, a 
state - of - the - art economic evaluation should present data on 
both short -  and long - term outcome, and analyze from a soci-
etal perspective, including a cost – utility analysis  [36] . Studies 
reporting cost per bleed avoided only will underestimate the 
cost - effectiveness of prophylaxis, as long - term benefi ts are not 
taken into account. Likewise, a cost – utility analysis should 
include lifetime data on treatment and outcome, rather than 
considering only 1 year of follow - up. Including all costs from 
a societal perspective with a follow - up of 11 years, Steen 
Carlsson reported that prophylaxis was still considerably 
more expensive than on - demand treatment. And even if people 
in Sweden were willing to pay for this treatment  [37] , this may 
change when respondents are forced to choose between dif-
ferent healthcare interventions. However, because prophylaxis 
clearly offers substantial clinical, and probably also psycho-
logical, benefi ts, this treatment strategy may be warranted on 
medical rather than economic grounds. 

  Implementation of  p rophylaxis 

 Despite an increasing number of favorable reports since the 
1970s, numerous recommendations, and a recent RCT, the 
introduction of prophylaxis on a large scale has been slow. 
Even in Europe, where the cost of prophylaxis is usually 
covered, the use of prophylaxis is still increasing, as was dem-
onstrated in the second survey of the European Paediatric 
Network (PEDNET). This survey in 22 centers showed that 
the number of centers using prophylaxis in almost all (80 –
 100%) of their severe patients had increased from 11 in 1998 
to 15 centers in 2003. Moreover, prophylaxis was started 
earlier  [38] . In the USA, the high cost of treatment has been 
especially limiting. However, the use of prophylaxis is increas-
ing too: recent surveys suggest that 44 – 53% of all patients with 
severe hemophilia were receiving prophylaxis in 2003 to 2005 
 [39,40] . In Canada, uptake has been earlier, and in 2006 69% 
of all patients with severe hemophilia A were on prophylaxis 
 [29] . Outside Europe and the USA, treatment of hemophilia is 
still under development. Initiatives such as twinning provide 
important incentives to improve and intensify treatment in 
countries where clotting factor products are available  [41] . 

  Future  i ssues in  p rophylaxis 

 Now that the positive effects of primary prophylaxis in young 
boys have been confi rmed by the RCT by Manco - Johnson 
 et al.   ,  [11]  it is expected that the use of primary prophylaxis 
will increase in countries with available products. Intermediate -
 dose regimens may be effectively used in countries with limited 
resources. 

 As with primary prophylaxis, the use of prophylaxis for 
adult patients will be adopted by some, and questioned by 
others. Currently, there is increasing debate about the use of 
prophylaxis in patients with inhibitors, in order to prevent the 
development of target joints and arthropathy, not only during 

the vulnerable period before and during immune tolerance 
treatment, but also in patients who failed immune tolerance. 
However, bypassing agents are less effective than factor VIII 
or IX, and the results of prophylaxis with bypassing agents 
may not be as favorable as with normal concentrates in 
patients without inhibitors. 

 The development of clotting factor products with prolonged 
half - life will be an important step forward. Once these prod-
ucts have been developed and are available, the number of 
infusions per week needed to protect patients from bleeding 
will decrease. This is expected to signifi cantly reduce the 
burden of treatment for patients and improve adherence.    

  Conclusion 

 It has been proven that early prophylactic therapy can prevent 
bleeds and arthropathy. However, because of its high costs, it 
is currently only attainable for a small proportion of children 
with severe hemophilia. Because primary (early) prophylaxis 
is most effective in preventing arthropathy, this should be the 
treatment of choice for young children. The aim is to continue 
prophylaxis in adulthood; however, some patients with milder 
bleeding patterns may be able to reduce the intensity of their 
regimen. Prophylaxis is a very demanding lifelong treatment. 
The issues of venous access and frequent infusions may 
improve considerably after the introduction of clotting factor 
products with prolonged half - life.  
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  Introduction 

 Continuous administration of coagulation factors at a rate 
corresponding to their pharmacokinetic elimination was origi-
nally suggested by Brinkhous in 1954  [1]  and later supported 
by the mathematic model developed by Hermens for both 
factor VIII (FVIII) and factor IX (FIX)  [2] . Hermens calculated 
that the dose needed to keep the plasma level above the hemo-
static minimum increases with the interval between injections. 
The theoretical differences between continuous infusion (CI) 
and intermittent bolus injection (BI) are shown schematically 
in Figure  6.1 . The area under the curve (AUC) corresponds 
with the total amount of FVIII required; thus, it can easily be 
seen that the AUC in CI is about one - third less compared with 
BI  [3] . Hathaway  et al .  [4] , in one of the fi rst clinical observa-
tions with CI, could not confi rm the expected 30% reduction 
in requirements by CI. Using a fi xed rate of FVIII, he observed 
unexpected progressive increase of FVIII levels. His data, 
however, served as the ground for the development of the 
adjusted - dose CI  [3,5,6] . We found that this elevation was the 
result of gradual decrease in the clearance after a steady hemo-
static factor level has been achieved  [3,5] . The reason for this 
phenomenon is still obscure; however, it provides a potential 
for additional saving of factor concentrates by adjustment of 
the rate of infusion proportionally to the decreasing 
clearance.   

 Extensive research conducted in the early 1990s addressed 
several important issues of CI treatment  [3,5 – 7] . Extensive 
stability studies revealed that most concentrates at that time 
(but not all) were stable after reconstitution at room tempera-
ture for few days and more, in various minipumps  [6] . The 
addition of minor amounts of heparin (5   U/mL) to the concen-
trates improved stability of some and prevented local throm-
bophlebitis at the site of infusion caused by the concentrated 
proteins. Inoculation of minipumps ’  reservoirs containing 
factor concentrates with common contaminants did not cause 
bacterial overgrowth and the thousands of cultures performed 

from minipumps ’  reservoirs after completion of the infusion 
were all negative  [5 – 8] . A simple steady - state equation was 
adopted  [5]  to calculate the required rate of infusion and to 
adjust the rate to the decreasing clearance. Clinical trials have 
proven the effi cacy and safety of CI, including at - home therapy 
settings  [9]  as well as the saving effect  [8] . The guidelines for 
the administration of the adjusted - dose CI of coagulation 
factors introduced in 1992  [5]  are still in use. Subsequently, 
many new - generation products have been proven to comply 
with the stability requirements for CI  [10 – 13] , and CI has 
become a widely used mode of factor replacement in many 
hemophilia centers worldwide. 

 Recently, an important issue arose from the observation of 
inhibitor development in several patients treated with an 
intensive treatment with CI  [14 – 17] . However, the data are 
still inconclusive and prospective randomized multicenter 
studies are warranted to evaluate the risk of any intensive 
therapy employing either CI or BI regimes with respect to all 
potential confounding factors for this complication of hemo-
philia therapy.  

  Continuous  i nfusion  t echnique and 
 s tability of  c oncentrates 

 An essential prerequisite for CI is factor concentrate maintain-
ing its extended stability in the clinical settings of its use — i.e., 
after reconstitution, in the reservoir of the infusion pump at 
room temperature, with addition of minor amounts of heparin 
required to prevent local phlebitis at the site of infusion. The 
studies in the early 1990s demonstrated that most plasma -
 derived concentrates (pd - FVIII/FIX) available at that time 
remained stable for several days after their reconstitution, and 
sometimes even for weeks  [5,6] . A good stability and low 
volume of concentrates allow to employ comfortable portable 
minipumps with the exchange of infusion bags with concen-
trated products at intervals of 1 – 3 days (and longer), making 
this treatment convenient  [5] . Nevertheless, in the USA and 
Canada, 59% and 80%, hemophilia centers employing the CI 
method, respectively, still further dilute the concentrates with 
60 – 500   mL of normal saline, and only 41% of US centers use 
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 Figure 6.1     Factor VIII levels obtained 
during replacement with intermittent bolus 
injections (BI) and continuous infusion (CI) 
of fi xed or adjusted doses.  Reproduced 
from  [3]  with permission.  
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 Figure 6.2     Effect of type of reservoirs and dilutions on FVIII 
activity: reconstituted undiluted product 146   IU/mL) in polypropyl-
ene syringes ( � ) or PVC mini - bags ( � ); product diluted to the 
concentration of 10   IU/mL ( � ) and 2   IU/mL ( � ). Factor levels are 
expressed as a percentage of the initial factor FVIII activity (time 0 
samples).  Reproduced from  [18]  with permission.  
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 Figure 6.3     Batch #35002219. Stability of new pdFVIII: Progressive 
activation of FVIII observed in three different minipumps after 
reconstitution. Addition of minor amounts of heparin caused 
progressive reduction in FVIII activity. The product was withdrawn 
by the manufacturer  (U. Martinowitz and S. Schulman, 
unpublished).  

the products up to 24   h after reconstitution  [16,18 – 21] . 
McLeod  et al .  [18]  demonstrated that dilution of recombinant 
FVIII to 2 – 10   IU/mL causes considerable loss of FVIII activity 
(Figure  6.2 ). Proteolytic degradation during the storage was 
not found and the loss of activity was attributed to the adsorp-
tion of FVIII to the wall of container and tubing. Another 
example of instability of one pd - FVIII after reconstitution 
(progressive FVIII activation during the storage and signifi cant 
decrease of FVIII activity after heparin addition) is shown in 
Figure  6.3 . This resulted in the product withdrawal by the 
manufacturer (U. Martinowitz and S. Schulman, The National 
Hemophilia Center, Israel,   unpublished). The contradictory 
reports on the infl uence of different material of infusion sets 
(polyvinylchloride, polyethylene, and polypropylene) on factor 
activity  [10,18]  were resolved by more recent experiments 

with simulated CI employing various infusion pumps. These 
experiments proved a good stability of all new - generation 
products tested, including recombinant FIX (rFIX) and FVIII 
(rFVIII) concentrates, which was infl uenced neither by the 
infusion set employed nor by heparin added in fi nal concentra-
tion of 1 – 5   U/mL  [11 – 13,22 – 25] . Nevertheless, before initiat-
ing CI it is advisable to test the stability of each concentrate 
type and to assay its compatibility with the particular infusion 
set to be used for CI.   

 Modern methods of hemophilia treatment augmented the 
requirements for the quality of products. An expanding use of 
CI emphasizes the manufacturers to prove stability of concen-
trates and their compatibility with the devices commonly 
employed in CI procedures. So far, only one product has been 
approved for CI by the regulatory agency  [23] . 
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  Bacteriologic  s afety of  c ontinuous  i nfusion 

 The experiments focused on the risk of contamination and 
bacterial overgrowth during prolonged incubation of concen-
trates in the pump reservoir proved that many FVIII and FIX 
concentrates are poor growth mediums for most bacterial 
strains  [3,5,6] . Studies employing simulated CI with min-
ipumps failed to fi nd any microbial contamination of the 
infusion sets used for up to 6 – 7 days  [5,22] , and the bacterial 
safety of CI is also confi rmed by clinical trials  [8,13] . To date, 
no clinical report has indicated an increased incidence of infec-
tious complications after CI using peripheral vein access. In 
one report, central venous catheter infection impacted the 
clearance of administered FVIII  [24] . This underscores a 
careful preparation and fi lling of the containers for CI under 
sterile conditions, e.g., under laminar air fl ow.  

  Prevention of  t hrombophlebitis 

 Thrombophlebitis at the site of venous access is a frequent 
adverse event of CI of undiluted FVIII concentrates, probably 
because of their high osmolarity  [3] . This complication can be 
avoided by adding small amounts of heparin (5   U/mL) to the 
concentrate  [3,5] . Such minor amounts of unfractionated 
heparin (UH) and low - molecular - weight heparin (LMWH) 
neither infl uence the stability of the reconstituted FVIII and 
FIX  [5,22,25]  nor affect  in vivo  hemostasis achieved by CI. In 
some products, addition of UH and LMWH may even improve 
stability, as in the case of rFVIII - FS  [13] . In contrast, the addi-
tion of UH to rFVIIa leads to immediate loss of activity of 
20 – 30%, and the addition of LMWH to rFVIIa causes aggre-
gate formation without the loss of activity  [26,27] . Although 
some centers still add LMWH to rFVIIa without diminishing 
the effi cacy of CI, the most widely adopted method of prevent-
ing local phlebitis during CI of rFVIIa is the parallel infusion 
of saline (10 – 20   mL/h) through a three - way connector  [27,28] .   

  Modes of  c ontinuous  i nfusion and 
 t reatment  p rotocols 

 The dosing of factor replacement is based on both the clinical 
experience of the treating hematologist and specifi c pharma-
cologic calculations that take into account the basic pharma-
cokinetics of clotting factors, such as  in vivo  recovery and 
biologic half - life. The main goal is to achieve and maintain 
adequate hemostasis. However, although factor level is 
accepted by the regulatory agencies as a surrogate parameter 
for effi cacy, the hemostatic minimum for particular clinical 
situations still remains to be empirical rather than evidence 
based. Continuous infusion is aimed at the maintenance of 
safe steady - state levels of the coagulation factor in circulation, 
eliminating unnecessary high peaks as well as trough levels 
which may fall below the minimum hemostatic level. A sec-
ondary, but no less important, goal of CI is to reduce the 

amount of factor required for the maintenance of desired 
hemostatic levels. 

  Adjusted -  d ose  c ontinuous  i nfusion 

 This method employs pharmacokinetic dosing and takes 
advantage of decreasing clearance of coagulation factor during 
CI. The simple protocol for this method is based on the fol-
lowing set of principles  [5] : 
  1     Pharmacokinetic evaluation prior to a planned CI is recom-
mended but not mandatory. pharmacokinetic testing is based 
on a bolus administration of approximately 50   IU/kg of factor 
and measurement of factor levels before infusion and then at 
nine postinfusion time points over the following 36 – 48   h  [29] . 
The most important pharmacokinetic parameter for calculat-
ing the ideal rate of continuous infusion is the clearance.  
  2     The loading dose is calculated using  in vivo  recovery (IU/
dL per IU/kg). A dose is selected that will raise the level to the 
desired minimum level appropriate for the specifi c bleeding 
manifestation or surgical procedure requiring hemostatic 
replacement therapy.  
  3     CI is initiated immediately following bolus administration 
of the loading dose. The initial rate is calculated using the 
clearance obtained in the preprocedure pharmacokinetic eval-
uation according to the following steady - state equation:

   

Rate of infusion IU kg h
clearance mL kg h desired level I

( )
= ( ) × UU mL( )    

  4     From the second day, the CI maintenance dose is adjusted 
using the same equation according to actual clearance, which 
is calculated from the daily factor level measurements.  
  5     Acceptable target minimum FVIII levels for major surgery 
are 0.7 – 0.8   IU/mL, 0.5   IU/mL, and 0.3   IU/mL for postopera-
tive days 1 – 3, 4 – 6, and 7 – 10, respectively.  
  6     Perioperative hemostatic demands may increase factor con-
sumption beyond that expected. In order to prevent an unde-
sired drop in the factor level, it is advisable to check factor 
activity, or at least the activated partial thromboplastin time 
(aPTT), 8 – 12   h after the start of CI, and to increase the rate 
if necessary.  
  7     In most patients who require treatment for more than 1 
week, a signifi cant decrease in FVIII clearance is observed 
during the fi rst 5 – 6 days of CI, followed by a plateau at a 
signifi cantly lower level than that observed in the fi rst days 
postoperatively  [5,8,30] . This allows one to reduce the main-
tenance dose progressively and results in a signifi cant sparing 
of concentrate.    

 In the absence of preoperative pharmacokinetic evaluation 
or, in particular, in emergency situations, the initial mainte-
nance dose may be calculated using the mean of a hemophilia 
population - based clearance, which is approximately 3.5   mL/
kg/h for FVIII and 4.5   mL/kg/h for FIX. However, one has to 
be aware of possible interindividual variations in clearance, 
which may be infl uenced by age, body weight, laboratory 
assay employed, and even the type of factor concentrate used 
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 [29,31,32] . Higher levels of clearance are physiologically 
observed in children. 

 Preoperative pharmacokinetic evaluation is a valuable tool 
to optimize CI, particularly if a major surgical procedure is 
planned. Pharmacokinetic testing may also alert one to an 
unsuspected low - titer inhibitor that may not be detectable by 
conventional inhibitor testing methods.  

  Fixed -  r ate  c ontinuous  i nfusion 

 Some authors, aiming at FVIII/IX maintenance levels of 1.0   IU/
mL for the fi rst few postoperative days, have shown that this 
may be achieved with a fi xed rate of FVIII and FIX of 4 – 5   IU/
kg/h and  ≥ 4   IU/kg/h, respectively, on average  [16,17,21] . 
However, at this regimen often much higher levels are observed 
than those required to achieve satisfactory postoperative 
hemostasis  [16,17,20,24] ; further, during fi xed - rate CI, the 
levels would be expected to rise gradually over the fi rst 4 – 6 
days owing to the decrease in clearance, which may result in 
unnecessarily high factor consumption unless appropriate 
adjustments are made daily, as described above.   

  Clinical  i ndications for 
 c ontinuous  i nfusion 

 Currently, the indications for continuous infusion of coagula-
tion factors in hemophilia A and B are conditions that require 
the maintenance of effi cient hemostatic factor levels for a 
prolonged period (longer than 3 days). Such situations include 
the treatment of major bleeds, minor and major surgical pro-
cedures, management of bleeding in some patients with low -
 titer or low - affi nity inhibitors, and, rarely, short -  and/or 
long - term prophylaxis. CI has been used also in home - therapy 
settings for large bleeds requiring the maintenance of adequate 
and sustained FVIII levels over several days  [9] , or after minor 
surgeries not requiring hospital admission.  

  Hemostatic  s afety and  c ost -  e ffi cacy of 
 c ontinuous  i nfusion of  f actor VIII 

 Up to present, almost 100 reports comprising more than 1000 
CI treatments reported CI to be safe and hemostatically effec-
tive for all indications mentioned above using either pdFVIII 
or rFVIII concentrates  [3,5,8,16,17,20,33] . 

 A prospective controlled study comparing CI and BI for 
major surgery using protocols that were similar regarding the 
surgical technique and postoperative target minimum levels 
demonstrated that effi cacy and safety were better with CI than 
with BI in terms of minimum factor levels achieved, blood loss 
(as measured by a decrease in hemoglobin level), blood trans-
fusion requirements, and bleeding complications (Table  6.1 ) 
 [8] . The clearance of FVIII decreased over 6 days of CI from 
initial rates of 3.89    ±    0.86   mL/kg/h to a plateau at a minimum 

  Table 6.1    Continuous infusion versus intermittent injections of 
factor VIII in severe hemophilia A patients undergoing major 
surgery  [8] . 

     
   Bolus 
injections  

   Continuous 
infusion      P   

  Number (patients/
operations)  

  18/18    22/25      

  Age (years)    24    ±    14    26    ±    14    NS  
  Body weight (kg)    60    ±    17    58    ±    25    NS  
  Treatment period (days)    13    ±    1    13    ±    1    NS  
  FVIII levels  a   — fi rst week 

(IU/mL)  
  0.43    ±    0.09    0.54    ±    0.09     < 0.01  

  Nadir of FVIII — fi rst week 
(IU/mL)  

  0.31    ±    0.09    0.44    ±    0.06     < 0.01  

  Major bleeding 
complications  

  3/18    0/25    NS  

  Postoperative drop of 
hemoglobin (g/L)  

  30.1    ±    21.3    15.6    ±    12.1     < 0.05  

  Patients requiring blood 
transfusion  

  7/18    3/25     < 0.01  

  Factor consumption — fi rst 
week (IU/kg)  

  493    ±    81    342    ±    69     < 0.01  

  Total factor consumption 
(IU/kg)  

  733    ±    126    467    ±    104     < 0.01  

   Values expressed as mean    ±    SD.  

   a Constant levels in continuous infusion and trough levels in bolus 

injection.   

of 2.1    ±    0.54   mL/kg/h ( P     <    0.01). FVIII consumption was 36% 
lower in the CI group (total dose of FVIII for 13 days 
467    ±    104   IU/kg vs. 733    ±    126   IU/kg;  P     <    0.01). A similar level 
of FVIII saving (30%) was observed also in a recent study 
comparing prospectively two groups of age -  and procedure -
 matched patients treated with BI and CI (563.2 vs. 812.8   IU/
kg;  P     <    0.006)  [17] . Some centers seeking cost - effectiveness 
use low - dose CI protocols  [34]  while others emphasize safety 
rather than cost - effectiveness and use a high  “ fi xed dose ”  
instead of  “ adjusted dose ”  CI and target the steady - state levels 
around 1.0   IU/mL  [16,17,20,24] .   

 The comprehensive literature survey on CI practice demon-
strated that the methods of CI of FVIII still vary from 
center to center in terms of initial infusion rates, steady - state 
factor levels aimed, reconstitution of products and infusion 
devices employed for CI  [35] . Recent studies with CI of 
rFVIII products confi rmed excellent effi cacy of the method 
(Table  6.2 ); however, the differences in the study designs 
preclude to compare the outcomes regarding the fi nal factor 
consumption.    

  Continuous  i nfusion of  f actor IX 

 The stability studies and the fi rst experience with CI of mono-
clonally purifi ed FIX concentrate proved the feasibility of FIX 
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  Table 6.2    Summary of recent reports on continuous infusion (CI) of recombinant FVIII in hemophilia A. 

   Study  
   Study 
design  

   Number of CI 
courses (number 
of patients)  

   CI duration (days) 
median * , 
mean    ±    SD (range)  

   Target 
levels days 
1 – 5 
(IU/mL)  

   Initial CI rate (IU/
kg/h) median *  or 
mean    ±    SD (range)  

   Product undiluted 
or diluted in 0.9% 
saline    ±    heparin, 
infusion device  

   Factor consumption 
(IU/kg/procedure) 
mean    ±    SD (range)  

  Dingli  et al.  
 [20]   

  R, SC    45 (28)    7 *  (2 – 51)     > 1.0    4.0 *     Diluted in 250ml 
saline  

  518  

  Stieltjes 
 et al.   [33]   

  P, MC    20 (16)    12 (5 – 35)    0.5 – 1.0    4.2 *  (1.8 – 6.0)    Undiluted 16 
 Diluted 4 
 UH added 8 
 Syringe pumps 6 
 Cassette pumps 14  

  791 (233 – 2249)  

  Mulcahy 
 et al.   [16]   

  R, SC    18 (12)    8.1 (2 – 20)    1.0    4.1 (2.4 – 5.0)    Diluted infusion    738 (36 – 3786)  

  Bidlingmaier 
 et al.   [17]   

  P, SC    43 (43)    7 *  (2 – 18)    0.8 – 1.0    4.4 *  (2.8 – 9.5)    Diluted 
 Perfusor syringe 

pumps  

  Minor,  n    =   8 
(465    ±    76) 

 Medium,  n    =   24 
(784    ±    115) 

 Major,  n    =   11 
(1057    ±    209)  

  Negrier 
 et al.   [24]   

  P, MC    18 (18)    NA    1.0    4.0 – 5.0    Undiluted 
 Minipumps 
 Syringe pumps  

  822 (401 – 2014)  

  Martinowitz 
 et al.   [13]   

  P, SC    15 (14)    9.2    ±    1,6    0.8    2.5 – 3.0    Undiluted 
 LMWH added 
 Minipump  

  426    ±    161  

   LMWH, low - molecular - weight heparin; MC, multicenter; NR, not reported; P, prospective; R, retrospective; SC, single center; UH, unfractionated heparin; 

undiluted, reconstituted without further dilution.   

for this mode of factor replacement. However, with FIX it is 
also important to test the activation peptides to rule out the 
activation that may cause hypercoagulation  [36,37] . Also, 
Hoots  et al .  [21] , in a comprehensive prospective multicenter 
study, demonstrated the safety and hemostatic effi cacy of CI 
of pd - FIX Mononine  ®   in patients with hemophilia B undergo-
ing surgery. Preoperative clearance was 4.06   mL/kg/h (median; 
range 2.45 – 9.65   mL/kg/h) and effi cient hemostasis was 
achieved by median infusion rate of 3.84   IU/kg/h (range 1.74 –
 7.33   IU/kg/h). Plasma - derived and recombinant FIX have dif-
ferent pharmacokinetics  [32,38,39] . Poon  et al .  [38]  observed 
 in vivo  recovery of 1.05    ±    0.26   IU/dL per IU/kg and 
0.77    ±    0.19   IU/dL per IU/kg for pdFIX and rFIX, respectively, 
with no signifi cant difference in half - life. In the CI setting the 
clearance of pdFIX may also differ signifi cantly from that of 
rFIX (4.25   mL/kg/h vs. 7.71   mL/kg/h, respectively)  [39] . To 
determine the clearance and to choose the dosing accordingly, 
pharmacokinetic evaluation prior to CI of FIX is recom-
mended whenever possible  [21] .  

  Continuous  i nfusion for 
 l ong -  t erm  p rophylaxis 

 Continuous infusion has potential for remarkable products 
saving in conditions of regular prophylaxis, as demonstrated 

by the theoretical calculations  [40] ; however, the method has 
still many limitations, mainly technical, for this indication. 
Nevertheless, CI was used for prolonged periods of 6 – 24 
months in three of our patients after partial resection of a 
giant pseudotumor, in whom bleeding from the pseudotumor 
occurred when the FVIII level dropped below 10 – 20%  [41] . 
The recent development of ultraconcentrated rFVIII with 
extended stability and development of tiny implantable min-
ipumps might be promising, especially for the long - term pro-
phylactic treatment.  

  Continuous  i nfusion in  p atients with 
an  i nhibitor 

  Continuous  i nfusion of  f actor VIII for the  t reatment 
of  b leeding and  i nduction of  i mmune  t olerance 

 Continuous infusion of human FVIII may be effective in the 
treatment of hemorrhage in patients with low - titer inhibitors 
and patients with low - affi nity inhibitors such as in type II 
inhibitors in acquired hemophilia or in cases with partial 
success of immune tolerance induction. An immediate  in vivo  
hemostasis may be achieved even when factor level remains 
undetectable. Shortening of the point - of - care aPTT suggests 
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that CI maintains factor levels suffi cient to induce hemostasis. 
However, during the time from sampling through the centrifu-
gation to testing in the lab the factor is neutralized in the test 
tube, resulting in immeasurable levels  [3] . 

 Intensive treatment with CI of FVIII administered in urgent 
situations resulted in the disappearance of inhibitor in several 
patients. Tamura  et al .  [42]  observed such effect of CI admin-
istered postoperatively to a boy with a high - titer inhibitor 
at the infusion rate 6 – 12   IU/kg/h. High - dose CI of FVIII 
has also been introduced as a part of modifi ed Malm ö  –
 Heidelberg protocol for inhibitor eradication in acquired 
hemophilia  [43] .  

  Continuous  i nfusion of  r ecombinant  f actor VIIa in 
 h emophilia  p atients with  i nhibitors 

 Very short half - life of recombinant FVIIa (1.5 – 2.7   h) consti-
tutes the rationale for CI of rFVIIa, which is aimed at saving 
the consumption of this expensive product. The method was 
used in the clinical situations shortly after the feasibility of 
rFVIIa for CI has been proven, and originally the target levels 
of FVII:C  ≥ 10   U/mL were suggested  [27] . However, these 
levels were demonstrated to be insuffi cient for major surgery 
 [44] . Although the true level of FVII:C to maintain an effective 
hemostasis is still unknown, the growing clinical experience 
with rFVIIa and expanding knowledge on the mechanism of 
its action in the formation of a stable fi brin clot  [45]  subse-
quently also infl uenced the levels targeted in CI settings (Table 
 6.3 ). Plasma levels as high as 50   IU/mL and high CI mainte-
nance doses around 50    μ g/kg/h have been suggested and the 
clinical effi cacy of such a high maintenance dose CI for major 
surgery was demonstrated  [46,47] . Recently, the results of the 
fi rst prospective multicenter randomized study comparing the 
BI and CI in inhibitor patients undergoing surgery were pub-
lished  [48] . After an initial dose of 90    μ g/kg, 12 and 12 
patients, respectively,   undergoing surgery were treated with BI 
regime (90    μ g/kg every 2   h on days 1 – 5 and 90    μ g/kg every 4   h 

on days 6 – 10) and CI of rFVIIa (maintenance dose 50    μ g/kg/h 
on days 1 – 5 and 25    μ g/kg/h on days 6 – 10)  [47] . The study 
demonstrated comparable hemostatic effi cacy of rFVIIa in 
each group (9/12 and 8/11 patients treated with BI and CI, 
respectively). Higher mean postoperative levels of FVII:C in 
CI group compared with BI group (37.6   IU/mL vs. 25.9   IU/mL) 
were explained by a higher cumulative dose of rFVIIa in CI 
group (100    μ g/kg per 2   h vs. 90    μ g/kg per 2   h, respectively). 
The dose difference given by the treatment protocols preclude 
an objective comparison of total consumption of rFVIIa. All 
patients with the failure of treatment in this study had FVII:C 
levels  > 30   IU/mL at the time therapy was declared ineffective. 
This contrasts with the results of Santagostino  et al .  [28] , who 
observed the hemostatic effect of CI of rFVIIa in 10/11 (91%) 
patients undergoing major surgery with median FVII:C levels 
of 25   IU/mL (13 – 70   IU/mL) using median maintenance dose of 
20    μ g/kg/h (15 – 50    μ g/kg/h). These authors found no benefi t of 
very - high - dose regimes (40 – 50    μ g/kg/h) over maintenance 
doses of 15 – 20    μ g/kg/h. CI of rFVIIa was also successfully 
used in patients with acquired hemophilia with similar effi cacy 
and safety as the treatment with BI of rFVIIa  [49] .   

 Even though the high - dose CI regimes confer no cost benefi t 
usually observed with CI, there can still be an improved stand-
ard of care by avoiding the inconvenience and mistakes arising 
from frequent intermittent injections.   

  Complications of  c ontinuous  i nfusion 

 Most of the theoretical complications of CI — such as the 
instability of concentrates in the minipump and the pump 
failure, leading to unexpected drop in factor level below 
the hemostatic one, bacterial contamination of the reservoir, 
and frequent local phlebitis — can be prevented by meticulous 
planning before initiation of CI. This should include pharma-
cokinetic evaluation, the use of concentrates with known sta-
bility, preparation of infusion sets under sterile conditions, 

  Table 6.3    Summary of reports on continuous infusion (CI) of recombinant FVIIa for surgery. 

   Study  
   Study 
design  

   Number of CI courses 
(number of patients)  

   Infusion rate ( μ g/kg/h) 
median or mean  a   (range)  

   FVII:C (IU/mL) 
median or mean  a   
(range)  

   Effective CI courses/total 
number of CI courses (%)  

  Smith  et al.   [44]     R, SC    6 (6)    16.5  a      5 — 31  b      2/6 (33%)  
  6 – 16  c    

  Ludlam  et al.   [47]     R, SC    9 (9)    50    45 (17 – 88)  c      9/9 (89%)  
  Santagostino  et al.   [28]     P, MC    11 major    20 (15 – 50)    25 (13 – 70)    10/11 (91%)  

  14 minor    17 (6 – 24)    12 (6 – 24)    13/14 (93%)  
  Pruthii  et al.   [48]     P, RD, MC    16 (12)    Days 1 – 5: 50    37.6  a      9/12 (75%)  d    

  Days 6 – 10: 25  

   MC, multicenter; P, prospective; R, retrospective; RD, randomized; SC, single center.  

   a Mean level;      b levels on day 1;      c levels on day 3;      d number of patients with effective CI/number of patients treated with CI.   
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addition of a minor amount of heparin into the reconstituted 
concentrate, or use of the parallel infusion of saline to prevent 
phlebitis, as well as careful selection of a reliable infusion 
device. 

 Confl icting reports on inhibitor risk of CI occurred in the 
literature. Over the years, several new - onset inhibitor cases 
have been described with a major proportion of moderate/
mild hemophiliacs in this group of patients having a low previ-
ous exposure to VIII  [14 – 16] . In most cases, CI was given to 
patients in the context of extensive FVIII treatment, surgery 
and major bleedings, which are potential risk factors for inhib-
itor formation  [50] . Patients who have undergone similar 
extents of FVIII exposure or surgical procedures have also 
developed inhibitors while using BI for administration  [14,51] . 
Besides, an intensive treatment employing the high - dose CI 
protocols for mild/moderate hemophiliacs with low previous 
exposure to VIII may represent similar risk for inhibitor devel-
opment as in previously untreated or minimally treated 
patients with severe hemophilia  [14,17] . Therefore, the inhibi-
tors may be attributed to these confounding factors and not 
to the method of administration. The type of gene mutation 
also may play a role, as shown by the most recent study of 
Eckhardt  et al ., demonstrating higher prevalence of 
Arg593 → Cys mutation in moderate hemophilia patients 
developing inhibitors after intensive treatment for surgery 
 [52] .   

 Inhibitor formation after CI described in a small number of 
centers was not observed in centers with an extensive experi-
ence with CI. For instance, at the National Hemophilia Centers 
in Israel and Slovakia, more than 650 CI treatment courses 
for surgery and major bleeds have been performed in such 
patients without subsequent inhibitor development. This is 
supported also by a recent comprehensive review of the reports 
on cohort CI studies published in the literature, comprising 
318 CI treatments in 258 hemophilia A patients, documenting 
inhibitors only in 5/258 (1.9%) patients treated with CI  [35] . 
The most recent survey of current practice of CI in 22 European 
hemophilia centers demonstrated inhibitor in 10/868 (1.15%) 
patients who underwent 1072 CI treatments  [53]   . The fi rst 
study prospectively focused on inhibitor incidence after CI for 
surgery did not reveal any inhibitor development in 46 patients 
with severe hemophilia A and B and von Willebrand disease 
 [54] . Despite the arguments above against the connection of 
inhibitor risk and CI, the possible role of treatment conditions 
that promote neoantigenicity still remains open. The use of 
inappropriate CI technique, products unstable in an inappro-
priate infusion device and especially in large dilutions may 
probably result in conformational changes of FVIII with intro-
duction of neoantigenicity. Therefore, only concentrates that 
are proven to be stable in the appropriate pumps used in the 
clinical setting should be approved for CI. Recombinant 
FVIII – Kogenate FS is currently the only EMEA - approved 
rFVIII preparation indicated for CI  [13,23] . It is also crucial 
to employ exact dosing protocols which avoid overtreatment 
with undesirable high exposure to factor concentrates.  
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  Introduction 

 The immune response toward factor VIII (FVIII) presents 
several characteristics that make it unique. Antibodies to FVIII 
are made by healthy individuals, by patients suffering from 
hemophilia A, and by patients affected by some autoimmune 
diseases. FVIII is an autoantigen in the fi rst and third of these 
situations. In the second instance, FVIII is administered intra-
venously and on a recurrent basis. The diverse characteristics 
make it essential to consider the immune response to FVIII 
from a general point of view, and not just as a peculiar 
response occurring in only a proportion of patients with 
hemophilia A. 

 The purpose of this chapter is to review our current under-
standing of the homeostasis of the anti - FVIII response, 
to summarize information recently gathered from animal 
models, and to update data obtained from relevant clinical 
observations.  

  Homeostasis of the  a nti -  FVIII  
 i mmune  r esponse 

 The production of antibodies to FVIII, analogous to the 
immune response to any soluble glycoprotein, depends on the 
interaction between specifi c B and T lymphocytes. The second 
circumstance in which T cells might not be required occurs 
when memory B cells are reactivated. The repertoire of T cells 
is established primarily in the thymus (see ref.  1  for a review). 
The role of the latter is threefold: (i) to eliminate T cells that 
do not recognize major histocompatibility complex (MHC) 
class I or class II determinants, a process through which CD4/
CD8(  −  ) T cells mature into CD8 +  or CD4 +  respectively; (ii) to 
eliminate T cells that recognize with high affi nity the complex 
of self - epitopes and MHC determinants; and (iii) to select a 
population of regulatory T cells expressing CD25. For a 
number of reasons, it is unrealistic to expect that such a selec-
tion will eliminate all T cells with the capacity to react with 
FVIII. 

 By contrast, the B - cell repertoire is continuously replenished 
over the lifespan  [2] . Random rearrangement of the B - cell 
receptor (BCR) in the bone marrow generates cells with the 
potential of reacting with FVIII. The majority of autoreactive 
B cells are eliminated before entering the periphery. However, 
B cells use a number of mechanisms by which they can further 
diversify in the periphery. This is rendered possible by somatic 
hypermutation, which is a property of B cells. It involves the 
random introduction of mutations in antibody hypervariable 
regions, followed by affi nity - driven selection. 

 All conditions are therefore assembled for an immune 
response to FVIII to emerge: specifi c T and B cells are present. 
However, the mechanisms by which the immune response is 
kept under control, i.e., without emergence of inhibitor anti-
bodies, are many: Specifi c cells maintained in a state of anergy 
or unresponsiveness, the presence of anti - idiotypic antibodies, 
and regulatory T cells are but a few of these mechanisms. 
However, subtle alterations in this equilibrium can rapidly 
lead to the production of antibodies.  

  Lessons from  a nimal  m odels 

 Signifi cant progress in our understanding of how anti - FVIII 
murine antibodies are elicited has been made since the mouse 
hemophilia A model became available. Strains with target 
disruption of exons 16 or 17 mimic the situation of severe 
hemophilia A patients and have been used to study the condi-
tions under which antibodies are generated. 

 Injection of physiologic quantities of human rFVIII by the 
intravenous route elicits a strong antibody response, with 
T - cell activation observed after only 3 days  [3] . The charac-
teristics of the antibody response match those observed in 
patients with inhibitors, namely long - term persistence of sig-
nifi cant antibody titers, dependence on costimulatory signals, 
and resistance to suppression of established responses  [4] . 
An additional insight gleaned from FVIII immunization in 
hemophilia A mice is that von Willebrand factor (VWF) 
may somehow affect the immunogenicity of FVIII, both by 
reducing the overall antibody response toward FVIII and by 
modifying the profi le of antibody specifi city  [5] . These results 
must be interpreted with caution, however, since human FVIII 
was used for these experiments. There is evidence that the 
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immunogenicity of mouse FVIII in such a model could be dif-
ferent, both qualitatively and quantitatively  [6] . 

 Not surprisingly, the mouse model of hemophilia A 
lends itself to the testing of various approaches of 
immunomodulation. Thus, information on how to suppress 
an immune response gleaned from other fi elds of immunologic 
research has been implemented in hemophilia A mice  [3,7,8] . 
All these studies open therapeutic opportunities to prevent 
inhibitor formation, but fall short for the control on an 
ongoing inhibitor formation. 

 This was tackled by another research group, which demon-
strated that administration of FVIII at doses equivalent to 
what would be given to a patient under immune tolerance 
therapy resulted in induction of apoptosis of FVIII - specifi c 
memory B cells  [9] . This was indeed the fi rst demonstration 
of the mechanism of action of a therapy (tolerance induction 
with FVIII) widely used for the last two decades. The question 
is, of course, whether the heterogeneous population of FVIII -
 reactive B cells (various specifi cities and affi nities, various 
stages of maturation, etc.), which prevails in hemophilia A 
patients with inhibitors would be equally sensitive to such an 
approach. 

 Whether long - term prevention and suppression of inhibitor 
formation is feasible, under strict antigen - specifi c conditions, 
is suggested by studies showing that B cells engineered by 
transfection to present FVIII can induce both prevention and 
suppression of inhibitors  [10] .   

 Animal models of hemophilia will no doubt continue to shed 
light on the mechanisms controlling the immune response to 
FVIII, in addition to providing valuable alternative therapies 
for inhibitors. Humanized models, such as mice expressing 
MHC class II alleles or mice expressing transgenic FVIII recep-
tors, should refi ne our understanding of such mechanisms.  

  Clinical  o bservations 

  Characterization of  a nti -  FVIII   a ntibodies 

  Physicochemical  c haracteristics 

  Antibody  s pecifi city 

 Mapping B - cell epitopes on FVIII has been the subject of many 
studies  [11,12] . The presence of antibodies to FVIII is often 
confused with the presence of inhibitor antibodies, which 
constitute only a subset of antibodies with functional proper-
ties related essentially to the epitope they recognize. Whether 
or not noninhibitory antibodies can alter other parameters of 
the FVIII physiology is not entirely clear (see below, 
Mechanisms of FVIII inactivation). 

 To date, clusters of B - cell epitopes have been identifi ed 
primarily on the C2 and A2 domains  [11] . However, in the 
case of the C2 epitopes, it is known that the three - dimensional 
conformation is important for full antibody recognition, as 

shown by the importance of the disulfi de bridge within this 
domain. 

 The diversity of antibodies recognizing a given cluster have 
recently been outlined by the characterization of a large col-
lection of mouse monoclonal antibodies recognizing the FVIII 
C2 domain. Competition experiments between such antibod-
ies and patient polyclonal antibodies demonstrated the exist-
ence of the different types of anti - C2 antibodies among 
patients ’  anti - FVIII antibodies  [13] . 

 Additional clusters of B - cell epitopes have been described 
on the A3  [14]  and C1  [15]    domains, the frequency of which 
is unclear. Immortalization of B lymphocytes as well as phage 
display will continue to provide information on antibodies 
directed to the A2, A3, C1, and C2 domains, and will help to 
determine the repertoire of immunoglobulin genes coding for 
anti - FVIII antibodies  [16,17] . 

 The fi rst of such characterized human monoclonal antibod-
ies, BO2C11, recognizes the FVIII C2 domain and inhibits 
FVIII binding to both phospholipids and VWF  [17] . The anti-
genic determinant recognized by BO2C11 was determined by 
the crystallographic study of BO2C11 Fab fragments bound 
to recombinant C2 domain  [18] . BO2C11 makes direct con-
tacts with most hydrophobic and basic residues predicted to 
mediate FVIII binding to phospholipids, which is consistent 
with its inhibitory activity.  

  Antibody  i sotype and  g enetic  o rigin 

 The anti - FVIII antibody response recruits all subclasses of 
immunoglobulin G (IgG), but the IgG4 isotype is somewhat 
over - represented  [19] , considering that IgG4 accounts for only 
3% of the total IgG concentration in plasma. IgG4 is associ-
ated with long - term exposure to antigens  [14] , a situation that 
characterizes hemophilia A patients with longstanding inhibi-
tors. In man, the isotype switch from IgM to IgG4 has been 
attributed to the presence of interleukin 4 (IL - 4) and/or IL - 13, 
the very cytokines involved in the production of IgE antibodies 
 [15] . 

 Yet IgE antibodies against FVIII are not observed, in con-
trast to what is occasionally observed in the case of FIX 
inhibitors. This paradox may, however, have been solved by 
recent data indicating that regulatory T cells can induce the 
production of IgG4 through mechanisms involving glucocor-
ticoid - induced tumor necrosis factor receptor - related protein 
(GITR) — GITR – ligand interactions, IL - 10, and transforming 
growth factor (TGF) - b  [20] .   

  Functional  p roperties 

  Kinetics of  f actor  VIII   i nactivation 

 One usually distinguishes two types of inhibitor antibodies: 
Type 1 antibodies completely inhibit FVIII procoagulant 
activity following second - order kinetics, whereas type 2 anti-
bodies follow more complex kinetics and cannot inhibit FVIII 
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completely  [21] . The reason for such a difference is not known. 
It may be related to different mechanisms of FVIII inactivation 
(see below) and/or to differences in affi nity, although it is 
possible that interaction with VWF plays a role. Indeed, 
Gawryl and Hoyer  [22]  reported that, for most type 2 inhibi-
tors, FVIII inactivation was partial only when the antibody 
was in presence of VWF. The later observation that antibodies 
to the A3 and C2 domains competed with VWF for binding 
to FVIII provided an explanation for the effect of VWF on 
inhibitor kinetics. It is noteworthy that antibodies competing 
with VWF and with a suffi ciently high affi nity for FVIII can 
inactivate FVIII completely (type I inhibitor), albeit following 
a complex kinetics because binding to FVIII requires the pre-
liminary dissociation of the FVIII – VWF complex  [17] . 
Alternatively, VWF can be required for inhibitor activity. In 
such a case, it is likely that antibodies reduce the rate of dis-
sociation of FVIIIa from VWF  [23] . 

 In contrast, rare antibodies only partially inhibit FVIII even 
in the absence of VWF  [22,24] . The human monoclonal anti-
body LE2E9, which was derived from a patient with mild 
hemophilia A with inhibitor, recognizes the FVIII C1 domain 
and inhibits only 85% FVIII activity in the absence of VWF. 
The mechanism of action of this antibody is still under inves-
tigation, but its high affi nity ( K  d    =   0.5    ·    10  − 9    mol/L) indicates 
that, when it is present in excess over FVIII, all FVIII molecules 
must be complexed to the antibody  [24] . Antibodies such as 
LE2E9, likely, therefore, reduce the cofactor activity of the 
FVIII molecule in the Xase complex. 

 Whatever the precise reason for this difference, the distinc-
tion between type 1 and type 2 inhibitors remains useful. 
Thus, type 1 inhibitors are most often observed in severe 
hemophilia A patients who respond to FVIII infusions by 
producing high antibody titers. In contrast, type 2 inhibitors 
are observed preferentially in mild or moderate hemophilia A 
patients, in previously untreated patients (PUPs) mounting a 
transitory response to FVIII infusion, and in patients produc-
ing antibodies toward FVIII molecules altered by preparation 
procedures  [25] . This distinction is also relevant for the bleed-
ing phenotype and response to treatment. Type 2 inhibitor 
patients usually present with skin and soft tissue bleeding 
rather than the joint and intraorgan bleeding observed in 
patients with type 1 inhibitors. In addition, eradication of the 
inhibitor, either spontaneously or as the result of infusion with 
high doses of FVIII, is readily achieved in patients with type 
2 inhibitors, whereas type 1 inhibitor patients are far less 
responsive  [26] .  

  Mechanisms of  f actor  VIII   i nactivation 

 One usually distinguishes two main categories of inhibitor 
antibodies. In the fi rst case, antibodies bind to or within short 
distance of a site of FVIII that is involved in its function. It is 
worth noting that almost all possibilities have been illustrated 
by the study of mouse or human anti - FVIII antibodies. Thus, 
antibodies have been observed that inhibit the binding of FVIII 

to phospholipid, to VWF  [11] , to FIXa  [11,27] , and to 
thrombin or FXa  [28] , thereby interfering with thrombin 
cleavage. On the other hand, binding to FVIII sites involved 
in inactivation, essentially by FXa or activated protein C 
(aPC), have also been described  [29] , although the clinical 
relevance of such antibodies is less well understood. 

 In addition to this generic steric hindrance mechanism, anti-
bodies can be formed to epitopes that are accessible only when 
the molecule is either bound to VWF or activated. Such anti-
bodies are much more diffi cult to distinguish from polyclonal 
antibody populations, making it diffi cult to determine either 
their prevalence and/or their clinical relevance  [23] . 

 Recently, antibodies with catalytic activity to FVIII have 
been described, demonstrating a strong correlation between 
such an activity and the titer of inhibitor antibodies. Their 
presence is detectable in  ∼ 50% of hemophilia A patients with 
inhibitors  [30] . Highly purifi ed preparations of polyclonal 
anti - FVIII antibodies exert this catalytic activity when con-
taminating enzymes are excluded. 

 Notably, the majority of anti - FVIII antibodies do not inter-
fere with FVIII function, as evaluated by current assay systems 
 [12] . However, it is not yet clear whether or not such  “ non-
functional ”  antibodies have a pathophysiologic role. It has 
been suggested that such antibodies could increase the clear-
ance rate of FVIII from the circulation  [31] , perhaps thereby 
increasing the uptake of FVIII – immunoglobulin complexes by 
phagocytic cells of the reticuloendothelial system.    

  Factor  VIII  -  s pecifi c  T   c ells 

 Several clinical observations indicate that FVIII - specifi c T cells 
support the development of the humoral response to FVIII. In 
some patients with an established humoral response to FVIII, 
human immunodefi ciency virus (HIV) infection leads to a 
decline in FVIII inhibitor as well as T - cell counts  [32] . A large 
proportion of anti - FVIII antibodies belong to the IgG4 sub-
class  [19] . This pinpoints a role for T cells in the development 
of the humoral response to FVIII since isotype switching is 
T - cell dependent. Lastly, hypermutations have been consist-
ently detected in the genes coding for the variable part of 
cloned anti - FVIII antibodies  [16,17] . This indicates that B cells 
secreting anti - FVIII antibodies undergo affi nity maturation 
processes that require specifi c T - cell help. The recent observa-
tion that polymorphisms in the T - cell  CTLA - 4  gene infl uence 
the incidence of inhibitor development  [33]  further supports 
a role of T cells in inhibitor production. 

 Factor VIII - specifi c T cells have been identifi ed in the 
peripheral blood of hemophilia A patients with inhibitor using 
T - cell proliferation assays with native FVIII  [34] . The epitope(s) 
recognized by such T cells have been mapped using synthetic 
peptides covering the entire FVIII molecule  [35] . In severe 
hemophilia A patients, FVIII - specifi c T cells recognizing a 
large array of peptides scattered over the entire FVIII molecule 
have been detected. T cells proliferating in response to such 
peptides have also been identifi ed in hemophilia A patients 
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without an inhibitor and in healthy individuals. Only minor 
qualitative or quantitative differences have been identifi ed 
between FVIII - specifi c T cells isolated from healthy individuals 
and T cells isolated from hemophilia A patients with or 
without inhibitor. 

 However, clearcut differences between normal individuals 
and hemophilia A patients with an inhibitor have been 
observed when FVIII - specifi c T cells were examined at the 
clonal level. FVIII - specifi c T - cell lines were expanded and 
cloned using dendritic cells and FVIII - specifi c lymphoblastoid 
cells loaded with native FVIII. Under these experimental con-
ditions, successful isolation of FVIII - specifi c T - cell lines was 
reported when blood from a hemophilia A patient with inhibi-
tor was used but not when blood of normal individuals was 
used (ref.  39  and Renaud Lavend ’ homme, University of 
Leuven,   personal communication). The epitope specifi city of 
the few T - cell lines characterized so far is also much more 
restricted than that observed when peptides are used to stimu-
late CD4 +  T cells isolated from blood of hemophilia A patients 
or from normal individuals  [36,37] . 

 Such seemingly discrepant observations reiterate what was 
observed from animal studies and clinical observations in 
other fi elds such as autoimmune diseases (see above, 
Homeostasis of the anti - FVIII immune response). Two popu-
lations of FVIII - specifi c T cells coexist in the periphery. One 
population is detectable in normal individuals and in hemo-
philia A patients irrespective of inhibitor status and is demon-
strable only when the entire FVIII - specifi c T - cell repertoire is 
screened through the use of peptides. A second population of 
bona fi de pathogenic T cells is present only in patients with 
inhibitor antibodies. 

 Factor VIII is present in relatively low concentrations in 
plasma (0.2    μ g/ml, 1   nM), which raises the question of how 
FVIII can be presented by professional antigen - presenting cells 
to T cells. Capture of FVIII by human dendritic cells is medi-
ated at least in part by macrophage mannose receptor (CD206) 
expressed on dendritic cells by   mannose - terminating glycans 
on FVIII  [38] . However, the interaction between FVIII and 
CD206 is blocked by VWF  [39]  so that  in vivo  it cannot be 
excluded that other mechanisms could be exploited by anti-
gen - presenting cells to present FVIII to T cells. 

  Perspectives 

 Many questions remain concerning the immune response to 
FVIII. However, it is clearly worth pursuing these types of 
investigations. Beyond the primary goal, which is to provide 
new methods to prevent and/or suppress the production of 
inhibitors in patients, more broadly applicable information 
will undoubtedly be gathered. 

 The anti - FVIII immune response represents the only known 
situation in which allo -  and autoimmune responses are 
observed concurrently and in which patients at risk can be 
followed longitudinally. This offers the possibility of studying 
the way in which tolerance is established in central and 

peripheral organs. With the help of suitable animal models 
and experiments carried out at the clonal level (including 
transgenic animals), there is little doubt that mechanisms 
leading to anti - FVIII immune responses will be progressively 
unraveled.    
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  Introduction 

 Hemophilia A and B are caused by an inherited defi ciency in 
factor VIII (FVIII) and IX (FIX), respectively, requiring 
replacement therapy with the defi cient factor. Today, several 
different concentrates are available, all effi ciently restoring the 
hemostatic defect. Despite all the successes in clinical manage-
ment over recent years, however, the risk of developing neu-
tralizing FVIII and FIX antibodies still remains  [1] . The 
formation of these antibodies is known to be a T - helper (T H ) -
 cell - dependent event that involves antigen - presenting cells and 
B lymphocytes, but the reason why only a fraction of the 
patients experience this side - effect is not known. For decades, 
distinction between self and nonself has been considered to be 
the primary goal of the immune system. In the 1990s, however, 
Matzinger postulated that the driving force of the immune 
system is the need to detect and protect against danger, rather 
than nonself  [2] . This concept has gained increasing interest 
with respect to how it might apply to hemophilia, and today 
the so - called  “ danger theory ”  seems to at least partially 
explain why some patients are more likely to develop antibod-
ies than others. According to this theory, the defi cient factor 
should not induce a productive immune response after infu-
sion unless it is given in association with additional stimuli of 
the immune system, i.e., danger signals  [3,4] . This chapter will 
summarize the data available in unrelated and related subjects 
regarding genetic and environmental factors and discuss how 
these factors might interact in the process of inhibitor 
development.  

  Genetic  f actors 

 Data from related and unrelated subjects with hemophilia A 
clearly indicate that the immunologic outcome of replacement 
therapy and the risk of developing neutralizing antibodies is 
to a large extent determined by patient - related genetic factors 
 [5,6] . For example, the immune response to FVIII is similar in 

up to 80% of family members, signifi cantly higher than 
expected compared with data from unrelated subjects  [6] . 
Ethnic differences in inhibitor incidence further support the 
importance of genetic factors. In a meta - analysis of patients 
with severe hemophilia A, the inhibitor incidence was twice 
as high in African - Americans compared with Caucasians  [7] . 
Genetic factors that may infl uence the outcome of replacement 
therapy include the type of causative gene mutation, the major 
histocompatibility complex (MHC), and various polymorphic 
genes coding for immune - regulatory molecules. 

  Type of  c ausative  m utation 

 The most extensively studied genetic risk factor for inhibitors 
is the type of causative FVIII mutation. This topic is covered 
in detail in another chapter and will be only briefl y addressed 
here. Null mutations, i.e., mainly large gene deletions, non-
sense mutations and intrachromosomal aberrations, result in 
the absence of endogenous protein. Patients with these types 
of mutations are usually at higher risk for the development of 
inhibitors than patients with missense mutations, small dele-
tions/insertions, and splice site mutations  [8,9] . A relatively 
high risk may also be encountered in patients with splicing 
errors and mutations causing frame - shifts  [10] . The overall 
lower incidence of inhibitors in patients with hemophilia B 
(usually  < 5%) has been attributed to the relatively high fre-
quency of low - risk mutations  [11] . However, inhibitors do 
develop in patients with low - risk mutations, and all patients 
with high - risk mutations do not develop inhibitors. In addi-
tion, family members with the same type of mutation show a 
high rate of concordance, indicating that the causative muta-
tion will certainly provide the fundament for inhibitor devel-
opment, but that additional genetic factors will determine the 
fi nal outcome  [12] .  

  Major  h istocompatibility  c omplex 

 The MHC on the antigen - presenting cells plays a central role 
in the immune system and includes the human leukocyte 
antigen (HLA) class I and II alleles. The class II alleles will 
determine which FVIII and FIX peptides are presented to 
the T - cell receptor, and without MHC molecules there will 
be no immune response elicited. To date, no unequivocal 
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associations with inhibitor development have been identifi ed. 
The HLA class I alleles A3, B7, and C7, as well as the class 
II alleles DQA0102, DQB0602, and DR15, have all been 
associated with a slightly higher risk for inhibitor development 
in unrelated patients, whereas the HLA C2, DQA0103, 
DQB0603, and DR13 alleles might be protective  [13,14] . The 
reported associations have, however, been weak and not con-
sistent. In the Malm ö  International Brother Study (MIBS), 
these alleles were equally distributed between patients with 
and without inhibitors, and no signifi cant associations with 
the class II molecules were identifi ed  [15] . The weak associa-
tions between the MHC molecules and inhibitor formation 
may be a result of the promiscuous nature of the class II alleles 
and/or the haplotype inheritance that masks important alleles 
 [16] .  

  Immune -  r egulatory  m olecules 

 Polymorphic genes coding for immune - regulatory factors have 
been shown to confer susceptibility to antibody - mediated 
autoimmune diseases, and data on inheritance and ethnic dis-
crepancies in inhibitor risk suggest that these factors will also 
be important for the immune response to FVIII and FIX in 
patients with hemophilia. Only a few of the polymorphic 
candidate genes have been evaluated and, because inhibitor 
development seems to be a polygenic complex process, it will 
be important to evaluate all potential candidates to fully 
appreciate the infl uence of both genetic and nongenetic deter-
minants. In the MIBS, polymorphic sites in the genes coding 
for interleukin 10 (IL - 10), tumor necrosis factor (TNF) -  α  and 
cytotoxic T lymphocyte - associated protein 4 (CTLA - 4) were 
all associated with the risk of experiencing inhibitors 
 [15,17,18] . 

 IL - 10 is an important anti - infl ammatory cytokine exerting 
a broad spectrum of activities. This cytokine also enhances the 
 in vitro  production of all types of immunoglobulins by periph-
eral blood mononuclear cells in patients with autoimmune 
diseases  [19,20] . In MIBS, a 134   bp - long variant of a CA 
microsatellite in the promoter region (IL - 10.G) was identifi ed 
in 26.8% of patients with hemophilia A. Thirty - two of these 
patients (72.7%) developed inhibitors compared with 37.5% 
of those without the allele  [17] . Among all patients with a 
history of inhibitors, the allele 134 was found in 41.6% com-
pared with 13.8% in inhibitor - negative patients [odds ratio 
(OR) 4.4; 95% confi dence interval (CI) 2.1 – 9.5;  P     <    0.001]. 
The association was consistent in a subgroup analysis of 
patients with severe hemophilia A, and in those with inversion 
mutations. 

 TNF -  α  is an important mediator of infl ammatory responses, 
and several polymorphic sites in the gene have been described. 
The most extensively studied polymorphism with suggested 
pathophysiologic effects is a bi - allelic polymorphism at posi-
tion  − 308 in the promoter region consisting of a substitution 
of an A (allele 2) instead of a G (allele 1)  [21,22] . Homozygocity 
for this allele 2 was found in 22 individuals (13.4%), of whom 

72.7% had experienced inhibitors (OR 4.0; 95% CI 1.4 – 11.5; 
 P    =   0.008)  [15] . The association between this genotype and 
the development of inhibitors was observed in subgroup anal-
yses of those with severe hemophilia A and in those with 
inversion mutations, and was independent of the IL - 10.G 
microsatellite. 

 CTLA - 4 is a receptor mainly displayed on activated T cells. 
It mediates a downregulation of the T - cell activity by compet-
ing with CD28 for the binding of the B7 molecules, and 
blockade of this interaction by CTLA - 4 antibodies enhances 
T - cell proliferation and B - cell activity. Several polymorphisms 
in the CTLA - 4 gene have been described, including two single 
nucleotide polymorphisms (SNPs)  [23] . One of these SNPs 
(C/T) is located in the promoter region of the gene at position 
 − 318, of which the T - allele has been associated with an upreg-
ulation of the CTLA - 4 activity on the activated T cells. Thirty -
 two patients (25.8%) in the MIBS cohort were T - allele carriers, 
of whom 31.2% had a history of inhibitor compared with 
57.6% of those without the allele T (OR 0.3; 95% CI 0.1 – 0.8; 
 P    =   0.012). This suggests that the T - allele might be protective 
against inhibitor development  [18] . None of the patients 
who were homozygous for the T - allele had a history of 
inhibitors.   

  Environmental  f actors 

 The impact of environmental risk factors on inhibitor develop-
ment is not clear, but reports of patients considered low risk 
for inhibitors who experience them in association with immune 
system challenges suggest that these factors are potentially of 
importance. In addition, monozygotic twins discordant for 
inhibitor status have been described. This would not occur if 
inhibitor development was a purely genetically determined 
event  [6] . Factors attracting the greatest interest are age at 
start of treatment, the use of prophylaxis, the type of factor 
concentrate used, mode of administration, as well as treat-
ment, and the intensity of treatment, in association with 
immune system challenges. 

  Age at  s tart of  t reatment 

 An inverse relationship between age at start of treatment and 
the risk of developing antibodies against FVIII has been sug-
gested in studies focusing on age at start without considering 
other potentially confounding factors  [24,25] . An immuno-
logic explanation for increased risk accompanying treatment 
at an early age is that the immature immune system is more 
susceptible than the mature system. These fi ndings have not 
been confi rmed, however, in later studies that also considered 
genetic factors  [26 – 28] . Thus, age may not be the major deter-
minant. Instead, the reasons for treatment together with the 
genetic risk profi le of the patient are likely to carry greater 
importance.  
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  Prophylaxis 

 The hypothesis of increasing risk of inhibitor development 
when administering replacement therapy in the presence of a 
danger signal has raised the question of whether prophylactic 
treatment at a young age would confer a protective effect. 
Interestingly, the dosing in prophylaxis will, in many cases, be 
similar to that of low - dose immune tolerance therapy, and the 
use of prophylaxis has indeed been associated with a lower 
frequency of inhibitors in recent studies, even after adjustment 
for confounding factors  [26,28,29] . In countries such as 
Sweden, however, in which primary prophylaxis has been 
extensively used for several decades, the inhibitor incidence 
seems to be similar to that of other cohorts treated on demand 
 [30] . Thus, it is not possible to state that prophylaxis per se 
will prevent inhibitor development, but further studies evalu-
ating prophylaxis as the true fi rst reason for treatment, and in 
the absence of immune system challenges, should be per-
formed. As prophylaxis is the state of the art, there should be 
no major obstacles to performing these studies, which, in turn, 
will also shed light on the optimum time for starting treatment 
in young children.  

  Type of  f actor  c oncentrate 

 The availability of safe and effective recombinant replacement 
therapy has been a major achievement during the last decades. 
However, concerns have been raised that high - purity recom-
binant products might be more antigenic than plasma - derived 
concentrates with or without the von Willebrand factor (VWF) 
and associated with an increased risk of inhibitor development 
 [27,31,32] . These concerns are based primarily on fi ndings of 
retrospective studies of small and not comparable cohorts, 
unadjusted for confounding factors. It is also worth pointing 
out that the product - related effects appear inconsistent when 
only high - titer (i.e., more clinically relevant) inhibitors are 
evaluated  [32] . Direct comparisons of risk for inhibitor devel-
opment between plasma - derived and recombinant products do 
not exist; and in some studies no signifi cant differences between 
the two types of products have been reported  [33,34] . 
Furthermore, the reported incidence of inhibitors in cohorts 
of previously untreated patients treated with recombinant 
products is similar to that observed in cohorts treated prima-
rily with plasma - derived concentrates  [35] . Switching from 
plasma - derived to recombinant products in previously treated 
patients seems to carry only a small risk of inhibitor develop-
ment, also indicating that the product antigenicity may not be 
very different  [34] . The possibility that plasma - derived prod-
ucts may be associated with an immunosuppressive effect 
owing to immunomodulating contaminants and/or the pres-
ence of the VWF cannot be completely ruled out  [36 – 38] , and 
there are studies under development to address product - related 
antigenicity. To date, however, there is no evidence to support 
the use of plasma - derived products in favor of recombinant 
agents in order to reduce inhibitor risk in young patients.  

  Mode of  a dministration 

 Administration of the defi cient factor has traditionally been 
performed by bolus injections. However, in order to avoid 
deep troughs and unnecessarily high levels of FVIII, as well as 
to potentially reduce the amount of factor required to reach 
a particular hemostatic level, the use of continuous infusion 
has recently emerged as an alternative treatment modality. 
Reports of  de novo  inhibitors in patients considered to be at 
low risk have raised the question of whether the way the 
infused factor is presented to the immune system has an 
impact on risk  [39,40] . This issue is of particular interest and 
concern for patients with milder forms of the disease. In most 
studies, however, both continuous infusion and bolus injec-
tions have been used, and in some large centers signifi cant 
numbers of patients have been treated with continuous infu-
sion with no indication of an increased incidence of inhibitors. 
Therefore, at least in patients with severe disease, there appears 
to be no evidence on which to base a recommendation that 
continuous infusion should be avoided.  

  Immune  s ystem  c hallenges 

 Conditions associated with an infl ammatory response will, 
from a theoretical point of view, have the potential to provide 
danger signals, modulate the immune response, and increase 
the risk of inhibitor formation during replacement therapy. 
These conditions include tissue damage with extravascular 
exposure to the defi cient factor, severe infections, and immu-
nization. Therefore, if possible, it may be advisable to avoid 
treatment in association with these types of events, in particu-
lar at the start of treatment in young children  [41] . There is, 
however, a lack of studies in the literature that address this 
issue. In a cohort study conducted in Italy, challenge to the 
immune system at start of treatment was not associated with 
inhibitor development  [29] . On the other hand, treatment in 
association with severe tissue damage, and the need for inten-
sive treatment for several days, has been linked to a higher 
frequency of inhibitors  [28,42] . Prospective studies of geneti-
cally well - characterized cohorts are needed to better appreci-
ate the reasons for fi rst infusions and the impact of immune 
system challenges.   

  Conclusion 

 The immunologic outcome of replacement therapy and the 
formation of antibodies to FVIII and FIX seem largely to be 
genetically determined. However, in accordance with the 
danger theory, environmental factors will certainly have the 
potential to modulate the immune response in many patients, 
and the genetic and environmental factors will likely intervene 
at the immune regulatory level. The cell repertoire, which to 
some extent will be determined by the causative mutation, and 
the MHC will provide the platform for the antibodies to 
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develop. The individual genetic profi le of immune - regulatory 
molecules will then be additive and create a  “ safe ”  or  “ unsafe ”  
platform for inhibitor formation. In patients with a  “ safe ”  
platform, i.e., those with a causative factor mutation with 
the ability to delete T - cell clones recognizing dominant immu-
nogenic epitopes, HLA class II alleles binding only nonim-
munogenic peptides, and favorable profi les regarding the 
polymorphisms in immune - regulatory molecules, the risk of 
inhibitor development will be low, even in the presence of 
danger signals. On the other hand, in patients with an  “ unsafe ”  
platform, the threshold for inhibitor development might be 
reached by the genetic profi le itself when the defi cient factor 
is introduced, or reached when the immune system becomes 
challenged by danger signals. This schematic model remains 
to be validated, but it might provide an understanding of 
the intricacy of the immune response. Modifying pathways 
and T - regulatory cells will further add to the complexity of 
the system. A better understanding of the risk factors for 
inhibitor development may, in the future, allow clinicians 
to calculate a predictive risk score for each patient, a score 
that could guide management with the goal of minimizing 
inhibitor risk.  
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  Introduction 

 Until the late 1990s, inhibitors in mild/moderate hemophilia 
A were considered to be very rare. However, since the publica-
tion of Hay  et al.   [1]  in 1998 on behalf of the UK Haemophilia 
Centre Doctors ’  Organisation (UKHCDO), it has been appre-
ciated that inhibitors in mild/moderate haemophilia are more 
frequent than previously thought. Clinical problems associ-
ated with inhibitors in mild/moderate hemophilia are often 
considerable, since in the majority of cases adult patients are 
confronted with a change in phenotype from mild/moderate 
to severe and they suddenly experience spontaneous severe 
bleeding. Although some of the risk factors for inhibitor devel-
opment are similar to those in severe hemophilia, others are 
specifi c for mild/moderate hemophilia. The study of the 
immune response in mild/moderate hemophilia A can help to 
elucidate some of the mechanisms underlying inhibitor forma-
tion and disruption of tolerance. Treatment of bleeding epi-
sodes and eradication of inhibitors in mild/moderate 
hemophilia require specifi c management, and special attention 
should go to the prevention of this complication.  

  Incidence and  p revalence 

 Patients with mild/moderate hemophilia are at lower risk of 
inhibitor development than severely affected patients. The 
prevalence of these inhibitors has been estimated to be 
between 3% and 13%  [2 – 4] . In a prospective study of 
inhibitor incidence among 1306 hemophilia A patients, 
only 6% of the inhibitors were found in patients with factor 
VIII  > 0.03   IU/mL  [5] . Sixteen (28%) of 57 new inhibitors 
reported between January 1990 and January 1997 in the 
UKHCDO inhibitor register arose in patients with mild or 
moderate hemophilia  [1] . The annual incidence of inhibitors 
in the UK was 3.5 per 1000 registered with severe hemophilia 
and 0.84 per 1000 patients registered with mild/moderate 
hemophilia  [6] .  

  Clinical  p resentation 

 Usually the presence of an inhibitor in patients with mild/
moderate hemophilia is suggested by a change in bleeding 
pattern: patients suddenly start to experience severe spontane-
ous bleeding, where previously they used to bleed only after 
trauma or surgery. This change in bleeding pattern is explained 
by cross - reactivity of the inhibitor with the mutated factor VIII 
of the patient resulting in a residual factor VIII:c level of 
 < 0.01   IU/mL  [7 – 9] . The bleedings occur often in muscles and 
joints, as in severe congenital hemophilia, but sometimes the 
bleeding pattern is more reminiscent of acquired hemophilia 
with the occurrence of large cutaneous bruising, and gastroin-
testinal and urogenital bleeding  [1] . Occasionally, there is no 
change in residual factor VIII level but an inhibitor is detected 
in the Bethesda assay and/or there is lack of effi ciency of factor 
VIII transfusions  [9 – 11] . In some cases, the specifi city of the 
immune response reverts over time from neutralization of both 
mutated self and transfused normal factor VIII to tolerance to 
self, resulting in a recovery of the original basal factor VIII 
level and response to desmopressin, despite the persistence of 
antibodies to exogenous factor VIII  [1,7,9,10] .  

  Risk  f actors 

  Intensive  e xposure to  f actor  VIII  

 Inhibitors in mild/moderate hemophilia occur more commonly 
later in life, and an episode of intensive treatment with factor 
VIII concentrate (for bleeding, trauma, or surgery) seems to 
precede detection of the inhibitor in most reported cases. In 
the series reported by Hay  et al.   [1] , 16 out of 26 inhibitors 
were detected after such intensive replacement therapy and in 
this series no particular concentrate was implicated. Intensive 
exposure to factor VIII as a risk factor for inhibitor develop-
ment in mild hemophilia A was confi rmed in a recent publica-
tion from Canada  [12] . The overall incidence of inhibitors in 
their population of boys (aged between 0 and 18 years) with 
mild hemophilia A ( n    =   54) was 7.4%. When the analysis was 
restricted to patients exposed to factor VIII the incidence was 
14% (4/29), and patients who received factor VIII as a con-
tinuous infusion developed inhibitors in four out of fi ve (57%) 
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cases. At this moment it is not clear whether the risk is con-
fi ned to high exposure to factor VIII alone or whether addi-
tional risk is associated with the way of administering the 
concentrate (bolus injection versus continuous infusion)  [13] . 
An answer to this question will likely require a prospective 
multicenter study.  

  Genetic  b ackground 

 In severe hemophilia the risk of inhibitor formation is associ-
ated with the type of mutation. More disruptive mutations in 
the factor VIII gene, such as intron 22 inversions, large gene 
deletions, and stop codons, are associated with a  ∼ 35% risk 
of inhibitor formation, compared with only about 5% in those 
with missense mutations and small deletions  [14] . Missense 
mutations in the light chain are more often (12%) associated 
with inhibitors than are missense mutations in other parts of 
the factor VIII gene (3.9%)  [14] . In patients with mild/moder-
ate hemophilia and inhibitors certain missense mutations seem 
to predispose to inhibitor formation. In the series of Hay  et 
al.   [1] , seven out of nine mutations were clustered in a region 
at the junction between the C1 and C2 domain. The two 
remaining mutations affected the A2 domain. Clustering of 
the mutations in these regions has been confi rmed in most 
other reported cases of mild/moderate hemophilia with inhibi-
tor and some particular mutations such as Arg2150His and 
Arg593Cys seem to be over - represented  [1,7,9,10,15 – 18] . 
Further information is still required on the infl uence of poly-
morphisms of genes involved in the regulation of the immune 
response to factor VIII in patients with mild/moderate hemo-
philia A  [19,20] .   

  Analysis of the  i mmune  r esponse 
to  f actor  VIII  in  m ild/moderate 
 h emophilia  A  

 To determine why some mutations located in the A2, C1, or 
C2 domains of the factor VIII molecule are more frequently 
associated with the presence of inhibitor, the humoral and 
cellular responses to factor VIII were analyzed at the polyclo-
nal and clonal level. 

 Analysis of factor VIII produced by patients with mild/
moderate hemophilia A demonstrated that mutations at resi-
dues Arg2150, Arg2159, or Ala2201 eliminate factor VIII 
epitopes (antigenic determinants) recognized by monoclonal 
inhibitor antibodies  [21 – 24] , which confi rmed observations 
made using patients ’  polyclonal antibodies  [7,10,25] . 

 The T - cell response to factor VIII was studied in a mild 
hemophilia A patient carrying an Arg2150His substitution in 
the C1 domain and who presented with a high - titer inhibitor 
toward normal but not self factor VIII. The factor VIII - specifi c 
T cells of this patient recognized a peptide encompassing 
residue Arg2150, the residue mutated in the patient ’ s factor 
VIII gene, and did not recognize recombinant factor VIII car-

rying the substitution Arg2150His. Thus, the C1 domain of 
wild - type factor VIII contains T - cell epitopes that are absent 
in factor VIII carrying the mutation Arg2150His  [26] . 

 These observations demonstrate that Arg2150His factor 
VIII and normal factor VIII can be distinguished by the 
immune system not only at the B - cell level, but also at the 
T - cell level. Recently, similar observations have been made 
with a patient carrying a mutation A2201P  [27] , suggesting 
that this type of phenomenon may occur in patients carrying 
mutations responsible for mild/moderate hemophilia A and 
predisposing to inhibitor formation.  

  Treatment 

  Bleeding  e pisodes 

 Bleeding episodes in patients with mild/moderate haemophilia 
who developed an inhibitor are often particularly severe and 
sometimes life threatening. Bypass therapy with activated pro-
thrombin complex concentrates or recombinant activated 
factor VII can be used to control bleeding and has the advan-
tage of avoiding anamnesis. Some patients can be treated 
successfully with desmopressin  , especially those whose basal 
factor VIII level did not signifi cantly decrease and whose 
inhibitor does not seem to cross - react with their endogenous 
factor VIII  [1,9,10]  or once adequate circulating factor VIII 
levels have returned. Desmopressin does not cause anamnesis 
in those patients despite the presence of high - responding 
inhibitors  [1] .  

  Inhibitor  e radication 

 Published data on immune tolerance induction in patients 
with mild/moderate hemophilia and inhibitors are very scarce. 
In the series reported by Hay  et al.   [1] , immune tolerance 
induction was attempted in eight patients using different regi-
mens. The Malm ö  regime [high - dose factor VIII combined 
with cyclophosphamide and intravenous immunoglobulin G 
(IgG)] was used successfully in two patients and with a partial 
response in a further two patients, the Van Creveld regime 
(low - dose factor VIII every other day) was used unsuccessfully 
in one patient and with partial success in a further patient, 
and the Bonn regime was used unsuccessfully in one patient 
and with partial success in another patient. The overall success 
rate of immune tolerance of two out of eight patients seems 
lower than the reported success rate in severe hemophilia. 

 Other reported treatments have included immunomodula-
tory drugs such as corticosteroids, cyclophosphamide, anti -
 CD20 monoclonal antibody rituximab  [8,28 – 31]  and 
avoidance of re - exposure to factor VIII using desmopressin 
and bypassing agents to treat bleeding episodes  [32] . Currently 
available data are not suffi cient to offer evidence - based advice 
on the optimal treatment of inhibitors in patients with mild/
moderate hemophilia A, and the management of these patients 
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remains controversial at this point. Preliminary data from a 
retrospective and prospective data collection in France and 
Belgium  [33,34]  suggest that immune tolerance induction 
could be more effective than no specifi c treatment or immu-
nomodulating drugs in preventing risk of anamnesis of the 
inhibitor after re - exposure to factor VIII.  

  Prevention 

 Maximal use of desmopressin for the treatment of patients 
with mild/moderate hemophilia A is certainly useful to prevent 
the development of inhibitors in these patients. Avoidance of 
intensive courses of treatment with factor VIII concentrates 
has to be considered, especially in those patients known to 
harbor one of the high - risk mutations or having a relative who 
developed an inhibitor. It is not clear at this moment whether 
administration of factor VIII as bolus injections or as continu-
ous infusion infers different risks. Identifi cation of the under-
lying mutation in patients with mild/moderate hemophilia A 
is useful to have an indication of their risk of inhibitor 
formation.   

  Conclusion 

 The occurrence of an inhibitor in a patient with mild/moderate 
hemophilia A is often a dramatic event. Bleeding episodes can 
be particularly severe, can force patients to change their life-
style completely, and may be life threatening. Avoidance of 
treatment with factor VIII concentrates by using desmopressin 
where possible is the single most effective way to prevent this 
complication in mild/moderate hemophilia A patients. It is not 
clear at this moment whether immune tolerance induction, 
immune suppression, or a combination of both should be used 
to eradicate the inhibitor. Again, avoidance of exposure to 
factor VIII, by using bypassing agents (FEIBA or rFVIIa) and 
desmopressin to treat bleeding episodes, might be an interest-
ing option.  
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  Introduction 

 Given the inhibitor - associated morbidity resulting from limited 
treatment options, antibody eradication is the ultimate goal of 
inhibitor management. The only proven strategy for achieving 
antigen - specifi c tolerance to factor VIII (FVIII) or factor IX 
(FIX) is immune tolerance induction (ITI) therapy. Although 
fi rst reported almost 30 years ago  [1] , our current knowledge 
about ITI still derives from several small cohort studies and three 
larger ITI registries, as recently summarized  [2] . Consequently, 
practitioners and patients encounter more questions than 
answers when considering ITI for inhibitor eradication. 

 This chapter discusses our current knowledge of host and 
treatment factors, as well as supportive care initiatives known, 
or suspected to infl uence, ITI outcome in patients with FVIII or 
FIX antibodies. In the eradication of FVIII inhibitors, questions 
concerning the choice of therapeutic product and/or dosing 
regimen generate the most controversy. In the case of severe 
hemophilia B, the most signifi cant question revolves around the 
safest and most effective strategy to eradicate FIX antibodies 
associated with allergic manifestations. The ongoing clinical 
trials designed to clarify several of these polarizing issues will 
be reviewed. Furthermore, the current practice of ITI for low -
 titer/responding inhibitors and inhibitors developing in moder-
ate/mild hemophilia A patients will also be discussed. Finally, 
this chapter will both summarize the currently recommended 
practice and explore possible future approaches to ITI, includ-
ing immune - modulatory strategies. A case will be made to move 
beyond empiric therapeutics and toward a risk - stratifi ed and 
evidence - based approach to inhibitor eradication.  

  Defi ning  i mmune  t olerance 
 i nduction  o utcome 

 Historically, ITI success rates have been defi ned by variable 
clinical and laboratory endpoints. By international consensus, 
successful ITI in hemophilia A is currently defi ned as both an 
undetectable inhibitor titer [ ≤    0.6 Bethesda units (BU) by 
Bethesda or Nijmegen assays], and normalized FVIII pharma-

cokinetics. Normalized FVIII pharmacokinetics is further 
defi ned as a plasma FVIII recovery  ≥    66% of expected and a 
half - life  ≥    6 h, determined following a 72 - h FVIII exposure -
 free period [ Consensus Proceedings from the Second 
International Conference on Immune Tolerance Therapy.  
Bonn, Germany, 1997 (unpublished)]. Once successful ITI is 
achieved, usually within the fi rst 33 months of therapy  [3] , 
long - term FVIII prophylaxis is commonly instituted. However, 
the contribution of prophylaxis to the published ITI mainte-
nance rate of 93% remains unclear  [4] . The International ITI 
(I - ITI) Study has also defi ned ITI partial success by both a 
reduction in inhibitor titer to  ≤    5   BU without normalization of 
FVIII pharmacokinetics, and absent treatment — limiting 
anamnesis over a prolonged observation period  [5] . 

 Drawing from international consensus criteria and the anal-
ysis of the International Immune Tolerance Registry (IITR), 
the I - ITI study has defi ned ITI failure by either two criteria: 
(i) Failure to attain the defi nition of success within 33 months 
of uninterrupted ITI; or (ii) failure to demonstrate a progres-
sive 20% reduction in inhibitor titer over each successive 
6 - month period of uninterrupted ITI, beginning 3 months 
after initiation to allow for expected anamnesis  [3,5] . This 
defi nition implies a minimum ITI trial period of 9 months 
before failure is declared. The European Haemophilia 
Standardisation Board (EHSB) adopted these defi nitions with 
minor modifi cations  [6] . The International Consensus Panel 
(ICP) suggested that ITI outcome would be more scientifi cally 
defi ned by immunologic response  [7] . To that end, preliminary 
data suggest that quantitative shifts in IgG1 and IgG4 sub-
classes during ITI may predict outcome  [8] . 

 A specifi c consensus defi nition of ITI success in hemophilia 
B has not yet been developed. In practice, therapeutic end-
points are extrapolated from those derived for ITI in hemo-
philia A.  

  Immune  t olerance:  f actor  VIII   i nhibitors 

  The  r ole of  h ost  f actors in  i mmune  t olerance 
 i nduction  o utcome 

 The host factors implicated in ITI outcome are summarized in 
Figure  10.1 . The most signifi cant of these implicate the 
patient ’ s own immune response to FVIII. The IITR, German 
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registry, and North American Immune Tolerance Registry 
(NAITR) have all shown that lower pre - ITI, historical peak 
and, in the NAITR, ITI peak titers, uniformly and statistically 
predict ITI success  [3,9,10] . Data from the NAITR are shown 
in Table  10.1 . Among host - related variables implicated in 
FVIII antibody development (Chapter  8   ), age, ethnicity, and 
FVIII gene mutations have been examined in relation to ITI 
outcome. Age at ITI initiation was among the variables for 
which a discrepant impact on ITI success was reported by the 
IITR and NAITR  [3,10] . The NAITR examined ethnicity in a 
study cohort demographically representative of the USA, and 
found ITI success rates among ethnic Africans (67%) and 
Latinos (58%) to be statistically indistinguishable from that 
of subjects of other races (71%)  [10] . Attempts to correlate 
specifi c FVIIII mutations with ITI outcome or time to toler-
ance have been inconclusive because of small cohort size 
 [11,12] . However, the ongoing I - ITI and Hemophilia Inhibitor 

ITI
outcome in

hemophilia A

Treatment factors

Factor VIII dose

Factor VIII purity

ITI interruption

Interval INH/ITI

Bleeding during ITI

Catheter infections

Immune modulation

Host factors

Pre-ITI titre
Historical
peak titre

Peak titre on
ITI

Age

Ethnicity

Hemophilia gene
mutation

 Figure 10.1     Host -  and treatment - related 
factors known or suspected of infl uencing 
immune tolerance outcome in severe 
hemophilia A. The thickness of the arrows 
refl ects level of evidence in published 
literature supporting each potential 
risk - modifying factor. INH, inhibitor; ITI, 
immune tolerance induction. 

Genotype (HIGS) studies both have the potential to further 
defi ne the role of host factors in ITI outcome.      

  The  r ole of  t reatment  f actors in  i mmune  t olerance 
 i nduction  o utcome 

  Delay in the  s tart of  i mmune  t olerance  i nduction, 
 t reatment  i nterruption 

 Treatment - associated factors with a potential effect on ITI 
outcome are summarized in Figure  10.1 . Variables that either 
were not uniformly studied by the registries or for which a 
discrepant signifi cant effect on ITI success was reported 
included (i) an interval of over 5 years between inhibitor 
diagnosis and the start of ITI  [3,10]  and (ii) an interruption 
in ITI of over 2 weeks  [9] .  

  Factor  VIII   d ose/regimen 

 As recently summarized, historical reports of an overall similar 
rate of ITI success (75 – 90%) among disparate therapeutic 
regimens fi rst raised the question of the role of FVIII dose on 
ITI outcome  [2] . The IITR did observe that daily FVIII doses 
of  ≥    200 units/kg/day resulted in a signifi cantly improved 
outcome  [13] . However, the NAITR reported a signifi cant 
inverse relationship between FVIII dose and tolerance, 
although success was achieved more rapidly with doses of  ≥    50 
units/kg/day  [10] . Ultimately, a meta - analysis of the two reg-
istries determined that, for  “ good risk ”  patients with historical 
inhibitor titers under 200   BU and immediate pre - ITI titers 
under 10   BU, FVIII dose did not impact ITI outcome  [14] . This 
observation provides the rationale for the ongoing I - ITI study 
of the impact of FVIII dose on the overall rate of, and time 

  Table 10.1    Preinduction titer as an outcome predictor of immune 
tolerance induction (ITI) success in severe high - responder (HR) 
hemophilia A subjects in the North American Immune Tolerance 
Registry (NAITR)  [10] . 

        All HR      < 10   BU  a        ≥ 0   BU      P  - value  

  Overall success rate    63%    83%    40%    0.001  
  Mean time to success 

(months)  
  16.3    14.4    21.7    0.02  

   BU, Bethesda unit.  

   a All 22 HR hemophilia A subjects with pre - ITI titer  < 2   BU achieved success 

within a mean treatment time of 7.1 months.   
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Inhibitor diagnosis
Historical peak titre:  5–200 BU*

current titre:  < 10 BU*

Randomize

Dose
regimen

High Low

200 IU/Kg daily 50 IU/Kg 3× weekly

Recovery ≥ 66%, half-life ≥ 6 h

Regimen
High Low

End Of Study

Tailing-off Prophylaxis
 Figure 10.2     Trial design for the 
International Immune Tolerance Study  [5] . 
BU, Bethesda units. 

  Table 10.2    Summary of published cohort analyses of product type and purity and ITI outcome  [2] . 

        Study       Product     Dose     Success rate (%)  

  von Willebrand factor - 
containing factor VIII  

  Brackmann (1996)  [41]     Haemate P  ®      High    71 – 88  
  Orsini (2005)  [42]     Factane  ®      Various    87  

  High - purity plasma - derived/
recombinant factor VIII  

  Smith (1999)  [43]     Monoclonal/recombinant    High    100  
  Rocino (2006)  [11]     Monoclonal/recombinant    Intermediate    87  

  Recombinant factor VIII    Lusher (1994)  [44]     Kogenate  ®      High    63  
  Bray (1994)  [45]     Recombinate  ®      High    50  
  Batlle (1999)  [46]     Kogenate  ®      High    77  
  Courter (2001)  [47]     Refacto  ®      High    81  
  Barnes (2006)  [48]     Kogenate  ®      Various    76  
  Rocino (2001)  [49]     Various    Intermediate/high    73  

to, ITI success in a cohort of 150  “ good risk ”  severe hemo-
philia A inhibitor subjects randomized to receive FVIII doses 
of either 200 units/kg/day or 50 units/kg thrice weekly for up 
to 33 months (Figure  10.2 )  [5] .    

  Factor  VIII   p roduct  t ype and  p urity 

 The multiple published reports of successful tolerance induc-
tion in  “ good ”  and  “ poor ”  risk patients with the use of both 
recombinant and plasma - derived FVIII have been recently 
summarized (Table  10.2 )  [2] . However, superior effi cacy of 
one product type was fi rst suggested by a report of a lower 
ITI success rate (29%) with high - purity FVIII, compared with 
that historically achieved with intermediate - purity von 
Willebrand factor (VWF) - containing product (91%) in 14 
patients  [15] . Neither the IITR nor the NAITR could corrobo-
rate this observation because of the skewed distribution of 

product use in each registry  [3,10] . Furthermore, subsequent 
retrospective reports of institutional  [16,17] , regional  [18] , 
and national  [19]  experience with ITI salvage therapy using 
VWF - containing concentrates did not observe similarly high 
ITI success rates. Nonetheless, there is biochemical rationale 
for a potential downregulatory effect of VWF on inhibitor 
development, and, therefore, for the possible positive impact 
of VWF on ITI outcome  [20] . The international prospective 
randomized RESIST study will attempt to answer this impor-
tant question in a  “ poor - risk ”  hemophilia A cohort (A. 
Gringeri, Angelo Bianch Bonomi Hemophilila and Thrombosis 
Centre, Milan, Italy,   personal communication).    

  Immune  m odulation 

 Adjunctive use of cyclophosphamide and gammaglobulin 
formed the cornerstone of the Malm ö  ITI regimen  [21] . 
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However, a subsequent analysis of this protocol demonstrated 
no outcome advantage of immune modulation (IM) relative 
to standard ITI  [22] . Concerns about long - term cyclophospha-
mide complications and the technical diffi culty of performing 
extracorporeal immunoadsorption currently limit the use of 
this strategy in young children. 

 Renewed interest in IM has focused on selective B - cell deple-
tion using rituximab  , a humanized monoclonal antibody to 
B - cell CD20 antigen. However, the published experience with 
rituximab for ITI in congenital hemophilia is limited and 
outcomes are diffi cult to interpret because of protocol varia-
bility and likely positive reporting bias. A recent review cal-
culated initial and long - term success rates of 74% and 53%, 
respectively, among the 19 cases reported to date, most of 
which received the standard four - dose regimen, with or 
without concomitant FVIII therapy  [23] . Notably, three of 
the fi ve reported therapeutic failures did not receive concomi-
tant FVIII ITI  [23] . Anticipated side - effects have occurred 
infrequently among children with hemophilia and other dis-
orders treated with this drug  [23] . However, the immediate 
and long - term complications of anti - CD20 therapy in children 
are still largely unknown. Most agree that more outcome 
data are required before this strategy can be widely recom-
mended for children with inhibitors, and would favor prospec-
tive data collection through registries and controlled studies. 
One such study is under way in the USA (C. Leissinger, Tulane 
University School of Medicine, New Orleans, USA,   personal 
communication).   

  Supportive  c are in  i mmune  t olerance  i nduction: 
 i mpact on  o utcome 

  Central  v enous  a ccess -  a ssociated  c omplications of  i mmune 
 t olerance  i nduction 

 Given the young age of most ITI patients, adequate venous 
access is often a crucial component of successful outcome. 
A European survey of hemophilia centers found that 72% 
preferred a central venous catheter device (CVAD) for ITI  [6] . 
However, as recently summarized, CVAD complications, 
particularly infection, adversely affect ITI outcome  [24] . 
Although CVAD infection did not predict ITI outcome in the 
NAITR, this complication occurred more frequently 
( P    =   0.0006) with daily ITI, an observation that was recently 
corroborated  [10,25] . The I - ITI study will generate prospec-
tive data on the impact of CVAD complications on ITI 
outcome  [5] . 

 Arteriovenous fi stulae (AVF) have been preliminarily 
reported to be a promising alternative strategy for long - term 
venous access during ITI without complicating infection  [26] . 
Although this method of venous access may prove to be a safe 
and effective alternative to the use of CVADs for ITI, several 
logistic and technical issues must still be identifi ed and resolved 
before widespread use can be advocated.  

  Bleeding  p rophylaxis with  b ypass  t herapy 

 The musculoskeletal complications of inhibitor development 
have been well documented  [27] , as has the benefi t of primary 
joint prophylaxis in children without inhibitors (Chapter  5   ) 
 [28] . Therefore, safe and effective prophylaxis is also the goal 
for inhibitor patients. 

 Prophylaxis with an activated prothrombin complex con-
centrate (aPCC) has historically been a part of the Bonn ITI 
protocol  [1] . Although often implemented in clinical practice, 
there have been no controlled trials to assess the effi cacy and 
safety of adjunctive bypass therapy prophylaxis during ITI. In 
one observational study of aPCC prophylaxis (50 – 200 units/
kg daily) in 22 children 6 years   undergoing ITI, the median 
annual incidence of hemarthrosis was 1 (range 0 – 6) and early 
radiographic evaluation revealed minimal arthropathy  [29] . 
Thrombosis was not observed, but has since been reported by 
others  [30] . In a recent prospective pilot study of recombinant 
activated factor VII (rFVIIa) prophylaxis in inhibitor patients 
not on ITI, bleeding frequency was reduced on both 90   mg/kg 
and 270   mg/kg daily regimens  [31] . Additional prospective 
data on the safety, effi cacy, and cost - effi cacy of bypass therapy 
prophylaxis during ITI as well as on the impact of bleed reduc-
tion on ITI outcome will also be forthcoming from the I - ITI 
study.    

  Current  r ecommendations for  i mmune 
 t olerance  i nduction in  s evere 
 h emophilia A 

 Three independent panels, while advocating for prospective 
data collection, have developed interim consensus recommen-
dations for the current practice of ITI in patients with severe 
hemophilia A and high titer ( > 5   BU) inhibitors, based on a 
critical review of the existing literature. These include the 
EHSB and the ICP  [6,7]  as well as the United Kingdom 
Haemophilia Centre Doctors ’  Organisation (UKHCDO)  [32] . 
The ICP recommendations are summarized in Figure  10.3 .   

 All groups agreed that it is preferable to initiate ITI at a titer 
 < 10   BU (grade B, level IIB or III)  [6,7,32] , unless, per the ICP, 
the titer does not decline over a period of 1 – 2 years and/or 
inhibitor development is associated with severe or life - threat-
ening bleeding (grade C, level IV)  [7] . The UKHCDO and the 
ICP also recommended avoidance of FVIII exposure and the 
use of nonanamnestic bypass therapy for the prevention and 
treatment of bleeding during the waiting period (grade B, level 
IIB or III)  [7,32] . 

 All three panels also concur that insuffi cient information 
exists to make any recommendations about the initial ITI 
dosing regimen, and that all ITI patients should be enrolled 
either in a prospective randomized clinical trial or an interna-
tional registry (grade B or C; level IIB or III)  [6,7,32] . The ICP 
noted that for  “ poor - risk ”  ITI patients (defi ned by a historical 
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When to start ITI

Dose

Wait until INH titer < 10 BU (level IIb)

Good-risk patient (level IIb) Poor-risk patient (level IIb)

• Wait is usually fairly short
• Most children will still be very young at start of ITI
• Close surveillance of INH titer during waiting period is essential
• Avoid FVIII exposure during waiting period
• 10 BU may not be absolute cut-off

• Peak historical titer < 200 BU*
• Pre-ITI titere < 10 BU
• < 5 years since INH diagnosis

• No dosing regimen demonstrated superior to another
• Patient may be eligible for I-ITI study

• ITI successful using FVIII products with and withour VWF (level IIb)
• No definitive data support superiority of any FVIII product (level IIb)
• Most patients are tolerized with same product in
   use at time of INH detection (level IIb)
            –This approach works
            –No evidence to support switching to another FVIII product for de novo ITI

• No role for IA as a first-line ITI component (level IIb)

• Early joint bleeding or ICH† (level III)
               –FEIBA (50–200 U kg–1 QD toBIW)
               –rFVIIa (90–270 μg kg–1 day)
• Monitor FVIII recovery when INH titer = 10 BU (level IV)
• DC bypassing therapy at any level of FVIII recovery (level IV)

• CVAD-related infection
            –Follow published consensus guidelines
             for infection management
• CVAD-related thrombosis
            –Stop bypassing prophylaxis
            –Review infusion technique with family
            –Consider
                    –Removing catheter
                    –Modicying ITI regimen
            –Close observation for clot resolution
            –If clot is severe/progressive, consider
                    –Catheter-directed thrombolysis
                    –Anticoagulation (short course)
• AVF-related thrombosis
            –Stop bypassing propgylaxis
            –Continue ITI

During ITI

Complications (level IV)

• rFVLLa (90-270 μg kg–1 day–1)

• Use peripheral venous access whenever possible
• Ports are preferable to external catheters
• Follow published guidelines for catheter care
• Instruct families on CVAD techniques before starting ITI
• AVF is a protocol-driven option for venous access in children
   ≥ 1 year who have experienced repeated CVAD failure
          –Surgical expertise essential
          –Long-term follow-up with ultrasonography and
            echocardography required
• Dismantle AVF as soon as peripheral veins provide adequate access

Recommendations (level IV)

FVIII product

Immunoadsorption (IA)

Prophylaxis during ITI

CVAD issues

Pre-ITI (level IV)

Start ITI regardless of INH titer if (level IV)

• Waiting period > 1–2 years
• A severe/life-threatening bleeding event occurs

• Peak historical titer > 200 BU and/or
• Pre-ITI titer > 10 BU and/or
• > 5 years since INH diagnosis

• Evidence suggests higher success rates with the
   use of high-dose regimens (≥ 200 IU kg–1 day–1)
• Patient may be eligible for RESIST trial

 Figure 10.3     International Consensus Panel (ICP) on Immune Tolerance recommendations for immune tolerance of inhibitors and supportive 
care in severe hemophilia A  [10] .  * Very good risk patient: peak historic titer  < 50   BU.   †  Higher doses used for ICH. 
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titer of  > 200   BU and/or a pre - ITI titer of  > 10   BU and/or an 
interval of  > 5 years since inhibitor diagnosis), published effi -
cacy data are limited to dosing regimens of  ≥    200   U/kg/day 
(grade C, level III)  [7] . 

 The groups all independently concluded that ITI has been 
successfully performed using recombinant and plasma - derived 
FVIII replacement therapy (usually the product on which they 
developed the inhibitor), and that there are no data to support 
the superiority of any single product type (grade C, level IV) 
 [6,7,32] . However, both EHSB and ICP have suggested that 
VWF - containing concentrates be considered for patients who 
fail ITI using high - purity FVIII (grade B, level IIB, III)  [6,7] . 

 The EHSB and ICP have further concluded that there is no 
current role for IM in primary ITI (grade C, level IV)  [6,7] , 
but the ICP suggested that rituximab be considered as part of 
an ongoing clinical trial or registry in cases of ITI failure 
(grade B, level IIB)  [7] . 

 The EHSB also advocated the routine use of CVADs 
to avoid ITI interruption (grade B, level III)  [6] . Conversely, 
the ICP preferred the use of peripheral venous access, 
but recommended that, when unavoidable, CVAD use be 
accompanied by instruction and supervision according to pub-
lished guidelines (grade B, level III)  [7, 24] . The ICP has also 
recommended that AVF be a protocol - driven time - limited 
alternative used only in experienced centers for children aged 
 ≥ 1 year who have experienced repeated CVAD failure (grade 
B, level III)  [7] . 

 Finally, the ICP and EHSB both recommended that bypass 
therapy prophylaxis be administered at published doses early 
in the course of ITI when joint or life - threatening bleeding 
occurs (grade C, level IV)  [6,7] . The ICP further recommend-
eds close monitoring of inhibitor titers and FVIII recovery 
during ITI, as well as prompt cessation of bypass therapy 
when a FVIII recovery is established to minimize line - associ-
ated thrombosis (grade C, level IV)  [7] .  

  Immune  t olerance in  h emophilia 
A:  s pecial  c onsiderations 
and  r ecommendations 

  Immune  t olerance  i nduction for  l ow -
  t iter/ r esponding  i nhibitors 

 Little published information exists on the practice and outcome 
of ITI in low - titer/responding (LR) hemophilia. A survey of 
21 European hemophilia centers revealed that while the 
majority (17/21) used ITI regimens of  ≥    100 units/kg/day for 
high - titer inhibitors, 15/21 routinely used  < 100 units/kg/day, 
and 10/21 used  < 50 units/kg/day regimens for LR inhibitors 
 [6] . No outcome data were reported. The EHSB has recom-
mended that ITI be initiated in children and adults exhibiting 
persistent LR inhibitors for  ≥    6 months whose bleeding symp-
toms cannot be controlled with FVIII replacement (grade C, 
level IV)  [6] .  

  Immune  t olerance  i nduction in  m oderate/mild 
 h emophilia  A  

 Inhibitor development in moderate and mild hemophilia A is 
discussed in Chapter  9   . The limited published ITI experience 
in moderate/mild hemophilia, largely because of relative infre-
quency of inhibitors, has recently been summarized  [7,33] . 

 The single published cohort study reported a low (25%) 
success rate with traditional high -  and low - dose ITI initiated 
in eight  “ poor - risk ”  adults because of excessive bleeding. 
Desmopressin has been used for prophylaxis and ITI in cases 
of non -  or low - titer cross - reacting FVIII antibodies. 
Additionally, traditional immunosuppressive therapy and 
rituximab have resulted in short - term tolerance in small 
groups of patients; however, data on FVIII re - challenge is 
lacking. 

 Consequently, ICP and UKHCDO recommendations for 
inhibitor eradication in moderate/mild hemophilia have pri-
marily focused on inhibitor prevention including identifi cation 
of  “ at - risk ”  patients through gene mutation analysis; prefer-
ential use of desmopressin therapy when possible; and surveil-
lance for inhibitor development after high - dose FVIII exposure 
(level IV)  [7,32] . Both groups agreed on the potential thera-
peutic role for traditional ITI and IM for antibodies that fail 
to spontaneously disappear and/or exhibit anamnesis upon 
FVIII re - challenge, although the criteria for optimal candidate 
selection remain unclear (level IV)  [7,32] . Finally, both identi-
fi ed the need for an international registry for prospective data 
collection  [7,32] .   

  Immune  t olerance:  f actor  IX   i nhibitors 

  The  h istorical  e xperience 

 The epidemiology and treatment of FIX inhibitors is discussed 
in Chapter  14   . Given the low incidence of factor IX inhibitors, 
the historical experience with immune tolerance in hemophilia 
B was limited to seven patients for whom the overall success 
rate with high - dose FIX with or without immune modulation 
was 71%  [1,21] . Long - term ITI success in fi ve of seven hemo-
philia B patients treated with the Malm ö  regimen was subse-
quently reported  [22] .   

  The Immune Tolerance Induction 
Registries:  o utcome and 
 o utcome  p redictors 

 The largest collection of data on ITI in hemophilia B derives 
from the NAITR  [10]  and the International Factor IX Inhibitor 
Registry  [34] . In the NAITR, only 5/16 (31%) completed 
courses of ITI in hemophilia B were successful using a median 
dose of 100 units/kg/day (range 25 – 200)  [10] . Daily dosing 
regimens and immune modulation were used in 88% and 47% 
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mented that the development of periorbital edema, hypoalbu-
minemia, and proteinuria occurred 8 to 9 months into the 
course of high - dose ITI (100 – 325 units/kg/day). Clinical 
improvement usually followed cessation of FIX, but the 
response to standard therapy of the renal disease with steroids 
was poor  [34] . So far, the etiology of this complication remains 
unclear  [35] .  

  Immune  m odulation 

 Given the poor success rate with ITI in hemophilia B, there 
has been anecdotal experience with the use of immunomodu-
latory therapy with mixed success. These reports have recently 
been summarized  [36] . Successful tolerance was induced in a 
single FIX inhibitor patient using either cyclosporine A or 
mycophenolate mofetil. Rituximab failed to tolerize two 
inhibitor patients.  

  Current  r ecommendations for  i mmune 
 t olerance  i nduction in  h emophilia  B  

 Based on this experience, the EHTSB, ICP, and UKHCDO 
have all concluded that ITI success for FIX inhibitors is low, 
particularly in patients with the allergic phenotype, and have 
recommended that attempts at ITI in such patients be cau-
tiously undertaken with close clinical monitoring for early 
detection of complications, particularly nephrotic syndrome 
 [6,7,32] .  

  Future  s trategies for  i mmune  t olerance 
 i nduction in  h emophilia  A  and  B  

 Ultimately, FVIII and FIX inhibitor prevention may prove to 
be the best strategy. Potentially important immunologic mech-
anisms of tolerance have been studied in animals and corrobo-
rated through the  in vitro  study of hemophilic inhibitor plasma 
 [37] . However, these observations now require prospective  in 
vivo  study in collaboration with clinical ITI trials, and several 
such efforts are in progress. Furthermore, the immunogenicity 
of future recombinant or transgenic FVIII and FIX will need 
to be carefully assessed in preclinical and prelicensure human 
clinical trials  [38] . Finally, the use of gene transfer technology 
for inhibitor prevention is an intriguing possibility, based on 
studies conducted in neonatal FIX - defi cient mice  [39] . 
Although there were many qualifying aspects to the success of 
this preliminary work, it represented important proof of prin-
ciple for this potential strategy. The use of gene transfer tech-
nology to downregulate an established antibody remains 
theoretical. However, successful tolerance of a longstanding 
high - titer FVIII inhibitor following liver transplantation also 
provided proof of principle for the potential effi cacy of this 
strategy  [40] .  

  Table 10.3    Comparison of outcome parameters between 
hemophilia B subjects successfully and unsuccessfully tolerized 
within the North American Immune Tolerance Registry (NAITR) 
 [10] . 

   Hemophilia B immune tolerance induction 
(ITI) outcome  

   Success 
( n    =   5)  

   Failure 
( n    =   11)  

  Factor IX activity  < 0.01   U/ml    5/5    11/11  
  High responder ( < 5   BU)    4/5    9/11  
  Family history of inhibitor    0    5/11  
  African - American ethnicity    2/5    2/11  
  Median age (years) at ITI    3.7    4.6  
  Median interval inhibitor/ITI (months)    12    47  
  Median ITI factor IX dose (units/kg/day)    100    75  
  Median duration of ITI (months)    12    7  
  Access complications    0/5    9/11  
  Adverse reactions    2/5    8/11  
  Allergic reactions    1/5    4/11  

   BU, Bethesda unit.   

of courses, respectively. Plasmapheresis was used in two 
courses. High - purity or monoclonal FIX concentrates were 
used 82% of the time  [10] . With few data, no association 
between ITI outcome and FIX dose or purity can yet be 
established. 

 The demographics of the NAITR FIX inhibitor relative to 
outcome are detailed in Table  10.3 . Patients with an allergic 
phenotype in association with FIX antibodies (10/16) were 
over - represented in this cohort and 80% failed ITI. ITI com-
plications specifi c to this group of patients may have been 
responsible for the poor outcome in the entire cohort for 
which the adverse event rate of 65% was 10 - fold higher than 
that observed for hemophilia A ITI  [10] . Reactions to FIX in 
allergic phenotype patients accounted for 79% of the adverse 
events  [10] . Similarly, poor outcomes (14% of 34 attempts) 
were reported from the International Factor IX Inhibitor 
Registry, including no successes among allergic phenotype 
patients  [34] .    

  Nephrotic  s yndrome  a s a  c omplication 
of  i mmune  t olerance  i nduction 

 Nephrotic syndrome represents the most serious complication 
of ITI in patients with FIX inhibitors associated with allergic 
manifestations  [35] . This complications occurred in 3/10 
NAITR FIX inhibitor subjects with this profi le  [10] . Aggregate 
data on this phenomenon were also collected through the 
International Factor IX Inhibitor Registry, in which 11/13 ITI 
patients who developed nephrotic syndrome had a history of 
prior anaphylaxis to FIX  [34] . Although all FIX product types 
were implicated, FIX genotypic predilection (deletion or stop 
codon mutation) was ascertained  [34] . The registry docu-
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  Conclusion 

 Immune tolerance induction has been practiced clinically for 
30 years and remains the primary strategy for FVIII and FIX 
inhibitor eradication. However, as agreed by three independ-
ent expert panels, the large body of literature generated by 
years of international experience with this strategy remains 
largely unable to provide a strong evidence base for ITI prac-
tice recommendations. Generating high - level outcome data for 
a rare disease is a challenging but plausible mandate for a 
scientifi c community with the will to move from an empiric 
to a collaborative evidence - based approach to the prevention 
and eradication of FVIII and FIX inhibitors.  
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     The treatment of acute bleeds in patients who have developed 
inhibitors of factor VIII (FVIII) has benefi ted in the last 
decades from the development of new drugs, which has dra-
matically improved the prognosis of patients who experience 
such events. Several therapeutic agents are available to treat 
bleeds in hemophiliacs with inhibitors, but no single agent is 
effi cacious in all patients or all circumstances. Although the 
management of patients with high - responding inhibitors is 
still complex and remains a medical challenge in some clinical 
situations, these products may not only ameliorate the pain, 
but also reduce the risk of muscular and skeletal damage. They 
also improve the educational and work prospects for these 
patients as well as enhancing their social participation and 
quality of life. However, an increased morbidity is associated 
with these acute bleeds that require an early treatment with 
the most adapted concentrate.  

  Clinical  c ontext 

 Acute bleeds may occur in various clinical contexts, but two 
characteristics infl uence product choice to achieve hemostasis. 
On the one hand, patients with low -  or high - titer inhibitors 
are considered to exhibit the bleeding profi le of a severe hemo-
philiac. This means that they suffer two to four bleeding 
episodes per month, although some patients demonstrate a 
decrease in the frequency of bleedings with aging. Most of 
these bleeds occur spontaneously (in everyday life) and will be 
successfully treated with home treatment. In contrast, some 
acute bleeds may be life threatening or may arise in critical 
situations such as perioperative periods. Although both types 
of clinical settings represent acute conditions, the nature of 
treatment to be administered may be different, depending on 
the titer of the inhibitor at that moment (Figure  11.1 ).    

  Classifi cation  b etween  h igh and 
 l ow  r esponders 

 Inhibitors have been classifi ed according to peak historical 
antibody titer and the presence or absence of immunologic 

anamnesis. A recent consensus of the FVIII and FIX 
Standardization Subcommittee of the International Society of 
Thrombosis and Hemostasis defi ned high - responding antibod-
ies as those exhibiting a peak historical titer of  > 5 Bethesda 
units (BU) accompanied by brisk anamnesis and the conse-
quent inability to treat hemorrhages routinely with specifi c 
factor replacement  [1] . Accordingly, a low responder was 
defi ned by both a low historical peak titer ( < 5   BU) and a lack 
of anamnesis upon factor re - exposure. As a consequence, 
these latter patients can usually be treated with higher than 
usual doses of specifi c clotting factor concentrate to override 
the inhibitory effect of the antibody.  

  Products  a vailable 

 The available therapeutic agents for treatment of acute hemor-
rhage in hemophiliacs with an inhibitor include high - dose 
human FVIII concentrate, porcine FVIII concentrate, activated 
prothrombin complex concentrates (aPCCs), and recombinant 
FVIIa (rFVIIa). In addition, antifi brinolytics and external 
removal of the inhibitory antibodies may be used as an adjunct 
therapy. 

  Human  f actor  VIII   c oncentrates 

 For low - titer inhibitors ( < 5   BU), high doses of FVIII concen-
trates may be used to achieve hemostasis  [2] . Both plasma -
 derived and rFVIII can be administered with no objective 
difference in terms of  in vivo  effi cacy between these types of 
products. The dose is targeted to saturate the inhibitor (number 
of units to be infused   =   plasma volume in mL    ×    inhibitor titer 
in BU/mL) and to raise the FVIII plasma concentration to the 
desired level after inhibitor neutralization [considering a mean 
recovery of 2   U/dL/IU infused/kg body weight (b.w.)]. The 
major advantages of this modality are achievement of a pre-
dictable hemostasis according to the plasma level achieved and 
the ability to undertake biologic monitoring using standard 
coagulation techniques, if needed. The main disadvantage of 
this strategy is the subsequent anamnestic response that may 
occur in some patients, which may decrease the possibility of 
further use in the next months or years. In general, inhibitors 
of more than 10   BU cannot be saturated with high - dose FVIII; 
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lished as standard fi rst - line treatment for bleeding episodes in 
high - titer inhibitors. Two aPCCs were produced by  in vitro  
modifi cation of plasma - derived prothrombin complex concen-
trates (PCCs), resulting in a degree of activation of some of 
the clotting factors. They contained multiple activated serine 
protease molecules, of which activated factor X (FX) and 
prothrombin represent the main active components in FEIBA 
(Factor Eight Inhibitor Bypassing Activity; Baxter Healthcare 
Corporation Glendale, CA, USA), while in Autoplex â  - T (Nabi 
Biopharmaceuticals, Boca Raton, FL, USA), FIX and FVII are 
thought to be the putative active hemostatic proteases  [7,8] . 
However, the precise mechanism of action of these aPCCs 
remains poorly understood. This likely explains the diffi culty 
of a standardized therapeutic follow - up  in vivo . 

 Kurczynski and Penner  [6]  reported in 1974 the fi rst signifi -
cant study on the use of Autoplex ®  - T. Single doses of 
Autoplex ®  - T were used to treat 60 bleeds in eight severe 
hemophilia A inhibitor patients. The production of this 
product has, however, been discontinued and yet only one 
aPCC (FEIBA) is available. 

 Sjamsoedin  et al.   [9]  studied the effect of FEIBA on joint 
and muscle bleeding in hemophilia A inhibitor patients (Table 
 11.1 ). This randomized double - blind trial compared FEIBA 
with a nonactivated PCC. Outcome comparison showed that 
FEIBA produced signifi cantly greater improvements in bleed-
ing control and joint mobility. The largest observational trial 
on the use of FEIBA was a retrospective multicenter French 
study  [10] . Data were presented on 433 bleeding episodes, 
including surgical procedures involving 60 patients. Effi cacy 
was good or excellent in 81.3% of treatment episodes, while 
tolerance (safety) was assessed as good in 98.8% of the cases. 
In an international retrospective postlicensure survey, data 
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 Figure 11.1     Schematic diagram of the therapeutic options for 
the treatment of acute bleeds according to the inhibitor titer 
(in Bethesda units/mL). 

further, the clinical benefi t is not predictable when the titer is 
between 5 and 10   BU.  

  Porcine  f actor  VIII  

 High - purity porcine FVIII (Hyate:C, Ipsen, UK) was devel-
oped on the premise that human FVIII inhibitors have a 
median 15 – 30% cross - reactivity to porcine FVIII  [3] . Porcine 
FVIII has the same procoagulant activity as human FVIII and 
is used for treating serious bleeding in patients with low -  or 
intermediate - level inhibitor titers against the porcine FVIII 
molecule. Well - selected patients may achieve hemostasis in 
80 – 90% of bleeding episodes, considering a mean recovery of 
1.3   U/dL/IU injected/kg b.w.  [4,5] . The administration of 
porcine FVIII may be associated with a transient fall in platelet 
count and allergic reactions in some individuals, partly because 
of the presence of high - molecular - weight multimers of porcine 
von Willebrand factor. An anamnestic response commonly 
occurs in 50 – 70% of high responders following the infusion 
of the porcine molecule. This may render the patient com-
pletely refractory to further administration for a protracted 
period of time. 

 Plasma - derived porcine FVIII was not virally attenuated, 
although it has not been shown to transmit any viral disease 
to human recipients. However, the demand for improved side -
 effect profi le and viral safety has driven the development of a 
recombinant porcine product which will be highly purifi ed 
and will include two viral reduction/inactivation steps. This 
B - domain - deleted recombinant porcine FVIII molecule is cur-
rently under clinical evaluation.  

  Activated  p rothrombin  c omplex  c oncentrates 

 Activated prothrombin complex concentrates (aPCCs) repre-
sented a considerable improvement in inhibitor therapy when 
they appeared in the 1970s  [6] . These products were estab-

  Table 11.1    Summary of FEIBA effi cacy for treatment of various 
bleeding events (both home and hospital treatments). 

   Reference     Patients  
   Bleeding 
episodes  

   Dose of 
Autoplex/
FEIBA  

   Effi cacy (%) 
(time for 
evaluation)  

  White  [14]     23    54    75   FECU/kg 
8 -  to 
12 - hourly  

  85 (72   h)  

  Sjamsoedin 
 et al.   [9]   

  15    150    88   U/kg    64 (24   h)  

  Hilgartner and 
Knatterud  [12]   

  49    165    50 – 70   U/kg 
12 - hourly  

  91 (72   h)  

  Hilgartner 
 et al.   [13]   

  41    106    50 – 75   U/kg 
12 - hourly  

  79 (36   h)  

  Negrier 
 et al.   [10]   

  60    433    65 – 100   U/
kg 6 -  to 
12 - hourly  

  81 (up to 
three 
doses)  

  Dimichele and 
Negrier  [11]   

  169    49 (acute 
bleeds)  

  10 – 147   U/
kg 6 -  to 
24 - hourly  

  82  
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were collected on 63 patients with inhibitors (60 patients with 
hemophilia A; three patients with hemophilia B). Effi cacy was 
reported good or excellent in 82% of all acute episodes, and 
91% of all surgical treatments  [11] .   

 In summary, it can be estimated that both products have 
been found to achieve effective hemostasis in approximately 
80% of bleeds involving joints and soft tissues  [9 – 14] . 

 Both FEIBA and Autoplex ®  - T underwent viral inactivation 
procedures during their manufacturing processes. A second 
virus inactivation step has been implemented recently for 
FEIBA production. Minor reactions have been reported in 
association with both products, mainly consisting of head-
ache, nausea, pruritus, skin rashes, and diarrhea. Anamnestic 
increases in inhibitor levels have been reported in up to 30% 
of patients receiving FEIBA, owing to the presence of small 
amounts of FVIII:C antigen in the material. However, it was 
shown that in over 50% of the patients who remain on regular 
FEIBA therapy, the antibody level gradually falls  [10] . 
However, anamnestic responses to aPCC are not associated 
with a reduction in their clinical effi cacy. 

 For treatment of acute bleeds, the recommended dose of 
FEIBA is 50 – 100   U/kg infused every 8 – 12   h. Because of the 
potential for thrombotic complications, a maximum daily 
dose of 200   U/kg is recommended. 

 Despite many years of experience with these concentrates, 
there is currently no laboratory test widely available for moni-
toring the hemostatic effi cacy of aPCC, and dosage is often 
determined solely by clinical assessment. Future studies will 
be needed to demonstrate the clinical usefulness of a monitor-
ing system, which would correlate with hemostatic effi cacy. 
However, it was recently proposed that the clinical effect of 
FEIBA may correlate with circulating thrombin - generating 
potential, and a fl uorogenic substrate assay is being developed 
to enable monitoring of FEIBA dosage  in vivo   [15] .  

  Recombinant  f actor  VII  a  

 Recombinant factor VIIa (rFVIIa) (NovoSeven ® , NovoNordisk, 
Bagsvaerd, Denmark) is produced as a single - chain glycopro-
tein in genetically modifi ed BHK (baby hamster kidney) cell 
line. During purifi cation, rFVII is converted to the two - chain 
activated form. The mode of action of rFVIIa may not be 
completely understood, but it has been demonstrated that 

  Table 11.2    Summary of home treatment — minor procedures performed with recombinant 
factor VIIa. 

   Study  
   Number 
of cases  

   Number 
of bleeds  

   Dose 
( µ g/kg)  

   Achievement 
of 
hemostasis  

   Adverse 
effects  

   Mean 
number of 
injections  

  Key  et al.   [20]     60    614    90    566 (92%)    32 (3%)    2.2  
  Laurian  et al.   [21]     147    16    90 – 120    90%    1 (0.6%)    3.8  
  Santagostino  et al.   [22]     21    53    90    42 (79%)    3 (2.6%)    2  

rFVIIa is able to directly activate FX and increase thrombin 
production on the surface of activated platelets in the absence 
of FVIII or FIX. The platelet - specifi c generation of IIa by rVIIa 
is thought to localize the hemostatic process to the sites of 
active bleeding and tissue injury  [16,17] . The pharmacokinetic 
evaluation of rFVIIa demonstrated that the half - life is 2 – 3   h 
in adults and 1.5 – 3   h   in children with individual variations 
 [18] . Owing to these pharmacokinetic properties, rFVIIa 
needs to be administered every 2 – 6   h. The fi rst description of 
clinical effi cacy occurred in 1988 in a patient with high - titer 
inhibitor who underwent an open synovectomy  [19] . As 
shown in Table  11.2 , initial clinical experience has shown that 
the treatment of home bleeds usually required a median of 
more than two rFVIIa injections of 70 – 90    µ g/kg  [20 – 22] . To 
improve the clinical effi cacy of treatment with rFVIIa in high -
 titer inhibitor patients, attention must be paid to the time of 
initiating treatment after the onset of bleeding. Early injection 
of rFVIIa within 1   h following the onset of bleeding has been 
associated with a better clinical outcome  [23] .   

 A few case reports have suggested the possibility that higher 
rFVIIa doses might be more convenient, and perhaps more 
effi cacious, for the treatment of bleeding episodes. It is sug-
gested that a full thrombin burst is necessary for the assembly 
of a tight fi brin structure that effi ciently stabilizes the hemo-
static plug  [24]  and induces a complete activation of other 
clotting factors, including the thrombin - activatable fi brino-
lytic inhibitor (TAFI)  [25] . A fi rst prospective and comparative 
evaluation of high bolus doses of rFVIIa, i.e., 300    µ g/kg, was 
reported by Kenet  et al.   [26]  in three patients with high - titer 
inhibitors. Pain relief was faster and treatment duration was 
shorter for the bleeding episodes treated by the megadose 
protocol. In addition, this increased dose was found to be 
more convenient and the rFVIIa total consumption per bleed-
ing episode was also signifi cantly lower. No thrombosis was 
reported in the three patients. The fact that hemostasis was 
achieved in all patients with a single (83% success rate) or 
two (100% success rate) injections suggests that this mode of 
delivering rFVIIa might be more effi cacious than with lower 
doses as previously observed  [27] . Additional information was 
provided by the results from two recent clinical trials that 
demonstrated that rFVIIa was indeed safe and effi cacious at 
doses higher than 90    µ g/kg. Santagostino  et al.   [28]  reported 
on a multicenter randomized open - label crossover prospective 
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trial designed to compare the effi cacy, safety of standard and 
high dosages of recombinant factor VIIa for home treatment 
of hemarthroses in hemophiliacs with inhibitors. They found 
that success rates for standard -  and high - dose regimens were 
similar. In another multicenter, randomized, crossover, dou-
ble - blind trial, patients were randomly allocated to treat a fi rst 
joint bleeding episode with one 270  µ g/kg rFVIIa dose fol-
lowed by two doses of placebo at 3 - h intervals and a second 
joint bleed with three single doses of 90    µ g/kg rFVIIa at 3 - h 
intervals, or vice versa. Both dosages were found similarly 
effective, and no safety issues were identifi ed  [29] . 

 As no FVIII is contained in the product, there is no risk of 
anamnestic response. However, it should be emphasized that, 
analogous to aPCC, there is as yet no standardized quantita-
tive laboratory test for measuring the effectiveness of rFVIIa 
therapy. However, promising results have recently been 
reported using thromboelastography and thrombin generation 
 [30,31] . 

 All currently used bypassing agents (PCCs, aPCC, and 
rFVIIa) for the treatment of patients with high - titer inhibitory 
antibodies carry the risk of thrombotic complications, includ-
ing thromboembolism, disseminated intravascular coagula-
tion, and myocardial infarction  [32,33] . These complications 
are very rare in hemophilia population and are considered 
to be caused by an increase in the concentration of native, 
or activated, coagulation factors or excessive tissue factor 
release in the recipient with preexisting conditions  [34 – 37] . 
Thrombotic events (e.g., cardiovascular and cerebrovascular) 
and subclinical disseminated intravascular coagulation (DIC) 
occur most commonly in patients with underlying atheroscle-
rotic disease and those immobile for long periods. Patients 
with pre - existing liver disease and premature infants may be 
particularly susceptible to DIC. In addition, patients undergo-
ing surgery or those who receive repeated high doses of 
the concentrate should be carefully monitored to minimize 
the risk of thrombogenicity. Finally, since the life expectancy 
of the patients with hemophilia and inhibitors is increasing, 
one might expect that thrombotic challenges coming with 
age, particularly on the arterial side, may arise more fre-
quently and require specifi c attention when bypassing agents 
are administered sometimes in association with antiplatelet 
drugs.  

  Antifi brinolytics 

 Tranexamic acid is a structural analog that binds irreversibly 
to the lysine - binding sites on plasminogen, thus inhibiting 
fi brinolysis. Through the inhibition of the natural degradation 
of fi brin, it helps to stabilize clots. Although they have a short 
plasma half - life ( ∼ 2   h), antifi brinolytic agents may be helpful 
in the treatment of bleeding from the gastrointestinal tract, 
menorrhagia, epistaxis, and oral bleeding (including in dental 
surgery) in inhibitor - developing hemophiliacs  [38,39]   . It can 
be administered orally or intravenously, or as a mouthwash. 
Dosing of tranexamic acid must be reduced in patients with 

renal dysfunction; further, it is generally advisable not to use 
tranexamic acid or any other antifi brinolytic drug, including 
epsilon - aminocaproic acid (Amicar ® ), for the treatment of 
hematuria because blood from the upper urinary tract can 
provoke painful clot retention. Their use during surgery is still 
a matter of debate, though their utilization tends to increase.  

  Immunoadsorption 

 Plasmapheresis or immunoadsorption of plasma with staphy-
lococcal protein A removes immunoglobulins and immune 
complexes, including inhibitors to FVIII. Although apheresis 
or immunoadsorption instruments are relatively complex and 
expensive, the procedure may be cost - effective, given the 
expense of therapies used to treat patients with inhibitors, 
particularly in an acute surgical or life - threatening situation. 
If the inhibitory antibodies are effectively removed, the 
decrease in the inhibitor titer may render the patient suscep-
tible to be treated by human or porcine FVIII concentrates 
during 3 – 6 days before the anamnestic response occurs 
 [40 – 43] .   

  Management of  b leeding  s ituations 

 The management of bleeding episodes in patients with inhibi-
tors may take advantage of the differential use of the various 
therapeutic approaches mentioned above. No single product 
may meet all clinical requirements. The most applicable strat-
egy depends on clinical assessment of severity, knowledge of 
inhibitor level to human and porcine FVIII and, if the titer 
is low, whether the patient is a high or a low responder 
 [44,45] . 

 One should therefore consider different clinical scenarios: 
   •      Scenario 1: in low - titer and low responders, it seems logical 
to preferentially use higher than normal doses of human FVIII 
in all clinical situations. The dose of FVIII is increased pro-
portionately to the inhibitor titer. For major hemorrhages, this 
strategy can also be used if inhibitor titers are low enough to 
allow satisfactory plasma levels to be achieved. When recom-
binant porcine FVIII will be again available, it could also be 
prescribed in limb -  or life - threatening bleeds in which there is 
no signifi cant product cross - reactivity with the patient ’ s inhib-
itor. Antifi brinolytic agents are useful as local administration 
such as mouthwash or systemically.  
   •      Scenario 2: in low - titer and high responders one would 
favor rFVIIa or aPCCs for minor bleeding considering the high 
effi ciency of those products. This strategy allows one to reserve 
FVIII for further treatment of more critical situations. For 
major bleeds, high - dose human (or porcine) FVIII concentrate 
is able to produce effective hemostasis, but it should be rec-
ognized that the consequence of such treatment will be an 
almost systematic anamnestic response to FVIII molecule after 
3 – 7 days of treatment. This subsequent increase in the inhibi-
tor titer commonly renders the patient refractory to the con-
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tinuation of factor replacement, although concomitant 
antibody removal using plasmapheresis or protein A adsorp-
tion may be attempted. It is common that the inhibitor 
titer remains above 5   BU/mL for weeks or months, during 
which time the patient cannot be treated with FVIII. In this 
situation, a second - line therapy with aPCC or rFVIIa has to 
be considered if the bleeding complication needs further 
treatment.  
   •      Scenario 3: in a patient known to be a high responder with 
a high - titer inhibitor ( > 5   BU), minor bleeding may usually be 
treated with aPCC or rFVIIa (one to four injections as neces-
sary). The treatment of major bleeding in this category of 
patients represents one of the most challenging situations in 
the treatment of patients with hemophilia. Considering that 
an ability to monitor  in vivo  FVIII levels confers predictable 
correlation with physiologic concentrations, porcine FVIII 
(when available) may be used as fi rst - line therapy if the anti-
porcine FVIII inhibitor level is below 5 or 10   BU, though 
good clinical response has been observed in patients with 
higher titers. If antiporcine inhibitor titers are high or 
unknown, rFVIIa or an aPCC is preferred. However, the effi -
cacy of each bypassing agent can vary, and neither agent is 
universally effective  [46] . The reasons for such variability have 
yet to be confi rmed, but may involve patient - specifi c factors, 
the mechanisms of action and the pharmacokinetic profi les of 
these two agents. In the case of failure to control the bleeding, 
sequential administration of rFIIa and FEIBA has been suc-
cessfully described in case series  [47] . Alternatively, immu-
noadsorption may temporarily reduce the inhibitor, enabling 
replacement therapy with FVIII for several days. Antifi brinolytic 
agents can also be used if there are no contraindications 
(see above).     

  Conclusion 

 The management of acute bleeds in patients who have devel-
oped inhibitory antibodies remains a medical challenge for 
those treating hemophilia, particularly in critical medical con-
ditions. Although the administration of human or porcine 
factor VIII is generally preferred when the inhibitor titer is 
 < 5   BU, the anamnestic response may render the patient com-
pletely refractory to the clotting factor. Bypassing agents have 
dramatically improved the home treatment setting, but the 
impracticality of monitoring for effi cacy and the lack of a 
predictable clinical dose – response relationship represents a 
major limitation. However, some preliminary positive results 
using thrombin - generating potential or thrombelastographic 
analysis of whole blood clotting may prove their value in the 
near future for guiding clinical practice. This is also an active 
fi eld of investigation in terms of future therapeutic molecules, 
and recombinant porcine factor VIII, rFVIIa with improved 
hemostatic effi cacy owing to specifi c modifi cations of the mol-
ecule should further improve the clinical outcome of these 
patients.  
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  Epidemiology 

 Acquired hemophilia (AH) has an estimated prevalence of 
1.48 cases per million per year, and a reported mortality 
between 9% and 22%  [1,2] . Despite its low prevalence, the 
condition imposes signifi cant clinical and medical economic 
challenges because its dramatic complications are frequently 
life - threatening and management of bleeding events is 
expensive. 

 Age at onset for AH is distributed in a biphasic pattern, 
with a small peak in young individuals, primarily postpartum 
women and those with autoimmune diseases, and a major 
peak in those aged 60 – 80 years of either sex. AH is uncom-
mon in children younger than age 16 (estimated at 0.045/
million/year), and may even be underdiagnosed in the very 
elderly older than age 85 (estimated at 14.7/million/year)  [2] . 
In the largest published population series, 50 – 60% of diag-
nosed individuals were previously healthy with no identifi ed 
underlying disease state  [1 – 3] . Consistent disease associations 
have been reported in the other half of the patients and include 
pregnancy, evolving or pre - existing autoimmune or malignant 
disorders, and rarely medications  [4] .  

  Pathophysiology and  c haracteristics 
of  a utoantibodies to  f actor  VIII  

 Human factor VIII (FVIII) circulates in the plasma, noncova-
lently bound to von Willebrand factor (VWF) protein, which 
chaperones it through the circulation. The sequence of the 
FVIII protein is composed of amino acids grouped into six 
domains. The most common epitopes for autoantibody (as 
well as alloantibody) binding appear to lie between amino 
acids 454 – 509 and 593 in the A2 domain, between 1804 and 
1819 in the A3 domain, and between 2181 and 2243 in the 
C2 domain  [5] . Anti - C2 antibodies inhibit the binding of FVIII 
to phospholipid and may also interfere with the binding of 
FVIII to VWF protein, whereas anti - A2 and anti - A3 antibod-
ies impede the binding of FVIII to factor X (FX) and factor 
IXa (FIXa), respectively, in the intrinsic pathway FX activa-
tion complex. Autoantibodies binding to epitope sites other 

than those mentioned above may be clinically silent, or may 
be involved in other methods of FVIII inactivation, including 
mediating FVIII hydrolysis  [6] . FVIII antibodies directed 
against areas in the B domain may infl uence clearance of FVIII 
from the circulation. 

 Most antibodies are mixtures of polyclonal IgG1 and IgG4 
immunoglobulins, with the IgG4 molecules mainly responsible 
for inhibiting clotting activity. Kappa light chains predomi-
nate. The IgG4 antibodies do not form immunoprecipitates or 
fi x complement; thus, end - organ damage does not occur as it 
may with alloantibodies against FIX. 

 The mechanisms by which FVIII activity is inhibited as a 
result of interacting with autoantibodies versus alloantibodies 
are quite dissimilar. Alloantibodies typically neutralize FVIII 
activity completely, following a so - called linear type I kinetics 
pattern. In contrast, most autoantibodies do not completely 
neutralize or inhibit FVIII activity and interact with FVIII via 
a nonlinear, nonsaturable, complex pattern of type II kinetics. 
The implications of this latter nonsaturable reaction process 
are profound: in patients with AH, residual low levels of FVIII 
activity may be detectable in laboratory assays; however, indi-
viduals with AH may bleed as profusely as if they had no FVIII 
activity  [7] . The level of residual FVIII activity in the context 
of the presence of autoantibody inhibitors does not predict for 
the severity or frequency of their bleeding complications. 
Furthermore, these inhibitors, which follow complex kinetics, 
may only be quantifi ed inexactly since the standard Bethesda 
assay is based on linear kinetics. This phenomenon results in 
routine underestimation of the potency of the autoantibody 
inhibitor. Thus, patients may be classifi ed as having low titers 
of the autoantibody inhibitor, expressed as Bethesda units 
(BU), but manifest with severe bleeding  [7] . 

 It is apparent also that the contrasting interactions of auto -  
versus alloantibody inhibitors with FVIII result in very differ-
ent patterns of clinical bleeding complications. The explanations 
for this are not obvious; however, in contrast to the hemor-
rhagic arthropathy, which predominates in individuals with 
alloantibody inhibitors, AH is associated with more profound 
visceral, intramuscular, and soft tissue bleeding.  

  Associated  d isease  s tates 

 Auto - FVIII antibody inhibitors frequently are associated with 
disease states thought to arise from a dysregulated immune 
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 [4,11] . The association with cancer occurs predominantly in 
elderly men and, especially when observed in conjunction with 
lymphoproliferative disorders, is consistent with the broad 
range of autoimmune phenomena that frequently complicate 
these conditions. The etiologic role of solid tumor malignan-
cies in AH is not so apparent. In fact, some authors consider 
that the appearance of FVIII autoantibodies in patients with 
solid tumors such as prostate cancer may well be an epiphe-
nomenon as these neoplasms occur so commonly in the same 
elderly cohort as AH. In some cases, the FVIII autoantibodies 
have been observed to arise after treatment for cancer has been 
initiated; it is possible that use of corticosteroids, cytotoxic 
agents, and biologic response modifi ers, such as interferon -  α , 
could have altered host immunity and predisposed the patient 
to the development of autoimmune phenomena. Alternatively, 
FVIII autoantibody inhibitors could represent a host immune 
response to the tumor - derived antigens, although no tumor 
antigen has yet been described to have homology to FVIII. The 
presence of an underlying malignancy is not a contraindica-
tion to the use of immunotherapy to suppress the production 
of the antibody even in cases that fail to respond to primary 
antitumor therapy  [12] . The auto - FVIII antibody inhibitor 
may not remit following successful eradication of the malig-
nancy. Conversely, the re - emergence of inhibitors is not a 
reliable indication of tumor recurrence in patients. 

 Drug reactions to certain medications, including antibiotics 
such as pencillin and its derivatives, sulfonamides, and chlo-
ramphenicol; anticonvulsants such as diphenylhydantoin; and 
BCG (bacille Calmette – Gu é rin) vaccination have all been asso-
ciated with the development of antibodies to factor VIII  [1,13] . 
Frequently, drug - induced anti - FVIII antibodies arise after 
hypersensitivity reactions and remit shortly after withdrawing 
the offending drug. The pathophysiology remains unknown in 
most cases; however, the signifi cant alterations of immune 
function which are induced by the administration of such 
medications as interferon -  α  and fl udarabine may facilitate the 
appearance of autoantibodies against FVIII, as they do for 
other immune phenomena reported with their use, e.g., immune 
thrombocytopenic purpura or autoimmune hemolytic anemia.  

  Clinical  m anifestations of 
 a cquired  h emophilia 

 The clinical picture of AH is characterized by acute onset of 
severe bleeding in individuals who previously had no history 
of bleeding diatheses. It is notable that the bleeding pattern is 
distinctly more severe and anatomically varied than that 
observed in congenital severe hemophilia A complicated by 
alloimmune inhibitors against FVIII. Patients generally present 
with mucocutaneous bleeding such as epistaxis and gastroin-
testinal bleeding, as well as soft tissue bleeding including 
extensive ecchymoses and hematomas. Joint and muscle bleed-
ing, commonly experienced by patients with congenital hemo-
philia A and alloinhibitors, is comparatively rare. The bleeding 

  Table 12.1    Underlying disorders associated with acquired 
hemophilia. 

   Associated disease  
   Green 1981 
( n    =   178)  [1]   

   Morrison 1993 
( n    =   65)  [8]   

   Collins 2007 
( n    =   150)  [2]   

  Idiopathic (%)    46.1    55.4    63.3  
  Autoimmune (%)    18.0    16.9    16.7  
  Malignancy (%)    6.7    12.3    14.7  
  Pregnancy (%)    7.3    10.8    2.0  
  Drug reaction (%)    5.6    3.1     —   
  Dermatologic (%)    4.5    1.5    3.3  
  Other (%)    11.8     —      —   

system (see Table  12.1 ). In the largest series, an autoimmune 
association was found in  ∼ 17% of cases  [2,8] . Primary among 
such are collagen vascular disorders, including systemic lupus 
erythematosus (SLE) and rheumatoid arthritis (RA). Less com-
monly, AH is associated with more organ - specifi c autoimmune 
diseases such as myasthenia gravis, multiple sclerosis, Graves ’  
disease, and autoimmune hemolytic anemia. Associations with 
asthma, chronic infl ammatory bowel disease, and graft versus 
host disease following allogeneic bone marrow transplant have 
also been reported anecdotally.   

 Development of an autoanti - FVIII inhibitor is a rare but 
well - recognized complication of pregnancy. The prognosis is 
overall good and mortality rates are low (0 – 6%)  [4] . The most 
common manifestation is postpartum bleeding in the 1 – 4 
months after delivery  [9] . The development of AH has been 
described up to a year post partum, but these cases may be 
more likely associated with evolving or occult autoimmune 
disorders  [10] . Auto - FVIII inhibitors may actually develop in 
2 – 14% of otherwise normal pregnancies but remain clinically 
insignifi cant. Multiparous women may have low levels of such 
antibodies detectable in their plasmas for many years. The 
pathogenesis of these pregnancy - related autoantibody inhibi-
tors directed against FVIII remains unclear. 

 Theoretically and anecdotally, the anti - FVIII IgG autoanti-
bodies circulating in pregnant mothers with clinical AH can 
increase the risk of severe hemorrhagic complications in the 
neonate at delivery owing to the transplacental transfer of the 
antibody. Because these bleeds often involve the central 
nervous system, cesarean section delivery should be seriously 
considered in these patients. If the inhibitor is low titer ( ≤ 5   BU), 
it generally disappears spontaneously over a median of 30 
months post partum and may rarely ( < 15%) recur with sub-
sequent pregnancies. High - titer inhibitors ( > 5   BU) can persist 
for years despite treatment with corticosteroids, intravenous 
immunoglobulin, and cytotoxic agents, and may precede the 
development of an overt autoimmune disorder such as SLE or 
RA. 

 Associated malignancies, most commonly lymphoprolifera-
tive in nature, have been identifi ed in up to 15% of patients 
with AH, and may be associated with a worse prognosis 
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is usually spontaneous, although minimal trauma or surgical 
procedures may predispose to disproportionately extensive 
ecchymoses and bleeding. Patients may present with overt 
bleeding or anemia because of occult hemorrhage. The bleed-
ing is accompanied by considerable morbidity; however, mor-
tality, ranging between 9% and 22%  [1,2]  frequently is a 
result of the infectious complications of immunosuppression 
rather than fatal hemorrhage.  

  Laboratory  d iagnosis 

 The activated partial thromboplastin time (aPTT) is prolonged 
when FVIII (or FIX, FXI, and FXII), for which it screens, is 
decreased in undiluted patient plasma. The prothrombin time 
(PT) and platelet function are usually normal. To determine 
if the elevated aPTT is a result of a specifi c clotting factor 
defi ciency or a pathologic circulating anticoagulant, perform-
ance of mixing studies is critical. For FVIII inhibitory antibod-
ies of the allo -  or auto - variety, the neutralizing expression of 
the inhibitor is time -  and temperature - dependent and may 
require 2   h at 37 ° C, especially in the case of weak autoanti-
bodies, before an accurate assessment of the inhibitor can be 
ascertained. A difference of 10   s or greater is indicative of a 
positive inhibitor screen. 

 To confi rm the neutralization of a specifi c coagulation 
factor by auto -  or allo - antibody inhibitors, assays for each of 
the coagulation factors in the involved pathway must be per-
formed. Lupus - like anticoagulants can be distinguished from 
clotting factor autoantibody inhibitors by the fi nding of a 
positive platelet neutralization assay and/or a prolonged dilute 
Russell ’ s viper venom test (dRVVT), tissue thromboplastin 
inhibition assay, or kaolin clotting time. In addition, clinical 
presentation is essential to distinguishing among these possi-
bilities, as lupus - like anticoagulants are typically found in 
either asymptomatic or hypercoagulable patients, and patients 
with AH tend to bleed. 

 When the presence of a specifi c factor inhibitor is suspected, 
it is imperative that the target is identifi ed and the degree of 
inhibitory activity quantifi ed. This is accomplished by incubat-
ing a source of the specifi c clotting factor (typically, pooled 
normal plasma) with increasing dilutions of the patient ’ s 
plasma at 37 ° C for 2   h. As the antibody - containing plasma is 
diluted, the clotting factor concentration will appear to 
increase, although the baseline mixture may yield a normal 
aPTT or FVIII activity level. The inhibitor potency is expressed 
most commonly worldwide in terms of BU, where 1.0   BU is 
the reciprocal dilution of patient test plasma permitting detec-
tion of 50% residual FVIII activity in a mixture with normal 
pooled plasma  [14] . The Nijmegen modifi cation of the 
Bethesda assay employs buffered normal plasma throughout 
each step of the assay, thereby minimizing shifts in pH and 
allowing for increased sensitivity of the inhibitor assay to 
detect low - titer inhibitors, e.g.,  ≤ 0.6   BU  [15] . While this assay 
is widely accepted for research trials, particularly those in 

which the detection of low - titer alloantibody inhibitors is 
critical, it is labor intensive and is rarely needed or used in the 
typical clinical scenario for AH. 

 Other assays for detecting specifi c inhibitors which target 
clotting factor proteins rely on immunologic rather than func-
tional methodologies. These assays, such as enzyme - linked 
immunoabsorbent assays (ELISAs), are extremely sensitive 
and may detect antibodies that do not inhibit FVIII activity in 
vitro or in vivo. They have thus far generally been confi ned 
to a research setting.  

  Treatment 

 There are two major goals for the treatment of AH: the imme-
diate control of acute and chronic bleeding and the long - term 
suppression/eradication of the autoantibody inhibitor. The 
fi rst objective is necessary because bleeding episodes are often 
relentless without reversal of the coagulation defi cit, and can 
be life threatening. The second objective is required to restore 
normal hemostasis and can usually be accomplished using 
some type of immunotherapy. An important caveat is that the 
level of inhibitor potency is not directly proportional to or 
predictive of the severity or frequency of bleeding events. 

 The choice of therapeutic agent to reverse bleeding depends 
on the severity of the bleeding, the clinical setting, and the 
initial and historical peak titers of antihuman FVIII inhibitors 
(Figure  12.1 ). Several strategies, such as administration of 
desmopressin and concentrates of human recombinant FVIII, 
may raise the FVIII activity levels adequately in plasma of 
individuals with low - titer auto - FVIII antibody inhibitors 
( ≤ 5   BU). If the inhibitor titer is high ( > 5   BU), or if bleeding 
persists despite infusions of FVIII concentrates, then FVIII 
bypassing agents, such as aPCCs or recombinant factor 
VIIa (rFVIIa), are indicated. Local measures for treatment 
of mucosal hemorrhage, such as antifi brinolytic agents or 
topical fi brin glues, may also be helpful. The use of plasma -
 derived or recombinant topical thrombin preparations may 
also spare the need for more expensive parenteral replacement 
products.   

 The target level of FVIII activity needed to control most 
bleeding events is 30 – 50% of normal. This is generally more 
feasible to achieve if the inhibitor titer is  < 5   BU. The recom-
mended initial dose of FVIII concentrate is 20   IU/kg for each 
BU of inhibitor plus 40 additional IU/kg intravenously as a 
bolus. The plasma FVIII activity level should be determined 
10 – 15 min after the initial bolus and, if the incremental recov-
ery is not adequate, another bolus dose should be adminis-
tered  [16] . An alternative approach is to administer an initial 
intravenous bolus of 200 – 300   IU/kg followed by continuous 
infusion of about 4 – 14   IU/kg/h  [17] . These doses are estima-
tions, and FVIII levels and clinical response should be moni-
tored carefully throughout treatment. FVIII concentrates are 
generally not useful if the patient has a high - titer ( > 5   BU) or 
high - responding inhibitor. The latter may not be known until 
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Yes
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DDAVP

Bleeding
controlled
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Administer aPCCor rFVIIa

Bleeding
controlled

Yes No

Consider higher dose rFVIIa, sequential aPCC or
rFVIIa, IVIG, or extracorporeal removal of

antibody

No

Initiate immunosuppression

 Figure 12.1     Treatment algorithm 1: 
Management of acute bleeds. 

after the fi rst dose of FVIII is administered as patients with 
low - titer inhibitors may be high responders, with the capacity 
to mount an anamnestic response after exposure to the offend-
ing antigen, e.g., FVIII. 

 The FVIII present in intermediate - purity concentrates is 
associated with a large amount of VWF protein, which theo-
retically protects the FVIII from proteolytic inactivation and 
neutralization by the autoantibodies in the patient ’ s plasma, 
particularly by antibodies directed against C2 domain. Thus 
far, this has been more of an in vitro than an in vivo consid-
eration, but it is provocative and awaits testing in a clinical 
setting  [7,18] . A similar argument has been posited for the 
benefi ts of 1 - deamino - 8 -  d  - arginine vasopressin (DDAVP) for 
the treatment of autoantibody FVIII inhibitors, albeit low - titer 
ones. In this situation, DDAVP would be expected to increase 
both VWF protein and FVIII release into the plasma. 

 Porcine plasma - derived FVIII (pFVIII) concentrate was for-
merly considered a vital fi rst - line therapy to achieve hemosta-
sis in patients with AH because of both its excellent effi cacy 
and the opportunity for close laboratory monitoring (unlike 
the bypassing agents, aPCCs and rFVIIa, postinfusion FVIII 
activity levels may be followed in the laboratory while using 
pFVIII). Unfortunately, pFVIII was removed from the market 
in 2004 because of its contamination with porcine parvovirus. 
In contrast to allo - FVIII antibody inhibitors, the crossreactiv-
ity between antihuman FVIII autoantibodies and pFVIII is 
usually minimal and rarely neutralizing enough to obviate the 
use of pFVIII concentrate  [3] . A new recombinant porcine 
B - domain deleted FVIII product (OBI - 1, Ipsen) has recently 

completed phase I and II clinical trials in congenital hemo-
philia and allo - inhibitors  [19] ; trials in acquired hemophilia 
are in the process of being designed and look promising for 
the future. 

 For patients with high - titer inhibitors ( > 5   BU), the  “ bypass-
ing ”  agents, aPCCs and rFVIIa, are the most commonly used 
fi rst - line therapies. Factor Eight Inhibitor Bypassing Activity 
(FEIBA  ®  , Baxter) is currently the only commercially available 
aPCC in the USA. Its main active components include acti-
vated FX and prothrombin, but the precise mechanism for its 
hemostatic action in AH remains poorly understood. aPCCs 
have been used extensively in the treatment of bleeding epi-
sodes in patients with both allo -  and auto - FVIII antibody 
inhibitors. Retrospective studies in subjects with AH report 
excellent or good hemostatic response in 86 – 100% of cases 
 [20,21] . For treatment of acute bleeds, the recommended dose 
of FEIBA is 50 – 100   IU/kg infused intravenously every 8 – 12   h. 
Minor reactions such as headache, nausea, pruritus, skin 
rashes, and diarrhea have been noted. Rare cases of dissemi-
nated intravascular coagulation (DIC), venous thromboembo-
lism, and myocardial infarction have also been reported  [22] . 
There is also a small, but theoretical, risk of viral and perhaps 
prion transmission as it is a plasma - derived product. This 
necessitates a careful risk to benefi t analysis prior to the 
administration of this human plasma - derived product. It must 
be noted that there has never been a reported case of human 
immunodefi ciency virus (HIV), hepatitis C virus (HCV), or 
variant Creutzfeldt – Jakob disease transmission associated 
with the use of FEIBA. 
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 rFVIIa (NovoNordisk) is the other widely used bypassing 
agent. While its mechanism of action is also not fully under-
stood, it has been demonstrated to directly activate FX and 
increase thrombin production on the surface of activated 
platelets even in the absence of factors VIII and IX. The acti-
vated platelet specifi c generation of thrombin is postulated to 
localize its action to sites of active bleeding and tissue injury. 
Retrospective data collected from compassionate use pro-
grams  [23]  and the Hemophilia and Thrombosis Research 
Society (HTRS) database suggest that rFVIIa is effective or 
partially effective in 88% of evaluable bleeding episodes. 
When used fi rst line, 95% effi cacy was observed, and 83% 
effi cacy when used as salvage treatment  [24] . Rapid intrave-
nous bolus administration of 90 – 120    μ g/kg rFVIIa, repeated 
every 2 – 3   h, depending on clinical response, is recommended. 
Continuous infusion of rFVIIa is being explored as a means 
of simplifying the demands of frequent dosing and of reducing 
cost of product. The major adverse effect associated with 
rFVIIa, as with FEIBA, is the occurrence of arterial and venous 
thrombosis, which generally occurs at very low rates in AH, 
and has been noted predominantly in individuals with pre -
 existing atherosclerotic disease  [25,26] . The frequent dosing 
interval and higher baseline cost can make administration 
of rFVIIa prohibitively expensive for patients in developing 
countries. 

 Although no randomized trials have been performed com-
paring FEIBA with rFVIIa in patients with AH, unblinded 
randomized trials in subjects with congenital hemophilia and 
alloinhibitors being treated for joint bleeding suggest that 
FEIBA and rFVIIa appear to exhibit a similar effect on joint 

bleeds, that individual patients frequently respond differently 
to the two products, and that using a higher dose of rFVIIa 
(270    μ g/kg) (in children and young adults) may reduce the 
frequency and number of infusions required to treat a bleed 
 [27,28] . If fi rst - line therapy fails, switching to the alternative 
bypassing agent may prove successful. As patients with AH 
are older and more likely to have pre - existing risk factors for 
arterial and venous thrombosis, escalating or sequential use 
of either bypassing agent should proceed with great caution 
 [29,30] . Secondary prophylaxis to diminish bleeding has been 
used in patients with congenital hemophilia and inhibitors, 
but has not yet been explored in AH. An important drawback 
to the use of both products is the lack of a validated laboratory 
technique to monitor or predict hemostatic effi cacy and safety. 
The use of thrombin generation assays and thromboelastog-
raphy is currently being explored in research settings  [31] . 
Currently, when administering bypassing agents in AH, effi -
cacy is the clinical endpoint and dosing is empirical. 

 The primary aim in long - term management of AH is to 
eradicate the FVIII autoantibodies so that further bleeding 
can be averted. Although in some clinical situations (postpar-
tum women and drug - related AH) FVIII autoantibodies may 
remit spontaneously, most published guidelines and algo-
rithms recommend early initiation of eradication therapy. This 
is usually achieved through immunosuppressive medications 
or immunomodulation. 

 Successful immunosuppression regimens in AH have most 
frequently used corticosteroids as the cornerstone, either as a 
single agent or in combination with cyclophosphamide (Figure 
 12.2 ). In a prospective randomized trial, Green  et al.  treated 

Prednisone 1 mg/kg/d ×
3 weeks

Treatment
response?

Yes No
Can patient tolerate

standard
immunosuppressive

therapy?

Yes

Add cyclophosphamide

Treatment
response?

Yes No

No

Use rituximab, or alternative
immunosuppressive

regimen

 Figure 12.2     Treatment algorithm 2: 
Immunosuppression. 



CHAPTER 12

86

31 subjects with prednisone 1   mg/kg/day for 3 weeks, with a 
32% complete remission (CR) rate. After 3 weeks, in subjects 
with persistence of antibody, switching to oral cyclophospha-
mide 2   mg/kg/day as second - line therapy appeared more effec-
tive than continuing prednisone alone (CR rate 50% vs. 42%) 
 [32] . While some investigators have advocated using combina-
tion therapy fi rst line, a meta - analysis of 20 reports and a UK 
surveillance study showed that although addition of cyclo-
phosphamide improved initial CR rates, there was no change 
in overall survival  [33] . This may be related to the high rates 
of adverse effects from immunosuppressive agents, including 
neutropenia - related infections, in this predominantly elderly 
population  [4] . Patients who respond to steroids fall into a 
good prognostic category. Median time to remission is 5 – 7 
weeks, with overall CR rates ranging between 60% and 80% 
 [34] .   

 Other immunosuppressive medications have been employed 
for particularly refractory autoantibody inhibitor eradication, 
including azathioprine, cyclosporine, FK506 (tacrolimus), 
mycophenolate mofetil (Cellcept  ®  ), sirolimus (Rapamycin  ®  ), 
and 2 - chlorodeoxyadensine  [35] . Controlled studies have not 
been performed to confi rm their comparative safety and effi -
cacy in suffi ciently large populations. 

 Introduction of rituximab, a chimeric monoclonal antibody 
that targets the CD20 antigen, has opened new horizons in 
the treatment of benign hematologic diseases, and has been 
used to treat inhibitors in patients with both congenital and 
acquired hemophilia. Anecdotal case reports and series includ-
ing over 65 patients have reported CR rates  > 80%, which 
must be interpreted with some caution because of the likely 
bias of publishing only positive results. While this justifi es a 
randomized prospective trial to defi ne the exact role of rituxi-
mab in the management of AH, it cannot currently be recom-
mended as fi rst - line therapy  [36,37] . Some such small trials 
are under way. 

 Other less frequently used treatment options include admin-
istration of intravenous immunoglobulin in large doses, which 
often mediates a rapid but short - lived decline in autoantibody 
titers, perhaps owing to anti - idiotypic antibodies derived from 
the pooled plasmas of thousands of normal donors. The usual 
administered dose is 2   g/kg divided in either two or fi ve daily 
infusions. Intravenous immunoglobulin is rarely able to induce 
a CR when used alone (25 – 37% response rates, effective prob-
ably only in low - titer inhibitors)  [38] , but may be useful 
adjunctive therapy along with immunosuppressants, as part 
of an immune tolerance induction (ITI) regimen, or with extra-
corporeal plasmapheresis  [39] . Combination treatment with 
FVIII concentrate, cyclophosphamide, and methylpred-
nisolone, or other similar immunomodulation protocols, has 
reported high success rates (CR 93%) of inhibitor eradication 
with low recurrence rates  [40] . These excellent results remain 
to be tested in a randomized manner but appear to be a prom-
ising, albeit costly, treatment strategy. 

 In patients with AH, relapse rates of up to 20% have been 
reported, at a median of 7.5 months (range 1 week to 14 

months)  [2] . In over 50% of patients, a second CR could be 
induced, although some patients required longer term immu-
nosuppression. Patients should be carefully followed after 
remission and advised to promptly report new hemorrhagic 
symptoms so that relapses may be detected and treated as 
rapidly as possible. 

 Additional new treatment modalities for AH await develop-
ment and clinical research application. Theoretically, they 
could include the manufacture via recombinant technology of 
a preparation of combined rFII – rFX, which could provide an 
alternative to rFVIIa concentrate for refractory auto - FVIII 
inhibitors; the development of recombinant pFVIII concen-
trate (currently in phase III clinical trials) and the development 
of a human – porcine FVIII hybrid molecule, with porcine -
 derived amino acid substitutions in the A2, A3, and C2 
domains of the human FVIII molecule, areas which serve as 
the epitopes for autohuman FVIII antibody inhibitors; and the 
development of new rFVIIa constructs which have more 
potent dose – response generation of  “ thrombin bursts. ”  
Finally, modulation of the immune system may be possible to 
eradicate the autoantibody. Anti - CD40 ligand monoclonal 
antibodies were used with some success with allo - FVIII anti-
bodies before being withdrawn from the clinical arena because 
of hypercoagulability adverse events in an RA population. 
This approach remains to be tested for auto - FVIII antibodies. 
All of these strategies are provocative and suggest that the 
future for treatment of the auto - FVIII antibody inhibitors in 
acquired hemophilia is promising.  
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  Introduction 

 Classic hemophilia B (HB) is caused by mutations in the  F9  
gene that lead to quantitative and/or qualitative defi ciencies in 
circulating factor IX (FIX) protein. Genetic analysis is now a 
standard part of the diagnostic process in many hemophilia 
centers and has resulted in a much greater understanding of 
the etiology of this disorder. This facilitates screening of rela-
tives and in the future may infl uence therapeutic options for 
individual patients. From a scientifi c perspective it has led to 
a greater appreciation of the relationship between the struc-
ture of the FIX protein and its function. This is of fundamental 
importance for research and has been vital for breakthroughs 
such as the production of recombinant FIX. It is a cornerstone 
for current and future research streams such as the develop-
ment of better recombinant proteins or effective gene therapy. 

 The process of understanding the molecular basis of HB 
began with characterization of  F9  in the early 1980s. Several 
groups described parts of the  F9  coding sequence between 
1982 and 1984, and the full sequence of the entire gene was 
published in 1985  [1] .  F9  is located at Xq27.1 and spans 
33   kbp. There are eight exons which are transcribed into a 
2802 - bp mRNA. This, in turn, is translated into a 461 - amino 
acid (aa) polypeptide, from which removal of a 28 - aa signal 
peptide and 18 - aa propeptide leaves a 415 - aa mature protein. 
The primary translation product has an estimated molecular 
mass of 52   kDa. The two principal activators of this zymogen 
are FXIa and the TF.FVIIa complex. Activation occurs follow-
ing a double cleavage after Arg192 and Arg226. This removes 
the 35 - aa activation peptide which lies between the EGF2 
(epidermal growth factor - like) and SP (serine protease or cata-
lytic) domains. The active enzyme is a two - chain serine pro-
tease with a light chain of 145 aa containing the Gla, EGF1, 
and EGF2 domains and a heavy chain of 235 aa containing 
the SP domain. The neo N - terminus of the heavy chain is 
inserted into the catalytic domain during activation and the 
two chains are held together by the Cys178 – Cys335 disulfi de 
bond. The relationship between the nucleotide sequence and 
the translated polypeptide is shown in Figure  13.1 .   

 The Gla domain contains 11 glutamic acid residues that are 
post - translationally modifi ed to 4 - carboxyglutamate. These 

are essential for binding the calcium ions that give the Gla 
domain the positive charge that is required for effi cient inter-
action with a negatively charged phospholipid membrane. The 
catalytic triad, characteristic of all members of the serine pro-
tease family to which FIX belongs, is made up of His267, 
Asp315, and Ser411. On its own, FIXa is a relatively ineffi -
cient enzyme in the activation of its preferred substrate, FX. 
This activity is enhanced when the enzyme is noncovalently 
bound to its cofactor, FVIIIa, to form the macromolecular 
 intrinsic tenase  complex. The maximum catalytic activity of 
this complex is achieved after docking on a negatively charged 
phospholipid membrane. The effect of FVIIIa is to increase the 
specifi c activity by some 50   000 - fold over that of the enzyme 
in isolation  [2] . 

 The structure of the macromolecular intrinsic tenase 
complex has yet to be elucidated but can be inferred from the 
published crystal structures of porcine FIXa  [3] , individual 
domains of human FIXa  [4 – 6]  and human FVIII  [7,8] . In the 
active enzyme the light chain forms a stalk with the N - terminal 
Gla domain, anchoring it to the phospholipid membrane. The 
catalytic domain is a globular structure sitting at the top of 
the stalk (Figure  13.2 ). The interface with FVIIIa is formed by 
one side of the protein and includes critical groups of residues 
in the EGF1, EGF2, and catalytic domains  [8,9] .    

  Techniques for  m utation  d etection 

 Early methods of mutation detection generally relied upon 
distinguishing abnormal alleles by virtue of change in size of 
DNA fragments generated by restriction endonucleases. This 
is the basis of methods such as Southern blot, which can 
readily detect large deletions but are generally not suitable for 
direct detection of missense mutations. As discussed below, 
most cases of HB are associated with missense mutations. In 
this situation the disease - associated allele could sometimes be 
tracked in a pedigree by linkage with known polymorphisms 
that modifi ed restriction sites [restriction fragment length 
polymorphisms (RFLPs)]. There are several well - described 
polymorphisms that can be used for this purpose  [10] . One of 
these is a single nucleotide polymorphism (SNP), G/A g.20393, 
which codes for alanine or threonine at position 194. This has 
been termed the Malm ö  polymorphism and although it has 
no effect on protein function, it does alter the epitope profi le 
which produces variability in the results of antigen assays 
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 Figure 13.1     Relationship between the  F9  
gene and the translated factor IX polypep-
tide. Exons are depicted as vertical bars in 
 F9  with thickness approximating to size. In 
the primary mRNA the parts of the coding 
sequence transcribed from each exon are 
shown by numbered blocks. The regions of 
the protein encoded by different exons are 
shown by dashed lines and below the 
protein residue numbering indicates the 
domain boundaries. The signal and 
propeptides are removed to form the mature 
protein. AP, activation peptide; EGF, 
epidermal growth factor; Pro, propeptide; 
Sig, signal peptide; SP, serine protease. 
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 Figure 13.2     Crystal structure of porcine activated factor IX 
showing the domains in various shades of grey. PDB ID: 1PFX. (See 
also Plate  13.2 .)   

from different kits. The importance of these polymorphisms 
is that they can be used as indirect markers of mutation if the 
sequence at these positions in a pedigree varies between the 
normal and abnormal allele. Indirect methods require carriers 

to be heterozygous at the polymorphic marker, and there is 
always the possibility that recombination might lead to loss 
of the linkage with the mutated residue across generations. 
Therefore, these techniques have been superseded by DNA 
amplifi cation using polymerase chain reaction (PCR) followed 
by direct sequencing. The primers and reaction conditions for 
amplifi cation of the  F9  gene are now well standardized, 
making this a rapid and robust technique. The amplicons 
cover the coding sequence and known regulatory regions of 
 F9 . As PCR of the gene requires a number of amplifi cation 
reactions the possibility of reducing this by using mRNA as 
the target has been explored. Unfortunately, aberrant  F9  tran-
scripts are found in peripheral blood, so this approach has 
largely been abandoned as a routine screening technique  [11] . 

 PCR is generally not able to detect large deletions or other 
gross abnormalities in carriers because of the presence of the 
other (normal) allele. Although gross abnormalities represent 
a small group they are nearly always associated with severe 
disease, making the detection of carrier status important. In 
the last few years the development of new techniques has 
helped to tackle this problem. Of these, multiplex ligation -
 dependent probe amplifi cation (MLPA) and multiplex ampli-
fi cation and probe hybridization (MAPH) seem to be the most 
promising  [12] . In both techniques probes to specifi c sequences 
within the gene are amplifi ed. The products from different 
probes vary by size and are separated and quantifi ed by elec-
trophoresis. As the amount of amplifi ed product is propor-
tional to the amount of starting template, a deleted region will 
produce a lower peak from the corresponding probe. Already 
there are reports of the successful application of these tech-
niques to  F9  and it is likely that they will become increasingly 
used in the near future  [13] .  

  Mechanisms of  m utation in the  F9   g ene 

 One of the purposes of genetic analysis is to enable phenotypic 
predictions based on experience of similar mutations in other 
patients. This is facilitated by the collection of mutation and 
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phenotype information in databases. Details of three of the 
largest publicly available databases for  F9  mutations are given 
at the end of this chapter  [14 – 16] . Across the three databases 
there are some 900 distinct mutations. The different types 
of genetic defects that are found in HB are summarized in 
Figure  13.3 .   

  Single  n ucleotide  c hanges 

 Mutations in which a single nucleotide is replaced by another 
nucleotide (point mutations) are by far the most common 
type of abnormality found in HB (64% of all mutations). 
Generally, they are caused by DNA polymerases adding the 
wrong nucleotide during replication. Different mammalian 
DNA polymerases vary in their fi delity but the average error 
rate is in the region of 1 in 5000 – 10   000 nucleotides. This 
would lead to a disastrously high rate of mutations without 
repair mechanisms such as the 3 ′  to 5 ′  proofreading activity 
of DNA exonucleases. These enzymes may be part of the same 
macromolecular complex as the polymerase and their purpose 
is to remove an incorrectly incorporated nucleotide. When 
these repair mechanisms fail a mutation occurs. Analysis of 
the number of mutations reported at each position demon-
strates that certain nucleotides, or groups of nucleotides, are 
more frequently mutated than others. The occurrence of these 
so - called  “ mutation hotspots ”  indicates that sequence can 
infl uence the error rate. An example of this is the over - 
representation of arginine residues in the databases. This is 
because of the well - described effect of CpG islands. The nucle-
otide code for arginine is CGn, which is the target sequence 
for DNA methyltransferases. These enzymes convert cytosine 
to 5 - methylcytosine, which can be deaminated to form 
thymine. Thus, CGn is replaced with TGn, which codes for 

cysteine, tryptophan, or termination. Although deamination 
can occur to unmethylated cytosine as well, this results in a 
conversion to uracil, which is not a viable nucleotide in DNA 
and therefore corrected. 

 When point mutations causing HB occur spontaneously 
during meiosis they do so more frequently in the male gamete. 
Population studies indicate that when a sporadic mutation 
results in a carrier female it is approximately eight times more 
likely to have originated in the paternal gamete  [17,18] . A 
similar male - to - female bias has been reported in other X - linked 
recessive disorders. The reason for this bias is not clear. A 
higher rate of CpG transitions in the male has been largely 
discounted. It may be that the baseline rate of mutation is 
similar in both gametes but that the presence of a normal DNA 
strand in the female allows repair mechanisms dependent on 
homologous recombination. Another factor may be the much 
greater number of meiotic cycles involved in spermatogenesis 
compared with oogenesis. 

 The effects of point mutations vary greatly depending on 
where they occur in the gene. Alterations in the coding 
sequence can lead to missense mutations, premature stop 
codons, or splicing defects. Missense mutations can provide a 
great deal of information about the function of specifi c parts 
of the protein. In order to classify mutations they are grouped 
into two broad types. Type I or quantitative mutations result 
in reduced levels of an otherwise normal protein. Type II or 
qualitative mutants have reduced function and may be present 
in normal or reduced amounts. The separation of mutants into 
these two classes requires measurement of both protein func-
tion (activity or FIX:C) and antigen (FIX:Ag), but unfortu-
nately many laboratories do not routinely measure FIX:Ag. 
The terms cross - reacting material (CRM) negative and CRM 
positive (or CRM reduced) approximate to types I and II. 

 Mutations affecting the signal peptide (residues 1 – 28) 
produce the full spectrum of disease severity but with similar 
levels of antigen and activity. This part of the polypeptide 
directs intracellular traffi cking of the protein and defects can 
lead to reduced levels of secretion. As the signal peptide is 
cleaved prior to secretion it plays no part in the function of 
the circulating form and thus mutations are type I. In contrast, 
mutation of any of the triad of residues forming the active site 
invariably causes severe HB because the protein is then inca-
pable of catalytic activity. FIX:C is therefore always  < 1   IU/dL. 
However, the amount of protein in the circulation, as meas-
ured by the FIX:Ag, is variable and quite often normal as seen 
with His267Arg, His267Gln, Ser411Gly, and Ser411Arg. If 
antigen is normal this is an archetypal example of a type II 
mutation where a nonfunctional protein is processed and 
secreted normally leading to a marked discrepancy between 
antigen and activity levels. A similar effect can be seen with 
mutations such as Arg43Gln and Arg46Ser in the propeptide 
(residues 29 – 46) which mediates the interaction with the 
vitamin K - dependent  γ  - carboxylase. Mutations in this region 
produce proteins with reduced function because of impaired 
phospholipid binding. The mechanism of the defi ciency is the 

Small Indels
18%

Large indels
6% Regulatory

2%

Complex rearrangements
1%

Splicing
9%

Missense/nonsense
64%

 Figure 13.3     Pie chart showing the different types of genetic defects 
reported in hemophilia B. The percentages are derived from the 
three public databases listed at the end of the chapter. 
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same as that seen in vitamin K defi ciency or warfarin therapy. 
Indeed, mutations in this region are also a well - known cause 
of increased sensitivity to coumarin anticoagulants. Many 
missense mutations are not quite so easily categorized because 
of both quantitative and qualitative effects. Nevertheless, 
this remains a useful classifi cation, and a ratio of Ac:Ag of 
less than 0.7 is arbitrarily taken to indicate a predominantly 
type II defect. HB is unusual among coagulation factor defi -
ciencies in that mutations are predominantly type II (approxi-
mately 60%). Most quantitative defects are caused by 
impairment of transcription or protein secretion. A reduction 
in circulating antigen may also be achieved by increased clear-
ance of mutants with reduced stability. For many missense 
mutations the defi ciency is caused by a combination of such 
mechanisms. 

 Nonsense mutations occur when a single nucleotide change 
results in the introduction of a premature stop codon. 
Generally, this results in a severe type I defect with no protein 
production. Thus, Gly357Arg and Gly357Glu are type II 
mutations with FIX   :   C  < 1   IU/dL and normal FIX:Ag but 
Gly357Ter is associated with undetectable antigen  [19] . 
Occasionally, the mutation may be suffi ciently near the 
C - terminus of the polypeptide to allow production of a trun-
cated protein which may not have any function but contains 
an epitope recognized by an antigen assay. One possible mech-
anism by which normal protein can be detected despite a 
nonsense mutation is translational read - through. This is a 
poorly understood phenomenon that seems to be dependent 
on specifi c tRNA species that allow recognition of an incorrect 
stop codon and enable continued translation of the original 
open - reading frame. 

 Splicing of exons to form the correct RNA message relies 
on the recognition of splice junctions by RNA polymerases. 
Usually a pair of dinucleotides defi nes the splice donor and 
splice acceptor sites that instruct the polymerase to splice 
exonic sequences together. A single point mutation that 
destroys a splice donor site generally results in a nonsense 
mRNA because of destruction of the open - reading frame. 
Splicing defects (9% of all mutations) can also occur because 
of point mutations in intronic sequence that create an alterna-
tive splice acceptor site. The effects of this type of mutation 
are more diffi cult to predict because they depend on the prob-

ability of the polymerase choosing the alternative acceptor site 
over the correct one. Web - based software can be used to 
predict this probability using algorithms that take into account 
factors such as the similarity and proximity of the acceptor 
sites. Clear evidence of splicing mutations requires the detec-
tion of aberrant mRNA species but RT - PCR for HB presents 
technical diffi culties, as indicated earlier.  

  Founder  e ffect 

 The CpG effect does not explain all occurrences of mutation 
hotspots. Several groups have reported on the results of sys-
tematic mutation screening in a geographically restricted HB 
population. This has demonstrated a number of mutations 
that occur more frequently in the particular population under 
study but are not obviously explained by the previously dis-
cussed mechanisms. Further analysis of the surrounding region 
in the  F9  gene shows that polymorphic markers segregate with 
the mutation indicating the inheritance of a discrete rare hap-
lotype. This is most likely to have arisen in a distant common 
ancestor or founder. If the gene pool from which the popula-
tion arises remains relatively restricted, this allows the haplo-
type to become more prevalent. This effect is particularly seen 
in mild disorders where heterozygous individuals are largely 
unaffected. 

 Examples of mutations demonstrating the founder effect 
have been demonstrated in North America (Ile443Thr)  [20] , 
the UK (g.17781 A    >    G)  [21] , and Ireland (g. – 35 G    >    A and 
Ala317Val)  [22] .  

  Hemophilia B Leyden 

 The abnormalities described above result from alterations of 
the coding sequence. Type I mutations can also arise from 
mutations affecting the gene ’ s regulatory elements in the non-
coding sequence (2% of all mutations). A well - characterized 
group of mutations affects the transcription factor binding 
sites in the  F9  promoter. This is in contrast to hemophilia A, 
where, thus far, only a single mutation in the  F8  promoter has 
been described. Figure  13.4  is a map of the relevant part of 
the  F9  promoter showing the known recognition sites of 
important transcription factors. Some mutations in this region 

+1
(A of ATG)

-12-29-44-51

C/EBP
Factor IX coding sequence

LF-A1/HNF4

ARE

 Figure 13.4     Map of the  F9  promoter showing the position of 
selected transcription factor - binding sites. ARE, androgen response 
element; LF - A1/HNF4, liver factor - A1/hepatocyte nuclear factor 4; 
C/EBP, CCAAT/enhancer binding protein. The dashed lines indicate 
the nucleotide number upstream of the transcription start site. White 

triangles indicate the position of the most common mutations 
associated with the Leyden phenotype. The black triangle indicates 
the position of a mutation that causes hemophilia B with stable 
levels throughout life. 
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can produce a standard type I phenotype with FIX levels at a 
stable low level throughout life. The HB Leyden phenotype is 
characterized by severe defi ciency from birth with levels that 
start to increase during the second decade and achieve near -
 normality during the third decade  [23] . Thereafter, normal or 
borderline - low levels are maintained throughout life. The 
cause of this phenomenon is apparent from the promoter map. 
This shows recognition sites for the transcription factors C/
EBP and LF - A1/HNF that are active throughout life. One of 
these sites is partly overlapped by the androgen response 
element (ARE), which regulates transcription levels following 
the hormonal changes that occur during puberty. Mutations 
at g. – 55 (such as the Brandenburg mutation) cause HB that 
persists throughout life because both the ARE and LF - A1/
HNF sites are affected  [24] . Mutations 3 ′  of g. – 50 spare the 
ARE and cause HB Leyden because transcription is upregu-
lated as testosterone levels increase.    

  Small  i nsertions or  d eletions 

 Errors made by DNA polymerases generally result in point 
mutations. A rarer type of error is the insertion or deletion of 
a few nucleotides (18% of all mutations). Collectively, or 
where a single mutation results from a combination of such 
abnormalities, the term indels is used. These mutations often 
occur in sequences of dinucleotide repeats, particularly where 
one set of dinucleotide repeats is adjacent to a different set. 
Slippage of the DNA polymerase is one possible mechanism. 
As dinucleotide repeats are commonly intronic, such errors 
are frequently inconsequential. However, they can occasion-
ally affect regulatory elements or lead to frame - shifts if coding 
sequence is involved. In the latter situation a severe defi ciency 
is likely to result.  

  Gross  g enetic  a bnormalities 

 This type of abnormality includes gene rearrangements or 
deletions affecting the whole, or a large part, of the gene. 
These mutations are well represented in the literature because 
they are readily detected by methods based on DNA hybridi-
zation probes and invariably result in severe defi ciency. 
However, they account for only 7% of HB cases in contrast 
with hemophilia A where gene rearrangements account for 
nearly half of severe cases (see Chapter  3   ). The inversion 22 
rearrangement that is the commonest cause of severe hemo-
philia A occurs more frequently in the male gamete. This is 
thought to be because an additional X chromosome can 
protect against intrachromosomal rearrangement. On the 
other hand, deletions are more likely to be of female origin 
 [25] . This may be a result of the chromosomal crossover that 
occurs during meiosis. As this process is dependent on recom-
bination between homologous sequences, abnormal alleles are 
more likely to be of maternal origin because of the presence 
of two copies of the gene. Equivalent data in HB are lacking 
but as deletions are more common than inversions in  F9 , it 

may be that gross abnormalities are more likely to be of female 
origin. 

 From a scientifi c perspective a null allele gives us little 
information but the detection of these abnormalities often 
affects the clinical management of patients and relatives. 
Inhibitor formation is rare in HB (1 – 3% of all cases) com-
pared with hemophilia A (about 30%)  [26] . This is partly 
explained by the relatively low occurrence of gross gene dele-
tions in HB. The probability of inhibitor formation is related 
to both severity of disease and type of genetic defect with the 
greatest risk associated with severe disease caused by gross 
genetic abnormalities. There are also differences in the clinical 
effects of inhibitors, with a number of reports of anaphylactic 
reactions. In relative terms these are less frequently seen in 
hemophilia A. Inhibitors in HB are discussed in greater length 
in the next chapter but it is clear that genetic factors play a 
role in both formation of inhibitors and the nature of the 
immune reaction.   

  Public  d atabases 

 Haemophilia B Mutation Database:  http://www.kcl.ac.uk/ip/
petergreen/haemBdatabase.html  

 Coagulation Serine Protease Mutation Database:  http://
coagmdb.org/  

 The Human Gene Mutation Database:  http://www.hgmd.
cf.ac.uk/ac/index.php   

  Mutation  n omenclature 

 Numbering in this chapter follows the guidelines of the Human 
Genome Variation (HGV) society. +1 refers to the  “ A ”  of the 
ATG translation start codon for nucleotide numbering and the 
methionine residue that this codes for in peptide numbering. 
Most earlier publications use a numbering based on the tran-
scription start site or the mature protein.  
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  Frequency of  i nhibitors in  h emophilia B 

 Factor (F) IX inhibitors are relatively uncommon, being seen 
in 1 – 3% of persons with hemophilia B. In fact, the long - term 
directors of some large hemophilia centers note that they have 
seen no FIX inhibitors in their centers (Table  14.1 ). This is in 
striking contrast to the situation in hemophilia A, where 
approximately 30% of individuals with severe and moderately 
severe hemophilia develop inhibitors to FVIII  [1,2] . Among 
persons with hemophilia, approximately 80% have hemo-
philia A, while only 20% have hemophilia B. Hemophilia B, 
an X - linked recessive disorder, occurs in approximately one 
of 30   000 male births, in all populations. Mutations causing 
this bleeding disorder have been found all over the FIX gene, 
which is located at Xq27.1; these mutations are reported and 
updated in the  F9  Mutation Database ( http://www.kcl.ac.uk/
ip/petergreen/haemBdatabase.html )  [3] . Based on the measur-
able activity of the patient ’ s FIX, hemophilia B is classifi ed as 
severe ( < 1%), moderate (1 – 5%), or mild ( > 5%); in most 
reports, approximately 30 – 45% of affected individuals have 
severe hemophilia B  [4] . The majority of persons with hemo-
philia B who develop inhibitors have severe hemophilia B.    

  Risk  f actors for  d evelopment of  f actor 
IX  i nhibitors 

 Genetic factors play a major role. Certain mutations in the 
FIX gene are associated with an increased incidence of inhibi-
tor development. Large deletions and frame - shift mutations 
leading to the loss of coding information are much more likely 
to be associated with inhibitor development. High has reported 
that large deletions account for only 1 – 3% of all hemophilia 
B patients, but account for 50% of inhibitor patients  [5] . In 
an analysis of hemophilia B patients who had anaphylactic 
reactions to FIX - containing products, as well as an inhibitor, 
Thorland and coworkers genotyped eight unrelated patients 
and compared their gene mutations with those found in 550 
hemophilia B patients in the hemophilia B database at the 

time. Individuals with complete gene deletions were found to 
be at greatest risk for anaphylaxis. Anaphylaxis occurred 
more frequently in families with null mutations (large dele-
tions, frame - shift, or nonsense mutations) than in those with 
missense mutations  [6] . 

 In addition to the particular FIX defect causing a patient ’ s 
hemophilia B, Astermark has recently reviewed the potential 
role of immune response genes (noting a microsatellite poly-
morphism in the promoter region of the IL - 10 gene, which 
was highly associated with inhibitor formation in hemophilia 
A patients), environmental factors, and other concurrent 
immune system challenges, among others  [7,8] . 

 While race has been shown to play a defi nite role in 
the development of FVIII inhibitors, with approximately 
40 – 50% of black individuals with hemophilia A developing 
a FVIII inhibitor, no such association has been found in 
hemophilia B.  

  Age and  n umber of  e xposure  d ays to  fi  x 
at  d etection of  f actor IX  i nhibitors 

 As is the case in hemophilia A, most (but not all) individuals 
who develop an inhibitor to FIX do so relatively early in life 
(within the fi rst 4 – 5 years), after a median of 9 – 11 exposure 
days (EDs) to any FIX - containing product (Table  14.2 ).    

  Anaphylaxis and  o ther  a llergic  r eactions 
 d eveloping in  c lose  a ssociation with 
 f actor IX  i nhibitor  d evelopment 

 With the development of plasma - derived FIX products of 
higher purity (e.g., monoclonal antibody purifi ed FIX concen-
trates) in the 1990s, prelicensure clinical trials revealed an 
occasional study subject who developed anaphylaxis while 
being infused with the higher purity product  [2] . This raised 
concern that such high - purity products, which perhaps had 
been altered in their production, were resulting in both ana-
phylaxis and FIX inhibitors. As a result, an international 
registry of such complications was organized by Warrier 
 et al. , on behalf of the FVIII/FIX Subcommittee of the 
International Society on Thrombosis and Hemostasis (ISTH) ’ s 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.



FACTOR IX INHIBITORS IN HEMOPHILIA B

95

  Table 14.1    Reasons for lower numbers of factor IX (FIX) inhibitors 
than factor VIII (FVIII) inhibitors. 

  Fewer numbers of individuals with hemophilia B as compared with 
hemophilia A 

 Lower percentage of persons with severe hemophilia B (most 
inhibitors in hemophilia B occur in severely affected individuals, 
i.e., those with  < 1% FIX) 

 FIX is one - fi fth the size of FVIII, and distributes extravascularly 
 Higher FIX (than FVIII) protein (5    μ g/mL vs. 100   ng/mL) 
 Structural analogy to other vitamin K - dependent factors may confer 

some tolerance to FIX  

  Table 14.2    Demographic data for individuals with factor IX (FIX) 
inhibitors. 

  Median age at detection of FIX inhibitors: 19.5 months 
 Median exposure days (EDs) at detection of FIX inhibitors: 9 – 11 

(range 2 – 180 EDs) 
 Median peak inhibitor titers: 30   BU (1 – 1156   BU) 
 Occur in all racial and ethnic groups, with no predilection for a 

certain race 
 Most occur in persons with null mutations in the FIX gene (large 

gene deletions, frame - shift mutations) 
 Roughly one - half of patients with hemophilia B and a FIX inhibitor 

have anaphylactic (or severe allergic) reactions to any FIX -
 containing product  

Scientifi c and Standardization Committee (SSC)  [4,9,10] . 
Additionally, all subsequent prelicensure clinical trials with 
new products included FIX inhibitors assays done at more 
frequent (specifi ed) time intervals, and over a longer period of 
time. 

 Interestingly, the ISTH registry data submitted from 1997 
to 2006 provided data concerning 94 individuals with inhibi-
tors and anaphylaxis or severe reactions to FIX - containing 
products of various types. Some were receiving intermediate -
 purity plasma - derived products, while others were receiving 
high - purity FIX products (either recombinant or plasma -
 derived) when the reaction occurred. Thus, there was no evi-
dence to implicate a particular type of product  [4] . 

 However, in view of the severity of such complications 
occurring early in life, after very few exposures to FIX, Warrier 
 et al.  recommended that all infants and small children with 
severe hemophilia B be closely followed over their fi rst 20 (or 
more) infusions (with any FIX - containing product) in a facility 
equipped to treat anaphylactic shock  [9 – 11] . It was also rec-
ommended that genotyping be done on infants (or an affected 
sibling) with severe hemophilia B before such complications 
occurred, to know if they had a defect in the FIX gene (e.g., 
a large gene deletion) putting them at particular risk for ana-
phylaxis and inhibitor development  [10] . 

 In general, patients with an inhibitor to FIX and a history 
of anaphylaxis to FIX should be treated with rFVIIa — a safe, 

readily available recombinant product which does not contain 
FIX.  

  Management of  p atients with 
 h emophilia B  c omplicated by a  f actor 
IX  i nhibitor 

 As mentioned above, infants and young children with severe 
hemophilia B are at particular risk for the sudden development 
of anaphylactic shock (or other severe allergic reaction) and 
inhibitor development. While these two events are often 
closely related temporally, one may precede the other. Thus, 
a child who has developed a FIX inhibitor after relatively few 
EDs to FIX should be regarded as being at greater risk for 
anaphylactic shock with one of his next several doses of FIX. 
While such children are often being treated at a hemophilia 
treatment center (i.e., not yet on home infusion), the center 
should be equipped with a readily accessible  “ crash cart ”  for 
treating patients in shock. 

 Once stabilized, and with the situation being discussed with 
the parents, parents and members of the hemophilia center 
team can  consider  attempting desensitization with gradually 
increased doses of FIX. If this is successful, one can then  con-
sider  an immune tolerance induction (ITI) regimen, using daily 
(or every other day) larger doses of FIX. However, while ITI 
regimens are often (approximately 85% of the time) successful 
in persons with hemophilia A complicated by a FVIII inhibi-
tor, the success rate is much lower in hemophilia B. An average 
success rate here would be 40%, and ITI is fraught with com-
plications. If success is achieved, it takes longer. More impor-
tantly, many hemophilia B patients undergoing ITI develop 
nephrotic syndrome approximately 7 – 8 months into ITI 
 [9,11 – 13] . Should this occur, ITI should be stopped; stopping 
FIX has resulted in improvement or cessation of edema and 
proteinuria in some reported patients  [4] . In two patients who 
had developed nephrotic syndrome while on ITI, renal biopsy 
demonstrated membranous glomerulonephritis  [12 – 14] . 

  Management of  b leeding  e pisodes in  p atients with 
 f actor IX  i nhibitors 

 The mainstays of treatment (or prevention) of bleeding epi-
sodes in individuals with hemophilia B complicated by an 
inhibitor to FIX are rFVIIa (Novo Nordisk ’ s NovoSeven  ®  ), 
and Baxter ’ s FEIBA - VH. Each has advantages and disadvan-
tages  [15 – 18] . rFVIIa is a recombinant product, and thus safe 
from transmission of blood - borne infections. It has been 
licensed for use in European countries and in North American 
for approximately a decade, and has generally proven to be 
safe and effective  [16 – 17] . It can be safely used at home. 
However, there is no simple, readily available laboratory test 
for evaluating or predicting its effi cacy, and the product is 
quite expensive  [15,16,19] . While the package insert in the 
USA indicates a dosage range of 90 – 120    μ g/kg per dose, to be 
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given every 3   h if repeat doses are necessary, many hemophilia 
treaters are now using higher doses (e.g., 270    μ g/kg/dose), 
especially in children and young adults. Anecdotal reports 
indicate success with a single dose in certain situations, with 
no adverse effects  [20,21] . 

 FEIBA - VH has also proven effective in many (but not all) 
bleeding situations. It is generally less expensive than rFVIIa, 
and if additional doses are needed, they are generally given at 
12 - h intervals. However, it is a plasma - derived product, and 
thus some worry about its safety, despite its track record of 
safety over many years of use. Some patients have hives and 
pruritis with its use, and thus have been switched to rFVIIa. 

 Several studies comparing the above two products (FENOC 
study), or comparing different doses of rFVIIa, are ongoing or 
near completion, and anecdotal reports describe the effi cacy 
of rituximab in small numbers of diffi cult - to - manage FIX 
inhibitor patients  [21 – 23] .   
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  Introduction 

 Inhibitor development continues to be one of the most signifi -
cant complications of hemophilia B [factor IX (FIX) defi -
ciency], resulting in an increased risk of morbidity and 
mortality. Owing to the relative rarity of both FIX defi ciency 
and inhibitor development, the ability to establish evidence -
 based treatment approaches has been limited. Treatment of 
individuals with FIX defi ciency complicated by inhibitors may 
be divided into two categories: Those strategies aimed at treat-
ment and/or prevention of acute bleeding, and those directed 
toward inhibitor eradication. Therapeutic interventions to 
accomplish these goals require in - depth knowledge of the use 
of bypassing agents, and the potential risks and overall success 
rate associated with presently available methods of immune 
tolerance therapy. Inhibitor development in hemophilia B is 
associated with specifi c risks well documented in the litera-
ture, including a wide spectrum of infusion reactions ranging 
from mild to life - threatening. In addition, immune tolerance 
has a decreased overall success rate compared with this therapy 
in factor VIII (FVIII) defi ciency and may be complicated by 
unique sequelae including recrudescence of infusion reactions 
and nephrotic syndrome. Recombinant activated factor VII 
(rFVIIa) has emerged as an important therapy in patients with 
infusion reactions for the treatment or prevention of hemor-
rhage while new innovative strategies aimed at inducing 
immune tolerance require further research.  

  Epidemiology 

 Approximately 3 – 4% of patients with severe FIX defi ciency 
develop inhibitors  [1,2] . Inhibitor development most often 
occurs early during life and commonly within the fi rst 30 
exposure days to exogenous FIX, with a reported median of 
11 exposure days  [3] . These data are consistent with inhibitor 
development in FVIII defi ciency. However, in contrast to FVIII 
defi ciency, the risk of inhibitor development in hemophilia B 
appears to be spread equally across all races; in addition, 

inhibitors in hemophilia B do not appear to be infl uenced by 
specifi c FIX replacement products including plasma derived or 
recombinant  [4]   . Inhibitors in FIX defi ciency are generally 
limited to patients with severe disease and are extremely rare 
in mild and moderate variants  [1]  (Table  15.1 ). Development 
of neutralizing antibodies to FIX is frequently heralded by the 
appearance of infusion - associated reactions  [4] . Approximately 
80% of FIX inhibitors are high responding, characterized by 
an antibody titer  ≥    5 Bethesda units (BU) at any historical time 
point, and a strong anamnestic response  [2] .   

 Potential explanations for the lower incidence of inhibitors 
in hemophilia B compared with hemophilia A, where the 
incidence approaches 30%, include a lower proportion of 
severe phenotype among hemophilia B patients  [5] , higher 
proportion of the presence of antigenic FIX termed cross -
 reactive material positive (CRM+)  [6] , decreased immuno-
genicity because of homology of FIX to the other vitamin 
K - dependent clotting factors  [4] , and increased presence of 
missense mutations causative for severe disease; approxi-
mately 60% of severe FIX defi ciency results from missense 
mutations  [7]  providing an explanation for the high rate of 
CRM positivity and thus the lower incidence of inhibitors in 
hemophilia B.  

  Genetic and  o ther  r isk  f actors of 
 i nhibitor  d evelopment 

 The importance of genetic risk factors in inhibitor develop-
ment has been implicated in several reports. The Malm ö  
International Brothers Study (MIBS) reported a high concord-
ance rate among siblings with inhibitors. However, this study 
included only four families with hemophilia B with inhibitors 
of which two families had more than two siblings with inhibi-
tors  [8] . The relative infrequency of FIX inhibitors makes it 
diffi cult to draw signifi cant conclusions about the contribution 
of risk factors such as race or environmental infl uences. The 
genetic defects associated with highest risk of inhibitor forma-
tion in FIX defi ciency most commonly include large gene 
abnormalities such as major deletions and nonsense mutations 
resulting in absence of FIX protein  [9] . Thus, genetic analysis 
at birth in individuals without a family history is important 
to identify those at risk for this serious sequela. Environmental 
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the presence of symptoms of bronchospasm and hypotension, 
these have not been convincingly demonstrated  [13] . Therefore, 
these reactions are most appropriately termed  “ anaphylac-
toid ”  rather than anaphylactic because of the absence of a 
well - defi ned IgE - mediated mechanism. 

 Approximately 60% of factor IX inhibitors are associated 
with reactions to exposure to exogenous FIX, ranging from 
mild symptoms of watery suffused eyes to severe hypotension 
and bronchospasm  [4] . Despite the lack of an associated 
IgE antibody, desensitization protocols have been undertaken 
and proven to be of benefi t to ameliorate or abate these reac-
tions  [12] .  

  Inhibitor  p resentation 

 The development of an inhibitor in individuals with hemo-
philia is often suspected because of lack of, or poor response 
to, infusion therapy for treatment of a bleeding episode. The 
development of unusual symptoms related to infusions, includ-
ing watery suffused eyes, cough, bronchospasm, and hypoten-
sion, should raise suspicion and is a reason to intiate testing. 
In addition, routine inhibitor surveillance testing may be posi-
tive in the absence of the above symptoms. In patients with a 
documented family history of FIX defi ciency complicated by 
inhibitors, routine surveillance and close clinical monitoring 
should be instituted in all subsequently affected individuals 
because of the increased risk.  

  Treatment  s trategies 

 As FIX defi ciency is a rare disorder and the frequency of 
inhibitor development is  < 5% in severe disease, the number 
of individuals with this complication predicted in the USA is 
quite small (approximately 100). The paucity of patients has 
resulted in lack of evidence - based standardized strategies for 
both treatment or prevention of bleeding episodes and inhibi-
tor eradication. 

  Control of  a cute  b leeding 

 Treatment of hemorrhagic episodes in patients with FIX defi -
ciency complicated by inhibitors is dependent upon the type 
of bleeding episode experienced, the inhibitor classifi cation 
(high -  versus low - responding), the history and severity of infu-
sion reactions, and in some circumstances the inhibitor titer. 
Inhibitors that are classifi ed as low - responding are those with 
a persistent level of  <    5   BU despite repeated exposure. Patients 
with low - responding inhibitors in the absence of infusion reac-
tions may be treated with doses of FIX concentrate calculated 
to overcome the inhibitor titer and achieve a hemostatic level. 
Monitoring of FIX activity levels may be required to assure 
achievement of a hemostatic level for a suffi cient period of 
time to allow cessation and/or prevention of bleeding, and 

  Table 15.1    Comparison of inhibitors in hemophilia  A  and  B . 

   Area  
   Inhibitors in factor 
VIII defi ciency  

   Inhibitors in factor IX 
defi ciency  

  Inhibitor 
development 
in severe 
disease  

  High incidence —
 approximately 
20 – 30% of 
patients develop 
inhibitors  

  Low incidence —
 approximately 2 – 4% of 
patients develop 
inhibitors  

  Inhibitor 
development 
in moderate to 
mild disease  

  Between 3% and 
13% of patients 
develop 
inhibitors  

  Extremely rare in mild to 
moderate hemophilia B  

  Impact of race    Increased incidence 
in African - 
Americans  

  No conclusive evidence of 
racial difference in 
incidence  

  Presence of 
infusion -
 associated 
reactions  

  Infusion reactions 
rare  

  Approximately 60% of 
patients with inhibitors 
have associated infusion 
reactions when exposed 
to exogenous factor IX  

  Success of 
immune 
tolerance  

  Successful in 
60 – 70% of 
patients  

  Diffi cult to achieve with 
only 15 – 30% reported 
success rate  

  Complications of 
immune 
tolerance  

  Well tolerated    Nephrotic syndrome 
well - documented 
complication, especially 
in patients with history 
of infusion reactions  

risk factors reported to contribute to inhibitor development in 
FVIII defi ciency, including age at fi rst exposure, concurrent 
infl ammatory states including infection, type of replacement 
therapy utilized, and mode of administration (bolus versus 
continuous infusion) have been debated but not defi nitely 
demonstrated to play a signifi cant role in inhibitors in FIX 
defi ciency.  

  Immunology 

 Inhibitors to FIX are neutralizing antibodies that rapidly bind 
and inhibit FIX activity, making the achievement of a hemo-
static level through exogenously administered FIX concentrate 
diffi cult if not impossible. The most common epitopes to 
which inhibitory antibodies bind reside within the  γ  -
 carboxyglutamic acid region and the serine protease domain 
of the FIX molecule  [10]  (Plate  15.1 ). 

 Inhibitory antibodies are most often polyclonal and pre-
dominantly IgG4, although complement binding IgG1 sub-
class appearing transiently during anaphylactoid episodes has 
been reported. Rarely, IgA antibodies have been demonstrated 
 [11] . Although IgE antibodies have been hypothesized  [12]  to 
occur in patients with infusion reactions to FIX as a result of 
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healing to occur. Unfortunately, the number of low - respond-
ing inhibitor patients in hemophilia B constitutes a minority 
of the affected population. 

 In patients with high - responding inhibitors, either the inhib-
itor titer or anamnestic response make the use of FIX concen-
trates for treatment impractical. As this is the population of 
patients who most commonly experience infusion - associated 
reactions, exposure to FIX - containing concentrates should 
only be considered by care - givers who have a detailed knowl-
edge of the patient ’ s medical history and experience in treat-
ment of these most diffi cult patients. In times of life -  or 
limb - threatening bleeding, use of FIX concentrate may be 
considered based upon the patient ’ s response to bypassing 
therapy, their history of infusion - associated reactions, and 
their present inhibitor titer. A history of infusion - associated 
reactions makes pretreatment and careful observation in a 
highly controlled environment necessary if this approach is 
utilized. 

 The most commonly utilized therapy for hemostatic control 
in patients with high responding inhibitors with FIX defi ciency 
and a history of infusion reactions is activated recombinant 
factor VII concentrate (rFVIIa; NovoSeven  ®  , Novo Nordisk, 
Bagsvaerd, Denmark). Standard dosing regimens of rFVIIa 
include doses of 90 – 120    μ g/kg/dose administered every 2 – 3   h 
until control of bleeding has been achieved. Use of plasma -
 derived activated prothrombin complex concentrates (aPCCs; 
FEIBA ®  VH, Baxter Healthcare Corporation) may be utilized 
in these patients if they do not experience infusion reactions; 
aPCCs contain FIX and therefore caution should be utilized 
in this patient population. Repeated exposure to products 
containing FIX even in the absence of infusion - associated 
reactions will serve to stimulate the inhibitor titer and prevent 
its natural decline over time. Therefore, patients who utilize 
aPCCs with FIX defi ciency and inhibitors are likely not to 
achieve a low - titer inhibitor, which in times of life -  or limb -
 threatening bleeding unresponsive to rFVIIa, or in which 
rFVIIa is felt to pose a risk, will not have FIX concentrate as 
a potential available therapy. Common dosing strategies for 
FEIBA  ®   range from 50 to 100 units/kg/dose at intervals of 
approximately 12   h, with a daily dose not to exceed 200 units/
kg/day. FEIBA  ®   VH is a plasma - derived product and carries 
a small risk of blood - borne viral infection, although none have 
been reported in over 30 years  [14] . For high - responding 
inhibitor patients with allergic manifestations to factor IX 
infusions, rFVIIa is clearly the treatment of choice  [15] . The 
majority of patients with FIX defi ciency complicated by inhib-
itors continue to be treated at home. 

 The safety and effi cacy of both aPCCs and rFVIIa for home 
treatment are well documented in the literature  [16,17] . The 
response rate of bleeding episodes to these agents varies by 
report, by type of bleeding event treated, and by dosing regi-
mens utilized  [18,19] . In addition, response rates may also 
vary based upon the defi nition utilized for a successful treat-
ment outcome. The more rigorous clinical trials have utilized 
more rigid defi nitions of success and tend to report overall 

lower success rates  [20] . The overall response rates for muscu-
loskeletal hemorrhage have been reported in the range of 
80 – 90%. In a minority of patients, response to one particular 
agent or in a particular bleeding event may be poor, necessitat-
ing alteration of the administration regimen or product uti-
lized. The use of aPCC in these patients must be based upon 
a individual patient ’ s history of infusion - associated reactions 
and their response to therapy for a bleeding event  [21] . 

 Adverse events have been reported to occur with both aPCC 
and rFVIIa. With aPCC, thrombotic events, including unusual 
episodes of transmural cardiac ischemia, have been docu-
mented  [22] . Adverse events have also been reported to occur 
with rFVIIa, although the majority has occurred in its off - label 
use outside of treatment of hemophilic patients with inhibitors 
 [23,24] . rFVIIa has a wide safety margin and successful use 
of doses up to 240 – 320    μ g/kg without apparent change in the 
adverse event profi le has been increasingly reported  [25] . 
High - dose therapy allows for an increased dosing interval, and 
a theoretically improved thrombin burst and subsequent clot 
stability  [26] . Higher doses may also be required in subsets of 
patients with increased clearance, as in the pediatric popula-
tion  [27,28] . 

 Dosing strategies should include early institution of therapy 
as it has been documented that therapy administered earlier 
in the course of a bleeding event is associated with an increased 
rate of clinical response and decreased use of replacement 
therapy  [17,29] . 

 Sequential dosing of aPCC and rFVIIa has been rarely uti-
lized in unresponsive bleeding episodes in a controlled setting 
such as hospitalized patients. The risk of adverse events 
including thrombosis may be increased with this approach 
necessitating close clinical and laboratory monitoring; this 
approach should be undertaken only by healthcare providers 
with specifi c expertise in this area and for patients who have 
failed all other interventions  [30] . In patients with inhibitor 
titers greater than 10   BU who experience life - threatening 
bleeding episodes unresponsive to bypassing therapy where 
use of FIX concentrate would be considered life -  or limb -
 saving, immunoadsorption with staphylococcal protein A or 
plasmapheresis to acutely lower the antibody titer and allow 
use of FIX concentrate may be considered.  

  Prophylaxis 

 Hemophilia patients with inhibitors have traditionally been 
treated with on - demand therapy for bleeding episodes result-
ing in an increased risk of musculoskeletal complications and 
decline in health - related quality of life (HRQoL) compared 
with patients without inhibitors, especially those treated with 
a prophylactic infusion regimen  [31] . Within the last decade, 
case reports documented that bypassing agents may be utilized 
in patients with inhibitors on a prophylactic basis to suppress 
the number of bleeding events  [32] . Subsequently, a prospec-
tively conducted controlled trial was performed utilizing 
rFVIIa for secondary prophylaxis in hemophilic patients with 
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inhibitors that documented a decreased rate of bleeding with 
daily administration. Two dose levels were utilized, 90    μ g/kg/
dose compared with 270    μ g/kg/dose, with a decrease in bleed-
ing events in the higher - dose group that was not statistically 
signifi cant, most likely related to the small number of patients 
included in the trial (22 patients with inhibitors; 21 with 
hemophilia A and one with hemophilia B)  [33] . A trial is pres-
ently under way evaluating the prophylactic use of aPCC in 
inhibitor patients  [34] . As musculoskeletal disease has been 
documented to be inversely associated with HRQoL  [35] , 
efforts to provide improved outcome and decrease bleeding 
events in inhibitor patients is rationale and warranted.   

  Overview of  i mmune  t olerance 

 As patients with inhibitors suffer increased risk of poorly 
controlled hemorrhagic episodes that impact an individual ’ s 
musculoskeletal outcomes and HRQoL, inhibitor eradication 
through immune tolerance is logical to simplify treatment, 
potentially allow for prophylactic therapy, and improve 
patient outcome. Immune tolerance was fi rst described by 
Brackmann in 1984 in a patient with FVIII defi ciency and an 
inhibitor  [36] . Since this fi rst report, subsequent case reports 
and series appeared using similar or modifi ed protocols dem-
onstrating the effectiveness to varying degrees of immune tol-
erance for inhibitor eradication  [37,38]  

 In 1981, Dr. Nilsson  et al.  reported the use of immunomod-
ulation (cyclophosphamide and intravenous immunoglobulin) 
and immunoadsorption when inhibitor titers were greater 
than 10   BU, in addition to use of intensive replacement therapy 
for immune tolerance induction in a patient with FVIII inhibi-
tor; this regimen was subsequently termed the Malm ö  proto-
col  [39] . Between 1980 and 1995, approximately fi ve patients 
in Sweden with hemophilia B and high - responding inhibitors 
were treated successfully using this regimen  [40] . Despite 
initial enthusiasm  [41] , this strategy has not been shown to 
provide an increased rate of effi cacy or longevity of overall 
tolerance; because of the use of immunomodulatory agents 
and lack of data supporting increased success, this regimen 
has been largely abandoned  [4,42] . 

 Unfortunately, the majority of work in the area of immune 
tolerance relates to FVIII defi ciency. The overall reported 
success of immune tolerance regimens varies within the litera-
ture. Despite an estimated overall success rate in FVIII defi -
ciency of approximately 75%, the rate of reported success of 
these protocols in FIX defi ciency with inhibitors is far less 
(approximately 25 – 35%)  [4,42] .  

  Immune  t olerance  i nduction in 
 h emophilia  B  

 Early experience utilizing the Malm ö  protocol in FIX defi -
ciency with inhibitors was encouraging, with reported success 

rates approaching 85%; however, these data represented only 
seven patients, of which six achieved sustained tolerance.  [41] . 
Further data did not support this success rate and in fact 
revealed a far poorer outcome (56%) of immune tolerance 
protocols in FIX defi ciency compared with FVIII  [43] . 

 Overall success rates of immune tolerance in FIX defi ciency 
have varied. The North American Immune Tolerance Registry 
reported 31%  [42]  whereas the experience with the 
International Immune Tolerance Registry was even lower at 
15%  [4] . There are unique challenges in immune tolerance in 
patients with FIX defi ciency and inhibitors even beyond the 
poor outcome. Patients with the allergic phenotype require 
desensitization so as to be able to utilize FIX therapy required 
in immune tolerance regimens. A successful desensitization 
protocol involving skin testing to FIX - containing products 
followed by infusion of the same with gradual dose escalation 
and continuous infusion over several hours has been described 
by Dioun  et al.   [12] . A similar protocol with the addition of 
rituximab has been recently described in a case report where 
immune tolerance was achieved  [44] . 

 The development of nephrotic syndrome in patients with 
hemophilia B on immune tolerance was fi rst reported by 
Ewenstein  et al.   [45] . Although the pathophysiology of this 
sequela has not been defi nitively elucidated, one case report 
has demonstrated immune complex deposits within the base-
ment membrane consistent with membranous glomerulone-
phritis  [46] , yet this fi nding has not been consistently 
substantiated in further reports. Thirteen patients in the 
international immune tolerance registry (ITI) have developed 
nephrosis, of which 11 patients (85%) had infusion reactions 
to FIX. Renal biopsy, performed in two patients, showed 
membranous glomerulonephritis. However, immunohisto-
chemical staining undertaken in one patient failed to show 
FIX - containing immune complexes  [4] . Nephrosis typically 
occurs 8 – 9 months into therapy and is often associated with 
the allergic phenotype. Nephrosis in these patients is dissimilar 
to childhood nephrosis as it is steroid nonresponsive and 
requires withdrawal of the antigenic stimulus, FIX, for resolu-
tion  [47] . 

 Because of the poor success rate with standard immune 
tolerance regimens in hemophilia B, new strategies were 
employed in an effort to achieve improved outcome. Anecdotal 
success has been reported with cyclosporine A  [48] , mycophe-
nolate mofetil  [49] , and more recently with rituxan  [50] . The 
experience with any one of these agents is quite limited and 
generalized recommendations are not possible. Clearly, this 
subset of patients is in need of novel treatment regimens to 
achieve an improved outcome.  

  Acquired  i nhibitors in 
 n onhemophilic  p atients 

 Acquired inhibitors to FIX are rare, anecdotally reported, and 
often associated with an underlying immunologic disorder 
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observation

Is the present inhibitor
titer < 10 BU?

Is hemorrhagic
episode life- or

limb-threatening?

 Yes
Does the patient
have an allergic

phenotype?

Yes

No

 No

Does the patient
have an allergic

phenotype?

•  rFVIIa 

•  rFVIIa 

•  APCC 

Is the present inhibitor
titer < 10 BU?

Yes

No

Yes

No

• rFVIIa
• FIX replacement if 
unresponsive to rFVIIa after 
plasmapheresis to achieve titer 
< 10BU and with close

• rFVIIa
• APCC 
• FIX replacement after 
plasmapheresis to achieve 
titer < 10 BU

• rFVIIa 
• FIX replacement if 
unresponsive to rFVIIa after 
pretreatment with close
observation 

• FIX replacement until 
anamnesis makes patient 
unresponsive, then consider 
• rFVIIa 
• Plasmapheresis, ITI 

Yes

No

 Figure 15.1     Algorithm for treatment of patients with high - responding factor IX defi ciency and inhibitors for acute bleeding episodes. 

such as systemic lupus erythematosus, hepatitis, multiple 
sclerosis, rheumatic fever, and collagen vascular disorders 
 [51] . Treatment of hemorrhagic episodes is dependent on 
bypassing agents. A variety of immunosuppressive agents 
including steroids have been utilized for inhibitor eradication 
with variable response. Mazzucconi  et al. , from Italy, reported 
a case of a 2 - year - old child who developed an acquired 
FIX inhibitor successfully treated with intravenous immu-
noglobulin and high - dose steroids.  [52] . A similar case was 
reported by Miller, successfully treated with plasma exchange, 
cyclophosphamide, and steroids  [53] . Ozsoylu  et al. , from 
Turkey, reported a 14 - year - old child and a 31 - year - old adult 
with acquired inhibitors to FIX, both responsive to high - dose 
steroids  [54] . FIX inhibitors in association with colon carci-
noma have been reported and were steroid responsive  [55] . 
Lecumberri  et al.  reported a case of postpartum FIX acquired 
inhibitor where hemostasis was achieved with rFVIIa; 
the inhibitor was transient and steroid responsive  [56] . 
Acquired FIX inhibitor kinetics have not been well delineated. 
Acquired inhibitors may be transient and/or respond to 
immunosuppression. Hence, it appears from the literature 
that a conservative approach to treating these patients may 
be utilized and that rFVIIa has been useful in achieving 
hemostasis.  

  Conclusion 

 Treatment of inhibitors in hemophilia B may be divided into 
two approaches: The fi rst aimed at securing hemostasis during 
an acute bleeding episode and/or surgical procedure and the 
second aimed at inhibitor eradication through immune toler-
ance. Treatment of bleeding episodes is dependent upon 
knowledge of a variety of factors including the type of bleed-
ing episode, type of inhibitor (low -  vs. high - responding), and 
the presence of an allergic phenotype (Figure  15.1 ). Genetic 
analysis in sporadic cases is important to evaluate risk of 
inhibitor development. Exposure to exogenous FIX concen-
trate should be performed in a controlled setting in patients 
whose individual or family mutation is unknown until the 
time of highest risk has passed, minimally considered being 
the fi rst 20 exposure days. The family and care - giver should 
be aware of the signs and symptoms of inhibitor development 
and serial monitoring should be performed during the fi rst 20 
exposure days or when an inhibitor is suspected because of 
symptoms. Individuals with FIX defi ciency and inhibitors are 
an unusual subset of patients who require a knowledgeable 
care - giver and staff to achieve optimal outcome; these patients 
are best managed at hemophilia treatment centers with exper-
tise in this area.    
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  Why  p harmacokinetics? 

 Treatment with a drug aims to produce a certain pharmaco-
logic effect for a certain time. This requires that the drug 
attains an appropriate concentration at its site of action 
and is then eliminated from this site when the effect is no 
longer desired. The processes governing drug concentrations 
are summarized as the pharmacokinetics of the drug. The 
relationship between drug concentration at the site of action 
and an observable effect is then the pharmacodynamics of the 
drug. The pharmacokinetics and pharmacodynamics together 
determine the necessary dose, dosing intervals, and mode of 
administration of the drug. If a drug is prescribed according 
to general guidelines with or without empirical adjustment of 
the dosing, then the  “ black box ”  of pharmacokinetics and 
pharmacodynamics remains unopened. In many instances 
this can be entirely justifi ed. However, treatment of hemo-
philia is eminently suited to optimization by pharmacokinetic 
methods. The therapeutic plasma levels of factor VIII (FVIII) 
or factor IX (FIX) in various clinical situations are reasonably 
known and the methods to achieve, maintain, and monitor 
these levels are well established. The aim of this chapter is to 
review the pharmacokinetics of FVIII and FIX and to give an 
outline of clinical applications to optimize the treatment of 
hemophilia. It is based on several published review articles 
 [1 – 4] .  

  Assays and  p lasma  l evels 

 Coagulation factors are precursors of enzymes or cofactors in 
the coagulation cascade. Plasma concentrations of these pro-
teins are diffi cult to measure and sometimes irrelevant since 
molar concentrations may not directly translate into biologic 
activity. Consequently, their  “ concentrations ”  in plasma are 
normally determined by bioassays and expressed as coagulant 
activities in international units (U) per milliliter or deciliter. 
For FVIII and FIX the coagulant activities will be denoted 
FVIII:C and FIX:C, respectively. Since the word  “ concentra-
tion ”  is obviously inappropriate to refer to coagulant activity 

the word  “ level ”  will be preferred. By defi nition, 1   U/mL, 
1   kU/L, or 100   U/dL is the average coagulation factor level in 
healthy individuals. 

 The methods currently used to measure FVIII:C and FIX:C 
are the one - stage assay and the chromogenic substrate two -
 stage assay (see Chapters  38  and  39   ). Discrepancies between 
different bioassays may complicate the interpretation of phar-
macokinetic data since they affect the determination of both 
administered dose and plasma levels. The problems are most 
pronounced for the measurement of the  in vitro  potency of a 
factor concentrate. The greatest difference between traditional 
one - stage assays and the chromogenic two - stage assay has 
been observed for B - domain - deleted recombinant FVIII  [5] . 
These diffi culties must be overcome. Guidelines on how to 
minimize the assay problems, using product - specifi c standards 
for FVIII, have been published  [6 – 8] . 

 The advantage of defi ning plasma levels using bioassays is 
that these levels as functions of time represent the kinetics of 
the desired coagulant effect. Pharmacokinetics properly deals 
with drug concentrations. Applying pharmacokinetic calcula-
tions to coagulant activity values is thus questionable in prin-
ciple; however, it is very convenient in practice.  

  Methods,  d efi nitions, and  a pplications 
of  p harmacokinetics 

 The following parameters are normally used to characterize 
the disposition or  “ pharmacokinetics ”  of the coagulation 
factors  [1,2] : 
   •      Clearance ( CL ).     Clearance is the capacity of the body to 
eliminate a substance, usually expressed as the volume of 
plasma that is cleared of substance in 1 min or 1   h. The best -
 known clearance in the medical literature is creatinine clear-
ance. However, the concept can be applied to any substance, 
either endogenous or exogenous. The clearance of a drug is 
normally calculated as dose divided by the area under the 
plasma concentration curve (AUC). During a constant - rate 
infusion this corresponds to rate of infusion divided by plasma 
concentration at steady state.  
   •      Volume of distribution ( V ).     This is defi ned as the amount 
of drug in the body divided by the plasma concentration. 
Thus, it represents the apparent volume of plasma in which a 
drug is distributed (or diluted) in the body. If, for example, 
1500   U of FVIII is injected and the plasma level immediately 
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afterwards is 0.5   U/mL then the FVIII appears to have been 
distributed into 3000   mL of plasma. As drugs in general 
diffuse gradually from the circulation into various organs and 
tissues,  V  normally increases over time after the injection. At 
distribution equilibrium,  V  is the volume of distribution at 
steady state ( V  dss ). The higher the  V  dss , the more extensive is 
the distribution of the drug away from the plasma space.  
   •      Mean residence time ( MRT ).     This represents the average 
lifetime of the drug molecules in the body. The MRT depends 
on both distribution and elimination and can be calculated 
very simply as  V  dss  divided by clearance.  
   •      Half - life ( t   ½  ).     The processes of distribution and elimination 
also govern the half - life of a drug. However, the plasma con-
centration curve of a drug normally shows several half - lives 
(or phases) — at least one early phase owing to distribution and 
the  “ terminal ”  phase representing elimination. Half - lives are 
determined by fi tting an exponential equation to the plasma 
concentration versus time values (or in simple cases a linear 
function to log plasma concentration versus time values, 
which is equivalent). This curve - fi tting is illustrated in Figures 
 16.1    and  16.2   .  
   •      In vivo recovery ( IVR ).     This parameter has only been used 
for coagulation factors. IVR is calculated as observed peak 
FVIII:C or FIX:C divided by the expected peak activity (or 
simply as peak level divided by dose). The expected activity is 
the dose divided by the plasma volume of the patient. As will 
be described below, the assumption that the initial  V  equals 
the plasma volume may be approximately valid for FVIII:C 
but not for FIX:C  [1,2,9] . A second problem is that the plasma 
volume of a subject is seldom accurately known. It is, for 
instance, not linearly related to total body weight  [10] . A third 
problem is that of a  “ postinfusion activation ”  (see below for 
FVIII) that makes the IVR dependent on the early blood sam-
pling schedule in the pharmacokinetic study  [1,2,11,12] .    

 CL and  V  ( V  dss ) are often normalized to the body weight of 
the patient and expressed as, for example, mL/h/kg and L/kg. 
However, CL and  V  are seldom directly proportional to body 
weight; thus, this normalization may not always diminish 
interindividual variance. 

 The pharmacokinetic parameters as such are useful to 
describe the  in vivo  behavior of FVIII and FIX and to compare 
preparations of coagulation factors  [1,2,11,12] . Of greater 
clinical interest, however, is that they can be used to calculate 
plasma levels of FVIII:C or FIX:C at any time during a treat-
ment  [13 – 15] . This will be illustrated below. Most commonly 
trough (minimum) and peak levels, i.e., levels found immedi-
ately before and after administration of a dose, during ongoing 
treatment, are discussed.  

  Pharmacokinetics of  f actor  VIII  

 In healthy persons, FVIII is presumably produced mainly in 
the liver and circulates in the plasma bound to the von 
Willebrand factor (VWF)  [16] . In patients with hemophilia A 
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 Figure 16.1     Representative FVIII:C versus time curves after 
intravenous administration of FVIII to adult patients with severe 
hemophilia A  [12] . The upper curve (open symbols) is practically 
monophasic. After some slight early irregularities, it declines with a 
single half - life of 10   h. The exponential equation describing the 
curve is  C ( t )   =   72    ×    e  − 0.067 ×    t  , where  C ( t ) is the  “ concentration ”  of 
FVIII:C as a function of time and  t  is time. The lower curve (closed 
symbols) is obviously biphasic. The two half - lives are 1.9 and 10   h 
and the exponential equation is  C ( t )   =   45    ×    e  − 0.36 ×    t     +   34    ×    e  − 0.066 ×    t  . 
The early phase contributes 20% of the area under the curve. 
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 Figure 16.2     Representative FIX:C versus time curves after intrave-
nous administration of FIX to adult patients with severe hemophilia 
B. They are taken from three different studies. Uppermost curve: 
plasma - derived FIX was given in a dose of 80   U/kg  [9] . The curve is 
described by the function  C ( t )   =   63    ×    e  − 0.15 ×    t     +   35    ×    e  − 0.023    ×    t  . The 
half - lives of the phases are 4.7 and 30   h. Middle curve: plasma -
 derived FIX was given in a dose of 50   U/kg  [39] . The curve is 
described by the function  C ( t )   =   26    ×    e  − 0.13 ×    t     +   20    ×    e  − 0.024 ×    t  . The 
half - lives of the phases are 5.2 and 28   h. Lower curve (open 
symbols): recombinant FIX was given in a dose of 50   U/kg  [40,41] . 
The curve is described by the function  C ( t )   =   10    ×    e  − 0.51 × t    +   26    ×    
e  − 0.043 ×    t  . The half - lives of the phases are 1.4 and 16   h. Lower levels 
of FIX:C were obtained after administration of recombinant as 
compared with plasma - derived FIX in spite of the dose being the 
same. This is refl ected by the clearance values calculated from the 
three curves: plasma - derived FIX 4.0 and 4.9   mL/h/kg, respectively, 
and recombinant FIX 8.0   mL/h/kg. 

this complex is rapidly formed between infused FVIII and 
endogenous VWF. The binding of FVIII to VWF protects 
FVIII from degradation and receptor - mediated clearance  [17 –
 19] . Thus, FVIII infused as a highly purifi ed or recombinant 
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bound to VWF, variability in the plasma concentration and/or 
CL of endogenous VWF likely explains one source of variabil-
ity in CL and  t   ½   of FVII:C. It was accordingly found that the 
CL of B - domain - deleted recombinant FVIII correlates nega-
tively, and the  t   ½   positively, with VWF levels in patients with 
hemophilia A  [24] . This has been observed also with plasma -
 derived and full - length recombinant FVIII  [25,26] . Blood 
group may also play a role. In one study, FVIII:C had a signifi -
cantly shorter mean elimination  t   ½   in patients with group O 
than in patients with group A  [27] . The infl uences of blood 
group and VWF level are inter - related, since group O individu-
als also on average have lower levels of VWF  [25,28] . 

 The relationship of age of the patient with the pharmacoki-
netics of FVIII has been studied in subjects from 1 year of age 
and upwards  [14,25,26,29,30] . Chronological age is a substi-
tute parameter for the changes in body weight and composi-
tion as well as in the effi cacy of clearance mechanisms that 
take place during growth and that actually affect the pharma-
cokinetics of FVIII. Growing into adulthood may increase the 
body proportion of fat, which plays no part in the distribution 
and elimination of a coagulation factor. In addition, baseline 
VWF level increases with age  [25,28] . It was thus observed in 
41 patients aged 9 – 70 years that the weight - adjusted CL of 
FVIII:C (i.e., in mL/h/kg) decreased with the age of the patients 
 [29] . In a study on 53 children aged 1 – 6 years  [30]  the mean 
CL of recombinant FVIII was 4.4   mL/h/kg, i.e., markedly 
higher than in adults (cf. Table  16.1 ). Pooled fi ndings from 
several studies  [2,14,25,26,30]  indicate that the average ter-
minal  t   ½   of FVIII:C increases with age, from approximately 
9   h at 1 year of age to around 14   h in the mature adult. 
Interindividual variation is large, however. 

 Body weight and composition infl uence FVIII pharmacoki-
netics both as correlates with age and by themselves. Doubling 
of the body weight (from 40 to 80   kg) in patients aged between 
8 and 42 years was associated with a 42% increase in CL and 
a 60% increase in  V  dss   [14] , i.e., the changes were less than 
proportional to weight. IVR, when calculated assuming that 
plasma volume is a constant proportion of total body weight, 
tends to increase with the weight of the patient  [12,31,32] . 
This is likely explained by the fact that plasma volume as a 
fraction of total body weight decreases with weight  [10] . 

 Crossover studies on different FVIII concentrates indicate 
that the disposition of FVIII:C remains fairly constant within 
an individual, i.e. intraindividual variation in pharmacokinet-
ics is lower than the interindividual variation  [12,33 – 35] .  

  Pharmacokinetics of  f actor  IX  

 Factor IX is produced by the liver and circulates in the plasma 
as a free molecule. Owing to its low molecular weight (55   kDa), 
it also readily diffuses into the interstitial fl uid  [36] . FIX also 
binds rapidly and reversibly to the vascular endothelium, with 
a half - maximal binding concentration comparable to its 
normal concentration in plasma  [37,38] . There are confl icting 

  Table 16.1    Reported mean pharmacokinetic parameter values of 
factor  VIII  ( FVIII ), compiled from studies on plasma - derived  FVIII  
concentrates ( pd  FVIII , range of mean values from six studies), 
full - length recombinant  FVIII  ( r  FVIII , one study) and B - domain -
 deleted  FVIII  ( r  FVIII  SQ , one study). Data are taken from a 
published review  [2] . 

        CL (mL/h/kg)      V  dss  (L/kg)     MRT (h)     Terminal  t   ½   (h)  

  pdFVIII    2.4 – 3.4    0.04 – 0.06    14 – 21    11 – 15  
  rFVIII    2.5    0.05    21    16  
  rFVIII SQ    3.2    0.05    16    11  

concentrate is cleared much faster in patients with severe 
von Willebrand disease, who lack functional VWF, than in 
patients with hemophilia A  [20,21] . The very high molecular 
weight of the FVIII – VWF complex practically confi nes it 
to the plasma space. It can be calculated  [2]  that only about 
14% of the body load of FVIII is extravascular at steady 
state. Receptor - mediated cellular uptake of the FVIII – VWF 
complex is probably an important mechanism of FVIII clear-
ance  [19] . 

 When FVIII is given to adult patients as short - term infusions 
(typically of 5 – 15   min duration), plasma FVIII:C levels, on 
average, rise by 0.020 – 0.025   U/mL for every U/kg adminis-
tered. Thus, an infusion of 50   U/kg will normally give a peak 
plasma level of 1.0 – 1.3   U/mL. This corresponds to an initial 
 V  of 0.04 – 0.05   L/kg. The plasma disposition curve of FVIII:C 
is then often approximately monophasic (Figure  16.1 ). Even 
if an irregular early phase can often be discerned it seldom 
contributes much to the total AUC. This early phase may 
represent more than one process. One would be some (very 
limited) distribution of FVIII to intra -  or extravascular sites, 
and the other process could be rapid clearance of high - 
molecular - weight forms and aggregates of FVIII by the reticu-
loendothelial system. In addition, the peak plasma FVIII:C is 
often found 10 – 15 min after the end of the FVIII infusion, or 
sometimes even 1 – 2   h later  [1,2,4,11,12] . The reason for this 
postinfusion rise in activity is not known. 

 The pharmacokinetics of FVIII:C in patients with hemo-
philia are summarized in Table  16.1 . The parameter values 
apply under normal physiologic conditions and in the absence 
of inhibitors (antibodies) to FVIII. The presence of inhibitors 
may give a low IVR and/or a rapid clearance of FVIII:C 
 [2,11,22] . The differences between plasma - derived and the 
presently available types of recombinant FVIII are marginal, 
even though some of them were statistically signifi cant in 
comparative crossover studies.   

 There is marked interindividual variation in the pharma-
cokinetics of FVIII:C. In adult patients, the CL of plasma -
 derived FVIII:C typically varies between 1.8 and 6   mL/h/kg and 
 t   ½   between 8 and 23   h  [1,2,12,23] . Some of the variance can 
be explained by physiologic factors. Since FVIII is highly 
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 [42] . Adjusting the dosage of a drug according to the require-
ment of the individual patient, which in turn is based on 
knowledge of the pharmacokinetics of the drug in that par-
ticular patient, is often referred to as  “ tailoring ”  the dose. 
Target plasma levels of FVIII:C or FIX:C, as well as the need 
for dose tailoring, are very different between different clinical 
situations. These will therefore be dealt with separately. 
Common to all situations, however, is the fact that coagula-
tion factor concentrates are a precious resource, expensive, 
and/or of limited availability, which should not be wasted by 
inappropriate dosing.  

  Treatment of  b leedings and  p rophylaxis and 
 t reatment  d uring and  a fter  s urgery 

 Guidelines for therapy and optimal dosing for bleeding in 
hemophilia have been developed on behalf of the World 
Federation of Hemophilia (WFH)  [43] . The therapeutic 
FVIII:C or FIX:C level (in this case the peak level after the fi rst 
dose) recommended for most bleedings, such as joint, muscle, 
and retroperitoneal bleedings or hematuria, is 0.3 – 1.0   U/mL. 
The treatment should be continued for 1 – 5 days, depending 
on the severity of the bleeding. For intracranial bleeding the 
initial peak level should be 0.8 – 1.0   U/mL and the treatment 
period should be 8 – 21 days. In countries with signifi cant 
resource constraints, lower plasma levels and shorter treat-
ment duration have to be accepted. 

 The doses of FVIII and FIX can be calculated from the IVR 
data given above. Thus, for FVIII, the dose (in U/kg)   =   50    ×     
(required rise in U/mL FVIII:C), and, for FIX, the dose (U/
kg)   =   100    ×     (required rise in U/mL FIX:C). A recommended 
dosage for an adult patient with an ordinary bleeding would 
thus be 15 – 50   U/kg for FVIII and 30 – 100   U/kg for FIX, with 
repeat dosing as required every 12 – 24   h (however, a single 
dose of at least 30   U/kg   FVIII is often suffi cient for joint 
bleedings). 

 Guidelines for dosing in surgery have also been developed 
and endorsed by the WFH  [43] . For major surgery the preop-
erative peak factor level should be 0.8 – 1.0   U/mL for FVIII:C 
and 0.6 – 0.8   U/mL for FIX:C. This peak level applies during 
days 1 – 3 and is then tapered off until day 12. The dosing 
interval for the fi rst 4 – 6 days is 8 – 12   h for FVIII and 12 – 18   h 
for FIX. For minor surgery peak levels can be lower by 40 –
 50% and the total treatment duration shortened. In certain 
cases higher levels and increased frequency of administration 
may be required. 

 Administration of FVIII or FIX as a continuous infusion is 
becoming popular since maintaining a steady therapeutic 
plasma level of coagulation factor in this way requires less 
factor concentrate than maintaining a therapeutic trough level 
by intermittent injections  [2,44] . With a given dosing interval 
the saving is greater the shorter the  t   ½   of the factor activity 
(since the shorter the  t   ½  , the higher the peak levels must be in 
order to maintain the desired trough level)  [45] . Further 
reading on continuous infusion can be found in Chapter  6   . 

  Table 16.2    Reported mean pharmacokinetic parameter values of 
factor  IX  ( FIX ), compiled from studies with plasma - derived  FIX  
concentrates ( pd  FIX , range of mean values from fi ve studies) or 
recombinant  FIX  ( r  FIX , two studies;  CL  and  V  dss  are given in only 
one of them). Data are taken from a published review  [2] . 

        CL (mL/h/kg)      V  dss  (L/kg)     MRT (h)     Terminal  t   ½   (h)  

  pdFIX    3.8 – 4.3    0.11 – 0.15    34 – 45    29 – 34  
  rFIX    8.4    0.22    25 – 26    18 – 20  

data in the literature on the pharmacokinetics of FIX:C. One 
reason for this is that many studies have been performed with 
inadequate blood - sampling protocols, yielding biased or 
imprecise results  [1,9] . A second reason is the difference in 
pharmacokinetics between plasma - derived and recombinant 
FIX (see below). 

 When plasma - derived FIX is given to adult patients as 
short - term infusions (typically of 5 – 15 min duration), plasma 
FIX:C levels on average rise by 0.010 – 0.014   U/mL for every 
U/kg administered. Thus, an infusion of 50   U/kg will normally 
give a peak plasma level of 0.5 – 0.7   U/mL. This corresponds 
to an initial  V  of 0.07 – 0.10   L/kg, which exceeds the plasma 
volume. Binding to the endothelium causes immediate disap-
pearance of some of the infused FIX from the plasma. FIX:C 
then declines in a clearly biexponential fashion (Figure  16.2 ), 
in which the distribution phase of the curve represents diffu-
sion of FIX into interstitial fl uid. Thus, the  V  dss  of FIX is 
three -  to fourfold greater than the plasma volume. 

 Table  16.2  summarizes methodologically adequate single -
 dose pharmacokinetic studies on FIX:C in patients with hemo-
philia. It can be seen that the terminal  t   ½   of FIX:C is longer 
than that of FVIII:C. The presently available recombinant FIX 
differs both in biochemistry and pharmacokinetics from 
plasma - derived FIX, with a higher CL. Its IVR is approxi-
mately two - thirds that of plasma - derived FIX  [40] .     

 Interindividual variance in the pharmacokinetics of plasma -
 derived FIX:C is diffi cult to estimate since the applicable 
studies include only very few patients. No correlates or causes 
of interindividual variation in the standard pharmacokinetic 
parameters have, as yet, been identifi ed. In a large study 
on recombinant FIX administered to 55 patients aged 4 – 56 
years  [40,41] , both CL (in mL/h) and  V  dss  (in L) were linearly 
correlated (but not directly proportional) to body weight, 
consequently increasing during childhood and adolescence 
but remaining fairly constant during adulthood. Owing to 
the similar rises in CL and  V  dss , neither MRT (=    V  dss /CL) nor 
 t   ½   showed any signifi cant regression with either body weight 
or age. 

  Application of  p harmacokinetics to  t reatment 
of  h emophilia 

 Clinical pharmacokinetics is the application of pharmacoki-
netic principles to the therapeutic management of patients 
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 Figure 16.3     Predicted plasma FVIII:C levels in a patient on 
prophylactic therapy with FVIII  [13] . The single - dose curve 
 C ( t )   =   56    ×    e  − 1.48 ×    t   (where time,  t , is in days) was obtained after a 
dose of 2300   U  [12] . Multiple - dose curves were consequently 
plotted from the equations  C ( t )   =   (given dose/2300)    ×    56    ×    e  − 1.48 ×    t   
which were added over time, each new curve starting when a new 
dose was given. (a) Originally prescribed dosing of 2000   U twice 
weekly. (b) Dose tailored to give a trough level of 1   U/dL (0.01   U/
mL); 1000   U every two days. Diamonds are measured control 
values. The two values at 0.5   U/dL are essentially  “ blank, ”  or 
baseline, readings in the assay. 

  Table 16.3    Calculated dose requirements of  FVIII , plasma - derived 
 FIX , and recombinant  FIX  in 70 - kg patients to maintain trough 
plasma levels of 0.01   U/mL during regular prophylactic treatment. 

   Schedule     Dose needed (U)  
   Annual consumption 
(kU/year)  a    

   FVIII   
  Daily    113 (56; 268)    41 (21; 98)  
  Every other day    588 (204; 2590)    107 (37; 473)  
  Every third day    2600 (588; 22800)    316 (72; 2770)  
  By continuous infusion    50  b   (34; 76)    18 (12; 28)  

   Plasma - derived factor IX   
  Daily    105 (60; 206)    38 (22; 75)  
  Every other day    297 (148; 790)    54 (27; 144)  
  Every third day    626 (270; 2260)    76 (33; 274)  
  By continuous infusion    67  b   (45; 101)    25 (16; 37)  

   Recombinant factor IX   
  Daily    234 (131; 469)    85 (48; 171)  
  Every other day    794 (365; 2260)    145 (67; 413)  
  Every third day    2140 (781; 9090)    261 (95; 1110)  
  By continuous infusion    141  b   (94; 212)    52 (34; 77)  

   Calculations were performed for average values of pharmacokinetic 

parameters ( FVIII :  CL  3.0   mL/h/kg, terminal   t    ½   12   h; plasma - derived  FIX :  CL  

4.0   mL/h/kg, terminal   t    ½   31   h; recombinant  FIX :  CL  8.4   mL/h/kg, terminal 

  t    ½   19   h) and also for 1.5 - fold lower and higher clearances (values in 

parentheses). Some doses are obviously unrealistic, in particular 

administration of coagulation factor every third day to patients in which 

the  CL  is higher than average.  

   a kU   =   1000   U.  

   b U/day.   

 The dosage recommendations above include a certain 
margin of safety and the patient is monitored clinically in most 
situations. Dose tailoring can be performed by assays of 
plasma coagulation factor and suitable dose adjustments 
without elaborate pharmacokinetic calculations.  

  Prophylactic  t reatment 

 Long - term clinical experience and one randomized study indi-
cate that prophylactic treatment which produces trough levels 
of FVIII:C or FIX:C of 0.01   U/mL is often adequate to prevent 
bleedings in patients with severe hemophilia  [46 – 48] . The 
recommended standard doses to achieve this are 25 – 40   U/kg 
FVIII three times weekly in hemophilia A and 25 – 40   U/kg FIX 
twice weekly in hemophilia B. It is, however, clear that the 
dosage requirement of FVIII or FIX for prophylactic treatment 
varies considerably between individuals. There are some 
patients with biochemically severe disease (i.e., a factor level 
of  <    0.01   U/mL) who suffer few bleedings, maintain normal 
joint function, and sometimes do not require prophylactic 
treatment. On the other hand, patients with severely damaged 
joints may require higher trough levels of FVIII:C or FIX:C 

 [3,14,15,46,47] . Dosing during prophylactic treatment must 
therefore be adjusted according to clinical outcome in terms 
of bleeding frequency or change in joint status. In spite of this, 
pharmacokinetics can be regarded as a valuable tool to opti-
mize dosing of FVIII and FIX. 

 An example of dose tailoring in a patient with hemophilia 
A is shown in Figure  16.3 . A 0.01   U/mL trough level was 
aimed for and attained. Concomitantly, the consumption of 
FVIII was lowered from 4000 to 3500   U per week. Several 
studies  [13 – 15,41]  have shown that the cost - effectiveness of 
prophylactic treatment can be improved considerably in this 
way. The raised trough levels in conjunction with (normally) 
decreased consumption of factor concentrate during opti-
mized dosing are chiefl y a result of shorter injection intervals 
and lower doses at each injection, which result in lower peak 
levels. There is no indication that lower peak levels would 
result in less effective prophylactic treatment. After all, the 
original idea of prophylactic treatment  [46,47]  was to mimic 
the situation in moderate hemophilia, i.e., a constant coagula-
tion factor level of 0.01 – 0.05   U/mL with no peaks at all.   

 Table  16.3  shows calculated annual consumption, with 
various dose intervals, of FVIII, plasma - derived FIX, or 
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recombinant FIX in hypothetical  “ average ”  adult patients 
(70   kg, pharmacokinetic parameters as in Tables  16.1  and 
 16.2 ) as well as in patients with extreme values of CL and  t   ½  . 
In practice, the dosing would have to be adjusted to available 
vial sizes. The sharp increase in dose requirement with pro-
longation of the dose interval should be noted. For example, 
if the  t   ½   of the coagulation factor is 12   h then the level will 
decrease by three - quarters during 24   h. Shifting the single - dose 
curve upwards from 0.01   U/mL at 24   h to 0.01   U/mL at 48   h 
thus requires a quadrupling of the dose (and to 0.01   U/mL at 
72   h another quadrupling). During repeated dosing the degree 
of accumulation (i.e., how much the previously given doses 
will contribute to the total FVIII:C or FIX:C level) will also 
infl uence these dose ratios. Long - term prophylaxis by continu-
ous infusion would be very economical as regards factor con-
sumption but is not technically feasible at the time of writing. 
The choice between injection schedules must balance practical 
and ethical issues against cost and availability of factor 
concentrates.     

  Conclusion 

 The pharmacokinetics of FVIII and FIX has been extensively 
investigated and their therapeutic plasma levels are well 
defi ned in most situations. Applied pharmacokinetics has 
therefore become an established tool for dosing in the treat-
ment of hemophilia.  
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  Introduction 

 The neonatal period spans the fi rst 28 days of life of a live -
 born infant of any gestation. Although acquired disorders of 
coagulation are more frequent during this period, severe 
forms of congenital factor defi ciencies such as hemophilia 
A and B often present in the early neonatal period and are a 
particular challenge from both the diagnostic and manage-
ment point of view. There should be a high index of suspicion 
of such disorders in an otherwise healthy infant who presents 
with unusual bleeding. The proportion of children with 
hemophilia who are diagnosed in the neonatal period has 
improved signifi cantly over the past 40 years. Baehner and 
Strauss reported in 1966 that fewer than 10% of severe hemo-
philiacs were identifi ed in the newborn period despite unusual 
bleeding in 22%  [1] . Subsequent studies have shown that 
between 52% and 68% of babies with severe hemophilia are 
diagnosed as neonates  [2 – 4] . However, despite a positive 
family history, up to 59% are only diagnosed at the time of 
the fi rst bleed  [4]  and the diagnosis is delayed despite unusual 
bleeding in up to 87.5%  [1,4,5] . The normal baby is adapted 
for the trauma of birth. Levels of coagulation proteins, their 
inhibitors, and fi brinolytic proteins are age specifi c and at 
birth are physiologically balanced to help protect against the 
risk of bleeding with such trauma. However, in a baby with 
hemophilia, the balance is altered and the risk of bleeding 
during birth is signifi cantly increased. Birth is one of the most 
critical times for intracerebral bleeding in patients with hemo-
philia  [6]  and can be the fi rst presenting sign of the disease. 
In around 50% of individuals with hemophilia there is no 
family history at birth and therefore preventative measures 
cannot be instituted. However, where the fetus is known to 
have, or be at risk of having, hemophilia, it is important to 
take proactive steps to reduce birth trauma. This is usually 
advised for male infants but care should also be taken with 
female infants of known carriers as their factor levels may be 
signifi cantly reduced and predispose to bleeding in certain 
circumstances.  

  Family  h istory and  g enetics of 
 h emophilia 

 Hemophilia A and B are inherited as X - linked recessive bleed-
ing disorders. A number of cohort studies have examined the 
initial presentation of these conditions and have found that in 
42 – 57% of cases there is no apparent prior family history of 
hemophilia  [1 – 4,7] . It is estimated from molecular studies that 
at least 30% of newly diagnosed cases of hemophilia occur as 
a consequence of a new mutation, affecting either the male 
propositus or a female carrier in whom there may be no per-
sonal history of bleeding problems  [8] . It is also evident from 
published studies that even where there is a positive family 
history of hemophilia, the history is not always recognized and 
a proportion of such cases are only diagnosed after they 
present with clinically overt bleeding symptoms  [3] .  

  Hemostatic  c hallenges in the 
 n eonatal  p eriod 

 Precipitating factors for bleeding specifi c to the neonatal 
period are mostly associated with birth trauma  [6,9] . One 
study showed that in nearly 600   000 unselected infants of 
nulliparous mothers, the rate of intracranial hemorrhage 
(ICH) was higher among infants delivered by vacuum extrac-
tion, forceps, or cesarean section during labor than infants 
delivered spontaneously or by elective cesarean section  [10] . 
A prospective study from Whitby and colleagues showed that 
subdural hemorrhage can occur with normal vaginal delivery 
but was more frequent in those with instrumental deliveries 
 [11] . This suggests that the common risk factor for hemor-
rhage is abnormal labor. Although no information was given 
regarding outcome or coagulation status of these infants, it 
would seem reasonable to extrapolate these results and assume 
that these types of birth are more risky for babies with hemo-
philia. This has been supported by several studies  [6,9]  where 
instrumentation, particularly vacuum extraction, has been 
associated with an increase in both ICH and extracranial 
hemorrhage (ECH) (Figures  17.1  and  17.2 ). A study by 
Tarantino and colleagues reviewed data on 1    ×    10 7  neonates 
and identifi ed 580 with hemophilia or von Willebrand disease. 
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mas, and intracranial bleeding. Bleeding from the umbilical 
stump is rare but unusual bruising can be seen with minimal 
trauma (Figure  17.3 ) and large hematomas secondary to intra-
muscular vitamin K can occur.   

 A recent review of neonatal bleeding in babies with hemo-
philia notes that the commonest site of bleeding is the cranium, 
with ICH accounting for 27% of all bleeds and ECH account-
ing for 13%  [13,14] . However, in one Swedish series, 75% of 
all cranial hemorrhages were extracranial and it is possible 
that ECH is underreported  [4] . Iatrogenic bleeding included 
bleeding from puncture sites (vascular, capillary, and intra-
muscular) in 16% of infants and from circumcision in 30% 
 [13] . This latter fi gure will be considerably lower in countries 
where early circumcision is not customary. Umbilical stump 
bleeding was rare (6%) as were gastrointestinal/mouth bleeds, 
parenchymal bleeds, joint bleeds, or ecchymoses ( < 5%). 

 The incidence of ICH in neonates with hemophilia is 
reported as being between 1% and 4%  [12,13]  and is usually 
related to birth trauma regardless of the mode of delivery. The 
consequences can be devastating with death or subsequent 
neurologic defi cit as the outcome  [5,6,15,16] . ECH also occurs 
either alone or in conjunction with an ICH and can be life 

 Figure 17.1     Intraventricular hemorrhage in a neonate with 
hemophilia. 

 Figure 17.2     Subdural hemorrhage in a neonate with hemophilia. 

Twenty of the 580 (3.4%) had an ICH compared with 0.11% 
of those without hemophilia. The rate was lower (1.9%) in 
those term babies with hemophilia without other complica-
tions or vacuum extraction  [12] .   

 The majority of bleeds occur within the fi rst week of birth 
 [6]  and include excessive oozing from puncture sites, including 
heel - pricks, ECH such as subgaleal bleeds and cephalhemato-

 Figure 17.3     Bruising secondary to hand being held fi rmly for 
venipuncture in a neonate with severe hemophilia. (See also Plate 
 17.3 .)   
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threatening because of hypovolemic shock. A 22.8% mortality 
rate with subgaleal hemorrhages in all newborns has been 
reported  [17] . Although the majority of bleeds occur and are 
identifi ed before 1 week of age, many infants are now dis-
charged from hospital early, some even within 24   h. Signs and 
symptoms of ICH can be nonspecifi c and include symptoms 
such as lethargy, poor feeding, and irritability. In those where 
the diagnosis of hemophilia is unsuspected, only general 
advice will have been given and the diagnosis of ICH may be 
delayed. 

 Raising the awareness of the need for full investigation of 
neonates with unexpected or unusual bleeding including liaison 
with a hematologist experienced in this area is the key to early 
identifi cation of unsuspected hemophilia. Life - threatening 
bleeds can be treated appropriately and early diagnosis will 
help to prevent further bleeding or delay in treatment in the 
future. Neonatologists rarely come across babies with hemo-
philia and therefore are unfamiliar with their presentation in 
this period. Bleeding in the neonatal period, even in hemo-
philia, is rare and therefore most undiagnosed babies with 
hemophilia do not present at this time. Many hematologists 
who predominantly care for adults are also unaware of prob-
lems in the neonate or have not been involved in their care.  

  Investigation and  m anagement of a 
 n eonate with a  p ositive  f amily  h istory 
of  h emophilia 

  Perinatal  m anagement 

 The safe outcome of the neonate at risk of hemophilia is highly 
dependent on appropriate management during the perinatal 
period. Good communication between the involved obstetri-
cian, hematologist, and pediatrician is crucial, particularly if 
the delivery is to take place at a site distant from a hemophilia 
center. If the genetic defect causing the hemophilia is known 
prior to the pregnancy, this broadens reproductive choices. 
Although the uptake of prenatal diagnosis in hemophilia is 
low, fetal sexing by ultrasound scanning will usually have 
been undertaken during the second trimester of pregnancy to 
determine if the fetus is male. However, this method can only 
reliably identify the sex of the fetus from no earlier than 13 
weeks ’  gestation  [18,19] . Fetal sex determination from mater-
nal blood has been successful from the seventh week of 
gestation by testing circulating cell - free fetal DNA for 
Y - chromosome - specifi c sequences. This allows the choice of 
chorionic villous sampling where the fetus is male from 10 
weeks ’  gestation  [20] . Preimplantation genetic diagnosis is 
akin to very early prenatal diagnosis, eliminating the need for 
prenatal diagnosis and possible termination of the pregnancy. 
Molecular and cytogenetic techniques allow identifi cation of 
abnormalities in embryos and only unaffected ones are 
implanted into the uterus  [21] .  

  Delivery 

 The optimal mode of delivery for an at - risk male fetus has 
been the subject of signifi cant controversy but current practice 
in most centers is to consider vaginal delivery as the initial 
approach, unless there are specifi c obstetric contraindications. 
In order to avoid additional head trauma it is recommended 
that instrumental interventions including forceps, vacuum 
extraction, and the use of scalp electrodes are avoided and 
early recourse to cesarean delivery is advised where labor fails 
to progress. Although vacuum extraction should be avoided, 
where the head is deeply engaged in the pelvis,  “ lift - out ”  
forceps may be less traumatic than cesarean section, provided 
the operator is experienced in the procedure  [22] . These rec-
ommendations are based on fi ndings from a small number of 
individual studies where cranial bleeding in the early neonatal 
period appeared to be strongly associated with trauma at the 
time of delivery, particularly with the use of vacuum extrac-
tion  [6,9] . Nevertheless, it should be noted that in a review of 
102 published cases of neonatal cranial bleeding in those with 
hemophilia, 19/47 (40%) followed apparently spontaneous 
vaginal delivery and such bleeds have also been recorded fol-
lowing cesarean section for obstetric reasons  [13,23] .  

  Diagnostic  i nvestigations 

 Following delivery, cord blood should be obtained for coagu-
lation screening and factor VIII or IX assays. Testing cord 
blood avoids potential trauma to the neonate but care is 
required to avoid contamination with maternal blood or acti-
vation of the sample prior to testing. In the event that cord 
blood is not obtained, a venous sample should be obtained 
from the neonate as soon as possible after birth. 

 The hemostatic system in the neonate differs signifi cantly 
from that observed in older children and adults and is often 
described as being physiologically immature at birth. This 
affects the levels of many procoagulant proteins and results in 
prolongation of baseline coagulation parameters including the 
activated partial thromboplastin time (aPTT)  [24] . It is there-
fore important that all coagulation investigations are inter-
preted using reference ranges that take into account both the 
gestational and postnatal age of the infant. Such reference 
ranges are also machine and reagent specifi c and while larger 
laboratories may derive their own local reference ranges, 
smaller centers may be dependent on previously published 
ranges, which may not refl ect current technology and must 
therefore be interpreted with care. 

 Hemophilia A and B classically result in an isolated 
prolongation of the aPTT and the diagnosis is confi rmed by 
measurement of FVIII and FIX levels, respectively. In the 
neonate, factor VIII levels are within the normal adult range 
in both term and preterm infants whereas FIX levels are 
reduced to around 50% of adult values at term and are further 
reduced in preterm neonates  [24,25] . It is therefore possible 
to confi rm a diagnosis of hemophilia A in a neonate regardless 
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of the gestational age or the severity of the condition. It is also 
usually possible to diagnose severe and moderate hemophilia 
B, but confi rmation of mild hemophilia B is complicated by 
overlap with normal values, necessitating repeat testing at 
around 6 months of age or molecular analysis if the genetic 
defect is known.  

  Vitamin  K  

 Intramuscular vitamin K remains the preferred regimen for the 
prevention of vitamin K defi ciency bleeding in many countries. 
The administration of vitamin K by this route should be 
delayed until diagnostic tests for hemophilia are completed. If 
hemophilia is confi rmed or there is likely to be a delay in 
obtaining results, vitamin K should be administered according 
to an oral regimen. Heel - stab sampling for other neonatal 
screening procedures carries the risk of iatrogenic bleeding 
and should be performed with care.  

  Routine  c ranial  s canning 

 One of the most devastating bleeds in the neonate with hemo-
philia is ICH. Early diagnosis will allow prompt treatment 
with the aim of stopping the bleed and therefore limiting the 
damage and long - term sequelae. Such bleeds can be diagnosed 
by cranial ultrasound, which is a noninvasive procedure that 
can be done at the cot - side. Although the majority of bleeds 
can be diagnosed by this method, subdural hematomas can be 
missed, as can posterior fossa hemorrhages. A normal scan 
therefore will not exclude all bleeds. It has been shown that 
in up to 10% of neonates without hemophilia, ICH can occur 
during birth  [11,26] . In one study, all bleeds had resolved by 
4 weeks and there were no sequelae  [11] . In the other, only 
0.4% developed symptoms in the fi rst year of life  [26] . It is 
not known, however, whether these children had an underly-
ing coagulation or anatomic defect. Routine scanning may 
therefore pick up bleeds of uncertain signifi cance and may 
miss some signifi cant bleeds. It would seem appropriate to 
treat an ICH identifi ed on routine scanning in a hemophilic 
neonate since the consequences can be serious or fatal, but 
whether all hemophilic neonates should have routine cranial 
ultrasound is not known. A survey of hemophilia centers in 
the UK regarding management of neonatal hemophilia showed 
that only 41% of those responding would routinely perform 
a cranial ultrasound on babies with severe hemophilia; 21% 
would only perform a cranial ultrasound in the presence of 
clinical signs suggestive of bleeding  [27] . Despite the problems 
and uncertainties, it can be useful to perform a cranial ultra-
sound scan, particularly if there has been an instrumental 
delivery  [10,28]  remembering that if symptoms compatible 
with a bleed develop after a negative scan, a follow - up com-
puted tomography (CT) or magnetic resonance imaging (MRI) 
scan should be performed.  

  Counseling 

 Once a diagnosis of hemophilia has been made it is important 
that the families of affected infants are referred promptly to 
their local hemophilia treatment center. Neonatal bleeding 
problems not infrequently present following discharge from 
hospital and it is therefore important that prior to discharge 
parents are adequately counseled regarding the diagnosis and 
are informed about potential problems, including those which 
could relate to major bleeding, particularly ICH.  

  Female  c arriers 

 Female infants who are potential carriers of hemophilia appear 
to be at low risk of bleeding during the neonatal period. 
Occasional cases will, however, have particularly low factor 
levels due to extreme lyonization or Turner ’ s syndrome, and 
any abnormal bleeding should be appropriately investigated.   

  Investigation of  a bnormal  b leeding in 
the  a bsence of a  p ositive  f amily  h istory 

  The  h emorrhagic  n eonate 

 The majority of hemorrhagic problems observed during the 
neonatal period are a result of acquired hemostatic disorders. 
Thrombocytopenia and acquired coagulopathies because of 
disseminated intravascular coagulation, liver disease, and 
vitamin K defi ciency are commonly observed in the context of 
underlying illness and in sick preterm neonates. This is in 
contrast to the typical presentation of an inherited coagulation 
disorder, which is more likely to be seen in a term infant with 
isolated bleeding problems. 

 Recognition of abnormal bleeding is crucial, particularly as 
signs are often subtle or nonspecifi c and it is vital that in the 
presence of unexplained bleeding appropriate investigations 
are initiated to exclude hemophilia and other inherited bleed-
ing disorders. It is also important that coagulation investiga-
tions include specifi c factor assays and not just baseline 
coagulation screening tests, which can be misleading due to 
the physiologic prolongation of these parameters during the 
neonatal period. In the presence of major hemorrhage, dis-
seminated intravascular coagulation (DIC)   may coexist with 
an underlying inherited defect, which may further complicate 
the results obtained.  

  Problems with  d iagnosis 

 Unfortunately, the published literature highlights ongoing 
problems with delayed recognition and inadequate investiga-
tion of abnormal bleeding in this age group. In 1988, Yoffe 
reported that a diagnosis of hemophilia was delayed, in some 
cases for several months, in six of eight infants presenting with 
ICH  [5] . More recently, in 2001, Myles reported two infants 
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presenting with ICH where neurosurgery was undertaken 
before a defi nitive diagnosis was reached  [29] . 

 Failure to initiate appropriate investigations has also been 
highlighted in a survey from the USA published in 1999 in 
which neonatologists and hematologists were questioned 
regarding how they would investigate neonates presenting 
with ICH. Among neonatologists only 23% reported that they 
would specifi cally request FVIII and FIX assays in a term 
neonate presenting with ICH and the fi gure dropped to 3% 
in preterm infants. The fi gures were higher when the same 
questions were asked of hematologists — 64% and 39%, 
respectively, but in many centers hematologists may not be 
actively involved in initiating these investigations. In light of 
this, it is now advised by the Medical and Scientifi c Advisory 
Council (MASAC) of the National Hemophilia Foundation in 
the USA that all neonates with intracranial hemorrhage should 
be specifi cally investigated for the presence of an underlying 
bleeding disorder.   

  Treatment of  h emophilia  d uring the 
 n eonatal  p eriod 

  Choice of  p roduct 

 In the presence of acute bleeding or where prophylactic 
management is deemed necessary, treatment should be initi-
ated with an appropriate factor concentrate. This applies 
regardless of severity, as desmopressin (DDAVP) is contrain-
dicated during the neonatal period because of the risk of 
hyponatremia  [30] . The choice of product should be governed 
by issues of safety and availability. In the developed world 
recombinant FVIII and FIX concentrates are now widely 
available and neonates should have the highest priority to 
receive these products  [31] . This is based on the likelihood 
that recombinant technology will be associated with the 
lowest risk of transmitting viral infections or prions  [31] . 
In those parts of the world where recombinant products are 
not available, high - purity, virucidally inactivated, plasma -
 derived products remain the preferred treatment. Where pro-
thrombin complex concentrates (PCCs) are used for the 
treatment of hemophilia B it should be noted that an increased 
risk of DIC has been reported in neonates treated with these 
products. 

 As FVIII and FIX concentrates, particularly recombinant 
products, are not widely available outside hemophilia treat-
ment centers it is important that arrangements are made to 
secure a supply of an appropriate product prior to the delivery 
of a potentially affected neonate. Although fresh - frozen 
plasma (FFP) is not recommended for the treatment of neona-
tal hemophilia, it may have a role in the presence of major 
hemorrhage where hemophilia is suspected but confi rmatory 
investigations are not yet available or where other products 
are unavailable.  

  Dosing  r egimens 

 Dosing regimens for neonates are largely based on those used 
for older children and adults  [32] , as there is little published 
information available regarding the pharmacokinetics of 
replacement therapy in this age group. In view of this, careful 
monitoring of factor levels is likely to be particularly impor-
tant. Some case reports in preterm infants with hemophilia A 
have shown that recovery of FVIII is similar to adults and 
older children but that the half - life is shorter, at 6 – 8   h  [32 – 35] . 
In a single case report describing replacement therapy in a 
preterm neonate with hemophilia B, FIX recovery was similar 
to that seen in older children, whereas the half - life was lower 
at 6   h  [33] .  

  Prophylactic  t reatment 

 Given that the incidence of ICH in neonates with severe 
or moderate hemophilia is 1 – 4% and the outcome of such 
bleeds can be fatal or severely disabling, some have advocated 
prophylactic factor replacement for all known neonates with 
hemophilia and for those in whom the diagnosis is highly 
likely    [36,37] . Prophylactic use of factor concentrate is well 
established in the older hemophiliac both for preventing 
spontaneous bleeds, particularly joint bleeds, and after injury 
before bleeding has taken place, especially when that injury 
could result in ICH. In the neonate, the head and brain 
have been subjected to signifi cant stress but unlike traumatic 
head injuries the stress is physiologic. Nevertheless, ICH 
occurs and the risk is increased in deliveries requiring instru-
mentation or cesarean section during labor  [6,9] . Although 
early studies suggested an association between early treatment 
and inhibitor development  [38,39] , this has not been con-
fi rmed in subsequent larger studies  [40,41] . Current data 
indicate that the genetic mutation in the factor VIII gene is 
the most predictive parameter for inhibitor development. In 
those with a traumatic delivery, immediate treatment should 
be considered and in addition a high index of suspicion of 
ICH should be maintained. In a UK survey of hemophilia 
centers, only 19% of responders said they would consider 
prophylaxis in all severe cases but up to 62% following instru-
mental delivery  [27] . In a survey in the USA, 89% of pediatric 
hematologists favored early prophylaxis with factor concen-
trates  [42] .  

  Hepatitis  B   v accination 

 Even in cases where infants are receiving recombinant prod-
ucts, routine vaccination against hepatitis B continues to be 
recommended at the present time  [31] .   

  Conclusion 

 Hemophilia A and B are rare disorders but can present in the 
neonatal period with catastrophic bleeding. If the diagnosis is 
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missed, not only is appropriate treatment not instituted at the 
time, but further bleeds may occur with attendant morbidity 
or even mortality before the diagnosis is eventually made. 
Although there has been a signifi cant improvement in making 
an early diagnosis, cases continue to be missed despite a posi-
tive family history or unusual bleeding in a well neonate. It is 
important to encourage liaison between obstetricians, neona-
tologists, and hematologists in the management of the known 
hemophilia carrier and between hematologists and neonatolo-
gists when abnormal bleeding in a neonate occurs. The impor-
tance of family history can be emphasized during genetic 
counseling of the mother so that appropriate information is 
given and help sought. Medical staff in attendance also need 
to be aware of the importance of a family history of bleeding. 
Written protocols for the management of the hemophilia 
carrier should be available in institutions where such mothers 
are delivered and protocols for the investigation of a bleeding 
neonate available in all neonatal units. Prospective studies 
collecting data on neonatal bleeding episodes, the contribution 
of routine cranial imaging, and analysis of early exposure to 
factor VIII concentrate and inhibitor development may help 
determine best management in the future.  
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  Introduction 

 The hemostatic system consists of a regulated balance of pro-
coagulant (forces that promote hemostatic plug formation at 
sites of vessel injury), anticoagulant (forces that inhibit coagu-
lation), and fi brinolytic forces (forces that dissolve hemostatic 
clots). Disturbance of this balance may result in abnormal 
bleeding or clotting. A hemostatic plug is composed primarily 
of platelets and fi brin. Excessive bleeding may refl ect quantita-
tive and/or qualitative abnormalities of platelets, coagulation 
proteins, and/or components of the vessel wall. These abnor-
malities may be either inherited (congenital) or acquired. 

 The work - up of a child referred because of unusual or 
excessive bleeding should always include (i) a comprehensive 
medical (and specifi c bleeding) history; (ii) a detailed family 
history including whether there is consanguinity; (iii) a detailed 
physical examination; and (iv) selected laboratory tests. 
Results of laboratory tests need to be interpreted in relation 
to the age of the child as many coagulation parameters are 
affected by a child ’ s age, particularly during the fi rst year of 
life  [1 – 3] . The above work - up should allow an accurate diag-
nosis to be made in children referred for evaluation of abnor-
mal bleeding. 

 This review begins with a brief description of platelet plug 
formation in normal hemostasis and the interpretation of 
common laboratory tests. Subsequently, a practical approach 
to the evaluation of a child referred because of abnormal 
bleeding, including a commentary on specifi c hemostatic labo-
ratory tests, is presented. Some selected common, as well as 
rare, inherited bleeding disorders are also discussed. 

  Platelet  p lug  f ormation 

 The initiating event in hemostatic plug formation is the adhe-
sion of circulating platelets to exposed subendothelium. The 
high - molecular - weight hemostatic multimeric forms of von 
Willebrand factor (VWF) play a critical role in this fi rst event 
by linking platelets through the glycoprotein GPIb α  compo-
nent of the GPIb - IX - V receptor to collagen in the subendothe-
lium  [4] . Adhesion is further augmented by GPIa - IIa (integrin 

 α  2  β  1 ) and GPVI receptors on platelets which also bind to col-
lagen in the exposed subendothelium. As a result of this initial 
adhesive process, platelets become activated, resulting in the 
release of multiple proteins and ADP, and formation of throm-
boxane A 2 . This then results in recruitment of additional plate-
lets to the site of vessel injury, platelet to platelet aggregation, 
and the formation of a hemostatic plug (primary hemostasis). 
Key mediators in platelet aggregation include platelet GPIIb -
 IIIa receptors (integrin  α  IIb  β  3 ) with the ligands fi brinogen and 
VWF (Figure  18.1 ), the latter being of greater importance 
under conditions of high shear. Activated platelets provide the 
anionic phospholipid surface necessary for the tenase and 
prothrombinase complexes to accelerate coagulation (second-
ary hemostasis). The platelet plug is then stabilized by the 
formation of cross - linked fi brin strands, a process that involves 
activated factor XIII.     

  Evaluation of the  c hild with 
 a bnormal  b leeding or a  s uspected 
 b leeding  d isorder 

  Medical  h istory,  i ncluding  b leeding  h istory 

 The initial evaluation of a child referred because of a suspected 
bleeding disorder should include a detailed medical and bleed-
ing history. The medical history should emphasize the child ’ s 
age, whether or not the child is ill, the type of bleeding symp-
toms that the child is experiencing, and all medications, 
including herbal supplements, that the child is taking. 

 The child ’ s age is extremely important since bleeding disor-
ders presenting in newborn infants are signifi cantly distinct 
from those encountered in older infants and children  [5] . 

 It is useful to separate patients into those who are ill and 
those who are well; the former group often includes children 
in hospital who have acquired bleeding disorders secondary 
to a variety of conditions, e.g., sepsis, renal, and/or liver 
disease. In such patients, several components of the hemostatic 
system may be perturbed (platelets, procoagulant, and antico-
agulant proteins, and components of the fi brinolytic system), 
which may together contribute to abnormal bleeding  [6 – 8] . In 
contrast, abnormal bleeding in otherwise well infants and 
children is more likely to refl ect underlying single defects 
(inherited or acquired) of platelets or coagulation proteins. 
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 The type of bleeding is of great value in making a diagnosis. 
Mucocutaneous bleeding (easy bruising, recurrent and/or 
prolonged epistaxis, menorrhagia, and prolonged bleeding fol-
lowing cuts and/or dental extractions) is the hallmark of inher-
ited or acquired disorders of primary hemostasis [platelet 
disorders and von Willebrand disease (VWD)]. In contrast, 
disorders of secondary hemostasis (coagulation factor defi -
ciencies) usually present with more internal or deep bleeding 
(bleeds into joints and muscles as well as intracranial and 
surgical bleeding). Finally, disorders of the fi brinolytic system 
present with delayed surgical type bleeding, defective wound 
healing, and characteristically in newborn infants with bleed-
ing from the umbilical stump. 

 The combination of the child ’ s age along with the site and 
pattern of bleeding may yield important clues regarding an 
underlying etiology. For example, bleeding from multiple sites 
in an ill child should raise the suspicion of disseminated intra-
vascular coagulation (DIC), whereas a history of bleeding into 
a joint in a boy would be very suggestive of hemophilia A 
[factor VIII (FVIII) defi ciency] or B (FIX defi ciency). Petechiae 
in an otherwise well child after a viral infection may indicate 
idiopathic thrombocytopenic purpura (ITP). A history of pro-
longed bleeding from the umbilical cord with delayed wound 
healing in a newborn infant is suggestive of FXIII defi ciency, 
afi brinogenemia, or  α  2  - antiplasmin defi ciency  [9] . Excessive 
menstrual bleeding in an adolescent girl may be the fi rst sign 
of VWD. Intracranial hemorrhage, if occurring in the newborn 
period, may be the fi rst clue to an underlying severe coagula-
tion bleeding disorder such as FXIII, FX, FIX, FVIII, FVII, 
FV, or fi brinogen defi ciency. Other causes of intracranial 
hemorrhage in a newborn infant include birth trauma, 

DIC, congenital thrombocytopenia, and neonatal alloimmune 
thrombocytopenia  [10] . 

 Despite the importance of the bleeding history, it is often 
poorly taken, leading in some cases to excessive and unneces-
sary investigations. The use of defi ned pediatric bleeding ques-
tionnaires/scores is useful as they are more likely to differentiate 
a child who is a  “ bleeder ”  and deserves to be investigated from 
the  “ nonbleeder ”  who may not need any investigations. 
Standardized, quantitative, and semiquantitative question-
naires, both general  [11 – 14]  and organ specifi c [e.g., an 
epistaxis score  [15]  or a pictorial blood assessment chart 
(PBAC) for evaluation of menorrhagia]  [16] , facilitate a sys-
tematic, comprehensive, and discriminatory collection of 
information as opposed to a potentially superfi cial and subjec-
tive bleeding history often taken by many physicians. A 
number of disease -  or organ - specifi c pediatric assessment tools 
have been developed  [11,15,17] . 

 It should be recognized that young children, because of 
their age, may not have had suffi cient hemostatic challenges 
to experience symptoms that would classify them as  “ bleed-
ers; ”  repeat assessments over time may therefore be necessary, 
particularly if there is a history of unusual or prolonged 
bleeding, or if the family history is positive for abnormal 
bleeding.  

  Family  h istory 

 The family history may provide important clues regarding 
potential inheritance of an underlying bleeding disorder, e.g., 
a sex - linked inheritance pattern would be suggestive of hemo-
philia or Wiskott – Aldrich syndrome; an autosomal dominant 
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inheritance pattern would be in keeping with type 1 VWD 
and some platelet function disorders. Consanguinity in a 
family is suggestive of autosomal recessive disorders (e.g., 
type 2N and type 3 VWD, most platelet function disorders 
together with all factor defi ciencies with the exception of 
hemophilia). 

 One example in which the family history can be very 
informative is the rare type 2N VWD variant  [18] . In this 
condition, circulating FVIII coagulant levels (FVIII:C) are dis-
proportionately low in comparison with circulating VWF 
antigen (VWF:Ag) and ristocetin cofactor (VWF:RCo) levels, 
because of an abnormality in VWF that results in a markedly 
decreased affi nity for FVIII therewith causing enhanced 
FVIII:C clearance  [19] . Patients with type 2N VWD may be 
labeled incorrectly as having mild/moderate hemophilia A  [20]  
with potentially signifi cant adverse effects if bleeding episodes 
are treated with a high - purity FVIII concentrate (devoid of 
functional VWF) rather than with a VWF - containing concen-
trate. The differing inheritance patterns for type 2N VWD 
(autosomal recessive) versus hemophilia (X - linked) is a useful 
diagnostic clue. 

 In general, there is little racial or ethnic predisposition to 
bleeding disorders with the major exception that autosomal 
recessive bleeding disorders are more common in populations 
where consanguinity is common. In addition, there are a few 
bleeding disorders which are more common in certain popula-
tions: FXI defi ciency among Jews of Ashkenazi (European) 
origin and as well among the Basque population of south -
 western France and north - eastern Spain  [21] . Although not a 
bleeding disorder, FXII defi ciency is thought to be more 
common in persons from China and eastern Asian countries 
 [22,23] . The family and the ethnic history of a patient should 
therefore be taken into consideration when deciding about 
specifi c laboratory testing.  

  Physical  e xamination 

 The physical examination is often of limited use in the 
diagnosis of children with suspected bleeding disorders. If 
present, the fi nding of purpura and/or petechiae in areas 
other than the lower limbs should raise the suspicion of an 
acquired (e.g., ITP) or congenital platelet disorder. In a boy, 
evidence of current or past bleeding into joints is suggestive 
of a diagnosis of hemophilia. Certain physical fi ndings may 
point to specifi c, albeit relatively rare, bleeding disorders, 
e.g., eczema in patients with Wiskott – Aldrich syndrome, 
telangiectasias in patients with hereditary hemorrhagic tel-
angiectasia, oculocutaneous albinism in patients with 
Hermansky – Pudlak or Chediak – Higashi syndromes, skeletal 
abnormalities in patients with thrombocytopenia absent 
radius (TAR) syndrome, joint laxity and scarring in patients 
with Ehlers – Danlos syndrome, and cataracts and/or hearing 
loss in some patients with inherited MYH9 - related macro-
thrombocytopenias  [24] .  

  Laboratory  e valuation 

 Laboratory evaluation should begin with screening laboratory 
tests unless the history and available laboratory results 
already performed are strongly suggestive of a specifi c bleed-
ing disorder. 

 Screening coagulation tests should include a complete 
blood count (including a platelet count), examination of 
a blood smear, an activated partial thromboplastin time 
(aPTT), and the prothrombin time (PT) refl ected by the 
international normalized ratio (INR). Additional tests that 
can be considered as screening studies include a fi brinogen 
level, and a thrombin time (TT). In the event of a prolonged 
TT a reptilase time is useful as reptilase, similar to thrombin, 
clots fi brinogen but, unlike thrombin, is not affected by 
heparin. Consequently, the reptilase time is useful to distin-
guish heparin contamination from afi brinogenemia (absence 
of fi brinogen) and dysfi brinogenemia (abnormally functioning 
fi brinogen). 

 If the child has a history of mucocutaneous bleeding, a 
screen to confi rm or refute a diagnosis of VWD should be 
initiated. This should include measurements of FVIII:C, 
VWF:Ag, and VWF:RCo, and, if available, measurement of 
the closure time using the Platelet Function Analyzer, PFA -
 100  ®   (see below). VWF multimer analysis is usually not done 
as part of initial screening tests as it can be done at a later 
date should initial studies suggest VWD. The skin bleeding 
time (see below) is no longer recommended as part of an initial 
hemostatic screen. 

 The result of screening laboratory tests taken together with 
the child ’ s medical and family history should be used to decide 
about repeat testing or further specialized tests (e.g. platelet 
aggregation tests, platelet fl ow cytometry, platelet electron 
microscopy, and immunofl uorescence studies for nonmuscle 
myosin heavy - chain IIA   clumps). Three laboratory tests/sce-
narios deserve special commentary because of their impor-
tance in the context of evaluation of the child with abnormal 
bleeding; these are described below. 

  Enumeration of the  c irculating  p latelet  c ount 

 The platelet count is typically measured in a sample of venous 
blood collected into ethylenediaminetetraacetic acid (EDTA) 
anticoagulant. Automated blood cell counters are usually 
more accurate and precise than manual platelet counting; the 
former are thought to have coeffi cient of variations (CVs) of 
 < 3% while the latter have a typical interobserver CV in the 
range of 10 – 25%  [25] . However, at low platelet counts 
( < 20    ×    10 9  platelets/L), a manual platelet count is more accu-
rate and is recommended  [26] . 

 Examination of the blood smear is a vital component of 
the assessment of a bleeding disorder and cannot be empha-
sized enough. It allows for the determination of pseudothrom-
bocytopenia in samples collected into EDTA anticoagulant 
owing to EDTA - induced  in vitro  platelet agglutination 
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 [27] . Pseudothrombocytopenia can be prevented by using a 
different anticoagulant (e.g., citrate or heparin) or by prepar-
ing a blood fi lm directly from a heel puncture. Examination 
of the blood smear also allows giant platelets (platelets larger 
than approximately 13   fL) to be visualized  [24,28,29] . This is 
important as automated counters may exclude giant platelets, 
resulting in a spurious fi nding of thrombocytopenia  [30] . 
Additionally examination of a blood fi lm allows a few rare 
diagnoses to be made: Gray platelet syndrome, a condition in 
which platelets appear pale gray, and MYH9 - related macro-
thrombocytopenias (formerly referred to as May Hegglin 
anomaly, Sebastian, Fechtner, or Epstein syndromes) in which 
leukocyte inclusion bodies (D ö hle - like bodies) can sometimes 
be seen  [31] . 

 Examination of the blood fi lm may also reveal red blood 
cell schistocytes (fragments), a clue to the diagnosis of 
hemolytic uremic syndrome (HUS), thrombotic thrombocyto-
penic purpura (TTP) and DIC; the latter being additionally 
characterized by the presence of a prolonged aPTT and 
INR.  

  Bleeding  t ime and  PFA  - 100  ®   

 The skin bleeding time is one of the most established screening 
tests of global platelet function used to investigate bleeding 
disorders, and template devices are available for use in chil-
dren and newborn infants as well as in adults  [3,32] . The 
bleeding time is not prolonged in patients with hemophilia, 
may be prolonged in patients with type 1 VWD, and is pro-
longed in some patients with platelet function disorders. It has 
become recognized, however, that the use of the bleeding time 
as a routine screening test is not warranted, particularly in 
young children. The test is highly operator dependent, inva-
sive, poorly reproducible, and a poor predictor of bleeding 
risk  [33] . 

 The platelet function analyzer (PFA - 100  ®  ) is a more 
recently developed  in vitro  (noninvasive) measure of 
primary, platelet - related hemostasis. This device has been 
demonstrated to be a more useful screening test for VWD 
than the bleeding time  [11,25] . The test is quantitative, 
simple, rapid, and reproducible, and measures, under high -
 shear conditions, the time (closure time) taken for a platelet 
plug to occlude, or close, a microscopic aperture in a 
membrane coated with platelet agonists  [34] . Like the bleed-
ing time, the closure time is not prolonged in persons 
with hemophilia  [35] . Unfortunately, most investigators have 
found that the PFA - 100  ®  , like the bleeding time, lacks 
specifi city and sensitivity for detecting mild platelet function 
disorders  [36 – 38] . It, like the bleeding time, is, however, 
sensitive to severe platelet function disorders such as 
Glanzmann thrombasthenia. When interpreting the results of 
the PFA - 100  ®   it should be recognized that the PFA - 100  ®   is 
affected by many variables (platelet count, hematocrit, and 
medications).  

  The  a  PTT :  p rolongation  d oes  n ot  n ecessarily  m ean a 
 b leeding  d isorder 

 A prolonged aPTT is a very commonly encountered labora-
tory abnormality. A prolonged aPTT may truly indicate an 
underlying bleeding disorder (e.g., hemophilia, VWD, or other 
factor defi ciencies). Alternatively, there are multiple etiologies 
for a prolonged aPTT that are not associated with an increased 
risk of bleeding. These include the presence of antiphospholi-
pid antibodies, FXII defi ciency, and technical problems with 
blood collection and processing. The latter includes heparin 
contamination of blood samples. 

 Many viral and bacterial infections in childhood may induce 
the production of antiphospholipid antibodies. These tend to 
be benign and transient; lasting the usual duration of antibod-
ies (2 – 3 months). These antibodies are likely to be the most 
common etiology in children referred for evaluation for an 
elevated aPTT  [39] . The antibodies, other than prolonging the 
aPTT, are generally not clinically signifi cant and unlikely to 
cause bleeding. A rare exception to this is when the antibody 
is additionally directed against prothrombin (FII) and results 
in consumption of FII  [40] . Consequently, in a child with a 
combination of bruising and antiphospholipid antibodies a FII 
level should be obtained. 

 Homozygous or heterozygous defi ciency of FXII (Hageman 
factor) similarly can prolong the aPTT. In the case of 
homozygous/compound heterozygous FXII defi ciency the 
aPTT can be greatly prolonged ( > 100   s). Yet, despite this, the 
condition is not associated with bleeding manifestations. In 
fact there is some evidence that a defi ciency of FXII can be 
thrombogenic  [41] . 

 Technical problems with blood collection and processing 
may prolong the aPTT without affecting a child ’ s risk of 
bleeding. These preanalytic variables can include collecting 
too much or too little blood leading to an inappropriate ratio 
of blood to the anticoagulant reagent (in most cases citrate) 
 [39] . Delays in sample processing and inappropriate storage 
of blood may also lead to a falsely elevated aPTT. Lastly, 
contamination of blood samples by heparin is a commonly 
encountered problem, especially in ill infants and children in 
intensive care units. In a hospital setting it is usually the most 
frequent cause of a prolonged aPTT. Heparin binds to anti-
thrombin present in plasma samples, thereby enhancing inac-
tivation of thrombin and FXa and, to a lesser extent, FIXa, 
FXIa, and FXIIa. At very high plasma heparin concentrations, 
the PT is also prolonged. A prolonged aPTT as a result of 
heparin contamination will also result in a prolonged TT. 
Heparin contamination in a plasma sample can be confi rmed 
by normalization of the TT in the presence of protamine 
sulfate, which acts to neutralize any heparin present in the 
sample  [42] . Alternatively, the snake venom reptilase (from 
 Bothrops atrox ), which is not inhibited by heparin, can be 
used instead of thrombin when measuring the TT. An abnor-
mal TT but normal reptilase (clotting) time indicates heparin 
contamination  [43] . If necessary, heparin can be removed 
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or neutralized in several ways  [44] ; this allows individual 
clotting factor levels to be measured in heparin - containing 
specimens.    

  Common  b leeding  d isorders 

 In our large pediatric bleeding disorders clinic, the three 
commonest inherited bleeding disorders are hemophilia A 
or B, VWD, and inherited platelet function defects. These 
three are discussed below. Less common are rare congenital 
coagulation factor defi ciencies, e.g., FXI, FVII, FXIII, or 
fi brinogen. 

  Hemophilia 

 The diagnosis of severe hemophilia is usually made within the 
fi rst year of life because of testing at or around the time of 
birth in boys with a positive family history of the disorder, or 
because of abnormal bruising/bleeding [e.g., with blood sam-
pling, with intramuscular injections (vitamin K, vaccines) or 
post circumcision]. The aPTT is always prolonged in boys 
with severe and moderate hemophilia, but can be normal in 
boys with mild hemophilia. It is therefore strongly recom-
mended that, if a diagnosis of hemophilia is suspected, FVIII 
(or FIX levels) be specifi cally measured together with VWF 
levels as type 3 VWD may present with similar clinical fi ndings 
(as hemophilia) and with a low FVIII level. 

 The diagnosis of mild/moderate hemophilia is often delayed 
and may occur only after investigation for unusual bleeding 
following invasive procedures (e.g., tonsillectomy). It is impor-
tant to note that levels of FIX, like other vitamin K - dependent 
factors, are reduced in early life and only reach adult levels by 
about 6 months of age  [2,32]  (Figure  18.2 ). Consequently, a 
young child may be falsely labeled as having moderate or mild 

hemophilia B whereas 6 – 12 months later his FIX levels might 
place him in the category of mild hemophilia or potentially 
even normal. Repeat testing after an interval of 6 – 12 months 
may therefore be appropriate in cases of a low FIX level. In 
contrast, patients with mild hemophilia A can reliably be 
diagnosed at any time since plasma FVIII levels do not vary 
with age.    

  von Willebrand  d isease 

 von Willebrand disease is caused by quantitative (types 1 and 
3) and/or qualitative defects (type 2) of the multimeric glyco-
protein VWF  [45] . A current classifi cation of VWD is pre-
sented in Table  18.1 . The most common and mildest type of 
VWD (type 1) is the most diffi cult to diagnose and to distin-
guish from normal. Repeat testing is often required to deter-
mine whether an individual has type 1 VWD or is normal. 
Part of the problem is that the 95% confi dence interval for 
VWF in the normal population can vary between 50% and 
200% of the mean level, and there is signifi cant temporal 
variability in VWF levels  [46] . In addition, the mean VWF:Ag 
and VWF:RCo levels are 20 – 25% lower in blood group O 
than in nonblood group O subjects  [11,47] .   

 In contrast, it is much easier to make a diagnosis of VWD 
in patients with more severe forms of VWD, e.g., type 2 and 
type 3 VWD. Type 3 VWD is particularly easy to diagnose 
because of the combination of its severity, the common fi nding 
of parental consanguinity, and absent levels of VWF. 
Distinguishing the various subtypes of type 2 VWD (Table 
 18.1 ) is, however, problematic. It can usually be achieved by 
laboratories capable of accurately measuring the following: 
FVIII:C, VWF:Ag, VWF:RCo, VWF multimer analysis, and 
ristocetin - induced platelet agglutination (RIPA) testing. In 
some cases, genetic testing may be required to confi rm the 
subtype of type 2 VWD. 
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 Figure 18.2     Factor IX levels in healthy 
full - term infants (a) and healthy premature 
infants (b) during the fi rst 6 months of life. 
(a) Factor IX levels in 118 full - term infants. 
(b) Factor IX levels in 137 healthy 
premature infants (30 – 36 weeks ’  gestation). 
The inner line represents the mean values, 
the inner clear area the 95% confi dence 
interval, and the shaded area 95% of all 
values. The mean adult factor IX levels are 
1.09    ±    0.27   U/mL. Figure adapted from refs 
1 and 2. 
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  Table 18.1    Classifi cation of von Willebrand disease. 

   Type     Frequency (%)     Comment  

  1     ∼ 80    Partial quantitative defi ciency of VWF  
  2    15 – 20    Qualitative defects of VWF  
  2A        Variants with decreased VWF - dependent 

platelet adhesion associated with a 
defi ciency of high - molecular - weight 
VWF multimers  

  2B        Variants with an increased affi nity for 
platelet glycoprotein Ib leading to 
increased platelet binding, 
thrombocytopenia, and a reduction of 
high - molecular - weight VWF multimers  

  2M        Variants with decreased VWF - dependent 
platelet adhesion associated without a 
defi ciency of high - molecular - weight 
VWF multimers  

  2N        Variants with markedly decreased binding 
affi nity for FVIII  

  3    Rare    Virtually complete absence of VWF  

   FVIII, factor VIII; VWF, von Willebrand factor.   

 Reproduced from  [45]  with permission. 

 A rare condition that resembles type 2B VWD is platelet -
 type or pseudo - VWD caused by mutations in the platelet 
GPIb α  gene causing enhanced binding of GPIb α  to VWF 
 [48,49] . Enhanced RIPA is observed in both type 2B VWD 
and platelet - type VWD. Platelet agglutination studies at 
low concentrations of ristocetin (0.5   U/mL  ) using normal 
platelets and patient ’ s plasma, or patient ’ s platelets and 
normal plasma, allow one to differentiate between the two 
conditions  [50] .  

  Platelet  d isorders 

 Platelet disorders encompass a wide spectrum of primary 
hemostatic bleeding disorders, which may be inherited or 
acquired and include quantitative (e.g., thrombocytopenia 
absent radius), qualitative (e.g., Glanzmann thrombasthenia), 
or mixed quantitative/qualitative defects (e.g. Bernard – Soulier 
syndrome, which involves both thrombocytopenia and plate-
let dysfunction)  [51,52] . Like VWD, platelet disorders present 
primarily with mucocutaneous bleeding manifestations. 

 Acquired causes of thrombocytopenia and/or platelet dys-
function in children (e.g., DIC, ITP, HUS, TTP, uremia, and 
liver disease) are common  [53]  but will not be discussed here. 

 In the view of some experts, inherited disorders of platelet 
function may be more common in the general population than 
has previously been appreciated  [54,55] . Such patients may 
remain undiagnosed and are simply considered to be  “ easy 
bruisers/bleeders. ”  These inherited platelet disorders can be 
distinguished by the presence/absence of thrombocytopenia, 

the size and appearance of platelets, the pattern of inheritance, 
the presence/absence of other physical fi ndings, and ultimately 
on the mechanism of the platelet dysfunction (Table  18.2 ).   

 Screening laboratory tests for inherited platelet disorders 
should include a complete blood count with accurate enu-
meration of the platelet count and a careful examination of 
the peripheral blood fi lm noting whether leukocyte (D ö hle -
 like) inclusion bodies are present. The presence or absence of 
thrombocytopenia and the size and appearance of platelets are 
very useful diagnostic clues to the underlying platelet disorder 
(refer to Table  18.2    for a list of platelet disorders associated 
with large, small, or normal - sized platelets). In patients in 
whom the medical and/or family history is suggestive of a 
platelet disorder, and in whom an alternative explanation for 
bleeding symptoms such as VWD has been excluded, platelet 
aggregation studies should be performed. The panel of ago-
nists commonly used to assess aggregration includes ADP, 
collagen, arachidonic acid, a thromboxane A 2  analogue (e.g., 
U46619), epinephrine, and ristocetin  [55] . In Glanzmann 
thrombasthenia, platelets respond only to ristocetin, whereas 
in Bernard – Soulier syndrome platelets respond to all agonists 
except ristocetin. Flow cytometry for the quantitation of 
GPIIb - IIIa and GPIb − IX - V receptors on platelets is useful to 
confi rm these two respective diagnoses. 

 Dense ( δ ) granule platelet storage pool disorders can be 
identifi ed using whole - mount electron microscopy or chemi-
luminescence, whereas transmission electron microscopy is 
useful to exclude  α  - granule disorders such as gray platelet 
syndrome  [56,57] . Immunofl uorescence testing of neutrophils 
to demonstrate abnormal clumping of nonmuscle myosin 
heavy - chain IIA seen in MYH9 - related disorders is becoming 
a useful, although not widely available, laboratory test 
 [58] . 

 Finally, genetic testing can be performed for some inherited 
platelet disorders where gene defects have been identifi ed (e.g., 
Glanzmann thrombasthenia, Bernard – Soulier syndrome, 
Wiskott – Aldrich syndrome, Hermansky – Pudlak syndrome, 
Paris – Trousseau syndrome, MYH9 - related macrothrombocy-
topenias, and others)  [59] . Such DNA analyses of inherited 
platelet defects are limited to specialized laboratories.   

  Conclusion 

 The correct and timely diagnosis of an inherited bleeding 
disorder in a child is important. This goal can best be achieved 
by combining a careful history, a detailed physical examina-
tion, and selected laboratory tests. Once a diagnosis is made, 
the child (if of an appropriate age) and/or parents or guardians 
can be counseled about the severity and anticipated natural 
history of the disorder plus available management options, 
both specifi c (e.g., factor concentrate therapy in boys with 
hemophilia) and nonspecifi c (e.g., DDAVP and/or antifi brino-
lytic therapy in children with type 1 VWD or congenital 
platelet disorders).  
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  Table 18.2    Classifi cation of platelet disorders. 

   Diagnosis     Key clinical/laboratory fi ndings     Inheritance     Thrombocytopenia     Platelet size  

   Disorders of platelet adhesion/aggregation   
  Bernard – Soulier syndrome    GPIb - IX - V defi ciency    AR    Mild to moderate    Large  
  Glanzmann thrombasthenia    GPIIb - IIIa defi ciency    AR    None    Normal  

   Disorders of platelet signaling   
  Specifi c platelet receptor 

abnormalities  
  Collagen (GPVI/GPIa - IIa)    AD    None    Normal  
  ADP (P2Y 12 )    AD    None    Normal  
  Thromboxane A 2     AD    None    Normal  

   Disorders of platelet granule secretion   
  Defects of dense ( δ ) granules (isolated or as part of the following syndromes)  
  Hermansky – Pudlak syndrome    Oculocutaneous albinism, granulomatous 

colitis, pulmonary fi brosis  
  AR    None    Normal  

  Chediak – Higashi syndrome    Oculocutaneous albinism, immunodefi ciency, 
neurological dysfunction, lymphoproliferation  

  AR    None    Normal  

   Defects of  α  granules (isolated or as part of the following syndromes)   
  Gray platelet syndrome    Defective retention of  α  - granule proteins, 

myelofi brosis  
  AR    Mild to moderate    Large  

  Quebec platelet disorder    Increased platelet u - PA, enhanced  α  granule 
protein degradation  

  AD    None to mild    Normal  

  ARC syndrome    Arthrogryposis, renal disease, cholestasis    AR    None    Large  

   Disorders of platelet production   
  Thrombocytopenia with absent 

radius syndrome (TAR)  
  Shortened/absent radii    AR    Severe    Small to normal  

  Congenital amegakaryocytic 
thrombocytopenia  

  TPO - receptor mutation, absence of 
megakaryocytes, pancytopenia  

  AR    Severe    Normal  

  Wiskott – Aldrich syndrome    Immunodefi ciency, eczema, lymphoma    X - linked    Severe    Small  
  X - linked thrombocytopenia    No immune problems    X - linked    Severe    Small  
  MYH9 - related disorders  a      Leukocyte inclusion (D ö hle - like) bodies, 

nephritis; hearing loss; cataracts  
  AD    Mild - Moderate    Large  

  Paris – Trousseau/Jacobsen syndrome    Cardiac and facial defects, mental retardation, 
giant  α  granules  

  AD    Mild - Moderate    Large  

   Other   
  Scott syndrome    Decreased platelet procoagulant activity    AR    None    Normal  

   AD, autosomal dominant; AR, autosomal recessive; u - PA, urokinase - type plasminogen activator.  

   a Formerly referred to as May – Hegglin anomaly, Sebastian, Fechtner, Epstein syndromes.   
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     The goal of treatment of a child with hemophilia should be 
to ensure that both the family and the affected child perceive 
themselves as healthy, despite the diagnosis of hemophilia. 
The World Health Organization (WHO) defi nes health as a 
state of complete physical, psychological, and social well -
 being. The aim of this chapter is to consider various aspects 
of the medical and psychosocial care of children with 
hemophilia.  

  Medical  c are 

  Diagnosis and  r isk of  i nhibitor  d evelopment 

 Healthcare professionals are highly aware that hemophilia is 
a hereditary disorder. However, in many countries today, it is 
not as well recognized that the majority of babies born with 
hemophilia actually represent sporadic cases, i.e., the families 
in question have no known history of hemophilia. This lack 
of knowledge is a major cause of delay in diagnosis of the 
disorder, since physicians simply overlook the risk of hemo-
philia in previously unaffected families. 

 Once a defi nite diagnosis has been made based on the results 
of clotting assays, it is recommended that the mutation in a 
family be characterized. Knowledge of the type of mutation 
enables carrier detection and prenatal diagnosis in the family 
as well as the risk of developing inhibitors directed against 
factor VIII (FVIII) or factor IX (FIX)  [1 – 3] . The development 
of inhibitors is today the most serious complication of treat-
ment. Other host - related factors important for inhibitor devel-
opment, besides the type of mutation and thus the severity of 
the disease, are family history of inhibitors, ethnicity, and 
alleles of immune response modifi er genes  [4 – 7] . Confl icting 
results have been obtained if age at fi rst treatment is a risk 
factor for inhibitor development, i.e., increased risk below the 
age of 1 – 1.5 years  [8 – 10] . However, subsequent studies sug-
gested that children who were treated at an early age were 
treated because of specifi c circumstances and those circum-
stances rather than age accounted for the development of 
inhibitors  [11] . Surgical procedures, treatment during con-
comitant infl ammatory states and peak treatment moments, 

i.e., frequent and extensive administration of high doses of 
factor concentrate at start of treatment, have been suggested 
to increase the risk of inhibitor development and should thus 
be avoided  [11,12] . Another aspect of early treatment being 
currently discussed is whether the mode of administration, 
regular prophylactic treatment or on - demand, has an impact 
on inhibitor development  [10,12] . The impact of the type of 
concentrate has also been debated  [13,14] . Some papers show 
that the presence of von Willebrand factor (VWF) in some 
plasma - derived FVIII products may provide some measure of 
protection against inhibitor development, although the evi-
dence is not conclusive. Nevertheless, administration of FVIII/
FIX concentrates as treatment for a bleed should not be 
avoided, even if a patient is at risk of developing inhibitors. 
A child with hemophilia B as a result of a complete gene dele-
tion runs a substantial risk of an anaphylactoid reaction to 
FIX infusions  [15] . Such a response usually occurs after one 
of the fi rst 10 to 20 infusions, therefore it is recommended 
that healthcare professionals who give this type of treatment 
are also prepared to deal with an allergic reaction.  

  Treatment 

 The most important aspect of the care of children with hemo-
philia is the treatment regimen that is used, which varies 
considerably between countries owing to differences in the 
level of healthcare that is generally available  [16] . The quality 
of FVIII or FIX replacement therapy in a country usually 
evolves from sporadic or on - demand treatment of bleeding 
episodes to secondary prophylaxis for those with frequent 
bleeds, and fi nally to individually tailored primary prophy-
laxis for all children with severe or moderate hemophilia 
 [17,18] . According to a joint statement made by the WHO 
and the World Federation of Hemophilia (WFH), initiating 
prophylactic treatment at an early age is considered to be the 
optimal form of therapy for a child with hemophilia  [19] . 
Today, the most refi ned regimens involve primary prophy-
laxis, in which treatment is begun at 12 – 18 months of age, 
before the onset of bleeding into joints or other serious bleeds. 
The rationale behind an early start is that even a small number 
of joint bleeds can result in irreversible damage, as well as 
damage that progresses despite prophylactic therapy  [20] . It 
has also been shown that the time point at which prophylaxis 
is begun is an independent factor in the evaluation of joint 
outcome  [21] . However, it must not be forgotten that the aim 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.



CHAPTER 19

128

  Table 19.1    Some items that are recommended to be considered at 
biannual/annual check - ups of children with hemophilia. 

  Physical examination, including orthopedic joint score  
  Feedback on  “ daily log - book ”  or similar registration of bleeds and 

treatments  
  Education of the child and/or parents in venous access  
  Surveillance of central venous lines (position of catheter, rtPA/

urokinase installation in catheter, blood culture, education of the 
child and/or parents in aseptic techniques)  

  Laboratory surveillance including blood counts, FVIII/IX levels 24 
or 48   h after treatment (when on prophylaxis), FVIII/IX peak 
values after infusion of prescribed dose, inhibitor analysis  

  Sociomedical aspects (quality of life, leisure activities, absence from 
school)  

of prophylactic treatment is to avoid not only arthropathy but 
also other serious bleedings such as intracranial hemorrhage 
 [22] . In most cases, an early therapeutic approach is initiated 
by giving a dose of approximately 30 – 50   IU/kg once or twice 
a week via a peripheral vein, with the aim of increasing the 
frequency of administration as soon as possible. The ultimate 
goal is to reach full - scale primary prophylaxis, which usually 
involves the following: in hemophilia A, factor VIII is admin-
istered at a dose of 20 – 40   IU/kg/day every second day or three 
times weekly; in hemophilia B, factor IX is given at a dose of 
20 – 40   U/kg/day every third day or twice weekly  [18,23] . 
However, both the dose and the dose interval have to be 
individually tailored for each child owing to pharmacokinetic 
differences between patients. In older children with hemo-
philia A it is possible to optimize the cost – benefi t ratio of 
treatment by daily injections of FVIII (10 – 20   IU/kg). The level 
of the lowest concentration is more important than the peak 
level after injection  [24] . However, it is the clinical outcome, 
not the achieved trough levels, that determines whether the 
given dose is adequate  [25] . The sizes of the vials available is 
also a factor that in practice infl uences the dose given, espe-
cially in small children. From both a medical and a social 
perspective, it is best if the children can be treated at home by 
their parents, and that particular objective has already been 
accomplished for most of those patients in countries that have 
a well - developed system of care for people with hemophilia.  

  Monitoring  t reatment 

 To ensure high quality of care, children with severe hemo-
philia should be examined once or twice a year by a pediatri-
cian at a comprehensive hemophilia care center. The same 
applies to children with mild hemophilia, although the check -
 ups can be done less frequently in such cases. The basic items 
that are recommended to be included in a biannual or annual 
check - up are listed in Table  19.1 . Joint evaluation should be 
done once a year by use of a sensitive score such as the 
Hemophilia Joint Health Score (HJHS) 2.0  [26] . Scoring of 

bone changes on plain X - ray is still a valuable method and, 
in addition, magnetic resonance imaging (MRI) can reveal the 
early changes in synovia and cartilage as an aid in monitoring 
treatment  [27 – 30] . Quality of life can be evaluated by 
 “ Hemoqol, ”  a disease - specifi c instrument validated for use in 
children  [31] . In countries with less advanced therapy, func-
tional tests may be a valuable tool  [32,33] .    

  Venous  a ccess 

 Easy venous access is a prerequisite of administering blood 
factor concentrates to young children with hemophilia A or 
B, regardless of whether this is done at the time of a bleed or 
as a prophylactic measure. For a child receiving on - demand 
treatment at home, it is preferable that the FVIII/FIX concen-
trate be given by the parents as soon as a bleed occurs. In such 
a situation, safe and easy access to a vein is essential, and the 
same is true for children on a prophylactic regimen. The fi rst 
choice of access should be a peripheral vein. However, that 
can be very diffi cult or even impossible to accomplish in young 
children, thus it may be necessary to consider a central venous 
line (Figure  19.1 ). Introduction of a central venous catheter 
entails risks that must be weighed against the potential ben-
efi ts for individual patients. Medical indications may include 
poor access to a peripheral vein for a planned therapy, espe-
cially the daily injections that are required for immune toler-
ance induction (ITI) in patients with inhibitors. An example 
of a combined medical and social indication is when a central 
venous line would enable parents to treat a young child at 
home. Implantation of a central venous catheter solely on 
psychological grounds should be discouraged — a child who is 
merely afraid of venipuncture needs to be helped in some other 
way.   

 Several reports have described various adverse effects asso-
ciated with the use of central venous catheters in patients with 

 Figure 19.1     An implantable central venous line facilitates injections 
in children with diffi cult venous access in peripheral veins. 
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hemophilia, and infections were the most frequently men-
tioned complications in those subjects  [34] . Table  19.2  shows 
the rates of infections that have been observed in some of the 
larger studies conducted in recent years. It appears that non-
inhibitor patients fall into two major categories: Those with 
approximately 0.2 infections per 1000 days, and those with 
roughly 1.0 (range 0.7 – 1.6) infections per 1000 days. In the 
best of hands, a patient without inhibitors who has a Port - A -
 Cath and is on regular prophylaxis will have at most one 
catheter - related infection every 5 – 10 years, although this rate 
varies greatly between different centers. In an equivalent 
patient who has developed inhibitors, it can be expected that 
there will be about one infection per 1 – 2 years of use  [35] . 
Notwithstanding, easy venous access is imperative for these 
patients, both for the treatment of acute bleeds and for ITI.   

 The rates of clinically manifest thrombosis have been low 
in the larger series of patients that have been documented, but 

  Table 19.2    The rates of infections in recent series of hemophilia 
patients using central venous lines. 

   Study  

   Number 
of patients 
( n )  

   Rate of infection 
per 1000 
patient - days     Comment  

  Blanchette 
 et al.   [41]   

  19    0.7    Three patients with 
inhibitors, three 
HIV positive  

  Perkins 
 et al .  [42]   

  35    1.2 (central 
device) 

 0.7 (peripheral 
device)  

  7/32 patients with 
inhibitors, 2/32 
with von 
Willebrand disease  

  Ljung 
 et al .  [43]   

  53    0.19    Multicenter. Eleven 
patients with 
inhibitors  

  Santagostino 
 et al.  [44]   

  15    0.3    Two patients with 
inhibitors, 13 on 
prophylaxis; 
prospective  

  Miller 
 et al.   [45]   

  41    0.14    Includes external 
catheters  

  McMahon 
 et al .  [46]   

  58    1.6 (without 
inhibitor) 

 4.3 (with 
inhibitor)  

  77/86 had Port - A -
 Caths; 37/58 
patients with 
hemophilia  

  Tarantino 
 et al.  [47]   

  59    0.38 (without 
inhibitor) 

 0.66 (with 
inhibitor)  

  Single institution  

  Van Dijk 
 et al .  [48]   

  23    0.72 (without 
inhibitor) 

 3.1 (with 
inhibitor)  

  Single institution  

  Domm 
 et al .  [49]   

  22    0.30    Single institution; 
9/22 patients with 
inhibitors  

it should be noted that routine venography was not done in 
most of those series. Recent reports suggest that thrombosis, 
although in most instances  “ clinically silent, ”  is a more fre-
quent side - effect than previously assumed  [34,36] . The experi-
ences so far suggest that the risk of catheter - related thrombosis 
increases after many years of use. Development of thrombosis 
may be related to the site of the catheter (jugular or subclavian 
vein), the type of concentrate used, or some genetic throm-
bophilic factor  [37] . 

 The fi nal decision to use a central venous catheter must be 
a compromise between the following: the medical goal, the 
bleeding tendency and the social situation of the patient, and 
familiarity with the devices at the particular hemophilia center. 
The number of complications may be reduced by taking ade-
quate measures to maintain asepsis, both at the time of 
implantation and during subsequent use, and also by adopting 
explicit basic routines for surveillance of the systems and 
repeatedly educating the users  [38] . In many cases, a central 
venous line is indispensable for appropriate treatment, and 
several series on record have clearly demonstrated the benefi ts 
of these devices for hemophilic children and their families. 
Some centers have successfully used arteriovenous fi stulae in 
children as an alternative to a central venous line  [39] .  

  Medication 

 In developed countries, most children with hemophilia are 
treated with recombinant FVIII/IX concentrates  [40] . Drugs 
containing acetylsalicylic acid should not be used to relieve 
pain, because they inhibit platelet function and therefore have 
an adverse effect on coagulation. Consequently, preparations 
containing acetaminophen (paracetamol), alone or in combi-
nation with codeine, are recommended as analgesics. Anti -
 infl ammatory drugs, such as celecoxib and rofecoxib, can in 
certain cases be useful in reducing joint pain and synovial 
infl ammation.   

  Psychological  c are 

 In countries with limited resources for medical care, it is 
natural to focus on hemophilia itself and literally on how to 
help patients survive from day to day. In most countries with 
well - developed health care, the ability to treat this disease has 
improved dramatically during the last decades owing to the 
introduction of FVIII and FIX concentrates. Therefore, in 
those nations, the focus should be switched from the disorder 
per se to the healthy aspects of the child with hemophilia. The 
connotation of the word  “ hemophilia ”  and the description of 
the condition have a markedly negative infl uence on how it is 
perceived by the parents and later on by the child. This disease 
has a dramatic history, and the attitudes of healthcare profes-
sionals and older people with hemophilia are still affected by 
the way the disorder used to be managed, even in industrial-
ized countries. 
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 The initial information given to a family with a child who 
has been diagnosed with hemophilia will have a pronounced 
effect on how this family, and in time the child himself, will 
cope with the disease and how it will infl uence daily life. 
Ideally, this information should be given to both parents, if 
possible together with older siblings. If advanced hemophilia 
care is available, the most important message to convey in the 
fi rst discussion is that a person with hemophilia can lead a 
practically normal life and have a normal life expectancy. It 
is of the essence that children who are old enough to under-
stand the situation do not feel that, by not being healthy, they 
have caused problems for their parents and made them 
unhappy. A young child lives in the here and now, whereas 
the parents have a totally different time perspective and are 
more extensively infl uenced by existential thoughts. The 
mother might be a genetic carrier, and thus it is obvious that 
she may feel responsible for her child ’ s hemophilia. 

 For an optimal outcome of the crisis reaction, it is important 
to try to discover whether the parents think that they are to 
blame or that they have done something wrong in the past 
that might have given rise to the disease. 

 The initial counseling should be repeated at subsequent 
meetings with the parents to ensure that they have received all 
relevant information. Positive facts about prophylactic treat-
ment strategies and the prospect of being able to use gene 
therapy to cure the disease in the future should be given 
together with straightforward information about possible 
complications, such as the development of inhibitors. 
Furthermore, it is important that the same doctor and nurse 
communicate with the family during this sensitive period in 
order to avoid the uncertainty and frustration that can result 
from slight differences in the way that individual care provid-
ers present the same information. 

 The child suffering from hemophilia is not the only person 
who is infl uenced by the disease, there is also a profound 
psychosocial effect on all members of the family. Overprotection 
may become a serious problem, and the strong natural urge 
to safeguard the child can instead cause diffi culties for the 
entire family. Indeed, in extreme cases, the misguided love of 
the parents may be more harmful to a son with hemophilia 
than the disorder itself. Therefore, it is essential that the pedi-
atric hemophilia team work together with the families to 
support and promote normal behavior.  

  Social  c are 

  Hemophilia  i dentifi cation  c ards 

 In conjunction with the diagnosis, a patient with hemophilia 
should be issued a card that states the type of the disease that 
the bearer has, and that also provides information about how 
to contact the hemophilia treatment center. It is important that 
the patient always carries the card and shows it when consult-
ing a physician or undergoing dental work.  

  Vaccinations 

 Children with hemophilia can be vaccinated like any other 
children, but the vaccines must be given subcutaneously, not 
intramuscularly. It is recommended not to give concentrate at 
the same time as a vaccination as a measure to avoid inhibitor 
development. Moreover, in countries with low - purity concen-
trates or cryoprecipitates used for treatment, vaccination 
against hepatitis A and B is recommended.  

  Day -  c are  c enter  a ttendance and  s chool 

 Attending a day - care center is no problem for a child with 
hemophilia, although it is recommended that the staff of the 
facility have access to some extra resources. The family has to 
avoid overprotection, and day care or other activity groups 
can provide just the social training and stimulation that the 
child needs. The school staff and students should be informed 
that a child has hemophilia, preferably by the parents and the 
child, if necessary together with the staff of the hemophilia 
center. If adequate prophylaxis is given, no other resources 
are required for medical reasons, although it is important to 
coordinate prophylactic treatment with the scheduling of 
physical education. Also, the study and vocational counselor 
should be told about any limitations that the disease imposes 
on the child ’ s choice of profession.  

  Leisure  a ctivities 

 A child with hemophilia who is on adequate prophylaxis can 
enjoy virtually normal free - time activities, but it is best to steer 
clear of contact sports that involve a high risk of traumatic 
events. Regardless of the mode of therapy, parents should be 
encouraged to stimulate the child ’ s interest in certain suitable 
sports (such as swimming) at an early age. A hemophilic baby 
can wear a protective cap or helmet from the time it begins to 
stand up and until it has learned to walk steadily. However, 
as the child grows older, a helmet may be a social stigma that 
should be avoided. Parents and other people who take care of 
a young hemophiliac should be continually encouraged to 
observe and focus on the healthy side of the child.   
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     One may estimate that of the 100   000 adolescents with hemo-
philia worldwide a great majority do not have access to 
modern treatment possibilities, resulting in elevated morbidity 
and mortality. 

 A study on therapeutic regimen patterns in boys treated for 
severe hemophilia in 22 European centers in 2003 indicated 
that almost all patients were on different prophylactic treat-
ments  [1] .  

  Progression of  p hysical  d evelopment 
at  p uberty 

 The psychosocial maturation of adolescents is not possible 
without the onset of puberty. A boy may resist change. He 
may be unable to deal with  a new mature sexual body  and  a 
new self - image . This may result in discrepancy between the 
imaginary and the real self. 

 In an average boy, puberty starts almost 2 years later than 
in an average girl, and the maximum growth spurt in body 
height starts even later, at mid - puberty, which is 3 – 3.5 years 
later than in girls. The developmental differences between 
boys and girls are greatest at the time when an average boy is 
in mid - puberty, around the age of 13.5 years in most European 
populations. Even though there are remarkable individual 
variations in timing, the sequence and duration of pubertal 
events tend to progress in a certain order. 

 First, the testicles grow in size. Once the testicles reach a 
length of about 2   cm, pubic hair starts to develop. The mean 
growth period for testicles is relatively long, about 4 years, 
whereas the growth of penis starts about a year later and 
reaches its fi nal size relatively quickly, in about 2 years (Figure 
 20.1 ). By mid - puberty the penis is growing fast and has almost 
reached its fi nal size. The voice is changing, nocturnal spon-
taneous ejaculations ( “ wet dreams ” ) have started, regular 
masturbation is a part of life, gynecomastia may disturb many 
boys, spontaneous erections are uncontrolled, and acne may 
gradually appear. By the time axillary hair appears, the hands, 
feet, and penis will already have reached their fi nal sizes. By 
the end of puberty, the body growth in height and weight 
starts to reach its maximum.   

 A delayed beginning of puberty is a male phenomenon. It 
is known that late maturers often have a low self - esteem and 
that feeling of inadequacy is common. They are seen by their 
peers as being more childish and are less popular than the 
average boy. 

 Almost nothing is known about the potential consequences 
of rapidly passing puberty. However, if the pubertal period is 
short, it is likely that the  psychological adaptation  will be 
more demanding. 

 In boys with hemophilia, pubertal developments start and 
progress similarly as in other boys.  

  Adolescents with  h emophilia  s hould  b e 
 p hysically  fi  t 

 Physical activity helps to maintain a normal body weight, a 
higher level of self - esteem, body image, social adaptation, and 
feelings of well - being. Trained muscles may give some protec-
tion against injuries. A boy with a nimble and swift - moving 
body can also avoid physical problems. 

 The family attitudes, particularly those of the father, are 
important in developing interest in sports and normal fi tness 
activities. The interest of the care - giver, the hemophilia team, 
and its physiotherapist may also have a critical role in modify-
ing the parents ’  motivation during the years before puberty. 

 There are several approaches to selecting a suitable physical 
activity. This author emphasizes that restriction is not the only 
possibility. In fact, most adolescent boys who have been on 
primary prophylaxis from an early age and continue this 
through adolescence can participate in almost any sport they 
wish. Furthermore, they do it well. Under optimal conditions 
physical activity and the social surroundings in a team should 
be combined and may be of great value for social development 
and masculine self - esteem. 

 In general, it is not an easy task for the hemophilia treater 
to gradually convince the parents to change their focus from 
protective attitudes to enjoyment of physical well - being. 
Nevertheless, this may not be possible without accepting the 
risks involved. 

 A pubertal boy can be really stubborn if he wants, for 
example, to play ice - hockey. In many cases it may be easier 
for a boy to attend an ice - hockey session or two, and as a 
result get some painful bruising. Then he himself can make 
his own open or silent decision that ice - hockey is not for him. 
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To do so, he may need a suitable cover - up story to maintain 
his self - esteem.  

  Shoes  s hould  b e of  h igh  q uality 

 It is common for the ankles of adolescents to ache after 
repeated bleeds or without any obvious reason. Adhering to 
the practice of wearing large tennis shoes without laces may 
not be the correct response. In fact, high - quality shoes should 
be recommended for adolescents with hemophilia to give 
optimal and personal support during activities. Shoes should 
be light and fl exible with a good grip and an absorbing sole. 
On the other hand, whenever possible, wearing no shoes at 
all might be ideal.  

  Overweight  i s a  r isk  f actor that  c an 
 b e  p revented 

 Adolescents with hemophilia should not be overweight because 
any extra weight is an additional burden on the joints of lower 
extremities. A 10 - kg excess weight in the body may easily 
double the joint stress caused by running, jumping, or similar 
activities. 

 Even though it is not easy to prevent becoming overweight, 
it is much easier to prevent than to treat. For this reason the 
hemophilia teams might consider starting discussions on 
weight control soon after the diagnosis of hemophilia as a 
routine part of the therapy. Those on prophylactic treatment 
are regularly and frequently seen by their physician and the 
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 Figure 20.1       Physiologic events in pubertal 
boys. These events are not infl uenced by 
hemophilia per se but are similar in boys 
with hemophilia  [2] . 

supporting hemophilia team. This long - term follow - up period 
should give enough time to create the motivation for a change 
in the family ’ s practices and allow the care - giver to offer con-
tinual support.  

  The  y ears of  p repuberty  a s a  r isk  p eriod 

 Several changes occur in the male body in the fi rst 2 years 
prior to the onset of puberty. For example, subcutaneous fat 
is accumulated primarily in the lower extremities. This, 
together with an increase in muscle mass, results in a substan-
tial rise in the weight of the lower extremities. Boys get  “ a 
new pair of limbs, ”  which may not function as they used 
to, leading to clumsiness. The phenomenon may be associated 
with the increased risk of joint bleeds seen during this 
period. In fact, many boys on prophylaxis seem to have a 
period without any major bleeding problems over years 5 – 9 
followed by this period where repeated joint and muscle 
bleeds occur. 

 The general restlessness associated with the years of prepu-
berty may also cause minor accidents when the control of the 
whole body is not optimal.  

  Should  b oys with  h emophilia on 
 p rophylaxis  b e  i ndependent in the  y ears 
 p rior to the  o nset of  p uberty? 

 Boys tend to be exceptionally social and open - minded a couple 
of years before puberty at about the age of 10 – 12 years. This 
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is probably the optimal age to learn more about hemophilia 
and refi ll potential gaps with new information, including the 
techniques of self - injections and personal administration of 
the clotting factors, if not learned earlier. It would also mean 
that a new skill has been adopted as a personal routine by the 
time of the onset of puberty. Boys at this age tend to appreci-
ate mechanical challenges, too. 

 However, the process of transition from parental depend-
ency, fi rst to partial autonomy, and later to total autonomy, 
may produce confusion as to who is responsible. Accordingly, 
the transition age may differ between individuals. Furthermore, 
the process should not be compulsory. Parental motivation 
toward their son gaining independence and active support 
should continue via different means.  

  The  o nset of  p uberty  s tarts the 
 p sychosocial  d evelopment and 
 r egression in  a dolescents 

 Adolescence is an exceptional developmental phase (Table 
 20.1 ). During no other phase do simultaneous forward and 
backward developments occur with rapid fl uctuations between 
advancement and regression. This phenomenon culminates at 
mid - puberty.   

 Regression is necessary for normal adolescent development 
(Table  20.2 ). Regression occurs mainly in the areas of psycho-
sexual and psychosocial development. It is a normal series of 
events, which allow a boy to relieve his earlier childish world 
of experiences and gradually become separated from these. 
Regression is a passing phase, a stepping stone on the path to 
autonomy.   

 In contrast, cognitive skills develop further regardless of 
psychosocial regression (Figure  20.2 ). Progress in personal 
growth and development is satisfying in particular if it occurs 
simultaneously with that of close peer. The adolescent goes 
through three phases during his maturation: (i) He separates 
himself from his parents; (ii) he takes control of his new and 
different - looking body; and (iii) he turns to his peers for help 
in dealing with his growth. During this developmental process 

  Table 20.1      The developmental tasks of adolescence. Many of these 
developmental tasks may have an infl uence on hemophilia care in 
pubertal boys with hemophilia on prophylaxis  [2] . 

  Emotional separation from parents  
  A second chance to change the personality in a crucial and fi nal 

way  
  A time period of possibilities  
  The disengagement from infantile objects and the establishment of a 

new relationship with parents and other adults in the community  
  Achievement of biological and sexual maturation  
  Use of peers in personal growth  
  Establishment of autonomy  

  Table 20.2    Psychosocial regression is a normal phenomenon and 
necessary for normal adolescent development. Many of these 
regression - related changes may have an infl uence on hemophilia 
care in pubertal boys with hemophilia on prophylaxis  [2] . 

  Child - like features are again emphasized  
  Fluctuating relationship with parents varies from close to distant  
  Compulsive features are emphasized  
  Stubbornness increases  
  Bad manners are the norm; untidiness, breaking wind, swallowing 

in one gulp, and gorging food  
  The use of language changes  
  Impoverishment of spoken language  
  Written sentences become shorter  
  Regular use of swear words  
  Lower academic performance at school  
  Diffi culties concentrating  
  Motivation to learn is decreasing  
  Consequences at home  
  Loosening of parental ties  
  Communication with adults loses its value  
  Revolt against the parents  

the boy needs stability. For example, it might be unjustifi ed 
to make changes in his hemophilia care.   

 Developmental regression is crucially important in the mat-
uration of the adolescent male.  

  Overprotection from  p arents 

 Any chronic disease of childhood may result in changes in the 
relationships between the son and his parents. 

 A common trend is that the link between the son and his 
mother is physiologically strong and continues to strengthen, 
whereas that between the son and his father is weak and 
weakens further (Figure  20.3 ). A mother may have feelings of 
guilt because hemophilia was inherited from her family. 
Overprotection does not support the optimal psychosocial 
maturation of a boy with hemophilia, and may disturb the 
psychological separation process from the parents, which is 
necessary during adolescence. It may also weaken the above -
 mentioned regression, which does not support normal devel-
opment either. Even if the hemophilia treater is right and 
the boy ’ s development would benefi t from discussing the 
matter, it may be a demanding approach. Furthermore, it is 
not always possible to bring up the matter in discussions 
unless the physician knows the family and their relationships 
well. We encourage, however, open discussions since they 
benefi t the patient.   

 We prefer that the father, rather than the mother, attend 
the routine visits to the adolescent hemophilia center. Only 
half of adolescents live with both their biologic parents. This 
is an additional burden in the discussions of family relation-
ships, which must be taken into account.  
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Psychosocial regression at
mid-puberty is temporary but
may influence on adherence to
treatment in boys with 
hemophilia

Cognitive development continues
through adolescence

 Figure 20.2       The schematic representation 
illustrates the continuous development of 
mind in an average adolescent boy. The 
solid line represents the development of his 
cognitive abilities and the broken line the 
maturation of his psychosocial means 
(psychosocial regression). The regression 
(Table  20.2 ) is necessary for a normal 
development but it should be temporary and 
culminate at mid - puberty. Adhere to 
self - administered treatments may be lost in 
boys with hemophilia during the regression 
period, which may cause unnecessary joint 
bleeds  [2] . 

Age <12 years

M M MF

B BP BP P

F F

M M MF

B BP BP P

F F

12–14 years >14 years

 Figure 20.3     Schematic representation of the 
relationship between the mother (M), father 
(F), peer (P), and the son (B) during optimal 
male development (above). There is an 
increased risk that the relationship between 
the mother and her son with hemophilia 
remains too close and disturbs the 
development of other relationships 
(below)  [2] . 

  Adherence to  c lotting  f actor  t reatment 
 d uring  p ubertal  p sychosocial  r egression 

 The adherence to self - administered therapy in adolescent 
patients is not always complete. The specifi c defi ciencies in the 

adherence to regular self - administered clotting factor therapy 
among adolescents with hemophilia are not well defi ned. The 
consequences, however, may be immediate with the occur-
rence of joint bleeds, which have been prevented for years with 
regular injections. As even only a few joint bleeds may result 
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in joint destruction during the coming years, any unnecessary 
bleed should be avoided. Knowledge of the normal psychoso-
cial maturation of pubertal male, as discussed earlier, may 
help us to understand the thinking of the boy.  

  Start and  d uration of 
 p rophylactic  t reatment 

 Most European adolescents with severe hemophilia are on 
prophylactic regimens  [1] . Available evidence from Sweden, 
the Netherlands, Denmark, and Germany indicates that only 
an early onset of prophylaxis in boys with severe hemophilia 
can prevent arthropathy in adolescence. Even a small number 
of joint bleeds in children may cause irreversible hemophilic 
joint disease in later years  [3,4] . Accordingly, it may be as a 
result of events that occurred in early childhood. 

 A relatively small proportion of patients on replacement 
therapy has thus far continued prophylaxis through their 
childhood and adolescence. However, this group of patients 
is rapidly increasing because of the increasing intensity of the 
treatment over the past 10 – 15 years. The open questions relate 
to the duration and type of treatment in their future. Should 
the prophylaxis be continued through adulthood, individual-
ized or discontinued and replaced by on - demand therapy. 
  Because no objective answers are available, the decisions 
should be based on the patient ’ s views and lifestyle. 
Furthermore, the topic is relevant only in the most affl uent 
countries and societies  [5 – 7] .  

  Transition of  c are to the  a dult  c enter 

 Different strategies may be justifi ed and are, in practice, in the 
transition of hemophilia care from a pediatric unit to the adult 
center. One may emphasize that early independence is of value 
itself and that the transition should occur as late as possible 
 [8] . 

 The current situation is such that adolescents are doing so 
much better than adults in most developed countries. Patients 
under 20 years of age show hardly any evidence of chronic 
joint disease, hepatitis B or C, human immunodefi ciency virus 
(HIV), or any other health - related problems caused by hemo-
philia or its treatment. The distinction between children and 
adults may also have an infl uence on the transition. 

 The transition should include at least one joint meeting with 
the pediatric and adult team (Table  20.3 ). Overlapping clinics 
for a short period may also be benefi cial. Our experience also 
suggests that it must be fi xed to avoid the confusion caused 
by phone calls, communications, and visits in both centers.    

  Military  s ervice 

 Military service is not considered possible for patients with 
hemophilia by military forces. 

  Table 20.3    Key elements of transitional care  [8] . 

  An early start — When children enter a pediatric service, they should 
know they can expect to leave it  

  A key worker for each individual  
  A written transition policy between pediatric and adult services  
  A fl exible policy on timing of events  
  Skills training in communication, decision making, creative problem 

solving, assertiveness, self - care, self - determination, and 
self - advocacy  

  An educational program for patient and parent which addresses 
medical, psychosocial, and educational/vocational aspects of care  

  Administrative support, including provision of a medical summary 
that is portable and accessible  

  A training program in adolescent health and transition care for 
pediatric and adult team members  

  Primary and preventive care involvement and provision  
  Affordable continuous health insurance coverage (if appropriate) 

throughout adolescence and adulthood  

 With permission from BMJ Publishing Group Ltd. 

 This may be an additional burden among adolescents with 
hemophilia particularly in the countries where a majority of 
young men attend military service. The situation may infl uence 
the youth ’ s self - esteem, which is diffi cult to compensate for by 
other means.  
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   Introduction 

 In 2001, life expectancy of patients with hemophilia in indus-
trial countries increased to over 70 years  [1,2] . When exclud-
ing individuals infected with human immunodefi ciency virus 
(HIV) and hepatitis C virus (HCV), life expectancy of Dutch 
patients with mild and moderate hemophilia approached that 
of the male population in general (75 years compared with 76 
years), and life expectancy of patients with severe hemophilia 
increased to 71 years  [2] . So hemophilia is no longer a disorder 
of children and young adolescents. Nowadays, almost half of 
all patients treated at the van Creveldkliniek, a large hemo-
philia treatment center for children and adults in the 
Netherlands, are born before 1967 (Figure  21.1 )  [3] .   

 Elderly hemophilia patients have different problems com-
pared with the younger generations. They not only have to 
live with arthropathy, HCV, and/or HIV infection, but a 
growing number will suffer from comorbidity, such as internal 
and cardiovascular disease, urologic problems, or cancer. 
Little has been published on age - related comorbidity in hemo-
philia and its psychosocial impact. This chapter focuses on 
age - related comorbidity in the aging hemophilia patient, and 
its consequences. It is partially based on the book  Aging with 
Haemophilia — Medical and Psychosocial Impact   [3]  and a 
review on comorbidity in the aging hemophilia patient, which 
has been published in  Haemophilia   [4] . 

 Comorbidity is defi ned as the effect of all other diseases that 
an individual patient might have, other than the primary 
disease of interest.  

  Internal  d iseases 

  Hypertension 

 Observational studies from the past have shown that hemo-
philia patients have a higher mean blood pressure, have twice 
as often hypertension and use more antihypertensive medica-
tion compared with the general population  [5 – 7] . An explana-

tion might be that the incidence of renal insuffi ciency is higher 
in patients with hemophilia  [8,9] . This may be caused by renal 
bleeding in the past, HIV infection, or medication such as 
tranexamic acid or protease inhibitors. Hypertension increases 
the risk of myocardial infarction, and adequate treatment is 
obligatory. Furthermore, hypertension increases the risk of 
intracranial hemorrhage (ICH). The French ICH study group 
analyzed 123 ICH episodes in patients with hemophilia, and 
found that 20 (16.3%) of them occurred in patients  > 50 years 
 [10] . Interestingly, the proportion of patients with severe 
hemophilia decreased with age (Table  21.1 )  [10,11] , and in 
12.5% of the ICH episodes hypertension was found. The pres-
ence of hypertension was not associated with an increased risk 
of death owing to ICH.   

  Recommendation 

 Since they are at higher risk of developing hypertension, blood 
pressure in hemophilia patients should be regularly checked 
and hypertension adequately treated. In the absence of other 
cardiovascular risk factors, a systolic blood pressure of 
 ≤ 140   mmHg and a diastolic pressure of  ≤ 90   mmHg should be 
pursued. In case of increased risk for cardiovascular disease, 
such as in the presence of diabetes mellitus or a positive family 
history for cardiovascular events, a systolic pressure of 
 ≤ 130   mmHg and a diastolic pressure of  ≤ 80   mmHg should be 
aimed for.   

  Renal  a bnormalities 

 There are few recent publications on renal abnormalities in 
hemophilia. In the 1970s it was studied by Prentice and Beck 
 [8,12] . The majority of lesions were seen in the upper renal 
tract and were apparently the result of clot formation. This 
may be negatively infl uenced by the use of tranexamic acid 
during hematuria. Abnormalities on intravenous pyelography 
and isotope renography were also found  [8] . A more recent 
publication describes a strong association between hyperten-
sion and HIV, and chronic and acute renal disease in hemo-
philia patients  [13] . An association with inhibitors and recent 
hematuria was described. 

 Chronic kidney disease is an independent risk factor 
for cardiovascular disease and is associated with a worse 
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Dutch male population, in which the prevalence of overweight 
was 41% in 1992 and 50% in 2001. The prevalence of obesity 
(BMI  >    30   kg/m 2 ) doubled from 4% to 8%, which was not 
signifi cantly decreased compared with the general population 
(5% in 1992 and 8% in 2001)  [16] . 

 A high BMI is associated with a signifi cant limitation in 
range of motion (ROM)  [17,18] , and with a greater chance 
of developing a target joint  [19] . In older patients, mobility is 
already reduced because of severe arthropathy caused by 
bleedings in the past. The lack of activity in these patients 
might increase the BMI, which in turn infl uences arthropathy 
again. As the BMI increases with age, the hemophilia patient 
has a longer life expectancy and the prevalence of obesity in 
the general population is foreseen, it might be expected that 
obesity will occur more frequently within the aging hemo-
philia population. 

  Recommendation 

 As increased body weight is a risk factor for development of 
diabetes mellitus (DM), atherosclerosis, and cardiovascular 
disease, and may further damage arthropathic joints because 
of an increase in weight bearing. It is important for hemophilia 
patients not to be overweighed. Therefore, regular physical 
activity should be advised. If functional limitations limit daily 
activities, a physical therapist familiar with hemophilia may 
be of help. In some cases referral to a dietitian may be 
indicated.   

  Diabetes  m ellitus 

 The prevalence of DM in hemophilia is not well documented. 
Walsh  et al.  reported a prevalence of 24% in a cohort of 
hemophilia patients compared with 6.1% in control males  [6] . 
However, there have been no other studies published to 
confi rm these fi ndings. 
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 Figure 21.1     Number of patients, according 
to age and severity of hemophilia, treated at 
the van Creveldkliniek in 2007 ( n    =   668) 
 [3] . 

  Table 21.1    Intracranial hemorrhage ( ICH ) according to age and 
hemophilia severity  [10,11] . 

   Age group  
   Proportion 
of ICH (%)  

   Proportion of severe 
hemophilia (%)  

  0 – 1 months    8.1    90.0  
  1 – 24 months    17.9    90.0  
  2 – 15 years    21.1    53.8  
  15 – 50 years    36.6    66.7  
   > 50 years    16.3    50.0  

prognosis of cardiovascular disease in nonhemophilic patients 
 [14,15] . Furthermore, in nonhemophilic patients, traditional 
cardiovascular risk factors (including older age) are more 
prevalent in patients with chronic kidney disease. 

  Recommendation 

 In elderly hemophilia patients, especially those with hematuria 
in the past, renal function (creatinine) should be measured 
annually. In case of renal dysfunction, patients should undergo 
an assessment of renal function by estimating the glomerular 
fi ltration rate (GFR) and an attempt should be made to obtain 
a specifi c diagnosis. In these cases, referral to a renal specialist 
is warranted.   

  Overweight 

 Overweight is an increasing problem in the industrial world. 
A Dutch study revealed that between 1992 and 2001 the 
prevalence of overweight [body mass index (BMI) 25 – 30   kg/
m 2 ] has increased from 27% to 35% in adult Dutch hemo-
philia patients  [16] . However, overweight occurred signifi -
cantly less frequently in hemophilia patients than in the general 
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  Recommendation 

 In aging hemophilia patients, especially those who are over-
weight, glucose levels should be checked annually. If treatment 
with insulin is indicated, subcutaneous injections can be 
applied without bleeding complications.   

  Cholesterol 

 Mean cholesterol levels of patients with hemophilia are lower 
than in the general population. Patients with severe hemo-
philia had the lowest cholesterol levels, which would suggest 
an association between low cholesterol concentrations and the 
clotting factor defi ciency or its treatment  [5] . Another hypoth-
esis is that viral infections infl uence both the immune system 
and liver function, and therefore have an effect on cholesterol 
levels. This is supported by the recent observation that chronic 
hepatitis C is associated with lower cholesterol concentrations 
 [20] . 

  Recommendation 

 In aging hemophilia patients cholesterol levels [total choles-
terol, high - density lipoprotein (HDL), and low - density lipo-
protein (LDL) fraction] should be measured in patients 
who are at risk of developing cardiovascular disease. If 
increased, treatment is indicated. As a general rule, the total 
cholesterol:HDL ratio should not be higher than 8.   

  Osteoporosis 

 Wallny  et al.  studied 62 male patients with severe hemophilia, 
with a mean age of 41 years. Reduced bone mineral density 
(BMD) was found in 43.5% and osteoporosis in 25%  [21] . 
Number and severity of arthropathic joints were associated 
with lower BMD in the neck of the femur. Painful hemophilic 
arthropathy with reduced mobility and lack of activity may 
lead to a reduction of bone mass. Additional risk factors were 
chronic HCV, low BMI, and age. These fi ndings were con-
fi rmed in a study by Mansouritorghabeh  [22] . 

  Recommendation 

 Weight - bearing physical activity (sports), physical therapy, 
surgery to remobilize patients, and calcium and vitamin D 
supplementation are recommended  [23] .    

  Cardiovascular  d isease 

 Although several studies report a reduced mortality because 
of ischemic cardiovascular disease in hemophilia patients com-
pared with the general age - matched male population, the 
number of deaths as a result of ischemic heart disease is 
increasing  [1,2,24 – 26] . In the Netherlands, between 1972 and 

2001, death caused by ischemic heart disease increased from 
2% to 6%  [2] . An American study demonstrated that the age -
 specifi c prevalence of ischemic heart disease in hemophilia 
patients ranged from 0.05% in those aged under 30 years to 
15.2% in those aged 60 years or older  [27] . Hospital discharge 
rates for ischemic heart disease in the USA were lower com-
pared with age - matched males  [27] . Other studies, however, 
found a higher prevalence of heart disease compared with a 
control group: 18% and 9%, respectively  [6,28] . 

 Although hypertension is more frequently seen in this 
patient group, hemophilia seems to protect against cardiovas-
cular disease. A possible association between the occurrence 
of myocardial infarction and previous administration of clot-
ting factor concentrates has been described  [29] . 

 The lower incidence of ischemic heart disease in patients 
with hemophilia has been attributed to the hypocoagulable 
state of these patients compared with the general population, 
leading to a decreased tendency to form occlusive thrombi. It 
remains unclear whether the defi ciency of coagulation factor 
VIII or IX also exerts a protective effect on the development 
of atherosclerosis. Studies concerning intima – media thickness 
in hemophilia patients report confl icting results  [30 – 32] . 
Using B - mode ultrasound, Sr á mek  et al.  found no differences 
in intima – media thickness of the carotid artery between 
patients with bleeding disorders and healthy controls. Intima –
 media thickness of the femoral artery was minimally reduced 
in patients with bleeding disorders compared with controls 
(adjusted difference  − 0.078   mm; 95% CI  − 0.17 to 0.018   mm). 
Femoral artery walls were thinnest in individuals with moder-
ate to severe hemophilia  [32] . Another study, however, showed 
that the mean intima – media thickness was signifi cantly lower 
in 50 patients with hemophilia (38 severe, 12 moderate) com-
pared with control subjects  [31] . 

     Recommendation 

 Although adequate guidelines for treatment of cardiovascular 
disease in hemophilia are still lacking, this should not with-
hold hemophilia patients from optimal cardiac care. It is a 
major challenge for all specialists involved. 

 When  cardiac intervention  is needed for coronary syn-
dromes, percutaneous coronary intervention (PCI) with stent-
ing is feasible in hemophilic patients. Adequate clotting factor 
concentrate (CFC)   correction in combination with an adapted 
anticoagulant and antiplatelet therapeutic schedule tailored to 
the individual patient profi le is required, taking into account 
severity of hemophilia, severity of cardiovascular disease, age, 
inhibitor status, and renal function. The balance between 
thrombosis and hemostasis requires a tight cooperation 
between hemophilia specialists and cardiologists. Both short -  
and long - term treatment with antiplatelet drugs should be 
weighed against the increased bleeding risk. In general, 
antiplatelet medication in patients with hemophilia is feasible, 
but may sometimes require an adjusted prophylaxis with 
CFC  [33] . 
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  Stable angina pectoris  in patients with mild hemophilia or 
those on prophylaxis with CFC can be treated with 80   mg 
aspirin daily. The use of aspirin should be carefully balanced 
against the bleeding phenotype of the patient. When bleeding 
frequency increases, aspirin should be stopped. Some hemo-
philia specialists state that clopidogrel is well tolerated in 
patients with mild hemophilia  [3] . In our center we have used 
aspirin in moderate hemophilia successfully without bleeding 
complications. 

  Acute coronary syndromes  in need for PCI require adequate 
correction with CFC. We recommend to pursue a peak level 
of 0.8   U/L before PCI and until 48   h after PCI. Higher levels 
should be avoided in order to prevent occlusive thrombi. 
During complete CFC correction, heparin can be administered 
according to standard cardiologic treatment protocols. 
Glycoprotein IIb/IIIa inhibitors (abciximab, tirofi ban) are used 
in PCI with stenting and have been used in hemophilia patients 
 [34] . 

 We prefer to use radial artery access site for PCI instead of 
femoral, in order to minimize retroperitoneal or groin bleeds. 
If a stent is needed, we recommend a bare metal stent (BMS) 
instead of a drug - eluting stent, as the latter requires prolonged 
dual antiplatelet therapy with aspirin and clopidogrel. As dual 
antiplatelet therapy, we recommend an oral loading dose of 
600   mg clopidogrel in hemophilia patients before PCI, fol-
lowed by 75   mg clopidogrel daily for a minimum of 2 weeks 
after BMS, in addition to 80   mg aspirin. If possible, this should 
be pursued for a duration of 4 weeks. These dosages are the 
same as in nonhemophilic patients. However, this necessitates 
the use of CFC aiming at trough levels of 0.3   U/L as long as 
dual antiplatelet therapy is given. Regular clotting factor level 
measurements are required to optimize dosing. Thereafter, the 
patient ’ s regular factor replacement treatment schedule can be 
continued.    

  Malignancy and  s urgical  i nterventions 

 Except for hepatocellular carcinoma owing to chronic HCV 
infection, mortality rates for cancer are the same in hemophilia 
patients as in the general population  [1,2] . With increasing 
age, patients with hemophilia will develop malignancies and 
other diseases like prostate hyperplasia, which require biopsy 
and in some cases surgical intervention. 

     Recommendation 

 Hemophilia is not a contraindication for medical intervention 
or surgery, but adequate clotting factor correction is required. 
Duration and dosage depend on the type of intervention or 
surgery and severity of hemophilia. Daily measurement of 
clotting factor levels helps to optimize therapy with CFC. 
Early mobilization is indicated, not only to prevent deep 
venous thrombosis, but also to prevent deterioration of pre -
 existing arthropathy.   

  Prevention of  d eep  v enous  t hrombosis 

 Deep venous thrombosis is described in hemophilia patients 
receiving high doses of CFC during surgical interventions 
 [35,36] . Patients undergoing surgery should be treated with 
thrombosis prophylaxis with low - molecular - weight heparin 
according to local protocols, as in patients without hemo-
philia. However, thrombosis prophylaxis should always start 
 after  complete clotting factor correction. In addition, compres-
sion stockings can be used perioperatively until the patient is 
fully mobilized.  

  Tooth  e xtraction 

 Many elderly hemophilia patients lacked good dental care 
during their youth, owing to their clotting factor defi ciencies, 
and have teeth which are in bad condition, often necessitating 
tooth extractions. This requires good coordination between 
dentist or oral surgeon and hematologist. 

  Recommendation 

 Clotting factor correction is dependent on the number of 
extractions, the shape of the gingival, and complications 
during extraction. For uncomplicated extractions, a single 
infusion with CFC, aiming at a peak level of 50%, in combina-
tion with tranexamic acid in a dosage of 1 – 1.5   g three times 
a day, will do. In patients with severe or moderate hemophilia, 
CFC should be repeated on the fi rst and fi fth day after extrac-
tion to prevent late bleeding. To avoid upper airway hematoma, 
nerve trunk infi ltration and general anesthesia may be given 
only after complete clotting factor correction. Local applica-
tion of antifi brinolytics, such as Spongostan oral  ®  , and silk 
suturing may further prevent bleeding  [37,38] .    

  Sexuality 

 For many people sexuality is an essential part of well - being. 
They continue trying to fi nd satisfactory sexual expression and 
intimacy. Being old in itself is no reason to give up sex. 
Hemophilia can be accompanied by sexual dysfunction which 
may include lack of sexual desire or excitement (erection) or 
sexual response (ejaculation)  [39,40] . 

 Pain, or fear of pain, may affect sexual desire. Hemophilic 
arthropathy may place limitations on sexual intercourse as 
well. Chronic HCV or HIV itself, or its treatment, can infl u-
ence sexuality. Fear of transmission, or use of condoms, may 
decrease sexual desire in a patient or his partner. Hypertension, 
kidney disease, and heart disease may also have a negative 
effect. 

     Recommendation 

 Communication between healthcare professionals and patients 
is important to detect sexual dysfunction. As patients are 
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mostly too shy to bring up the subject, hemophilia care - givers 
should proactively do so. For counseling the PLISSIT model 
can be used  [40] . Analgesics before sexual contact, and specifi c 
advice, including positions suitable for various joint problems, 
may further improve sexuality. Erection - enhancing medica-
tion may be useful. However, one should be careful with 
prescribing Viagra  ®  , as this may cause bleedings.    

  Psychological  p roblems 

 Associated with the physical aspects of arthropathy and aging, 
hemophilia patients become aware of, or suffer from, psycho-
social problems  [41] . These may be triggered by loss of work, 
early retirement, decline in health, or altered family dynamics. 
The patient ’ s network may shrink and informal care may 
become a problem. Adaptations at home, increased care - giver 
support and eligibility of formal care - givers may help the 
patient to maintain functioning   in the home situation. But 
sometimes they have to give up independent life and move to 
a nursing home. For patients with hemophilia, who have 
fought for self - determination for many years, this can be very 
dramatic. On the other hand, many hemophilia patients 
learned to overcome problems with their disease during their 
youth. These experiences will help them to tackle problems 
they meet when getting older. 

  Fear  d uring  h ospitalization 

 During hospitalization patients may be confronted with unex-
pected emotional problems, owing to negative experiences in 
their youth. This may be aggravated by fear. As most patients 
are managers of their own disease (hemophilia), lack of 
control, especially during hospitalization, may cause addi-
tional stress and emotions. Furthermore, the fact that patients 
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are used to self - infusion may be confusing for a medical staff 
unfamiliar with hemophilia patients. Good information and 
education by a hemophilia nurse is mandatory.   

  Quality of  l ife 

 Quality of life is an important issue in aging hemophilia 
patients. Several studies indicate that quality of life, especially 
regarding physical functioning, is reduced compared with the 
general population, even in patients with mild hemophilia 
 [6,42,43] . Factors that negatively infl uence quality of life in 
these patients are increasing age, severity of hemophilia, the 
presence of arthropathy, HCV infection, HIV infection, 
and unemployment  [44 – 46] . Health - related quality of life 
(HRQoL) was determined in a cohort of 602 Dutch hemo-
philia patients  [45] . Figure  21.2  shows HRQoL in the general 
population and in hemophilia patients aged  < 40 years or  > 40 
years, with or without HCV infection. HRQoL was measured 
using the RAND - 36 questionnaire, assessing eight domains of 
HRQoL: Physical functioning, social functioning, role physi-
cal (diffi culties in daily activities because of physical health 
problems), role emotional (diffi culties in daily activities 
because of emotional problems), mental health, vitality, bodily 
pain, and general health. Higher scores indicate better quality 
of life. In hemophilia patients in general, HRQoL was signifi -
cantly lower for patients aged  ≥ 40 years than for patients aged 
 < 40 years in all domains ( P  - value of the Mann – Whitney  U  - test 
 ≤ 0.001). In patients with a current HCV infection, the only 
nonsignifi cant difference between the two age groups occurred 
in the mental health domain ( P    =   0.07). All other domains 
showed signifi cantly worse HRQoL in HC - infected patients 
aged  ≥ 40 years than in patients aged  < 40 years (adjusted from 
Posthouwer  et al.   [45] ).   

 Figure 21.2     Health - related quality of life 
in hemophilia patients in general, and in a 
subgroup of hemophilia patients with a 
current hepatitis C virus infection, divided 
in different age groups, compared with the 
general population. Higher RAND - 36 
scores indicate better quality of life. 
Adjusted from  [45] . 
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the problem of falling in patients with hemophilia. A study on 
this subject was initiated by Street  et al.   [41] . The results are 
still pending. According to Rao  et al. , risk factors for falls 
include muscle weakness, a history of falls, arthritis (especially 
of the knee), and impairment in gait and activities in daily 
living  [54] . In general, patients with hemophilic arthropathy 
have several of these risk factors. 

     Recommendation 

 The most effective preventive strategies are multifactorial 
interventions targeting identifi ed risk factors, balance training, 
and exercises for muscle strength  [41,54] .    

  Conclusion 

 Comorbidity is quite common in the latter phase of human 
life, and hemophilia patients are no exception. It may lead to 
an increase in functional limitations, psychosocial complaints 
and symptoms, social and societal problems, and a decrease 
in quality of life. Besides adequate treatment of hemophilic 
arthropathy and HCV and HIV infection, it is also important 
to look for ways to prevent or reduce comorbidity and improve 
quality of life. Hemophilia care - givers should play a role in 
this and during annual check - ups pay attention not only to 
hematologic aspects of hemophilia, but also to age - related 
comorbidity and psychosocial problems. 

 Comorbidity in hemophilia patients may lead to complex 
treatment. Lack of coordination between various healthcare 
workers may result in slow and ponderous healthcare delivery 
services, uncontrolled polypharmacy, and further loss of 
patients ’  well - being and quality of life. Mortality rates among 
hemophilia patients are higher in patients not treated in hemo-
philia centers  [28] . Hemophilia centers should have an impor-
tant part in coordinating care for these patients, not only when 
they are admitted to hospital, but also by supporting care and 
needs in the domestic environment. This may help to improve 
quality of life and to maintain independence.  

  References 

     1       Darby   SC  ,   Kan   SW  ,   Spooner   RJ  ,  et al .  Mortality rates, life expect-
ancy, and causes of death in people with hemophilia A or B in the 
United Kingdom who were not infected with HIV .  Blood   2007 ; 
 110 :  815  –  25 .  

     2       Plug   I  ,   Van Der   Bom   JG  ,   Peters   M  ,  et al .  Mortality and causes of 
death in patients with hemophilia, 1992 – 2001: A prospective 
cohort study .  J Thromb Haemost   2006 ;  4 :  510  –  516 .  

     3       Mauser - Bunschoten   EP  ,   De   Knecht - van Eekelen   A  ,   Smit   C  .  Aging 
with haemophilia — Medical and Psychosocial Impact .  Utrecht : 
 Van Creveldkliniek - Haematology ,  2007 .  

     4       Mauser - Bunschoten   EP  ,   Fransen van de Putte   DE  ,   Schutgens   REG  . 
 Co - morbidity in the ageing haemophilia patient; the down side of 
increased life expectancy .  Haemophilia   2009 ;  15 :  853  –  63 .    

  Table 21.2    Guidelines for the use of analgesics for hemophilic 
arthropathy. 

  Paracetamol (500 – 1000   mg, maximum six times a day) is the initial 
medication of choice. If not effective:  
  paracetamol and a muscle relaxant (diazepam 5   mg, one to three 
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 Adequate pain medication can be prescribed according to 
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  Balance  d ysfunctions and  r isk of  f alls 

 Falls are associated with increased morbidity, mortality, and 
referral to nursing homes. So far, there is little literature on 
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     After the human factor VIII (FVIII) gene was cloned and 
expressed in cell culture by two independent biotechnology 
groups in 1984, two pharmaceutical companies developed 
large - scale production methods for full - length, recombinant 
FVIII (rFVIII) preparations (Kogenate  ®   by Miles - Cutter/Bayer 
Corporation and Recombinate  ®   by Baxter Healthcare). These 
were licensed in the early 1990s  [1,2] . 

 Interest in developing genetically engineered recombinant 
clotting factors was driven by the desire for  “ safer ”  therapeu-
tic products following the tragic epidemics of blood - borne 
transmitted diseases in the 1970s and 1980s. The main advan-
tages of these recombinant products are viral safety, independ-
ence from plasma supply, and very small volume. 

 Following intensive preclinical evaluation, clinical trials 
were undertaken worldwide, which demonstrated that rFVIII 
is comparable to plasma - derived (pd) FVIII not only in the 
characteristics of FVIII itself but also in the safety and effi cacy 
of treatment for hemorrhagic episodes. Subsequently, no sig-
nifi cant adverse events have been reported. 

 The fi rst - generation rFVIII proteins were stabilized with 
bovine or human serum albumin (HSA) either in preparation 
or in fi nal formulation. Although no viral transmissions have 
been documented and confi rmed with albumin after more 
than 50 years of clinical use, manufacturers nevertheless 
worked toward developing products contains minimum 
amounts of human -  or animal - derived components. 

 Thus, second - generation therapies have been produced in 
which the HSA in the fi nal vial is replaced by nonprotein 
stabilizers. The second - generation types were ReFacto  ®  , 
produced by Genetics Institute/Wyeth, and Kogenate FS  ®  /
Kogenate Bayer  ®  , produced by Bayer Corporation. 

 Third - generation products lack added bovine and/or human 
protein in either the cell culture procedure or the fi nal vial. 
The third - generation types are BeneFIX  ®   (rFIX, produced 
by Genetics Institute/Wyeth), Advate  ®   (rFVIII, by Baxter 
Bioscience) and Xyntha  ®   (rFVIII, by Wyeth) (Table  22.1 ).    

  Recombinant  f actor  VIII : Kogenate 
(Helixate), Kogenate  FS  (Kogenate 
Bayer, Helixate  FS /NexGen), and 
Kogenate  FS   BIO  -  SET  

 An established baby hamster kidney (BHK) cell line was 
transfected with human FVIII cDNA and secreted full - length 
rFVIII into the culture medium without the addition of 
von Willebrand factor (VWF)  [2] . The secreted rFVIII was 
then subjected to multiple purifi cation steps, including 
ion - exchange, size exclusion, and immunoaffi nity chromato-
graphy using a murine monoclonal anti - FVIII antibody. 
Thus, Kogenate contained trace amounts of hamster protein 
(51   ng/1000   IU of FVIII:C) and murine immunoglobulin G 
(IgG) (1 – 27   ng/1000   IU of FVIII:C) from the manufacturing 
process, as well as HSA (100   mg/1000   IU of FVIII:C) as stabi-
lizer  [3] . The purifi cation steps for Kogenate had the capacity 
to remove and inactivate viruses even though the cultures were 
believed to be virus free. The whole process, which included 
chromatography steps and heat treatment, was validated for 
a 12 - log reduction of relevant model viruses. 

 Kogenate FS/Kogenate Bayer (Helixate FS/NexGen ® , dis-
tributed by CSL Behring through a license agreement) are 
produced as second - generation concentrates using the same 
production cell line and cell culture process as the fi rst - 
generation Kogenate. A solvent/detergent (S/D) stage using 
tri -   n   - butyl phosphate and Triton X - 100 has been included 
early in the preparation. Unlike the original Kogenate, the 
second - generation products are stabilized in the fi nal formula-
tion which sucrose prior to lyophilization. In validated viral 
spiking studies, the manufacturing process of Kogenate FS has 
been shown to have the potential to reduce model enveloped 
viruses by  > 16.4 logs and to remove the prions responsible for 
the transmissible spongiform encephalopathies (TSEs)  [4] . The 
BIO - SET reconstitution system for Kogenate FS was fi rst 
launched in 2005. 

  Clinical  t rials in  p reviously  t reated  p atients 

 Stage I safety and pharmacokinetic studies and stage II safety 
and effi cacy studies in 56 previously treated patients (PTPs) 
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  Table 22.1    Summary of recombinant  FVIII  and  FIX  products commercially available (2008). 

   Product  
   Manufacturer/
distributor     Cell line     Gene  

   Protein in 
culture medium  

   Murine 
MAbs  

   Stabilizer in 
fi nal vial  

   Viral inactivation/
removal     Generation  

  Kogenate FS  ®      Bayer Corp.    BHK    FVIII    HSA    Yes    Sucrose    SD    2  
  Kogenate Bayer  ®                                
  Kogenate FS 

BIO - SET  ®    
                            

  Helixate FS  ®      CSL Behring                              
  Helixate NexGen  ®                                
  Recombinate  ®      Baxter    CHO    FVIII, VWF    BSA,    Yes    HSA    Heat    1  

          Insulin, 
Aprotinin  

                

  Bioclate  ®      CSL Behring                              
  Advate  ®      Baxter    CHO    FVIII, VWF    No    Yes    Sugar, etc.    SD    3  
  ReFacto  ®      (Wyeth)    CHO    BDDFVIII    HSA    Yes    Sucrose    SD    2  

                  Histidine          
                  Polysorbate 80          

  Xyntha  ®      Wyeth    CHO    BDDFVIII    No    No    Sucrose    NF    3  
                  Histidine          
                  Polysorbate 80          

  BeneFIX  ®      Wyeth    CHO    FIX    No    No    Sucrose    NF    3  
                  Histidine          
                  Glycine          
                  Polysorbate 80          
                  Vitamin K          

   BDD, B domain deleted; BHK, baby hamster kidney; BSA, bovine serum albumin; CHO, Chinese hamster ovary; HSA, human serum albumin; MAbs, 

monoclonal antibodies; NF, nanofi ltration; SD, solvent/detergent.   

showed that Kogenate was safe and clinically effective for the 
treatment and prevention of hemorrhage in hemophilia A 
patients and that its behavior  in vitro  was similar to that of 
pdFVIII concentrates  [2] . 

 The fi rst clinical trials of a sucrose - formulated full - length 
rFVIII - FS (Kogenate FS) were conducted in 35 PTPs with 
severe hemophilia A (FVIII:C    <    2   IU/dL) in North America and 
Europe. RFVIII - FS displayed a pharmacokinetic profi le similar 
to that of Kogenate. Safety and effi cacy during home treatment 
were evaluated in 71 patients. Of 2585 bleeding episodes, 
93.5% were treated with one or two infusions and 80.5% of 
responses were rated as excellent or good  [5] . Subsequently, 
several studies have been followed and demonstrated the 
similar effi cacy and safety of the preparation during surgical 
procedures and normal clinical use for long - term treatment of 
PTPs  [6,7] . Low incidence (0 – 0.9%) of  de novo  inhibitor 
development was observed  [5,7] .  

  Clinical  t rials in  p reviously  u ntreated  p atients 

 In January 1989, a study of Kogenate in 101 previously 
untreated patients (PUPs) was initiated. Follow - up was evalu-
ated every 3 months. At the end of December 1996, the cohort 
had been monitored for up to 8 years (median 4.8 years) since 
fi rst exposure to rFVIII. Although the response to treatment 

was judged excellent and the product was well tolerated, the 
development of FVIII inhibitors in 21 (21/101, 20.8%; 19 of 
64 severe and 2 of 16 moderate cases) of PUPs caused concern. 
The cumulative probability of inhibitor development was 
24.8% by day 451 after fi rst infusion with Kogenate and 
36.1% after 18 exposure days  [8]  (Figure  22.1 ).   

 Twelve of the 21 children developing inhibitors had high 
titers ( > 10   BU/mL) and nine had low titers. The median expo-
sure was 9 days (range 3 – 41 days). Inhibitors in seven of the 
children with low - titer and one with high - titer antibodies were 
transient, disappearing despite continued episodic treatment 
with Kogenate. Five of eight with high - titer inhibitors were 
placed on immune tolerance induction (ITI) protocols with 
Kogenate and had an excellent response  [9] . Kogenate was 
licensed for use in the USA in early 1993. 

 A prospective, international clinical trial of rFVIII - FS was 
conducted in 31 PUPs and minimally treated patients (MTPs) 
with severe hemophilia A in home therapy and surgery  [10] . 
No unexpected drug - related adverse events were observed. 
The incidence of inhibitor formation (4/31, 12.9%) was con-
sistent with previous experience with other rFVIII or pdFVIII 
preparations. Another large study was conducted in 37 PUPs 
and 24 MTPs in North America and Europe  [11] . Fifteen 
percent (9/60) presented with an inhibitor titer  ≥ 0.6   BU/mL 
during the study.   
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Recombinate is heat - treated to 40 ° C for 8   h in the presence of 
polysorbate 80 and imidazole. The production process has 
been validated to inactivate or exclude seven logs of relevant 
model viruses. 

 An advanced category, full - length rFVIII, plasma/albumin -
 free (rFVIII - PFM) preparation (named Advate) has been devel-
oped by Baxter Bioscience, without the need for additional 
animal -  or human - derived materials in cell culture, puri-
fi cation, or fi nal formulation  [13] . The production of this 
third - generation concentrate is based largely on the original 
Recombinate purifi cation process. 

  Clinical  t rials in  p reviously  t reated  p atients 

 Recombinate was fi rst infused into two PTPs with severe 
hemophilia A in 1987. Both patients tolerated the product 
well and both received the rFVIII at home for a year with 
clinical success and no adverse reactions  [1] . 

 Subsequently, a prospective, open - label clinical study was 
conducted. Pharmacokinetic studies demonstrated consistent 
 in vivo  recovery and biologic half - life over time (14.7   h) 
similar to those of pdFVIII (Hemofi l M). 

 In Recombinate phase II studies in 55 PTPs, excellent clini-
cal responses were noted and no FVIII inhibitors developed 
during  > 18 months ’  observation. The response to home treat-
ment was judged as excellent or good in 3195 (91.2%) of 
3481 bleeding episodes evaluated. Hemostasis was excellent 
in all 24 cases with surgical procedures  [14] . 

 Pivotal Advate phase II/III studies and its continuation 
studies have suggested that Advate is bioequivalent to 
Recombinate based on pharmacokinetic parameters and 
immunogenicity. They have also showed excellent to good 
hemostatic effi cacy of bleeding episodes and safety  [15] . 
Hemostatic evaluation of Advate in 65 surgical procedures 
was performed in 58 PTPs. Bolus infusion was used exclu-
sively in 47 procedures and continuous infusion in 18. 
Hemostatic effi cacy was assessed as excellent or good for 
100% of intraoperative as well as postoperative rating  [16] .  

  Clinical  t rials in  p reviously  u ntreated  p atients 

 A Recombinate PUPs study commenced in 1990. Seventy - nine 
patients with severe hemophilia A (FVIII:C    <    2   U/dL) were 
enrolled. Hemostatic response was excellent with 92% of 
bleeding episodes responding to one or two infusions  [17] . 

 Inhibitor antibodies occurred in 22 (30.6%) out of the 
assessable 72 PUPs, nine with peak titer  ≥ 5   BU/mL and 13 
with titer  < 5   BU/mL. Survival analysis showed that the prob-
ability of remaining inhibitor - free in this group of patients was 
88.4% after 8 exposure days, 73.6% after 10 exposure days, 
and 61.6% after 25 exposure days (Figure  22.2 ). The inhibitor 
disappeared in 12 patients (11 with low titers) and postinfu-
sion recovery values were normalized.   

 Recombinate was licensed for use in USA in December 
1992. Bioclate was distributed by Aventis Behring through a 
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 Figure 22.1     Cumulative probability of development of FVIII 
inhibitor in 77 previously untreated patients with severe or 
moderate hemophilia A from the time of initial treatment with 
Kogenate  ®   (a) and according to the number of days of exposure 
to FVIII treatment (b). Each triangle denotes a patient without 
inhibitor formation.  From Lusher  et al.   [8]  with permission.  

  Recombinant  f actor  VIII : Recombinate 
(Bioclate) and Advate 

 The synthesis of Recombinate differs from that of Kogenate 
in several aspects. Recombinate is manufactured in Chinese 
hamster ovary (CHO) cells that are cotransfected with cDNAs 
for both human FVIII and VWF. Cotransfection is found 
necessary to enhance the yield and to stabilize rFVIII  [12] . The 
rFVIII in the conditioned medium contains added bovine pro-
teins and is then purifi ed by a combination of immunoaffi nity 
and ion - exchange chromatography. VWF is removed by the 
same method as that used with Hemophil M (Baxter 
Healthcare). HSA is added to the fi nal product as stabilizer. 



 Plate 3.3     Ribbons representation of the 
crystal structure of B - domain - deleted factor 
VIII. The positions of mutations associated 
with classical assay discrepancy are shown by 
red spheres. These cluster in two groups: at 
the interface between the A2 domain and the 
A1 and A3 domains and at the interface 
between the A3 and C1 domains. PDB ID: 
2R7E. 
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 Plate 15.1     Factor IX structure illustrating 
antibody - binding epitopes. 
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 Plate 13.2     Crystal structure of porcine activated factor IX showing the 
domains in various shades of grey. PDB ID: 1PFX. 



 Plate 17.3     Bruising secondary to hand being held fi rmly for venipuncture 
in a neonate with severe hemophilia. 

 Plate 29.1     The intraoperative view demonstrates 
clearly a large hole in the ileum where the pseudo-
tumor penetrated the cortex. 



COOH

COOH

COOH

D domain

COOHSS

COOH

D domain

COOH

SS SS
SS

SS
SS

SS

NH2NH2
NH2NH2

NH2 NH2

E domain

a
b
g

 Plate 55.1     A schematic representation of the fi brinogen molecule. NH 2  and COOH denote the 
amino and carboxy - termini of the  α  - chain (red),  β  - chain (blue), and  γ  - chain (green), respec-
tively. The free carboxy - terminal of the  α  - chain is referred to as C α . The variant g ′  chain 
extends from the carboxy - terminus of the g chain (not shown). SS identifi es disulfi de bonds. 
The E region is located in the central region of the molecule and is roughly composed of amino 
acids 1 – 49 of the  α  - chain, 1 – 80 of the  β  - chain, and 1 – 23 of the  γ  chain. The E region is 
fl anked by two D regions roughly composed of amino acids 111 – 197 of the  α  - chain, 134 – 461 
of the  β  - chain, and 88 – 406 of the  γ  - chain.  From: Roberts HR, Stinchcombe TE, Gabriel DA. 
The dysfi brinogenaemias.  Br J Haematol  2001;  114 : 249 – 57.    
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 Plate 55.2     A schematic representation of 
the conversion of fi brinogen to a fi brin 
clot by thrombin. Thrombin cleavage of 
fi brinopeptide A (amino acids 1 – 16 of the 
A α  chain) followed by cleavage of 
fi brinopeptide B (amino acids 1 – 14 of the 
B β  chain) leads to formation of fi brin 
monomers. Fibrin monomers then self -
 assemble in a half - staggered linear overlap 
to form protofi brils. Protofi bril formation 
is governed by the interaction of the 
thrombin - exposed  “ a ”  site on the E region 
with  “ A ”  site on the D region. The 
protofi brils are then bundled into fi brin 
fi bers through interaction of the  “ b ”  site on 
the E region with the  “ B ”  site located on 
the D region.  From: Roberts HR, 
Stinchcombe TE, Gabriel DA. The 
dysfi brinogenaemias.  Br J Haematol  2001; 
 114 :249 – 57    
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novel delivery system, in which various potencies are prepack-
aged in self - contained syringes. 

  Clinical  t rials in  p reviously  t reated  p atients 

 Phase I and phase II prelicense clinical studies of rFVIIISQ 
(ReFacto) were conducted in 1993 and 1994 in patients with 
severe hemophilia A. These demonstrated that ReFacto had a 
pharmacokinetic profi le equivalent to full - length, monoclonal 
antibody - purifi ed pdFVIII (Octonativ - M, Pharmacia) and was 
similar in hemostatic effi cacy and safety  [22] . 

 By January 1998, 113 PTPs (median age 26 years, range 
8 – 73) had been followed in Europe and the USA  [22] . In this 
study, 73% of episodes were resolved with one infusion, and 
94% were resolved with one to three infusions. Thus, it was 
concluded that ReFacto was safe and effi cacious for PTPs with 
hemophilia A for on - demand and/or prophylactic treatment. 
One PTP (0.9%, 1/113) developed an inhibitor with a peak 
titer of 13   BU/mL after 113 exposure days and 3 years into 
the study. Hemostatic effi cacy in 37 major and 34 minor surgi-
cal procedures using ReFacto was rated excellent in all cases, 
and blood loss during surgery was similar to that observed in 
no hemophiliacs undergoing the same types of procedures  [22] . 

 A study evaluating the pharmacokinetic characteristics of 
Xyntha compared with those of ReFacto in a single - dose, 
randomized, double - blind, and two - period crossover study 
indicated that Xyntha was equivalent to ReFacto  [23] . 
Subsequently, an open - label study was conducted to demon-
strate the safety and effi cacy of Xyntha for prophylaxis and 
on - demand treatment of bleeding episodes in PTPs with severe 
hemophilia A. For on - demand treatment, 70.6% of infusions 
were rated either excellent or good  [24] .  

  Clinical  t rials in  p reviously  u ntreated  p atients 

 By September 1997, 101 severe PUPs were enrolled in a safety 
and effi cacy study. In this study with ReFacto, 65% of bleed-
ing episodes were resolved with a single infusion and 93% 
were resolved with one to three infusions. Forty surgical pro-
cedures in 30 patients were performed with excellent hemos-
tasis  [20] . 

 Overall, 32 (31.7%) PUPs developed FVIII inhibitor anti-
bodies after a median of 12 exposure days (range 3 – 49). 
Sixteen of these 32 patients had high - titer antibodies and 16 
had low ( < 5   BU/mL) and/or transient titers  [9] . The high - titer 
inhibitor rate using ReFacto was 15.8%, which is similar to 
the rate of the two full - length rFVIII concentrates  [22] .  

  Comments on  i nhibitor  d evelopment with 
 r ecombinant  f actor  VIII   c oncentrates 

 The results of several prospective trials of rFVIII in PUPs that 
were carefully monitored with laboratory inhibitor assays at 
regular 3 - month intervals suggested that the incidence of 
inhibitor development in infants and children with severe 
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 Figure 22.2     Probability of remaining inhibitor - free as a function of 
Recombinate  ®   exposure days for 72 assessable study subjects.  From 
Bray  et al.   [17]  with permission.  

license agreement. The third - generation rFVIII - PFM prepara-
tion, Advate, was licensed for use in the USA in 2003.   

  Recombinant  f actor  VIII : 
ReFacto and Xyntha 

 The heavily glycosylated B domain of FVIII seems to be unnec-
essary for hemostatic activity of the FVIII molecule  [18] . 
B - domain - deleted rFVIII (BDDrFVIII, rFVIIISQ) is more 
readily secreted by CHO cells and is much more stable because 
of reduced susceptibility to proteolysis. Thus, HSA is not 
needed as stabilizer in the fi nal product, although it is utilized 
in the cell culture medium. 

 rFVIIISQ, trade name ReFacto (Wyeth), is essentially identi-
cal to pdFVIII in terms of functional properties and VWF -
 binding kinetics  [19] . ReFacto was licensed in Europe in 1998 
and in the USA in 2000. The production process includes virus 
inactivation using solvent/detergent (S/D) and immunoaffi nity 
chromatography. Very recently, Xyntha (Wyeth) has been 
developed through modifi cation of plasma/albumin - free man-
ufacturing process for ReFacto and was licensed in the USA, 
Canada, and New Zealand. Viral safety is also enhanced by 
the introduction of a nanofi ltration step and purifi cation step 
using a chemically synthesized peptide affi nity ligand instead 
of the usual murine monoclonal antibody  [20] . 

 One of the characteristics of rFVIIISQ (ReFacto and Xyntha) 
appears to be that the usual one - stage clotting assays for 
FVIII:C based on the activated partial thromboplastin time 
(aPTT) give much lower than expected recovery values in 
recipients (on average, 50% less). In contrast, chromogenic 
substrate assays give expected recovery values. It has therefore 
been recommended that one - stage assays should be performed 
in recipients of rFVIIISQ using a vial of the therapeutic mate-
rial as reference standard, thus essentially adopting a  “ like 
versus like ”  assay principle  [21] . Both rFVIIISQ employ a 
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hemophilia A may be much higher than previously thought. 
The cumulative incidence in patients receiving rFVIII concen-
trates appeared to be in the order of 25%. A much lower 
incidence has been reported in patients receiving various types 
of pdFVIII concentrates, although fi gures vary from 10% to 
52%  [25,26] . 

 Vermylen  [27]  elegantly reviewed the development of hemo-
philic inhibitors and indicated that there is probably enough 
evidence to suggest that repeated switching from one type of 
FVIII product to another facilitates a multifactorial immune 
response. In a more recent review, however, there was no 
evidence for increased inhibitor incidence in patients changing 
from pdFVIII to rFVIII  [28] . It therefore remains unclear 
whether pdFVIII offers a protective effect against inhibitor 
development, perhaps by infl uencing immunomodulatory 
mechanisms of the immune system or by the blockade of 
epitopes by VWF. Furthermore, rFVIII may appear to potenti-
ate the risk of developing inhibitors because this product is 
increasingly being used for continuous infusion, particularly 
in patients with moderate to mild disease who have previously 
had limited exposure to replacement therapy. It may also be 
pertinent in this context that intensive FVIII gene analysis in 
three rFVIII PUPs studies demonstrated that inhibitors were 
present more commonly in patients with large gene deletions, 
nonsense mutations, or the intron 22 inversion  [29] .  

  Comments on the  d evelopment of  a ntifactor  VIII  
 a ntibodies and  a ntibodies  a gainst  f oreign  p roteins 
with  r ecombinant  f actor  VIII   c oncentrates 

 In each clinical study using rFVIII concentrates, increases in 
antibodies to FVIII, CHO cell - /BHK cell - derived components, 
or mouse IgG measured by enzyme - linked immunosorbent 
assay (ELISA) were observed in some patients. The antibody 
development or increase in antibody levels (for FVIII, CHO, 
BHK, or mouse IgG) was not associated with clinical signs or 
symptoms and in no case did they prevent further treatment 
with each rFVIII concentrate. The clinical signifi cance of these 
antibodies is unknown  [30] .  

  Future  r ecombinant  f actor  VIII   c oncentrates 
with a  p rolonged  h alf -  l ife 

 New rFVIII products with prolonged half - lives are now inten-
sively investigated and developing. Current technologies that 
extend the activity of FVIII include liposomal formulation and 
incorporation of high - molecular - weight polyethylene glycol 
(PEG)  [31] . These would allow less frequent infusions and 
increase the effectiveness of hemophilia A prophylaxis through 
improved compliance  [32] .   

  Recombinant  f actor  IX  

 The unique challenge in the development of rFIX protein for 
clinical use was the need for post - translational modifi cations, 

such as  γ  - carboxylation, sulfation, and propeptide cleavage. 
For its manufacturing process, the Genetics Institute uses a 
CHO cell line that has been cotransfected with an rFIX cDNA 
expression plasmid and a cDNA expression plasmid encoding 
an engineered form of the protease PACE (paired basic amino 
acid cleaving enzyme). PACE is necessary for the proper cleav-
age of the signal peptide and secretion of FIX  [33] . 

 Another challenge has been to develop a method to elimi-
nate foreign proteins from the production process. Now all 
CHO cells used in the synthesis of rFIX are grown in serum -
 free medium containing only sucrose, amino acids, salts, 
rh - insulin, and vitamin K. Thus, a major advantage of the 
product, trade - named BeneFIX, is that it is virtually risk - free 
in terms of transmission of blood - borne viruses and spongi-
form agents  [33] . 

  Pharmacokinetic  s tudies 

 A double - blind, randomized, crossover study was conducted 
in 11 patients with hemophilia B. The elimination half - lives 
of the rFIX and monoclonal antibody - purifi ed pdFIX were 
17.7   h and 18.1   h, respectively.  In vivo  recovery of rFIX, 
however, was 28% lower than that of pdFIX ( P     <    0.05). This 
difference was probably because of the difference in sulfation 
of Tyr155 and phosphorylation of Ser158, suggesting that 
these residues are important in the clearance of FIX. There 
was no evidence of increased thrombogenicity with rFIX in 
this study  [33] .  

  Clinical  t rials in  p reviously  t reated  p atients 

 An open - label, multicenter study to evaluate the long - term 
safety, effi cacy, and pharmacokinetics of rFIX concentrate 
has been performed. In 55 out of 56 patients, hemostatic 
effi cacy was rated as excellent or good in the majority of 
bleeding episodes and surgical procedures. Eighty percent 
(854/1070) of new bleeding episodes were treated with a 
single infusion of rFIX  [33] . One subject discontinued the 
study after 1 month of treatment because of bleeding episodes 
that were diffi cult to control. The subject ’ s dose had not been 
adequately titrated. 

 Another patient developed a low - titer FIX inhibitor after 39 
exposure days to rFIX. The peak titer was 1   BU/mL and the 
inhibitor disappeared after 11 months  [33] . Clinical responses 
during 13 different surgical procedures ( n    =   24), including 
orthotropic liver transplantation, were rated as excellent or 
good in 97% of cases  [34] .  

  Clinical  t rials in  p reviously  u ntreated  p atients 

 By June 1999, 60 PUPs were enrolled in an open - label, multi-
national, multicenter study to evaluate safety and effi cacy. 
Seventy - fi ve percent of all bleeding episodes were managed 
with a single infusion of BeneFIX. In 50 PUPs with follow - up 
inhibitor assays, two developed high - titer inhibitors (maximum 
42 and 18   BU/mL) with anaphylactoid reactions, which is well 



PRODUCTS USED TO TREAT HEMOPHILIA: RECOMBINANT PRODUCTS

151

known to be a unique feature of the FIX inhibitor response in 
50% of patients on exposure to any FIX - containing product 
 [35] . In view of the lower recovery values following rFIX 
infusion, dosage recommendations for BeneFIX are as follows:

   

Number of FIX units required body weight kg
desired FIX i

= ( ) ×
nncrease %( ) × 1 2.   

 It should be noted that even lower recoveries may be seen 
in infants and young children  [9] .   

  Conclusion 

 rFVIII and rFIX preparations are now increasingly in clinical 
use in Europe, the USA, Canada, Japan, and elsewhere for 
patients with hemophilia. Clinical experience indicates that 
the incidence of inhibitors is probably not increased in PTPs 
or in PUPs. New second -  and third - generation rFVIII or rFIX 
preparations, with no HSA as a stabilizer and with no animal/
human proteins and/or murine immunoglobulin used in man-
ufacture, are currently available commercially. 

 The greatest diffi culty that has emerged with the increasing 
use of recombinant factor preparations for the treatment of 
hemophilia has been cost and exchange rate. These have led 
to a debate that has only been possible in the developed world 
 [36] . 

 The choice of product for replacement therapy must take 
into account three facts: (i) Plasma - derived factors are becom-
ing ever safer; (ii) recombinant factors cost two to three times 
as much as plasma - derived factors; and (iii) the limited capac-
ity to produce recombinant factors often causes periods of 
shortage  [37] . In the UK and Italy, priority is given for the use 
of recombinant factors to PUPs and to patients without blood -
 borne infections despite previous exposure to plasma - derived 
factors  [38] . 

 Finally, as with any new technology, well - designed proto-
cols and continued surveillance for any unexpected long - term 
complications are necessary.  
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  Introduction 

 The development of blood products for the treatment of 
hemophilia has dramatically altered the prognosis for those 
patients who live in affl uent countries and have regular access 
to safe products. The median life expectancy for people with 
severe hemophilia increased fi vefold from only 11 years during 
the period 1831 – 1920 to 56.8 years during the period 1961 –
 80  [1] . In more recent years, infection with human immuno-
defi ciency virus (HIV) and hepatitis C virus (HCV) has had a 
signifi cant negative impact. Access to treatment also improves 
the quality of life of patients, at least in part by facilitating 
access to normal education and employment  [2] . In recent 
years, the relative merits of plasma versus recombinant prod-
ucts have been a major topic of debate. The arguments 
focus primarily on safety with regard to transmission of path-
ogens, which must be of prime concern in the selection of 
products for the treatment of hemophilia. However, the rela-
tive immunogenicity of the two classes of product has also 
been a subject of controversy. The recent experience of an 
acute and worldwide shortage of recombinant factor VIII 
has certainly served to focus minds on the fact that the number 
of manufacturing plants is very limited, particularly so in 
the cases of recombinant factor IX and recombinant factor 
VIIa. However, one important positive consequence of the 
progressive switch to recombinant products in developed 
countries is that this will help to secure effective and safe 
treatment for people in developing countries. As patients in 
more affl uent parts of the world such as North America, 
Europe, Australia, and Japan convert inexorably to recom-
binant products, manufacturers of plasma - derived products 
will be forced to seek new markets in the developing world 
and these will also have to be competitively priced. It is clear 
that there will continue to be a global requirement for plasma -
 derived as well recombinant coagulation factor concentrates 
for many years to come.  

  Cryoprecipitate 

 Although coagulation factor concentrates are now regarded 
as the treatment of choice for hemophilia in developed coun-
tries, it must be recognized that cryoprecipitate continues to 
form the mainstay of treatment for patients in many less affl u-
ent countries around the world. The discovery by Judith Pool 
in 1964 that a fraction of thawed plasma contained factor VIII 
was a major landmark in the development of products for the 
treatment of hemophilia. Cryoprecipitate is prepared by slow 
thawing of fresh - frozen plasma (FFP) at 4 ° C for 24   h, when 
cryoprecipitate appears as an insoluble precipitate and sepa-
rated by centrifugation. It contains signifi cant quantities of 
factor VIII, von Willebrand factor (VWF), fi brinogen and 
factor XIII (but not factor IX or XI). Current AABB (American 
Association of Blood Banks) standards call for a minimum 
standard of 80 international units (IU) factor VIIII per pack 
(and 150   mg fi brinogen). However, in practice the coagulation 
factor content of individual packs in developing countries is 
variable and is usually not controlled. The yield of factor VIII 
from plasma can be enhanced by controlling several variables, 
and in one study, packs with a factor VIII content of 150   IU 
or more were produced using an automated device with com-
puter - controlled temperature cycling  [3] . However, the most 
signifi cant problem with cryoprecipitate is that it cannot be 
easily subjected to viral inactivation procedures (such as heat 
or solvent/detergent treatment) and this inevitably translates 
into a risk of transmission of viral pathogens, which is not 
insignifi cant with repeated exposure. For example, a study 
based on data from Venezuela estimated a cumulative risk of 
40% for HIV and almost 100% for HCV over a lifetime (60 
years) of treatment with cryoprecipitate  [4] . The use of this 
product in the treatment of congenital bleeding disorders, 
therefore, cannot be recommended in countries which can 
afford coagulation factor concentrates. Certain steps can at 
least be taken to minimize the risk of transmission of viral 
pathogens. These include careful selection of donors   and 
producing packs from single donors. Once collected, the 
plasma should be quarantined until the donor has been 
recalled and retested for markers of infection: if the donor 
does not return, the plasma should not be used. Polymerase 
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chain reaction (PCR) testing is a technology which has a 
potentially much greater relevance for the production of cryo-
precipitate than concentrates, as the latter are subjected to 
viral inactivation steps. Quality control, involving the moni-
toring of factor VIII content, is also very important. A method 
for solvent/detergent treatment of cryoprecipitate has recently 
been developed for application in the developing world, which 
should help to make this product safer  [5] . 

 Much of what has been written about cryoprecipitate 
applies to the use of FFP, which is a source of all coagulation 
factors. As it contains factor IX, it is still used for the treat-
ment of hemophilia B in countries unable to afford the use of 
plasma - derived factor IX concentrate. Packs of FFP subjected 
to some form of virucidal treatment (including solvent/
detergent treatment) are already available. The possibility of 
severe allergic reactions to infused plasma, including TRALI 
(transfusion - related acute lung injury) attributed to cytotoxic 
antibodies of donor origin in the infused plasma, have been 
recognized for some time  [6,7] . An additional benefi t of 
solvent/detergent - treated FFP is a signifi cant decrease in the 
incidence of such allergic reactions  [8] .  

  Principles of  m anufacture 

 There are some common steps involved in the manufacture of 
coagulation factor concentrates. Plasma proteins such as 
albumin, coagulation factor concentrates, and immune globu-
lin preparations are manufactured from large pools of 
human plasma, primarily by the Cohn cold ethanol fractiona-
tion method. This method, developed by Edwin Cohn in 
Boston in the 1940s, involves the sequential precipitation of 
specifi c proteins under varying conditions of ethanol and pH 
conditions. 

 In the case of factor VIII, cryoprecipitate is produced using 
a standard ethanol/dry ice process for snap freezing and the 
cryoprecipitate is extracted by thawing in a 4 ° C.   Antihemophilic 
factor (AHF) is extracted from the cryoprecipitate by dissolv-
ing in a buffer. Fibrinogen is removed from the resulting 
supernatant by precipitation, followed by precipitation of 
factor VIII from supernatant. Factor VIII is then purifi ed by 
chromatographic techniques, either using ion - exchange chro-
matography or immunoaffi nity chromatography. 

 Factor IX is prepared by anion - exchange chromatography 
in the presence of heparin, applied to cryoprecipitate - depleted 
plasma, or the use of immunoaffi nity chromatography. 

 The coagulation protein (factor VIII or IX) is then freeze 
dried and lyophilized concentrate bottled under sterile con-
ditions. At some stage, either as a fi nal step or during the 
manufacturing process, a specifi c virucidal step such as heat 
treatment and/or solvent/detergent treatment is applied (see 
below). 

 Quality control is an essential element in the manufacturing 
process, and each batch of product is randomly sampled and 
analyzed for factor VIII (or IX) clotting activity, electrolyte 

concentration, pyrogenicity, sterility, and toxicity. If found to 
comply with all release parameters, the bottles are labeled with 
a batch number and bottle number before being issued for use. 
Regulatory agencies such as the Food and Drug Administration 
(FDA) and the European Medicines Agency (EMEA) generally 
conduct some form of independent oversight of this process 
by routine monitoring of the manufacturer ’ s test results or by 
conducting their own tests. 

 The plasma used for fractionation may be recovered plasma, 
typically derived from whole blood procured from volunteer 
donors, or source plasma, usually collected from paid donors 
who undergo periodic plasmapheresis. In the past, plasma 
for fractionation from paid donors was considered to be at 
higher risk of viral infection than plasma from voluntary 
donors drawn from the same population. However, this can 
no longer be considered to be the case. Donor selection pro-
cedures are designed to identify and exclude donors at risk of 
being infected with pathogenic viruses. Exclusion criteria 
include a history of blood - borne infection, intravenous drug 
use, and high - risk sexual behavior. The quarantining of 
plasma until a donor appears for retesting (inventory hold) is 
an additional precaution which may be taken. Nucleic acid 
testing (NAT) is now routinely employed by an increasing 
number of manufacturers for detection of a wide range of 
viruses including HIV, HCV, parvovirus B19, and both hepa-
titis A and B. 

 The establishment of a  “ plasma master fi le ”  for plasma -
 derived products is a concept which has been pioneered by the 
European regulatory authorities (including the EMEA). This 
contains details of all donations in a batch of products. This 
permits tracing of blood donations through the screening pro-
cedure right up to intravenous administration. Within Europe, 
the plasma master fi le replaces that part of the marketing 
authorization application (MAA) describing the raw material 
plasma and makes the arrangements for movement of plasma, 
intermediates, and products across member states both easier 
and more transparent. Two particular issues deserve further 
consideration: purity of product and the number of virucidal 
steps.  

  Product  p urity 

 Product purity should not be confused with concentrate safety 
or effi cacy. Purity simply refers to the percentage of the desired 
ingredient (e.g., factor VIII) in concentrates relative to other 
ingredients present. Concentrates on the market vary widely 
in their purity from around 5.0   IU factor VIII/mg protein in 
intermediate - purity concentrates to 2000 in the case of high -
 purity concentrates. Generally, products which are produced 
at higher purity tend to be associated with low manufacturing 
yields and therefore cost more. High - purity products are more 
readily soluble, which is more convenient for home treatment 
and also facilitates administration by continuous infusion 
if desired in the setting of surgery. The incidence of allergic 
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reactions is also probably lower with high - purity products. 
However, there is no clear evidence that modern high - purity 
concentrates offer a higher margin of safety with regard to 
transmission of pathogens. Several studies have suggested that 
the use of high - purity concentrates retards the decline in CD4 +  
lymphocyte counts in HIV individuals, but this has not been 
a consistent fi nding  [9,10] . However, it has not been clearly 
demonstrated that any resulting change in CD4 +  lymphocyte 
numbers is associated with a slowing in the rate of progression 
to acquired immune defi ciency syndrome (AIDS) or death and 
any such positive effect of high - purity products is insignifi cant 
when compared with the immune reconstitution associated 
with highly active antiretroviral therapy (HAART). 

 One advantage of less pure factor VIII concentrates prod-
ucts is that they usually contain signifi cant quantities of VWF 
so that they may be useful in the treatment of that condition. 
Examples of concentrates suitable for the treatment of 
von Willebrand disease include Optivate  ®   and 8Y  ®   (BPL), 
Alphanate  ®   and Fanhdi  ®   (Grifols), Haemate P  ®   (CSL Behring), 
and Wilfactin  ®   (LFB)  [11] . None of the brands of plasma -
 derived high - purity factor VIII or recombinant concentrates 
contain VWF. 

 The relative immunogenicity of recombinant and plasma -
 derived factor VIII concentrates has been a source of recent 
debate and controversy. It is clear that the principal determi-
nant of inhibitor development is the underlying molecular 
abnormality, with large deletions and nonsense mutations 
being associated with a particularly high risk. However, an 
early systematic review of cohort studies and registry data 
published found that patients who used a single plasma -
 derived factor VIII preparation had a lower inhibitor incidence 
than those treated with multiple plasma - derived concentrates 
or a single full - length recombinant product  [12] . The results 
of four observational studies are now available which compare 
inhibitor development among recipients of recombinant and 
plasma - derived products  [13 – 16] . Despite methodological dif-
ferences, the results of these four studies seem to suggest a 
defi nite trend with an increased incidence of inhibitor develop-
ment associated with recombinant factor VIII products  [17] . 
It has been postulated that the large VWF protein may protect 
against inhibitor development by masking important epitopes 
in the amino - terminal of the light chain corresponding to the 
A3 domain and in the carboxy - terminus of the C2 domain of 
the factor VIII molecule  [18 – 20] .  In vitro  data also indicate 
that VWF can prevent factor VIII from being endocytosed by 
dendritic cells and presented to T lymphocytes, thus resulting 
in lower immunogenicity  [21] . 

 It is clear that there is a need for further clinical trials to try 
and secure defi nitive answers to the questions raised by these 
studies. An international study is expected to be launched 
soon with the primary objective of comparing the immuno-
genicity of the two classes of products  [22] . The SIPPET study 
is a multicenter, prospective, controlled, randomized, open -
 label clinical trial on inhibitor frequency in previously 
untreated patients (PUPs). A related issue which needs further 

attention is whether plasma - derived products are associated 
with a better response to immune tolerance in subjects who 
develop antibodies, as has been suggested by some groups 
 [23] . 

 In the case of factor IX concentrates, high - purity concen-
trates have been shown to induce less activation of coagula-
tion than prothrombin complex concentrates  [24] . The latter 
should no longer be employed in the routine management of 
hemophilia B in view of case reports of thrombosis (including 
venous thromboembolism, disseminated intravascular coagu-
lation, and myocardial infarction) associated with their use 
 [25 – 27] . There is no suggestion of an increased risk of inhibi-
tor development associated with recombinant factor IX com-
pared with that seen with plasma - derived factor IX  [28] .  

  Methods of  v iral  i nactivation 
and  e limination 

 The introduction of heat treatment and solvent/detergent 
treatment using such agents as TNBP and Triton X - 100 in the 
mid - 1980s effectively eliminated the risk of transmission of 
HIV and HCV through the use of plasma - derived products 
 [29,30] . It has since proved to be highly effective against a 
wide range of newly emerged viral pathogens with a lipid 
envelope such as West Nile virus, the severe acute respiratory 
syndrome (SARS) coronavirus, and avian infl uenza  [31 – 33] . 
However, solvent/detergent treatment with such agents as 
TNBP and Triton X - 100 does not inactivate nonenveloped 
viruses such as hepatitis A  [34,35] . Furthermore, some viruses 
(such as human parvovirus B19) are relatively resistant to both 
types of physical process  [36,37] . Whilst infection with par-
vovirus is rarely of clinical signifi cance, it is naturally of 
concern that this hardy DNA virus is resistant to physical 
virucidal treatments. 

 There are no screening tests available for the detection of 
prions, including the presumed causative agent of variant 
Creutzfeldt – Jakob disease (vCJD), and precautions are largely 
based on donor exclusion. All regulatory authorities have 
regulations in place to exclude donors who have spent defi ned 
periods in countries considered to be at high risk of bovine 
spongiform encephalopathy (BSE) or vCJD, such as the UK. 
Furthermore, these pathogenic protein particles are completely 
resistant to conventional heat and solvent/detergent treatment. 
It is therefore reassuring that plasma fractionation techniques 
appear quite fortuitously to eliminate substantial amounts of 
prions  [38] . By contrast, nanofi ltration is also highly effective 
in eliminating prions in experimental conditions. Nanofi ltration 
was originally developed as an alternative method of removing 
a wide range of viruses, including parvovirus B19. It is a rela-
tively simple manufacturing step that consists of fi ltering 
protein solution through membranes of a very small pore size, 
typically 15 – 40   nm, under conditions that retain viruses by a 
mechanism largely based on size exclusion. A variety of fi lters 
have now been developed by commercial companies for 
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removal of prions from blood and plasma, which incorporate 
ligands with affi nity for prion proteins  [39] . No cases of overt 
CJD have ever been reported in a subject with hemophilia. 
However, prions were identifi ed post mortem in the spleen of 
one elderly hemophilic man in the UK who had no neurologic 
problems and who died of unrelated causes. 

 Nanofi ltration has also been demonstrated not to induce 
protein alteration (e.g., neoantigenicity), and the yield of fi l-
tered protein is not adversely affected. Nanofi ltration of factor 
VIII products is also possible nowadays, despite a relatively 
large molecular weight of 330   kDa compared with 60   kDa for 
factor IX  [40] . The Planova  ®   fi ltration device is particularly 
suitable for factor VIII preparations and is composed of 
hollow - fi ber microporous membranes made of naturally 
hydrophilic cuprammonium - regenerated cellulose, housed in 
a polycarbonate body. It is an effi cient method of removing 
more than four to six logs of a wide range of viruses, and has 
the added advantage of having no adverse, denaturing effect 
on plasma proteins. 

 All virus inactivation and removal steps have their limita-
tions. It is recommended that two distinct and effective steps 
that are complementary be incorporated into the plasma 
product manufacturing process  [11] . European guidelines rec-
ommend that at least one step effectively inactivates or 
removes nonenveloped viruses. A 2001 recommendation from 
the Committee for Proprietary Medicinal Products (CPMP) 
states that:
  for all plasma - derived medicinal products, it is an objective 
to incorporate effective steps for inactivation/removal of a 
wide range of viruses of diverse physicochemical character-
istics. In order to achieve this, it will be desirable in many 
cases to incorporate two distinct effective steps which 
complement each other in their mode of action such that 
any virus surviving the fi rst step would be effectively 
inactivated/removed by the second. At least one of the steps 
should be effective against nonenveloped viruses. Where a 
process step is shown to be reliably effective in inactivating 
or removing a wide range of viruses including enveloped 
and nonenveloped viruses of diverse physicochemical 
characteristics and the process contains additional stages 
reliably contributing to the inactivation/removal of viruses, a 
second effective step would not be required  [11] .   

 It is recommended that all patients receiving plasma - derived 
concentrates be vaccinated against hepatitis A and B as an 
additional precaution  [41] .  

  Potency and  l abeling  i ssues 

 Assays of coagulation factors have been standardized by the 
establishment of international standards by the World Health 
Organization (WHO). These standards defi ne the IU and are 
available in limited quantities for calibration of local, com-
mercial, national, and supranational standards — these in turn 
are used to assay therapeutic concentrates and plasma samples 

from patients and hence all such measurements can be recorded 
in IU  [42] . When the fi rst international standards for each 
coagulation factor were established, they were calibrated 
against fresh normal plasma from a large number of donors, 
and so 1   IU is approximately equivalent to the amount of each 
factor in 1   ml of average normal plasma. An important prin-
ciple in biologic standardization is that of  “ like versus like. ”  
For many biologic substances, not just coagulation factors, 
reproducibility between laboratories, and between assay 
methods, is greatest when test and standard are of similar 
composition. It has been found in several collaborative studies 
that plasma standards are unsuitable for assay of coagulation 
factor concentrates and vice versa. There are therefore two 
WHO standards for all the principal coagulation factors: one 
for the assay of therapeutic concentrates and the other for 
assay of plasma samples. 

 The current (seventh) WHO factor VIII standard for con-
centrates was prepared from a plasma - derived factor VIII con-
centrate containing VWF and subjected to solvent/detergent 
treatment  [43] . Other standards are the US Mega and European 
Pharmacopoeia (EP) standards, which are working standards 
calibrated against the WHO standard in multicenter studies. 
The current US Mega (2) and EP (3) standards are identical, 
shared from the same large batch of a plasma - derived concen-
trate. In the USA, most manufacturers use the Mega standard 
to assay their product, whereas most manufacturers in Europe 
use an internal house standard calibrated against the WHO 
standard. All three assay methods are still in use, although the 
two - stage method is used by only a few manufacturers. Most 
US manufacturers use the one - stage method, although most 
European manufacturers of plasma - derived concentrates now 
use the chromogenic method, which is the recommended 
method of both the EP and the International Society on 
Thrombosis and Haemostasis. In the case of plasma - derived 
products, signifi cant discrepancies are typically observed 
between the results of one - stage and chromogenic assays 
found with the  “ Method M ”  products; the former giving 
potencies around 25 – 30% higher than those obtained with 
the chromogenic method  [44] .  

  Selection of  p roducts 

 The World Federation of Hemophilia (WFH) has published a 
guide  [45]  for the assessment of clotting factor concentrates, 
which deals with all types of available products but focuses 
primarily on plasma - derived products. The UK Haemophilia 
Centre Doctors ’  Organization (UKHCDO) has also published 
relevant guidelines  [11] . It is beyond the scope of this chapter 
to include details of all the available coagulation factor con-
centrates, but the WFH guide also includes a registry of all 
coagulation factor concentrates. This is updated on an annual 
basis and is also available through the WFH web site ( www.
wfh.org ). The registry includes information on donors (nation-
ality, whether paid or voluntary); method of obtaining plasma; 
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serologic tests on donors; testing of mini - pools for viruses 
using PCR amplifi cation; location of fractionation facilities; 
methods of fractionation; methods of viral inactivation/
elimination; levels of purifi cation; identity of distributor and 
manufacturer; and intended area of distribution (domestic or 
export). 

 Consideration needs to be given to both the plasma source 
as well as the manufacturing process. Cost alone should cer-
tainly not be the deciding factor when choosing products. As 
regards the plasma source, the plasma supplier should be 
licensed by the relevant national health authority and the 
donor epidemiology scrutinized. At the very least, blood 
testing should include screening of individual donations (not 
just mini - pools of plasma) for HIV, HBV, and HCV, prefer-
ably using NAT technology. Evidence of a robust quality 
assurance system for the performance of viral screening tests 
is vital. Products should be subjected to well - validated viral 
inactivation/removal steps. Data relating to stability data 
and shelf - life may also be important. Clinical reports of previ-
ous use are also important, including details of where the 
product is currently available and used in clinical practice and 
marketing authorizations from licensing bodies. A product 
license from organizations such as the FDA and EMEA cer-
tainly implies that the product has been subject to a high 
degree of scrutiny. Published data in peer - reviewed journals, 
covering areas such as adverse events and effi cacy, are also 
important.  

  Plasma -  d erived  c oncentrates for  r are 
 b leeding  d isorders 

 Plasma - derived concentrates of fi brinogen, factor VII, factor 
XI, and factor XIII are available  [46]   . Clinical data on the use 
of such concentrates may be limited and not all have product 
licenses and thus need to be used on a named - patient basis. 
All prothrombin complex concentrates contain factor II (pro-
thrombin), factor IX, and factor X; some also contain factor 
VII. The products containing four coagulation factors are 
widely used to reverse the effect of anticoagulation. They may 
also be used for the treatment of isolated congenital defi cien-
cies of these factors, but it should be noted that the potency 
is usually assigned to the vials according to the factor IX 
content and the amount of the other factors may be quite dif-
ferent. Recombinant activated factor VII is now regarded as 
the treatment of choice for congenital factor VII defi ciency. 
No concentrate containing factor V is available and treatment 
with fresh - frozen plasma is required in such cases.  
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  Background 

 Recombinant factor VIIa (rFVIIa) was developed for treat-
ment of acute bleeding in hemophilia patients with inhibitors 
against factor VIII (FVIII) or factor IX (FIX). Treatment of 
hemophilia patients with inhibitors remains a signifi cant 
problem and includes treatment of acute bleeding as well as 
methods to induce immunologic tolerance in order to perma-
nently eradicate the inhibitors. 

 Since the 1970s, prothrombin complex concentrates and 
activated prothrombin complex concentrates (aPCCs) have 
been used to treat hemophilia patients with inhibitors against 
FVIII or FIX. These concentrates contain all the vitamin 
K - dependent coagulation proteins, active forms of FIX, FVII, 
and FX, and trace amounts of FVIII protein. The use of aPCCs 
has, however, been associated with a certain risk of the devel-
opment of thromboembolic side - effects, and the hemostatic 
effect in moderate to mild joint bleeds was only 50 – 60% in 
the three controlled studies reported, the latest published in 
2008  [1] . One of the components in the aPCCs is activated 
FVII (FVIIa), which is the only activated coagulation protein 
that is not enzymatically active by itself. The requirement of 
tissue factor (TF) for FVIIa to become an active enzyme sug-
gested that rFVIIa should be hemostatically active only at a 
local level, where TF is available. Observations in the 1980s 
indicated that pharmacologic doses of FVIIa also bound to 
pre - activated platelets localized at the site of injury  [2] . Using 
rFVIIa alone therefore should minimize the risk of inducing a 
systemic activation of the coagulation system and thereby the 
risk of systemic thromboembolic side - effects.  

  Mechanism of  a ction of  r ecombinant 
 f actor  VII  a  

  Normal hemostasis  is initiated by the complex formation 
between TF and FVII or FVIIa. TF is expressed in a number 

of cells located in the deeper layers of the vessel wall and is 
exposed to the circulating blood only as a result of injury to 
the vessel wall  [3] . TF may also originate from the circulating 
blood in the form of encrypted TF carried by cell elements  [4] . 
Already in the 1970s, it was reported that platelet and platelet 
membranes enhanced the procoagulant activity of leukocytes 
 [5] . A hemostatic effect of platelet membrane vesicles was also 
demonstrated in thrombocytopenic rabbits in 1987  [6] . It was 
reported recently that washed platelets incubated with TF 
were able to take up TF in a process involving traffi c of vesi-
cles through channels of the open canalicular system (OCS). 
TF was identifi ed in the OCS and occasionally in the  α  -
 granulae of the platelets  [7] . Whether platelet - related TF is 
constitutively present in platelets or transferred from other 
cells is the subject of debate  [2] . In normal conditions the TF 
found on cell surfaces as well as in microvesicles is encrypted, 
which thus allows the circulation of such TF - containing par-
ticles to occur without generalized coagulation  [2] . There is 
still no consensus on how the encrypted TF is decrypted, 
although the cell membrane composition seems to be of major 
importance  [2] . It was recently reported that cultured mes-
othelial and endothelial cells increased their surface TF activ-
ity following exposure of thrombin or plasmin  [8] . Recently, 
the presence of an alternatively spliced human TF that is 
soluble, circulates in blood, and exhibits procoagulant activity 
when exposed to phospholipids was reported. This soluble TF 
has also been found to be incorporated into thrombi  [9] . 
Although there are reports on the presence of TF - containing 
microvesicles in various situations  [10] , the physiologic signifi -
cance of these is still not clear. 

 The TF – FVII/FVIIa complexes formed following an injury 
to the vessel wall are localized to the site of injury because TF 
is a receptor protein anchored to cells by a transmembrane 
domain. The presence of a few functional FVIIa – TF com-
plexes extravascularly was suggested and supports a continu-
ous TF - dependent extravascular generation of small amounts 
of FIXa and FXa  [3] . In fact, it was recently demonstrated 
that FVIIa is bound to perivascular TF in the absence of a 
clear injury  [2] . Such complexes may mediate the activation 
of the hemostatic mechanism demonstrated in normal 
individuals during normal circumstances, resulting in the 
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formation of the normally occurring FIX, FX, and pro-
thrombin activation peptides  [10] . The TF – FVIIa complexes 
activate FX into FXa, which converts a limited amount of 
prothrombin into thrombin suffi cient to activate FVIII and 
FV as well as FXI and platelets. The FXa activity is restricted 
to the TF - bearing cell surface. Any FXa that diffuses off the 
cell is immediately inhibited by the tissue factor pathway 
inhibitor (TFPI) and antithrombin (AT). As soon as FXa is 
formed, a complex including TF – FVIIa and FXa is formed, 
inhibited by TFPI, and internalized. Most of the internalized 
FVIIa is degraded, but a small fraction recycles back to the 
cell surface as an intact protein  [2] . The small amount of 
initial thrombin binds to platelets that have adhered to 
extravascular matrix components at the site of injury par-
tially mediated by binding of von Willebrand factor to colla-
gen. Thrombin enhances platelet activation, leading to release 
of FV as well as activation of FV and FVIII. The platelets 
activated by the initially formed thrombin expose negatively 
charged phospholipids on their surface, which enhances the 
binding of the activated coagulation proteins to the platelet 
surface. FIXa activated initially by the FVIIa – TF complex 
diffuses to the activated platelet and binds strongly to the 
negatively charged platelet surface where the most effective 
FX activation and thrombin generation take place  [2,11] . 
The binding of coagulation proteins on the platelet surface 
is facilitated by the combined stimulation of the platelet 
collagen receptor (GPVI) and thrombin receptor owing to 
the development of a subpopulation of platelets with an 
increased binding capacity  [2] . Individual variations in such 
subpopulations may add to the variability of platelet proco-
agulant response. The binding of FXIa seems also to be 
mediated by specifi c sites promoting the formation of active 
FIXa – FVIIIa ( “ tenase complex ” )  [2] . The tenase complex 
activates FX from the circulation into FXa on the platelet 
surface, associates with FVa, and generates a burst of 
thrombin required to form a fi rm, well - structured fi brin 
hemostatic plug. The FX activation occurs quickly and only 
small amounts of FX are necessary for a saturated formation 
of FXa according to results obtained in a cell - based  in vitro  
model  [2] . FXI generated by the initial thrombin activates 
more FIX into FIXa on the platelet surface, thereby enhanc-
ing thrombin generation. All these reactions seem to be well 
regulated in terms of saturation of the activation processes. 
However, adding more prothrombin increases the thrombin 
generation without reaching any level of saturation  [2] . The 
gel network formed at the gelpoint (clotting time) has been 
found to be important for the scaffold into which the subse-
quently activated fi brinogen molecules are incorporated, the 
primary scaffold becoming more porous the lower the 
thrombin concentration  [2] . A tight fi brin network makes 
the hemostatic plug more resistant against premature prote-
olysis thereby helping to maintain hemostasis  [2] . Also, a 
full thrombin burst is necessary for a full activation of the 
thrombin - activatable fi brinolytic inhibitor (TAFI), further 
protecting the formed fi brin plug. 

 In situations with impaired thrombin generation, e.g., 
hemophilia, a loose fi brin plug is formed, which is less resist-
ant toward proteolysis. As a result, these patients are charac-
terized by a defective sustained hemostasis and repeated 
rebleedings. A full thrombin burst is also dependent on the 
number of platelets resulting in the formation of loose fi brin 
plugs easily dissolved by fi brinolytic enzymes in patients with 
thrombocytopenia. This leads to the characteristic bleedings 
from tissues rich in fi brinolytic enzymes such as the gastric 
mucosa, the ear – nose – throat region, and the urinary tract seen 
in these patients. 

  Recombinant  f actor  VII  a  in  h emophilia 

 Hemophilia patients have an intact TF pathway, which results 
in a normal platelet activation (bleeding time is normal in 
hemophilia). However, in hemophilic dogs, in which normal 
initial bleeding time was observed, frequent rebleedings and 
the formation of larger than normal hemostatic plugs rich in 
channels and areas of loosely packed platelets with an incom-
plete fi brin cap were observed  [12] . Recently, the formation 
of loose fi brin clots with a high permeability constant, which 
was dose dependent with regard to FVIII/FIX, was reported 
in hemophilia plasma containing preactivated platelets follow-
ing recalcifi cation  [13] . Furthermore, the impaired thrombin 
generation in hemophilia also may result in a suboptimal 
activation of FXIII and TAFI. Thus, the formation of defective 
hemostatic plugs that are sensitive to lysis and therefore fail 
to sustain hemostasis characterizes hemophilia. 

 FVII occurs in the normal circulation in a concentration 
corresponding to  ∼ 1% of the total FVII protein mass. 
Furthermore, purifi ed FVIIa did not induce systemic activation 
of the coagulation system in a dog model used to identify 
potential thrombogenic factor in aPCC  [2] . However, FVIIa 
as a hemostatic agent was a new concept in the 1970s. The 
vision at the time was to develop a therapy for hemophilia 
patients with inhibitors that would be as easily available and 
convenient as existing treatments for hemophilia patients 
without inhibitors. If the new agent were successful, there 
would be no further need for complicated, inconvenient, and 
expensive therapies such as induced immune - tolerance treat-
ment. The fi rst step in this development was the successful use 
of plasma - derived purifi ed human FVIIa in two hemophilia 
patients with inhibitors without any signs of a general activa-
tion of the coagulation system  [14] . To avoid the potential 
risk of transfer of pathogenic agents by plasma - derived prod-
ucts, recombinant technology was chosen for production of 
therapeutic FVIIa (rFVIIa)  [15] . 

 Following up on the early observations that pharmacologic 
doses of FVIIa may bind not only to TF but also to phospholi-
pids, rFVIIa was found to bind weakly to thrombin - activated 
platelet in a cell - based  in vitro  model  [11,16] . Through this 
TF - independent low - affi nity binding, rFVIIa activates FX 
independent of the presence of FVIII or FIX and a dose -
 dependent increase in the thrombin generation on the preac-
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tivated platelets occurs  [2] . Although the lag phase of the 
initiation of thrombin generation normalized as compared 
with the value obtained in the presence of physiologic concen-
trations of clotting factors and platelets in the cell - based 
model, the height of the thrombin peak did not reach the same 
level as found in the physiologic situation after the addition 
of rFVIIa in concentrations of up to 500   nM (25 – 30   nM of 
FVIIa is the estimated plasma level following injection of the 
standard dose of 90    μ g/kg, and 75 – 80   nM of FVIIa following 
the dose of 270    μ g/kg). However, doses of 90    μ g/kg or 270    μ g/
kg induce clinical hemostasis in most patients, indicating that 
the peak of thrombin generated may not be the most impor-
tant, but rather the rate of thrombin generation. Furthermore, 
the clot lysis time  in vitro  in hemophilia plasma was found to 
be prolonged after the addition of rFVIIa  [2] . Increased TAFI 
activation as a result of enhanced thrombin generation was 
suggested to contribute to the increased resistance to lysis  [2] . 
However, a normalization of the fi brin permeability as a result 
of the tighter fi brin network demonstrated after addition of 
rFVIIa to hemophilia A plasma in the presence of preactivated 
platelets, should be of major importance for the increased 
resistance to proteolysis  [13] . In the cell - based  in vitro  model, 
rFVIIa also was found to increase the rate and extent of plate-
let activation  [2,4] . 

 In summary, the hemostatic effect of rFVIIa in pharmaco-
logic doses seems to be mediated by an enhanced rate of 
thrombin generation on thrombin - activated platelet surfaces. 
This will result in an increased further activation of platelets 
at the site of injury and increased platelet adhesion that may 
involve an enhanced platelet – platelet interaction initiated by 
thrombin binding to platelet glycoprotein Ib (GPIb) as well as 
other mechanisms. The enhanced thrombin generation ensures 
the formation of a tight fi brin structure of the hemostatic plug, 
as well as full activation of TAFI and FXIII (both activated by 
thrombin) necessary for maintaining hemostasis  [2,4] .   

  Clinical  e xperience with  r ecombinant 
 f actor  VII  a  in  h emophilia  p atients 
with  i nhibitors 

 In the past, elective surgery has been more or less contraindi-
cated in hemophilia patients with inhibitors because of the risk 
of uncontrollable bleeding. However, rFVIIa was demon-
strated to have an effi cacy rate of 90 – 100% in major surgery, 
including major orthopedic surgery  [2,10] . Also, in patients 
with serious bleedings a similar effi cacy rate was achieved 
using essentially the same dosing schedule as that recom-
mended in surgery (90 – 120    μ g/kg every 2   h during the fi rst 
24   h, thereafter the same dose with increasing intervals depend-
ing on type of surgery and clinical response)  [2,4,10] . 

 As part of the vision of providing a treatment for hemo-
philia patients with inhibitors that would make them similar 
to patients without inhibitors, the effect of rFVIIa in a home 
treatment setting was explored. An effi cacy rate of 92% was 

achieved. However, the number of doses to achieve hemostasis 
was 2.2, which indicates that the dose used might not be 
optimal  [2,15] . 

  Dose  a djustment and  m onitoring 

 By increasing the physiologic level of FVIIa, the nonspecifi c 
binding of rFVIIa to activated platelets is exploited. However, 
the exact relationship between the plasma concentration of 
FVII:C and the thrombin generation at the site of injury is not 
known. A number of assays for the measurement of thrombin 
generation have been described, but most of them measure 
thrombin formation in circulating blood rather than the 
thrombin generated at the site of injury. Various forms of 
thromboelastography as an assay of global hemostatic func-
tion have been suggested for monitoring rFVIIa treatment. 
Furthermore, it has been proposed as a tool for predicting 
optimal doses of rFVIIa in the treatment of hemophilia patients 
with inhibitors  [17 – 19] . However, in two recently presented 
multicenter studies the inter -  as well as intraindividual varia-
tions were found to be too large to allow any dose – response 
prediction in the clinical setting  [20,21] . 

 The mean recovery of rFVIIa (FVII:C at 10   min after injec-
tion) was found to be 46% (median 43%)  [2] . The recom-
mended dose (90 – 120    μ g/kg) at 46% of recovery would then 
correspond approximately to 25 – 30   nM of FVIIa in plasma. 
However, clearance rate, recovery at 10   min after injection, 
and the capacity to generate thrombin on the platelet surface 
vary widely among individuals  [2] . Accordingly, the optimal 
dose might show a great individual variation. Furthermore, 
the clearance rate in children below 15 years of age may be 
as much as three times the normal rate for adults  [2] , which 
suggests that they may require higher doses of rFVIIa in order 
to ensure formation of the fi rm, tight initial hemostatic plug 
that is necessary for maintaining hemostasis. Recently, a dose 
of 270    μ g/kg was approved in Europe on the basis of studies 
comparing 90    μ g/kg three times per bleed with one single bolus 
of 270    μ g/kg  [2] . 

 Although treatment with rFVIIa is not a substitution 
therapy like FVIII/FIX therapy, the feasibility of administra-
tion of rFVIIa in a continuous infusion (CI) has been explored 
using various schedules  [2] . The results include both successes 
and failures and may refl ect the experience in hemophilia 
treatment at each center included, more than the dosing of 
rFVIIa. The initial experience of CI infusion of rFVIIa therapy 
pointed out the importance of the individual pharmacokinet-
ics of each patient and recommended the dose schedule to 
be adjusted accordingly  [22] . Extra bolus doses may be 
required in some patients to keep hemostasis, which requires 
extra attention from the medical staff. It is obvious, though, 
that rFVIIa may be administered as a CI, although the 
optimal dosing regimen is not known and may vary in differ-
ent patients because of individual pharmacokinetics. Its 
success may also depend on the use of adjunct therapy like 
antifi brinolytics  [2] .  
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  Effect of  r ecombinant  f actor  VII  a   a s  p rophylaxis 

 In noninhibitor patients with hemophilia, regular administra-
tion of FVIII/FIX several times weekly has been demonstrated 
to decrease the number of joint bleeds and thereby to minimize 
the development of arthropathy. Such treatment, therefore, is 
recommended in severe hemophilia patients  [1,2] . In line with 
the initial vision of making the treatment of hemophilia 
patients with inhibitors similar to treatment of noninhibitor 
patients, it was considered important to investigate whether 
regular administration of rFVIIa to such patients would 
decrease the number of joint bleeds. The fi rst report showing 
that administration of rFVIIa once daily prevented break-
through bleeds during extensive physiotherapy following an 
orthopedic mechanical traction of a knee joint contracture 
was reported in 2000 by Cooper  et al.  at the World Federation 
of Hemophilia (WFH) Meeting in Montreal and published in 
2001  [23] . 

 Recently, several hemophilia patients with inhibitors have 
been successfully treated with repeated doses of rFVIIa, most 
of them having  “ target joints ”  characterized by an infl amma-
tory synovitis and repeated bleeding episodes  [2] . A rand-
omized, prospective clinical trial using daily administration of 
rFVIIa in doses of 90    μ g/kg or 270    μ g/kg confi rmed these 
results in fi nding decreased number of bleeds, not only during 
the 3 - month treatment period but also during the observation 
time that followed (3 months of no regular treatment)  [2] . This 
outcome may mark another step toward the goal of making 
the treatment of hemophilia patients with inhibitors similar to 
that of noninhibitor patients. 

 Amelioration of the infl ammatory synovitis during the treat-
ment period most probably contributed to the decreased 
number of bleeding episodes, although it is not clear how this 
effect was achieved by once - daily administration of an agent 
with a plasma half - life of 2 – 3   h. Neither is it clear why rFVIIa 
prophylaxis reduces the number of hemorrhagic events in the 
post - treatment period. Although the decrease in the infl amma-
tory response may contribute to the decreased number of 
bleedings, evidence related to the extravascular distribution of 
FVIIa may also play a role in the prolonged effect of rFVIIa. 
TF – FVII complexes may form continuously on extravascular 
TF - expressing cells surrounding blood vessel walls  [2,3] . The 
bound FVIIa is internalized and partially degraded in the cell, 
while some of it will reappear on the cell surface and bind to 
TF. This process may occur continuously until all FVII/FVIIa 
is cleared and may continue for a long time if there is plenty 
of FVIIa in the extravascular compartment  [2] , which may 
be the case after administration of pharmacologic doses of 
rFVIIa. 

 Assuming that a similar process occurs  in vivo , continuous 
formation of rFVIIa – TF complexes on cell surfaces extravas-
cularly may facilitate thrombin generation on platelets that 
plug the leak in blood vessels in the joint tissues following the 
mechanical strain of movement. A further support for the 
hypothesis that rFVIIa may be effective in prophylaxis in spite 

of no or marginal increase in the plasma level of FVII protein 
are the recently published results from continuous expression 
of canine FVIIa in hemophilic dogs  [24] . In a hemophilia B 
dog receiving a low dose of a serotype 8 recombinant adeno -
 associated viral vector expressing canine FVIIa (AAV8 – cFVIIa) 
gene transfer, no spontaneous bleedings were recorded during 
the 31 months of observation in spite of not achieving nor-
malization of any of the clotting parameters (whole blood 
clotting time, thromboelastographic pattern) and no shorten-
ing of the PT. Furthermore, no cFVIIa antigen in plasma was 
demonstrated. Higher vector concentrations were shown to 
achieve sustained cFVIIa antigen concentration of 1.3 – 2.5    μ g/
ml plasma, which is similar to levels seen following a standard 
bolus dose of rFVIIa. In those hemophilia A dogs partially 
normalized clotting parameters were seen and there were no 
spontaneous bleeding episodes during the observation period 
of up to 18 months. No adverse effects were found. If appli-
cable in humans, these observations indicate that continuous 
expression of rFVIIa may be useful in treatment of hemophilia 
patients with inhibitors. Furthermore, the results also indicate 
that the administration of rFVIIa in doses too low to appear 
in the plasma may induce hemostasis in the microcirculation 
and thereby prevent the development of joint bleeds. This may 
also support the hypothesis that extravascular rFVIIa may be 
of physiologic and pathologic importance  [25] . 

 Another reason for a prolonged functional activity of 
administered rFVIIa, also after it has disappeared from plasma, 
may be a binding to one or more proteins localized to the 
vessel wall and acting as reservoirs of rFVIIa. Thus, it was 
demonstrated that rFVIIa binds to endothelial cells with 
endothelial protein C receptor (EPCR) acting as the receptor 
 [26] . Whether there are other binding sites to rFVIIa on 
endothelial cells is currently not clear.   

  Use of  r ecombinant  f actor  VII  a  in  o ther 
 b leeding  d isorders 

 The ability of rFVIIa to enhance thrombin generation on the 
surface of activated platelets makes it a potential hemostatic 
agent in any situation that requires the formation of a tight 
hemostatic plug  [2] . In the  in vitro  cell - based model, the addi-
tion of rFVIIa caused a dose - dependent shortening of the lag 
phase of platelet activation and thrombin generation on the 
activated platelets in the presence of platelet counts down to 
at least 10   000/ μ L. Also, a tighter fi brin structure was observed 
in the presence of rFVIIa and low platelet counts  [2] . In the 
fl ow - chamber model the addition of rFVIIa to whole blood 
made thrombocytopenic increased the fi brin deposition  [2] . If 
the events observed  in vitro  also occur  in vivo , these may 
contribute to the hemostatic effect of rFVIIa in situations 
characterized by low platelet counts associated with uncon-
trolled hemorrhage  [2] . Recently, evidence for an interaction 
between rFVIIa and the GPIb α    may occur on activated plate-
lets and thus may contribute to a hemostatic effect of rFVIIa 
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in patients with bleeding disorders  [27] . Anecdotal reports of 
a hemostatic effect of rFVIIa in various platelet disorders, 
including various types of thrombocytopenia as well as func-
tional platelet disorders such as Glanzmann thrombasthenia, 
Bernard – Soulier syndrome and others, have been reviewed 
recently  [28] .The use of rFVIIa in patients with Glanzmann 
thrombasthenia, who do not benefi t from platelet transfusion, 
is approved by the European Medical Agency (EMEA). The 
dose recommended is similar to the hemophilia dosage: 70 –
 120    μ g/kg every other hour in serious bleeding and surgery  [2] . 
A successful use of rFVIIa has also been reported in patients 
with von Willebrand disease type III, as well as in type II of 
the disease  [2] . 

 In patients with a normal basal hemostatic process, an 
impaired thrombin generation may occur when they are sub-
jected to severe trauma or extended surgery. In these patients, 
a combination of dilution coagulopathy and local release of 
proteolytic enzymes caused by extensive tissue damage degrad-
ing coagulation proteins may develop. As a result of the dilu-
tion coagulopathy, loose, porous fi brin deposits may form, 
which will be easy targets for premature dissolution by released 
enzymes, leading to profuse, diffuse bleeding at sites of tissue 
damage. This process may be mainly localized without signs 
of generally increased fi brinolytic activity in the circulation. 
Successful use of rFVIIa in severely traumatized patients has 
been reported and rFVIIa has also been found effective in 
patients with uncontrollable hemorrhage unresponsive to con-
ventional therapy  [2] . A special situation characterized by 
profuse, massive bleeding is the postpartum bleedings. 
Successful use of rFVIIa, often administered as one single dose 
(90 – 100    μ g/kg), has been reported in such patients. A review 
of 31 published but uncontrolled studies including 118 cases 
showed an effi cacy rate of 90% of rFVIIa at a median dose 
of 71.6    μ g/kg  [29] . Furthermore, anecdotal reports of success-
ful use of rFVIIa in cardiac and vascular surgery, as well as in 
uncontrollable postoperative bleedings, have been published 
 [2] . Also, anecdotal reports of successful use of rFVIIa in 
patients with increased risk of bleeding as a result of treatment 
with anticoagulants are available  [2] . 

 Successful prophylactic use of rFVIIa in patients without 
any preformed coagulation disorder, but who were subjected 
to surgery expected to release an abundance of fi brinolytic 
enzymes such as surgical prostatectomy, has been reported. A 
single dose of rFVIIa administered immediately before the 
expected release of fi brinolytic enzymes may have helped to 
generate extra thrombin, resulting in the formation of tight 
fi brin plugs resistant to the fulminant fi brinolysis occurring 
locally. A single dose of rFVIIa was also reported to limit the 
growth of an intracerebral hematoma in patients with intrac-
erebral hemorrhage  [2] . 

 An extensive report on 22 placebo - controlled, randomized 
trials using rFVII in nonhemophilia patients was recently pub-
lished. The conclusion from this review was that the use of 
rFVIIa reduced the need for blood transfusion and may have 
reduced mortality. Furthermore, it did not increase the risk of 

venous thrombosis, but may have increased the risk of arterial 
thrombosis  [2] .  

  Safety 

 No side - effects have been observed in healthy volunteers  [2] . 
During the time period from licensure to April 2003, 25 
thromboembolic (TE) events from over 700   000 doses admin-
istered was reported in 2004, which was considered a remark-
ably low incidence of such events. The most recent safety 
update reports on adverse events (AE) from the approximately 
800   000 standard doses of rFVIIa administered between 2003 
and 2006. A total of 30 TE events and six TE - associated 
fatalities were found. It was concluded that despite the use of 
high - dose rFVIIa (270    μ g/kg) in some clinical trials and regis-
tries, rFVIIa appears safe when used for congenital and 
acquired hemophilia. The prevalence of TE associated with 
rFVIIa use is less than 4 in 100   000 and a TE - associated fatal-
ity is also extremely rare. The report concludes, however, that 
use of rFVIIa for off - label indications should continue to be 
monitored closely  [30] . 

 No indication of the formation of inhibitory antibodies 
against rFVIIa was seen in patients with hemophilia or in 
nonhemophilia patients treated with rFVIIa. However, FVII -
 defi cient patients are at risk for development of antibodies 
against FVII  [2] .  

  References 

     1       Hedner   U  .  Prevention of arthropathy: May it be extrapolated 
from patients without inhibitors to patients with inhibitors?  
 Haemophilia   2008 ;  14 ( Suppl. 6 ):  23  –  7 .  

     2       Hedner U  .  Factor VIIa and its potential therapeutic use in bleed-
ing - associated pathologies .  Thromb Haemost   2008 ;  100 :  557  – 
 62 .  

     3       Rapaport   SI  ,   Rao   LVM  .  The tissue factor pathway: How it 
has become a  “ prima ballerina . ”   Thromb Haemost   1995 ;  74 : 
 7  –  17 .  

     4       Hedner   U  ,   Ezban   M  .  Tissue factor and factor VIIa as therapeutic 
targets in disorders of haemostasis .  Ann Rev Med   2007 ;  59 : 
 29  –  41 .  

     5       Niemetz   J  ,   Marcus   AJ  .  The stimulatory effect of platelets and 
platelet membranes on the procoagulant activity of leukocytes . 
 J Clin Invest   1974 ;  54 :  1437  –  43 .  

     6       McGill   M  ,   Fugman   DA  ,   Vittorio   N  ,  et al.   Platelet membrane vesi-
cles reduced microvascular bleeding times in thrombocytopenic 
rabbits .  J Lab Clin Med   1987 ;  109 :  127  –  33 .  

     7       Lopez - Vilchez   I  ,   Escolar   G  ,   Diaz - Ricart   M  ,  et al.   Tissue factor -
 enriched vesicles are taken up by platelets and induce platelet 
aggregation in the presence of factor VIIa .  Thromb Haemost  
 2007 ;  97 :  202  –  11 .  

     8       Kothari   H  ,   Rao   LVM  ,   Idell   S  ,  et al.   Plasmin enhances cell surface 
tissue factor activity without increasing tissue factor antigen levels 
at the cell surfaces of mesothelial and endothelial cells .  Blood  
 2007 ;  110 : Abstract 1758.  



CHAPTER 24

164

     9       Bogdanov   VY  ,   Balasubramanian   V  ,   Hatchcock   J  ,  et al.  
 Alternatively spliced human tissue factor: a circulating, soluble, 
thrombogenic protein .  Nature Med   2003 ;  94 :  458  –  62 .  

  10       Hedner   U  ,   Erhardtsen   E  .  Potential role of rFVIIa as a hemostatic 
agent .  Clin Adv Hematol Oncol   2003 ;  1 :  112  –  19 .  

  11       Monroe   D  ,   Hoffman   M  ,   Roberts   HR  .  Platelets and thrombin 
generation .  Arteriosler Thromb Vasc Biol   2002 ;  22 :  1381  –  9 .  

  12       Hovig   T  ,   Rowsell   HC  ,   Dodds   WJ  ,  et al.   Experimental hemostasis 
in normal dogs and dogs with congenital disorders of blood coagu-
lation .  Blood   1967 ;  305 :  636  –  68 .  

  13       He   S  ,   Blomb ä ck   M  ,   Jacobsson   Ekman G  ,  et al.   The role of recom-
binant factor VIIa (rFVIIa) in fi brin structure in the absence of 
FVIII/FIX .  J Thromb Haemost   2003 ;  1 :  1215  –  19 .  

  14       Hedner   U  ,   Kisiel   W  .  Use of human factor VIIa in the treatment of 
two haemophilia A patients with high - titer inhibitors .  J Clin Invest  
 1983 ;  71 :  1836  –  41 .  

  15       Hedner U .  Recombinant    factor VIIa: Its background, development 
and clinical use .  Curr Opin Hematol   2007 ;  14 :  225  –  9 .  

  16       Monroe   DM  ,   Hoffman   M  ,   Oliver   JA  ,  et al.   Platelet activity of 
high - dose factor VIIa is independent of tissue factor .  Br J Haematol  
 1997 ;  99 :  542  –  7 .  

  17       S ø rensen   B  ,   Ingerslev   J  .  Thromboelastography and recombinant 
factor VIIa — hemophilia and beyond .  Semin Hematol   2004 ; 
 41 ( Suppl. 1 ):  140  –  4 .  

  18       Kawaguchi   C  ,   Takahashi   Y  ,   Hanesaka   Y  ,  et al.   The in vitro analy-
sis of the coagulation mechanism of activated factor VII using 
thromboelastogram .  Thromb Haemost   2002 ;  88 :  768  –  72 .  

  19       Young   G  ,   Blain   R  ,   Nakagawa   P  ,  et al.   Individualization of bypass-
ing agent treatment for haemophilia patients with inhibitors utiliz-
ing thrombelastography .  Haemophilia   2006 ;  12 :  598  –  604 .  

  20       Kenet   G  ,   Stenmo   CB  ,   Blemings   A  ,  et al.   Intra - subject variability 
of thromboelastographic parameters following rFVIIa in vivo 
administration in haemophilia patients: A randomized multi - 
centre trial .  J Thromb Haemost   2007 ;  5 ( Suppl. 2 ): Abstract.  

  21       Young   G  ,   Ebbesen   LS  ,   Viuff   D  ,  et al.   Evaluation of thromboelas-
tography for monitoring recombinant activated factor VII ex vivo 
in haemophilia A and B patients with inhibitors: A multicentre 
trial .  Blood Coagul Fibrinolysis   2008 ;  19 :  276  –  82 .  

  22       Schulman   S  ,   Bech   Jensen M  ,  et al.   Feasibility of using recombinant 
factor VIIa in continuous infusion .  Thromb Haemost   1996 ;  75 : 
 432  –  6 .  

  23       Cooper   HA  ,   Jones   CP  ,   Campion   E  ,  et al.   Rationale for the use of 
high dose rFVIIa in a high - titre inhibitor patient with haemophilia 
B during major orthopaedic procedures .  Haemophilia   2001 ;  7 : 
 517  –  22 .  

  24       Margaritis   P  ,   Roy   E  ,   Aljamali   MN  ,  et al.   Successful treatment of 
canine hemophilia by continuous expression of canine FVIIa . 
 Blood   2009 ;  113 :  3682  –  9 .    

  25       Hedner   U  .  Potential role of recombinant factor FVIIa in prophy-
laxis in severe hemophilia patients with inhibitors .  J Thromb 
Haemost   2006 ;  4 :  2498  –  500 .  

  26       Ghosh   S  ,   Pendurthi   UR  ,   Steinoe   A  ,  et al.   Endothelial cell protein 
C receptor acts as a cellular receptor for factor VIIa on endothe-
lium .  J Biol Chem   2007 ;  282 :  11849  –  57 .  

  27       Weeterings   C  ,   de   Groot   PG  ,   Adelmeijer   J  ,  et al.   The glycoprotein 
Ib - IX - V complex contributes to tissue factor - independent thrombin 
generation by recombinant factor VIIa on the activated platelet 
surface .  Blood   2008 ;  112 :  3227  –  33 .  

  28       Hers   I  ,   Mumford   A  .  Understanding the therapeutic action of 
recombinant factor VIIa in platelet disorders .  Platelets   2008 ;  19 : 
 571  –  81 .    

  29       Franchini   M  ,   Franchi   M  ,   Bergamini   V  ,  et al.   A critical review on 
the use of recombinant factor VIIa in life - threatening obstetric 
postpartum hemorrhage .  Semin Thromb Hemost   2008 ;  34 : 
 104  –  12 .  

  30       Abshire   T  ,   Kenet   G  .  Safety update on the use of recombinant 
factor VIIa and the treatment of congenital and acquired defi ciency 
of factor VIII or IX with inhibitors .  Haemophilia   2008 ;  14 : 
 898  –  902 .       

       



165

 Products  u sed to  t reat 
 h emophilia:  d osing  
  Miguel A.   Escobar  
  University of Texas Health Science Center, Houston, TX, USA         

25

     The temporary correction of the coagulation defect is the 
mainstay of treatment in hemophilia. However, the  “ ideal ”  
dose of factor VIII (FVIII) or FIX that needs to be administered 
to invariably achieve hemostasis without  “ overtreating ”  is 
unknown. To date, there are no controlled clinical trials that 
address this important question, mainly because of the ethical 
implications of reducing dosing to a threshold of bleeding 
symptoms. Dosing for hemophilia treatment has been arrived 
at by empirical assessment, essentially  “ trial and error ”  based 
on the pharmacokinetics of the factors and the characteristics 
of replacement product  [1] .  

  Historical  b ackground 

 Because hemarthroses constitute the most common manifesta-
tion of severe hemophilia, the prevention of this morbid clini-
cal state has been long studied. Brinkhous and collaborators 
treated hemophilic dogs in the initial studies in 1947 and 
continued to study outcomes of therapy for more than 20 
years. When plasma was given every 3.5 days to the animals, 
the frequency and severity of hemarthrosis decreased until 
there was no evidence of joint disease when compared with 
the administration of small and infrequent transfusions of 
plasma  [2,3] . These observations were fundamental for the 
understanding of dosing in prophylaxis. 

 In the 1950s, Brinkhous and his group  [4] , and Biggs and 
Macfarlane  [5] , working independently, reported their obser-
vations in the treatment of bleeding in patients with hemo-
philia A. Their conclusion was that to maintain adequate 
hemostasis in these individuals, FVIII levels of at least 35% 
of normal are necessary for treating minor injuries and levels 
of around 50% of normal are required for major trauma or 
surgery. 

 In the 1960s, cryoprecipitate and a fraction of human 
plasma (fraction I of Cohn) became available as alternative 
sources of therapy for patients with hemophilia A. One of the 
advantages of these products was the need for volume when 
compared with plasma  [6,7] . Subsequently, several FVIII and 

FIX concentrates became available for the treatment of hemo-
philia A and B, respectively, signifi cantly facilitating the man-
agement of these conditions. 

 Based on the principle that moderate hemophiliacs (FVIII 
or FIX level above 1%) rarely develop severe disabling 
arthropathy  [8 – 10] , multiple studies were performed between 
1967 and 1982 using low doses of factor VIII and IX   for the 
treatment of acute hemarthrosis with variable results (Table 
 25.1 ).   

 In most cases, treatment was administered within the fi rst 
few hours of onset of bleeding. It is interesting to note that 
even very low doses of factor replacement (less than 10   U/kg) 
were effective in 73 – 100% of cases. Possible explanations for 
some of these results are: (i) Studies were carried out during 
summer camps for hemophilic patients during which close 
surveillance and early treatment were the norm; (ii) infusions 
were administered for traumatic hemarthroses only; (iii) target 
joints were not included; and (iv) only mild and moderate 
bleeds were assessed. Further studies by Aronstam  et al.  
 [11,12]  evaluated different treatment regimens versus severity 
of the hemarthroses. As expected, lower doses of factor 
replacement were associated with higher failure rates in target 
joints and bleeds that were ongoing for some time prior to 
administration of replacement therapy.  

  Pharmacokinetics and 
 d osage  c alculations 

 The appropriate dose of FVIII or FIX for replacement therapy 
is an amount of the relevant clotting factor that will provide 
satisfactory hemostasis to control a bleeding episode  [13] . 
Regardless of the product used, the dose of FVIII or FIX 
should be calculated in terms of units per kilogram of body 
weight. All calculations should be made with the assumption 
that one unit of FVIII per kilogram of body weight will raise 
the circulating FVIII level by about 0.02   U/mL, and one unit 
of FIX per kilogram of body weight will raise the plasma FIX 
by 0.01   U/mL. Much of the difference in expected recovery 
between FVIII and FIX is a result of variable volumes of dis-
tribution. FVIII circulates almost exclusively intravascularly 
and FIX diffuses into the extracellular water space  [14] . Thus, 
to correct for interpatient variability after infusion of FVIII 
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  Table 25.1    Treatment of hemarthrosis with low doses of factor  VIII  and  IX   . 

   Dose (U/kg 
body weight)  

   Factor plasma 
level (%)  

   Number of 
treated episodes  

   Success 
rate (%)  

   Therapeutic 
material     Type of bleed     Reference  

  23    24 – 33    25    56 – 64    Cryo    Hemarthrosis     27   
  20 – 30    40 – 50    51    92    FVIII, other    Hemarthrosis     26   
  10        51    96    FVIII    Hemarthrosis     13   
  7 – 9        106    90    FVIII    Hemarthrosis     28   
  11 – 13        173    79              
  15 – 17        64    94              
  8 – 12        62    100    FVIII    Hemarthrosis, other     29   
  7.5 – 12.5    15 – 25    196    89    FVIII    Hemarthrosis, other     30   
  12.5 – 20    25 – 40    349    94              
  3 – 7        60    100    FVIII/FIX    Hemarthrosis     31   
  31    53    144    99    Cryo    Hemarthrosis, other     32   
  7        119    73    FVIII, other    Hemarthrosis     33   
  14        134    75              
  28        86    64              
  11 – 16        144    78    FVIII, other    Hemarthrosis     34   
  7        95    89    FVIII    Hemarthrosis     35   
  14        106    77              

  Reproduced from  [1]  with permission. 

and FIX products, individual pharmacokinetic studies can be 
performed to optimize dosing. 

 The dose needed to achieve hemostasis varies widely and 
choice of dose needs to be calculated taking into account a 
number of parameters: severity of the bleeding episode; 
pharmacologic properties of the clotting factors, which include 
the half - disappearance time; and the  in vivo  recovery based 
on the volume of distribution within the vascular compart-
ments. The doses suggested in Table  25.2  serve as a guide to 
calculate the approximate amount required and are not based 
on randomized clinical trials. Therapeutic infusion of replace-
ment factor should be administered as early as possible in an 
attempt to prevent permanent damage to joints and soft tissues 
and should continue until adequate hemostasis has been 
achieved or wound healing is complete. Bleeding complica-
tions in association with surgical procedures can be seen in 
4 – 23% of cases, usually in the postoperative period rather 
than during the surgery  [15 – 18] .   

 Factor replacement can be administered by either intermit-
tent bolus or continuous infusion. Some advantages of the 
latter are the following: total factor use may decrease by as 
much as 30%  [19,20] ; achievement of a faster steady state in 
plasma; maintenance of a constant therapeutic factor level; 
and avoidance of peaks and troughs, which facilitates labora-
tory monitoring  [21]  (for further details on continuous infu-
sion see Chapter  7   ). Of note, when continuous infusion is 
started, the dose needed is often higher during the fi rst few 
postoperative days because of the rapid clearance of the factor 
in the immediate postoperative period  [22] . 

 Ideally, for individuals who must undergo elective major 
surgical procedures, an  in vivo  recovery and half - life study 

  Table 25.2    Guidelines for factor replacement in severe and 
moderate hemophilia  A  and  B   . 

   Site of hemorrhage  

   Optimal 
factor 
level (%)  

   Dose (U/kg body weight)  

   Factor 
VIII  

   Factor 
IX  

   Duration in 
days  

  Joint    30 – 50    15 – 25    30 – 50    1 – 2  
  Muscle    30 – 50    15 – 25    30 – 50    1 – 2  
  Gastrointestinal tract    40 – 60    30 – 40    40 – 60    7 – 10  
  Oral mucosa    30 – 50    15 – 25    30 – 50    Until healing  
  Epistaxis    30 – 50    15 – 25    30 – 50    Until healing  
  Hematuria    30 – 50    15 – 25    30 – 50    Until healing  
  Central nervous system    80 – 100    50    80 – 100    10 – 21  
  Retroperitoneal    50 – 100    30 – 50    60 – 100    7 – 14  
  Trauma or surgery    50 – 100    30 – 50    60 – 100    Until healing  

  Reproduced from  [1]  with permission. 

should be performed during a nonbleeding state with a 3 – 5 
half - life wash - out period. A dose of the therapeutic product 
to increase the plasma level to 100% should be used and 
samples for factor activity should be drawn at times 0, 30   min, 
60   min, 3, 6, 9, 24, 28, 32 and 48   h post infusion. For FIX, 
additional time points at 50 and 72   h should be drawn given 
the longer half - life  [23] . 

 Based on the pharmacokinetic study of the individual, an 
initial  “ loading ”  dose and subsequent doses can be calculated. 
For example, in an individual with FVIII defi ciency and a 
normal recovery and half - life, factor dosing can be calculated 
using the following formula:
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Initial loading dose desired FVIII level patient baseline= −(
FFVIII body weight kg unit kg) × ( ) × 0 5.   

 Assuming that 8 – 12   h after the initial bolus the plasma level 
will decrease by about 50%, further doses can be given of 
one - half of the loading dose every 8 – 12   h. If constant infusion 
is employed, the initial loading dose should be divided by 12, 
which is equal to the number of units per hour of FVIII con-
centrate. For example, to raise the FVIII level to 100% in a 
70 - kg individual with less than 1% activity, the initial loading 
dose will be 3500 units followed by boluses of 1750 units 
every 8 – 12   h. For continuous infusion, 292 units per hour will 
be the calculated dose in this scenario. FVIII levels should be 
monitored and ongoing dosing adjusted accordingly. 

 The dose calculations for FIX concentrates are different 
from those used in FVIII defi ciency because the recovery of 
infused FIX is lower ( ∼ 50%) owing to the diffusion over a 
larger volume. In addition, there is some evidence to suggest 
that FIX binds to elements on the vessel wall, more specifi cally 
to collagen type IV  [24] . Thus, to raise to 100% of normal a 
70 - kg severely affected patient, 7000 units should be given as 
a bolus, followed by half this amount every 12 – 18   h. The 
continuous infusion dosing for this scenario can be calculated 
by dividing the loading dose by 24, i.e., approximately 292 
units of FIX per hour  [25] . 

 For those individuals with a rapid initial phase decay or 
consumption (more than 50% decline in 6   h), a second bolus 
of FVIII or FIX can be given (approximately 50% of initial 
bolus) within 3 – 6   h of starting the surgery to avoid excessive 
intraoperative and immediate postoperative hemorrhage. 
Thereafter, half or more of the initial loading dose should be 
readministered every 12   h in order to maintain nadir factor 
levels greater than 50%. Factor activity should be measured 
daily and adjusted to maintain the desired level (see Table 
 25.2 ). 

 In the 1970s, home therapy was introduced as supplies of 
factor production became more widely available and as self -
 infusion was taught more commonly. This made a great 
impact on the treatment of hemophilia. This mode of treat-
ment has substantially improved the quality of life of these 
individuals, especially those with severe hemophilia, as it 
reduces visits to the hospital and prevents long - term complica-
tions, such as arthropathy, when early treatment is initiated. 
As an indication for home infusion, a minimal spontaneous 
bleeding episode is defi ned as any symptom of pain or distress 
recognized by the patient in a joint or soft - tissue space. 
Minimal bleeding or hemarthrosis at an early stage may not 
be associated with signifi cant edema, erythema, or heat, and 
usually there is no known trauma  [13] . Doses as small as 10   U/
kg of FVIII or FIX have been proven to be effective in this 
type of bleeding and theoretically will lead to a plasma level 
of approximately 20% in FVIII or 10% in FIX activity. Such 
dosing proved successful in the management of 49 out of 51 
early joint hemorrhages in hemophilia A patients described by 
Abildgaard in 1975  [13] . It should be noted that this dose is 

not adequate for full - blown hemarthroses or for bleeding in 
critical anatomical areas (head and neck, throat, wrists, hand, 
foot, abdomen, or gastrointestinal tract). 

 Moderate bleeding episodes (hemarthrosis, advanced soft -
 tissue hemorrhage) often respond to an early infusion of 20 –
 25   U/kg, which will correspond to a plasma level of 40 – 50% 
FVIII activity or 20 – 25% FIX activity. Honig  et al.   [26]  
reported successful treatment of acute hemarthrosis in 48 of 
51 episodes using a single dose of 20 – 30   U of FVIII per kilo-
gram of body weight. In many of these individuals, a single 
infusion is suffi cient to control the bleeding; however, if no 
improvement is noted in 12 – 24   h or if signifi cant symptoms 
persist, a second infusion should be administered. 

 During severe bleeding episodes (central nervous system, 
surgical procedures, and severe trauma) larger doses of 
replacement therapy are necessary. In addition, maintenance 
doses are needed to sustain hemostatic levels until bleeding is 
controlled or, if surgery is required, until the wound is well 
healed. This may take up to 10 – 20 days of replacement 
therapy depending on the surgery. For FVIII - defi cient indi-
viduals, an initial infusion of 40 – 50   U/kg should be suffi cient 
to obtain hemostasis in this context and levels should be 
maintained by repeated doses of at least 20 – 25   U/kg at 
approximately 12 - h intervals to maintain physiologic circulat-
ing levels of the defi cient clotting factor for a specifi ed dura-
tion (see Table  25.2 ). Factor IX replacement should be started 
with an initial bolus of 80 – 100   U/kg followed by repeated 
doses of 40 – 50   U/kg every 18 – 24   h.  

  Treatment  g uidelines for  s pecifi c 
 b leeding  e pisodes 

  Mouth and  n eck  r egion 

 Bleeding from the fl oor of the mouth, pharynx, or epiglottic 
area can result in partial or complete airway obstruction. 
External compression of airway because of hemorrhage can 
also be seen after placement of neck or subclavian catheters 
in hemophilic individuals. Hence, such bleeding should be 
treated with aggressive replacement therapy of the defi cient 
factor until complete resolution of the bleeding is established. 
Doses to maintain factor levels above 80% should be the goal 
of treatment.  

  Complicated  j oint  b leeds 

 Hip joint or acetabular hemorrhages are of major concern 
because of increased intra - articular pressure from accumu-
lated blood. The concomitant infl ammation may lead to 
aseptic necrosis of the femoral head. Replacement therapy 
should start promptly. These individuals can be treated with 
twice - daily infusions to sustain a factor level above 30% for 
at least 3 days, along with enforced bed rest.  
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  Iliopsoas  h emorrhages 

 Iliopsoas bleeds are less frequently encountered in young chil-
dren. Together with pain, common clinical manifestations of 
iliopsoas bleeding are upward fl exion of the thigh, discomfort 
on passive extension, and decreased sensation over the ipsilat-
eral thigh owing to compression of the sacral plexus root of 
the femoral nerve. Twice - daily infusion should be adminis-
tered to maintain a factor level above 20% for about 3 days 
followed with daily infusions until symptoms decrease. Bed 
rest should be enforced.  

  Compartment  s yndrome 

 Bleeding into closed - compartment muscle and tissue areas, 
such as hand, wrist, forearm, and anterior or posterior tibial 
compartments, may result in compression of nerves and blood 
vessels. Initial symptoms such as pain and edema can be pre-
ceded by paresthesias and loss of distal pulses. Prompt treat-
ment with replacement factor is indicated to maintain levels 
of around 50 – 100% of normal. If replacement therapy fails 
to stop the progression, surgical decompression may be 
indicated.  

  Central  n ervous  s ystem  h emorrhages 

 These are usually traumatic in origin and should be considered 
an emergency until proven otherwise by imaging studies. 
Factor infusion should be given immediately, even prior to 
imaging studies and neurologic consultation. FVIII or FIX 
levels should be kept at 80 – 100% of normal. Late bleeding 
after head trauma can manifest as long as 3 – 4 weeks after the 
injury. Hence, patients with head trauma should be infused 
immediately unless the injury is proven insignifi cant. 

 Following treatment of the acute episode, which usually is 
of approximately 2 weeks duration, prophylactic treatment 
for about 6 months is usually indicated to decrease the pos-
sibility of a recurrent intracerebral hemorrhage. Doses of 
about 40   U/kg of FVIII every other day and 50   U/kg of FIX 
twice weekly should be given  [22] .  

  Hematuria 

 Gross spontaneous and asymptomatic hematuria is not 
uncommon in the hemophilia population. Trauma, calculi, 
and infections should be ruled out, and treatment with 
increased oral or intravenous fl uids, bed rest, and a short 
course of corticosteroids (i.e., prednisone 0.5/kg/day) for 3 – 4 
days is usually suffi cient to arrest the bleeding. If symptoms 
persist then therapy with the defi cient factor should be given 
at a dose to keep plasma levels of about 30 – 50% of normal 
until complete resolution of the hematuria. Antifi brinolytic 
agents, such as tranexamic acid or  ε  - aminocaproic acid, are 
contraindicated in individuals with hematuria because of 
the risk of forming clots in the urinary tract and producing 
obstruction.  

  Other 

 For certain particular circumstances, such as aggressive reha-
bilitation after orthopedic surgery, prophylactic replacement 
therapy is indicated. Doses of 20 – 30   U/kg of FVIII or 40 – 60   U/
kg of FIX on the day of therapy should be suffi cient to prevent 
hemorrhages.   
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  Introduction 

 Hemophilia care consists of many components  [1] . The provi-
sion of concentrates of the defi cient coagulation factors is an 
essential component and their safety, quality, and effi cacy 
need to be assured independently of the measures dictated by 
the market and the individual manufacturers. Over the past 
20 years, this assurance has become the role of regulatory 
authorities. Compared with other products of pharmaceutical 
manufacture, the regulation of hemophilia products is a rela-
tively recent phenomenon. The products of industrial - scale 
plasma fractionation have been subject to the oversight of the 
United States Food and Drugs Administration (FDA) since the 
1940s, because of the products ’  status as biologics, subject to 
a regulatory framework that is over a century old. In Europe, 
the evolution of a system of harmonized and centralized 
approval of medicinal products in the European Union ini-
tially exempted plasma derivatives  [2]  and only began to 
incorporate them in 1989  [3] . The factors contributing to the 
signifi cant heightening of this supervision over the past 20 
years have been reviewed  [4] . 

 These factors have resulted in a regulatory framework in 
the developed world that assesses hemophilia products as 
medicines in the highest category of risk relative to other 
therapeutic agents. It is noteworthy that systems of offi cial 
regulation mandating standards and other measures are now 
coupled with voluntary standards adopted by industry bodies 
as additional features of a comprehensive nexus of arrange-
ments contributing to product quality and risk minimization 
 [5] . While the requirements now in place in the European 
Union demonstrate a comprehensive range of measures in that 
market (Figure  26.1 ), they are fairly representative of the 
systems in place worldwide in terms of the aspects of product 
manufacture that they address, and the target outcomes. The 
principles underlying these product - related measures have 
been discussed  [6] , and while the principal focus has been on 
the products of industrial plasma fractionation, the lessons 
learned through these products are now refl ected in the 
requirements for the products of recombinant technology.   

 Underpinning these measures is the unspoken but practiced 
concept of  “ zero risk ”  in blood product manufacture and 
delivery. While this is a natural outcome of past failures, it 
has led to a regulatory framework that appears to be detached 
from the standard risk management and cost - effective, evi-
dence - based principles that shape modern healthcare delivery. 
While product safety is paramount, some of the measures 
introduced and embedded in current practice are diffi cult to 
quantitate in terms of safety, while their effect on supply and 
delivery can be profound.  

  Products of  l ocal and  b lood 
 b ank  p roduction 

 The option of delivering product from local production in 
mainstream blood banking environments generally exists only 
for hemophilia A through the production of cryoprecipitate 
(cryo). Cryo in blood banks may be produced in a closed 
system of blood bags and then lyophilized to increase its con-
venience  [7] . The following features of the product need to be 
kept in mind: 
   •      cryo is a crude product that will not meet criteria for high -
 purity plasma concentrates, such as potency, purity, and solu-
bility. However, this is not a signifi cant problem in terms of 
its safety;  
   •      the ability to characterize the product through representa-
tive batch sampling is limited. In other words, it is not possible 
to label a vial of freeze - dried cryo for potency;  
   •      viral reduction techniques are not easily applied to the man-
ufacture of cryo. This is because they are based on technology 
not easily adapted to blood centers, and because the low 
purity of the product prevents inactivation through heat.    

 The issues underpinning access to cryo have been reviewed 
 [8] . In particular, the safety aspects have been emphasized by 
Evatt  et al.   [9] , who have shown that, in the absence of addi-
tional safety measures, the risk of HIV infection in individuals 
with hemophilia exposed to cryo over a lifetime is signifi cant 
(Table  26.1 ). Enhancement of cryo safety could include the 
selection of donors from low - risk populations, whose plasma 
could be quarantined until the donor has been recalled and 
retested for markers of infection. All such testing should be 
done with the most sensitive tests possible and using intervals 
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Requirements:

Collection

Physical
examination

Medical history
evaluation

Donor safety
criteria

Donation volume/
frequency

Anticoagulant,
blood/plasma-bag

Freezing/storage
requirements

Transport Testing II Processing Pooling Manufacturing
(Prescreening pool)

Testing I
(Donation)

Samples
Transport
conditions Samples

Storage
requirements

Required
tests

Virus
inactivation

Assessments

Environmental
control

Enhanced
batch review

Authority
batch release

Samples

Test
systems

Authority
(pool) test data

Look back

Post donation
reports

Selecting/
sorting

Pooling
algorithm

Required
tests

Test
systems

Required
tests

Test
systems

Proposed EU Dlrectlve

Councll Recom. 98/463/EC

C. of Europe Recom. R(95) 15

Annex 14 to the EU Guide to GMP ENTR/III/57 17/99

Note for Guidance on Plasma Derived Medicinal Products CPMP/BWP/269/95

“Human Plasma for Fractionation” European Pharmacopoela

“Plasma Master File” lll/5272/94

Plasma Protein Therapeutics association: Voluntary Industry Standards

Directive 89/381/EEC

 Figure 26.1     Systems of oversight for 
assuring product quality and safety in the 
plasma products sector in Europe (after 
J. Bult, unpublished observations). 

  Table 26.1    Risk (%) that a person with hemophilia in  V enezuela or 
the  USA  will be exposed to  HIV  - contaminated blood products, 
based on years of treatment and risk of an  HIV  - infected donation.   

  Venezuela    USA       

   Years of 
treatment  

   Lower 
(1/25   700)  a    

   Mid 
(1/21   200)  a    

   Upper 
(1/17   500)  a    

   Mid 
(1/545   100)  a    

  5    3.4    4.2    5.0    0.16  
  10    6.8    5.1    9.8    0.33  
  15    10.0    12.0    14.3    0.49  
  20    13.1    15.6    18.6    0.66  
  30    19.0    22.5    26.6    0.99  
  40    24.4    28.8    33.7    1.3  
  50    29.5    34.6    40.2    1.6  
  60    34.3    39.9    46.0    2.0  

    a Estimated risk for HIV - infected donation.   

 Reproduced from Evatt  et al.   [9]  with permission. 

that allow donors to seroconvert for the transfusion - transmit-
ted viruses in case they were infected at the time of donation. 
Using nucleic acid testing (NAT), the viral window period for 
the important viruses can be substantially decreased. Pools of 
dedicated plasma donors, carefully selected and repeatedly 
tested, can, in time, become a source of very safe raw material, 
compared with fi rst - time donors.   

 Some approaches to the viral inactivation of cryo have been 
described  [10] . Any level of viral inactivation will result in a 
drop in factor VIII (FVIII) yield, and therefore the optimiza-
tion of yields using improved plasma handling techniques is 
necessary if the safety and supply of cryo are to be enhanced. 
The pharmacologic stimulation of donors to produce more 

FVIII may be worth considering as a means of improving 
yields  [11] . 

 A recently described method uses solvent/detergent technol-
ogy, established as the benchmark method for inactivation of 
the highly pathogenic enveloped blood - borne viruses, to 
produce virally inactivated cryo in a closed - bag blood system 
 [12] . This method holds great promise for the delivery of safe 
cryo in emerging countries. 

 The nature of the manufacturing process for cryo results in 
a limitation in the ability to exert many of the standard fea-
tures of pharmaceutical quality control that are possible for 
concentrates. In particular, the absence of sizeable batches 
makes homogeneous batch sampling, characterization, and 
labeling of ingredients of interest (active and impurities) dif-
fi cult. Nevertheless, the ability to impose quality system man-
agement and adherence to good manufacturing practices is 
nowadays considered to be universally applicable. There are 
several standards and regulations in the international regula-
tory environment, which are applied for the manufacture and 
characterization of cryo. The US Code of Federal Regulations 
(CFR)  [13]  includes requirements for cryo that ensure that the 
measures underpinning whole - blood transfusion safety in the 
USA will be refl ected in cryo. These measures include NAT, 
which will enhance cryo safety as discussed above. In Europe, 
centralized oversight of blood components including cryo is 
now in place with the recent introduction of the Blood 
Directive of the European Commission  [14] , which has 
replaced the current national requirements for these products. 
This directive is underpinned by technical standards for safety 
and quality. Standards such as those recommended by the 
Council of Europe  [15]  are being introduced. Such standards 
currently do not include NAT, which is not in universal use 
in the European environment at the blood donor level. 
Therefore, alignment to the evolving European regulatory 



CHAPTER 26

172

framework will not, as currently perceived by this author, 
enhance the safety of cryo to the level found in the USA. 

 In summary, cryo may be subjected to a level of regulatory 
oversight that, while unable to assure safety and quality to the 
standards available for concentrates, can result in these prop-
erties being refl ective of the safety of the local blood supply. 
Any additional measures, such as the introduction of viral 
inactivation for cryo, cannot be supported by the regulatory 
requirements for these measures for concentrates, as these 
demand substantial validation and extensive studies, unavail-
able in blood centers. Therefore, while much can be done to 
improve the safety of cryo as a therapeutic modality in the 
developing world, it can never substitute for concentrates in 
terms of safety and quality that can be assured by regulatory 
oversight.  

  Products of  l arge -  s cale 
 p lasma  f ractionation 

 Plasma concentrates are similar to conventional pharmaceuti-
cals in that they are produced in large batches from a homo-
geneous pool of starting material, through well - defi ned 
processes subject to the tenets of standard pharmaceutical 
quality control. However, biologic drugs such as factor con-
centrates cannot be considered as generic agents, and each 
manufacturing process requires individual assessment with 
full product specifi cation. While general properties leading to 
quality and safety may be refl ected in standards of the phar-
macopeia, the range of approaches to the manufacture of 
FVIII and factor IX (FIX) concentrates developed over the past 
40 years has resulted in signifi cant differences between prod-
ucts, which require thorough evaluation for their potential 
effect on the factors of interest and the impurities in the 
products. 

 Regulatory agencies oversee the introduction and mainte-
nance of factor concentrates on the market through a set of 
well - defi ned principles that are common across the developed 
world. These include (i) facility licensure (good manufacturing 
practice; GMP); (ii) premarket product assessment; and (iii) 
postmarket surveillance. 

  Facility  l icensure 

 Licensure of plasma fractionation plants is done through refer-
ence to codes of GMP, which are generally generic documents 
specifying quality standards for manufacture that are common 
to all medicinal products. GMP seeks to ensure that manufac-
ture is consistently carried out to high standards such that 
product safety, quality, and consistency are assured. Following 
inspections, which may identify defi ciencies, the regulator and 
the manufacturer generally collaborate to ensure the issue 
of a manufacturing license, which will allow production to 
a high standard. Recently, the Pharmaceutical Inspectorate 
Convention has adopted a GMP for medicinal products that 

  Table 26.2    Principles of good manufacturing practice for plasma 
fractionation agencies   (Pharmaceutical Inspectors Convention 
Scheme 2003)  . 

  Quality management  
  Premises and equipment  
  Blood and plasma collection  
  Traceability and post collection measures  
  Production and quality control  
  Retention of samples  
  Disposal of rejected blood, plasma, or intermediates  

includes a chapter specifi cally addressing plasma - derived 
products  [16] . The requirements of this chapter are shown in 
Table  26.2 .   

 The importance of GMP in assuring product safety is rec-
ognized by the regulator and product manufacturer alike. The 
ability of the latter to manufacture product consistently to a 
similar, predefi ned, and high manufacturing standard is 
pivotal to safety and depends on GMP. Examples of break-
downs in GMP impacting on product safety are nowadays 
rare owing to the high standards of manufacture evolved over 
the past 20 years, but such incidents have been implicated in 
product safety problems including viral transmission because 
of inadequate segregation between previral and postviral inac-
tivation streams  [17] . With viral inactivation processes, it is 
impossible to subject product batches to fi nal testing to assure 
adequate viral elimination, and reliance on GMP for this is 
absolute. The whole of the manufacturing chain requires 
adherence to GMP, and its presence in collection and testing 
procedures is strictly enforced by regulators  [18] . Voluntary 
industry standards have been introduced for ensuring that the 
minimal measures enforced by regulators are buttressed by 
additional measures for areas such as the processing of frac-
tionation intermediates from different sources  [19] .  

  Premarket  p roduct  a pproval 

 The assessment of the manufacturing process and the features 
of the product are done through the submission of product 
dossiers, which describe these in great detail. The main agen-
cies — the FDA and the EMEA — have standard formats for the 
submission of data for manufacturing, preclinical, and clinical 
assessment. The data for the description and validation of the 
viral inactivation steps incorporated into the manufacture are 
a crucial component of these submissions. The EMEA has 
issued detailed guidance for the performance of such studies 
 [20] . Such guidance is a feature of the regulatory framework 
of all the major agencies, and provides the industry with state -
 of - the - art assessment and regulation of the aspects related to 
the safety, quality, and effi cacy of plasma derivatives. 

 International efforts for the harmonization of regulatory 
procedures have included the development of standardized 
approaches for the collation and presentation of data for 
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regulatory review, through the so - called Common Technical 
Document (CTD). The International Conference for 
Harmonization (ICH) has developed CTDs for the assessment 
of several aspects of safety, quality, and effi cacy  [21] . These 
documents provide a structured path for manufacturers to 
compile data in a form that is easily assessable, and their use 
for plasma derivatives, while still at an early stage, should 
contribute to further streamlining of the regulatory process. 

 An essential component of the premarket approval process 
is the demonstration of product pharmacokinetics and effi cacy 
through the conduct of appropriate clinical trials. It is neces-
sary to demonstrate that a product will show the established 
pharmacokinetic profi le for the relevant coagulation factors, 
i.e.,  in vivo  recovery and half - life. Proof of effi cacy to a clinical 
endpoint under the various indications sought, e.g., prophy-
laxis, treatment of episodic bleeds, and surgery, is also needed. 
Clinical requirements for the assessment of adverse events, 
such as viral transmission and inhibitor development, demand 
patient numbers that are considerably larger than is feasible 
if conventional assurance based on statistical principles is to 
be generated. Given these limitations, the EMEA has revised 
its requirements for the clinical effi cacy of FVIII and FIX to 
allow effi cacy and adverse event assessment to be reviewed 
through lower patient numbers than previously required  [22] . 
Similar fl exibility has been shown on the need for previously 
untreated patients (PUPs) and nonbleeding patients, both 
scarce groups to access. It is still not possible for regulators 
to fully exempt plasma concentrates from the requirements of 
clinical studies on the basis of so - called  “ comparability ”  with 
similar products  [23] . The level of characterization possible 
for these products, particularly in relation to potential predic-
tors of effi cacy and adverse events, is necessarily limited, and 
surrogates for clinical studies are not yet available. 

 While the pressure is on regulators to avoid  “ over - regula-
tion, ”  there are still some areas of plasma product regulation 
where provisions could be strengthened. The European system 
mandates centralized — and rigorous — oversight for these 
products if they are manufactured using certain biotechnologi-
cal techniques, e.g., monoclonal antibody affi nity chromatog-
raphy. Products produced with earlier technology are regulated 
through the  “ mutual recognition ”  procedure  [24]  emanating 
from review by one authority in a single member state. 
Considering that these products were developed and placed 
on the market prior to the modern era of stringent regulation, 
the maintenance, in individual European states, of hemophilia 
products that are not refl ective of current best practice in the 
fi eld demands review if patient care and safety are to be 
ensured.  

  Postmarket  s urveillance 

 Once products are approved and on the market, it is essential 
that their quality, safety, and effi cacy are maintained through-
out their market lifetime. This is achieved through postmarket 
activities, which include: 

   •      maintenance of GMP through regular inspections after the 
introduction of the products;  
   •      testing of batches prior to release in order to ensure con-
formance to specifi cations; and  
   •      appropriate recording and reporting mechanisms for adverse 
events.    
 The importance of these measures needs to refl ect the fact that 
novel plasma - derived hemophilia concentrates are rare nowa-
days, and their presence on the market can be prolonged. The 
products introduced in the mid - 1980s were developed prior 
to the many additional measures that were subsequently incor-
porated into the regulatory requirements as more problems 
were identifi ed. It is therefore reasonable to maintain vigilance 
with these more recently identifi ed issues in mind, particularly 
in relation to pathogen safety issues. Appropriate adverse 
event detection and reporting assists in this. Of more question-
able relevance is the role of prerelease testing of all batches 
introduced into the market by the regulatory authority. It is 
pertinent that such testing cannot be applied to the primary 
pressure point of viral safety. Some government agencies in 
less developed countries attempt to assure viral safety through 
demanding end - product testing using serologic or molecular 
techniques to detect viral markers used for blood screening. 
This approach is scientifi cally worthless. However, end - prod-
uct testing for potency still has a role, particularly for products 
newly developed and released. The vagaries of coagulation 
factor assay and standards in relation to hemophilia concen-
trates are well recognized  [25]  and batch release testing assists 
in the detection of problems, as exemplifi ed by B - domain -
 deleted recombinant FVIII (BDD - FVIII) (see below).   

  Issues  r elated to  h emophilia 
 c oncentrates from 
 r ecombinant  t echnology 

 The developments in viral safety over the past 20 years have 
achieved plasma product safety to a large extent. The robust-
ness of viral inactivation techniques was tested successfully 
when the West Nile virus (WNV) entered the North American 
blood supply during 2002 and infected the recipients of fresh 
blood components but not plasma derivatives  [26] . However, 
the prospect of previously unknown and resistant pathogens 
became an acute concern in the late 1990s with the emergence 
of the prionic diseases as possible threats to blood safety  [27] . 
This issue emphasized the importance of continuing to move 
to alternatives of blood - derived therapeutics when possible. 

 Essentially, all the principles specifi ed for plasma concen-
trates are equally applicable and mandatory for recombinant 
alternatives. The importance of these principles is best dem-
onstrated by reviewing a series of incidents involving recom-
binant products that demanded regulatory engagement: 
   •      In 2001, a serious breach of GMP forced the FDA to 
severely restrict the production capacity of a recombinant 
manufacturer, affecting product supply worldwide  [28] . This 
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breach of GMP had the potential to affect product and patient 
safety. The importance of maintaining a GMP audit program 
was emphasized by this incident.  
   •      In 2001, the EMEA restricted the use of recombinant FIX 
in pediatric patients when postmarket studies required as a 
condition of European licensure indicated a worrisome vari-
ability in the pharmacokinetics of the product in these patients 
 [29] .  
   •      In 2003, studies performed in European medicine control 
laboratories indicated potency problems in a B - domain - deleted 
(BDD) recombinant FVIII (Refacto  ®  ), as a result of a potency 
misalignment in the initial calibration of the standard of the 
product  [30] .    

 Of particular relevance is the role of prerelease potency 
testing in detecting the BDD - FVIII problem. This problem 
would have remained undetected in the absence of such 
testing, which has been excised from the regulatory frame-
work of the FDA under the consideration that recombinant 
coagulation products represent  “ well - specifi ed proteins ”  
whose regulation does not demand the same level of depth 
and rigor required of plasma products. 

 The current generation of recombinant products is available 
in formulations lacking any blood or tissue excipient, and 
products that have this feature through their manufacture are 
expected imminently. The only FIX recombinant product —
 Benefi x  ®   — is of this type, and may be described as state of the 
art in terms of pathogen safety. This product, however, has 
raised other issues pertinent to the oversight of the recom-
binant coagulation factors. The differences in higher order 
structure in this FIX compared with the wild - type molecule 
have been implicated in the lower  in vivo  recovery of this 
product  [31] . The problem with this product highlights the 
desirability of regulators and industry reviewing the whole 
standardization framework for hemophilia products, tradi-
tionally derived from the concept of a  “ biological unit ”  ini-
tially defi ned as the amount in 1   mL of normal plasma. The 
lineage of the various standards used in this environment has 
been reviewed  [32] . This author believes that, with the devel-
opment of pure and recombinant variants of the plasma -
 derived protein, the adherence to this concept requires review. 
The issue is well exemplifi ed by the Benefi x problem, where 
the pharmaceutical development based on the biologic unit 
was unable to predict the lower recovery of the recombinant 
FIX. Thus, the product development, including clinical devel-
opment and dosage, for these products, should be based on 
the concept, now possible, of labeling and dosing using 
product mass rather than units. This would obviate problems 
resulting from an inappropriate alignment to concepts and 
standards based upon the wild - type molecule. The analogy in 
the area of fi brinolysis, where a truncated tissue plasminogen 
activator is labeled relative to its own particular standard, 
suggests the feasibility of developing particular standards for 
novel molecules. It may be argued that this concept should 
only be applied for a radical molecular change like deletion 
of the B domain in FVIII. For that product, the dangers of 

initially aligning the potency with the wild - type molecule 
standard were demonstrated by the BDD - FVIII problem 
referred to above  [33] . The use of mass rather than unitage 
has been successfully applied to the use of recombinant FVIIa 
in the treatment of inhibitors in hemophilia  [34] . 

 Debate continues on the issue of inhibitor risk associated 
with recombinant products. Some compelling though limited 
studies indicate that plasma - derived products containing 
factor VIII associated with von Willebrand factor have a lower 
inhibitor risk than recombinant products  [35] . The European 
Medicines Agency has been reluctant to endorse this view  [36]  
but has enhanced the warning statement on recombinant 
products with regard to inhibitor risk  [37] , while emphasizing 
the importance of continued postmarket surveillance.    

  Conclusion 

 Currently, the regulation of products for hemophilia in less 
developed economies relies on reference to decisions in the 
First World authorities. This may not always result in optimal 
outcomes as most of the hemophilia care in the developing 
world is through local plasma and cryoprecipitate, which 
are not subject to the oversight of mainstream regulators. 
Furthermore, the emergence of companies based outside the 
developed world and seeking to supply the emerging econo-
mies of the developing world with hemophilia concentrates 
has necessitated new strategies for regulation that are inde-
pendent of the established frameworks. A minimalist approach 
developed by the World Federation of Hemophilia is intended 
to address the needs of less developed countries seeking to 
ensure optimal outcomes under their own, more limited, cir-
cumstances  [38] . Overall, the principles used by mainstream 
agencies and described in this chapter may be applied in all 
environments seeking to assure the quality of hemophilia care. 
Applied properly, they can contribute to maintaining the 
delivery of a form of therapy that is nowadays among the 
safest in therapeutic practice.  
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  Introduction 

 Hemophilia care has steadily improved over the years and 
especially so during the last decade. The routine use of pro-
phylactic treatment has undoubtedly resulted in a signifi cant 
improvement in the lifestyle, quality of life, and life expectancy 
of these patients, and bodes well for the future. However, 
despite our best efforts there is still a group of young adults 
who have a severe degree of knee joint destruction as a result 
of repeated articular bleeding episodes during their early 
years. 

 Total joint replacement has transformed the quality of life 
for countless thousands of patients worldwide but there has 
been a reluctance to offer this operation to younger patients. 
However, the results of joint replacement in patients under 55 
are generally equivalent to those in the older population and 
our previous conservative approach was perhaps fl awed. 

 The combined experiences of joint replacement over the 
past 20 years have been encouraging, with signifi cant improve-
ments in measurable outcome parameters, reduction in spon-
taneous hemarthroses, and improvements in quality of life. 

 We believe that total joint replacement is a safe and effective 
procedure in the management of hemophilic joint arthropa-
thy. The latest techniques using continuous infusion and 
recombinant factor replacement have gone a long way to 
reducing the complications rate and to achieving results that 
match those of the general population. 

 Joint replacement surgery is never a simple undertaking in 
someone with hemophilia; it requires aggressive factor replace-
ment pre -  and post surgery, a long hospital stay, and consider-
able rehabilitation. Fortunately, the majority of our patients 
are healthy, motivated, and well prepared for the operation 
that they may be facing. They are young men in the prime of 
their life professionally and physically whose quality of life is 
affected by a single destroyed joint. 

 The major objective of total joint replacement is to reduce 
the level of pain in the affected joint. This will have benefi cial 
effects on the adjacent joints. In addition, there is a signifi cant 
reduction in the frequency and number of joint bleeds, which 
all adds up to an increase in both function and mobility. 

 The operation should only take place in a recognized center 
with appropriate hematologic back - up. This is not surgery for 
the occasional operator. 

 At the Royal Free Hospital in London there are now 
approximately 1500 patients with inherited bleeding disorders 
registered at the unit, of whom some 200 are affected with 
severe hemophilia. We have adopted a team approach in the 
management of our patients. We hold a dedicated monthly 
combined clinic run by the hematologist and the orthopedic 
surgeon, with other key members involved, including the 
physiotherapist, nurse, and counselor. The clinic is held in a 
relatively open format and thus information and experiences 
are traded and shared between patients, who are often valu-
able sources of advice, inspiration, and reassurance. 

 Total joint replacement now forms the bulk of our surgery. 
Our experience now extends to 95 total joint replacements in 
55 patients. 65 total knee replacements (TKRs) have been 
performed in 44 patients (nine simultaneous bilateral, and fi ve 
revisions), 24 total hip replacements (THRs) in 17 patients 
(two bilateral and two revisions), two shoulder replacements, 
and fi ve elbows. 

 In the past, there were valid concerns in performing joint 
replacement in human immunodefi ciency virus (HIV) - positive 
patients. However, modern treatment for HIV has reduced 
the risk of postoperative infection, and in a recent review 
Habermann  et al.   [1]  concluded that total joint replacement 
in hemophilic patients with or without HIV was safe, and that 
the functional outcome does not differ from an HIV - negative 
population both in the TKR and THR groups. In our experi-
ence, however, there are possible complicating factors related 
to the increased potential for bleeding in those patients on 
combination therapy, particularly the protease inhibitors.  

  Total  k nee  r eplacement 

 The knee is the most common joint affected in hemophilia 
(approximately 50%) and despite our best efforts there is still 
a group of young adults who have a severe degree of knee 
joint destruction as a result of repeated articular bleeding 
episodes during their early years. This in turn leads to the 
onset of pain and signifi cant functional disability at a time 
when the patient requires the best possible quality of life. 

 The indications for operation are primarily disabling pain 
that is unresponsive to medical treatment. Deformity and poor 
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functional range of motion, particularly a severe fl exion con-
tracture of the knee, are relative indications and may in them-
selves justify joint replacement. However, joint contractures 
and fl exion deformity pose various surgical challenges for the 
surgeon. 

 The main question remains as to when one should offer such 
surgery given the widely held belief that relative youth is a con-
traindication. This may, in fact, be true of the  “ normal popula-
tion ”  with single joint involvement whose demands and 
expectations may be unrealistic, but this is generally not the 
case in the present population of hemophilic patients who fre-
quently have other joint involvement. With this in mind and 
armed with the knowledge of encouraging reports of excellent 
long - term results of total knee replacement in the  < 55 age 
group, knee replacement represents an appropriate procedure. 

 The early literature was full of pessimism, reporting poor 
results and in particular a high incidence of both signifi cant 
bleeding episodes and deep joint infection, up to 17% in some 
series  [2 – 4] . 

 The biggest problem arose between 1979 and 1985 when 
some 80 – 90% of the hemophilic population in the developed 
world became infected with the HIV virus. These patients were 
shown to be more susceptible to infection and in 1993 it was 
shown that there was a high risk of secondary infection in 
HIV - positive patients and that surgery should be reserved for 
a carefully selected group of patients  [5] . Their experience was 
confi rmed by Weidel  et al.   [6]  and later by Ragni  et al.   [7]  
who reported a 30% incidence of infection in a series of 27 
total knee arthroplasties in HIV - positive patients in stark con-
trast to an infection rate of 1 – 2% in the nonhemophilic popu-
lation and concluded that when offering such surgery to 
HIV - infected patients there must be a very careful analysis of 
the risk – benefi t ratio. 

 Data from the Royal Free group was, however, more encour-
aging with Birch  [8] , and later, Philips  et al.   [9] , reporting that 
there was no evidence to suggest that major surgery had any 
adverse effects on the rate of decline in the CD4 count, the 
onset of AIDS nor the mortality rate, and that the outcome of 
all the TKRs were excellent or good with no acute infections. 

 Total joint replacement in HIV - positive patients with hemo-
philia still carries a potential risk. The pooled data therefore 
suggest that total knee arthroplasty in hemophilic patients 
carries with it an increased risk of postoperative infection in 
comparison with nonhemophilic patients. Those patients at 
particular risk are the HIV - positive hemophilic patients whose 
CD4 count is less than 200 cells/mm  [10,11] . We believe that, 
nonetheless, total knee arthroplasty is a surgical procedure 
that should be considered for selected cases. 

 The operation consists of a standard resurfacing TKR com-
bined with an adequate synovectomy. Details of the procedure 
are covered in other texts; however, one must appreciate that 
the surgery itself is not always straightforward given the high 
incidence of joint deformity and soft tissue contractures and 
that accordingly some experience of revision knee replacement 
is a distinct advantage. 

 It should be borne in mind that, postoperatively, these 
patients often require higher doses of opiates for longer 
periods than patients undergoing TKR for straightforward 
osteoarthritis. 

 There is little doubt nowadays that total knee arthroplasty 
represents a safe and effective procedure in the management 
of hemophilic joint arthropathy. The latest techniques using 
continuous infusion and recombinant factor replacement have 
gone a long way to reducing the complications rate and to 
achieving results that match those of a similar nonhemophilic 
population especially with regard to pain relief, restoration of 
function, and, importantly, an improvement in the quality of 
life. 

 Rodriguez - Merchan and Wiedel  [12]  reported their com-
bined experience of 37 total knee arthroplasties performed on 
26 men between March 1975 and November 1995. Of this 
group, 17 (46%) were HIV positive, of whom nine died from 
complications of AIDS  . Overall, 84% of this group was 
classed as good to excellent, 8% fair, and 8% poor according 
to their HSS (Hospital for Special Surgery)   rating. Importantly, 
the greatest improvements were with regard to pain and func-
tion, with a less marked improvement with respect to range 
of motion. The incidence of hemarthroses has dropped from 
a mean of 5.5 per annum to 1.2. 

 The experience at the Royal Free Hospital is very similar 
 [13] . Over the period 1983 – 2008, 65 primary TKRs were 
performed in 44 patients. The mean HSS scores have improved 
from 30 preoperatively to 79.5 post operatively, with 86% of 
patients being rated excellent or good, 5% fair, and 9% poor. 
There have been no major complications and only one case of 
late infection and one unusual case of prolonged postoperative 
bleeding, which was subsequently shown to be a result of an 
aneurysm of the lateral inferior geniculate artery  [14] . 

 We have also undertaken seven simultaneous bilateral TKRs 
during the past 7 years. Our results for this procedure are iden-
tical to unilateral TKR or staged bilateral TKR, with no increase 
in the rate of complications, or prolongation of the hospital 
stay. There are obvious fi nancial advantages, since only one 
hospitalization is required and signifi cantly the factor replace-
ment requirements are the same as for a single procedure.  

  Elbow  r eplacement 

 The elbow is the second most common site for arthropathy 
in the hemophilic patient. Destructive changes occur insidi-
ously as it is not a classical weight - bearing joint and early 
limitations of fl exion and extension seldom interfere with 
overall function  [15] . 

 Various operations have been described in the use of elbow 
arthropathy associated with hemophilia. These operations 
include synovectomy, simple excision of the radial head com-
bined with joint debridement, excision arthroplasty, arthrod-
esis, and silastic interposition arthroplasty  [15 – 19] . Excision 
of the radial head combined with synovectomy has resulted in 
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consistently good results with reduction in pain, an increased 
range of motion, and a reduction in the frequency of joint 
bleeds. 

 In 1990 the group from St Thomas ’  Hospital in London 
reported their experience of 13 elbows affected by severe 
hemophilic arthropathy and treated by silastic interposition 
arthroplasty  [20] . The severity of pain, the frequency and 
severity of spontaneous hemorrhage and the range of move-
ment were much improved and needed less factor replacement. 
Three elbows were revised; one for infection and two because 
of fragmentation of the silastic sheet with good restoration of 
function following revision. 

 The actual incidence of joint replacement, however, is likely 
to be low given that Bajekal reported that 81% of hemophilic 
patients suffered recurrent elbow bleeds but reported a low 
incidence of total joint replacement in the same group  [21] . 

 Whilst total joint replacement has been well described for 
the hip, knee, and shoulder in hemophilia there have been few 
reports concerning total elbow replacement. Most reports 
have been restricted to isolated case reports  [22,23] . The fi rst 
report by Luck and Kasper  [24]  reviewed the 20 - year results 
of a total of 168 surgical procedures carried out for hemo-
philic arthropathy but included only two total elbow replace-
ments, one of which became infected. Kasten and Skinner 
 [25] , in their large series of total elbow replacements, described 
only two cases of hemophilia — one primary and a further 
revision — likewise described by Chatelot  et al.   [26] . 

 The largest series to date was recently reported from the 
Oxford group and concerned seven elbow replacements in fi ve 
patients with severe hemophilia A  [27] . All patients demon-
strated excellent relief of pain and improvement of function. 
There was one failure because of infection in an immunocom-
promised patient coinfected with HIV and hepatitis C. The 
patients were followed for a minimum of 25 months and 
implants varied from unconstrained (Kudo or Souter –
 Strathclyde) to the more constrained Coonrad – Morrey joint 
replacements. There were three major postoperative complica-
tions, one ulnar nerve palsy, one axillary vein thrombosis and 
one patient who developed late infection requiring excision 
arthroplasty. 

 Overall, the results of the patients in this group were excel-
lent in the short to medium term, and they concluded that 
total elbow replacement is both feasible and useful in patients 
with severe hemophilic arthropathy.  

  Ankle  r eplacement 

 The ankle joint is third most commonly affected joint account-
ing for 14.5% of recorded bleeds. The pattern of bleeding 
varies according to age, with the ankle most commonly 
affected during the second and third decades of life. Once the 
joint has been subjected to repeated bleeds it becomes more 
vulnerable and ultimately becomes a target joint with relentless 
deterioration of function and comfort in the hind foot  [28] . 

 Surgical intervention is only considered when conservative 
measures have failed. In patients with synovitis, recurrent 
hemarthroses and with congruent joint surfaces synovectomy, 
either open, arthroscopic, or chemical (synoviorthesis) may 
decrease pain and prevent recurrent bleeding. In more 
advanced cases, joint debridement and excision of osteophytes 
(O ’ Donoghue procedure) can restore some joint motion  [29] , 
especially dorsi - fl exion. In our experience, though, any benefi t 
is relatively shortlived and further surgery has become neces-
sary within 5 years  [30,31] . 

 Pearce  et al.   [32]  reported their experience of supramalleolar 
varus osteotomy on seven ankles (in six patients) for hemo-
philic arthropathy and secondary valgus deformity. The opera-
tion reduced pain and the frequency of intra - articular bleeding 
while preserving joint function for a mean of 9 years. It was 
considered that this procedure offered a good alternative to 
the more commonly used surgical option of arthrodesis. 

 In patients with severe pain and end - stage arthropathy, who 
have failed conservative treatment, an ankle arthrodesis may 
be indicated. The surgery is intended to produce a more com-
fortable hind - foot unit with better ambulation and a reduced 
bleeding tendency. There are relatively few reports of ankle 
arthrodesis in the literature but our experience is that the 
procedure is well tolerated and success can generally be 
assured provided care is taken over the fi nal position of the 
talus and hind foot  [18,30,31,33] . 

 Total ankle replacement has been shown to have good 
medium - term results in low - demand patients with rheumatoid 
arthritis, but poorer results in patients with osteoarthritic 
degenerative ankle disease. Luck  [18]  reported a case of ankle 
replacement in hemophilia and although the patient did well, 
the author concluded that  “ ankle and sub - talar joint are best 
treated by arthrodesis rather than by arthroplasty. ”  

 Prosthetic design, however, has improved and the results 
are now more encouraging. The literature, however, is still 
limited to case reports and small series  [34,35] . Van der Heide 
 [35]  reported a series of fi ve total ankle replacements in three 
patients with a median follow up of 4.3 years (range 1 – 8.7). 
All prostheses were still in place and did not show any signs 
of loosening. Clinical scores showed a good to excellent result. 
He concluded that, in his experience, total ankle replacement 
in patients with bleeding disorders showed promising results. 

 However, the place for ankle replacements remains uncer-
tain in the present climate, given the poor long - term results in 
other series, particularly when contrasted with the good 
results of ankle (talocrural) arthrodesis.  

  Total  h ip  r eplacement 

 The true incidence of hemophilic arthropathy of the hip is 
relatively rare, accounting for only approximately 4% of 
patients  [36] . Nonetheless, degenerative disease of the hip 
represents a signifi cant volume of the orthopedic surgeon ’ s 
workload and it is therefore perhaps more pertinent to con-
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sider patients with hemophilia as having osteoarthritis of the 
hip rather than true hemophilic arthropathy. 

 Unlike knee replacement, the results of THR in hemophilia 
remain relatively poor in the medium to long term. The 
common complications of THR are those common to the 
uncomplicated procedure. Deep infection remains the most 
signifi cant and indeed serious complication, and it has been 
estimated that the incidence of infection in the hemophiliac is 
approximately three times the anticipated incidence with a 
high infection rate and a 33% incidence of aseptic loosening. 
It has been proposed that this could be related to coexisting 
knee and ankle involvement resulting in a tendency for the 
patient to walk with a stiff - legged gait so subjecting the hip 
to additional stress, which, with the passage of time, can cause 
the prosthetic hip to loosen. 

 Luck and Kasper  [24]  published the fi rst signifi cant series 
of THRs in hemophilic patients in 1989. This was a series of 
13 patients over a 20 - year period with a 60% failure rate 
largely owing to infection. The Mayo Clinic reported a series 
of 12 hip replacements with only six rated excellent or good 
at 5 years ’  follow - up  [37] . Six hips were rated poor or failures, 
with four being painful with evidence of gross loosening and 
infection affecting the other two. 

 The largest published series to date is that of Nelson  et al.  
 [36] , who reported a series of 39 THRs with a mean age of 
48 years and mean follow - up of 7.6 years. Of the 22 available 
for review, fi ve had already been revised and a further three 
were awaiting revision representing a failure rate of at least 
30%. Similar results were reported by Lofqvist  [38] , with fi ve 
out of 13 hips having failed by 6 years and Heeg  [39] , with a 
33% failure rate at 9 years. 

 Kelly  et al.   [40]  set out to determine the true incidence 
of hemophilic arthropathy in hip patients and performed 
a multicenter analysis. They looked at 34 THRs in four 
major hemophilia centers in the USA. The mean duration of 
follow - up was 8 years, with a minimum of 2 years. Four 
patients were HIV positive. There were no early infections 
after 34 replacements, but there were three late infections 
possibly related to HIV. As with earlier series, though, the 
aseptic loosening rate was 21% of the 28 cemented femoral 
components and 23% of the 26 cemented acetabular 
components. 

 Recent data from our own institution are more encouraging 
in a report of 34 hip replacements for painful end - stage hemo-
philic arthropathy in 24 patients over a 23 - year period  [41] . 
Of the 21 patients available for review there was one case of 
deep infection presenting 3 years after initial surgery, and 
three cases of aseptic loosening at a mean time to failure of 
7.3 years. Interestingly, all four cases had hepatitis C virus 
infection, but were HIV negative. All cases were successfully 
revised with no further complications. One patient developed 
heterotopic bone formation 3 years postoperatively, which 
required excision  [42] . There were three cases of superfi cial 
wound infections which responded to antibiotic treatment. 
There were no other complications. 

 As with TKR, there are undoubtedly benefi ts to the patient 
following THR, but the objective outcome measures and the 
incidence of complications is higher than in the normal popu-
lation, possibly owing to the relatively young population 
(mean age 51). Despite the increased risks there seems to be 
general agreement that THR is an appropriate operation for 
disabling arthropathy in hemophilic patients.  

  Total  s houlder  r eplacement 

 The shoulder has not been considered to be a major problem 
in hemophilia  [43] . Indeed, in a recent review article Gilbert 
referred to the shoulder as the  “ neglected joint ”   [44] . This 
could be because of the unique anatomic arrangement of the 
shoulder girdle with movement taking place at both gleno-
humeral and scapulothoracic levels. This double articulation 
will thus still permit a functional range of  “ shoulder ”  move-
ment even in the absence of any glenohumeral motion. 
Nonetheless, hemophilic arthropathy is less common in the 
shoulder than either the elbow or the knee but can lead to 
signifi cant pain and loss of function. 

 The reported incidence of symptomatic hemophilic arthrop-
athy of the shoulder is relatively rare. Pettersson reported the 
results of two studies undertaken at the Malm ö  Haemophilia 
Centre in the early 1960s and again in the early 1990s  [43] . 
In the early study, incidence of symptomatic shoulder arthrop-
athy was 13% of patients, one - third of whom were below the 
age of 30. In the later study, the incidence was approximately 
the same (16%, but no patients were below the age of 35), 
which led to the conclusion that isolated shoulder hemor-
rhages and shoulder arthropathy in hemophiliacs with pro-
phylactic treatment was uncommon. It is likely, of course, that 
this pattern will be refl ected in other joints now that prophy-
lactic treatment is commonly practiced. 

 Shoulder problems have traditionally been dealt with using 
nonoperative measures, trying to minimize the prevalence for 
bleeding. Radioactive or chemical synoviorthesis have been 
performed, and synovectomy, either open or arthroscopic, is 
now becoming more common. Fusion of the shoulder can be 
effective in converting a painful, stiff joint into a painless stiff 
joint  [24] . 

 However, if conservative management fails to relieve severe, 
unremitting shoulder pain in the presence of underlying 
arthropathy, it may be reasonable to consider shoulder arthro-
plasty. Total shoulder replacement remains a relatively uncom-
mon procedure undertaken in hemophilia with sporadic case 
reports only. Luck and Kasper  [24]  reported three patients 
with satisfactory results with regard to both pain relief and 
range of motion. Greene  [45]  recorded a satisfactory outcome 
in a single patient who underwent a total shoulder replace-
ment who later died of the effects of HIV. Phillips  et al.   [23]  
reported the successful outcome of a case of ipsilateral shoul-
der and elbow replacement in a patient with hemophilia B. 
Dalzell  [46]  reported three hemiarthroplasties on two men 
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with hemophilia. In each case there was a decrease in pain, 
and an increase in range of motion and function. 

 Now that prophylactic factor treatment programs are 
becoming the norm, the incidence of bleeding into the shoul-
der and subsequent arthropathy is becoming less frequent. It 
is therefore probable that fewer patients will present with 
signifi cant shoulder symptoms and that the demand for shoul-
der intervention, and shoulder replacement in particular, will 
remain minimal for the foreseeable future.  

  Conclusion 

 It would therefore seem that, in the appropriate setting, joint 
replacement surgery should be the treatment of choice in 
hemophilic patients suffering from severe arthropathy and 
disability. There can be little doubt that a successful implant 
provides considerable benefi ts in the majority of hemophilic 
patients, with marked pain relief and improvement in func-
tion. However, the increased risk of infection and noninfective 
complications remains a cause for concern. 

 Thus, before embarking upon a potentially dangerous pro-
cedure the orthopedic surgeon should consider the risks and 
benefi ts, very carefully taking into account the patient ’ s age, 
ambitions, life expectancy, and immunologic status. The 
patient should be managed in a dedicated hemophilia center 
where a comprehensive team approach can be provided. 

 The risk of HIV infection through contaminated blood 
products has signifi cantly diminished with time since coagula-
tion factor concentrates have been subject to virucidal agents, 
and in the UK there have been no new HIV infections in 
hemophiliacs since 1986. In addition, the introduction of 
recombinant factor replacement in 1998 has been a major 
development, particularly in removing the unacceptably high 
risk of viral transmission (HIV, hepatitis B and C, variant 
Creutzfeldt – Jakob disease). 

 Patients with HIV infection now are living longer as a result 
of the improvements in medication and combination therapy, 
and results of joint replacement in HIV coinfected patients do 
not seem to differ from noninfected cohorts. There still 
remains a question as to the effect of combination therapy, 
particularly protease inhibitors, on hemostasis and there is a 
degree of uncertainty around the timing of withdrawing treat-
ment prior to surgery. 

 For hemophilic patients in the developing world there is 
accumulating evidence that better prophylaxis in childhood 
and adolescence is leading to a marked reduction in hemo-
philic arthropathy. Hopefully, therefore, the need for opera-
tive intervention will also diminish. Ultimately, of course, gene 
therapy may cure the disease for ever.  
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  Introduction 

 A synoviorthesis consists of the intra - articular injection of a 
certain material with the aim of  “ stabilizing ”  (orthesis) the 
synovium of a joint (synoviorthesis). There are two basic types 
of procedures for synovial control: medical synovectomy (or 
synoviorthesis) and surgical synovectomy (open or arthro-
scopic). It is commonly accepted today that synoviorthesis is 
the procedure of choice, and that surgical synovectomy should 
be performed only if a number of consecutive synoviortheses 
fail to stop or diminish the frequency of recurrent hemarthro-
sis  [1 – 7] . Thus, the main indication for a synoviorthesis in a 
hemophilic joint is chronic hypertrophic synovitis and recur-
rent bleeding. 

 It is well known that in hemophilia, one or several joints 
(elbows, knees, and ankles) tend to bleed (hemarthrosis), 
beginning during an early age of 2 – 5 years. The synovium 
is only able to reabsorb a small amount of intra - articular 
blood; if the amount of blood is excessive, the synovium 
will hypertrophy as a compensating mechanism, so that 
eventually the affected joint will show an increase in size of 
the synovium: so - called hypertrophic chronic hemophilic 
synovitis. The hypertrophic synovium is very richly vascular-
ized, so that small injuries will easily make the joint re - 
bleed. The fi nal result will be the classic vicious cycle of 
hemarthrosis – synovitis – hemarthrosis. 

 If both phenomena are not controlled, they will eventually 
result in cartilage and bone damage visible on radiographs 
(chronic hemophilic arthropathy). All the aforementioned fea-
tures are caused by the congenital coagulation defi ciency of 
factor VIII (FVIII) (hemophilia A) or factor IX (FIX) (hemo-
philia B). Continuous prophylaxis from 2 to 18 years will 
signifi cantly decrease the number of hemarthroses and, there-
fore, the risk of synovitis will also be diminished. On - demand 
treatment of hemarthroses usually does prevent the develop-
ment of chronic synovitis. A very serious complication of 
substitutive treatment, however, is the development of an 
inhibitor. In such a circumstance, the frequency and severity 
of hemarthroses will be more intense, producing a severe 
degree of synovitis.  

  Indication of  s ynoviorthesis 

 The main indication of synoviorthesis is chronic hypertrophic 
synovitis associated with recurrent hemarthroses that does 
not respond to hematologic treatment. Synoviorthesis should 
be performed under factor coverage to avoid the risk of re -
 bleeding during the procedure. In patients with inhibitors, 
synoviorthesis can also be performed with minimal risk. In 
fact, the procedure is especially indicated in patients with 
inhibitors owing to its ease of performance and low rate of 
complications. 

 When a child starts to suffer from recurrent hemarthroses 
that cannot be controlled with conservative treatment, he will 
develop hypertrophic synovitis. It is important to reach a dif-
ferential diagnosis between hemarthrosis and synovitis. Acute 
hemarthrosis is associated with severe pain, and the joint is 
maintained in a position of comfort (typically in fl exion). In 
contrast, chronic hypertrophic synovitis is associated with less 
pain. The synovium is palpable as a soft tissue fi rmness 
whereas a hemarthrosis will have a fl uid characteristic. 

 Before making the recommendation of a synoviorthesis, the 
diagnosis should be confi rmed by radiographs, echography, 
and/or magnetic resonance imaging (MRI). The differential 
diagnosis between synovitis and hemarthrosis can be deter-
mined by ultrasonography (echography) and MRI  [8] . 
Radiographs should also be taken in order to assess the degree 
of hemophilic arthropathy at the time of diagnosis. In many 
situations, synovitis and hemarthrosis occur together. At the 
knee, echography is very specifi c and reliable.  

  Types of  s ynoviorthesis 

 There are two basic types of synoviorthesis: chemical and 
radioactive. The materials most commonly used for chemical 
synovectomy are osmic acid, rifampicin, and oxytetracycline 
clorhidrate  [9 – 12] . The radioisotopes currently used for radia-
tion synovectomy are  90 Y (yttrium - 90),  32 P (phosphorus - 32), 
and  186 Rh (rhenium - 186)  [13 – 19] . Radiation synovectomy is 
the method of choice because it appears to be more effi cacious 
than chemical synovectomy. Selection of the radioisotope 
should take into consideration the half - life, because the inten-
sity of the infl ammatory reaction is directly related to the rate 
of exposure and the size of the radiocolloid: the larger the size 
the less tendency for the material to leak from this joint space. 
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child may be diffi cult because it requires patient cooperation 
and this may require general anesthesia. The potential of 
radiation - induced cellular damage or chromosomal abnor-
malities remain concerns, particularly in children. After more 
than 30 years of experience in using radiation synovectomy, 
neither articular nor systemic (neoplastic) damage has been 
reported. Regarding the maximum age for a synoviorthesis, it 
should be emphasized that the main consideration is that it 
should be performed for the correct indications, e.g., for recur-
rent hemarthrosis secondary to chronic synovitis. It should not 
be used for chronic effusions and pain secondary to degenera-
tive disease (chronic hemophilic arthropathy).  

  The  t echnique of  s ynoviorthesis 

 If the procedure is performed under local anesthetic, the pro-
posed site injection is infi ltrated with up to 10   mL 1% lido-
caine attempting to anesthetize not only the skin, but also the 
deeper tissues down to and including the joint capsule and 
synovium. For simple joint injections a 16 -  or 18 - gauge spinal 
needle is suffi cient but a wider bore 12 -  or 14 - gauge needle 
(Abbocath or equivalent) may be necessary in order to evacu-
ate a viscous hemarthrosis prior to joint injection. Once 
the joint has been entered, all the liquid content (blood or 
synovial fl uid) should be evacuated, and only then should the 
fi brosing agent be injected. Postinjection pain may be reduced 
by mixing the agent with a long - acting local anesthetic, e.g., 
bupivacaine. 

 Chemical synovectomy requires no additional special pre-
cautions. However, when performing a radioactive synovec-
tomy the needle should be withdrawn very slowly whilst at 
the same time injecting an anti - infl ammatory drug (e.g., 
hydrocortisone acetate, triamcinolone) in order to avoid the 
risk of radioactive burn of the needle track or, even worse, an 
adjacent skin burn. 

 Whichever agent is employed, care must be taken to avoid 
extra - articular complications (radiation burn and/or infl am-
matory reaction) as a result of extravasation or needle track 
contamination. The most frequently affected joints in hemo-
philia are the elbows, the knees (Figure  28.1 ), and the ankles 
(Figure  28.2 )  [22] .    

  Effi cacy of  s ynoviorthesis 

 On average, synoviorthesis has a 75 – 80% satisfactory outcome 
in the long term  [2 – 7] . From the clinical standpoint, such 
effi cacy can be measured by the decrease in the number of 
hemarthroses, with complete cessation for several years in 
some cases. In 20 – 25% of cases, synoviorthesis fails to control 
hemarthroses, but it can be repeated. 

 It is commonly accepted that the more severe the degree of 
synovitis, the more diffi cult it will be to remove the synovium 
by means of a synoviorthesis. In fact, in cases where marked 

  Table 28.1    Description of the radioisotopes most frequently used 
for radiosynoviorthesis in hemophilia. 

         32 P      90 Y      186 Rh  

  Radioactive half - life (days)    14.3    2.8    3.8  
  Radiation    Beta    Beta    Beta and gamma  
  Therapeutic penetration 

power (mm)  
  2.2    2.8    1  

  Table 28.2    Clinical indications of the radioisotopes most frequently 
used for radiosynoviorthesis in hemophilia. 

   Isotope     Joint  

   90 Y and  32 P    Knees  
   186 Rh    Elbows, ankles  

 The material should be a pure  β  - emitting radioisotope, 
thereby minimizing the whole - body exposure to radiation that 
 γ  radiation can produce.  198 Au should probably not be used 
because it does emit  γ  radiation and is small in size  [20] . Table 
 28.1  summarizes the main features of the radioisotopes most 
frequently used for radiosynoviorthesis in persons with hemo-
philia. Table  28.2  shows the clinical indications of the radio-
active isotopes most frequently used for radiosynoviorthesis 
in hemophilia patients. The recommended isotope for the knee 
is  90 Y at a dose of 185 megabecquerels (MBq).  186 Rh is better 
for elbows (56 – 74   MBq) and ankles (74   MBq)  [21] .   

 The current measurement unit for radioisotopes is the 
becquerel (Bq), and the megabecquerel (MBq). Nowadays, 
however, it is common to encounter the former measurement 
unit, the millicurie (mCi), in many papers. According to Coya -
 Vi ñ a  et al ., the formula for the conversion of mCi into MBq 
is the following: 1   mCi   =   37   MBq, and 1   mCi   =   3.7    ×    10 10  
disintegrations per second  [21] . 

 Taking into account the concern that radioactive materials 
evoke, and the high cost and limited supply of these materials, 
it is best to schedule groups of six to eight patients to perform 
radiation synovectomy. This will require some patients to wait 
upwards of 2 – 3 months until the whole group is scheduled for 
the procedure. If possible, patients should be maintained on 
continuous prophylaxis while awaiting the procedure. The 
aforementioned disadvantages of radiation synovectomy do 
not exist with rifampicin and oxytetracycline, which are very 
cheap and easily obtainable. Rifampicin injection can be 
rather painful and may have to be repeated at weekly inter-
vals. The follow - up of oxytetracycline synoviorthesis is still 
very short (6 months)  [12] .  

  Age to  p erform  s ynoviorthesis 

 Synoviorthesis can be performed at any age in the life of the 
hemophilic patient. Intra - articular injection in a very young 
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Another potential complication is an infl ammatory reaction 
after injection; in such a case, rest and nonsteroidal anti -
 infl ammatory drugs (NSAIDs) will control these symptoms. 
No malignant effects (carcinogenic) of radioactive materials 
have been reported after more than 30 years of their use 
worldwide  [23] .  

  Multiple  s ynoviorthesis in 
a  s ingle  s ession 

 It is well known that the individual with hemophilia com-
monly has more than one target joint. In such cases, it is 
possible to perform more than one synoviorthesis in the same 
session. Two injections can be performed at the same time, 
and it is impractical to inject the same joint bilaterally, e.g., 
both elbows or both knees, both ankles, or two different joints 
of the lower limbs of different sides (e.g., right knee and left 
ankle). If two joints are to be injected, the two joints should 
be on the same side, e.g., elbow and knee, elbow and ankle, 
knee and ankle. Figure  28.3  summarizes the recommended 
treatment algorithm for synovitis and recurrent hemarthrosis 
in hemophilia with synoviorthesis.    

  Alternatives to  s ynoviorthesis 

 A study was reported to determine optimal treatment for 
chronic hemophilic synovitis of the knee and synovitis of the 
elbow  [19] . This included 65 patients with synovitis affecting 
65 knee joints and 40 patients who had synovitis of the elbow 
(44 elbows), who, despite a 3 - month trial of prophylactic 
substitution therapy, were treated by synovectomy during 
1974 to 1996. Radiation synovectomies ( 198 Au synoviorthesis) 
were performed on 38 knees, open surgical synovectomy on 
18, and nine had an arthroscopic procedure. Radioactive gold 
synoviorthesis was performed on 29 elbows, and 15 had a 
resection of the radial head and partial open synovectomy. 
This study concluded that synovectomy (by any method) sig-
nifi cantly reduced bleeding episodes, but did not halt the 
radiographic deterioration of the joints. 

 It is thought that radiation synovectomy is the best choice 
for patients with persistent synovitis of the knee and elbow 
unresponsive to a 3 - month trial of prophylactic factor 
replacement (Table  28.3 ). If two to three consecutive syn-
oviortheses given at 3 - month intervals fail, a surgical syn-
ovectomy is indicated (Figure  28.3 ). When chronic synovitis 
is allowed to persist, the membrane can hypertrophy to 
the point where it cannot be adequately ablated by a pure 
 β  - emitting radiocolloid which penetrates only between 
2.2   mm and 2.8   mm (Table  28.1 ). In these cases, as well 
as those in which repeated radiosynoviorthesis has failed, 
surgical synovectomy (open or arthroscopic) is often effective 
 [7] .    

 Figure 28.1     Knee synoviorthesis through the suprapatellar lateral 
route. The injection is made above the lateral corner of the patella 
and directly into the suprapatellar pouch. 

 Figure 28.2     Ankle synoviorthesis through the anteromedial 
approach. 

hypertrophy is present, it may be necessary to perform multi-
ple consecutive synoviortheses, or even a surgical synovec-
tomy. Synoviorthesis with rifampicin and oxytetracycline 
clorhydrate can be repeated many times at weekly intervals. 
With radiation synovectomy, no more than three synoviorthe-
ses are advised at 3 - month intervals. When repeated syn-
oviorthesis fail, a surgical synovectomy (open or arthroscopic) 
may be indicated.  

  Complications of  s ynoviorthesis 

 The main complication of radiation synovectomy is a cutane-
ous burn if the radioactive material is injected out of the joint. 
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 Figure 28.3     Treatment algorithm recommended by the author when 
treating a patient with chronic hemophilic synovitis. Adapted from 
 [3]  with permission. 

  Table 28.3    Synoviorthesis versus synovectomy. 

   Synoviorthesis     Surgical synovectomy  

  Inexpensive    Expensive  
  Simple    Complex  
  Painless    Painful  
  Less invasive    Invasive  
  Lower risk of infection    High risk of infection  
  No general anesthetic    General anesthetic  

  Radiosynoviorthesis  i s  n ecessary in 
 h emophilic  p atients  d espite  p rophylaxis 

 Hematologic prophylaxis currently is the most recommended 
method to control the articular bleeding of hemophilia. We 
performed a study to determine how many patients with 

severe hemophilia on prophylaxis required radiosynoviortesis 
(RS) and to compare them with those with mild or moderate 
hemophilia treated on demand  [24] . 

 We retrospectively reviewed 93 patients with severe hemo-
philia treated on prophylaxis (group P) and 106 patients with 
mild and moderate hemophilia treated on demand (group D), 
between 2003 and 2005. The average age of patients in both 
groups was similar. In group P there were 79 with hemophilia 
A and 14 with hemophilia B. They were treated with 50   IU/
kg three days a week in hemophilia A and two days a week 
in hemophilia B. In group D, 39 patients had moderate hemo-
philia (29 type A and 10 type B) and 67 had mild hemophilia 
(63 type A and 4 type B). 

 Eleven patients in group P required RS (11.82%). All of 
them had severe hemophilia A. Three of the 11 patients needed 
RS in more than one joint. Fourteen joints were treated overall 
(four elbows, fi ve knees, and fi ve ankles). Four patients in 
group D required RS (3.77%). All of them were moderate 
hemophiliacs, three type A and one type B. The RS were per-
formed in three knees and one elbow. 

 We observed that prophylaxis in hemophilic patients does 
not avoid the development of articular complications. In our 
series 11.82% required RS. All of them had severe hemophilia 
A. There were no differences between joints (elbow, knee, and 
ankle). Patients with severe hemophilia on prophylaxis 
required more RS (12%) than patients with mild or moderate 
hemophilia treated on demand (3.77%)  [24] .  

  Which  t ype of  s ynoviorthesis  i s  b etter? 

 It is important to emphasize that controversy exists regarding 
which type of synoviorthesis is better. Most authors in devel-
oped countries use radiosynoviorthesis ( 90 Y,  32 P,  186 Rh), 
whereas others utilize chemical synoviorthesis (rifampicin, 
oxytetracycline) mainly because of the lack of availability of 
radioactive materials. The general recommendation is to use 
radiosynoviorthesis because it has proved to be effi cient for 
the treatment of chronic hemophilic synovitis, even in patients 
with inhibitors. Moreover, no complications related to the use 
of radioactive materials have been reported after more than 
30 years of being used worldwide. 

 Comparative studies in different joints, with different mate-
rials,  90 Y and  186 Rh are required to clarify which synoviorthe-
sis is best. 

 We must design scientifi c research on synoviorthesis taking 
into account not only the radioactive material to be used, but 
also the different joints (elbows, knees, and ankles). Needless 
to say that the age of the patients, the degree of synovitis, the 
different doses, and many more variables are very diffi cult to 
control. Synoviorthesis (irrespective of the age of the patient), 
should be performed early, that is to say, as soon as synovitis 
is diagnosed.  186 Rh is recommended for the elbows and ankles, 
and  90 Y for the knees; both radioactive materials appear to be 
better than  32 P. In North America  32 P   is used because it is the 
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isotope approved by the Food and Drug Administration. 
There is no doubt that radiosynoviorthesis is an excellent, 
cheap, easy, and safe procedure for the treatment of hemo-
philic synovitis.  

  Conclusion 

 Synoviorthesis is a very effective procedure that decreases both 
the frequency and the intensity of recurrent intra - articular 
bleeds related to joint synovitis. Radiosynoviorthesis is cur-
rently recommended with  90 Y for the knees and  186 Rh for 
elbows and ankles. The procedure should be performed as 
soon as possible to minimize the degree of articular cartilage 
damage. It can also be used in patients with inhibitors with 
minimal risk of complications  [25,26] . 

 On average, synoviorthesis has a 75 – 80% satisfactory 
outcome in the long term. Such effi cacy can be measured clini-
cally by the decrease in the number of hemarthroses, with 
complete cessation for several years in some cases. In 20 – 25% 
of cases, synoviorthesis fails to control hemarthroses, but in 
such cases, it can be repeated  [27] . Global long - term results 
of treatment with chemical synovectomy (rifampicin and 
oxytetracycline) seem to be less favorable than with radionu-
clides ( 90 Y,  32 P, and  186 Rh).  
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  Introduction 

 Pseudotumor, an expending destructive encapsulated cyst/
hematoma, is a rare but serious complication in persons with 
hemophilia (PWH). Its estimated incidence is reported at 
about 1%. 

 To date, only anecdotal reports and a few small case series 
have been published in the literature. Historically, these 
reports originated mainly from countries with limited resources 
where replacement therapy was not adequate. An assumption 
was thus made that there is a connection between the lack of 
factor replacement therapy and the development of pseudotu-
mors. This suspicion has been strengthened by the reports of 
the occurrence of pseudotumors in patients who have devel-
oped an antibody to the missing coagulation factor. There is 
no established standard approach today to the management 
of pseudotumors and the treatment is based on clinical ration-
ale and the opinion of experts with limited experience.  

  Pathogenesis of  p seudotumors 

 There are two distinct pathologic forms that have been noted 
and categorized under the heading of pseudotumors. The fi rst 
form occurs within the peripheral long bones and very often 
in the developing skeleton, while the second has a predilection 
particularly for the area of and around the pelvis. The former 
starts as an intraosseous expansion that can perforate the 
cortex, while the latter begins its growth in the soft tissues and 
may erode skeletal structures. Some authors believe that the 
pathology starts in the Sharpley ’ s fi bers (the tissue connecting 
muscles to the periosteum). 

 Anatomically, this situation exists extensively around the 
pelvis and the thighs  [1] . The intraosseous form is more 
aggressive then a simple bone cyst, for it actively expands, and 
yet is amenable to conservative treatment  [2] . The soft - tissue 
masses have a distinct histologic structure  [3] . The contents 
comprise necrotic blood but may also contain large quantities 
of blood and other liquifi ed tissue products. The pseudotumor 
has a thick capsule wherein blood vessels are encased and 

infuse the entire pseudotumor. The mass is expansive and 
hence has the ability to cause pressure necrosis of the sur-
rounding tissues, which can include the cortex of bone (Figures 
 29.1 ,  29.2 , and  29.3  and Plate  29.1 ). The pseudotumor may 
expand around structures such as the ureters, blood vessels, 
and nerves. These structures are not invaded by the tumoral 
growth but encircled, and upon gross anatomy would appear 
to be within the tumor mass  [4] .  

  Clinical  p resentation 

 As stated previously, there are two forms of pseudotumors. 
 The peripheral pathology is generally amenable to early 

diagnosis in view of the anatomical deformation of fi ngers and 
toes and/or the perceivable swelling noted over the dorsum of 
the hand or foot. Radiographic evidence is easily obtained and 
treatment can then be instituted. 

 The second form is usually intra - abdominal and slow 
growing. Early diagnosis rarely occurs as the expanding mass 
slowly fi lls up the area of the abdomen and/or the pelvis and 
retroperitoneum. The patients may note a general discomfort, 
but in the light of their experiences with intra - articular hemar-
throses and muscle bleeds these generalized symptoms are 
often ignored. Radiologic plates may show a displacement 
of viscera and/or bone erosion and a more extensive investiga-
tion is then indicated in order to assess the extent of the 
pseudotumor.  

  Investigations  p rior to  t reatment 

 Although, as stated earlier, usually arising in the area of the 
pelvis, large pseudotumors can theoretically appear anywhere 
in the body. It must be appreciated that not only are the 
dimensions of the mass relevant, but also the contents and the 
anatomy of the surrounding area. The following investigations 
should be considered: 
   •      Radiologic assessment in order to ascertain the osseous 
extent of the damage — regular radiographs and computed 
tomography usually suffi ce.  
   •      The assessment of the structure and nature of the soft tissues 
and their relations to the bone can be mapped out by ultra-
sound and magnetic resonance imaging (MRI). Intravenous 
injection of gadolinium in conjunction with the MRI is 
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 Figure 29.1      Computed tomography section through the level of 
the lumbar spine. A huge round pseudotumor can be noted. The 
pseudotumor has destroyed and fragmented the ileum and the mass 
extends almost to the midline. 

 Figure 29.2      The computed tomography section shows a large 
pseudotumor mass that has expanded through the ileum. The mass 
can clearly be seen in the destroyed bone and on both sides of the 
ileum. 

 Figure 29.3      This fi gure clearly shows a computed tomography 
reconstruction of the pseudotumor, which has fragments of the 
ileum surrounding the mass. Note the encroachment onto the 
sacrum and the destroyed sacroiliac articulation. 

suggested. The gadolinium helps to detect pathologic blood 
vessels and also helps to delineate the pseudotumor capsule.  
   •      Intravenous pyelography should be considered if the growth 
is in the region of the kidney and its draining apparatus.  
   •      It is important to evaluate the anatomy of major blood 
vessels in or close to the mass on arteriogram to plan the best 
surgical approach.    

 The planning of the operation should comprise a multidis-
ciplinary team of experts, including an expert in invasive 
radiology, orthopedic and vascular surgeons, a urologist if the 
pelvis is involved, and — if required — spine, liver, general neu-
rosurgeons and any other specialist, depending on the expanse 

of the pseudotumor. It is of the utmost importance to appoint 
a coordinator (usually a surgeon, but could also be an expe-
rienced hemophilia expert) to coordinate the rotation of the 
various experts according to the progress of the surgery. 
Experts can be summoned a few times during the surgery, 
therefore the members of the multidisciplinary team should be 
informed to be available during the whole surgical procedure, 
which may take several hours. 

 Hematologic assessment of the patients is essential and 
should include inhibitor testing and full pharmacokinetic 
evaluation to fi nd the individual recovery, half - life, and clear-
ance of the patient ’ s missing factor prior to the surgery. 

 There should be a coagulation team and laboratory service 
available during the surgery and postoperative care. Suffi cient 
concentrates should be reserved for the surgery and postsurgi-
cal period. High trough levels should be maintained over a 
period of 10 days to 3 weeks. According to our limited experi-
ence with four giant pseudotumors (two in Israel and two 
abroad with our participation and guidance)  [5]  the levels 
drop below the planned trough owing to high consumption. 
All four patients had diffuse bleeding from the extensive tissue 
damage. Fibrin glue was sprayed over the surfaces to assist 
local hemostasis but was ineffective in two operations because 
of the active bleeding that washed away the glue before its 
clotting. rFVIIa immediately stopped the diffuse bleed and 
allowed the use of fi brin glue (to prevent a re - bleed.) The most 
appropriate approach is to deliver the replacement therapy by 
continuous infusion as described in the chapter on continuous 
infusion in the current book (Chapter  6 )  . In the event of 
partial resection of the giant pseudotumor, an extended period 
of replacement treatment with higher trough levels may be 
necessary. Two of our four patients mentioned required 
trough levels of FVIII above 10% for periods of 6 months and 
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2 years, respectively. Any attempt to reduce the levels ended 
in retroperitoneal bleeding. One patient was living in another 
country (about an hour ’ s fl ying time) and once a week he sent 
a plasma sample by plane. His factor VIII level was tested and 
in the evening he received instructions on the new rate of 
infusion required to maintain the desired level. The patient 
had a minipump and the necessary disposable sets and was 
trained to perform continuous home infusion  [6] . 

  Additional  h emostatic  m easure 

 Owing to the extensive surgery, factor replacement alone may 
not be suffi cient to control the diffuse and massive bleeding. 
The addition of fi brinolytic inhibitor is optional (high doses 
similar to cardiac surgery, as tranexamic acid 2   g every 4   h). 
The use of fi brin glue is recommended.   

  Prior to  s urgery 

 As stated previously, the pseudotumor receives its blood 
supply from vessels that are present within the capsule that 
surrounds the mass. These vessels have a number of  “ feeding ”  
arteries and if they can be thrombosed the risk of massive 
intraoperative bleeding can be reduced  [7]  and the pseudotu-
mor mass may be reduced in size. Arteries have the ability of 
recanalization and hence the thrombosis should be carried out 
7 – 10 days before surgery.  

  Realistic  a ims 

 The intention should be the entire eradication of the pseudo-
tumor and the reconstruction of the normal anatomy. This is 
not always possible as there may be destroyed bone. The 
displaced viscera are not usually a problem. Bony structures, 
e.g., the iliac bone, should be left in a stable condition  [8] , and 
if large bone fragments remain viable, but free fl oating after 
the tumor has been excised, it is suggested that fi xation 
methods be implemented  [9] .    “ Dead space ”  can be  “ plugged ”  
by the insertion of the omentum  [10] . Bone allografts and/or 
bone substitutes can be used together with fi brin glue in the 
reconstruction of skeletal integrity. The peripheral pseudotu-
mors are easily treated by the opening of a bone window, the 
drainage and curettage of the contents and then the packing 
of the pseudotumor space with bone and/or bone substitutes 
 [11]  mixed with glue  [12] . 

 Total excision is the intention, but is not always possible. 
The dissection is carried out around the capsule of the pseu-
dotumor, but, as stated previously, vital structures, although 
completely surrounded by the capsule, may be very deeply 
 “ embedded ”  within the contents of the pseudotumor. 
Structures such as the ureter can be damaged easily even 
though a catheter may have been inserted previously. It is 
probably safer to leave a small fragment of the pseudotumor 

wall attached to the vital structure than to risk damaging it. 
Abdominal pseudotumors may be enormous, and the authors 
have managed a case in which 6   L of liquid contents was 
drained out of the pseudotumor.  

  Complications 

 The complications may be divided into two groups, intra -  and 
perioperative, and late complications. The former relates to 
the surgical procedure, which may require a multidisciplinary 
surgical team to conduct complicated surgery in a very pro-
tracted procedure. Infection is always a risk but even more so 
in the late recovery phase. The formation of a constantly 
draining sinus creates a situation wherein an open canal exists 
between the exterior, the bowel  [13] , and the abdominal 
cavity. This situation inevitably results in a purulent discharge 
and may lead to death. Another complication is the regrowth 
or regeneration of a pseudotumor. As stated previously, intra -
 abdominal pseudotumors are usually only diagnosed at a late 
stage, when huge expansion and destruction has taken place. 
If the pseudotumor is recognized early, excision can be less 
complicated. Excision causes extensive alteration in the soft -
 tissue anatomy owing to the extensive healing fi brosis and 
adhesions. Postexcision follow - up is necessary in order to 
document and discover whether the pseudotumor has re -
 formed and started growing once again. The use of radio-
therapy for the management of pseudotumors is not needed. 
Hilgartner  et al.   [14]  reported using this modality in 1975. 
Espandar  et al.   [15]  retested the use of radiotherapy suggesting 
doses between 6 and 23.5 Gy   by delivery in small fragments. 
It was postulated  [14]  that the radiotherapy affects the feeding 
blood vessels to the growth and hence its curative effect. 
Kapoor  et al.   [16]  questioned and reviewed the results of 
radiotherapy treatment. Post - therapy recurrences of the pseu-
dotumors were reported. From the analysis of the literature 
review, it appears that the results of treatment with radio-
therapy and factor replacement versus radiotherapy alone 
produce similar results. Gilbert  [17]  described two types of 
pseudotumors: proximal and distal. The proximal involve the 
pelvis and long bones while the distal are in the small bones 
of the hands and feet. The latter group has been successfully 
managed by factor replacement only. 

 It should be stressed and noted that the hematologic control 
of the coagulation status of these patients may be complicated 
by acute hemorrhaging (requiring massive blood replace-
ment), large oozing areas, and the fact that the patient may 
have an inhibitor to the missing coagulation factor. Factor 
assays should be carried out during the preoperative period 
and ample supplies of relevant clotting factor should be 
present and not just on standby elsewhere. 

 The physical rehabilitation of patients after such massive 
surgery requires the dedication of the rehabilitation team. 
Initially, the patient requires intensive nursing care. The 
wound dressing and the general nursing guides the patient 
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from the postoperative catabolic state into an anabolic phase. 
Psychological support is essential for the patient and the 
family. Progress is slow and the physical therapist and the 
occupational therapist enhance joint movements and muscle 
strengthening. Once the wounds have healed, hydrotherapy is 
added to the therapeutic regime and more intensive physical 
therapy. During this rehabilitation period, which starts ini-
tially on an inpatient basis and progresses to an ambulatory 
service, the authors have found it necessary from time to time 
to remind the patient of his status quo prior to the surgery. 
This reinforcement assists the patient in appreciating the 
improvement in the quality of life. 

 In conclusion, where surgery is necessary it should be 
carried out in a tertiary medical center by the most experi-
enced multidisciplinary team. For more information, a short 
list of the key references has been provided. There are many 
case reports in the older medical literature that have been 
omitted from this list. The major issues are covered by the 
references.  
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  Introduction 

 The diagnosis of hemophilia is based on clinical data and 
laboratory tests, and radiologic imaging is used to evaluate 
complications of hemophilia. Recurrent joint bleeds resulting 
in progressive arthropathy constitute the main cause of mor-
bidity in persons with hemophilia. It is important to have 
objective means of diagnosing, assessing, and monitoring joint 
changes in order to make therapeutic decisions in clinical 
work and also to allow scientifi c comparisons of the effi ciency 
of different therapeutic regimens. Technical innovations in the 
fi eld of radiology add new imaging modalities to the diag-
nostic armamentarium. This chapter discusses conventional 
radiography (X - ray), magnetic resonance imaging (MRI), 
and ultrasonography, as well as some novel imaging tech-
niques that may become useful for evaluating hemophilic 
arthropathy.  

  Radiography ( X  -  ray ) 

 X - rays have been used in diagnostic imaging for more than a 
century. The scattering of X - rays penetrating the object of 
interest is the basis of image contrast, which can differentiate 
metal, bone, soft tissues (equals water), fat, and gases  [1] . In 
hemophilia, X - rays are used to evaluate changes in joints. 
Even though newer imaging modalities have been introduced, 
X - ray examination still represents the gold standard for struc-
tural assessment of hemophilic arthropathy. Furthermore, the 
widespread availability and long experience of X - ray methods 
guarantees that, in a global perspective, this technology will 
continue to be an important tool in the foreseeable future. 

 Most of the radiographic fi ndings in hemophilic joints 
appear in a given sequence and are essentially the same in all 
joints, although some changes are characteristic of certain 
types of joints  [2 – 5] . 

 In any joint, a hemarthrosis can cause dissention of the joint 
capsule, and repeated bleeds will lead to synovial hypertrophy, 
effusion, and periarticular edema, which are changes that can 
appear as nonspecifi c soft tissue swelling in the X - ray images. 
Hemosiderin deposits develop and can occasionally be seen as 
dense areas in the images. Increased perfusion secondary to 
the infl ammatory reaction results in accelerated bone matura-
tion in children, and it also causes overgrowth of the epiphyses 
and periarticular osteopenia in both children and adults. 
Moreover, osteopenia can be aggravated by disuse. Irregularity 
of the subchondral bone arises, and progressing cartilage 
destruction leads to joint space narrowing. Marginal erosions, 
subchondral cysts, and destruction of subchondral bone may 
also occur (Figure  30.1 ). Eventually, without treatment, an 
end stage is reached that entails severe deformity and fi brous 
or bony ankylosis.   

 Ankles, knees, and elbows are the joints most often involved. 
Characteristic in the ankle is deformation of the talus accom-
panied by valgus deformity secondary to narrowing of the 
lateral part and widening of the medial part of the tibial epi-
physis. Typical changes in the knee are squaring of the patella 
and overgrowth of the femoral condyles with widening of 
both the intercondylar notch and the groove between the tibial 
spines. In the elbow, specifi c fi ndings include enlargement of 
the radial head and subsequent increase in the size of the radial 
notch of the ulna, as well as enlargement of the distal humerus 
along with widening of the olecranon fossa, which causes 
thinning of the bone wall, or even the formation of an ole-
cranon foramen. 

 The hips, shoulders, and wrists can also be affected by 
arthropathic changes, albeit less often, and involvement of 
other types of joints is rare. In the hip, vascular necrosis can 
lead to enlargement or resorption of the femoral head and in 
late stage thinning of the medial wall of the acetabulum, and 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.

     *   Bjorn Lundin is author of the two parts  “ MRI ”  and  “ Radiography ” , and 

Andrea Doria is author of the two parts  “ Ultrasonography ”  and  “ Novel 

imahing techiques ”  (including both new MRI and Ultrasonograpphy 

techniques)  



CHAPTER 30

192

(a) (b)

(c) (d)



IMAGING MODALITIES FOR ASSESSMENT OF HEMOPHILIC ARTHROPATHY

193

 Figure 30.1     Discrete osteopenia and slight epiphyseal enlargement 
representing mild arthropathic changes seen in frontal (A) and 
lateral (B) X - ray views of the left knee in a 12 - year - old boy with 
severe hemophilia B. More severe arthropathic changes including 

soft - tissue swelling of suprapatellar bursa, epiphyseal enlargement, 
an irregular subchondral surface, narrowed joint space, cysts, and 
joint deformity are seen in X - ray images (C and D) of the right 
knee of a 33 - year - old man with severe hemophilia A. 

acetabular protrusion, can appear. In the shoulder, fi rst 
enlargement and later atrophy of the humeral head may occur, 
and, in the wrist, luxation of the distal radioulnar joint sec-
ondary to growth disturbances can arise. Before the advent of 
modern treatment, there were also rare reports on involvement 
of the metacarpophalangeal joints of the hand, as well as 
changes in the posterior subtalar joints and enlargement of the 
sinus tarsi of the foot. 

 X - ray is used for planning and as a baseline examination 
before therapeutic measures such as arthrodesis and joint 
replacement. Importantly, X - ray imaging is also employed to 
follow the progression of an arthropathy as a means of moni-
toring the effects of clinical therapy and to achieve research 
evaluation of treatment effi cacy. The Arnold – Hilgartner scale 
 [2]  and the Pettersson score  [6]  are the two widely used radio-
graphic classifi cation systems for hemophilic arthropathy, and 
the World Federation of Hemophilia recommends the use of 
the latter system. Over the past decades, radiographic scoring 
has greatly aided appraisals of hemophilia care  [7,8] . However, 
X - ray imaging is limited in that it cannot detect the earliest 
arthropathic changes, and countries with well - developed 
healthcare systems are now in need of more sensitive methods 
for analyzing the therapeutic effi ciency and cost benefi ts of 
new intense factor prophylactic regimens for hemophiliacs  [9] .  

  Magnetic  r esonance  i maging 

 Magnetic resonance imaging (MRI) was introduced as a 
medical imaging modality in the 1980s, and, instead of being 
based on ionizing radiation as in X - ray imaging, it uses radio-
waves and magnetic fi elds  [10] . MRI provides images with 
high soft - tissue contrast in any plane, which is extremely 
valuable when evaluating musculoskeletal disorders  [1] . In 
hemophilia, MRI can be used to assess pseudotumors and 
intracranial, intraspinal, and intramuscular bleeds, as well as 
articular complications, but this chapter is focused on changes 
in joints. MRI has obvious advantages, and hence, when avail-
able, it should be the preferred modality in several situations. 
However, it should also be noted that MRI is a more advanced 
and costly technique and that in many settings it is less acces-
sible than X - ray imaging. In addition, the task of imaging is 
time consuming, which makes it diffi cult to investigate multi-
ple joints. 

 A gradient echo T2 *  - weighted sequence is often used in 
MRI analysis of joints in hemophiliacs. This sequence can 
visualize many of the changes that are of interest in hemophilic 
arthropathy, and it allows especially sensitive detection of 

hemosiderin owing to the artifactual signal loss caused by 
iron. Survey imaging with only a T2 *  - weighted gradient echo 
sequence is relatively fast and represents an option that can 
enable multiple joint investigations. Single joints are usually 
evaluated by imaging protocols that include combinations of 
images with different weightings and dedicated cartilage 
sequences, and that type of strategy reveals some types 
of lesions more effi ciently, but is more time consuming and 
therefore less practical for multiple joints  [11 – 19]   . The use 
of gadolinium contrast agent is sometimes warranted in 
other infl ammatory arthritis, such as rheumatoid arthritis, but 
so far investigators have not been able to confi rm similar 
advantages of this contrast agent in the evaluation of hemo-
philic arthropathy. 

 MRI visualizes early arthropathic changes such as hemar-
throses, effusions, synovial hypertrophy, hemosiderin depos-
its, and small focal cartilage defects without joint space 
narrowing, none of which are easily discerned by X - ray 
imaging. Furthermore, compared with X - ray investigation, 
MRI can, in many cases, provide more detailed information 
about more advanced changes, such as erosions, subchondral 
cysts, and cartilage destruction with joint space narrowing 
(Figure  30.2 ). MRI is not only more effective than X - ray 
imaging for detecting changes in joints after clinical bleeds, 
but it has also been shown to more often reveal changes in 
joints with no clinical evidence of hemarthroses, which indi-
cates that subclinical bleeds are more common than previously 
assumed  [20,21] .   

 MRI is useful for both clinical and research purposes. In 
equivocal cases of joint swelling, MRI can differentiate intra -  
and periarticular bleeds, effusion, and synovial hypertrophy 
even if ultrasonography can be a more cost - effective alterna-
tive. MRI can be helpful if data on factor level, anamnesis of 
hemarthroses, and physical examination are disproportionate. 
Joint changes as a result of subclinical bleeds in a patient with 
low factor levels but no or few known bleeds can indicate 
undertreatment and motivate introduction or increase of 
prophylaxis, and diagnostic work - up of a disproportionately 
symptomatic joint may reveal internal derangement such as 
ligament or meniscal tears or loose bodies, or other changes 
not necessarily related to hemophilia. Before performing 
synovectomy in therapy - resistant target joints, MRI can 
confi rm the presence of hypertrophic synovia and exclude 
alternative explanations for the numerous bleeds. It would 
be highly benefi cial if MRI could be employed to investigate 
the effectiveness of modern prophylactic factor regimens. 
The potential of MRI as an outcome measure in clinical trials 
has been demonstrated in a North American study comparing 
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 Figure 30.2     (A) Sagittal turbo - spin echo T2 - weighted MR image 
(same knee as in Fig.  30.1 A and B) revealing effusion (white 
arrows) and a small amount of synovial hypertrophy with hemosi-
derin deposits (black arrow). (B) A turbospin echo T2 - weighted 
sagittal image (same knee as in Fig.  30.1 C and D) showing large 
amounts of hemosiderin - laden hypertrophic synovia (large white 
arrows), cysts (black arrows) with loss of overlying cartilage, and 
bone erosion (small white arrows). (C) Sagittal gradient echo 
T2 *  - weighted image and corresponding (D) turbospin echo 

fat - suppressed T2 - weighted image of left ankle in 16 - year - old boy 
with severe hemophilia A showing synovial hypertrophy with 
hemosiderin deposits (black arrows), a subchondral cyst (large 
white arrow), and high signal bone edema (small white arrows). 
Note that hemosiderin is more conspicuous in the gradient echo 
T2 *  - weighted image because of artefactual  “ blooming, ”  and, on the 
other hand, the subchondral cyst and the bone edema are best 
visualized in the turbospin echo fat - suppressed T2 - weighted image. 

on - demand with prophylactic factor treatment  [21] . The main 
diffi culty with MRI assessment of hemophilic arthropathy is 
the long scan time required to image multiple joints, which 
makes the procedure unpractical and strenuous for the patient. 
Several different MRI scales for hemophilic arthropathy have 
been described in the literature  [14 – 19,22] , and in 2005 the 
International Prophylaxis Study Group (IPSG) presented a 
preliminary comprehensive scoring scheme  [16,23]  that com-
bined the pioneer Denver MRI scale  [14]  and the more detailed 
European MRI score  [15] . Further IPSG work is currently in 
progress with the aim of presenting a single scale for MRI 
scoring of hemophilic arthropathy.  

  Ultrasonography 

 Ultrasonography is a technique that measures the refl ection or 
transmission of ultrasonic waves. Computer calculation of the 
distance to the sound - refl ecting or absorbing surface plus the 
known orientation of the sound beam gives a two - dimensional 
image which is currently used in clinical practice. One of the 
fi rst real - time sonographic images was obtained by the surgeon 
John Wild at Middlesex Hospital in London in 1954 of a 
7 - mm cancer of the breast nipple  [24] . In the following 
decades, several technical implementations on ultrasonogra-
phy were accomplished including the development of high -
 frequency transducers and color and power Doppler techniques 
 [25] . The higher the frequency of an ultrasound transducer, 
the higher the spatial resolution of the corresponding image 
that is achieved, at the price of loss of capability of imaging 
deeper structures  [26] . Linear high - resolution probes are typi-
cally used (7 – 13   MHz) for assessing hemophilic joints  [27] , 
enabling the visualization of superfi cial musculoskeletal struc-
tures such as synovium, tendons, musculature, and the carti-
lage/osteochondral interface at the edge of the joints on 
grayscale sonograms. In addition, power Doppler sonography 
has the capability of measuring synovial vascularity in hemo-
philic joints. A recent study  [28]  has shown that measurements 
obtained with this technique correlate strongly with dynamic 
contrast - enhanced MRI measurements. 

 Given some limitations of the ultrasound technique, such as 
operator dependency, and partial visualization of the joints 
(superfi cial structures are extremely well seen in detriment of 
deeper structures which lie away from the imaging fi eld of 

view  ), the potential for this technique to assess hemophilic 
arthropathy has not been fully evaluated, and therefore this 
technique has been underutilized in clinical practice. Ultrasound 
has advantages over MRI, including lower cost of the exami-
nation, easier access in the clinical environment, no need for 
sedation in young children, and lack of interference of suscep-
tibility artifacts which are commonly seen on gradient - 
echo MRI sequences of hemophilic joints with hemosiderin 
deposition. Susceptibility MRI artifacts are represented by 
low signal intensity ( “ blooming ” ) that covers areas of hemo-
siderin deposition within the joint  [22] . These artifacts may 
obscure the synovium in the joint. Therefore, if a given patient 
had previous intra - articular bleeds and now presents with 
signifi cant hemosiderin deposition, gradient - echo MRI 
sequences cannot tell whether the patient has mild, moderate, 
or large synovial hypertrophy. The ultrasound technique, on 
the other hand, does not generate this artifact and therefore 
is able to quantitate the amount of synovial hypertrophy in 
the joint regardless of the amount of the hemosiderin deposi-
tion in this joint (Figure  30.3 ). This advantage of ultrasound 
over MRI is particularly important for evaluating the syn-
ovium status in hemophiliacs who are candidates for 
radiosynovectomy.   

 A technical challenge for acquisition of ultrasound images 
is the positioning of the transducer (angle of the ultrasound 
beam) on the patient ’ s skin  [27] . Since the images are gener-
ated by the sonographer who performs the examination, an 
inadequate position of the transducer may generate false - pos-
itive results for cartilage thinning, e.g., if the angle between 
the transducer and the horizontal plane lying over the joint 
becomes too small (Figure  30.4 ). Currently, few systematic 
protocols for ultrasound imaging acquisition of hemophilic 
joints are available in the literature  [27] . Without systematiza-
tion of imaging acquisition protocols it will not be possible to 
compare results of multicentric clinical trials performed in 
different institutions across the world in the future. Another 
current challenge for this technique relates to the interpreta-
tion of images. At this point, we are unaware of the sensitivity 
loss of the ultrasound technique compared with MRI with 
regard to the extent of tissues that can be evaluated by both 
imaging modalities. As such, although ultrasound evaluates 
superfi cial cartilage and osteochondral interfaces with great 
accuracy, it is unable to penetrate the deep tissues to provide 
information about the integrity of the central aspect of the 
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 Figure 30.3     Sagittal gradient - echo (a) and 
T2 - weighted (b) images of a hemophilic 
ankle show a mild amount of hemosiderin 
deposition and joint effusion. Only minimal 
 “ blooming ”  (susceptibility artifact) is noted 
within the posterior synovial recess of the 
ankle; however, the synovium is not 
promptly identifi ed on the gradient - echo 
images. A corresponding sonogram 
demonstrates the conspicuity of the 
sonographic technique which allows easy 
discrimination between synovium (echo-
genic,  “ white ” ), hemosiderin (hypoechoic, 
 “ gray ” ), and fl uid (anechoic,  “ black ” ). 

(a)

20
°

45
°

(b)
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Central view – 20°

Central view – 45°  Figure 30.4     Axial ultrasound images used 
to assess cartilage thickness of the distal 
femur in a hemophilic patient. The 
transducer position is illustrated in (a) and 
the corresponding ultrasound images for the 
same knee are shown for 20    °  angulation (b) 
and 45    °  angulation of the ultrasound 
transducer (c). The cartilage thickness is 
marked on both sonographic images with a 
short line.    Reproduced from  [27]  with 
permission.    

articular cartilage or the posterior patellar cartilage in the knee 
joint, for example. Moreover, no prior studies are available 
on the normal imaging appearance of ossifi cation centers in 
the ankle according to the expected child ’ s joint growth. An 

incorrect interpretation of normal fi ndings at different age 
groups of patients may lead to false - positive results for carti-
lage degeneration in unaffected hemophilic joints. Finally, 
great efforts have been made by different groups of investiga-
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tors across the world to develop MRI scales for assessment of 
hemophilic arthropathy  [14 – 19] . However, few ultrasound 
scales have been devised for evaluation of hemophilic joints 
 [29] . The development of a universal ultrasound scale for 
evaluation of soft tissues (synovial hypertrophy, hemosiderin 
deposition, and joint effusion/hemarthrosis) and osteochon-
dral tissues (changes in subchondral bone, joint margins, and 
cartilage loss) is ongoing. By comparing ultrasound and MRI 
on a head - by - head basis, it should be possible to quantitate 
the diagnostic sensitivity loss of ultrasound (for central aspects 
of the joint which affects especially the interpretation of car-
tilage loss and subchondral abnormalities). Further investiga-
tion will be required to determine whether the information 
missed by ultrasound is relevant for the clinical follow - up of 
hemophilic patients.    

  Novel  i maging  t echniques 

 Most of the techniques described below are experimental or 
have been tested only in a small number of hemophilic patients; 
however, they hold promise for early assessment of hemo-
philic arthropathy in the future upon completion of their 
clinical validation. 

  Magnetic  r esonance  i maging 

  Blood  o xygen  l evel -  d ependent ( BOLD )  m agnetic 
 r esonance  i maging 

 This is a noninvasive diagnostic technique that assesses the 
concentration of oxy -  and deoxyhemoglobin at the capillary 
level during functional activation by comparing the response 
of the tissue to hyperoxia stimulus. An activated (hyperoxic) 
state increases the concentration of oxyhemoglobin, thus 
reducing the concentration of deoxyhemoglobin, which serves 
as an intrinsic, oxygen - sensitive, paramagnetic marker  [30] . 
This technique detects temporal changes in the synovial 
response of the joint to a stimulus  [31]  and holds the potential 
to predict future synovial changes at an early stage of hemo-
philic arthropathy.  

  Ultrasmall  s uperparamagnetic  i ron -  o xide ( USPIO ) 
 c ontrast -  e nhanced  m agnetic  r esonance  i maging 

 Ultrasmall superparamagnetic iron - oxide (USPIO) particles 
have the property of superparamagnetism, which provides 
signal loss on gradient - echo images  [32] . Previous studies  [32]  
showed promising MRI results using USPIO particles to evalu-
ate phagocytic macrophage activity in experimental animal 
models of arthritis. Because of their small size, USPIO particles 
are able to extravasate through capillary pores and are well 
suited for targeting synovial macrophages  [33] . A technique 
capable of  in vivo  detection of phagocytic - active macrophages 

by means of iron oxide - associated signal effects may be a 
useful tool for surveillance of therapy. Preliminary studies on 
USPIO - DCE MRI conducted by our group of investigators 
demonstrated the feasibility of the technique in a rabbit model 
of hemophilia (unpublished data).  

  T1  m apping 

 Gadolinium - DTPA - enhanced T1 imaging is a technique sensi-
tive to the cartilage proteoglycan content  [34] , and has been 
widely used on  in vivo  and  ex vivo  tissues. This technique 
utilizes the negative charge of the paramagnetic contrast agent 
which is assumed to distribute into cartilage inversely to the 
fi xed charge density of glycosaminoglycans  [34] . Thus, T1 
relaxation time in presence of the contrast agent is approxi-
mately linearly related to the glycosaminoglycan content. This 
technique holds potential for detecting early cartilaginous 
changes (degeneration of glycosaminoglycans) prior to mac-
roscopic visualization of cartilaginous damage in hemophilic 
joints.  

  T2  m apping 

 Quantitative T2 mapping of articular cartilage is a noninva-
sive imaging technique that has the potential to characterize 
hyaline articular cartilage and repair tissue in hemophilic 
joints. Alteration in the orderly transition in T2 values within 
cartilage has been shown to correlate to changes in water 
content and changes in collagen structure and organization 
associated with hyaline articular cartilage degradation  [35,36] . 
This technique could serve as a proxy of collagen organization 
in the articular cartilage in hemophilic joints.   

  Ultrasonography 

  High -  r esolution/ u ltrasound  b iomicroscopy ( UBM ) 

 The development of higher frequency probes (13 – 20   MHz) 
has allowed the evaluation of skin thickness  [37] , hyaline 
cartilage, and intra - articular fi brocartilages and ligaments 
 [38] , and the assessment of cartilaginous changes undetectable 
macroscopically in arthritic joints  [39] . Intra - articular high -
 resolution probes may also be useful in the intraoperative 
assessment of hemophilic joints (synovectomy), demonstrating 
the real - time microscopic status of the articular cartilage 
during the surgical procedure.  

  Contrast -  e nhanced  u ltrasonography 

 Intravenous microbubble echo - contrast agents have the poten-
tial to further increase the sensitivity of the color and power 
Doppler signal by raising the intensity of weak signals to a 
detectable level and are specially suitable for measuring and 
detecting changes of low - volume, low - velocity blood fl ow in 
small vessels such as those of the synovium in joints  [40] .  
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  Positron  e mission  t omography ( PET ) 

  18 F - FDG is an analogue of glucose labeled with a positron -
 emitting isotope, fl uorine - 18 ( 18 F), which is the main radio-
pharmaceutical used for PET. The degree of cellular FDG 
uptake is related to the cellular metabolic rate and the number 
of glucose transporters  [41] . Imaging infl ammation with 
 18 F - FDG - PET is based on the fact that infi ltrated granulocytes 
and tissue macrophages use glucose as an energy source. When 
it is activated (infl ammation), metabolism and thus FDG 
uptake increases  [42] . Since hemophilia results in a noninfl am-
matory or minimally infl ammatory arthritis, the use of FDG 
PET/CT imaging techniques to characterize early physiologic 
processes in hemophilic arthropathy merits further research 
investigation.    
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  Introduction 

 The successful management of patients with hemophilia 
requires a coordinated multidisciplinary team approach that 
involves many professionals including doctors, nurses, coun-
selors, scientists, and physiotherapists. Good communication 
between team members is essential to provide optimal patient 
outcome and a thorough understanding of each other ’ s role is 
crucial. In the UK, the physiotherapist is an autonomous prac-
titioner responsible for the physical health and well - being of 
patients and can offer assessment, treatment based on physical 
methods, advice, and education. Ideally, one physiotherapist 
should have sole responsibility for providing the physiother-
apy service so enabling mutual trust and understanding to 
develop between the hemophilic patient and physiotherapist. 
The physiotherapist must have a thorough understanding of 
hemophilia including the medical management as well as the 
pathophysiologic effects of bleeding episodes and the develop-
ment of arthropathy. Owing to the complex presentations of 
many patients, the physiotherapist must possess advanced 
problem - solving skills and be equipped with a broad range of 
assessment and management techniques, drawing on current 
evidence where available. The physiotherapy service should be 
located in the hemophilia center or with easy access to the rest 
of the hemophilia team. Close links with local physiotherapy 
services also need to be developed for those patients who live 
too far to attend the hemophilia center for physiotherapy on 
a regular basis. 

 This chapter will begin by discussing the physiotherapy 
assessment and management approaches for adults and chil-
dren with hemophilia. Key issues relevant to the physiother-
apy management of patients with inhibitors and acquired 
hemophilia will then be considered. Finally, the outcome 
measures available to evaluate physiotherapy interventions so 
that robust evidence of effectiveness can be provided will be 
highlighted.  

  Adults with  h emophilia 

 All patients who present with musculoskeletal problems 
should be referred to the physiotherapist. Depending on local 
arrangements, patients may also be able to self - refer directly 
to the physiotherapist, and an assessment is made  [1] . The 
physiotherapist will undertake the initial assessment within a 
clinical reasoning framework drawing on evidence as appro-
priate. This assessment will establish baseline data regarding 
the patient ’ s problem; determine the source of the problem, 
any contributory factors, the presence of precautions or con-
traindications to physiotherapy; and identify the patient ’ s 
goals and expectations for physiotherapy management. The 
emphasis on a shared partnership between the patient and 
physiotherapist in determining the patient ’ s management is 
increasingly being recognized  [2] . 

  Physiotherapy  s trategies 

 The adult with hemophilia may present with an acute joint or 
muscle bleed, chronic synovitis, or arthropathy. The typical 
clinical presentation of acute bleeds, chronic synovitis, and 
arthropathy, aims of treatment, and possible physiotherapy 
strategies for each condition is outlined in Table  31.1 .   

 The effectiveness of factor replacement in the treatment of 
bleeds and the increasing use of home treatment programs 
means that many patients do not present to a hemophilia 
center when they experience a bleeding episode. However, 
this emphasis on self - management with a reliance on factor 
replacement only may mean that other strategies, such as 
graded exercise programs and education, are not employed. 
This may lead to minor persistent dysfunctions that are not 
detected on standard clinical tests that may predispose the 
patient to further trauma and, ultimately, deterioration in 
physical status  [3,4] . Restoration of range of movement, 
strengthening exercises, and proprioceptive training are being 
increasingly recognized as important areas to address in reduc-
ing bleeds and increasing function  [5 – 7] . 

 Patients may also present with musculoskeletal problems 
unrelated to hemophilia and it is important to keep an open 
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  Table 31.1    Physiotherapy management of musculoskeletal problems in hemophilia. 

        Clinical presentation     Aims of physiotherapy     Possible physiotherapy strategies  

  Acute joint bleeds     “ Aura ”  
 Pain 
 Swelling 
 Limitation of movement 
 Muscle inhibition  

  Relieve pain 
 Reduce swelling 
 Restore function to prebleed status 
 Prevent recurrence of bleeds  

  Advice on appropriate rest 
 Ice 
 Elevation 
 Electrotherapy 
 Graded exercise program 
 Modifi cation of activities 
 Advice and education  

  Acute muscle bleeds    Pain on palpation and 
stretching muscle 

 Limitation of movement 
 Bruising may be evident 
 Muscle inhibition/spasm 
 Neural compression  

  Relieve pain 
 Reduce swelling 
 Restore function to prebleed status 
 Prevent recurrence of bleeds  

  Rest 
 Ice 
 Elevation 
 Electrotherapy 
 Graded exercise program with appropriate 

muscle stretching 
 Modifi cation of activities 
 Advice and education  

  Chronic synovitis    Chronic effusion and 
thickening of the 
synovial membrane 

 Minimal pain 
 Severe muscle atrophy 
 Poor proprioception  

  Reduce swelling 
 Protect from further bleeding 
 Increase muscle strength and endurance 
 Improve coordination and proprioception 
 Maximize function  

  Electrotherapy 
 Supports/braces to protect joint in presence 

of muscle weakness 
 Graded strengthening program and correction 

of muscle imbalances 
 Proprioceptive retraining 
 Hydrotherapy 
 Advice and education  

  Arthropathy    Pain 
 Loss of range of movement 
 Muscle weakness 
 Contractures 
 Deformity 
 Bony or fi brous ankylosis  

  Relieve pain 
 Increase or maintain range of movement 
 Increase or maintain muscle strength and 

endurance 
 Improve coordination and proprioception 
 Maximize function  

  Mobilization of joints 
 Correction of muscle imbalances 
 Hydrotherapy 
 Splints and braces 
 Electrotherapy including transcutaneous 

nerve stimulation for pain relief 
 Advice and education  

   Based on Beeton  [18] .   

mind and not assume that all dysfunction is a result of bleed-
ing  [8] . A patient may, for example, complain of neck pain 
because of poor seating at work. The thorough assessment 
process by the physiotherapist aims to identify whether or not 
the problem is related to hemophilia, and to manage this 
appropriately.  

  Classifi cation of  a dult  p atients with  h emophilia 

 Adults with hemophilia can be grouped into four main catego-
ries (see Table  31.2 ) and this can have implications for their 
possible clinical presentation and subsequent physiotherapy 
management.   

 Patients with mild and moderate hemophilia are less likely 
than severely affected patients to have physical problems 
because of their hemophilia, and will often partake in more 
vigorous physical activities and sports. However, these patients 
do not generally have experience of bleeding episodes and may 
ignore or not recognize initial bleeding problems. These 
patients may not be able to administer their own factor 

replacement and may not seek help until the bleeding has 
become severe. The patient should be encouraged to seek 
advice promptly if a traumatic incident occurs. Delays in 
administering factor replacement can lead to long - term prob-
lems; even pseudotumors have been reported  [9] . All mildly 
and moderately affected patients should be reviewed at least 
on an annual basis by the physiotherapist to evaluate the 
musculoskeletal system and provide advice on appropriate 
physical activities. 

 Patients who have had long - term prophylaxis since a young 
age may have minimal joint dysfunction owing to the long -
 term benefi ts of factor replacement  [10] . Interestingly, like the 
mildly affected patients, these patients may also have limited 
experience of bleeds and this may promote more risk - taking 
behavior. Some patients can present with a target joint and 
may experience symptoms as a result of acute bleeds or early 
arthropathy. The ankle joint, rather than the knee, is increas-
ingly being identifi ed as the joint most commonly affected, 
especially in younger patients, although the reasons for this 
remain uncertain  [11] . Physiotherapy modalities, including 



CHAPTER 31

202

  Table 31.2    Impact of use of factor replacement on physical status   

   Group  
   Use of factor 
replacement     Physical status  

  Group 1    Patients with mild/
moderate hemophilia 
rarely have factor 
replacement  

  Few physical problems but 
can present late as may 
underestimate the effect of 
trauma  

  Group 2    Patients have been on 
long - term prophylaxis  

  Normal mobility 
 Minimal joint dysfunction or 

dysfunction not detectable 
on standard physical tests  

  Group 3    Patients on secondary 
prophylaxis with 
limited treatment in 
childhood and early 
years  

  Marked joint dysfunction 
involving one or two joints 

 May require joint 
replacement  

  Group 4    Patients may or may not 
have had prophylaxis, 
on - demand treatment, 
few — if any — bleeds 
now  

  Multiple joint involvement 
 Often not much pain, but 

stiffness and marked 
disability 

 May have had joint 
replacements in past  

manual techniques and correction of lower limb biomechanics 
by use of custom - made inserts, have been recommended in 
reducing symptoms  [12] . These patients may have few physi-
cal limitations but may have to restrict some activities to avoid 
symptoms or to prevent problems occurring. However, while 
the physical limitations may be minimal, the psychological 
impact of  “ appearing normal ”  but being unable to be involved 
in activities with peers may be considerable  [13,14] . 

 Patients who did not have access to factor replacement 
when they were younger may have marked musculoskeletal 
dysfunction in one or two joints which may be severely 
affected because of synovitis or arthropathy. The physiothera-
pist has a range of treatment strategies to offer depending on 
the patient ’ s preferences, previous benefi t from treatment, and 
available research evidence (see Table  31.1 ). Factor replace-
ment is usually administered prior to physiotherapy. Although 
physiotherapy can be provided without factor cover with care, 
it does enhance confi dence for both the patient and physio-
therapist, particularly when introducing new techniques and 
exercise regimes. If, following physiotherapy treatment, the 
symptoms are unchanged, then the patient should be referred 
for an orthopedic opinion. Joint clinics attended by all 
members of the team can be very valuable as shared discus-
sions with the patient can ensure the most appropriate man-
agement strategy. 

 The fi nal group of patients, who are often older, may have 
developed multiple joint arthropathy and demonstrate marked 
disability. Some of these patients may have severe pain and 
others little, if any, pain, although all patients are likely to 

have limited range of movement, deformity, and contractures. 
Their joints may bleed only a little, if at all. The aim of treat-
ment is focused on maximizing function and adapting to limi-
tations with appropriate strategies such as pacing activities, 
exercise programs, and avoiding aggravating activities. If the 
limitation of movement is as a result of contractures and the 
end feel of the joint is hard and bony, manual physiotherapy 
techniques may have limited benefi t. Patients often learn 
appropriate strategies to manage their limitations and in doing 
so mask their disability. It is important to discuss the strategies 
that patients use. The physiotherapist may be able to suggest 
other strategies and can also advise on exercise programs and 
appropriate activities to maintain physical fi tness and cardio-
vascular function. In addition, patients may be at risk of 
osteoporosis because of inactivity as a result of hemophilic 
arthropathy  [15] . For patients with severe pain not helped by 
physiotherapy, orthopedic surgery can offer considerable 
improvements in pain and function and improve quality of life 
 [16] . The physiotherapist plays an important role in the pre -  
and postoperative periods in order to assist the patient in 
achieving optimal recovery  [17] .   

  Children with  h emophilia 

 The main aim of the physiotherapy management of children 
with hemophilia is to minimize the long - term musculoskeletal 
effects of hemophilia. This can be achieved by: 
   •      early detection and physiotherapy treatment of bleeds;  
   •      offering education and support to enable children and their 
parents to have a thorough understanding of the condition; 
and  
   •      advising on appropriate activity and sport to reduce the risk 
of bleeds.    

 Advances in early identifi cation of joint damage in children 
have provided physiotherapists with the opportunity of early 
intervention. Particular advances include the Haemophilia 
Joint Health Score    [18] , developed to detect more minor joint 
changes that tend to occur in younger patients, and a single 
international MRI scoring system to detect and assess mild 
structural joint changes  [19] . Early changes in gait patterns in 
boys with severe hemophilia have also been identifi ed using 
an electronic pressure - sensitive walkway. This device has 
appeared sensitive enough to identify subclinical changes in 
the gait pattern occurring in asymptomatic children as well as 
those with arthropathy  [3] . 

 Primary prophylaxis has been recommended by the World 
Federation of Hemophilia (WFH) as the optimum treatment 
for children  [20]  as the effects of bleeding in young joints can 
be considerable  [21] . However, prophylaxis can be demand-
ing, particularly for very young patients  [22] , and more 
recently an individualized and tailored regime according to the 
bleeding pattern has been recommended  [23] . 

 The physical assessment will identify the musculoskeletal 
dysfunctions that need to be addressed in order to devise an 
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appropriate individualized exercise regime based on the goals 
and expectations of the child and their parents. Where the 
expectations and goals are inappropriate then a careful expla-
nation should be offered and if necessary the involvement of 
an experienced counselor may be required  [24] . 

 Hydrotherapy has been shown to have positive effects in 
reducing bleeding frequency, pain, and instability in a target 
joint and also improving range of movement and muscle girth 
 [25] . It is a stimulating environment for most children and an 
excellent aerobic exercise; however, it may entail some risk 
for patients with severe hemophilia who experience hemar-
throses in their elbows and shoulders  [26] . 

 The use of electrotherapy modalities, particularly ultra-
sound and pulsed shortwave, in children is an area where there 
is controversy. It is a widely held view that it is acceptable to 
treat children with electrotherapy. However, there is a theo-
retical risk that some modalities of electrotherapy may affect 
the epiphyseal growth plates and that it should be avoided 
where there is an active bleed or the possibility of a re - bleed. 
It is important to determine whether the theoretical risk of 
electrotherapy outweighs the risks of not using electrotherapy 
and the joint dysfunction that may ensue  [27] . 

 In a study of Dutch children with moderate or severe hemo-
philia on prophylaxis, it was identifi ed that they were compa-
rable with healthy children in terms of joint motion, muscle 
strength, motor performance, and skills in activities of daily 
living  [13] . Therefore, physical exercise and sports should be 
encouraged. The benefi ts and risks of different types of exer-
cise need to be considered, as more vigorous activity may carry 
risk of trauma, but this must be balanced against benefi ts to 
the musculoskeletal system  [28] . 

 The National Haemophilia Foundation and the WFH have 
produced guidelines for physical activity programs, and the 
safety of sports has been classifi ed according to risk  [29] . An 
orthopedic examination and fi ve - item fi tness check has been 
developed to assess physical ability so that the most appropri-
ate sport can be chosen for the individual. Care needs to be 
taken to avoid introducing children to activities that place 
undue stress and strains upon their joints whilst recognizing 
that activity choices can be expanded as children age and 
coordination and strength develop  [30] . 

 In developing countries where factor replacement and access 
to specialized assessment tools are not available, it is still 
important to exercise as there is some evidence that exercise 
increases levels of circulating blood factor  [31] . Exercise also 
has other benefi ts and although the choice of sports that chil-
dren can participate in may be limited, activities should still 
be encouraged. Some hemophilia societies operate summer 
camps aiming to build children ’ s self - confi dence, encourage 
independence, build friendships, develop leadership skills, and 
instill team - building qualities  [32] . 

 The World Health Organization has declared obesity a 
global epidemic. Sedentary lifestyles are becoming more wide-
spread; individuals are spending greater amounts of time 
watching television, using computers, and using  “ passive ”  

modes of transportation  [33] . Obesity in boys with hemo-
philia has tripled in the last few years. This can aggravate 
symptoms of arthropathy and may predispose to cardiac 
disease and affect quality of life. This needs to be addressed 
and measures put in place to prevent weight gain  [34] .  

  Patients with  i nhibitors/
 a cquired  h emophilia 

 This section will discuss some of the key issues that need to 
be considered when undertaking physiotherapy for patients 
with inhibitors and acquired hemophilia. Patients with inhi-
bitors present a particular challenge to all members of the 
multidisciplinary team  [35] . It is, therefore, particularly 
important that the physiotherapist has considerable knowl-
edge of the manifestations of hemophilia and possible medical 
treatment options before managing these patients. It has been 
reported that these patients may experience more pain and 
disability than other patients with hemophilia because of poor 
control of bleeding  [36]  and therefore assessment by a physi-
otherapist is even more crucial. However, concerns about the 
ease with which spontaneous bleeds may occur may deter 
members of the team from referring to the physiotherapist and 
physical dysfunction and pain that could be improved may go 
unmanaged. 

 The physiotherapist may be the fi rst person to query whether 
a patient may have developed an inhibitor. Careful question-
ing will alert the physiotherapist that the bleed is not resolving 
or the patient may be complaining of frequent bleeds in spite 
of regular and adequate factor replacement, and a medical 
opinion should be sought  [1] . Once the patient has been diag-
nosed with an inhibitor there is much that the physiotherapist 
can offer. Bleeds may or may not be treated with factor 
replacement depending on whether the patient has a high -  or 
low - titer inhibitor (measured in Bethesda units) and whether 
the patient is a low or high responder  [37] . All patients 
must be managed with considerable care as the type of inhibi-
tor present can change over time  [37]  and it is always essential 
to avoid causing bleeds or exacerbating further bleeding 
episodes. 

 Following an acute muscle or joint bleed, a very limited 
physical examination should be performed. This may include 
only observation of posture and extent of bruising, if any, and 
measurement of swelling and active pain - free movement. For 
the treatment of acute bleeds, synovitis, and arthropathy, 
similar techniques and modalities as used for adults and chil-
dren with hemophilia can be employed provided that there is 
no active bleeding, all movements are pain free, and exercises 
are progressed cautiously. The key issue in the physiotherapy 
management for the patient with inhibitors is to avoid exacer-
bating the bleeding, therefore: 
   •      it is particularly important to ensure the bleeding has 
stopped before starting physiotherapy;  
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   •      physiotherapy assessment and treatment should be carefully 
timed to occur when factor levels are highest if factor replace-
ment is being administered;  
   •      electrotherapy modalities should be used with care only 
when bleeding has ceased  [27] ;  
   •      a carefully controlled, graded exercise program should be 
followed, starting with isometric exercises with low repeti-
tions and progressing slowly based on response to exercises 
and patient comfort; and  
   •      high - resistance and high - impact exercises are contraindi-
cated  [35] .    
 Many patients with long - term inhibitor problems will have 
multiple joint arthropathy as a result of uncontrolled bleeding. 
Surgery may not be a possibility for some of these patients 
and conservative measures may be the only option in relieving 
symptoms and maximizing function  [38] . Advice and educa-
tion are essential to help the patient develop strategies to 
minimize stress on joints and control pain. Simple exercise 
regimes to build up muscle strength and maintain, and if pos-
sible increase, mobility should be provided. Hydrotherapy can 
be a particularly useful adjunct as the buoyancy of the water 
can relieve weight bearing and enable the patient to move 
more freely. It is essential that patients do not overexercise in 
the hydrotherapy pool, particularly in the early stages of reha-
bilitation as the warm water and weightlessness can promote 
overconfi dence. The patient needs to have an appropriate 
lifestyle and physical activities need to be chosen with care. 
Sports such as tai chi may still be enjoyed, facilitating muscle 
strength and good postural control as well as promoting the 
psychological benefi ts of exercise  [39] . Some sports can be 
performed in sitting rather than standing positions, thus 
reducing the weight - bearing stresses on lower limb joints 
affected by arthropathy  [40] . 

 Patients with acquired inhibitors may develop severe bleeds 
often affecting the muscles. Left untreated, these muscle 
hematomas can lead to contractures and compartment 
syndromes  [35] . The acquired inhibitor may have occurred 
secondary to other medical conditions such as rheumatoid 
arthritis. These additional medical problems need to be con-
sidered when planning treatment. Patients may be very fright-
ened and anxious about the bleeding problem and may require 
a great deal of reassurance and appropriate explanations. 
Treatment is focused on managing the symptoms of bleeds 
using the strategies described above and providing advice on 
avoiding or minimizing problems in the future. 

  Outcome  m easures 

 It is important that an appropriate tool is chosen to evaluate 
the impact of physiotherapy in order to demonstrate the effec-
tiveness of therapeutic interventions. It is essential, therefore, 
that the measures used are reliable, valid, and sensitive to 
change  [41,42] . Three main types of outcome measure are 
available. These are impairment measures, functional meas-
ures, and quality of life measures. 

  Impairment  m easures 

 Measures of impairment include the evaluation of a range of 
physical testing procedures including posture, range of move-
ment, and muscle strength. The advantage of using an impair-
ment measure to evaluate outcome is that these measures are 
relatively easy and quick to perform. The disadvantages of 
these measures can be the poor reliability of measurements 
especially between different raters  [42] . Changes in measures 
may also not correspond to changes in a patient ’ s function or 
quality of life. The WFH scale has traditionally been used to 
measure impairment in hemophilia  [43] ; however, it does not 
appear to be sensitive enough to detect the more minor changes 
that tend to occur in younger patients. The Haemophilia Joint 
Health Score (HJHS) has been developed to address these 
concerns, and in a small inter - rater study it has demonstrated 
good reliability  [18] . 

 It is recommended that all patients with hemophilia are 
monitored over time. Ideally, a 6 - month or, at the minimum, 
yearly review should be undertaken  [44] . Physical impairment 
measures can be useful when evaluating the progression of 
hemophilic arthropathy. If deterioration in range of move-
ment, strength, or other impairment measure is noted, physi-
otherapy interventions can be instigated to improve this.  

  Functional  m easures 

 These measures can be used to provide information on a 
patient ’ s functional health status. The advantage of functional 
measures is that they assess the ability to undertake tasks of 
daily living that is usually of relevance to the patient as well 
as the physiotherapist. Two hemophilic specifi c functional 
measures are available. These are the Haemophilia Activities 
List (HAL), a self - assessment questionnaire which has under-
gone extensive psychometric testing  [45] , and the Functional 
Independence Score for Haemophilia (FISH), a performance 
measure  [46] . Both of these instruments can be administered 
to patients as they measure different constructs of function 
 [47] .  

  Quality of  l ife  m easures 

 A proliferation of hemophilia - specifi c quality of life question-
naires have been developed over recent years for both adults 
and children. Increasingly, patients have been involved in the 
development of these questionnaires, ensuring that the ques-
tions asked are relevant to patients  [48] . Overall, studies have 
generally demonstrated lower quality of life scores in patients 
with hemophilia compared with normal population fi gures. 
However, a number of authors have suggested that scores 
were expected to be even lower than those achieved  [49 – 51] . 
Various reasons have been proposed to explain this fi nding 
including adapting to condition, re - evaluating priorities, and 
coping strategies. This suggests caution of the use of standard-
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ized quality of life questionnaires in isolation. Understanding 
the patient experience using interviews and focus groups may 
provide valuable information on the impact of hemophilia for 
an individual  [52]  and also for the families  [14] .    

  Conclusion 

 The physiotherapist needs to adopt a problem - solving, clini-
cal - reasoning approach and to refl ect on the outcomes when 
managing musculoskeletal dysfunction in patients with hemo-
philia. Patients with hemophilia are often experts and there is 
much to be learnt from listening and talking to the patient and 
developing appropriate treatment strategies based on mutually 
agreed goals. However, not all patients will necessarily have 
experience of hemophilia, such as patients with mild hemo-
philia or those who have recently developed an inhibitor or 
acquired hemophilia. Other patients may have denied their 
hemophilia and continued to adopt an inappropriate lifestyle. 
These patients need careful explanations, encouragement, and 
regular monitoring of their problems. Finally, a valid, reliable, 
and sensitive outcome measure must be used in order to 
provide an objective measure of the effectiveness of the physi-
otherapy treatment. Physiotherapists should be encouraged to 
disseminate their outcomes so enhancing the evidence base 
and promotion of best practice in the physiotherapy manage-
ment of hemophilia.  
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     In the management of chronic incurable diseases, assessment 
of long - term outcome becomes particularly important, not 
only to document the impact of the condition on the indi-
vidual, but also to compare different treatment strategies. In 
other chronic disorders that predominantly affect the joints, 
such as rheumatoid and osteoarthritis, various generic and 
disease - specifi c clinimetric instruments have been used for a 
long time — to assess not only joint structure, but also overall 
musculoskeletal function  [1] . While the same approach should 
apply to patients with hemophilia, this has not been the case. 
Since the development of the clinical and the radiologic 
Pettersson score introduced by the Musculoskeletal Committee 
of the World Federation of Hemophilia (WFH) in the 1980s 
to assess joints affected by recurrent hemarthrosis, there has 
been very little progress  [2,3] . In addition to being insensitive 
to early change, these scores fail to assess the impact of inter-
ventions on the overall health of the individual — in terms of 
activities of daily living, functional ability, schooling, work 
and social life, and quality of life  [4] . Over the years, there 
has been a shift in the philosophy of outcome measurement, 
from the  “ biomedical model ”  — where changes in structure 
was the primary outcome measure, to an assessment in terms 
of the disablement process as conceptualized by the  “ bio -
 psychosocial model ”   [5] . It has only been over the last 5 years 
that  “ disease - specifi c ”  tools to assess functional ability and 
quality of life have been developed to assess the other aspects 
of health that have previously not been addressed comprehen-
sively  [4] . With the array of tools available to assess the effi -
cacy of therapeutic interventions, it is essential that the 
researcher is aware of the psychometric properties of the clini-
metric instruments used, as well as their limitations.  

  Musculoskeletal  a ssessment: 
 o utcome  m easurement 

 To assess the impact of disease on the health of the individual, 
two major conceptual frameworks have been used. The 
Disablement Process (DP), as described by Verbrugge and 

Jette, measures outcome in terms of four domains:  Pathology , 
which refers to chemical and physiologic abnormalities 
detected;  Impairments , which refers to dysfunction and struc-
tural abnormalities in specifi c body systems;  Functional 
Limitation , which is restrictions in performing physical and 
mental actions used in activities of daily life; and  Disability , 
which refers to the diffi culty doing activities in any domain of 
life because of the health problem  [5] . According to the 
International Classifi cation of Functioning, Disability, and 
Health (ICF) one needs to assess the impact of the disease on 
 body structures and functions ,  activities , and  participation  
(Figure  32.1 )  [6] . Body structures are parts of the body such 
as organs, limbs, and their components. Body functions are 
defi ned as the physiologic functions of these systems, such as 
range of motion (ROM), strength, and instability.  Activities  
involve executing tasks or actions, and a range of activities 
that can be performed by the individual are covered. 
 Participation  is defi ned as involvement in a life situation, such 
as sport, leisure, work, or social events. The ICF provides a 
single list of activities and participation in nine domains. 
According to their needs and purposes, investigators can des-
ignate some domains as activities and others as participation, 
without overlap; alternatively, they can designate all domains 
to be potentially both activities and participation, and use 
qualifi ers to differentiate the data. The components of the list 
can be affected by  contextual  factors, which represent a per-
son ’ s background, and include both  environmental  and  per-
sonal  factors. Environmental factors comprise the physical, 
social, and attitudinal environment in which an individual 
lives and conducts day - to - day activities. They include social 
attitudes, architectural characteristics, and social and legal 
structures, as well as climate and terrain. Personal factors 
include aspects of an individual ’ s life that are not necessarily 
part of the health condition or health status, such as age, sex, 
and indigenous status. The concept of  quality of life  (QoL) is 
complex, and embraces many characteristics of the social, 
economic, and physical environment, as well as the health and 
internal state of the individual  [6] .   

 Drawing parallels between the two frameworks, in order to 
measure outcome, one needs to assess the impact of the 
 Disease  (health condition/pathologic changes) on the indi-
vidual ’ s  Body  (in terms of impairments/changes in body func-
tion and structure), as well as in terms of the effect it has on 
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clinimetric instruments in hemophilia have been discussed 
under three broad sections: those that evaluate the structure 
and function of individual joints (the Body) — the clinical and 
radiologic score; those that assess the limitation in activities 
and functional independence — both subjectively and objec-
tively (the Person); and those that assess his participation in 
life activities and quality of life (Society).    

  Musculoskeletal  o utcome: the  b ody —
 assessment of  s tructure and  f unction 

 Until recently, most long - term musculoskeletal outcome 
studies have used clinical and radiologic scores, in addition to 
the number and frequency of bleeding episodes, to determine 
the effi cacy of different treatment regimes  [7 – 10] . With the 
advent of early prophylaxis, the incidence of joint arthropathy 
has signifi cantly reduced  [7 – 10] . As the aim of therapy changed 
from preventing severe joint damage to maintenance of a 
normal joint with prophylactic therapy, it became necessary 

Health condition
(disroder or disease)

Activity Participation

Personal factorsEnvironmental
factors

Body functions
and structures

 Figure 32.1     Interactions between the components of the 
International Classifi cation of Functioning, Disability, and Health. 
Reproduced with permission from  [6] . 
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 Figure 32.2     Parallels between the 
Disablement Process (DP) and the 
International Classifi cation of Functioning, 
Disability, and Health (ICF). 

the  Person , in terms of his functional limitations and diffi culty 
in performing activities of daily life. Equally important is the 
assessment of the impact of the disease on his involvement in 
 Society  (Figure  32.2 ). In keeping with this framework, the 
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  Table 32.1    Physical joint examination score endorsed by the Orthopaedic Advisory Committee of the World Federation of Hemophilia ( WFH ) 
 [3] . 

   Physical fi nding     Score     Scoring key  

  Swelling    0 or 2+ (S)    0   =   none  
  2   =   present  
  S if chronic synovitis present  

  Muscle atrophy    0 – 1    0   =    ≤ 1   cm  
  1   =   present  

  Axial deformity (measured at knee and ankle only)  
  Knee    0 – 2    0   =   0 – 7 °  valgus  

  1   =   8 – 15 °  valgus or 0 – 5 °  varus  
  2   =    > 15 °  valgus or  > 5 °  varus  

  Ankle    0 – 2    0   =   no deformity  
  1   =    ≤ 10 °  valgus or  ≤ 5 °  varus  
  2   =    > 10 °  valgus or  > 5 °  varus  

  Crepitus on motion    0 – 1    0   =   none  
  1   =   present  

  Range of motion    0 – 2    0   =   loss of  < 10% of total FROM (full range of movement)  
  1   =   loss of 10 – 33% of total FROM  
  2   =   loss of  > 33% of total FROM  

  Fixed contracture    0 or 2    0   =    < 15% fi xed fl exion contracture  
  2   =    ≥ 15% fi xed fl exion contracture at hip and knee and equinus at ankle  

  Instability    0 – 2    0   =   none  
  1   =   present, but neither interferes with function nor requires bracing  
  2   =   instability that creates a functional defi cit or requires bracing.  

  Total    0 – 12    Ankle or knee  
  0 – 10    Elbow  

to improve these tools, and develop new ones, to make them 
more sensitive to early changes. 

  Physical  e xamination  s cores 

 Physical joint assessment is commonly used in literature to 
measure structural and functional joint damage, as it is readily 
available and inexpensive. ROM has been the most commonly 
used physical outcome measure for evaluating the effects of 
intervention on joint health  [11,12] . As more medical and 
surgical methods to improve function became available, it 
became necessary to develop an instrument that could assess 
a wider spectrum of physical changes that occur as a result of 
joint damage. With this in mind, the WFH endorsed the physi-
cal examination (PE) scale (Table  32.1 ). This scoring system, 
fi rst described in 1985  [3,13] , evaluates ROM, fl exion deform-
ity, swelling, crepitus, muscle wasting, instability, and axial 
deformity in the six major joints (i.e., ankles, knees, and 
elbows). A score of zero denotes a normal joint. The ankle 
and knees can score as high as 12 points, and the elbows a 
maximum of 10 — giving a total of 68 for the six joints. Each 
joint is also scored for pain (0 – 3), and in some studies this has 
been added to the total score (Table  32.2 ). However, this scale 
was adopted and recommended for routine use at a time when 
most hemophilia patients in Western countries used much 

  Table 32.2    Pain instrument recommended by the Orthopaedic 
Advisory Committee of the World Federation of Haemophilia 
( WFH ). 

        Score     Scoring key  

  Pain    0 – 3    0   =   no pain, no functional defi cit, no analgesic use 
except with acute hemarthrosis  

  1   =   mild pain, does not interfere with occupation 
nor with activities of daily living; may require 
occasional non - narcotic analgesics  

  2   =   moderate pain, partial or occasional interference 
with occupation or activities of daily living  

  3   =   severe pain. Interferes with occupation or 
activities of daily living, requires frequent use of 
non - narcotic and narcotic medications  

lower quantities of replacement therapy than they do now. In 
the Orthopaedic Outcome Study, reported in 1994, 90% of 
patients with hemophilia demonstrated changes in their joints, 
as assessed by radiologic and physical examination scores  [9] . 
As larger quantities of factor concentrates were used for 
replacement therapy, and as the frequency of bleeding was 
reduced with the use of primary prophylaxis, more joints 
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maintained zero (normal) scores on the WFH PE scale  [14] . 
In addition to this lack of sensitivity, the original WFH 
score has several other shortcomings. For instance, it does 
not take into account the normal physiologic changes that 
occur in children (i.e., changes in hyperextensibility, axial 
deformity, and muscle bulk differences between dominant and 
nondominant limbs)  [15] . Furthermore, the score does not 
assess strength — an important function that affects physical 
activity.   

 These observations provided the impetus to develop new 
scoring systems with improved sensitivity and the ability to 
detect earlier deterioration in joint function. One such system 
was the Colorado PE instruments (full and half point), 
described by Manco - Johnson  et al.   [15] . Development of this 
scale involved modifi cation of the WFH PE score (addition of 
one grade) to make it more sensitive in the areas of swelling, 
muscle atrophy, crepitus, ROM, and fl exion contracture. 
Evaluations of gait and strength were also added, with strength 
being assessed using functional (rather than confrontational) 
tests. The same group also described the Young Child Scale 
 [15] , in which pain is assessed using the Wong Baker Faces 
Pain Scale. The PedNet group also introduced another tool 
based on the WFH PE score (the Stockholm instrument) in an 
attempt to increase the sensitivity of physical assessment  [16] . 

 Subsequently, these scores were combined by the Inter-
national Prophylaxis Group (IPSG) to produce the Hemo-
philia Joint Health Score (HJHS) (Table  32.3 ). The aim was 
to produce a score that would be sensitive to early change, 
account for normal development in children, and be reliable, 
valid, and practical to administer. The initial validity was 
assessed in eight pediatric patients, and the interobserver coef-
fi cient (as assessed by scoring the patients on two consecutive 
days) was found to be 0.83, and the reliability of the test was 
found to be excellent  [17] . Following a multicenter validation 
study, a second version was developed by removing or modify-
ing redundant or less sensitive items (P. Hilliard, The Hospital 

for Sick Childre, Toronto, Canada,   personal communication). 
The score for joint pain has been altered (to a score of either 
0, 1, or 2), and the score for axial alignment, joint instability 
and gait have been removed, giving a total possible score of 
20 for each joint, in addition to a maximum score of 4 for 
assessment of global gait. The HJHS will need further evalu-
ation in other patient populations and in other centers not 
involved in its design to be able to assess its applicability and 
usefulness in patient care and research.  

  Radiologic  s cores 

 De Palma, in 1956, and Jordon, in 1958, described the char-
acteristic X - ray abnormalities seen in hemophilic arthropathy 
 [18] . De Palma proposed four classes of joint destruction 
based on a combination of roentgenographic and clinical 
manifestations  [18] . In 1977, Arnold and Hilgartner refi ned 
this classifi cation into fi ve stages  [19] . Wood proposed a radi-
ologic classifi cation in 1969, but several parameters he 
described pertained to soft - tissue changes seen in the acute 
stage of hemarthrosis  [20] . In 1980, Pettersson created a 
scoring system based on the degree of joint destruction, as 
assessed by radiologic changes seen in the six most commonly 
affected joints (i.e., the knee, elbow, and ankle joints)  [2] . This 
was incorporated into the fi rst joint - scoring system endorsed 
by the World Federation of Hemophilia (WFH)  [2,3,13]  — a 
system that has so far been the standard for long - term outcome 
measurement in hemophilia (Table  32.4 ).   

  Table 32.3    Functional Independence Score in Haemophilia ( FISH ) 
 [34] . 

   Self - care     Transfers     Locomotion  

  Eating and grooming    Chair    Walking  
  Bathing    Squatting    Step climbing  
  Dressing        Running  

   Score from 1 – 4 in each area:  

     4     The subject is able to perform the activity without any diffi culty like 

other healthy peers.  

  3     The subject is able to perform the activity without aids or assistance, 

but with slight discomfort. He is unable to perform the activity like his 

healthy peers.  

  2     The subject needs partial assistance/aids/modifi ed instruments/modifi ed 

environment to perform the activity.  

  1     The subject is unable to perform the activity, or needs complete 

assistance to perform the activity.      

  Table 32.4    World Federation of Haemophilia Pettersson scale of 
hemophilic arthropathy. 

   Type of change     Finding     Score  

  Osteoporosis    Absent    0  
  Present    1  

  Enlarged epiphysis    Absent    0  
  Present    1  

  Irregular subchondral surface    Absent    0  
  Partially involved    1  
  Totally involved    2  

  Narrowing of joint space    Absent    0  
  Joint space  > 1   mm    1  
  Joint space  < 1   mm    2  

  Subchondral cyst formation    Absent    0  
  One cyst    1  
  More than one cyst    2  

  Erosion of joint margins    Absent    0  
  Present    1  

  Gross incongruence of articular 
bone ends  

  Absent    0  
  Slight    1  
  Pronounced    2  

  Joint deformity (angulation 
and/ or displacement between 
articulating bones)  

  Absent    0  
  Slight    1  
  Pronounced    2  

   Possible joint score          0 – 13   

    Reproduced from  [2]  with permission from Wolters Kluwer Health.   
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 The introduction of more intensive prophylaxis in younger 
children enabled joints to be maintained at a stage where no 
radiologic changes could be detected  [7,8] . As more patients 
maintained scores of 0 (normal joints), it became evident that 
conventional radiographs were insensitive to early changes in 
the hemophilic joint. Consequently, scoring systems based on 
magnetic resonance imaging (MRI) were developed. These 
could detect changes to the joint before they were apparent in 
X - rays. Changes observed by MRI were fi rst described in 1986 
by Kulkarni  et al.   [21] , and several other reports of MRI use 
soon followed. The Denver scale  [22] , the European scale used 
by the Pediatric Network for Hemophilia Management 
(PedNet)  [23] , and the scale currently being developed by the 
International Prophylaxis Study Group (IPSG)  [24]  are all 
examples of scores based on MRI changes. These scoring 
systems will be important in assessing minimal joint arthro-
pathy. However, the implications of minor changes in MRI/
radiologic scores in terms of individual joint function and 
overall long - term musculoskeletal functional ability remain to 
be determined. Further, the cost and time involved in measur-
ing the six major joints will make it diffi cult to be accepted as 
a standard assessment tool in long - term outcome studies in 
most centers around the world. 

 Other alternatives, such as the ultrasonographic evaluation 
of the soft - tissue changes in hemophilic arthropathy, are cur-
rently under study  [25] . The signifi cance of the soft - tissue 
changes seen in the hemophilic joints need to be correlated 
with the severity of the disease, and the clinical signifi cance of 
the various changes need to be assessed. Its role in detecting 
early joint damage needs to be assessed. Ultrasonographic 
examination, along with plain radiography, may offer addi-
tional information, especially in settings where MRI is not 
available.   

  Musculoskeletal  o utcome: the  p erson —
 assessment of  a ctivities and  f unctional 
 i ndependence in  h emophilia 

 Until recently, assessment of musculoskeletal function in 
hemophilia relied predominately on the clinical and radiologic 
measurement of structural changes in individual joints. There 
are several limitations with this approach. For those on proph-
ylaxis with different doses of factors, the clinical signifi cance 
of small differences noted in these scores was unclear. Also, 
for those on different levels of on - demand replacement 
therapy, where there is greater joint damage, the clinical sig-
nifi cance of differences in the scores is not clear  [4,26] . Taking 
into account both these situations, it became essential to 
develop instruments that would assess other areas of muscu-
loskeletal function as well. Several validated outcome instru-
ments are available to assess functional independence in 
patients with other arthritic conditions  [27 – 29] . Some of these 
measure patients ’  general health status, while others measure 
outcomes specifi c to an organ or disease condition. Several of 

the instruments have been used to assess patients with hemo-
philia. The Short Form of the Medical Outcomes Study (SF -
 36)  [27]  and the Sickness Impact Profi le (SIP)  [28]  do not refer 
to any specifi c disease, but provide information relating to 
general health. The Western Ontario McMaster Questionnaire 
(WOMAC)  [29]  was originally designed to be used in patients 
with osteoarthritis, while the Stanford Health Assessment 
Questionnaire (HAQ)  [30]  and the Childhood Health 
Assessment Questionnaire (CHAQ)  [14]  are used primarily for 
patients with juvenile rheumatoid arthritis. De Kleijn  et al . 
identifi ed 34 clinimetric instruments that have been used to 
assess the functional health status in persons with hemophilia 
 [31] . Thirty - three instruments were classifi ed according to the 
ICF, of which 17 measured body function and structure, 12 
measured activities, and four measured participation. Of those 
that measured activities, none were validated for use in hemo-
philia, and none were performance based. They concluded 
that assessment of functional health in persons with hemo-
philia needs further development. In another review of 40 
clinimetric instruments used in rheumatoid arthritis and oste-
oarthritis, it was found that only four instruments (EPM -
 ROM, AIMS - 2, SF - 36, and WOMAC) had been assessed fully 
for their psychometric properties  [1] . 

 In 2004, Van Genderen  et al . started developing the 
Haemophilia Activities List (HAL), a hemophilia - specifi c self -
 assessment questionnaire to assess functional abilities in 
hemophilia  [32] . The fi nal version was subsequently validated 
in 2006  [33] . Initially, over 150 adult patients with severe 
hemophilia were interviewed and asked for their main prob-
lematic activities in daily life. These activities served as items 
for the questionnaire. Subsequently, several focus groups com-
mented on the HAL and adjustments were made to its content 
 [32] . Further research, focusing on statistical analyses, fi nally 
resulted in a 42 - item questionnaire with good convergent 
validity ( r    =   0.47 – 0.84)  [33] . The construct validity of the 
HAL when compared with four performance - based tests was 
generally lower ( r    =   0.23 – 0.77), as was expected  [33] . The 
internal consistency of the HAL was also found to be good to 
very good (Cronbach ’ s  α    =   0.61 – 0.97)  [33] . 

 The HAL can be administered in approximately 5   min. It 
consists of 42 activity items, divided among seven domains: 
 “ lying down/sitting/kneeling/standing, ”   “ functions of the 
legs, ”   “ functions of the arms, ”   “ use of transportation, ”   “ self 
care, ”   “ household tasks, ”  and  “ leisure activities and sports ” . 
Scores can be obtained for each domain separately, but an 
overall sum score for the complete questionnaire can also be 
calculated. Additionally, three component scores are also 
available in order to quantitate functional abilities relating to 
upper extremity functioning and basic and complex lower 
extremity functioning. Scores can range from 0 (indicating the 
worst possible situation) to 100 points (indicating the best 
possible situation)  [32,33] . 

 A possible pitfall when using self - report questionnaires 
is that such instruments are language and culture specifi c. In 
a cohort of patients from India, it was found that several 
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have provisions for assessment of improvement in function of 
 “ normal ”  individuals following interventions like sports train-
ing or exercise programs. FISH was originally designed to 
compare the patient ’ s basic functional ability with that of 
normal healthy individuals. Improvement in function of 
these  “ normal ”  individuals could potentially be measured 
using other objective tests like the 6 - min walk test or energy 
consumption assessment. Other tests, such as the 50 - meter 
walking test, timed - up - and - go test, and the fi gure - of - eight 
walking test have been used in other diseases to objectively 
assess function, and could be incorporated into FISH to make 
it more useful for patients with minimal joint changes  [30] . 

 While it is important to assess the patient ’ s perception of 
his functional ability using self - rated instruments, it is also 
necessary to objectively quantitate how the individual is able 
to perform. In performance - based instruments, strength, joint 
mobility, and other physical traits are the main performance -
 limiting factors, as opposed to the patient ’ s beliefs or percep-
tions  [36] . It is known from the literature that both types of 
instruments measure different constructs of physical function-
ing, and the two types of scores complement each other  [36 –
 38] . Following treatment, the subjective score gives us an 
impression of the patient ’ s perception of improvement, 
whereas the performance - based score gives us objective infor-
mation on which aspects of function have changed to give the 
individual an impression of improvement. We therefore rec-
ommend using both self - reported and performance - based 
instruments. In assessment of functional abilities in adult 
hemophiliacs, the combination of the HAL and the FISH 
seems the most appropriate.  

  Musculoskeletal  o utcome: in  s ociety —
 assessment of  p articipation and  q uality 
of  l ife 

 Although the above - mentioned clinimetric tools provide a 
measure of the patient ’ s ability to perform activities, it does 
not study the effect of hemarthrosis on a patient ’ s ability to 
participate in social activities. Days missed from work, and 
the ability to engage in sports/physical activities, are not 
assessed. These activities affect QoL and are measured using 
other scoring systems such as the SF36  [27] , the Arthritis 
Impact Measurement Scale (AIMS)  [39] , and the EuroQoL 
Five - Dimension Questionnaire (EQ - 5D)  [40] . More recently, 
hemophilia - specifi c scores, such as the Haemo - QoL  [41] , the 
Canadian Health Outcomes - Kids Life Assessment Tool (CHO -
 KLAT)  [42] , the Hemofi lia   - QoL  [43] , and the Hemolatin - QoL 
 [44] , have been developed and studied in the different popula-
tions. The usefulness of these tools in the management of 
persons with hemophilia will need to be evaluated in a range 
of socioeconomic and cultural situations before any of them 
can be accepted as a universal assessment tool in hemophilia. 
As QoL questionnaires are cumulative outcome measures, 
giving little insight into the problems that give rise to a dimin-

questions, such as those relating to household tasks and 
leisure, were not attempted by most patients; only 10% of the 
patients completed all 42 items  [34] . The HAL, however, does 
allow for unanswered questions, since the normalization pro-
cedure when calculating the fi nal scores adjusts for missing 
items. In addition, a large number of the patients evaluated in 
the Indian cohort were children, and it is to be noted that the 
HAL was developed in close collaboration with, and validated 
for use in, adults (mean age of 45 years)  [32,33] . Currently, 
a pediatric version of the HAL (called PedHAL) is being 
developed. 

 When using any self - reported instrument such as the HAL, 
there are certain steps to be considered. If the questionnaire 
is translated, that translated version needs to be validated 
before use. In countries where literacy is often a major issue, 
interview - based assessment tools are often preferred over self -
 rated tools to assess subjective improvement in function. 
However, a questionnaire that is designed as a self - rated 
instrument should not be scored using an interview method, 
unless the score has been validated as an interview - based 
tool. 

 In addition to the self - reported HAL, the Functional 
Independence Score in Haemophilia (FISH) was developed as 
a performance - based assessment tool to objectively measure 
the patient ’ s functional ability  [34] .The fi nal assessment 
included eight activities (eating, grooming, dressing, chair 
transfer, squatting, walking, step climbing, and running) that 
were graded from 1 to 4 according to the amount of assistance 
required to perform them (Table  32.3 ). Each activity and 
level of independence was clearly defi ned to reduce inter-
observer variance. It has good internal consistency (Cronbach ’ s 
 α    =   0.85), indicating that all parts of the instrument contrib-
uted signifi cantly to the fi nal score. Activities such as squatting 
and running were found to have greater discriminatory value, 
with larger number of individuals not being able to perform 
these activities. Therefore, even though squatting may not be 
a frequently required functional activity all over the world, it 
is a useful part of this instrument, and could be of particular 
value in those with apparently less knee joint damage  [34] .   

 The FISH was found to be highly reliable, with a pooled 
intraclass correlation coeffi cient of 0.98. It has good construct 
validity, with a good correlation with other self - rated assess-
ment tools, including the HAL. The FISH had a good correla-
tion with the clinical score ( r    =    – 0.61). The radiologic score, 
however, had only a moderate correlation with functional 
disability ( r    =    – 0.38)  [34] . Many patients with hemophilia 
appear to function reasonably well despite having poor X - ray 
scores. This has been found to be true in osteoarthritis as well 
 [35] . This emphasizes the limitation of using radiologic scores 
alone in assessing musculoskeletal outcome of care in 
hemophilia. 

 The FISH, being objective in nature, requires a therapist, 
nurse, or physician to assess the patient ’ s functional ability. 
In addition, it may not always refl ect the patient ’ s functional 
priorities. Another limitation of the FISH is that it does not 
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ished QoL score, they may not be helpful in targeting interven-
tions  [32] . Evaluation of QoL is often diffi cult to interpret, as 
there are several independent factors that affect the measured 
outcome — such as availability of basic amenities like food, 
clothing, and shelter, in addition to availability of treatment 
and employment. The assessment may not be a refl ection of 
the effect of interventions for hemophilia alone. Moreover, 
even in affl uent societies, QoL could potentially be affected by 
the individual ’ s acceptance of the fact that hemophilia is  “ inte-
gral to the self, ”  and fi nding a niche where the individual 
could be successful  [45] .  

  Conclusion 

 The predominant cause of morbidity in hemophilia is the 
damage resulting from repeated bleeding into joints. It has 
therefore been the aim of therapy to establish a standard 
where there is no evidence of damage to the joints, both clini-
cally and radiologically. The musculoskeletal outcome of a 
person with severe hemophilia was perhaps not very different 
in varying parts of the world until the 1960s. However, in the 
last four decades, the ability of factor replacement therapy to 
completely modify the clinical outcome of severe hemophilia 
has been recognized. In most Western countries, treatment for 
hemophilia has focused on preventing joint arthropathy by 
administering a high dose of factor replacement  [7 – 10,46] . 
With good access to factors, it has been possible for these 
countries to reduce the morbidity associated with hemophilia 
 [46] . A person with hemophilia can now lead a nearly normal 
life without fear of frequent bleeding into joints  [14] . The 
effectiveness of this approach in preserving joint integrity has 
been so good that it has now become the standard for therapy 
in economically developed countries. Unfortunately, the 
annual cost of such therapy, at US$100   000 – 300   000 per 
person, has been so high that it has been diffi cult for all coun-
tries to adopt it universally  [47] . 

 While it is desirable for people with hemophilia all over the 
world to have the same level of care, the reality is that it is 
not feasible economically. The aim of clotting factor replace-
ment therapy in such conditions shifts from maintaining 
normal joints to good overall joint function that will allow 
the person to remain independent in his activities until more 
intensive factor replacement therapy becomes possible  [4,26] . 
To develop optimal protocols for management — whether it is 
prophylaxis at high or moderate doses  [46]  or on - demand 
therapy at different doses — it is important that adequate data 
on outcome be documented. Such data can be most useful, 
not only for health authorities, but also for patients, to better 
understand their treatment plans and likely outcome. There is 
great interest in developing clinimetric instruments for this 
purpose. The challenge is in making them universally applica-
ble and then encouraging care providers and patients to use 
them for documenting long - term outcome. A systematic evalu-
ation of musculoskeletal outcome using different clinimetric 

instruments will help develop suitable models of treatment of 
hemophilia, and will also assist healthcare planners in deter-
mining the cost of care.  
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  Introduction 

 The introduction of clotting factor concentrates in the late 
1960s and 1970s revolutionized the lives of hemophiliacs, 
reducing the morbidity and mortality associated with their 
disease. This improvement was so marked that it was esti-
mated that in the late 1970s the life expectancy of hemophili-
acs treated with concentrate approached that of the normal 
population. Unfortunately, this optimism was premature and 
the development of serious infections in the form of viral 
hepatitis and human immunodefi ciency virus (HIV) led to new 
problems affecting the lives of hemophiliacs. Table  33.1  lists 
the infections transmitted by concentrates, their physical char-
acteristics, and the ability of viral inactivation processes to 
destroy them.   

 Clotting factor concentrates are prepared from plasma 
pools of up to 30   000 donations and prior to viral inactivation 
any infections present in the plasma donors could be transmit-
ted to the recipient. Table  33.2  shows the prevalence of con-
centrate - transmitted infections in Sheffi eld patients treated 
with nonvirally inactivated concentrates prior to 1985.   

 The introduction of viral inactivation in 1985 largely elimi-
nated the risk of hepatitis virus transmission by concentrates. 
Although some of the early viral inactivation methods were 
not 100% successful, there have been no hepatitis transmis-
sions by concentrates since the early 1990s. All plasma - derived 
products in Europe now have to undergo viral inactivation by 
two different processes  [1] . Recombinantly engineered prod-
ucts are free from the risk of hepatitis virus transmission.  

  Hepatitis  v iruses in  h emophilia 

  Hepatitis  A   v irus ( HAV ) 

 Acute hepatitis A infection can be demonstrated by the detec-
tion of IgM anti - HAV antibodies. Paired serum testing is not 
required. HAV RNA testing in serum, stool, or liver by 
polymerase chain reaction (PCR) is a research tool. Past infec-
tion is demonstrated by the detection of IgG anti - HAV. 

 As a result of donor screening, plasma pool testing, viral 
inactivation of concentrates, and vaccination of recipients, the 
risk of transmission of this virus by concentrates has been 
eliminated. In the early 1990s there were a number of out-
breaks of HAV in hemophiliacs treated exclusively with 
solvent/detergent (S/D)  [2] . This was not so surprising because 
S/D does not inactivate viruses without a lipid envelope, such 
as HAV.  

  Hepatitis  B   v irus ( HBV ) 

 Hepatitis B virus transmission was common prior to viral 
inactivation of concentrates with 50% of patients infected. 
Most adult patients cleared the virus spontaneously and in 
countries where hepatitis B is not endemic, only 2 – 5% of 
hemophiliacs are now chronically infected with hepatitis B. 
Because patients with bleeding disorders may receive non -  or 
poorly virally inactivated blood products whilst visiting other 
(less developed) countries, it is recommended that all patients 
with inherited bleeding disorders should be appropriately vac-
cinated against hepatitis B and hepatitis A.  

  Hepatitis  C   v irus ( HCV ) 

 Hepatitis C infection occurred in virtually all recipients of 
clotting factor concentrates at their fi rst exposure  [3] . Past 
exposure is indicated by the identifi cation of anti - HCV anti-
bodies while current infection is demonstrated by the detec-
tion of both anti - HCV and HCV RNA by PCR. All HCV 
RNA - positive patients should have their HCV genotype estab-
lished. A total of 80 – 90% of hemophiliacs in Europe are 
infected with genotype 1, 10 – 15% with genotype 2 or 3, and 
 < 5% with genotypes 4, 5, or 6  [4] . Surprisingly, despite the 
repeated infusion of infected concentrates to hemophiliacs 
prior to 1995, mixed infections are rare but this may be 
because of a methodological problem where the PCR detects 
only the dominant genotype.   

  Monitoring of  c hronic  h epatitis  C  

 Chronic HCV is generally a relatively slowly progressive 
disease and its rate of progression varies signifi cantly between 
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[alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST)], which can refl ect infl ammatory activity in the 
liver. It is also common to routinely measure serum albumin, 
bilirubin, and prothrombin time, but these do not become 
abnormal until there is advanced liver disease. The problem 
with ALT and AST estimation is that they poorly refl ect the 
severity of liver disease and can be entirely normal in a propor-
tion of patients with cirrhosis  [5] . The upper limit of normal 
requires reappraisal. 

 Recently, a number of algorithms based on biochemical 
testing have been introduced, which claim to more accurately 
predict the severity of the liver disease. In one of these, the 
Fibrotest, the following are used in a patented algorithm to 
derive a score correlating liver disease severity: age, sex,  α  2  -
 macroglobulin, haptoglobin,  γ  - GT, total bilirubin, and apoli-
poprotein A1. In a study of hemophiliacs from Israel, Maor 
and colleagues used the Fibrotest in 132 hemophiliacs  [6] . 
They were able to correctly identify the differing stage in 
patients who have cleared the virus and those with known 
advanced disease.  

  Hepatic  i maging 

 The most commonly performed radiologic or imaging tech-
nique to evaluate hepatic fi brosis, architecture, or hepatic 
masses is ultrasound examination of the liver. Computed tom-
ography (CT) and magnetic resonance imaging (MRI) may be 
used. The radiologic tests are quite sensitive for detecting 
hepatocellular carcinoma larger than 1   cm in size but are rela-
tively poor at documenting liver fi brosis unless this is very 
advanced and portal hypertension is present. 

 A recent development has been the introduction of 
the transient elastography, or Fibroscan, which uses a 
probe to measure propagation of an ultrasound shear wave 
and hence measures the elasticity of the liver. In a study 
in hemophiliacs, Posthouwer and colleagues  [7]  found that 
18% of 124 unselected hemophiliacs with chronic HCV 
had severe fi brosis and 17% had cirrhosis. Only 7% of 
patients were previously known to have cirrhosis by the 
other standard tests.  

  Histologic  m onitoring 

 Direct microscopic examination of liver tissue remains the 
gold standard in establishing disease stage, infl ammation, and 
severity. Understandably, there is a reluctance to perform 
biopsies in patients with inherited bleeding disorders. In 
patients without hemophilia, the risk of any bleeding during 
liver biopsy is 1 in 1000 and the risk of fatal bleeding is 1 in 
10   000  [8] . Following two deaths of hemophiliacs during liver 
biopsies in the early 1980s in London and New York, it was 
suggested that the risk of bleeding in hemophilia is much 
higher than in other patients. The precise risk of bleeding in 
hemophilia has not been accurately defi ned. In Sheffi eld we 
have performed over 100 liver biopsies with only one episode 

  Table 33.1    The hepatitis viruses that can be transmitted by blood 
products, and their characteristics. 

   Virus     Genome  
   Lipid 
envelope  

   Size 
(nm)  

   Solvent/
detergent 
resistant  

   Heat 
resistant  

  Hepatitis A    RNA    No    27    Yes    No  
  Hepatitis B    DNA    Yes    42    No    No  
  Hepatitis C    RNA    Yes    35 – 65    No    No  
  Hepatitis D    RNA    Yes    35    No    No  

individuals. Monitoring is required to identify individuals 
with advanced disease. Monitoring methods can be subdi-
vided into biochemical, radiologic, and histologic. 

  Biochemical  m onitoring 

 The most common method for monitoring the activity of HCV 
infection is via estimation of the serum aminotransferases 

  Table 33.2    Prevalence of viral infections in patients at the Sheffi eld 
Haemophilia and Thrombosis Centre treated with nonvirally 
inactivated concentrates. 

   Viral infection     % positive  

  Previous hepatitis A    37  
  Current hepatitis B    2  
  Previous hepatitis B    48  
  Hepatitis C    100  
  HIV    26  

  Table 33.3    Defi nitions used in the assessment of hepatitis  C  
treatment. 

  Chronic hepatitis C virus (HCV) — Persisting infection (HCV RNA 
positive) 6 months or more after acute infection  

  Rapid virological response (RVR) — Negative HCV RNA at 4 weeks  
  Partial early virological response (pEVR) — Reduction of HCV RNA 

load by  > 2 logs (i.e.,  < 1% level) 12 weeks after starting treatment  
  Complete early virological response (cEVR) — Negative HCV RNA 

at 12 weeks  
  End of treatment response (ETR) — HCV RNA negative at treatment 

end  
  Sustained virological response (SVR) — HCV RNA negative 6 

months after the end of treatment  
  Transient response — Reduction in HCV RNA by  > 2 logs during 

treatment but remaining positive at end of treatment  
  Relapse — HCV RNA negative at end of treatment but relapse after 

this  
  Nonresponse — No reduction of HCV RNA by  > 2 logs at any point 

during treatment  



HEPATITIS AND HEMOPHILIA

217

of mild bleeding (hemobilia) treated with factor VIII (FVIII) 
concentrate alone  [9] . Liver biopsy can be performed through 
the transcutaneous or preferably via the transjugular routes. 
Irrespective of the method used, biopsies should ideally be 
done under direct radiologic imaging. 

 Patients with hemophilia should have their bleeding disor-
der normalized with infused concentrate or desmopressin 
prior to liver biopsy. A number of protocols exist and the one 
used in Sheffi eld consists of: 
   •      immediately prebiopsy — treat to 1.00   IU/ml, i.e., 100%  
   •      12   h post biopsy — measure level and treat to 1.00   IU/ml  
   •      24   h post biopsy — measure level and treat to 1.00   IU/ml  
   •      48   h post biopsy — measure level and treat to 1.00   IU/ml.    

 The fact that liver biopsies can now be performed in hemo-
philiacs relatively safely does not mean that liver biopsy is 
mandatory. Most patients can be treated for chronic hepatitis 
C with pegylated interferon and ribavirin irrespective of their 
liver histology. Biopsies remain useful for patients with normal 
transaminases who do not wish to receive anti - HCV therapy 
to establish that their hepatitis is mild, or where the cause of 
the liver dysfunction is in doubt, or where cirrhosis needs to 
be established before transplantation or for surveillance for 
hepatocellular carcinoma (HCC).   

  Natural  h istory of  h epatitis  C  

 Following acute HCV infection the disease leads to chronic 
infection (defi ned as HCV RNA positivity  > 6 months after 
acute infection) in 80 – 85%. Although deaths during acute 
infection have been reported in nonhemophiliacs, this is very 
rare, occurring in  < 1 in 10   000. Patients with chronic HCV 
seldom clear the virus spontaneously, but spontaneous resolu-
tion has been reported. Patients with active chronic hepatitis 
C may develop cirrhosis, decompensated cirrhosis, end - stage 
liver failure, or HCC (Figure  33.1 ).   

  Spontaneous  c learance 

 A total of 15 – 20% of patients infected with hepatitis C clear 
the virus spontaneously during the acute phase  [10] . This is 
more likely to occur when patients are infected in childhood. 
Once chronic hepatitis C is established 6 months after infec-
tion, spontaneous clearance rarely, if ever, occurs. Patients 
who clear the virus spontaneously prior to the onset of cir-
rhosis do not develop liver complication as a result of HCV 
in later life.  

  Risks for  d isease  p rogression 

 Patients who fail to clear the hepatitis C spontaneously or 
after treatment remain at risk for progression to liver failure 
and HCC (Figure  33.2 ). In one large hemophilia study which 
followed the cohorts from Sheffi eld, Utrecht, and Royal Free 
Hospital in London, 15% of patients developed liver failure 
or hepatocellular carcinoma after 30 years. The risk was 
highest among HIV - positive patients who did not receive 
antiretroviral therapy, in whom the risk of liver failure was 

Acute hepatitis C Resolution

Chronic hepatitis C

CirrhosisDeath

Hepatocellular carcinoma

 Figure 33.1     The natural history of hepatitis C. 
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  Early  v irological  r esponse 

 The kinetics of response to treatment in the fi rst 12 weeks of 
therapy are very useful in predicting sustained virological 
response. Rapid virological response (RVR) is defi ned as a 
negative HCV RNA by PCR 28 days after commencing treat-
ment. Complete early virological response (cEVR) is defi ned 
as a negative HCV RNA by PCR at 12 weeks. Partial EVR 
(pEVR) is defi ned as a  ≥ 2 log decrease in viral load at week 
12. RVR presages a sustained virological response. Individuals 
with pEVR have a 75% chance of achieving SVR. Similarly, 
patients who do not achieve EVR have a  > 95% chance they 
will not achieve SVR.  

  Responses in  h emophiliacs to  t reatment in 
 t reatment -  n aive  p atients 

 Responses to pegylated interferon and ribavirin in hemophili-
acs are very similar to those in nonhemophiliacs. Posthouwer 
and colleagues reported a 59% SVR response rate in hemo-
philiacs who had never been exposed to anti - HCV treatment 
previously. Although the response rate was lower in HIV -
 positive patients, it was still 32%, making this a very worth-
while subgroup to treat. Patients who clear the HCV with 
treatment have a dramatically reduced risk of progression of 
their liver disease. None of the 146 hemophiliacs in the 
Posthouwer study who obtained an SVR progressed up to 15 
years of follow - up  [7] .  

  Responses to  t reatment in  n onresponders 
and  r elapsers 

 Many patients with hemophilia were previously treated with 
either interferon monotherapy or with the nonpegylated form 
of interferon. It is well recognized that the responses to these 
treatments were inferior to the current standard of pegylated 
interferon and ribavirin. All individuals who failed to elimi-
nate the virus with the older forms of treatments should be 
offered re - treatment with pegylated interferon and ribavirin. 
This has been shown to result in SVR in 39% of re - treated 
patients  [7] . Patients who previously relapsed are more likely 
to achieve an SVR than prior nonresponders. There is no 
benefi t in re - treating patients who fail a course of pegylated 
interferon and ribavirin.  

  Adverse  e vents of  t reatment 

 Adverse events during treatment are common and lead to pre-
mature discontinuation of treatment in 10 – 20% of patients. 
Table  33.5  lists the adverse effects occurring in  > 1% of treated 
patients. Infl uenza - like symptoms are seen most frequently and 
their tolerance can be increased by the use of paracetamol/
acetaminophen and taking the interferon dose at times of 
reduced activity such as the weekends. Depression is frequently 
troublesome, especially in patients with a history of the disease. 

40% at 30 years. Risk factors for liver disease progression in 
hemophilia include higher age at fi rst exposure, longer length 
of time since infection, infection with genotype 1, high levels 
of alcohol intake, and HIV coinfection  [10] .    

  Extrahepatic  m anifestations of  c hronic  HCV  

 Several extrahepatic manifestations of HCV have been 
reported including mixed cryoglobulinemia, non - Hodgkin 
lymphoma, porphyria cutanea tarda, lichen planus, hypothy-
roidism, and Sj ö gren syndrome  [11] . The presence of extrahe-
patic manifestations is an indication for HCV treatment even 
in the absence of marked liver disease.   

  Treatment 

  Available  t reatments 

 The fi rst patients with hemophilia were treated with interferon 
in 1987, but response rates were low. The addition of ribavirin 
to interferon in 1995 and the subsequent pegylation of the 
interferon molecule have led to signifi cant improvements in 
response rates  [12] . The current standard of care for treatment 
of hepatitis C is the combination of pegylated interferon and 
ribavirin for 12 months in patients with genotypes 1, 4, 5, 
and 6, and 6 months in individuals with genotypes 2 and 3.   
Table  33.3  shows the defi nitions used in the treatment of 
hepatitis C and Table  33.4  gives the recommended treatments 
for chronic HCV.    

  Responses in  n onhemophiliacs 

 In nonhemophiliacs the sustained virological response rate for 
genotype 1 is 40 – 50%, whereas for genotypes 2 and 3 it is 
70 – 80%. Relapse rates remain relatively high (30% in patients 
with cirrhosis as a result of genotype 3 infection). Pegylated 
interferon and ribavirin is available from two manufacturers 
(Roche and Schering - Plough) but there are no major differ-
ences in the response rates between these two interferons.  

  Table 33.4    Recommended treatment schedules for chronic hepatitis 
 C  ( HCV ). 

   Genotype 1   
  Treat with pegylated interferon and ribavirin for 48 weeks  
  If HCV RNA level has not fallen by 2 logs by 12 weeks or not 

negative at 24 weeks, SVR is unlikely and treatment can be 
stopped  

   Genotypes 2 or 3   
  Treat with pegylated interferon and ribavirin for 24 weeks  
  If HCV RNA is negative at 4 weeks, treatment can be reduced to 

12 – 16 weeks  
  HIV/HCV coinfected patients  
  Treat for 48 weeks irrespective of genotype  
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to treat patients with cirrhosis and monitor them carefully. 
Although only around 30% of the patients achieve SVR, those 
who do so have an 80% less risk of liver failure or HCC 
development  [15] . Despite this reduced risk for the develop-
ment of complications, individuals with documented cirrhosis 
should continue to have surveillance for HCC.  

  Treatment of  HIV  -  c oinfected  p atients 

 HCV progresses more rapidly in HIV - coinfected patients and 
these patients should be considered for treatment. This is best 
done in patients with a CD4 count of  > 200    ×    10 6 /L. 

 Because of the risk of severe hemolysis, patients who are 
taking zidovudine (AZT), didanosine (ddI), or stavudine (d4T) 
should have their antiretroviral therapy modifi ed so as to 
avoid these drugs during ribavirin therapy. The risk of adverse 
events in general is higher in coinfected patients. Coinfected 
patients should be treated for a total of 48 weeks irrespective 
of genotype.  

  Future  t reatments 

 The current treatment standard of pegylated interferon and 
ribavirin fails to cure up to 60% of treated patients and is 
associated with signifi cant side - effects. 

 Current therapy for chronic hepatitis C is effective in 
approximately 50% of patients. There is an urgent need to 
develop improved therapies for these patients and to improve 
the outcomes in prior nonresponders to pegylated interferon 
and ribavirin. New antiviral therapies are being developed 
which include antagonists of specifi c targets of the HCV. 
Direct antivirals are very likely to form part of new treatment 
paradigms in the not too distant future. 

 Many new compounds are in development. These include 
nucleoside protease inhibitors, polymerase inhibitors, and 
non - nucleoside polymerase inhibitors. NS5a inhibitors have 
also been tested in phase I trials. New immunomodulatory 
therapies are currently being assessed. Several of these com-
pounds are in phase I trial. Two protease inhibitors, i.e., the 
peptidomimetic inhibitors boceprevir and telaprevir, are in 
phase III trial. Results from phase II studies indicate that 
improved sustained virological response rates can be achieved 
in genotype 1 - naive patients compared with the standard of 
care with these compounds. It is not clear how treatment with 
these agents can be optimized. It is also not clear whether a 
lead in strategy is important. Stopping rules have not been 
developed and predictors of response are not yet clear. 
Resistance is likely to remain an important issue, making 
testing of the agents in phase I somewhat problematic. Also, 
a new array of side - effects is being observed with these agents 
which will require appropriate management by hepatologists 
and infectious disease specialists. However, initial data suggest 
that therapy for HCV genotype 1 - naive patients may be short-
ened, at least for a subgroup of patients with evidence of a 
rapid virus response, i.e., those who become HCV RNA unde-
tectable by 4 weeks of therapy. 

Antidepressant medication is very useful both as treatment and 
prophylaxis. Patients with a severe neuropsychiatric history 
should be assessed by a psychiatrist prior to treatment. 
Cytopenias are usually mild and can be managed by dose 
adjustment of ribavirin in case of anemia and interferon in case 
of neutropenia or thrombocytopenia. In severe cytopenias, 
appropriate growth factors such as erythropoietin, granulocyte 
colony - stimulating factor and eltrombopag can be used. A rare 
but serious complication of particular interest to hemophilia 
is the development of anti - FVIII antibodies which can develop 
for the fi rst time in patients with congenital hemophilia 
whilst having treatment or as autoantibodies (acquired hemo-
philia) in patients without a history of a bleeding disorder.    

  Treatment of  p atients with  n ormal 
 t ransaminases ( ALT / AST ) 

 Approximately a third of patients with chronic HCV have 
persistently normal aminotransferases; these individuals have 
less infl ammation and fi brosis on liver biopsy and exhibit a 
more benign natural history. A total of 15 – 20% of these 
patients, however, have advanced fi brosis or cirrhosis and can 
develop liver failure and HCC  [13] . Patients with normal ALT 
and AST have a similar response to interferon and ribavirin 
as other patients  [14] . The decision to treat these patients is 
often diffi cult, especially in hemophiliacs where a liver biopsy 
is not available. This is actually one of the few situations 
where a liver biopsy does help in hemophilia because the 
identifi cation of advanced disease would lead to a recommen-
dation to treat. We would recommend that in the absence of 
treating all patients with normal serum aminotransferases, the 
following subgroups should be given priority: patients with 
advanced disease on biopsy or on noninvasive imaging/testing, 
patients with genotype 2/3 because of the high response rate, 
patients who wish to become pregnant, patients with sympto-
matic HCV such as those with severe tiredness or extrahepatic 
manifestations, and highly motivated individuals who wish to 
be hepatitis free.  

  Treatment of  p atients with  c irrhosis 

 Patients with advanced liver disease may decompensate during 
treatment with interferon and ribavirin. It is, however, useful 

  Table 33.5    Adverse events of treatment with pegylated interferon 
and ribavirin. Only events occurring in  > 1% of patients are shown 

  Infl uenza - like symptoms (fever, malaise, myalgia, nausea, athralgia, 
anorexia)  

  Site of injection symptoms (pain, erythema)  
  Neuropsychiatric (depression, anxiety, memory loss, insomnia, 

mood swings)  
  Dermatologic (reversible hair loss, rash, photosensitivity)  
  Hematologic (anemia, neutropenia, thrombocytopenia)  
  Autoimmune (induction of autoantibodies, especially thyroid)  
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 The effect of these new agents on different genotypes is 
incompletely studied and there may be emerging differences 
in effi cacy against genotype 1a versus genotype 1b. Cross -
 resistance may prove an important barrier to effective treat-
ment. In part, pegylated interferon may abrogate the effect of 
resistance. 

 These agents cannot be given as monotherapy. Initial data 
indicate that ribavirin will form an essential constituent of 
treatment for the time being. Ribavirin analogues that are less 
likely to cause anemia are being assessed. Several agents have 
been discarded for toxicity. In contrast to protease inhibitors, 
polymerase inhibitors theoretically have a higher genetic 
barrier to resistance. Only modest suppression has been 
observed with several of these agents so far, however. A com-
bination of agents, for example R7128, with interferon and 
ribavirin has led to fi ve log10 suppression of HCV RNA at 4 
weeks. 

 Although the timeframe for achieving the ideal of dispens-
ing with interferon is long, there may be an opportunity in the 
future for the use of a combination of oral agents in the treat-
ment of hepatitis C. Oral treatments and agents with lower 
toxicity will improve treatment in the community and have a 
major societal impact on the existing burden of disease  [16,17] .   

  Hepatocellular  c arcinoma 

 Hepatocellular carcinoma is a malignant tumor arising in 
hepatocytes and is a complication occurring mainly in cir-
rhotic livers. HCC is increasingly being seen in hemophiliacs. 
Regular monitoring for HCC should be performed in hemo-
philiacs with cirrhosis, but in the absence of liver biopsies it 
may be diffi cult to identify cirrhotic individuals. Noninvasive 
testing with the fi brotest or fi broscan may help refi ne the 
population for monitoring but whether they identify all 
the patients at risk in hemophilia has not yet been confi rmed. 
The two main means of monitoring for HCC are ultrasound 
scanning of the liver and measurement of serum  α  - fetoprotein. 
Ultrasound scanning is more sensitive at tumor detection.  α  -
 Fetoprotein may be elevated because of cirrhosis in the absence 
of HCC. The most cost - effective surveillance strategy is ultra-
sound imaging and  α  - fetoprotein measurement every 6 months 
 [18] . 

 HCC, when isolated and not bridging the liver capsule, can 
be treated with resection or liver transplantation, which can 
be curative. Palliative treatments include ethanol injection 
into the tumor, radiofrequency ablation and transarterial 
embolization.  

  Liver  t ransplantation 

 Liver transplantation offers a cure to hemophiliacs with liver 
failure or isolated HCC, and these patients should be referred 
for the procedure in the same way as other patients with these 

complications. More than 50 transplants have been carried 
out in hemophiliacs worldwide. Because the liver is the site 
of production of factors VIII and IX, liver transplantation 
cures the hemophilia phenotypically, making it a highly cost -
 effective procedure, especially in patients with severe hemo-
philia  [19,20] . Liver transplantation is not contraindicated in 
HIV - positive individuals provided the HIV is fully suppressed 
with highly active antiretroviral therapy (HAART). 

 Post liver transplantation, the new liver is invariably re -
 infected with HCV if the recipient was HCV RNA - positive 
going into transplantation, as is usually the case. Furthermore, 
the natural history of HCV post transplant is altered and the 
median time to cirrhosis is abbreviated to only 10 – 12 years, 
with survival after decompensation of only 40% at 1 year 
 [21] . Patients with established HCV infection post liver trans-
plantation should be treated with interferon and ribavirin.  
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  Introduction 

 This chapter will focus on those agents which could be con-
sidered to be of potential relevance for the pathogen safety of 
plasma - derived hemophilia treatment products. As effective 
aseptic practices have long been embedded into the manufac-
turing processes of plasma derivatives, bacterial, fungal, and 
parasitic agents such as  Plasmodium ,  Babesia , and  Borrelia , 
that have been or potentially could be transfusion - transmitted 
 [1] , will thus not be included. 

 Human immunodefi ciency virus (HIV) and the hepatitis B 
and C viruses, while so far the clinically most important causes 
for infectious adverse events associated with the treatment of 
hemophilia by plasma derivatives, are also excluded, as, given 
our current level of understanding, they can hardly be consid-
ered emerging agents any more, and, in addition, they are 
covered elsewhere in this book. 

 The infectious agents that remain of concern are emerging 
viruses and prions. 

 During the last decade some new viruses have been identi-
fi ed in human blood, often by novel molecular methods. Some 
of these viruses are in search of an associated disease entity, 
and pathogenicity for humans remains unsubstantiated. 

 During the same period, a number of other viruses have 
caused epidemics, often facilitated by changes in the ecologic 
environment to favor zoonotic risk factors, or the introduction 
of previously known agents into naive populations by global 
commerce or travel. 

 Equally, bovine spongiform encephalopathy (BSE) and 
variant Creutzfeldt – Jacob disease (vCJD) outbreaks have 
occurred, particularly in the UK.  

  Lipid -  e nveloped  v iruses 

 Some of the lipid - enveloped viruses found in blood have 
not been pathogenic for humans. For example, the GBV - C/
hepatitis G virus (HGV) was shown to be transfusion transmis-
sible  [2] , yet pathogenicity for humans has remained elusive 
 [3] . On the contrary, GBV - C/HGV infection was even shown 
to result in slower disease progression of HIV coinfection  [4] . 

 The emergence of the severe acute respiratory syndrome 
(SARS) coronavirus in southern China represented a different 
level of challenge for human health, with 8098 humans clini-
cally infected, of whom 774 succumbed to their infection, in 
an epidemic that spread to 29 countries  [5]  within a matter 
of weeks, before circulation of the virus could be halted by 
signifi cant public health efforts. The demonstration of the 
virus in human blood, although at low levels and only during 
clinical stages of the disease  [6] , raised particular concern for 
the safety of hemophilia treatment. However, transfusion 
transmission of the SARS virus was never reported. In addi-
tion, virus reduction studies that used another coronavirus 
(Baxter GPS, unpublished), a physicochemically closely related 
so - called  “ model virus ”   [7] , provided evidence that the SARS 
coronavirus should be inactivated during the manufacturing 
processes of plasma derivatives, which was later confi rmed 
by limited investigations using the SARS coronavirus itself 
 [8,9] . 

 Other emerging lipid - enveloped viruses have actually caused 
blood transfusion transmissions, raising concerns for the 
safety of plasma derivatives. 

 After the 1999 introduction of West Nile virus (WNV) into 
the USA, the virus has emerged to endemicity in almost the 
entire nation, with an estimated past infection cumulatively in 
approximately 1% of the entire population  [10] . As a conse-
quence of the fi rst few blood transfusion transmissions, 
nationwide screening of the blood supply by nucleic acid 
amplifi cation technology (NAT) has been implemented. 
However, despite using the most modern technology availa-
ble, the reduction of virus transmissions by blood transfusion 
was limited to a suboptimal 93%  [11] . 

 The plasma derivatives for major contribution of virus 
reduction, i.e., virus inactivation and removal that occurs 
during the manufacturing process, has been verifi ed as effec-
tive against WNV  [12] . 

 This virus reduction capacity for fl aviviruses can also 
provide reassurance: although there has been a signifi cant level 
of emergence of these viruses, with a commensurate level 
of blood transfusion transmissions of, for example, dengue 
virus  [13] , there is no implication for the safety of plasma 
derivatives. 

 Another group of lipid - enveloped viruses that have been 
high on the global alert list are the avian infl uenza viruses, and 
specifi cally the highly pathogenic H5N1 virus, which has 
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caused 393 reported human infections as of January 2009 
(available from  http://www.who.int/csr/disease/avian_infl u-
enza/country/en/ ), of which 248 (63%) have had a fatal 
outcome. Historic evidence for similar, and actually less path-
ogenic, infl uenza viruses supported the occurrence of preclini-
cal viremia for infl uenza viruses  [14] , which has also been 
confi rmed for the H5N1 virus itself  [15] . In an attempt to 
achieve a more defi nitive understanding of the virus behavior 
during the manufacturing processes of plasma derivatives, 
the H5N1 virus was studied in  verifi cation  studies, and was 
shown to be effectively inactivated by the most commonly 
used virus inactivation techniques, such as vapor heating, 
solvent detergent -  and low pH - treatment, as well as pasteuri-
zation  [16] . 

 Infectious agents within the group of lipid - enveloped viruses 
are now understood as an insignifi cant challenge to the safety 
margins of modern plasma derivatives, particularly given the 
effectiveness of current virus reduction procedures.  

  Nonlipid -  e nveloped  v iruses 

 As the effectiveness of many virus inactivation and removal 
technologies is more limited against nonlipid - enveloped 
viruses, owing to their typically somewhat higher physico-
chemical resistance and often smaller size, respectively, emerg-
ing viruses of this class can potentially be a more signifi cant 
remaining concern. Fortunately, though, they have so far been 
associated with more moderate disease in humans, as com-
pared with many of their lipid - enveloped counterparts. In fact, 
attempts at demonstrating an association with any clinical 
disease in humans has been diffi cult or unsuccessful for some 
of these viruses. 

 For example, the initial identifi cation of Torque teno virus 
(TTV)    [17]  and the related SEN - V (reported on July 20, 1999, 
in the  New York Times ) as blood transfusion - transmissible 
viruses understandably sparked public health concerns. 
Specifi cally for hemophilia, it was later reported that at least 
TTV could also occur as a contaminant of plasma - derivatives 
with less stringent purifi cation processes  [18] . Early reports 
even suggested that fi rst - generation recombinant factor VIII 
(FVIII) products, through the albumin used as a stabilizer  [19] , 
could contain the virus, but this has been refuted by additional 
experiments  [20] . However, no pathogenicity for humans has 
been substantiated to date, and so these viruses might be 
considered a commensal part of the microbiologic fl ora much 
rather than a pathogen. 

 The detection of the B19 parvovirus (B19V) in human 
plasma for fractionation was another concern for the treat-
ment of hemophilia, particularly as the virus was suggested to 
reach uniquely high titers of up to 10E14 particles per mil-
liliter  [21] , a number that would correspond to approximately 
0.1% of the blood volume. The virus was assumed to be 
mostly resistant to inactivation, based on studies conducted 
with animal parvoviruses as models. 

 Where virus reduction did not seem a promising approach, 
the implementation of nucleic acid testing (NAT) to limit the 
load of plasma pools for manufacturing, initially as voluntary 
industry standard developed by the Plasma Proteins 
Therapeutics Association (PPTA), was a fi rst step to enhance 
safety margins. In retrospect, these testing interventions have 
been one of the most successful ever, as evidenced particularly 
by a comparison with the more recent introduction of WNV 
NAT. Using WNV NAT, the risk of WNV transfusion trans-
mission was reduced to only 7% of the initial value, i.e., by 
approximately 10 - fold or 1 log 10 , whereas B19V NAT has 
reduced the average plasma pool load from initially 10   000   000 
to now only 100 copies per mL, i.e., a reduction of 100   000 -
 fold or 5 log 10 . 

 The subsequent recognition of the closely related erythrovi-
ruses V9  [22]  and A6  [23] , now reclassifi ed as B19V genotypes 
2 and 3, has necessitated reliable detection of all genotypic 
variants and, therefore, been a challenge for the diagnostic 
tests used to reduce the virus load of plasma for 
fractionation. 

 The use of new infectivity assays based on B19V - susceptible 
cell lines coupled with a molecular biology readout has dem-
onstrated the signifi cantly greater sensitivity of the different 
B19 viruses to liquid heating  [24] , low pH  [24,25] , and vapor 
heating  [26] , as compared with earlier used animal parvovirus 
models. 

 As already suggested by the clinical experience with plasma 
for transfusion which occasionally transmitted B19V when it 
contained virus above a certain threshold concentration  [27] , 
antibody - mediated B19V neutralization provides additional 
safety margins  [28] . 

 Whether the more distantly related PARV4 and bocaviruses 
will turn out to be a challenge for the safety of hemophilia 
treatment products is uncertain. These viruses are found in 
plasma for fractionation and even historic plasma derivatives 
 [29] , but clinically they do not seem to represent a major issue 
for human health. 

 Recent reports have suggested the transfusion transmission 
of hepatitis E virus (HEV) in Japan  [30] , i.e., a country where 
food - borne zoonotic HEV infections had also been recog-
nized. A signifi cant prevalence of the virus in the pig meat 
supply or even a few human infections have also reported 
from other countries, including the USA  [31]  and Germany 
 [32] . As yet, a virus infectivity assay that would enable assess-
ment of HEV reduction during the manufacturing of hemo-
philia treatment products is not widely available. The limited 
investigations that have been performed have shown the virus 
to be sensitive to inactivation  [33] . In support of this fi nding, 
hemophilia patients treated with historic noninactivated prod-
ucts carry HEV antibodies more often than those only treated 
with inactivated products  [34] . Thus, current limited experi-
mental evidence would suggest that HEV is probably not a 
signifi cant concern for the safety of plasma derivatives. 

 Most importantly, though, nonlipid - enveloped viruses are 
physiochemically somewhat resistant and they have shown 
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continued adaption. Therefore, vigilance needs to be sup-
ported by continued research into the physicochemical nature 
of these agents and their corresponding behavior during 
plasma fractionation processes, so that informed decisions can 
be taken by industry and regulators in a timely fashion.  

  Prions 

 When, in the mid - 1980s, initial cases of bovine spongiform 
encephalopathy (BSE, also known as  “ mad cow disease ” ) 
were recognized, at fi rst in the UK, the public and political 
level of concern with respect to human health was rather low. 
Approximately a decade later, however, the emergence of 
variant Creutzfeldt – Jacob disease (vCJD) as a new disease 
entity of humans was identifi ed, and more quickly presumed 
to be related to the (dietary) exposure of humans to the BSE 
agent  [35] . These new fi ndings triggered a great level of public 
concern, also around the use of bovine auxiliaries and excipi-
ents during the manufacture of medicinal products, including 
certain plasma derivatives as well as earlier - generation recom-
binant alternatives for the treatment of hemophilia. When 
fi nally blood transfusion transmissions of the vCJD agent 
became a possibility  [36] , the safety of plasma derivatives was 
equally questioned, with little appreciation for the intrinsic 
differences between directly transfused blood components 
versus manufactured plasma products that undergo purifi ca-
tion processes designed to remove impurities, and thus intrin-
sically also pathogens that could potentially be present in the 
starting material. 

 Quickly, a number of additional procedures were put in 
place to safeguard both, bovine excipients as well as plasma 
derivatives, against the now realized concerns. The approach 
taken was comparably simple for bovine excipients, in that —
 most importantly — sourcing of the bovine raw materials was 
limited to  “ BSE - free ”  countries. However, a solution for 
plasma derivatives was not equally trivial, as neither a strongly 
associated risk factor that might have been used for the defer-
ral of donors at risk, nor a test that could reliably predict the 
development of vCJD already at preclinical stages was, and 
still to date is, available. The entire weight was thus on the 
third and typically most effective leg of the safety tripod  [37] , 
beyond donor selection and donation testing, i.e., the reduc-
tion capacity of the manufacturing process. 

 A signifi cant effort was thus made, primarily at laboratories 
of the plasma products industry, to investigate the behavior 
of prion agents during the manufacturing processes of plasma 
derivatives, as well as bovine excipients and auxiliaries. In 
these studies, the removal of the prion protein during manu-
facturing steps estimated to be particularly effective based on 
scientifi c evidence was mostly detected by Western blotting 
 in vitro , or when needed for confi rmatory purposes using the 
signifi cantly more laborious and animal - consuming  in vivo  
infectivity assays in small rodents, a procedure now also 
embedded in regulatory guidance on such investigations  [38] . 

 From the converging evidence derived from these studies it 
is now understood that prion proteins behave not unlike any 
other proteinaceous impurity during the relevant purifi cation 
processes of, for example, plasma proteins, i.e., they are 
removed during manufacture of the fi nal product by several 
orders of magnitude  [39 – 41] . Combined with the already low 
concentrations of prion infectivity which might be present in 
the starting material such as plasma, for example, the informa-
tion now available would support signifi cant margins of safety 
for hemophilia treatment products.  

  Outlook 

 The inception of hemophilia treatment, initially with plasma -
 derived clotting factor concentrates, has dramatically changed 
the life expectancy and quality of those affected. It has also 
brought about the risk of infectious disease transmission. With 
the implementation of effective virus inactivation/removal 
processes, supported by virus marker testing and donor selec-
tion, the safety margins of these products were signifi cantly 
enhanced, and current plasma derivatives enjoy substantial 
safety margins with respect to known infectious agents. Given 
the particularly robust reduction capacity for lipid - enveloped 
viruses, one might predict that any future emerging viruses 
within this class will not represent a signifi cant challenge, 
whereas for nonlipid - enveloped viruses a higher level of vigi-
lance and more frequent experimental work to verify our 
assumptions will remain prudent. 

 The advent of an entirely unappreciated class of pathogens, 
i.e., prion agents, has emphasized that any use of an animal -  or 
human - derived component anywhere in the manufacturing 
process may lead to concerns around the potential presence 
and transmissibility of a pathogenic agent contained in these, 
even when using recombinant production techniques. 

 Fortunately, further technologic advances increasingly 
allow the production of recombinant clotting factors from 
production platforms entirely free of any exposure to human 
or animal proteins, thus fi nally eliminating any blood - borne 
infectious disease concerns as historically associated also with 
these pharmaceuticals.  
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     Since the recognition of gene therapy as a therapeutic para-
digm, hemophilia has been a prime candidate disease for the 
successful application of this treatment approach  [1] . The 
disease is a simple monogenic recessive trait and, as such, 
delivery of a normal coagulation factor in suffi cient quantities 
to replace the missing or dysfunctional protein should rescue 
the mutant phenotype.  

  Rationale for  g ene  t ransfer 
in  h emophilia 

 In addition to being a very well - characterized recessive mono-
genic disease, hemophilia presents several other features that 
signifi cantly enhance its appeal as a gene therapy candidate. 
Most importantly, extensive knowledge of the natural history 
of bleeding in patients with moderately severe hemophilia 
(clotting factor levels of 1 – 5%) indicates that spontaneous 
bleeding at these low levels of clotting factor is rare. Thus, 
attainment of sustained clotting factor levels of between 1% 
and 5% through gene transfer should minimize the risk for 
this disease complication. 

 The second pragmatic advantage for hemophilia gene trans-
fer is the lack of requirement for tightly regulated factor levels. 
While, ideally, gene transfer should deliver levels within the 
normal physiologic range, there is good reason to believe that 
levels between 2% and 150% would benefi t hemostasis and 
not promote an increased thrombogenic risk. In addition, as 
long as access to the circulation is ensured and appropriate 
post - translational processing has produced a fully functional 
protein, the cellular site of factor VIII (FVIII) expression is not 
limiting. 

 Finally, the preclinical evaluation of hemophilia gene trans-
fer has been signifi cantly facilitated through the availability of 
excellent small and large animal models of the disease  [2] . 
Several mouse models of hemophilia A and B have been gener-
ated and there are colonies of hemophilia A and B dogs that 
have been used very successfully to evaluate the safety and 
effi cacy of novel hemophilia therapeutics.  

  Basic  c omponents of a  g ene 
 t ransfer  p rotocol 

  The  t herapeutic  t ransgene 

 The aim of gene transfer programs is to deliver a therapeutic 
cargo to rescue a pathologic phenotype in the gene transfer 
recipient. In the hemophilias, this goal is accomplished by the 
delivery of sustained expression of clotting factor protein 
[FVIII or factor IX (FIX)] from a therapeutic transgene.  

  The  t ransgene  c assette 

 In hemophilia gene transfer protocols the transgene is almost 
always a contiguous cDNA sequence, although the inclusion 
of a 5 ′  intron has been helpful to boost expression levels in 
some instances. While the FIX cDNA ( ∼ 1.3   kb) is readily con-
tained in most vector systems, the FVIII cDNA ( ∼ 8   kb) is not 
easily packaged in most of the viral vectors currently in use. 
For this reason, removal of the nonessential B domain of the 
FVIII cDNA sequence reducing the modifi ed cDNA to  ∼ 4.5   kb 
has been carried out in most hemophilia A gene transfer 
studies. In addition to creating modifi ed intronless cDNA 
constructs, some investigators have further  “ codon optimized ”  
the cDNA sequence to enhance the potential for protein trans-
lation in targeted recipient cells. 

 Other components of the transgene cassette (Figure  35.1 ) 
that require consideration for optimal gene transfer outcomes 
include 5 ′  regulatory elements and 3 ′  noncoding sequence. In 
particular, the transgene promoter should be chosen with 
regard to the likely target cell type for transgene expression. 
While viral promoter elements provide strong transcriptional 
effects  in vitro , in some instances these promoters are suscep-
tible to transcriptional silencing  [3] . Thus, many gene transfer 
protocols now utilize either native enhancer/promoter con-
structs or synthetic regulatory elements that ensure long - term 
expression following transgene delivery  [4] . Nevertheless, 
despite these advances in promoter technology, the utility of 
optimal genomic regulatory elements is signifi cantly con-
strained by the packaging capacity of most vector systems. At 
the 3 ′  end of the transgene cDNA a polyadenylation signal 
must be inserted and some 3 ′  noncoding sequences have the 
potential to stabilize the resulting mRNA.    
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 Figure 35.1     Components of a therapeutic transgene cassette. 

  The  t ransgene  d elivery  p rotocol 

 Even with the most effi cient transgene cassette, optimal  in vivo  
expression requires an effective delivery system that ensures 
transport of the transgene to suffi cient numbers of host target 
cells. While signifi cant advances have been made in this area 
of gene therapy, the  “ perfect ”  delivery system does not exist, 
and a variety of delivery protocols are being used in hemo-
philia gene transfer studies. 

 In addition to a number of different delivery vehicles, gene 
transfer can be accomplished by either direct  in vivo  transgene 
administration such as through intravenous or intramuscular 
injection, or through delivery to host cells  ex vivo  in cell 
culture after their isolation from the host (  Table  35.1 ). While 
 in vivo  delivery strategies are more pragmatic and more readily 
applicable to large patient populations, they are inevitably 
associated with an increased likelihood of early adverse effects 
resulting from the process of transgene delivery. In contrast, 
in  ex vivo  approaches, transgene delivery to the host cell 
occurs outside of the body and thus avoids potential innate 
immune responses to the delivery vehicle.  Ex vivo  delivery also 
enables direct targeting of the distinct cell population that has 
been harvested from the host, e.g., hematopoietic stem cells. 
Unless the transgene is administered by direct injection (e.g., 
intramuscular injection),  in vivo  transgene delivery must rely 
upon inherent (or engineered) tropic properties of the delivery 
vehicle to facilitate cell - type specifi c gene transfer. Finally, 
given the relative effi ciencies of the two delivery approaches, 
the vector dose requirements for  in vivo  strategies will usually 
be much higher than for  ex vivo  delivery with the correspond-
ing vehicle.     

  The  t ransgene  v ehicle (Table  35.2 ) 

  Nonviral  t ransgene  d elivery 

 In general, nonviral transgene delivery approaches are easier 
to develop than viral vector - mediated strategies. In most 

  Table 35.1    Strategies for transgene delivery. 

   In Vivo     Direct administration into the recipient  
  Intravenous, intramuscular, subcutaneous  

   Ex Vivo     Administration to cells outside of the body and 
subsequent implantation  

  Hematopoietic stem cells, mesenchymal stem cells, 
endothelial progenitor cells  

instances, this will involve the generation of transgene plasmid 
DNA that is subsequently administered by direct injection of 
the naked DNA or via a form of molecular conjugate. DNA 
conjugation protocols have been established with a wide range 
of compounds, all possessing protective properties to facilitate 
transgene delivery to cells in an intact form  [5] . These com-
pounds have ranged from cationic lipids, to various forms 
of nanoparticle structures and the linear polysaccharide chi-
tosan. While the generation of these plasmid conjugates is 
variably straightforward to accomplish, the effi cient targeting, 
cell entry, and nuclear transgene transport achieved by these 
conjugates continues to pose major challenges. In general, 
the transgene delivery process mediated through these strate-
gies is still too ineffi cient to merit widespread clinical 
introduction.   

 There have been exceptions to the limitations posed by inef-
fi cient delivery of plasmid DNA. Approaches using electropo-
ration to facilitate cellular DNA entry have been developed 
and can even be applied locally  in vivo   [6] . In addition, hydro-
dynamic delivery strategies also continue to show promise  [7] . 
In laboratory animals, this approach can be applied systemi-
cally, but recent evidence has suggested that hydrodynamic 
delivery to localized vascular beds can provide very effective 
transgene expression, although transient local tissue injury is 
inevitable with this technology  [8] . 

 In summary, while some form of nonviral vector - mediated 
gene transfer approach might ultimately be the optimal 
method to deliver therapeutic transgenes, there will need to 
be signifi cant improvements in the effi ciency of this process 
before widespread clinical application is realized.  

  Viral  v ector -  m ediated  t ransgene  d elivery 

 Currently, the most effective way to deliver a transgene to 
recipient cells is through the utilization of one of a number of 
different viral vectors (Table  35.2  and  35.3 ). Viruses have 
evolved over millions of years to effi ciently introduce their 
nucleic acid genomes into host cells and, to date, attempts to 
improve upon this process have been unsuccessful. Thus, over 
the past three decades, efforts have centered upon the genera-
tion of viral vectors that preserve the effi cient delivery mecha-
nisms inherent in native viruses but abolish the replication 
competency and pathogenic features of the virus  [9] . These 

  Table 35.2    Transgene delivery vehicles and strategies. 

   Viral Vectors     Adenovirus 
 Adeno - associated virus 
 Lentivirus  

   Nonviral Delivery     Liposomes 
 Nanoparticles 
 Electroporation 
 Direct injection  



CHAPTER 35

228

administration (most often hepatotoxicity), and during the 
fi rst week after vector delivery, reversible thrombocytopenia 
is frequent  [14] . With increasing vector doses, or in more 
susceptible hosts, these effects can be more profound and in 
its most extreme manifestation the innate immune response 
can be fatal as it results in a systemic infl ammatory state  [15] . 
While there are certain features of the transgene delivery pro-
tocol that are known to infl uence this outcome (i.e., vector 
dose and route of administration), there is still an element of 
unpredictability, which inevitably increases the risk associated 
with using systemically administered adenoviral vectors in the 
clinic. For this reason, the use of adenoviral vectors in hemo-
philia gene therapy is highly unlikely until further progress 
is made in mitigating the innate immune reactivity to this 
vector type.  

  Retroviral  v ectors 

 Retroviral vectors, derived from a large family of RNA viruses, 
have been used in gene transfer protocols for more than 20 
years. The original gammaretroviral vectors were limited by 
their requirement for cell division to facilitate nuclear entry, 
but the more recent introduction of lentiviral - based vectors 
that can also transduce postmitotic cells has signifi cantly 
broadened the potential for these transgene delivery vehicles 
 [16] . As just one example, lentiviral vectors are excellent can-
didates for transduction of mitotically quiescent stem cells. 

 However, there are still limitations to the use of these 
vectors for gene transfer. While there has been some progress 
in the development of stable packaging cell lines, high - titer 
retroviral vector production is still not straightforward. 
Furthermore, the packaging constraints inherent in the use of 
retroviral vectors also limits transgene size to approximately 
8   kb, a factor that adversely infl uences the types of regulatory 
sequences that can be used to mediate transgene expression, 
especially of large cDNAs such as FVIII. 

 Most importantly, and in contrast to adenoviral vectors, 
retroviruses integrate into the host cell genome as part of their 
natural life cycle. In the context of gene therapy, this ensures 
that the transgene will be stably carried by the host cell, even 
if a replicating cell population has been transduced. Until rela-
tively recently, it had been thought that retroviral integration 
sites were randomly distributed throughout the genome. 
However, there is now good evidence to indicate that many 
integration sites coincide with regions of the genome that are 
transcriptionally active within the transduced cell (i.e., areas 
where the chromatin confi guration is more open and acces-
sible)  [17,18] . There also appear to be differences in the inte-
gration site preferences between gammaretroviruses and 
lentiviruses with the former vectors more often integrating in 
5 ′  upstream sequences close to transcription start sites and 
lentiviruses more often into the introns of transcriptionally 
active genes  [19] . These observations help to explain the inser-
tional mutagenesis outcomes that contributed to the leukemic 

  Table 35.3    Optimal characteristics of a viral vector for use in gene 
therapy. 

   Optimal viral vector characteristics  

  High titer production achievable  
  Intravenous administration possible  
  Minimal (no) infl uence on innate immunity  
  Low prevalence of antibodies in the patient population  
  Effi cient transduction of target cell population  
  Nonintegrating or targeted integration into host genome  

approaches have been variably successful and small phase I/II 
clinical studies of hemophilia gene transfer have now been 
performed with three different types of viral vector: adenovi-
rus, retrovirus and adeno - associated virus.     

  Adenoviral  v ectors 

 These double - stranded DNA viruses have been used for gene 
transfer for over 20 years. During this time, the viral genome 
has been progressively removed such that the current third 
generation of adenoviral vectors (helper - dependent or gutless 
vectors) only maintain the terminal repeat sequences and 
packaging sequence of the original viral genome. In these 
vectors, the structural viral proteins required for viral particle 
assembly are provided in  “ trans ”  through the cotransfection 
of packing cell lines with a helper adenovirus  [10] . 

 Adenoviral vectors have a number of characteristics that 
make them attractive candidates for gene transfer. They can 
fairly easily be grown to high titers and are extremely effi cient 
at transducing many different cell types both  in vitro  and 
 in vivo . Furthermore, in the latest generation of helper -
 dependent vectors, transgene inserts of up to 30   kb can be 
cloned into the vector backbone thus enabling large genomic 
regulatory sequences to be used for controlling transgene 
expression  [11] . Another potential advantage of adenoviral -
 based vectors is that they do not integrate into the host cell 
genome, but remain for prolonged periods of time as stable 
extrachromosomal elements in nondividing cells. Thus, the 
risk of insertional mutagenesis is essentially eliminated with 
adenoviral vectors. 

 However, despite these various advantages, the major limi-
tation of adenoviral vectors is the potent innate immune 
response that these vehicles elicit  [12] . Even with the develop-
ment of the most recent generation of helper - dependent ade-
noviral vectors, the adverse effects of the viral transduction 
process are still evident  [13] . These effects are mediated by 
proinfl ammatory cytokine responses and result in a number 
of acute, transient pathologies in the hours and fi rst few days 
after adenoviral vector administration. There is often evidence 
of transient cytotoxicity in the fi rst 48   h after intravenous 
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transformations documented in the recent severe combined 
immunodefi ciency disease gene therapy studies. In these cases, 
delivery with a gammaretroviral vector and integration of the 
transgene adjacent to a gene involved in lymphocyte develop-
ment ( LMO2 ) appears to have resulted in the inappropriate 
expression of this gene product and the emergence of an 
uncontrolled lymphoproliferative state  [20] . The ultimate 
expression of these integration events as leukemia very likely 
also involved critical contributions from the transgene product 
(a growth factor receptor) and additional acquired genetic 
anomalies. Nevertheless, these adverse clinical events have 
served as an important reminder of the potential problems 
that can result from the inopportune integration of these 
vectors. While targeting integration events to safe regions of 
the genome would be ideal, the practical realization of this 
strategy is still some way from application for gene therapy 
purposes.  

  Adeno -  a ssociated  v iral  v ectors 

 Adeno - associated viruses (AAVs) are small replication - defec-
tive, nonpathogenic parvoviruses that show a broad spectrum 
of cellular tropism in humans. Adeno - associated viruses 
possess a single - stranded DNA genome and require help from 
a replication - competent virus (most often adenovirus) to prop-
agate. Recent investigation has revealed many new AAV sero-
types that have the potential for expanding the therapeutic 
opportunities with AAV - based vectors. 

 After cell entry, AAV vectors persist within the nucleus as 
stable extrachromosomal concatemers with only very small 
amounts of the vector sequence ( < 5%) being integrated into 
the host genome  [21] . Among the limiting factors associated 
with the use of AAV vectors is the small size of the AAV 
genome, which restricts the size of the transgene cassette to 
 < 5   kb, and the fact that large - scale production of AAV vectors 
requires special expertise. 

 To date, the most signifi cant benefi t realized by AAV vectors 
has been the minimal immunogenicity associated with these 
particles. In contrast to both adenoviral and, to a somewhat 
lesser extent, retroviral vectors, AAV vectors administered by 
a number of different routes appear to be associated with 
minimal perturbation of the innate immune system. No acute 
adverse effects have been reported following even high AAV 
vector doses and, with one exception, there has been no long -
 term pathology reported with the use of these vectors. The 
single exception relates to reports from one group of liver 
tumors developing in older mice that received an AAV vector 
to treat mucopolysaccharidosis type VII  [22] . While subse-
quent integration site analysis of the tumor DNA from these 
mice showed a clustering of AAV integration events on chro-
mosome 12, in a genomic region that encodes several imprinted 
genes and a number of miRNAs  [23] , there remains signifi cant 
skepticism that these occurrences are refl ective of a broader 
tumorigenic potential of AAV. 

 One additional problem that has infl uenced clinical out-
comes with AAV vectors is the prevalence within humans of 
pre - existing AAV immunity  [24] . Humoral immunity to AAV 
is present in the majority of humans but varies signifi cantly 
with different AAV serotypes. While these anti - AAV anti-
bodies will compromise the transduction effi ciency of AAV -
 based vectors, the presence of pre - existing cellular immunity 
to the virus has proven equally challenging through the devel-
opment of postadministration cytotoxic responses to AAV -
 transduced cells. While evidence for anti - AAV antibodies is 
relatively easy to ascertain, pre - existing T - cell immunity is 
extremely diffi cult to document. 

 The current development of plans for two AAV - based gene 
therapy trials in hemophilia B indicates that this vector system 
remains an excellent candidate for clinical application. There 
will be particular interest in the delayed cell - mediated immune 
responses following these vector administrations but, based 
on much preclinical and previous clinical investigation, these 
trials may result in long - term therapeutic expression of FIX.  

  Future  c hallenges for  g ene  t herapy 

 While the discipline of gene therapy is now close to 30 years 
old, examples of clinical success remain very small in number. 
Successes with the treatment of infant patients with severe 
combined immunodefi ciency disease has been tempered with 
the development of leukemia in some cases  [25,26]  while the 
successes seen in Leber ’ s congenital amaurosis  [27]  and late 
infantile neuronal ceroid lipofuscinosis  [28]  are still in a very 
small number of patients and very early on for signifi cant 
phenotypic improvements to be realized  [29] . No gene transfer 
delivery vehicle is clearly superior at this time and there is still 
much to learn about optimizing transgene delivery and 
expression. 

 The major challenges for gene therapy that have still to be 
overcome are detailed in Table  35.4 . For clinical studies, large -
 scale vector production will need to be improved and better 
forms of cellular targeting would be optimal. The use of all 
viral vector - based delivery protocols has the potential to acti-
vate innate immune reactivity and mitigation of this response 

  Table 35.4    Outstanding challenges to successful gene transfer. 

   Major outstanding gene transfer challenges  

  1. Host Immune responses  
  a) Innate immunity to the delivery vehicle  
  b) Adaptive immunity to the delivery vehicle  
  c) Adaptive immunity to the transgene protein  

  2. Effi cient cell - targeted transduction  
  3. Targeted vector integration or long - term extrachromosomal 

transgene persistence  
  4. Persistent high - level transgene expression  
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will be an important component of any successful gene trans-
fer trial  [30] . In addition, adaptive immune responses to both 
the vector and the transgene product may also pose problems, 
especially in immunocompetent hosts with null phenotypes for 
inherited protein defi ciencies (i.e., severe hemophilia)  [31] .   

 Despite the challenges that lie ahead, there is still a well -
 founded optimism that gene therapy will prove successful for 
providing long - term  “ cures ”  for protein defi ciency states such 
as hemophilia. Where safe and effective therapies already 
exist, as they do in hemophilia, advances toward gene therapy 
must always weigh the balance between safety and potential 
therapeutic benefi t. Further advances are awaited with great 
interest.  
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     The fi rst clinical trial of gene therapy was begun in 1990 at 
the US National Institutes for Health (NIH), where a retroviral 
vector expressing the adenosine deaminase gene was intro-
duced into the T lymphocytes of children with severe com-
bined immunodefi ciency disease (SCID). Although not a 
clearcut success because of low levels of gene transfer, the 
approach appeared safe, and many other trials followed. 
Beginning in 1998, fi ve different trials of gene therapy for 
hemophilia were undertaken in a fairly short space of time 
(Table  36.1 )  [1] . As was the case for the initial trial for ADA -
 SCID, none resulted in long - term success, but all showed 
reasonable safety profi les and one showed at least short - term 
effi cacy at the highest dose tested  [2] . In retrospect, and with 
an additional decade of clinical experience in gene therapy, it 
is clear that only one of these trials — infusion of an adeno -
 associated virus (AAV) vector into the hepatic artery — had the 
advantage of robust preclinical data in a large animal model 
of the disease  [3] ; perhaps not surprisingly, this is the only one 
of the original group of studies still moving forward, an obser-
vation that underscores the importance of rigorous testing of 
proposed clinical strategies in large animal models of disease. 
Nonetheless, all of the studies were informative and provided 
data which form a starting point for a new generation of trials 
currently beginning. As is often the case for novel classes of 
therapeutics, several iterations may be required to attain the 
therapeutic goal — in this case, long - term expression of thera-
peutic levels of clotting factor from a single administration of 
vector. This chapter will review the previous trials, the pre-
clinical studies on which they were based, and subsequent 
studies that have resulted in formulation of strategies that are 
more likely to achieve the desired therapeutic outcome.   

 To achieve the goal of gene therapy for genetic disease —
 long - term expression of the therapeutic transgene at levels 
high enough to improve the phenotype of the disease — two 
general strategies can be pursued. The fi rst uses an integrating 
vector to transduce a stem cell, so that all daughter cells carry 
the donated gene. This ensures long - term expression but 
carries the risk of insertional mutagenesis related to the inte-

gration event(s). The second is to use a vector to transduce a 
long - lived postmitotic cell type. In this case, as long as the 
donated gene is stably maintained, there is no need for integra-
tion, since the cell itself is long - lived. This approach thus has 
the possibility to avoid risks related to insertional mutagene-
sis, but, because it generally requires  in vivo  gene delivery, 
carries another risk, that of immunotoxicity. Because long -
 lived postmitotic cells such as skeletal muscle or cells of the 
central nervous system (CNS) are not easily removed for 
manipulation in the laboratory, the vector must be adminis-
tered  in vivo , increasing the risk that an immune response to 
the vector will occur and perhaps promote or exacerbate an 
immune response to the transgene product as well. 

 In contrast to the situation at the start of the hemophilia 
gene therapy trials a decade ago, success using both of the 
strategies outlined above has now been demonstrated in both 
inherited and acquired disorders. The fi rst clearcut success in 
gene therapy — the restoration of immune function in children 
with X - linked SCID  [4]  — used the strategy of transduction of 
stem cells, in this case CD34 +  hematopoietic stem cells, with 
an integrating retroviral vector. The strong  in vivo  selection 
for transduced cells helped to ensure success here, but also 
likely contributed to selection for clones with a growth advan-
tage, resulting approximately 3 years after transduction in the 
occurrence of T - cell leukemia in some subjects  [5,6] . Other 
trials that have used the strategy of  ex vivo  transduction of 
stem cells have included successful treatment of ADA - SCID in 
children  [7,8] , and treatment of severe junctional epidermoly-
sis bullosa using transduction of epidermal skin cells  [9] . [The 
failure to observe leukemias in children with ADA - SCID may 
be related to the less powerful selection pressure for trans-
duced cells in this setting; in fact, in order to achieve engraft-
ment a mild conditioning regimen was administered prior to 
infusion of transduced autologous cells, and replacement 
therapy with polyethylene glycol (PEG) - ADA was also with-
drawn to provide some advantage for the transduced cells.] 
Success with the second strategy —  in vivo  transduction of 
long - lived postmitotic cell types — has now been achieved in at 
least two settings, the retinal degenerative disorder Leber ’ s 
congenital amaurosis  [10 – 12] , and the neurodegenerative dis-
order Parkinson ’ s disease  [13] . The vector in both of these 
cases was recombinant AAV; injection of the vector into the 
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  Table 36.1    Gene transfer trials in hemophilia. 

   Sponsor     Hemophilia     Number of subjects     Administration     Reference  

  TKT    A    12     Ex vivo : electroporation of autologous fi broblases, re -
 implantation onto peritoneum  

  Roth  et al.   [14]   

  Chiron    A    13    Intravenous infusion of retroviral vector expressing BDD - FVIII    Powell  et al.   [15]   
  GenStar    A    1    Helper - dependent adenoviral vector expressing full - length 

FVIII under control of albumin promoter  
  White  [48]   

  CHOP, Stanford, 
Avigen  

  B    8    Direct intramuscular injection of AAV2 expressing FIX under 
control of CMV promoter  

  Kay  et al ., Manno 
 et al.   [57,58]   

  Stanford, CHOP, 
Avigen  

  B    7    Hepatic artery injection of AAV2 expressing FIX under control 
of hAAT promoter  

  Manno  et al.   [2]   

  CHOP    B    Initiated    Hepatic artery injection of AAV2 expressing FIX under control 
of hAAT promoter with transient immune modulation  

  High  [74]   

  St. Judes    B    Planned    Intravascular deliver of AAV8 expressing FIX under control of 
hAAT promoter; self - complementary genome  

  Nienhuis  [75]   

   AAV, adeno - associated virus; BDD, B domain deleted; CMV, cytomegalovirus; FIX, factor IX.   

subretinal space, or into the subthalamic nucleus in subjects 
with Parkinson ’ s disease, resulted respectively in statistically 
signifi cant improvement in objective and psychophysical 
measures of vision, or of clinical motor scores and brain 
metabolism as measured by positron emission tomography 
(PET) scanning. Thus, proof of concept of the general approach 
of gene transfer is now established and the task is to adapt it 
successfully for hemophilia.  

  Initial  t rials of  g ene  t herapy 
for  h emophilia 

 As with other plasma protein defi ciencies, a variety of gene 
transfer approaches hold the potential to yield success in 
hemophilia. This is refl ected in the range of strategies that 
were investigated in the initial round of clinical studies. 

  Plasmid  t ransfection of  a utologous  fi  broblasts 

 The fi rst hemophilia gene therapy trial reviewed and approved 
by the US Food and Drug Administration took place at the 
Beth Israel Deaconness Medical Center in Boston. Sponsored 
by a biotechnology company, Transkaryotic Therapeutics, the 
study enrolled a total of 12 subjects with severe hemophilia 
A, for a procedure in which autologous fi broblasts were har-
vested from a skin biopsy and stably transfected with a plasmid 
encoding B - domain - deleted factor VIII (FVIII) under the 
control of the fi bronectin promoter. Preclinical studies using 
the same strategy in mice resulted in human FVIII levels of 
 ∼ 5% maintained for  > 1 year  [14] . For the human study, a 
single clone was selected and characterized in terms of FVIII 
expression levels and growth in soft - agar (a tumorigenicity 
assay). The clone was expanded, and 7 weeks after skin 
biopsy, either 10 8  or 4    ×    10 8  autologous genetically modifi ed 

fi broblasts were implanted onto the omentum in a laparo-
scopic procedure. Results for the fi rst six subjects (three with 
each of the two cell doses) have been published  [14] ; the sub-
jects ranged in age from 20 to 72 years (mean age 46); four 
out of six were human immunodefi ciency virus (HIV) - positive 
but did not have acquired immune defi ciency syndrome 
(AIDS), and six out of six were hepatitis C virus (HCV) 
antibody - positive. In the higher - dose group, one subject had 
a marked decrease in the frequency of spontaneous bleeds that 
lasted for  ∼ 10 months; this subject also demonstrated circulat-
ing FVIII levels above baseline (in the range of 1 – 4%) for  ∼ 6 
months.  In vitro  testing of the transfected fi broblasts also 
demonstrated a higher level of FVIII expression in this sub-
ject ’ s fi broblasts. After  ∼ 10 months, this patient ’ s FVIII levels 
fell to baseline and spontaneous bleeding recurred. The etiol-
ogy of the loss of expression was not determined, but may 
have been because of a cellular immune response to the FVIII -
 expressing cells; gradual senescence of the cells; a fi brotic 
reaction around the site of implantation that reduced secretion 
of FVIII into the circulation; transcriptional repression; or 
some other factor(s). Clearly the procedure, though labor 
intensive, was safe, and offers several attractive features. 
Because a single clone is selected and implanted, the risk of 
insertional mutagenesis is minimized. Because gene transfer 
takes place  ex vivo , the risk of an immune response is reduced, 
and the risk of germline transmission of the donated DNA is 
also lessened. Based on the clinical and laboratory results in 
the report, one would conclude that substantially higher levels 
of expression, or higher cell doses, would be required for a 
therapeutic effect. Moreover, the levels of FVIII production in 
tissue culture did not accurately predict the circulating levels 
once the cells were implanted, likely because transfer into the 
circulation was  < 100%. This strategy may come back into 
play in a modifi ed form, using, for example, genetically modi-
fi ed induced pluripotent stem cells.  
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  Intravenous  i nfusion of a  r etroviral  v ector 
 e xpressing  B  -  d omain -  d eleted  f actor  VIII  

 In a trial sponsored by the Chiron Corporation, 13 subjects 
with severe hemophilia A received intravenous infusion of a 
vesicular stomatitis virus (VSV) - pseudotyped retroviral vector 
expressing B - domain - deleted FVIII under the control of the 
viral long terminal repeat (LTR) as promoter  [15] . Enrolled 
subjects ranged in age from 18 to 55 years (mean age 37.5); 
5/13 were HIV positive and all were HCV antibody positive. 
The study had a dose escalation design, with doses ranging 
from 2.8    ×    10 7  transducing units (TU)/kg up to 8.8    ×    10 8    TU/
kg. Infusion proved safe, but there was no evidence for long -
 term expression of the gene as measured by persistent increases 
in circulating levels of FVIII. There was evidence by polymer-
ase chain reaction (PCR) for persistence of transgene DNA for 
at least 1 year in peripheral blood mononuclear cells (PBMCs) 
of all of the three subjects tested. The trial demonstrated that 
there were no adverse events associated with intravenous infu-
sion of a retroviral vector at these doses. 

 The potential for effi cacy of this approach was diffi cult to 
assess based on the preclinical studies, as they utilized vectors 
expressing human FVIII in rabbits and hemophilic dogs. (The 
canine factor VIII gene was not cloned until 1998  [16] , and 
was thus not available when these studies were initiated.) 
These animals rapidly form antibodies to human FVIII, so that 
measurement of circulating levels becomes problematic; the 
studies in hemophilic dogs were published in abstract form 
 [17,18]  but not in full - length format, further complicating 
objective analysis. Certainly, the data suggest that neither 
rabbits nor dogs accurately predicted dosing in humans; the 
rabbit studies showed circulating FVIII levels of  ∼ 10 – 20% 
normal after a total dose of  ∼ 4    ×    10 8    CFU/kg  [19] , while the 
hemophilic dogs infused at the same dose showed levels as 
high as 10%  [18] . 

 A characteristic of retroviral vectors is a requirement for 
dividing target cells, since disruption of the nuclear membrane 
is necessary for the retroviral preintegration complex to gain 
access to the chromatin  [20,21] . One would thus predict that 
the most likely targets for retroviral transduction after intra-
venous infusion would be the rapidly dividing cells in the bone 
marrow, or perhaps dividing cells in the gastrointestinal (GI) 
tract. Consistent with this principle, vector DNA was indeed 
recovered from PBMCs of infused subjects in the clinical trial. 
Certainly, it would be unlikely to target the liver in an adult 
animal (or human) without some prior maneuver to induce 
hepatocyte cell division. Thus, in an earlier study, Kay and 
colleagues achieved transduction of canine liver with a retro-
viral vector expressing factor IX by fi rst carrying out partial 
hepatectomy to induce cell division in the remaining hepato-
cytes  [22] . Similarly, in subsequent studies, two groups, those 
of VandenDriessche and of Ponder, demonstrated that intra-
venous infusion of a retroviral vector could result in sustained 
expression of therapeutic levels of clotting factors if neonatal 
animals, in which hepatocytes are still rapidly dividing, are 

the recipients  [23,24] . (Even in these studies with neonatal 
mice and dogs, though, vector doses required were approxi-
mately one log higher than the highest doses administered in 
the clinical trial.) Ponder and colleagues also demonstrated 
that another maneuver, coadministration of hepatocyte 
growth factor, could result in some modest level of transduc-
tion of liver. Animal studies suggest that without some method 
to ensure access to dividing hepatocytes, retroviral infusion is 
not likely to be successful in the setting of hemophilia. 
However, an advance that resulted from these efforts was the 
ability to generate higher - titer vectors and resulting potential 
to administer higher doses. 

 Subsequent preclinical studies have built on these initial 
observations to develop approaches with a higher likelihood 
of effi cacy. First, the development of lentiviral vectors, which 
can transduce a wide variety of target cells including nondivid-
ing cells, has widened options for hemophilia and many other 
disorders. Although clinical use of lentiviral vectors has been 
quite limited to date  [25] , several experimental approaches 
using lentiviral vectors have resulted in phenotypic improve-
ment in small animal models of hemophilia. For example, 
Poncz and colleagues, and Montgomery  et al ., used both 
transgenic and lentiviral approaches to deliver the B - domain -
 deleted FVIII gene to hematopoietic stem cells in mice. Using 
a megakaryocyte - specifi c promoter, they demonstrated that 
platelet FVIII was stored in  α  - granules and released on platelet 
activation at the site of an injury  [26,27] , and that platelet -
 released FVIII could correct the bleeding phenotype even in 
the presence of inhibitory antibodies  [28] , although the degree 
of effi cacy in this setting is still debated  [29] . In a similar 
approach, Sadelain and colleagues have used a lentiviral vector 
with an erythroid - specifi c promoter to direct factor IX synthe-
sis in erythroblasts, and this too has shown stable expression 
of FIX levels in the range of 5 – 7% in lethally irradiated mice 
transplanted with transduced bone marrow from syngeneic 
mice  [30] . In both of these approaches, clinical feasibility will 
likely depend on the ability to achieve success using reduced -
 intensity conditioning regimens. Sadelain  et al . have already 
used such an approach (low - dose busulfan for conditioning), 
combined with  in vivo  selection for transduced cells using 
methylguanine methyltransferase (MGMT) to achieve long -
 term expression of circulating FIX levels of  > 10% in the 
hemophilia B mouse model using the erythroid - specifi c lenti-
viral vector  [31] . The relatively high circulating levels seen 
with the erythroid approach are associated with tolerance to 
the FIX protein even in the hemophilic mice, another benefi t 
of this approach. Plans are under way to extend these 
approaches to large animal models to test for safety and 
effi cacy. 

 A third approach using lentiviral vectors targets hepatocytes 
for expression. Early efforts using ubiquitously expressed pro-
moters resulted in immune responses to factor IX or factor 
VIII that limited expression  [32 – 34] . The use of a liver - specifi c 
promoter attenuated but did not entirely extinguish B -  and 
T - cell responses to the transgene product  [35,36] . In follow - up 
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studies, Naldini and coworkers demonstrated that intravenous 
infusion of lentiviral vectors triggers an interferon response 
that further limits the effi ciency and stability of lentiviral -
 mediated gene transfer to liver  [37] . However, a recent study 
showed that inclusion of a miRNA target sequence in a lenti-
viral vector could suppress expression in antigen - presenting 
cells and further reduce immune responses to the transgene 
product  [38] . Given that immune responses to the transgene 
product are a serious complication in hemophilia, as they may 
limit the ability to treat the disease with protein concentrates, 
it will be important to test the safety and effi cacy of this strat-
egy in a large animal model of hemophilia before contemplat-
ing human trials. The major safety concern with integrating 
vectors, the risk of insertional mutagenesis, may be lessened 
with lentiviral versus retroviral vectors, because of reduced 
predilection for integration near transcription start sites 
 [39,40] .  

  Infusion of an  a denoviral  v ector  e xpressing 
 f actor  VIII  

 Recombinant adenoviruses are double - stranded DNA vectors 
that are highly effi cient for gene transfer effi ciency and able 
to target hepatocytes with high specifi city through the cox-
sackie virus adenovirus receptor (CAR)   receptor  [41] . They 
have been used extensively in gene transfer studies of hemo-
philia in animal models. Studies in mice demonstrated that 
durable gene transfer could be achieved for both FVIII and 
FIX and sustained for many months  [42,43] . However, only 
transient transgene expression was observed in initial studies 
in large animal models because of the strong innate immune 
responses elicited by the vector. In a canine model of hemo-
philia B, a total dose of 2.4    ×    10 12  plaque - forming units (PFU) 
of Ad - cF.IX resulted in transient supraphysiologic levels of 
FIX that declined to baseline levels within 2 months, presum-
ably as a result of immune - mediated destruction of transduced 
hepatocytes  [44] . A study in nonhuman primates that received 
recombinant adenovirus encoding human FIX at doses ranging 
from 3.4    ×    10 11  to 3.8    ×    10 12  vector particles (vp) per kilogram 
resulted in transient physiologic levels of circulating factor, 
but this was accompanied by dose - dependent liver and skeletal 
muscle toxicity, coagulation abnormalities, and decreased 
platelet counts  [45] . These early  in vivo  observations catalyzed 
further vector optimization efforts to eliminate residual viral 
coding sequences implicated in the acute infl ammatory 
responses. The resulting high capacity (HC), helper - dependent 
(HD) adenovirus vectors do not contain any viral genes and 
were therefore predicted to be less infl ammatory compared 
with the fi rst - generation vectors. A hemophilia A dog injected 
with a dose of 3    ×    10 11  vp/kg of HC - Ad containing a canine 
FVIII expression cassette resulted in a maximum level of 3.5% 
achieved 3 days following vector administration in the absence 
of any detectable hepatoto xicity, nephrotoxicity, or hemato-
logic abnormalities  [46] . However, the level of circulating 
factor returned to baseline levels ( < 1%) by 14 days post - vector 

infusion. Administration of HC - Ad encoding human FVIII in 
nonhuman primates revealed attenuated, dose - dependent tox-
icity, with no toxicity observed at 1.4    ×    10 12    vp/kg, but signifi -
cant hepatotoxicity at 4.3    ×    10 12    vp/kg  [47] . 

 In a phase I clinical trial for hemophilia A sponsored by the 
biotechnology company GenStar Therapeutics, a single subject 
with severe hemophilia A was infused with 4.3    ×    10 10    vp/kg 
of recombinant HC - Ad containing the full length cDNA of 
human FVIII under the control of the human albumin pro-
moter  [48] . This dose was 100 - fold lower than the dose found 
to cause hepatoxicity in nonhuman primates  [47] . The subject 
experienced fever and chills  ∼ 5   h after vector infusion, and 
thrombocytopenia and elevation in liver enzymes that peaked 
 ∼ 7 days following infusion. These symptoms resolved within 
19 days  [49] . Circulating FVIII levels of 1% were reported for 
several months, but a causal relationship of vector administra-
tion with these low levels (which are close to the baseline of 
methods used to measure blood FVIII) was unclear. Owing to 
safety concerns and the narrow potential therapeutic index, 
indicated by subtherapeutic transgene expression at a dose 
that resulted in moderate toxicity, combined with the prior 
occurrence of a fatal acute response in a human subject who 
received a 14 - fold higher dose (6    ×    10 11    vp/kg) of a different 
adenovirus vector in a trial for ornithine transcarbamylase 
(OTC) defi ciency  [50] , no additional subjects were enrolled in 
this trial. 

 Innate immune responses to the adenovirus capsid protein 
resulting in dose - limiting acute toxicity remain a major chal-
lenge for adenovirus vector - mediated gene transfer to the liver. 
Further improvements have been made to enhance the safety 
and therapeutic potential of recombinant adenovirus for liver -
 directed gene transfer. In particular, more effi cient and local-
ized vector infusion to the liver by balloon occlusion catheter 
delivery was found to reduce systemic exposure and associated 
vector toxicity, and result in sustained expression of a reporter 
transgene  [51] . However, the risk associated with administra-
tion of recombinant adenovirus relative to their potential 
benefi t likely needs to be reduced to support its further devel-
opment for clinical applications such as hemophilia for which 
partially effective therapies have been established.  

  Intramuscular  i njection of an  a deno -  a ssociated 
 v irus  v ector  e xpressing  f actor  IX  

 Gene transfer vectors based on AAVs have demonstrated 
promise for human gene therapy based on their excellent 
safety and long - term effi cacy in animal models, and several 
clinical studies for both genetic and acquired diseases using 
this vector have been initiated  [12,52,53] . The inability to 
replicate autonomously and lack of any known disease asso-
ciation with wild - type AAV, as well as its low immunogenic-
ity, make vectors based on AAV excellent candidates for gene 
transfer for hemophilia. The small vector genome capacity of 
AAV can accommodate FIX cDNA expression cassettes, but 
not the larger full - length FVIII cDNA. Hence, translational 
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efforts using AAV have focused on hemophilia B. Strategies 
to overcome the challenges presented by the much larger FVIII 
expression cassette have been developed  [54,55] , and offer 
promise for future AAV vector - based clinical studies for 
hemophilia A. 

 An AAV2 - based vector encoding canine FIX under the 
control of a cytomegalovirus (CMV  ) promoter was developed 
and administered by intramuscular injection to fi ve hemo-
philia B dogs at doses ranging from 1.3    ×    10 11  to 8.5    ×    10 12    vp/
kg  [56] . A dose - dependent partial correction in the activated 
partial thromboplastin time (aPTT) and levels of circulating 
cFIX antigen levels up to 70   ng/mL were observed. The thera-
peutic effects observed were stable for the 10 - month duration 
of the study. Based on these and other results in animal models 
supporting safety and effi cacy, a phase I/II clinical trial was 
initiated in 1999 by The Children ’ s Hospital of Philadelphia, 
Stanford University, and the biotechnology company Avigen 
to test the safety and effi cacy of intramuscular delivery of 
recombinant AAV encoding a FIX transgene cassette with a 
CMV promoter for hemophilia B. A total of eight subjects 
with severe hemophilia B received intramuscular injection 
of vector in three dose cohorts ranging from 2    ×    10 11  to 
1.8    ×    12 12    vp/kg  [57,58] . Administration was well tolerated in 
all subjects, with no adverse events observed in the immediate 
post - treatment period, nor during multiyear follow - up. From 
this study the investigators established that: (i) intramuscular 
injection of AAV - hF.IX at doses up to 1.8    ×    10 12    vp/kg was 
safe and well tolerated; (ii) the level of transduction assessed 
by vector gene copy number in DNA from muscle biopsies 
was consistent with that predicted by the preclinical mouse 
and dog models; and (iii) transgene expression was stable over 
time, based on muscle biopsies performed up to 3.7 years post 
administration  [59] . However, a problem encountered with 
this route of administration was the practical limitation of 
performing the number of injections estimated to be required 
( ∼ 500, based on studies in the canine model) to attain thera-
peutically signifi cant levels of the donated FIX protein. In 
addition, concurrent studies showed that gene delivery to skel-
etal muscle by direct intramuscular injection carried a risk of 
promoting an immune response to the transgene product FIX 
 [60] . 

 Development of more effi cient methods for delivery of AAV 
to muscle in large animal models was subsequently described. 
Arruda and colleagues reported long - term robust cFIX expres-
sion, corresponding to 4 – 14% of normal physiologic levels, 
following AAV vector - mediated gene transfer by regional 
intravascular delivery to muscle in a canine hemophilia B 
model using doses comparable to those used in the clinical 
trial  [61] . The approach required a surgical procedure and 
administration of histamine to allow egress of vector from the 
vasculature and effi cient myocyte transduction. Subsequent 
development of a more clinically feasible procedure, in which 
vector is administered in a large volume of fl uid into the 
saphenous vein (so that hydrostatic pressure rather than a 
vasoactive drug effects vector transfer through the vasculature 

into myocytes), increases the likelihood that this route of 
administration can be tested clinically  [62] . An advantage of 
using muscle as a target tissue is that it could provide a thera-
peutic option for individuals with severe liver disease.  

  Liver  i nfusion of an  a deno -  a ssociated  v irus  v ector 
 e xpressing  f actor  IX  

 Compared with intramuscular injection, higher circulating 
FIX levels have been observed in animal models following 
liver transduction, likely owing to more effi cient secretion of 
FIX into the circulation from hepatocytes. Mount and col-
leagues reported that a dose of 1    ×    10 12    vp/kg resulted in 
canine FIX levels ranging from 5% to 12% of normal values 
in hemophilia B dogs, achieving almost complete correction 
of the hemophilia phenotype  [3] . Nathwani and colleagues 
administered a dose of 4    ×    10 12    vp/kg in rhesus macaques and 
measured FIX levels ranging from 0.8% to 10%  [63] . In this 
study one animal developed a FIX inhibitor, likely attributable 
to the amino acid differences between the human and macaque 
FIX sequences. Together, these animal model studies demon-
strated the ability of AAV2 - FIX to transduce liver cells, result-
ing in durable and clinically signifi cant circulating FIX levels 
without detectable toxicity. 

 The promising results of liver - directed gene transfer in 
animal models prompted a second hemophilia B clinical trial 
sponsored by Stanford University, Children ’ s Hospital of 
Philadelphia, and Avigen  [2]  to investigate an optimized 
AAV2 vector containing an expression cassette for FIX under 
the control of a liver - specifi c human  α  1  - antitrypsin promoter. 
In the initial phase of the study, a total of seven subjects with 
severe hemophilia B received vector via hepatic artery infusion 
in three dose cohorts ranging from 8    ×    10 10  to 2    ×    10 12    vp/kg. 
Following administration at the low and mid doses, no FIX 
expression was detected. However, in the fi rst subject treated 
at the high dose (subject E), clinically signifi cant levels of FIX 
were detected in the blood. Factor IX was undetectable prior 
to vector administration, and rose to a peak of 11.2% 2 weeks 
after vector infusion, a level accurately predicted by the pre-
clinical animal studies  [3] . Subject E had no detectable pre -
 existing antibodies to AAV2. Therapeutic levels of FIX were 
measured in this subject for approximately 5 weeks, but then 
returned to baseline concomitant with a transient, self - 
limiting, asymptomatic transaminitis, and the appearance in 
the peripheral blood of a population of capsid - specifi c CD8 +  
T cells  [2,64] . In the second subject that received the high 
dose, but who had a pre - existing anti - AAV2 titer of 1:17, 
neither transgene expression nor transient liver enzyme eleva-
tion were observed. In one additional subject with a low pre -
 existing AAV2 antibody titer who subsequently received the 
mid - dose (4    ×    10 11    vp/kg), a mild, self - limiting transaminitis 
that recapitulated the temporal pattern observed in subject E, 
but with reduced amplitude, was observed. 

 The observations made during the AAV - FIX liver - directed 
clinical trial confi rmed that recombinant AAV2 was capable 
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of achieving clinically signifi cant levels of FIX following liver 
infusion in human subjects. However, barriers relating to 
human immune responses were revealed. It became clear that 
the presence of even modest levels (i.e., 1:17) of pre - existing 
AAV antibodies was suffi cient to block transduction using this 
route of administration (although not with intramuscular 
injection). Unexpectedly, because not observed in any animal 
models, an adaptive immune response, likely a memory 
response primed by a preceding exposure to infection by the 
ubiquitous wild - type AAV2 virus, led to an AAV capsid - 
specifi c cytotoxic T - lymphocyte (CTL) - mediated destruction 
of transduced hepatocytes. The etiology of this effi cacy - limit-
ing immune response was the topic of an NIH Recombinant 
DNA Advisory Committee Symposium convened in 2007 
 [65] . Hypotheses that were advanced to explain the prove-
nance of the capsid peptides that were presented by major 
histocompatibility complex (MHC) class I molecules on trans-
duced human hepatocytes, thereby sensitizing them to capsid -
 specifi c CTL effector function, included: (i) residual  cap  DNA 
introduced into the vector - transduced cells which was tran-
scribed, translated, and presented  [66,67] ; (ii) the capsid 
protein component of the vector inoculum, i.e., presentation 
of exogenous antigen  [68] ; and (iii) a cryptic alternative open -
 reading frame in the clinical transgene cassette sequence which 
was transcribed, translated, and presented  [65] . (This latter 
hypothesis assumes that the documented CD8 +  T - cell response 
to the capsid was unrelated, and that the true antigen had been 
missed.) Sensitive transcriptional profi ling studies using the 
actual vector used in the clinical study excluded the possibility 
that trace  cap  DNA expression accounted for sensitization of 
vector - transduced hepatocytes, and subsequent studies sup-
ported the second hypothesis, that processing and MHC class 
I presentation of peptides directly derived from the preformed 
capsid protein component of the vector inoculum occurred 
 [68,69] . Together, these studies revealed the potential for 
mild, but effi cacy - limiting immunotoxicity attributable to the 
capsid protein component of the AAV vector following human 
liver administration. The results support that the amount of 
AAV vector capsid protein used in vector prepared for clinical 
studies should be the lowest level required to achieve delivery 
of an effi cacious dose of therapeutic transgene  [70,71] . 
Strategies to achieve this objective include the use of highly 
effi cient vectors  [72] , combined with rigorous attention to 
detail of the preparation of this novel class of biologic product 
for use in clinical studies to minimize their potential immuno-
genicity  [73] . 

 The fi rst compelling evidence of effi cacy following gene 
transfer for hemophilia was documented in the liver - directed 
AAV - FIX hemophilia B trial. This result, combined with the 
now more complete understanding of immune barriers to 
AAV vector - mediated long - term therapeutic gene transfer in 
human subjects have moved the fi eld closer to truly effective 
gene transfer for hemophilia. The recent successful treatment 
of Leber Congenital Amaurosis  [10 – 12]  and Parkinson ’ s 
disease  [13] , in which low doses of AAV vector are delivered 

to relatively immunoprivileged sites, further underscores the 
potential if the immune responses that arise in other routes of 
administration can be controlled. One strategy that is cur-
rently being tested in the clinic is the use of transient immune 
modulation to block the activation and proliferation of AAV 
capsid - specifi c CTLs that were implicated in limiting effi cacy 
until the capsid antigen has been degraded and disappears 
from transduced cells. A second strategy that will soon be 
tested in the clinic is the use of a more effi cient serotype 
(AAV8) and more effi cient, self - complementary FIX expres-
sion cassette that is expected to dramatically reduce the vector 
dose required to achieve clinically signifi cant levels of circulat-
ing FIX  [72] . The lessons learned in the last 10 years of clinical 
gene transfer may eventually translate into improved therapies 
for hemophilia and other genetic disorders.   
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  Introduction 

 Insights from recombinant DNA technology ushered in the 
gene therapy era. As the severe complications of hemophilia 
can be avoided with even a modest increase in plasma levels 
of factor VIII (FVIII) and factor IX (FIX), hemophilia became 
a popular target of gene therapy research. Most current gene 
therapy strategies rely on gene methodologies using vectors as 
delivery vehicles to provide a wild - type copy of the defective 
gene to a physiologically relevant target tissue. The most effi -
cient vectors have proven to be engineered viruses, with 
known mechanisms for entering eukaryotic cells and harness-
ing their synthetic machinery to produce foreign proteins. 
Whereas this application to a wide range of preclinical animal 
models has demonstrated success for these strategies, there 
have been signifi cant obstacles remaining for human clinical 
applications depending on the combination of vector used, 
expressed transgene and target tissue chosen (see Chapter  36   ). 
This has resulted in only a few patients achieving transient 
low - level expression of either FVIII or FIX. 

 Continued advances in recombinant DNA technology 
remains a promising platform to address the remaining chal-
lenges for affordable and accessible recombinant clotting 
factors as well as gene therapy efforts. In particular, ongoing 
research has provided detailed structure and function charac-
terizations for each phase of the life cycles for FVIII (Figure 
 37.1 ) and FIX: biosynthesis, macromolecular interactions, 
activation/inactivation, and clearance. This has come through 
insights from the study of hemophilia mutations, site - directed 
mutagenesis, detailed structural models and an expanded rep-
ertoire of animal models through molecular biology advances. 
This has opened up new frontiers for bioengineering strategies 
to overcome some of the remaining limitations inherent to 
current clotting factor concentrates. Partnering some of these 
bioengineering strategies with advances in gene therapy, 

vectorology and immunology insights may increase the likeli-
hood of a successful and broadly applicable gene therapy 
strategy.    

  Factor  VIII  with  i mproved  f unctional 
 p roperties (Table  37.1 ) 

  Improved  b iosynthesis and  s ecretion 

 Several mechanisms have been identifi ed that limit FVIII 
expression: (i) FVIII is susceptible to misfolding within the 
endoplasmic reticulum (ER), inducing transcription of ER 
stress - response genes through the unfolded protein response 
(UPR), a cellular adaptive response to regulate all levels of 
gene expression including transcription, translation, translo-
cation into the ER lumen and ER - associated degradation  [1] ; 
and (ii) FVIII forms nondisulfi de - bonded high - molecular -
 weight aggregates that are retained within the ER through 
interactions with the protein chaperones immunoglobulin 
binding protein (BiP/GRP78), calnexin and calreticulin. FVIII 
also demonstrates a requirement for facilitated transport from 
the ER to the Golgi apparatus through interaction with the 
lectin LMAN1 – MCFD2 complex. Although the study of FVIII 
synthesis and secretion in heterologous expression systems has 
its limitations, this is the method by which recombinant FVIII 
(rFVIII) is produced, and some gene therapy strategies are 
presently directed to express FVIII in cells that do not nor-
mally produce the protein  [2] .   

  Increased  m  RNA   e xpression 

 Early on in the study of rFVIII expression it was demonstrated 
that the B domain of FVIII could be removed from the cDNA 
without loss of FVIII procoagulant activity. Removal of the B 
domain, the equivalent of approximately 38% of the primary 
cDNA sequence, signifi cantly improved the yield of FVIII as 
a result of markedly increased levels of mRNA and increased 
translation  [3,4] . The smaller size of the B - domain - deleted 
(BDD) - FVIII cDNA facilitated packaging within certain viral 
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 Figure 37.1     Overview of the factor VIII 
life cycle and targets for bioengineering 
strategies. Schematic of factor VIII 
biosynthesis from mRNA expression (1), 
chaperone - assisted folding with the ER (2), 
facilitate transport through the ER – Golgi 
intermediate compartment (3), secretion 
and assembly with VWF, activation (4), 
inactivation (5), and clearance from plasma 
(6). Numbers indicate realized targets of 
bioengineering. 

vectors that could not accommodate a full - length FVIII cDNA. 
Because BDD - FVIII has a biochemical profi le similar to wild -
 type FVIII  [4,5] , there was enthusiasm to adopt it for gene 
therapy strategies. Clinical studies have shown the clinical 
effi cacy of BDD - FVIII  [6] , and rates of inhibitor formation in 
previously untreated patients with hemophilia A were similar 
to that observed with full - length rFVIII concentrates  [7] . Thus, 
despite such a major modifi cation of the FVIII protein, this 

  Table 37.1    Summary of bioengineering strategies for FVIII with improved functional properties. 

   Targeted functional improvement     Bioengineering strategy     References  

   Improved biosynthesis and secretion   
  Increased mRNA expression    Removal of entire B domain     3 ,  4   

  Substitution with FIX intron 1     10   
  Reduced ER chaperone interactions         18   
  Improved ER - Golgi transport and reduced ER stress         28   
  Other         33 ,  34   

   Improved functional activity   
  Increaased activation    des - (868 – 1562) - FVIII – HCII     37   
  Resistance to inactivation    Inactivation - resistant FVIII (IR8) (Arg336IIe/Arg562Lys/Arg740Ala/

des - 794 – 1689)  
   38 ,  39   

  A2 – A3 disulfi de - bridged FVIII (Cys664 – Cys1826)     41   
  Alteration of charged amino acids at A domain interfaces (Ala/Val 

substitution at Glu272, Asp519, Glu665, Glu1984)  
   42 ,  43   

   Improved plasma half - life   
      LRP binding site mutations (A2 domain residues 484 – 509 and C2 domain)     44 ,  45   
      Heparin sulfate proteoglycans - binding site mutations (A2 domain residues 

558 – 556)  
   44 ,  45   

 ER, endoplasmic reticulum. 

bioengineered form of FVIII was not believed to likely be more 
immunogenic than wild - type FVIII. Although BDD - FVIII has 
been successfully expressed in several preclinical gene transfer 
applications in animal models, expression in human gene 
therapy applications has still been ineffi cient  [8,9] . 

 Introduction of a truncated intron 1 sequence of FIX within 
BDD - FVIII cDNA in place of introns 1 and 13 led to a 13 - fold 
increase in FVIII secretion that was associated with a dramati-
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cally higher level of FVIII mRNA accumulation in the cell  [10] . 
Intron 13 in the FVIII gene was previously shown to code for 
part of a transcriptional silencer, which represses expression 
of FVIII  [11] . This truncated intron 1 sequence of FIX has 
since been incorporated into gene transfer vectors that utilize 
BDD - FVIII cDNA with therapeutic FVIII plasma levels 
achieved within mice  [12] .  

  Reduced  e ndoplasmic  r eticulum  c haperone  i nteractions 

 Secretion of FVIII requires its dissociation from the protein 
chaperone BiP, which resides in the ER and controls the trans-
port of the FVIII primary translation product to the Golgi 
compartment by retaining misfolded protein molecules in the 
ER  [13,14] . BiP possesses a peptide - stimulated ATPase activ-
ity. FVIII release from BiP and transport out of the ER requires 
high levels of intracellular adenosine triphosphate (ATP) and 
ATP hydrolysis by BiP  [15,16] . A 110 - amino acid region 
within the A1 domain of FVIII was identifi ed, which inhibited 
its secretion  [17] . A putative BiP - binding site was localized to 
a hydrophobic  β  - sheet within this 110 - amino - acid region, in 
which 7 of 11 amino acid residues are Leu or Phe. Factor V 
(FV) has the identical domain structure to FVIII, and these 
proteins share  ∼ 40% amino acid identity between their respec-
tive A and C domains. Curiously, FV is 20 - fold more 
effi ciently expressed compared with FVIII in mammalian 
expression systems, and does not interact with BiP. When the 
110 - amino - acid region of FVIII bordered by residues 226 – 336 
was replaced for the homologous residues from FV, the FV/
FVIII hybrid exhibited a fi vefold increase in the effi ciency of 
secretion, most likely because of a decreased binding to BiP. 
However, the generated FV – FVIII hybrid did not retain a 
cofactor function. Further site - directed mutagenesis within the 
hydrophobic  β  - sheet within this 110 - amino - acid region of the 
FVIII A1 domain demonstrated that a single mutation of 
Phe309 to Ala for the homologous residue from FV (Ser) 
enhanced secretion of FVIII by threefold and the Phe309Ser 
mutant retained full cofactor function  [18] .  

  Improved  e ndoplasmic  r eticulum –  G olgi  t ransport 

 The BDD - rFVIII modifi cation produced a 20 - fold increase in 
mRNA levels and expression of FVIII primary translation 
product  [4,19] . However, despite this dramatic difference in 
accumulation of mRNA, secretion of BDD - rFVIII from the cell 
was only observed to be approximately twofold higher com-
pared with full - length wild - type FVIII [19] . This was surprising 
and suggested that the rate of ER – Golgi transport for the 
BDD - rFVIII molecule was actually reduced compared with 
FVIII retaining the B domain. More insight into this followed 
the characterization of the molecular defect underlying the 
majority of patients with combined defi ciency of FV and 
FVIII. First described in 1954  [20] , patients with this rare, 
autosomal recessive bleeding disorder have plasma levels of 
FV and FVIII (both antigen and activity) in the range of 

5 – 30   U/dL. The disease - causing mutations have been limited 
to mutations in two proteins: LMAN1 [also known as ER –
 Golgi intermediate compartment (ERGIC) – 53] and MCFD2 
(multiple coagulation factor defi ciency 2). LMAN1 is a homo-
hexameric type 1 transmembrane protein. It was characterized 
as a mannose - binding lectin proposed to target specifi c glyco-
proteins to COP - II coated vesicles budding from the ER for 
transport to the Golgi  [21] . Two - thirds of patients described 
with combined defi ciency of FVIII and FV have null mutations 
of LMAN1, except for a single mutation that disrupts disulfi de 
bond formation critical for its oligomerization  [22] . LMAN1 
has an N - terminal carbohydrate recognition domain (CRD) 
with a lectin - type fold consistent with a role in binding glyco-
proteins. Previous work demonstrated that LMAN1 is required 
for effi cient secretion of FVIII and FV and that this is mediated 
by oligosaccharide structures within their respective B domains 
 [23] . Almost another one - third of patients can be attributed 
to mutation in MCFD2, a small soluble protein with two 
calcium - binding EF - hand motifs in the C - terminus, and inter-
acts directly with LMAN1 to form a 1   :   1 stoichiometric 
complex  [24,25] . Studies have demonstrated that proper 
folding of MCFD2 is dependent on the binding of Ca 2+  to the 
EF - hand motifs and that its localization to the ERGIC 
is dependent on its ability to complex to LMAN1  [26] . 
Interestingly, an MCFD2 mutant that does not complex with 
LMAN1 retains the ability to bind FVIII  [27] . Thus, MCFD2 
may be required to facilitate interaction of FVIII and FV with 
the CRD of LMAN1. 

 These insights on facilitated transport of FVIII within the 
secretion pathway have led to reconsideration of the func-
tional role of the B domain and suggests a mechanism for the 
observed impaired rate of secretion with BDD - FVIII. Recent 
work has set out to determine the optimal oligosaccharide 
content required for effi cient rate of secretion. When as few 
as 226 amino acid residues (encoding six potential asparagine -
 linked glycosylation sites) from the N - terminal portion of the 
B domain was added to a BDD - FVIII construct, this B - domain 
variant (226/N6) retained equal effi ciency to BDD - FVIII in 
synthesis of the primary translation product (indicating effi -
cient mRNA accumulation) yet secretion of this rFVIII protein 
was increased approximately 10 - fold compared with BDD -
 FVIII (consistent with improved effi ciency of ER – Golgi trans-
port)  [28] . Further, when this B - domain variant was combined 
with the Phe309Ser mutation, there was a further increase in 
the effi ciency of secretion. This combined construct was then 
expressed  in vivo  utilizing hydrodynamic tail vein injection of 
naked plasmid DNA into the FVIII Exon 16 knockout hemo-
philia A mouse model where it exhibited up to 25 - fold higher 
expression compared with BDD - FVIII. The 226/N6 variant 
was next delivered into the murine hemophilia A model by 
a helper - dependent adenoviral vector and resulted in 100% 
correction of plasma FVIII levels, up to fi vefold higher than 
observed with FVIII WT  [29] . Signifi cantly, the 226/N6 
variant remained therapeutically effi cacious even after a 50% 
reduction of the viral vector dose. This may be critical to 
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clinical applications where host responses to the viral vector 
have limited durable expression  in vivo . FVIII bioengineered 
for improved secretion will signifi cantly increase the potential 
for success in gene therapy strategies for hemophilia A.  

  Reduced  e ndoplasmic  r eticulum  s tress 

 The effect of FVIII expression in hepatocytes  in vivo  was 
studied by hydrodynamic tail vein injection of FVIII DNA 
expression vectors into mice. Injection of the cDNA for either 
FVIII WT or BDD - FVIII resulted in low but detectable plasma 
levels of FVIII activity. In contrast, the 226/N6 FVIII B - domain 
variant resulted in eightfold higher plasma levels of activity 
and antigen with signifi cantly less intracellular accumulation. 
In addition, FVIII WT and BDD - FVIII caused oxidative stress, 
activated the UPR and induced apoptosis  in vivo . This was 
not observed for the 226/N6 variant or empty vector, suggest-
ing that more effi cient secretion correlates with reduced ER 
stress  [30] . This has important implications for gene therapy 
applications. A limited study with adenovirus suggested that 
hemophilia gene therapy may be limited by infl ammatory 
responses associated with the administration of the recom-
binant adenoviral vector  [31] . FVIII that has a tendency to 
accumulate intracellularly (as seen with FVIII WT and BDD -
 FVIII) may exacerbate such infl ammatory responses and even 
stimulate production of anti - FVIII antibodies. Consistent with 
this, within the helper - dependent adenovirus study by Cerullo 
 et al ., the 226/N6 variant resulted in phenotypic correction 
for 74 weeks with a low anti - FVIII antibody titer  [29] . In 
another strategy, the 226/N6 variant was incorporated into a 
nonviral plasmid gene therapy vector and injected into hemo-
philia A mouse model by hydrodynamic tail vein injection 
 [32] . In control mice treated with BDD - FVIII, FVIII expression 
dropped to undetectable levels at 2 weeks post injection and 
high - titer anti - FVIII antibodies were generated in all the plas-
mid - treated mice. However, in mice treated with the 226/N6 
variant, one out of fi ve mice never developed inhibitory anti-
bodies and still had some FVIII gene expression ( ∼ 10%) at 8 
weeks post gene transfer. Three 226/N6 plasmid - treated mice 
developed anti - FVIII antibodies with signifi cantly reduced 
inhibitor titer and only one mouse developed high - titer inhibi-
tory antibodies. In addition, the CD4 +  T cells isolated from 
the spleen of mice injected with 226/N6 constructs prolifer-
ated less in response to FVIII stimulation than those from mice 
injected with BDD - FVIII indicating that, under such gene 
transfer conditions, the 226/N6 protein is less immunogenic 
than BDD - FVIII.  

  Other  i mprovements in  t ranslation or  p ost -  t ranslational 
 p rocessing and  t ransport 

 During the development of porcine rFVIII for use in patients 
with inhibitors to human FVIII, it was demonstrated that 
recombinant porcine BDD - FVIII generated 10 – 14 - fold higher 
expression than human BDD - FVIII when expressed in baby 

hamster kidney cell lines  [33] . Further, the higher protein 
production was not caused by signifi cant increases in steady -
 state FVIII mRNA levels. This suggests a translational or 
post - translational advantage for this form of porcine rFVIII. 
Further study using porcine/human hybrids was able to 
delineate that porcine sequences within the A1 and A3 domains 
conferred the secretion advantage and that the secretion 
advantage occurs post - translationally during passage through 
the ER and Golgi  [34] . It was hypothesized that differences in 
glycosylation between porcine and human factor VIII could 
contribute to the rate of secretion. BDD - porcine FVIII or 
porcine – human hybrid constructs could also improve the effi -
ciency of gene therapy applications since improved expression 
would not require an improvement in gene transfer strategy 
using currently available viral vector systems. In one applica-
tion of such a bioengineered FVIII construct, transplantation 
of hematopoietic stem cells (HSCs) transduced with recom-
binant retroviruses containing BDD porcine FVIII sequences 
provided curative FVIII levels in a hemophilia A mouse model 
 [35] . Of particular interest, a similar gene transfer strategy 
was tested in hemophilia A mice harboring clinically signifi -
cant antihuman FVIII inhibitory antibody titers and resulted 
in high - level plasma FVIII activity and antibody titers that 
declined steadily throughout the course of the study, suggest-
ing such a gene therapy strategy could be applicable even for 
patients with anti - FVIII antibodies  [36] .   

  Improved  f unctional  a ctivity 

  Increased  a ctivation 

 The effi cient activation of FVIII by thrombin is dependent on 
the presence of amino acid sequence Asp713 – Arg740. In an 
effort to increase the sensitivity of FVIII to thrombin, Voorberg 
 et al . replaced this region of FVIII with the amino acid sequence 
Ile51 – Leu80 of the thrombin inhibitor heparin cofactor II, as 
this sequence was noted to be important for the inhibitory 
function of heparin cofactor II toward thrombin  [37] . The 
hybrid molecule des - (868 – 1562) - FVIII – HCII was more readily 
activated and effectively reduced the clotting time of FVIII -
 defi cient plasma.  

  Resistance to  i nactivation 

 Initial strategies to render FVIIIa resistant to inactivation tar-
geted the FVIII residues that are the targets for aPC and FXa. 
However, single mutations at either Arg336 or Arg562 in 
FVIII were insuffi cient for complete resistance to aPC - 
mediated inactivation, whereas the double mutant Arg336Ile/
Arg562Lys proved to be resistant  [38] . These mutants do not 
exhibit higher specifi c activity and are still limited by A2 
subunit dissociation  in vitro . 

 In order to address this limitation, an inactivation - resistant 
FVIII (IR8) was genetically engineered which is not susceptible 
to dissociation of the A2 domain subunit and proteolytic 
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inactivation by aPC and therefore has a prolonged cofactor 
activity  [39] . In designing IR8, B - domain residues 794 – 1689 
were deleted and Arg740 was replaced by alanine, eliminating 
the thrombin - cleavage sites at Arg740 and Arg1689. As a 
result, FVIII activation by thrombin occurs via a single cleav-
age after Arg372. This leads to generation of a FVIIIa 
dimer that retains the A2 domain covalently attached to the 
light chain, thus preventing its spontaneous dissociation. 
Additionally, missense mutations at aPC inactivation cleavage 
sites provided resistance to further proteolysis of FVIIIa. The 
specifi c activity of IR8 proved to be fi vefold higher than that 
of wild - type FVIII, and 38% of peak activity was retained 
even after 4   h  in vitro , whereas wild - type FVIII, under similar 
conditions, was inactivated by thrombin after 10   min. 

 Gale and colleagues hypothesized that a disulfi de bond engi-
neered between the A2 and A3 domains could also stabilize 
FVIIIa by preventing A2 subunit dissociation following 
thrombin activation. They used a three - dimensional homology 
model of FVIII A domains  [40]  to identify residues 664 and 
1826 as a potential disulfi de bond pair. A BDD - FVIII mutant 
containing Cys664 and Cys1826 (C664 – C1826) exhibited 
normal procoagulant specifi c activity  [41] . However, follow-
ing thrombin activation of C664 – C1826, the mutant lost only 
20% of its peak activity after 40   min at 22 ° C as measured by 
one - stage clotting assay. During this same incubation time, 
wild - type FVIIIa had lost more than 99% of its activity. 

 Both of the above strategies may signifi cantly alter the 
folding and fi nal tertiary structure of the FVIII molecule, 
raising concerns for potential immunogenicity. Wakabayashi 
and Fay have identifi ed key residues that contribute to the A2 
domain - dependent structural stability of FVIII  [42] . This led 
to targeted bioengineering strategies to enhance the stability 
of FVIIIa. Charged residues Glu272, Asp519, Glu665, and 
Glu1984 are buried at the A2/A1 or A2/A3 domain interfaces. 
Replacement of these residues with either Ala or Val within a 
BDD - FVIII construct resulted in FVIII variants with wild - type -
 like activity but enhanced stability of FVIIIa  [43] . Such vari-
ants resulted in enhanced thrombin generation  in vitro . 
Further, selected combinations of mutations at these sites 
directed at reducing the charge and/or increasing the hydro-
phobicity at the A2/A1 and A2/A3 domain interfaces yielded 
factor VIII variants with improved FVIIIa stability. Such con-
servatively altered bioengineered FVIII variants could enhance 
the effective thrombin generation  in vivo  if incorporated into 
gene transfer strategies and may correct hemostasis  in vivo  at 
lower expression levels of protein.   

  Improved  p lasma  h alf -  l ife 

 Insights into the mechanisms of FVIII catabolism have pro-
vided direction for bioengineering strategies to prolong the 
half - life of FVIII in the circulation by generating FVIII mutants 
with disrupted interactions with its clearance receptors. FVIII 
catabolism is mediated by low - density lipoprotein receptor -
 related protein (LRP)  [44] , a hepatic clearance receptor with 

a broad ligand specifi city that includes a number of proteins 
involved in blood coagulation and fi brinolysis. LRP - mediated 
clearance of FVIII from its complex with von Willebrand 
factor (VWF) is also facilitated by cell - surface heparan sulfate 
proteoglycans (HSPGs), one of the major glycoprotein com-
ponents of the extracellular matrix  [45] . Simultaneous block-
ing of both of these receptors led to a more signifi cant 
prolongation of FVIII half - life in mice (5.5 - fold) than the 
blocking of LRP alone (3.3 - fold). The region of FVIII involved 
in binding to HSPGs was localized within the A2 domain resi-
dues 558 – 565  [45] . The current model for FVIII catabolism 
implicates the initial binding of FVIII – VWF complex to 
HSPGs, concentrating the complex on the cell surface and 
presenting it to LRP, followed by LRP - mediated catabolism 
of FVIII. 

 Study of a three - dimensional model of FVIII  [46]  revealed 
that the LRP binding site (residues 484 – 509) within the A2 
domain contains six positively charged residues, three Lys at 
positions 493, 496, and 499 and three Arg at positions 484, 
489, and 490, which are tightly clustered and form a promi-
nently exposed cationic patch on the A2 surface. Two Lys 
residues at positions 556 and 570 and Arg571 are exposed 
within the HSPGs - binding site (residues 558 – 565) or in imme-
diate proximity to it, and outside residues Lys380, Lys523, 
Lys659, and Lys661 are spatially close to the 558 – 565 region. 
These basic residues, which are potentially responsible for 
FVIII interactions with LRP and HSPGs, represent prospective 
targets for site - directed mutagenesis. Reduced affi nity could 
be achieved by substitution of these residues either by neutral 
amino acids such as Ala or Ser or, alternatively, by oppositely 
charged residues (Glu), which may result in a more pro-
nounced effect because of repulsion between the mutated 
residue and the corresponding negatively charged residues of 
LRP and HSPGs. This type of mutagenic approach has been 
previously shown for other LRP ligands  [47,48]  and for 
ligands of HSPGs  [49] . In order to achieve maximal prolonga-
tion of FVIII half - life in the circulation, it may be necessary 
to combine mutations reducing FVIII interactions with both 
LRP and HSPGs. Suppression of FVIII interaction with its 
catabolic receptors LRP and HSPGs can potentially prolong 
FVIII lifetime in circulation and lead to higher plasma FVIII 
levels following gene transfer strategies for hemophilia A.   

  Factor  IX  with  i mproved  f unctional 
 p roperties (Table  37.2 ) 

 Factor IX is signifi cantly smaller than FVIII at only 415 amino 
acids and is secreted as a single - chain molecule. It also under-
goes complex post - translational modifi cations, many of which 
are critical to its biochemical and pharmacokinetic properties 
 [50] . Among all of these post - translational modifi cations, 12 
glutamic acid residues near the amino - terminus of FIX are  γ  -
 carboxylated by the hepatic microsomal enzyme, vitamin 
K - dependent  γ  - glutamyl carboxylase. This is required for the 



CHAPTER 37

244

gene transfer to the skeletal muscle  [59] . Mice injected intra-
muscularly with AAV encoding a bioengineered variant of FIX 
(FIX - V10K   +   K5A) had FIX levels increased fi vefold com-
pared with FIX - WT without compromise of FIX function or 
an immunologic response to the transgene. Staining for FIX 
in muscle revealed that FIX located in the extracellular space 
was substantially reduced using these FIX variants. These 
results suggest that the use of FIX variants can improve the 
effi cacy of gene therapy for hemophilia B by increasing circu-
lating levels of the protein without increasing the vector dose.  

  Increased  s pecifi c  a ctivity 

 The variant FIX - R338A is associated in  in vitro  studies with 
threefold higher specifi c activity compared with FIX - WT  [60] . 
This variant has also been investigated as an alternative 
approach for both liver or muscle - mediated gene transfer  [59] . 
Similar to the experiments described above, mice injected 
intramuscularly with AAV FIX - R338A exhibited a threefold 
higher specifi c activity compared with FIX - WT. When FIX 
levels  > 500   ng/ml were obtained, a signifi cant reduction in FIX 
specifi c activity was observed for both transgenes suggesting 
some limitations in post - translational modifi cations at higher 
expression levels. However, following liver - directed gene 
transfer of AAV.FIX - R338A, a sevenfold higher specifi c activ-
ity was observed compared with FIX - WT and a full correction 
of the aPTT was consistently obtained in hemophilia B knock-
out mice. In addition, no antibody formation was detected for 
this mutant when expressed in mice tolerized to human FIX -
 WT, again suggesting no increase in immunogenicity with this 
variant. 

 Hopfner  et al . have utilized insights from the extensive 
structural and functional homology of FIXa and FXa to 
attempt to increase the catalytic potency of FIXa  [61] . Using 
site - directed mutagenesis they swapped residues or loops 
between FIXa and FXa within recombinant variants that had 
deleted the Gla and EGF1 domains facilitating their expres-
sion in  Escherichia coli . Specifi cally, they exchanged residues 
Glu219, Ile213, and the residues around Tyr99 and Lys148. 
When six residues adjacent to Tyr99 in FIX were replaced 
with the four equivalent residues from FX, they observed a 
20 - fold increase in the catalytic effi ciency. Replacing residue 
Ile213 with Val produced a moderate increase whereas replac-
ing Glu219 with Gly showed no increase in catalytic effi -
ciency. Changing three residues adjacent to Lys148 within FIX 
to the equivalent residues from FX exhibited a similar effect 
as the Glu219Gly substitution. However, when all four muta-
tions described above were combined there was an additive 
effect and the resultant quadruple mutant exhibited a catalytic 
effi ciency 130 - fold that of the wild - type FIX recombinant 
variant tested. 

 Thus, the use of FIX variants with higher specifi c activity 
could also improve the effi cacy of gene therapy for hemophilia 
B by increasing the hemostatic effi cacy of the expressed FIX 
without a need for increasing the vector dose.   

interaction of FIX with phospholipid surfaces and for optimal 
FIX activity. In addition, an amino - terminus propeptide 
sequence serves as a recognition signal for  γ  - glutamyl carboxy-
lase and following  γ  - carboxylation is cleaved off by a Golgi 
apparatus serine protease known as  p aired basic  a mino acid 
 c leaving  e nzyme (PACE/Furin)  [51] . Additional complex post -
 translational modifi cations include  β  - hydroxylation, sulfation, 
phosphorylation and processing of the N - terminus  [52,53] . 
The structure of recombinant FIX (rFIX) is similar to that of 
plasma - derived FIX, however, post - translational modifi ca-
tions of rFIX are similar but not identical to those of plasma -
 derived FIX  [54] . Insights from the study of FIX biosynthesis, 
structure, and function have also identifi ed potential targets for 
bioengineering strategies to enhance its functional properties.   

  Increased  m  RNA   p roduction 

 rFIX production level can be increased eightfold by including 
three ATG triplets as a translation initiation signal  [55] . 
Similar to the observations with FVIII variants, introducing a 
truncated form of FIX intron 1 into the wild - type FIX cDNA 
strongly enhanced accumulation of FIX mRNA in the nucleus, 
most likely because of better protection of such transcripts 
from random degradation, and in turn led to an 8 -  to 15 - fold 
increase in rFIX production both  in vitro  and  in vivo  
 [56 – 58] .  

  Reduced  b inding to  c ollagen  IV  

 Phase I clinical trials have demonstrated that parenteral 
administration of AAV.2 - mediated FIX gene transfer vectors 
into skeletal muscle or liver in humans is safe and well toler-
ated but therapeutic FIX levels have not yet been realized with 
current vector dose. Current strategies have been directed at 
vectorologic issues that contribute to host immune reactions. 
However, it is also hypothesized that FIX access to the plasma 
is limited by its expression in a tissue that is rich in collagen 
IV, such as the skeletal muscle. Schuettrumpf  et al . proposed 
that mutants of FIX with defective binding to collagen IV 
(variants Lys5Ala and Val10Lys, designated K5A and V10K) 
may result in higher circulating FIX following AAV - mediated 

  Table 37.2     

   Targeted functional 
improvement     Bioengineering strategy     References  

   Improved biosynthesis and secretion   
  Increased mRNA 

expression  
  ATG triplets as 

translation initiation  
   55   

  Truncated FIX intron 1     56 ,  57   
  Reduced collagen IV 

binding  
  Lys5Ala, Val10Lys     59   

   Improved functional activity   
  Increaased specifi c activity    Arg338Ala     60   

  FIX/FX hybrids     61   
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  Future  d irections 

 Advances in gene therapy vectorology and an increased under-
standing of the host immunologic responses will contribute to 
improved gene transfer strategies in the future. Incorporating 
bioengineered variants of FVIII or FIX, though an exciting 
prospect toward improving the therapeutic application of such 
technology, is not without some signifi cant remaining chal-
lenges. There remains the potential for such bioengineered 
variants to have increased immunogenicity. The available 
small animal models have a propensity to inhibitor formation 
against human forms of FVIII and FIX. There remains a need 
for the development of animal models that are tolerant to 
human FVIII and FIX to then test bioengineered variants for 
increased immunogenicity. Porcine – human hybrids bioengi-
neered for reduced immunogenicity  [62]  may also be able to 
address this concern. Secondly, hemophilia has been an attrac-
tive target for gene therapy studies as even low levels of FVIII 
or FIX expression would likely have therapeutic benefi t. 
However, bioengineered variants with increased secretion effi -
ciency, potency or reduced clearance, that achieve signifi cant 
plasma levels may increase the thrombosis risk  in vivo . 
Preclinical studies within small animal models will need to 
analyze the thrombogenicity of these variants over a wide 
range of plasma levels. Finally, as the functional properties of 
these bioengineered variants are altered, the standard activity 
and antigen assays that have been used as surrogates to guide 
therapy may no longer be useful. Novel bioassays may need 
to be developed or there may be renewed interest in some 
alternative global coagulation assays such as rotational throm-
boelastograms or thrombin generation assays.  
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  Introduction 

 During the coagulation process, factor VIII (FVIII) and FIX 
provide their natural support of the conversion of FX into 
FXa, thereby creating the biochemical basis for generation of 
thrombin, which catalyzes the production of a fi brin clot. In 
hemophilia, the lack of FVIII or FIX dramatically reduces the 
capacity of this intrinsic Xase reaction and, as a consequence, 
there is a signifi cantly delayed formation of insuffi cient 
amounts of fragile fi brin strands, which are unable to provide 
robust hemostasis. 

 In a hemophilic patient who receives infusions of factor 
concentrate suffi cient to restore incrementally the factor level 
to 100% of normal, hemostasis should be similar to that in a 
nonhemophilic individual. An unresolved issue in the manage-
ment of hemophilia is lack of evidence for a critical factor level 
that determines the arrest of bleeding and maintains hemos-
tasis. Instead, weight - based dosage guidelines for various 
types of bleed and surgery are quite commonplace in hemo-
philia management today, despite the fact that a heterogeneic 
response to treatment among patients is well recognized. The 
obvious lack of evidence from larger randomized controlled 
clinical trials creates a huge demand for laboratory monitoring 
of treatment in patients. 

 The assays commonly used in hemophilia laboratory serv-
ices for diagnosis, classifi cation, and therapy monitoring will 
be addressed and discussed here, and some general comments 
on their utility will be given. Since manufacturers of coagula-
tion instruments and reagents provide consumers with com-
plete protocols for recording of coagulation factors, individual 
assay protocols will not be considered. 

 The fundamentals of biometry of FVIII and FIX have previ-
ously been reported in detail in an excellent monograph, dated 
1984  [1 – 4] .  

  About  f actor  VIII  and  IX  

 The FVIII molecule is undoubtedly one of the most unstable 
of the frequently recorded coagulation factors. FVIII displays 
a great ability to absorb onto foreign surfaces, and it degrades 

quickly when exposed to ambient temperature, if the pH value 
falls outside a rather narrow range, and if the FVIII molecule 
is exposed to natural proteolytic plasma enzymes that irrevers-
ibly inactivate FVIII. Contributing to accuracy problems, 
samples may give different results with different reagents and 
instruments. 

 In most of these respects, the FIX molecule is less sensitive 
to storage and assay conditions.  

  Laboratory  w ork -  u p for the  d iagnosis 
of  h emophilia 

 Table  38.1  lists analytic procedures commonly used to estab-
lish the diagnosis of hemophilia, simultaneously ruling out 
related bleeding disorders.   

  The  a ctivated  p artial  t hromboplastin  t ime 

 In most instances, a prolonged activated partial thromboplas-
tin time (aPTT) detected in an otherwise healthy male suffer-
ing an increased tendency to bleeding is the hallmark of a 
defi ciency state of a coagulation factor belonging to the 
contact pathway of coagulation, raising the suspicion of 
hemophilia. A multitude of different aPTT reagents are avail-
able on the market. Variance in response is related to the 
nature of the activating substance as well as to the type and 
composition of phospholipids. In most instances, protocols 
are provided by the manufacturer for their use with various 
kinds of coagulation instruments. When selecting a particular 
aPTT reagent for routine use in hemophilia management, 
there are two main points to consider: (i) the sensitivity of the 
reagent to detect all severity classes of hemophilia (severe, 
moderate, and mild) and (ii) the suitability of the reagent in 
assays of single coagulation factor determination. In the daily 
routine, most laboratories fi nd it most practical to use the 
same aPTT reagent for screening and activity determination 
of factors in order to avoid performance errors. 

 Further, the content and composition of the aPTT phos-
pholipids reagent may be an important determinant for accu-
rate assessment of recombinant FVIII in (postinfusion) 
hemophilic plasma samples  [5] . The assay procedure should 
follow the guidelines specifi ed by the manufacturer, in particu-
lar the proposed time for preactivation prior to addition of 
calcium. 
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relation with FVIII:C levels from around 0.02   U/mL, but the 
aPTT itself is a rather poor predictor of the correct diagnostic 
class or the outcome of the FVIII:C level recording.    

  Factor  VIII   a ctivity ( FVIII : C )  m easured by the 
 o ne -  s tage  t echnique 

 The assay for recording of FVIII:C in plasma by the one - stage 
technique represents an extension of the aPTT assay. It relies 
on the assumption that the time of clotting is a function of 
the level of FVIII:C in a reaction system where FVIII is the 
only variable, whereas all other plasma coagulation factors 
are constant and normal. The test base is severe hemophilia 
A plasma (SHP) and the primary standard should be the 
current International Standard for Plasma FVIII. Secondary 
standards (in - house plasma pool or commercial standard) are 
used in the daily routine assays following local recalibration 
against the International Standard or other well - documented 
standard material. Calibration is recommended when analytic 
conditions change (i.e., shift of batch of aPTT reagent, change 
of secondary standard, shift of pool of SHP, etc.). 

  Defi ciency  p lasmas 

 In the routine laboratory, severe hemophilia plasma (SHP) is 
best obtained from a well - characterized patient with severe 
hemophilia A (residual FVIII:C level  < 0.01   IU/mL, FVIII:Ag 
 < 0.01   IU/mL, and no detectable inhibitors) who has not 
received FVIII concentrate for 2 weeks or more. Owing to 
frequent treatment or prophylaxis, such material may be dif-
fi cult to obtain today, and concern about laboratory operator 
safety often limits the use of plasma derived from patients. 
Commercial FVIII - defi cient plasmas are usually produced by 
immunodepletion techniques or other principles, which may 
not completely remove FVIII molecules from the (healthy 
donor) raw plasma. The presence of tiny amounts of residual 
FVIII:C activity or FVIII:Ag may compromise the classifi cation 
of the unknown hemophilia A patient, hamper the recording 
of postinfusion values of FVIII:C following administration of 
highly purifi ed FVIII concentrates, and reduce the sensitivity 
of the assay for inhibitors against FVIII. Among commercial 
FVIII defi ciency plasmas, some are also depleted in von 
Willebrand factor, which may increase the risk of accuracy 
problems in estimation of postdosage FVIII by the one - 
stage techniques following infusion of recombinant FVIII 
concentrates.  

  Calibration of the  a ssay 

 Analytic variance is a major issue in FVIII:C recording. The 
automated instruments used today often have a memory func-
tion that saves calibration curves for various lengths of time. 
While such systems may save money and time for procedures 
recording several other components, they are not well chosen 
for FVIII measurements. 

  Table 38.1    Laboratory procedures commonly used in the diagnosis 
of hemophilia. 

   Platelet count     Platelet aggregation  

      Agonists: collagen, ADP, ristocetin  
  aPTT    Activated partial thromboplastin time  
  PT    Prothrombin time  
  Factor VIII:C    Factor VIII procoagulant function (one - stage 

and/or chromogenic substrate method)  
  Factor VIII:Ag    Factor VIII antigenic determination  
  VWF:RCO    von Willebrand factor ristocetin cofactor  
  VWF:AG    von Willebrand factor antigen  
  VWF:FVIIIB    von Willebrand factor/FVIII - binding capacity  
  Fibrinogen    Functional assay for fi brinogen  
  Factor XIII    Enzymatic factor XIII assay  

 Keeping in mind the successes achieved with the widely 
adopted international normalized ratio (INR) system used for 
control of vitamin K antagonist treatment, several proposals 
have been made for standardized principles for estimation of 
the aPTT. However, the multitude of phospholipids and acti-
vators of various aPTT reagents have proved major obstacles 
in standardization, and as of today no recommended standard 
procedure exists. 

 Which kind of information does the crude aPTT really 
provide in practical use in hemophilia? Figure  38.1  illustrates 
graphically a large number of raw aPTT results determined in 
hemophilia A patients and a few people with a reduced FVIII 
plotted against the corresponding one - stage FVIII:C value 
recorded in the same sample. As shown, and as is well known 
to many physicians, severely affected hemophilia patients 
display a huge interpatient variation in the aPTT time. In 
moderate and mild hemophilia A, there is a quite useful cor-
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 Figure 38.1     The relationship between factor VIII:C levels and aPTT 
in 140 plasma samples from patients with hemophilia A and fi ve 
from patients with a reduced level of FVIII:C. The aPTT reagent 
was Platelin Excel (Organon Teknika, Turnhout, Belgium) and the 
aPTT and FVIII:C assays were carried out by the one - stage 
technique. 
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 The calibration procedure is critical in recording of FVIII:C 
by the one - stage assay. A freshly prepared standard curve 
made up by several dilution steps of standard in SHP should 
be used in every series of FVIII:C measurements carried out. 
Double determinations are essential, and unknown sample 
material should preferably be tested at two or more different 
dilution steps to insure a parallel reaction versus standard.   

  Factor  VIII : C   m easured by  t wo -  s tage  a ssays 

 In the past, the two - stage technique was often employed for 
its more accurate measurement of FVIII:C. This method is 
based on the activation of FX aided by activated FVIII and 
excess activated FIX, FVIIIa being the rate - limiting factor in 
the assay. In the second step, the function of FXa is recorded. 
A newer version of the two - stage assay, called the chromog-
enic substrate assay or peptide amidolytic assay, has replaced 
the traditional two - stage assay that was used in most clinical 
laboratories several years ago. 

 The principal reaction steps of the chromogenic assay are 
outlined in Figure  38.2 .   

 The chromogenic assay methods record the enzymatic activ-
ity of activated FX (FXa), which is formed by the concerted 
action of FVIII (thrombin - ) activated into FVIIIa and a pre-
formed excess of FIXa in an environment containing phos-
pholipids. Similar to the traditional two - stage assay, FVIIIa is 
the rate - limiting factor in the chromogenic reaction. 

 In certain respects, the critical requirements in the chromog-
enic assay are similar to those of the one - stage assay. A mul-
tiple dilution point standard curve should be used. If very low 
levels of FVIII:C are expected, a separate calibration curve 
should be adopted for recordings at the lower end of the 
dynamic measurement range (below 0.20   IU/mL FVIII:C). 
Manufacturers ’  recommended preactivation time (activation 
of FVIII to FVIIIa) should be followed strictly. The principles 
for standardization and calibration of the chromogenic assay 
are similar to those mentioned for the one - stage assay. A clear 
advantage of the chromogenic assay is improved precision; 
often the coeffi cient of variation (CV) is half of that obtained 
with the one - stage assay, as reported in several publications.  

  Quality  c ontrol  s ystems in the 
 h emostasis  l aboratory 

 In addition to the use of in - assay control procedures, which 
are mandatory in coagulometry, as in all other laboratory 
procedures, participation in national and international profi -
ciency programs is very useful. Two major nonprofi t organiza-
tions exist to serve laboratories on a multinational basis. In 
Europe, the ECAT Foundation ( www.ecat.nl ) annually dis-
tributes four sets of samples for profi ciency testing of hemos-
tasis components as well as a broad - based thrombophilia 
program. In North America, a collaborating sister organiza-
tion, NASCOLA ( www.nascola.org ), offers a similar program. 
These quality assessment programs are highly valuable and of 
great benefi t to participants.  

  Assay  d iscrepancy 

 With some patient sample material, inconsistent results are 
found when comparing results of recordings of FVIII:C by the 
one - stage assay with those obtained with the chromogenic 
assay, or the two - stage clotting assay. This difference is often 
referred to using the term  “ assay discrepancy. ”  The most 
likely explanation for the assay discrepancy phenomenon is 
differences in the way in which FVIII is activated with the two 
types of assays. 

 The FVIII activation during the course of the aPTT - based 
one - stage assay most likely depends on the endogenous forma-
tion of thrombin in the reaction mixture, while the chromog-
enic assay reagents contain exogenous thrombin that directly 
activates FVIII, and further thrombin formation is quenched 
through the use of a specifi c thrombin inhibitor. 

 Assay discrepancy has predominantly been observed in 
samples from certain subsets of mild hemophilia A patients, 
in high - purity FVIII concentrates, and in postinfusion samples 
from hemophilia patients undergoing treatment with FVIII 
concentrates purifi ed by monoclonal antibody techniques and, 
in particular, recombinant FVIII concentrates. 

  Assay  d iscrepancy in  m ild  h emophilia 

 The assay discrepancy phenomenon in mild hemophilia was 
initially reported with the traditional two - stage assay for 
FVIII:C  [6,7] . This phenomenon is now known to be quite 
prevalent  [8] . Figure  38.3  illustrates the assay discrepancy 
phenomenon in mild hemophilia. Plasma samples from 69 
nonrecently infused patients with mild hemophilia A from 43 
families were recorded by the one - stage assay and a chromog-
enic assay. The fi gure is a differential plot in which the differ-
ence between the one - stage FVIII:C result and the corresponding 
chromogenic FVIII:C value is plotted. If results are concord-
ant, data should be located close to the zero line of the plot. 
However, a majority of patients display a signifi cant difference 
between the two. In one of our families, as well as in numerous 
families worldwide, the assay discrepancy phenomenon in 
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 Figure 38.2     Reaction scheme steps in the chromogenic substrate 
method for measurement of factor VIII:C. The release of yellow free 
pNA molecules depends on the amount of FVIII in the sample. 
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 Figure 38.3     Differential plot of FVIII:C assay recorded by the 
one - stage method and by the chromogenic substrate method in 69 
patients with moderate and mild hemophilia A from 43 Danish 
families. In each case, the chromogenic method result is subtracted 
from the one - stage result. 

mild hemophilia was found to be associated with missense 
mutations causing a premature disruption of the A2 domain 
when exposed to thrombin  [9,10] . In these examples, the one -
 stage assay gave a higher FVIII:C activity compared with the 
chromogenic assay, but cases have also been identifi ed with 
the opposite fi nding, and a normal chromogenic FVIII:C result 
 [11,12] .    

  Assay  d iscrepancy in  p ostinfusion  s amples  f ollowing 
 c oncentrate  a dministration 

 In clinical practice, assay discrepancy has been reported in 
hemophilia A patients undergoing treatment with recom-
binant FVIII products. In general, the assay discrepancy 
reported is in the range of 10 – 30%, the one - stage assay per-
sistently giving the lowest result  [13,14] . Most markedly, dis-
crepant results have been found with a B - domain - deleted 
(BDD) recombinant FVIII concentrate. An illustration of this 
is found in Figure  38.4 , which shows a series of 19 patients 
with hemophilia in whom we routinely assessed the recovery 
of FVIII following infusion of a dose of around 25   IU/kg BDD 
recombinant FVIII. The response was calculated as the incre-
mental rise in IU/dL divided by IU/kg b.w. (body weight) as 
measured by a one - stage assay as well as by a chromogenic 
substrate assay. The common standard was a plasma pool 
previously calibrated against the fourth international standard 
for FVIII in plasma. As shown, discrepant results were 
observed in all cases comparing the two types of assay, and 
the mean response was 1.27   IU/mL for the one - stage and 
2.07   IU/mL for the chromogenic substrate assay. Overall, the 
mean ratio of one - stage FVIII:C/chromogenic FVIII:C was 
0.61. Moreover, as can be seen from Figure  38.4 , the assay 
discrepancy appears to vary substantially between patients. 
The assay discrepancy phenomenon with BDD recombinant 
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 Figure 38.4     Assay discrepancy in plasma from each of 19 hemo-
philia A patients. The sample was collected 15   min after infusion of 
around 25   IU/kg of a B - domain - deleted recombinant FVIII product. 
Gray bars: FVIII:C incremental value determined by a one - stage 
FVIII:C assay; black bars: FVIII:C incremental value determined by 
a chromogenic substrate assay for FVIII:C. The expected incremen-
tal value is around 2.00. 

FVIII can more or less be abolished using modifi ed one - stage 
assays in which phospholipids are changed in composition or 
concentration  [15,16] .   

 When recording FVIII in postinfusion samples, the biologic 
effects of concentrate are similar to those of diluting concen-
trate in FVIII - defi cient plasma  in vitro , and the coagulometric 
response is expected to be similar to that obtained by adding 
concentrate to SHP  ex vivo . Therefore, when recording the 
response to infusion of recombinant BDD FVIII, the 
International Society on Thrombosis and Hemostasis (ISTH) 
has recommended the use of the  “ like - versus - like ”  principle 
in which a concentrate standard of the same manufacture is 
used for calibration of the one - stage assay employed. A mul-
tilaboratory fi eld study has demonstrated that the assay dis-
crepancy phenomenon is abolished when the aforementioned 
strategy is adopted  [17] . In contrast, since the chromogenic 
assay is not infl uenced by the type of concentrate infused when 
recorded against a plasma FVIII standard, the chromogenic 
analysis principle performs well with a plasma - based FVIII 
calibrator. For full - length recombinant FVIII concentrates, no 
recommendations have been endorsed on the use of concen-
trate - specifi c standard material at this time. 

 For accurate determination of FVIII in all kinds of biologic 
materials, it would be highly desirable to have a common 
assay that is unaffected by the purity of FVIII or FIX in con-
centrates and that is also unaffected by matrix effects. Such a 
system has recently been developed and tested for its suitabil-
ity in recording of FVIII of varying purity and composition 
 [18] .    

  Factor  IX : C   m easurements 

 In recording FIX:C, the fundamental principles of the assay 
system are the same as those governing the measurement of 
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FVIII:C: the use of the international standard for plasma 
FIX:C as the primary standard for calibration of the assay, 
the need for a well - controlled severely FIX:C - defi cient plasma 
test base, and the use of controls. 

 Chromogenic peptide assay systems do exist for recording 
of FIX:C, but such assays have not been challenged in formal 
standardization procedures and assays of this kind are not 
widely used in clinical hemostasis laboratories.  

  Models for  s tudying the  e ntire  p rocess 
of  c oagulation 

 In daily laboratory practice, determination of hemophilia is 
based on the use of citrated plasma, and the initial signal of 
coagulation is utilized in all methods based on the global aPTT 
and prothrombin time (PT) assays, the endpoint of the analy-
sis being determined by a change in light transmission or in 
viscoelastic mechanical resistance. When measuring FVIII and 
FIX activities using clotting assays, the same endpoint princi-
ples are utilized. For around half a century, researchers have 
speculated whether surveillance of the entire process of coagu-
lation might provide more information on the pathology of 
coagulation in various hemorrhagic disorders. An early fi nding 
was that a considerable amount of thrombin activity is gener-
ated in plasma over a period of several minutes after the initial 
signs of fi brin formation  [17]  demonstrable in continuously 
collected subsamples from the reaction mixture. Another early 
method (the thromboelastograph) characterizes the course of 
coagulation by means of the mechanical elasticity changes 
occurring in whole blood during fi brin polymerization. 
Although these assays differ in one respect, one being based 
on diluted and defi brinated plasma with or without platelets 
and the other using undiluted whole blood, the general char-
acteristics of the courses of thrombin generation and fi brin 
formation appear to be quite similar in healthy subjects. More 
detailed description on the continuous methods and the inter-
pretation of their results is found in Chapter  40  (Benny 
S ø rensen).    

  Determination of the  a ntigens of  f actor 
 VIII  and  f actor  IX  

 Estimation of the antigenic concentration of the coagulation 
factor lacking in patients ’  blood has several advantages, espe-
cially for phenotyping. A CRM  −   (cross - reacting material nega-
tive) status (low or no recordable antigen) is most often 
associated with a severe bleeding condition and linkage to a 
genetic defect that may predict a high - risk of inhibitor forma-
tion, whereas a CRM +  condition (excess of antigen over activ-
ity) is rarely found in patients with severe hemophilia but is 
often seen in milder cases. 

 For several years, immunoradiometric assays or enzyme -
 linked immunosorbent assays (ELISAs) have existed for quan-

titation of FVIII antigenic concentration, and antibodies 
derived from patients with inhibitors were most often used in 
such assays. Since ultrapure FVIII was diffi cult to obtain and 
immunization of animals often resulted in antibodies with 
cross - reactivity to other plasma proteins, only a few labora-
tories were capable of recording FVIII:Ag. Today, home - made 
as well as commercial ELISA systems are more widely avail-
able for quantitation of FVIII:Ag (see  [19] ).   

 FIX:Ag is quite easily recorded by ELISA - based methods, 
and commercial kits and home - made methods are in wide-
spread use.  

  Inhibitors to  f actor  VIII  and  f actor  IX  

  The  B ethesda  a ssay and the  N ijmegen  m odifi ed 
 a ssay  v ariants 

 The classic test system for determination of inhibitors against 
FVIII and FIX is the Bethesda assay, which was published in 
1975. In principle, this recording system is based on the well -
 known principle that inhibitors inactivate the FVIII or FIX 
molecules of normal plasma. In practice, several different dilu-
tions of patient ’ s plasma are added to a normal plasma sample 
and incubated for 2   h at 37 ° C, at the end of which all samples 
are recorded for their residual content of FVIII:C or FIX:C. A 
positive result is noted when a sample causes a signifi cant loss 
of FVIII:C or FIX:C of normal plasma at 50% of the content 
of the control sample. Dilutions and residual FVIII:C are 
plotted against each other and the inhibitor titer is obtained 
by linear regression. This system was unchanged for 20 years 
until a modifi ed assay was published in which the natural 
instability of FVIII and the change of pH occurring during the 
rather lengthy incubation period were compensated for by the 
use of buffered normal plasma, and by including SHP in the 
control mixture  [20,21] . Using this assay, a number of false -
 positive inhibitors could largely be excluded. Later, it was 
found that SHP could be replaced by a 4% albumin solution 
 [22] . Since then, the Nijmegen modifi cation of the Bethesda 
assay has been increasingly adopted in clinical laboratory 
work. Two major problems remain unresolved: the low accu-
racy of inhibitor assays in general and the lack of consensus 
in terms of the low detection limit of inhibitors by functional 
methods (most often referred to as 0.6 Bethesda units per mL). 
The accuracy problem is tightly linked with the inherent 
imprecision of the one - stage FVIII assay. 

 In order to overcome this problem to some extent, attempts 
have been made to record inhibitors using a chromogenic 
substrate assay for FVIII. No larger series of patient samples 
have as yet been published on the chromogenic method. 
In a smaller study, inhibitor titers were lower when measured 
with the chromogenic assay as compared with the one - stage 
assay result (S. Raut, National Institute for Biological 
Standards and Control, Potter ’ s Bar, Hertfordshire, UK,   per-
sonal communication).  
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  Detecting  i nhibitors  u sing  i mmunologic  m ethods 

 Among physicians it is generally well known that the Bethesda 
assay is insensitive to weakly reacting inhibitors, the presence 
of which may be observed only by a reduced  in vivo  recovery 
of infused concentrate or a shortened  in vivo  half - life of con-
centrate administered. Two principal methods of detecting 
such nonmeasurable inhibitors have been introduced. In some 
cases, patient antibodies may be detected by their capacity to 
immunoprecipitate FVIII. However, in a series of patients 
from Germany, the immunoprecipitation method did not 
detect inhibitors that were undetectable by the Bethesda assay 
 [23] . 

 Second, various ELISAs have been developed demonstrating 
increased sensitivity to weakly titered antibodies  [24 – 26] . In 
interpreting the results of both of the aforementioned assays, 
noninhibitory antibodies against FVIII cannot be distinguished 
from inhibiting antibodies. Several investigators have shown 
that noninhibiting antibodies against FVIII are a quite fre-
quent and harmless fi nding in healthy individuals. This means 
that detection of an antibody against FVIII using immunologic 
methods in hemophilia patients could raise suspicion of an 
inhibitor, but the specifi city of the results is dubious and their 
predictive value questionable.   

  Conclusion 

 Although, today, suffi cient amounts of concentrates with a 
high safety profi le are available for the treatment of hemo-
philia, the hemostasis laboratory still has an important role to 
play in correctly determining the phenotype of patients with 
a hemorrhagic disorder and in ensuring optimal substitution 
treatment. There is an urgent need for appropriate point - of -
 care methods in hemophilia to help tailor individualized treat-
ment protocols.  
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  Introduction 

 Standardization, in the context of biologic assays, is a set of 
procedures to ensure that assays carried out on a sample in 
one laboratory at any one time will give the same results when 
carried out in the same laboratory at a different time, or in a 
different laboratory. In this chapter, the principles and prac-
tice of standardization as applied to assays of coagulation 
factors will be described; the main emphasis is on factor VIII 
(FVIII) assays, inhibitor assays, and assays for bypassing 
agents — which are the most frequently performed and present 
the most problems — but assays of factor IX (FIX), von 
Willebrand factor (VWF), and factors of the rarer coagulation 
defi ciencies are also covered.  

  Principles of  b iologic  s tandardization 

  Comparative  b ioassay 

 Coagulation factor assays are based on the principle of com-
parative bioassay, in which the observed results on test samples 
are compared with those of a standard of known potency. By 
testing different dilutions of the standard, a  “ dose – response ”  
curve (usually converted to a straight line by mathematical 
manipulation) can be constructed, and the potency of the test 
sample can then be obtained by interpolation. The basic 
assumption implicit in this method is that the test sample 
behaves exactly like a dilution of the standard. In order to test 
this assumption, results for the test sample should be obtained 
at different dilutions. Ideally, at least three dilutions of both 
standard and test sample should be measured; when concen-
trations are expressed on a log scale, the lines for test and 
standard should then be parallel, and the potency can be 
determined from the distance between the lines. Because of 
possible errors in dilution and measurement, and the intrinsic 
biologic variability of the assay system, both the dilutions 
and the measurements should be repeated, and the results 
subjected to statistical analysis. A full treatise on statistical 

analysis of bioassays is given by Finney  [1] , and a simple 
computer program for coagulation factor assays is described 
by Kirkwood and Snape  [2] . 

 Assays of concentrates by manufacturers and control labo-
ratories usually follow the above principles, with several inde-
pendent assays in order to maximize precision. However, 
many clinical laboratories only test patients ’  samples at a 
single dilution, a practice encouraged by the software on 
modern coagulometers. This practice can give only an impre-
cise estimate of potency and should be avoided. All clinical 
samples should be tested with at least two different dilutions, 
and each dilution should be repeated, giving a minimum of 
four observations for each test sample, and, wherever possible, 
a parallel line analysis should be performed.  

  Standards and  u nits 

 The unit of activity for almost all coagulation factors was 
originally defi ned as the amount in 1   mL of  “ average normal 
plasma. ”  This has the great advantage of clinical convenience, 
but it is clear that  “ average normal plasma ”  collected in dif-
ferent laboratories and at different times is unlikely to be the 
same. Indeed, when the fi rst international collaborative study 
on FVIII was carried out, samples of pooled normal plasma 
in the 20 laboratories differed by up to a factor of two  [3] . 
The only way that measurements in different laboratories can 
be standardized is for the various local or commercial stand-
ards used in the assays to be calibrated against stable reference 
standards with a fi xed value. 

 The establishment of a range of international standards for 
measurements of biologic activity began as long ago as 1925 
with insulin. The fi rst international standard for a coagulation 
factor (FVIII) was established in 1971  [3]  and, subsequently, 
international standards have been established for all the major 
coagulation factors (Table  39.1 ).   

 Establishment of international standards is the responsibil-
ity of the World Health Organization (WHO), and the work 
on preparation, maintenance, and distribution of these stand-
ards is carried out by the National Institute for Biological 
Standards and Control (NIBSC). 

 Because of the need to conserve stocks over a long time 
period, these standards cannot be used routinely in assays; 
they are intended to calibrate local and manufacturers ’  
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  Table 39.1    International and working standards for coagulation 
factors. 

   Name  

   Type of standard     Type of material  

   Code     IS     WS     Pl     Co     Pu  

  Factor II    3rd         ✓             99/826  
  3rd             ✓         98/590  
        *  6th         ✓         07/326  

  Factor V    1st         ✓             03/116  
  Factor VII    3rd         ✓             99/826  

  1st             ✓         97/592  
  Factor VIIa    2nd                 ✓     07/228  
  Factor VIII    8th             ✓         07/350  

  6th         ✓             07/316  
        *  12th         ✓         02/122  

  Factor IX    3rd         ✓             99/826  
  4th             ✓         07/182  
        *  6th         ✓         07/326  

  Factor IXa    1st             ✓         97/562  
  Factor X    3rd         ✓             99/826  

  3rd             ✓         98/590  
        *  6th         ✓         07/326  

  Thrombin    2nd                 ✓     01/580  
  Fibrinogen    2nd         ✓             98/612  

  1st             ✓         98/614  
  Antithrombin    2nd         ✓             93/768  

  3rd             ✓         06/166  
  Factor XI    1st         ✓             04/102  
  Protein C    2nd         ✓             02/342  

  1st             ✓         04/252  
  Protein S    2nd         ✓             03/228  
  VWF    1st             ✓         00/514  

  6th         ✓             07/316  
  Factor XIII    1st         ✓             02/206  
  FEIBA (aPCC)          *  *  1st         ✓         06/172  

   Co, concentrate; IS, international standard; Pl, plasma: Pu, purifi ed; WS, 

working standard   (   * British Working Standard;      *  * NIBSC Working 

Standard).   

standards. For FVIII and FIX concentrates, working stand-
ards, calibrated against the WHO standards, are available 
from the Food and Drug Administration Center for Biologics 
Evaluation and Research (FDA/CBER) and the European 
Pharmacopoeia (EP). Working concentrate standards are also 
available for prothrombin (FII), FVIII, FIX, factor X (FX), and 
FEIBA (Factor Eight Inhibitor Bypassing Activity) from NIBSC 
(Table  39.1 ). Plasma standards for most coagulation factors 
are available commercially.  

   “ Like  v ersus  l ike ”  

 The reason why there are separate plasma and concentrate 
standards for most coagulation factors is that, as in all bio-

logic assays, variability is minimized when the standard and 
test are of similar composition. This is not just a theoretical 
principle; it has been shown to work best in practice. Thus, 
when FVIII concentrates have been assayed against plasma, or 
vice versa, variability between laboratories has always been 
higher than for plasma versus plasma and concentrate versus 
concentrate assays  [4,5] . 

 There are two situations in which this principle is diffi cult 
to maintain. First, as is the case with FVIII, there may be a 
wide diversity of concentrates manufactured, so that even with 
a concentrate standard there may be substantial differences in 
composition between test and standard. Second, although 
postinfusion samples, being plasma from patients, are nor-
mally assayed against a plasma standard, in composition they 
resemble concentrates  “ diluted ”  in the patient ’ s plasma, so 
there may be an argument for using concentrate standards 
instead. These points are dealt with more fully in subsequent 
sections.   

  Standardization of  f actor  VIII   a ssays 

  Assay  m ethods 

 The three methods that are used to assay FVIII are the one -
 stage and two - stage assays, both of which are clotting assays, 
and the chromogenic method. The principles and practice of 
these methods are reviewed in detail in Chapter  38   . 

 The one - stage method has always been preferred by clinical 
laboratories because of its simplicity and ease of automation. 
The two - stage method was used extensively by manufacturers 
in the past because of its high precision and independence of 
supply of defi cient plasma. At present, however, the two - stage 
method is rarely used in clinical laboratories and by only a 
few manufacturers, but the chromogenic method, which is 
based on the same principle as the two - stage assay, is being 
adopted increasingly for assays of concentrates. The EP refer-
ence method for concentrates was the two - stage assay, but in 
1995 this was replaced with the chromogenic method, which 
is also the method recommended by the Scientifi c and 
Standardization Committee (SSC) of the International Society 
on Thrombosis and Haemostasis (ISTH)  [6] . 

 The one - stage method suffers from an extreme diversity in 
the reagents and assay conditions used; for instance, in clinical 
laboratories in the UK, 27 different aPTT reagents, 19 differ-
ent defi cient plasmas, 22 different reference plasmas, and 28 
different instruments are used [source: UK National External 
Quality Assessment Scheme (NEQAS) data — Survey 173]. The 
chromogenic method has less variety, with only fi ve different 
kits from four manufacturers being available. General com-
parisons between the methods have been reviewed extensively 
elsewhere  [7,8] . 

 Currently, most European manufacturers of concentrates 
use the chromogenic method to label their products, 
whereas most US concentrates, including the two full - length 
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recombinant products, are assayed by the one - stage method. 
The BDD recombinant product, ReFacto ® , is currently 
assayed by the chromogenic method.  

  Assays of  c oncentrates 

 Potencies of FVIII concentrates are measured in international 
units (IU), which are defi ned by the international standard 
(IS). As indicated in Table  39.2 , the WHO standard has been 
replaced at approximately 5 - year intervals. This is partly 
because of high demand, but also because of changes in the 
methods of production of clinical concentrates over time, and 
the need for the WHO standard to be representative of current 
concentrates. The current WHO IS for FVIII concentrate is the 
seventh IS (99/678) and is a plasma - derived material  [9] ; 
however, this is shortly to be replaced by the recently estab-
lished WHO 8th IS (07/350).   

 The large differences in composition among current plasma -
 derived and recombinant products has meant that the  “ like 
versus like ”  principle is increasingly diffi cult to apply and, 
despite the universal use of the WHO standard as the primary 
reference material for concentrates, discrepancies between 
methods, and between different laboratories using the same 
method, can still occur  [8] . However, the reasons for some of 
these discrepancies have been established, and recommenda-
tions for assays of concentrates were developed by ISTH/SSC 
 [6] . 

 These recommended assay conditions were used in an inter-
national collaborative study to calibrate the sixth WHO 
concentrate standard, a recombinant material, and the inter-
laboratory coeffi cients of variation (CVs) overall were 9 – 10% 
 [5] . Thus, it is clear from these studies that, provided certain 
technical requirements are adhered to, recombinant FVIII 
(rFVIII) concentrates can be assayed satisfactorily against 

  Table 39.2    World Health Organization factor  VIII  concentrate 
standards. 

   Number     Purity and type  
   Year 
established     Calibrated against  

  1    Low (PD)    1971     “ Normal plasma ”   
  2    Low (PD)    1978    1st IS  
  3    Intermediate (PD)    1983    2nd IS  
  4    Intermediate (PD)    1989    3rd IS  
  5    High (PD)    1994    4th IS  
  6    Recombinant    1999    5th IS concentrate and 

4th IS plasma  
  7    High (PD)    2003    5th and 6th IS 

concentrates, EP2 
and Mega I US 
concentrate standard  

  8    High (PD)    2009    7th IS EP3 and Mega 
II US  

   PD, plasma derived; IS, international standard.   

plasma - derived concentrate standards, and there is no need 
for separate standards for the two types of products. The 
question of whether plasma - derived products can be assayed 
satisfactorily against a rFVIII standard was addressed in a 
study by Abertengo  et al .  [10] , where nine different plasma -
 derived products were assayed against both the fi fth (plasma -
 derived) and sixth (recombinant) WHO standards. There were 
no signifi cant differences in potencies using the two standards, 
indicating that a recombinant standard can be satisfactory for 
calibration of a wide variety of plasma - derived concentrates.  

  Comparison of  m ethods on  c oncentrates 

 The use of concentrate standards for assay of therapeutic 
concentrates follows the  “ like versus like ”  principle, and 
should theoretically result in potencies that are similar by the 
three different FVIII methods. Although this was broadly the 
case in the 1970s and early 1980s, developments in viral 
inactivation methods and the introduction of high - purity 
plasma - derived and recombinant products increased the diver-
sity of composition of concentrates, and this has led to 
discrepancies between methods, even though concentrate 
standards are used  [11] . Hubbard  et al .  [12]  compared potency 
estimates by the one - stage and chromogenic methods in 10 
different concentrates (seven plasma - derived and three recom-
binant). The largest discrepancies were associated with a 
plasma - derived immunopurifi ed concentrate, where the mean 
one - stage potency exceeded the chromogenic potency by 33%, 
and with a BDD recombinant product, where the chromogenic 
potency exceeded the one - stage potency by 28%. 

 Comparisons of methods on full - length recombinant prod-
ucts have given varied results. Table  39.3  summarizes the data 

  Table 39.3    Comparison of methods on recombinant concentrates: 
data from controlled collaborative studies. 

   Study 
date  

   WHO 
reference 
standard  

   Test 
sample  

   Potency (%)  

   One - stage     Two - stage     Chromogenic  

  1992    4th IS    1    100 (9)    99.7 (5)    114.6 (10)  
  2    100 (9)    91.2 (5)    98.5 (10)  

  1994    4th IS    3    100 (17)    104.1 (6)    110.6 (18)  
  5th IS    3    100 (17)    101.5 (6)    118.3 (18)  

  1998    5th IS    4    100 (21)    94.7 (6)    110.7 (25)  
  5    100 (21)    93.8 (6)    110.5 (25)  

  2003    5th IS    6    100 (12)     –     104.3 (14)  
      7th    6    100 (26)     –     101.2 (31)  

   Samples 1 – 6 are ampouled preparations of two different full - length 

recombinant Factor VIII concentrate products. Figures in parentheses 

represent number of laboratories performing each method. Potencies 

have been calculated as a percentage of those with the one - stage 

method. All participants used the SSC - recommended methodology and 

data were analyzed centrally.  

  WHO, World Health Organization.   
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on potencies of recombinant concentrates from four  “ control-
led ”  collaborative studies in which a common standard, 
defi ned protocol, and central calculation of results were used. 
It can be seen that, for seven of the eight data sets, the chro-
mogenic assays gave mean potencies higher than those 
obtained using the one - stage method, by amounts ranging 
from 1% to 18%. It should be borne in mind that, at 
the time of the fi rst two of these studies, the chromogenic 
method had only recently been introduced for the assay of 
concentrates in several laboratories, and data from the most 
recent study may be more relevant to the current situation. 
Overall, it appears that, particularly if ISTH - recommended 
methodology is used, the differences in potency of full - length 
recombinant products between one - stage and chromogenic 
methods are less than 10% and are unlikely to be clinically 
signifi cant.   

 The situation with the BDD concentrate ReFacto is, 
however, less satisfactory. Mikaelsson  et al .  [13]  found that, 
even when using the WHO concentrate standard and ISTH/
SSC - recommended methodology, the potency of this concen-
trate was substantially higher by the chromogenic method 
than by the one - stage method, by up to a factor of two 
depending on the reagents used. Further studies showed that 
this discrepancy was a result of the type and concentration of 
phospholipid reagent used in the one - stage method, and 
comparison with assays in the presence of platelets, and with 
 in vivo  recovery data, showed that the chromogenic potency 
was the appropriate value. The chromogenic method is there-
fore used by the manufacturers to label this product. However, 
recent studies have shown that, in assays of ReFacto against 
concentrate standards, either plasma - derived or full - length 
recombinant, differences of up to 20% may be found between 
results with different chromogenic kits  [14] . These results 
emphasize the need to pay careful attention to methodology 
when assaying FVIII concentrates with different molecular 
composition to that of normal FVIII. 

 Field studies, carried out on behalf of the ISTH/SSC over 
time, perhaps give a truer picture as to how assays perform 
routinely in laboratories, where local methodologies, stand-
ards, and calculation of results are used. Such studies have 
revealed large assay discrepancies and high interlaboratory 
variability with CVs generally much greater than observed in 
controlled studies  [15] . Figure  39.1  illustrates that, in general, 
rFVIII and intermediate purity (IP) plasma - derived FVIII tend 
to give lower one - stage potencies compared with the chromog-
enic method (though not signifi cantly so for the BDD rFVIII 
on this occasion), whereas high - purity plasma - derived FVIII 
tend to give higher one - stage potencies compared with the 
chromogenic method. In both cases, this discrepancy is signifi -
cantly reduced when following the ISTH/SSC recommenda-
tion of using FVIII - defi cient plasma as prediluent  [6] . An 
exception to this was for a product manufactured by the 
 “ Method M ”  monoclonal antibody process where discrep-
ancy of up to 24% was observed between one - stage and 
chromogenic methods. It has been suggested that differences 
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 Figure 39.1     Bar chart illustrating potency discrepancies observed in 
 “ fi eld ”  studies between one - stage and chromogenic methods, and 
the effect of using the ISTH/SSC - recommended FVIII - defi cient 
plasma as prediluent. One - stage potencies are expressed as 
percentage difference from chromogenic potencies. 

  Table 39.4    Comparison of methods on potency assessment of 
recombinant concentrates: data from  ISTH / SSC  SSC /8  “ fi eld ”  
collaborative studies. 

   Test sample  

   Potency (%) overall  

   Potency (%) 
laboratories prediluting 
in FVIII - defi cient 
plasma  

   One - stage     Chromogenic     One - stage     Chromogenic  

  T (FL)    100 (12)    113.8  *   (26)    100 (5)    111.7 (24)  
  V (BDD)    100 (12)    118.4  *   (26)    100 (5)    122.5  *   (24)  
  W (FL)    100 (12)    106.1 (26)    100 (5)    102.4 (24)  

   Samples T and W are two different full - length (FL) recombinant factor VIII 

products; sample V is a B - domain - deleted (BDD) recombinant FVIII 

product. Figures in parentheses represent the number of laboratories 

performing each method. Potencies have been calculated as a percentage 

of those with the one - stage method.      * Signifi cant differences ( P     <    0.05) in 

potency between the two methods.   

in thrombin activation between the two methods may play a 
role in these types of discrepancies, and evidence for this has 
been found in recent studies by Hubbard  et al.   [16] .   

 A more recent fi eld study on rFVIII concentrates  [17]  
revealed that although using FVIII - defi cient plasma predilu-
tion reduced the discrepancy in potency between one - stage 
and chromogenic methods for full - length rFVIII products, this 
was not true for the BDD material (Table  39.4 ), unlike that 
observed in the previous fi eld study  [15] . Furthermore, 
although the ISTH/SSC recommendation of using the chro-
mogenic method and prediluting in defi cient plasma tended to 
reduce the interlaboratory variability, the largest reduction in 
variability (with CVs down to the levels seen in controlled 
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  Table 39.5    Comparison of interlaboratory variability on 
recombinant FVII concentrates: data from  ISTH /S SC   “ fi eld ”  
collaborative studies. 

   Study methods  

   Geometric coeffi cient of variation 
(%GCV) for recombinant test 
samples  

   T (FL)     V (BDD)     W (FL)  

  SSC/8 overall (one - stage 
and chromogenic)  

  14.6 (38)    19.2 (38)    14.5 (38)  

  SSC/8 ISTH/SSC 
recommended method 
(chromogenic   +   
predilution in FVIII -
 defi cient plasma)  

  12.3 (24)    13.6 (24)    14.4 (24)  

  SSC/9 ISTH/SSC 
recommended method 
(chromogenic   +   
predilution in single 
batch of FVIII - defi cient 
plasma)  

  6.8 (25)    7.8 (25)    10.8 (25)  

   Samples T and W are two different full - length (FL) recombinant factor VIII 

products; sample V is a B - domain - deleted (BDD) recombinant FVIII 

product. Figures in parentheses represent the number of laboratories 

performing each method.   

studies) was in fact because of the use of a single batch of 
FVIII - defi cient plasma for predilution (Table  39.5 ). This sug-
gests that quality and type of FVIII - defi cient plasma, as well 
as variation between manufacturers and even batch - to - batch 
variation of FVIII - defi cient plasma, may be critical in assessing 
FVIII potency.    

  Assays of  p lasma 

 The establishment of plasma standards has been more straight-
forward than for concentrates. Here, the main issue has been 
to maintain the link between the international unit and the 
 “ normal plasma unit; ”  this has been done by incorporating 
samples of normal plasma pools in the calibration studies for 
each successive international standard, and adjusting the 
potencies where necessary to minimize the difference between 
the IU and  “ 1   mL average normal plasma ”  (e.g., in the calibra-
tion of the fourth IS for FVIII/VWF plasma  [18] ). 

 Despite the widespread use of the WHO standard to cali-
brate local and commercial working standards, the variability 
in FVIII assays among clinical laboratories in the UK has 
remained disappointingly high, with CVs of up to 30% in 
successive NEQAS surveys. This is probably because of the 
great variety of reagents and methodology in the different 
laboratories, as referred to earlier; the widespread practice of 
using only single dilutions may also be a contributory factor.  
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 Figure 39.2     Comparisons of assay methods for World Health 
Organization (WHO) concentrate standards assayed against WHO 
plasma standards. Data are means from large international 
collaborative studies, and potencies with the two - stage and 
chromogenic methods are calculated as percentages of the one - stage 
potencies. Results are plotted as percentage differences (e.g. 20% 
for the chromogenic method means the potency using that method 
is 120% of the one - stage potency).   

  Postinfusion  p lasma 

 The assay of concentrates against plasma standards has been 
a longstanding problem because of wide variability between 
laboratories and a basic difference between assay methods, 
and for this reason two separate WHO standards for plasma 
and concentrates were developed. However, although such 
comparisons are avoided in routine assays, they are relevant 
to manufacturers of plasma - derived concentrates, and espe-
cially to clinicians measuring  in vivo  recovery. In the latter 
situation, patients ’  postinfusion samples, which essentially 
consist of concentrates  “ diluted ”  in the patient ’ s hemophilic 
plasma, are assayed against a plasma standard. 

  In vitro  assays of concentrates versus plasma standards have 
almost invariably given higher potencies by two - stage or chro-
mogenic methods than by the one - stage method. Figure  39.2  
summarizes the data from several collaborative studies over a 
period of 15 years, and the consistency of the trend is clearly 
seen, with only one of 10 data sets giving no discrepancy. 
Despite considerable investigation, the basic causes of this 
discrepancy remain unknown, although it is thought that the 
extensive processing applied to both plasma - derived and 
recombinant concentrates could lead to differences in their 
rates of activation and inactivation in the two method types 
from the FVIII in normal plasma; there is some evidence for 
this from recent studies  [19] . For largely historical reasons, 
when the WHO concentrate and plasma FVIII standards are 
compared against each other, the values are approximately 
equivalent by one - stage assays but not by two - stage or chro-
mogenic methods, as shown in Figure  39.2 .   

 These fi gures help to explain the large discrepancies between 
chromogenic and one - stage potencies found in patients ’  
samples after infusion of recombinant concentrates  [20] . It 
appears that, after infusion, the recombinant products are 
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behaving in an essentially similar manner in these assays to 
samples produced by diluting them  in vitro  in hemophilic 
plasma. 

 The situation with plasma - derived products is variable, 
dependent on the nature of the product and the test systems 
used. For instance, in a study by Lee  et al .  [21] , Hemofi l M ®  
was found to give a 20% discrepancy in postinfusion plasmas 
between one - stage and chromogenic methods, whereas in a 
study of similar products performed at Sanquin Laboratories 
  there was no difference between the methods. Equivalence 
between the methods was also found in a UK NEQAS study 
on a postinfusion sample from a different type of plasma -
 derived concentrate. 

 A practical solution to this problem that has been discussed 
by the FVIII/FIX Subcommittee of ISTH/SSC is to regard the 
postinfusion samples as concentrates,  “ diluted ”  in a patient ’ s 
plasma, which is essentially what they are, and use a concen-
trate standard, diluted in hemophilic plasma, instead of a 
plasma standard, to construct the standard curve. This 
approach has recently been tested in an  in vivo  recovery study, 
in which patients ’  samples after infusion of Recombinate were 
assayed against both a plasma standard and a concentrate 
standard consisting of Recombinate itself  [20] . The results 
showed that the 25% discrepancy between one - stage and 
chromogenic methods using the plasma standard was com-
pletely abolished with the concentrate standard. In a fi eld 
study, the use of a ReFacto concentrate standard was similarly 
associated with a reduced variability between laboratories and 
an abolition of the discrepancy between one - stage and chro-
mogenic assays  [22] .   

  Standardization of  f actor  IX   a ssays 

 Standardization of FIX assays has presented fewer problems 
than that of FVIII. This is because, apart from the very recent 
introduction of a chromogenic method, only a single assay 
method, the one - stage clotting assay, has been used for both 
plasma and concentrates. As for FVIII, a concentrate standard 
was the fi rst to be established by WHO, for therapeutic mate-
rials, and this consisted of a prothrombin complex concentrate 
(PCC)  [23] . The switch to high - purity single FIX concentrates 
as the mainstay of therapy does not appear to have caused 
any problems in assay standardization; it appears that PCCs 
and single FIX concentrates can be assayed satisfactorily 
against each other. The current WHO standard is a single FIX 
concentrate, and the same material also serves as the FDA and 
EP standards. However, this standard is shortly to be replaced 
by the recently established WHO 4th IS (07/182). This mate-
rial will also serve as the FDA and EP standards.   

 As for FVIII, it was found that predilution of concentrates 
in FIX - defi cient plasma was necessary to obtain optimum and 
reproducible potency when assaying concentrates against a 
concentrate standard, and also when comparing concentrates 
against plasma  [24] . An international plasma standard for 

FIX, together with the other vitamin K - dependent factors, II, 
VII, and X, was established by WHO in 1987  [25] , and most 
local and commercial plasma standards are now calibrated in 
international units. However, UK NEQAS surveys continue to 
show wide variability between laboratories, probably because 
of the multiplicity of aPTT reagents and defi cient plasmas 
used. As with FVIII, artifi cially depleted plasmas have become 
the main type of FIX - defi cient reagent used, but there has been 
no systematic study of their performance compared with 
hemophilia B plasma.  

  Standardization of  i nhibitor  a ssays 

 Development of neutralizing antibodies (inhibitors) to FVIII 
(or FIX) is a serious complication of hemophilia treatment. 
Accurate measurement of inhibitors is important for determin-
ing the appropriate treatment for this complication. However, 
poor reproducibility of inhibitor assays in different laborato-
ries has been recognized since the early days of hemophilia 
treatment, and a major step forward was the introduction of 
the  “ Bethesda assay ”  in 1975  [26] . This method standardized 
the conditions for incubation of the inhibitor sample with a 
source of FVIII (2   h at 37 ° C with pooled normal plasma as 
the FVIII source), though measurement of residual FVIII con-
tinued to be performed using local methodology. The 
 “ Bethesda Unit ”  of FVIII inhibitory activity was defi ned as the 
amount of inhibitor that gives 50% reduction of FVIII under 
the defi ned assay conditions. 

 Despite this commendable attempt at standardization, a 
collaborative study in 1982 showed very high variability in 
inhibitor assays among laboratories, with CVs ranging from 
33% to 202%  [27] . However, the ranking of the various 
inhibitor samples was similar in the different laboratories and 
it was suggested that an inhibitor standard might improve the 
situation. A study (3 - day workshop) carried out at NIBSC in 
1985 showed that the high variability observed with inhibitor 
assays can be reduced by standardizing the different stages of 
an inhibitor assay  [28]  and that this variation can be further 
reduced by assaying relative to an inhibitor standard, see 
Table  39.6 . A further improvement in standardization of 
inhibitor assays — the Nijmegen modifi cation — was described 
by Verbruggen and colleagues  [29] . In this method, FVIII -
 defi cient plasma was substituted for buffer in the control 
mixture, and the normal plasma was also buffered. This 
method was shown to be more reliable at low concentrations, 
and is now recommended by the ISTH/SSC  [30] . In a recent 
European external QC survey, however, the interlaboratory 
CVs were still high: 48% for the Bethesda method and 32% 
for the Nijmegen modifi cation  [31] .   

 The possible development of an inhibitor standard was 
investigated in a number of international collaborative studies 
by Raut  et al .  [32,33] . In the preliminary studies it appeared 
that comparison of inhibitor samples against a putative 
standard did give some improvement in agreement between 
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of the platelet reagent, and the assay is labor - intensive and 
diffi cult to automate. Because of these problems, alternative 
methods of measuring VWF function have been sought, and 
the collagen - binding method, which is much easier to perform 
and more reproducible, was introduced by Favorolo and 
colleagues  [34] . Although there has been some controversy 
over its clinical applicability, it is used in a number of clinical 
laboratories in conjunction with other methods such as mul-
timer analysis, and is being considered also as a possible EP 
reference method for concentrates (see below). The measure-
ment of VWF antigen is also useful as an adjunct to the 
functional measurements; the original  “ rocket ”  electrophore-
sis method of Laurell has now been largely replaced by ELISA 
assays.  

  Standards for  v on Willebrand  f actor 

 The course of standardization of VWF differed from that of 
FVIII and FIX in that, when the fi rst International Standard 
for FVIII, plasma, was established in 1982, the same plasma 
was calibrated (against normal pools) for VWF  [35] . Thus, a 
plasma standard was established before a concentrate stand-
ard, and in fact a separate concentrate international standard 
for VWF concentrate was established only recently  [36] . The 
reason for this is the relatively slow development and licensing 
of VWF concentrates, with cryoprecipitate and FFP continu-
ing to be used for many years.   

  Standardization of  b ypassing  a gents 

  Activated  p rothrombin  c omplex  c oncentrates 

 FEIBA  ®   is an activated prothrombin complex concentrate 
(aPCC) produced by Baxter Healthcare in Austria, which is 
used to control spontaneous bleeding episodes or cover surgi-
cal interventions in hemophilia patients who develop inhibi-
tors  [37] . The  in vitro  assay for FEIBA measures the ability of 
this product to shorten the activated partial thromboplastin 
time (aPTT) of a FVIII - defi cient plasma containing FVIII 
inhibitors. FVIII inhibitor bypassing activity (FEIBA) is 
expressed in arbitrary units. One unit of FEIBA was originally 
defi ned as that amount of FEIBA that shortens the aPTT of 
high - titer FVIII inhibitor reference plasma to 50% of the 
blank value. There is a linear correlation between the loga-
rithm of the FEIBA and the logarithm of the measured clotting 
time. The quantitative evaluation is made using a parallel 
line assay, or by using a calibration curve, relative to the 
manufacturer ’ s own reference standard. These standards are 
produced by the manufacturer on a relatively small scale 
and are frequently replaced. They are generally calibrated 
relative to their predecessor. More recently, following con-
cerns about the reliability of this procedure, it was decided to 
develop a separate independent FEIBA reference standard (in 
relatively large quantities); this was established as a fi rst 

  Table 39.6    Summary of data from  NIBSC  inhibitor workshop. The 
effect of an inhibitor reference standard antibody on the variability 
of inhibitor assays. 

   Session  
   Different standardized stages 
in the inhibitor assay  

   CVs (%) no 
reference 
standard  

   CVs (%) 
reference 
standard  

  1    Assays of samples containing 
no inhibitors  

  15 – 26     –   

  2    Assays of samples containing 
inhibitors  

  53 – 80    20 – 30  

  3    Assays of samples containing 
inhibitors when incubation 
stage standardized  

  33 – 43    13 – 34  

  4    Assays of samples containing 
inhibitors when incubation   +   
FVIII assay stages 
standardized  

  14 – 20    6 – 29  

   Consistent improvement in %CV (coeffi cient of variation) when assayed 

relative to a inhibitor reference standard.   

laboratories  [32] . In a more recent larger study, when nine 
inhibitor samples were assayed in 22 laboratories, the inter-
laboratory variability was surprisingly low, with CVs of 17 –
 33%  [33] . Although this remained higher than in studies of 
noninhibitor samples, it nevertheless represented the best 
interlaboratory agreement ever achieved for an inhibitor study 
to date. Comparison of inhibitor samples against one putative 
standard further reduced the interlaboratory variability. The 
highest variability was associated with assays of low - titer 
inhibitor samples, indicating that sensitivity of this assay at 
low inhibitor titers needs to be improved. A further explana-
tion for the high variability is that the inhibitor can continue 
to act on FVIII during the assay of residual FVIII; therefore, 
FVIII assay methods that have short incubation times are 
likely to give the truest measure of inhibitor titer. There is 
some evidence that chromogenic methods, which mostly do 
have short incubation times, give less variability of inhibitor 
titer  [32,33] , but this needs to be confi rmed in a larger number 
of laboratories. The study concluded that further investiga-
tions into the reasons for the relatively high interlaboratory 
variability were needed before a reference standard could be 
established for this very complex area of measurement.  

  Standardization of  v on Willebrand 
 f actor  a ssays 

  Assays for  v on Willebrand  f actor 

 As described in Chapter  44   , the ristocetin cofactor method has 
continued to be the mainstay of assays of VWF, but it suffers 
from very high variability, both within and between labora-
tories. There are diffi culties also with preparation and stability 
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NIBSC Working Standard for FEIBA after a collaborative 
study involving the manufacturers and three European control 
laboratories  [38] . 

 Clinical monitoring of patients undergoing FEIBA bypass-
ing therapy, which would refl ect achievement of hemostasis 
 in vivo , has been diffi cult, although a thrombin generation 
assay  [39]  recently developed seems to show some promise. 
Nevertheless, a truly standardized assay for  ex vivo  monitor-
ing has still been elusive.  

  Factor  VII  a  

 Recombinant activated factor VII (rFVIIa; NovoSeven  ®  , Novo 
Nordisk, Denmark) has proved very successful in the treat-
ment of inhibitor patients, although there are some patients 
who do not respond. The product was initially assayed against 
a plasma standard for FVII, but these assays proved quite 
variable, and a separate international standard for FVIIa was 
developed  [40] . 

 FVIIa has a short half - life and considerable interindividual 
pharmacokinetic variability; consequently, many clinicians 
argue that treatment should be monitored, though the useful-
ness and practicality of such monitoring remain topics for 
debate. The injected FVIIa leads to a considerable increase in 
the patient ’ s FVII clotting activity (FVII   :   C), and routine 
FVII   :   C assays can be used for monitoring. However, a specifi c 
assay for FVIIa has been developed by Morrissey  et al .  [41]  
and modifi ed by Johannessen  et al.  to make it more reliable 
at low concentrations  [42] . The reliability and clinical utility 
of FVII   :   C and FVIIa assays in monitoring rFVIIa treatment 
has been recently reviewed  [43] .   

  Standardization of  a ssays of  o ther 
 c oagulation  f actors 

 Assays of other coagulation factors are carried out only rarely 
in the context of congenital defi ciencies, although they are 
performed more frequently in relation to acquired defects, 
population surveys, and by manufacturers of concentrates. In 
general, the same principles apply, as for FVIII and FIX, with 
plasma standards being used for plasma samples, and concen-
trate standards for assay of therapeutic concentrates (see Table 
 39.1 ).  

  Standardization of  g lobal  a ssays 

 In recent years there has been increasing recognition that 
specifi c assays may not be suffi ciently informative to assess the 
patient ’ s overall hemostatic state and that global tests may 
contribute useful additional information. Another reason for 
the revival of global assays is the development of technical 
innovations and more sophisticated methods of analysis, 
which have improved their reliability and reproducibility and 

led to more widespread use. Two tests developed in the 1950s 
that have recently undergone a renaissance are thromboelas-
tography and the thrombin generation test (TGT). Both 
methods have been investigated for the assessment of patients 
with hemophilia; the TGT has been used more widely and 
appears to show the most promise. 

 Interest in the TGT was rekindled following a study by 
Hemker  [44] , in which the method was modifi ed by the use 
of a chromogenic substrate to monitor the generated thrombin. 
This and other technical modifi cations provided much -
 improved precision and sensitivity  [45] . Subsequently, there 
have been other technical variations, notably the development 
of different chromogenic and fl uorescent substrates that can 
be incorporated into the incubation mixture to give enhanced 
convenience and sample throughput  [46] . Use of TGT for 
measuring activity of FVIII concentrates was investigated by 
McIntosh  et al .  [47] . Collaborative studies of the TGT on 
hemophilic patients ’  samples are currently being planned, and 
at present it is too early to give any recommendations regard-
ing standardization of this test.  
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  Introduction 

 An immediate consequence of a break in the vascular endothe-
lium is exposure of extravascular tissue factor - bearing cells 
and platelet adhesion to the damaged vessel wall. Following 
activation via, for example, epinephrine, adenosine diphos-
phate (ADP), and collagen, the platelets aggregate and form a 
surface of negatively charged phospholipids where the coagu-
lation factors can assemble and perform their enzymatic and 
catalytic functions  [1] . The main purpose of the coagulation 
factors is to produce a timely, suffi cient, and regulated amount 
of thrombin to cleave fi brinogen and activate FXIII and 
thrombin activatable fi brinolysis inhibitor in order to produce 
a stable hemostatic plug and stop bleeding. Furthermore, the 
purpose of the hemostatic plug is to establish a matrix to 
facilitate repair and regeneration of the integrity of the vessel 
wall. Thrombin may be considered as the lead protein for 
stimulating and directing the generation of a hemostatic plug. 
In other words, thrombin generation may be characterized as 
the momentum of the hemostatic system. Following produc-
tion of less than 1% of the total thrombin generated in a 
healthy hemostatic system, a series of timely coordinated acti-
vation processes takes place: platelet activation, activation of 
factor V and XIII, cleavage of fi brinogen, and activation of 
factor VIII and factor XI  [2] . This initiation phase of thrombin 
generation is followed by a propagation phase of thrombin 
driven by the intrinsic tenase (FIXa and FVIIIa) and prothrom-
binase (FXa and FVa) complexes  [1] . The dynamic production 
of thrombin is regulated by natural anticoagulants, such as 
antithrombin and proteins C and S in order to prevent exces-
sive production of thrombin that may result in thromboem-
bolic events. 

 Thrombin is not the only determinant required to achieve 
hemostasis. Thrombin acts on substrates, such as fi brinogen 
and platelets, constituting the three - dimensional bricks of the 
hemostatic plug. Furthermore, hemostasis is also character-
ized by the formation of a clot structure being resistant to 
fi brinolysis and with physical strength to withstand blood 
pressure and fl ow of blood. 

 The hemostatic system is regulated by a coordinated interac-
tion of coagulation proteins, natural anticoagulants, and cells. 
In particular, the platelets and the endothelium play an impor-
tant role in the regulation of hemostasis; however, both white 
and red blood cells play supportive roles and impact thrombin 
generation and clot formation.  

  Limitations of  s tandard 
 c oagulation  a ssays 

 Standard coagulation assays such as the activated clotting time 
(aCT), prothrombin time (PT/INR), or activated partial 
thromboplastin time (aPTT) provide information only of the 
initiation of clot formation. However, formation of a suffi -
cient hemostatic plug is a continuous process with character-
istic rate - specifi c properties. When there is a suspicion of 
hemophilia, the aPTT may be used to screen for potential 
factor defi ciencies. If the aPTT is abnormal, levels of coagula-
tion factor VIII (hemophilia A) or factor IX (hemophilia B) 
are evaluated by performing a one - stage clotting assay or a 
chromogenic assay. The one - stage clotting assay is also based 
on measurements of aPTT utilizing factor VIII - defi cient 
plasma, reference plasma, and patient plasma. Usually, these 
routine coagulation assays can provide a specifi c biochemical 
diagnosis to categorize patients as severe, moderate, or mild. 
However, the standard aPTT and single coagulation factor 
assays are only marginally correlated with the clinical pheno-
type of the coagulation disorder. Thus, some patients with 
severe hemophilia A (FVIII   :   C    <    1%) bleed frequently, whereas 
other patients bleed only occasionally despite similar bio-
chemical diagnosis and comparable lifestyle.  

  The  i deal  g lobal  c oagulation  a ssay 

 The ideal global assay would be one that provides information 
on the dynamics of thrombin generation; includes all compo-
nents involved in regulation of hemostasis, such as coagulation 
proteins, natural anticoagulants, blood cells, and endothelium; 
demonstrates a visual assessment of whole blood clot forma-
tion and/or fi brin formation; and evaluates the structure and 
stability of the formed clot. In addition, it should be easy to 
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operate, give rapid and reproducible results and be inexpen-
sive. Furthermore, the ideal global assay should correlate to 
clinical baseline phenotype and aid in predicting severity of the 
bleeding pattern. Finally, the assay should be useful for moni-
toring hemostatic interventions and guide the selection of the 
most optimal hemostatic drug and necessary dosage to achieve 
hemostasis. In addition, portability would be a great benefi t 
such that it can be used in the patient care setting. 

 Currently, such an assay does not exist; however, there are 
some very attractive candidates available. This chapter gives 
a description of methods for measuring thrombin generation 
and whole blood coagulation with thromboelastography/
thromboelastometry.  

  Methodologies 

  Measurement of  c ontinuous  t hrombin  g eneration 

  History 

 In the 1960s and 1970s, the brilliant ideas of researchers such 
as Biggs, Hemker, and B é guin started a pioneering series of 
studies on modalities for measurement of thrombin genera-
tion. Initially, measurements were based on cumbersome and 
time - consuming, yet thoroughly performed, subsampling tech-
niques (see ref.  3  for a historical review). It became obvious 
that automated techniques were needed if measurement of 
thrombin generation were to be adapted into clinical use. 
Hence, in the 1990s HC Hemker and colleagues invented 
calibrated automated thrombin generation measurements in 
platelet - poor and platelet - rich plasma based on fl uorometry 
and simple data processing. 

 Simultaneously, another revolutionary series of investiga-
tions were led by Mann and coworkers and a model for evalu-
ating continuous thrombin generation in whole blood by 
meticulous subsampling and quantitation of thrombin produc-
tion by enzyme - linked immunosorbent assay (ELISA) measure-
ment of thrombin – antithrombin complexes was developed  [1] . 
During the past decade, Mann  et al.  have also developed an 
 in silico /computerized model of thrombin generation that can 
estimate the dynamic of thrombin generation with varied levels 
of coagulation factors and natural anticoagulants. 

 Throughout the past century investigations have demon-
strated that changes in the dynamic -  and rate - specifi c charac-
teristics of thrombin generation and clot formation are 
associated with a variety of pathologic conditions ranging 
from hemophilia  [4]  leading to an increased bleeding tendency 
to the converse, thrombophilia leading to a predisposition to 
form pathologic thromboses  [5] . Hence, measuring and char-
acterizing thrombin generation has been the subject of intense 
and detailed research. This has led to an increasing number 
of laboratories having both the laboratory and intellectual 
capability to perform research utilizing thrombin generation 
measurement.  

  Calibrated  a utomated  c ontinuous  t hrombin 
 g eneration  m easurement 

 Hemker and B é guin have developed a simple principle of 
quantitating the dynamics of thrombin generation called the 
calibrated automated thrombin (CAT) generation method. 
The method is based on the use of plasma and a fl uorogenic 
thrombin substrate as well as a 96 - well plate fl uorometer. 
Fluorescence measurements are associated with high degree of 
variability caused by nonlinearity of the fl uorescence intensity. 
Furthermore, a fl uorescence signal depends upon the quench-
ing properties of the medium, and plasma samples differ 
widely — even samples of the same person obtained on the 
same day. Thus, in order to quantitate thrombin concentra-
tions from the fl uorescence signal, each sample has to be run 
in parallel with a calibrator (in the model described by 
Hemker,  α  - 2 - macroglobulin – thrombin complexes are used as 
calibrator). In practice, citrated platelet - poor plasma or plate-
let - rich plasma is added to the wells of the microplate. The 
fl uorogenic thrombin substrate is then added and coagulation 
is activated by tissue factor. Following re - calcifi cation, auto-
mated continuous measurements of fl uorescence are started. 
A simple computer program converts the fl uorescence readings 
into a quantitative dynamic profi le of thrombin generation 
(Figure  40.1 ).    

  Measurement of  t hrombin  g eneration by  s ubsampling 

 The most sophisticated way of estimating thrombin generation 
is in fact also the most time - consuming, cumbersome, and 
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 Figure 40.1     Thrombin generation. Characteristic thrombin 
generation profi les from a healthy individual and a patient with 
severe Hemophilia. As illustrated, the lag phase is not distinctly 
different between healthy and severe hemophilia; however, in 
hemophilia the propagation phase is compromised, as visualized by 
the low peak thrombin and reduced ETP.   
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complicated. Plasma or whole blood are distributed to multi-
ple small test tubes. The test samples are re - calcifi ed and the 
clotting process is triggered by an activator, most commonly 
tissue factor. At specifi c time intervals (e.g., 5   s), thrombin 
generation is stopped by addition of a cold quenching solution 
that terminates all enzymatic processes and stops thrombin 
generation. Subsequently, each sample is centrifuged and the 
supernatant is removed, and for each time point the total 
amount of thrombin is evaluated by ELISA - based measure-
ment of thrombin – antithrombin complexes  [1] .  

  Laboratory  f acilities 

 Thrombin generation measurements are very sensitive. Hence, 
meticulous and systematic blood sampling procedures are very 
important. Moreover, centrifugation and pipetting of plasma 
needs to be performed in a careful and systematic manner. 
Calibrated automated thrombin generation measurement 
requires a qualifi ed and trained laboratory technician. In par-
ticular, the subsampling method, according to Mann, requires 
unique laboratory skills. As of today, several types of fl uor-
ometers are available. The CAT method, as devised by 
Hemker, uses the Fluoroscan  ®   fl uorometer from Thermo 
Scientifi c. Other methodologic procedures have been described, 
using other types of fl uorometers, various types of fl uorogenic 
substrates, and various formulations and concentrations of 
tissue factor. So far, the laboratory equipment is not consid-
ered transportable.  

  Subject  s amples 

 Preferably, citrated blood samples should be taken using 
minimal stasis and a smooth vein puncture. Recently, citrate 
as a reversible anticoagulant has been shown to affect the 
dynamics of thrombin generation measurements  [6] ; however, 
as a practically useful alternative is not available, this is the 
preferred method for blood collection. 

 Many laboratories add corn trypsin inhibitor (CTI — a direct 
and potent inhibitor of coagulation factor XIIa) to the test 
tubes before blood sampling in order to avoid or minimize 
spontaneous contact activation. CTI has been demonstrated 
to reduce variability of the assay  [7] . The thrombin generation 
analysis can be done using fresh or frozen platelet - poor (PPP) 
or fresh platelet - rich plasma (PRP). If PRP is used the analysis 
should be initiated with 120 min following blood sampling. 
The predominant activator of thrombin generation is tissue 
factor, and an increasing list of different tissue factor formula-
tions and concentrations are available. The formulations and 
concentration of tissue factor have pronounced effects on the 
sensitivity and dynamic characteristics of the thrombin genera-
tion profi les. If thrombin generation is measured using a high 
concentration of tissue factor, it is diffi cult to visualize the 
dynamic abnormalities characteristic of hemophilia. The 
lower the concentration of tissue factor, the higher the sensi-
tivity, but this is at the cost of increasing variability. The 

fl uorogenic thrombin substrate needs to be slow reacting in 
order to hinder consumption. Several fl uorogenic substrates 
are currently available.  

  Methods,  i nterpretation, and  c linical  f easibility 

 The classic thrombin generation curve has a waveform from 
which several quantifi able parameters can be measured (lag 
time, time to peak thrombin, and endogenous thrombin 
potential as described below) (Figure  40.1 ). The entire course 
of thrombin generation is usually separated into an initiation 
phase corresponding the lag time before the earliest measur-
able thrombin. This is followed by the amplifi cation phase, 
which likely represents the assembling of the intrinsic tenase 
(FIXa and FVIIIa) and the prothrombinase complex (FXa and 
FVa), during which the maximum rate of thrombin generation 
occurs. Eventually, thrombin generation reaches a peak and 
the time required to reach this point is described as time - to -
 peak thrombin. The total amount of thrombin generation 
(equal to area under the curve) is frequently called the endo-
geneous thrombin potential (ETP). 

 In principle, abnormal thrombin generation curves are char-
acterized by (i) a prolonged or shortened lag time, (ii) reduced 
or increased peak thrombin, or (iii) reduced or elevated ETP. 

 The interpretation of the thrombin generation profi le 
includes several variables. The lag time of thrombin is prima-
rily determined by levels of free tissue factor, tissue factor 
pathway inhibitor, factor VII, factor IX, and fi brinogen  [8] . 
The propagation phase of thrombin is highly dependent 
on the number and function of platelets  [9] . Hence, the higher 
the platelet counts the higher the maximum rate and accelera-
tion of thrombin generation. Other main determinants of the 
propagation phase of thrombin generation depend on the 
intensity of activation with tissue factor. Following activation 
with low levels of tissue factor, fi brinogen, factor XII, free 
tissue factor pathway inhibitor (TFPI), antithrombin, and pro-
thrombin are important determinants of thrombin generation. 
Following stimulation with a high level of tissue factor, pro-
thrombin, antithrombin, fi brinogen, free TFPI, and factor V 
become the predominant determinants of thrombin. 

 Males are described to have a lower thrombin production 
than females. In addition, thrombin generation increases with 
age and decreases as a result of low temperature.  

  Laboratory  p henotyping of  b leeding  d isorders and  m onitoring 
of  h emostatic  i ntervention 

 Thrombin generation has been used for laboratory phenotyp-
ing of a variety of bleeding disorders. The best characterized 
hemostatic dysfunction described by thrombin generation 
profi les is hemophilia A. In contrast to the categoric distinc-
tion between mild, moderate, and severe based on assessment 
of functional levels of factor VIII, the rate - specifi c character-
istics of thrombin generation have been reported to illustrate 
and refl ect the clinical heterogeneity of hemophilia  [10] . In 
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particular, thrombin generation has been documented as pre-
dictive in distinguishing milder phenotypes of severe hemo-
philia despite similar low levels of factor VIII (e.g., less than 
1% of normal). Noteworthy, so far the predictive value of 
thrombin generation has only been signifi cant when using PRP 
as a test medium. 

 Thrombin generation profi les have also been used for moni-
toring the hemostatic response to various types of hemostatic 
treatment  [11,12] . Severe hemophilia is usually managed by 
substitution with a factor VIII concentrate. A considerable 
proportion of patients develop allogeneic inhibitory anti-
bodies toward the substitution therapy. These patients require 
so - called bypassing agents, such as recombinant factor VIIa 
or plasma - derived activated prothrombin complex concen-
trates. Thrombin generation measurement has been used to 
monitor substitution with such bypassing agents. The overall 
experience with thrombin measurements as a surrogate 
parameter of hemostatic effect is still rather limited; however, 
the preliminary results appears promising. 

 Outside hemophilia, thrombin generation has proven 
advantageous for illustrating the hemostatic potential of, for 
example, prothrombin complex concentrates as compared 
with fresh - frozen plasma for reversal of vitamin K antagonist 
therapy  [13] . 

 Finally, thrombin generation is an elegant method for illus-
trating the impact of various types of anticoagulation. Heparin, 
direct thrombin inhibitors, as well as indirect or direct factor 
Xa inhibitors compromise thrombin generation by prolonging 
the lag phase and reducing peak thrombin and ETP.   

  Recording of  w hole  b lood  c lot  f ormation 

  History 

 Throughout history investigators of blood coagulation have 
made great efforts to establish ways for monitoring the hemo-
static capacity. A pioneer test was the whole blood clotting 
time, reported in 1780 by Hewson, who measured clotting 
times in basins, describing the duration of time until visible 
clotting was seen in freshly drawn whole blood  [14] . 
The principle of a whole blood coagulation test is the mea-
surement of physical changes occurring during clot forma-
tion. Instrumented whole blood clotting time studies were 
introduced in 1910 by Kottmann, who continuously meas-
ured the increment of viscosity during clotting by his 
 “ Koaguloviskosimeter ”   [14]  and later, in 1948, Hartert intro-
duced thromboelastography  [15] . This enabled analysis of 
continued clot formation in whole blood as well as in plasma. 
The thromboelastograph of Hartert was based on a cup 
mounted in a cuvette that oscillated four degrees in opposite 
directions at a frequency of 3.5   s  [15] . Inserted in the center 
of the cup was a pin attached to a torsion wire. The resistance 
of the blood was kymographically recorded as a consequence 
of increased movement of the pin:  “  r  ”  was the reaction time 
and  “  k  ”  ( “ k ”  for the German word  “ klot ” ) was the period in 

which the blood ’ s  “ elasticity ”  reached half of its eventual 
peak value,  “  m  ” . Thus, continued clot formation was demon-
strable and visualized. 

 There are now several different methods and technologies 
for recording and visualizing continuous whole blood clot 
formation. In the area of hemophilia, predominantly throm-
boelastography has been investigated; however, other methods 
may emerge also.  

  Instrumentation and  m aterials 

 The thromboelastographic principle introduced by Hartert 
has been adopted in a computerized version of the TEG  ®   
apparatus manufactured by Haemoscope. In 1996 Calatzis 
 et al . invented another principle of thrombelastography, today 
named thromboelastometry (ROTEM  ®  ) in which the pin, 
instead of the cup, oscillates  [16] . A ball bearing focusing 
the pin apparently makes the ROTEM less sensible for 
movements. 

 Both the TEG and the ROTEM provide a digital signal 
allowing for additional computation of the continuous coagu-
lation signal leading to the derivation of several quantifi able 
parameters (Figure  40.2 a and b).   

 The underlying principle of the TEG and ROTEM is the 
continuous assessment of the elastic properties of a forming 
clot. Both devices consist of a cup into which the sample 
(whole blood, platelet - rich or  - poor plasma) and reagents are 
placed, and of a pin which sits in the center of the cup when 
the device is running. Once the sample is in place and the cup 
is pushed up into the pin, the pin (ROTEM) or cup (TEG) 
begins to oscillate. Reduced movement of the pin during clot 
formation is registered with specialized computer software 
and visualized on a computer, providing a coagulation signal 
similar to that of the traditional thromboelastography (Figure 
 40.2 a). The formation of strands of fi brin which attach the 
pin to the wall of the cup create this effect.  

  Laboratory  f acilities 

 TEG and ROTEM were originally developed and validated as 
bedside monitoring tools for diagnosis of perioperative coagu-
lopathies and guidance of optimal hemostatic intervention as 
they are easy to use and transportable. Several commercial 
standard assays are available, providing activation of the 
intrinsic pathway (e.g., with kaolin) or extrinsic pathway 
(with tissue factor) as well as fi brinogen - sensitive assays and 
assays to neutralize heparin. 

 In addition to the standard assays, a series of studies have 
used an in - house developed assay employing activation with 
minute amounts of tissue factor (dilution of 1   :   17   000 to 
1   :   50   000 of standard concentrations for performing a PT) 
 [17,18] . The low tissue factor assays provide a high sensitivity; 
however, they are also associated with increased variability. 
The variability can be reduced signifi cantly by prespiking cit-
rated blood tubes with CTI.  
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  Methods,  i nterpretation, and  c linical  f easibility 

 The classic thromboelastographic profi le is illustrated in 
Figure  40.2 . It illustrates the continuous viscoelastic physical 
changes occurring during whole blood coagulation. Traditional 
thromboelastographic parameters such as clotting time ( r , 
CT), clot formation time ( k , CFT), and maximal clot forma-
tion (MA, MCF) are depicted in Figure  40.2 .  r /CT expresses 
a measure of the initiation of clot formation. In addition to 
the above parameters, the device can assess the degree of 
fi brinolysis by demonstrating a diminution of MA/MCF fol-
lowing attainment of a plateau (Figure  40.2 ). This is assessed 
quantitatively by the LY30 or LY60, which is the lysis index 
at 30 or 60 min and acts as a measure of the decrease of MA. 

 Furthermore, the digital raw signal from the TEG or 
ROTEM analyzers can be differentiated to velocity profi les of 
whole - blood clot formation and dynamic coagulation param-
eters illustrating the propagation phase of clotting can be 
derived (Figure  40.2 b) such as the maximum velocity (MaxVel) 
of clot formation and the time until the occurrence of the 
maximum value ( t , MaxVel)  [17] .     

  Tissue  f actor  a ctivation  m ethods 

 As tissue factor is the physiologic activator of coagulation, it 
is thought that utilizing tissue factor in thromboelastography 
more closely mimics the natural state and will thus yield more 
meaningful results. In a series of studies of thromboelastogra-
phy, recombinant human tissue factor has been chosen as the 
tissue factor source. So far, studies have demonstrated that 
using minute amounts of tissue factor (e.g., fi nal dilution of 
Innovin  ®   ranging from 1   :   17   000 to 1   :   50   000) can demon-
strate differences between normal subjects and patients with 
varying degrees of hemophilia  [17,19] . Furthermore, addi-
tional studies demonstrated that  ex vivo  addition of factor or 
bypassing agents could be detected  [17,20 – 24] . More recently, 
it has been shown that the addition of CTI improves the per-
formance of the assay when utilizing tissue factor activation 
 [23] .  

  Contact  p athway  a ctivation  m ethods 

 Activation of the intrinsic system, while not physiologic, has 
been used for decades in a wide variety of clotting assays. In 
the setting of hemophilia, contact activation (with, for 
example, kaolin or synthasil) has been utilized successfully in 
an  in vivo  study of dose individualization in inhibitor patients, 
as well as to monitor dosing of bypassing agents during major 
orthopedic surgery  [25] . The kaolin method is simple as the 
manufacturer provides prefi lled kaolin vials and dilution is not 
required. 

 In principle, abnormal thromboelastographic/thromboelas-
tometry profi les are characterized by (i) a prolonged or short-
ened  r  or CT, (ii) prolonged  k  or CFT, or (iii) a compromised 
or elevated MA or MCF. 
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 Figure 40.2     TEG  ®  /RoTEM  ®  . (a) Characteristic thromboelasto-
graphic profi les from a healthy individual as well as a patient with 
severe Hemophilia. (b) The fi rst derivative of the thromboelasto-
graphic prfi le. As illustrated, the clotting time is prolonged and the 
maximum velocity is reduced in Hemophilia. Fulthermore, after 50 
minutes, the Hemophilia sample has not reached a maximum clot 
fi rmness similar to the healthy sample.   

  Subject  s amples 

 Although the devices were developed as whole blood assays, 
essentially any coagulable liquid can be placed in the device, 
including platelet - rich and  - poor plasma. Samples should be 
drawn from an atraumatic, fresh venipuncture with a free fl ow 
of blood. It is suggested that the fi rst 2 – 3   ml be discarded 
because of potential clotting activation. With respect to whole 
blood, either native whole blood or recalcifi ed, anticoagulated 
(citrated) blood can be used. While native whole blood has 
been used in some settings (the operating room, for example), 
it is not very practical as the blood needs to be placed in the 
device within 4 min. It is best to utilize blood anticoagulated 
with  − 3.2% sodium citrate at a 9   :   1 ratio. A recent study 
comparing native blood with citrated blood showed no differ-
ence in the assay results. It is suggested that samples should be 
run within 2   h, although studies of the duration of time from 
sampling to running the assay have not been performed.  
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  Laboratory  p henotyping of  b leeding  d isorders and  m onitor of 
 h emostatic  i ntervention 

 With respect to prediction of the clinical phenotype, a number 
of studies have demonstrated considerable heterogeneity in the 
baseline whole blood coagulation patterns among patients 
with verifi ed factor VIII levels    <    1%  [19] . Furthermore, data 
have illustrated that patients diagnosed with severe hemo-
philia A (FVIII   :   C    <    1%) but having unusually good whole 
blood clotting profi les are associated with a less severe bleed-
ing phenotype  [22] . The low tissue factor assay has also been 
used to illustrate different response patterns to various levels 
of coagulation factor VIII concentrate  [19] . In addition, both 
 in vitro  and  in vivo  studies have demonstrated the ability of 
thromboelastography to predict the clinical response to 
bypassing agents in patients with inhibitors  [17,18,20,21,26] . 
So far, these studies represent single - center experiences. 
Nevertheless, the potential for thromboelastography has been 
demonstrated. An  in vivo  study demonstrated the ability of 
thromboelastography to individualize therapy for three inhibi-
tor patients, which led to more judicious use of bypassing 
agents as well as more convenient treatment regimens, ulti-
mately reducing the cost of managing bleeds without compro-
mising effi cacy (unpublished). Additional studies are required 
in order to answer some of the questions raised by these initial 
studies, including which preanalytic methods provide the most 
sensitive, reliable, and reproducible results. In the near future, 
it is possible that thromboelastography may be part of the 
tools used to design individual treatment regimens for patients 
with inhibitors. This will become increasingly important as 
new bypassing agents become available.    
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  Introduction 

 Hemophilia A and B are X - linked recessive bleeding disorders 
caused by defi ciency of factor VIII (FVIII) or factor IX (FIX), 
respectively. Because of the mode of inheritance, hemophilia 
A and B mostly affect males, while females are carriers. 
Therefore, the clotting factor level is expected to be around 
50% of normal in carriers as they have only one affected 
chromosome. However, a wide range of values (22 – 116   IU/
dL) has been reported  [1]  as a result of random inactivation 
of one of the two X chromosomes, the process called lyoniza-
tion  [2] . A signifi cant number of hemophilia carriers may have 
very low factor levels due to extreme lyonization, thus at an 
increased risk of bleeding. Carriers of hemophilia with mildly 
reduced clotting factor levels (40 – 60   IU/dL) are also at risk of 
bleeding, especially after medical intervention  [3] . Women are 
exposed to regular hemostatic challenges owing to monthly 
menstruation as well as childbirth, therefore at risk of menor-
rhagia and postpartum hemorrhage. 

 Management of obstetric and gynecologic problems in car-
riers of hemophilia requires a multidisciplinary approach and 
close collaboration between gynecologists and the hemophilia 
center. Ideally, these women should be managed in a com-
bined clinic, where expertise and facilities are available to 
provide a comprehensive assessment and management plan for 
their problems  [4] . Advice from the hemophilia team is invalu-
able for arrangement and interpretation of blood tests and 
arrangement of prophylactic or replacement treatment, espe-
cially when there is a bleeding complication.  

  Gynecology 

 Menorrhagia, heavy menstrual loss, is a common gynecologic 
problem among women with bleeding disorders, including 
carriers of hemophilia. In a study using a pictorial blood 
assessment chart (PBAC), menstrual loss was assessed in 30 
carriers of hemophilia; the median menstrual score was 113, 
signifi cantly higher than 73 in the age - matched control group. 

The incidence of menorrhagia, as defi ned by a score of more 
than 100, was 57% compared with 29% in the control group 
 [5] . In addition to heavy menstruation, carriers of hemophilia 
may also suffer prolonged menstruation with episodes of 
fl ooding and passage of clots  [5] . Lack of awareness of the 
high incidence of menorrhagia and underestimation of men-
strual loss in these women may lead to chronic iron - defi ciency 
anemia as well as inappropriate management and unnecessary 
surgical intervention, including hysterectomy, at early repro-
ductive age  [5] . Carriers of hemophilia also suffer a signifi cant 
menstrual pain, intermenstrual bleedings, and mid - cycle pain. 
Mid - cycle pain probably arises from ovulation with subse-
quent hemorrhage into the corpus luteum or peritoneal irrita-
tion because of bleeding from the edges of a recently formed 
corpus luteum. Acute abdomen owing to hemoperitonium, as 
well as extension of bleeding into the broad ligament with 
spontaneous rupture of corpus luteum, has been reported in 
carriers of hemophilia  [6] . Although this is a rare complica-
tion, it is important to be considered in these patients before 
embarking on any surgical intervention, as conservative man-
agement with factor replacement is usually effective and obvi-
ates the need for surgery. 

 Menorrhagia and dysmenorrhea adversely affect quality of 
life of women and may have a major infl uence on women ’ s 
lifestyle and employment. Carriers of hemophilia, especially 
those who passed clots, suffered fl ooding and had prolonged 
menstruation, have been shown to have a signifi cantly worse 
quality of life during menstruation compared with a control 
group  [7] . Between 39% and 46% of them lost time from 
work  [7,8] . They also accomplished less at work and experi-
enced diffi culties performing their work. Like other bleeding 
symptoms, presence and severity of menorrhagia correlate 
with the carrier ’ s factor level. Carriers with factor levels below 
40   IU/dL are more likely to have menorrhagia and suffer form 
iron - defi ciency anemia and adverse quality of life  [3] . 

  Management of  m enorrhagia 

 Menorrhagia in carriers of hemophilia is most likely to be 
because of their clotting factor defi ciency, but not exclusively. 
Therefore, each individual should be appropriately assessed 
and local causes excluded, especially the possibility of malig-
nancy in older women. The treatment of menorrhagia is 
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usually medical and the most commonly used fi rst - line options 
are tranexamic acid, combined oral contraceptive pills, or 
desmopressin (DDAVP, self - administered by subcutaneous 
injection or as intranasal spray). The choice is dependent on 
the patient ’ s age, reproductive state, and preference and avail-
ability of the medications, as well as the clinician ’ s experience 
and preference. The levonorgestrel intrauterine system, Mirena 
(LNG - IUS), has also been shown to be highly effective in 
reducing menstrual loss and well tolerated in women with 
bleeding disorders  [9,10] . It is the treatment of choice for 
women who also require contraception. The main problem 
with LNG - IUS is a high discontinuation rate because of irregu-
lar bleeding/spotting during the fi rst 3 – 6 months and the pro-
gestogenic side - effects. Proper counseling and patient education 
may increase tolerance. In women with bleeding disorders, 
this option should be considered prior to any surgical 
management. 

 Surgical intervention is sometimes required in patients unre-
sponsive to medical treatment. Surgical procedures, even rela-
tively minor operations, can be complicated by hemorrhage in 
some carriers of hemophilia. Therefore, good liaison between 
the local hemophilia center and the surgical/anesthetic team is 
essential. An adequate hemostatic cover should be provided 
with the aim of maintaining the clotting factors  > 50   IU/dL 
until healing is complete. The treatment may need to be con-
tinued post operatively, sometimes for up to 10 days, to 
reduce the development of secondary bleeding and hemato-
mas. Surgery should be performed by expert gynecologists, 
choosing a technique with the least risk of bleeding 
complication.   

  Genetics 

  Genetic  c ounseling and  c arrier  d etection 

 The purpose of genetic counseling is to provide the potential 
carrier and her parents or partner with adequate information 
to reach a decision regarding carrier testing and prenatal diag-
nosis and to provide support throughout the process  [11] . 
Genetic counseling requires an empathetic, good communica-
tor who has a detailed knowledge of hemophilia, genetics, 
molecular biology, and prenatal diagnostic procedures. 
Counseling is a way of addressing the implication of the infor-
mation that is given. It is a two - way process, enabling a better 
understanding between the patient and healthcare worker 
about the full range of issues. Genetic counseling in hemo-
philia focuses on the medical condition (what it is, how it is 
treated, and how it is passed from generation to generation), 
personal and relationship concerns related to hemophilia, and 
beliefs and wishes about the person discussing possible inherit-
ance, as well as those who might be affected. 

 Ethical considerations include human rights, issues sur-
rounding consent, and those relating to confi dentiality. 
Sometimes the best interests of the person with hemophilia 

  Table 41.1    Counseling and consent for genetic testing. 

  Establish that hemophilia is present in the family and determine its 
type and severity  

  Establish family pedigree (tree) to identify possible or defi nite 
(obligate) carriers  

  Provide a full explanation of the potential clinical effects of being a 
hemophilia carrier or affected male  

  Provide a full explanation of mode of inheritance of hemophilia  
  Discuss the rationale for identifying the genetic defect in patients 

with hemophilia  
  Outline the means by which carrier status is assessed  
  Discuss what is involved in genetic testing: sample collection, 

transfer/storage of data, research projects on stored material, 
insurance issues and risk of error  

  If appropriate, advise on the techniques for prenatal testing  
  Provide an opportunity to ask questions  
  Provide an opportunity for the individual being consulted to present 

her understanding of the information that has been discussed  
  Provide patient information sheet and an opportunity for follow - up 

appointment  

and the partner, sister, or child of a carrier can be in confl ict —
 genetic counseling needs to address and consider these issues. 

 A framework for genetic service provision has been pro-
vided as a guideline by the UK Haemophilia Centre Doctors ’  
Organisation (UKHCDO)  [12] , and this includes detailed 
guidance for carrier diagnosis and antenatal diagnosis, which 
is summarized in Table  41.1 .   

 The pedigree or family tree is the fi rst step in carrier diag-
nosis. The daughter of a man with hemophilia is an obligate 
carrier and thus her sons have a 50% chance of having hemo-
philia and her daughters have a 50% chance of being a carrier. 
Within a family, where an index patient with hemophilia has 
been identifi ed, many of the females may be at risk of being 
carriers. However, in many countries, more than 50% of 
newly diagnosed cases are sporadic  [13] . In the mother of a 
sporadic case of hemophilia there is the possibility of mosai-
cism, a mixture of normal and mutation - carrying cells. It is 
important to establish maternal carriership before pregnancy 
and certainly before embarking on prenatal diagnosis.  

  Testing the  c arrier  s tatus of  h ealthy  c hildren 

 The testing of the carrier status of healthy children for reces-
sively inherited conditions has recently been reviewed  [14] . 
There are ethical issues about who can give consent and what 
is the earliest age testing should be offered. 

 In a statement by the United Nations Convention on the 
rights of the child, it was held that any action or decision 
affecting this group should be in his or her  “ best interests ”  
 [15] . 

 The World Health Organization (WHO) has proposed the 
reason for genetically testing children: to improve their medical 
care rather than to obtain reproductively signifi cant informa-
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tion  [16] . A more fl exible approach suggests that when think-
ing about the carrier testing of children, the health professional 
should recognize the dynamics and cohesion within the family 
 [17] . A recent systematic review of guidelines and position 
papers has found an overall agreement in the recommendation 
to wait until children can give informed consent, but there 
were some exceptions  [18] . 

 One of the few papers to consider the age of testing by the 
hemophilia community itself was a survey on  “ the attitudes 
towards and beliefs about genetic testing in the haemophilia 
community ”   [14] . Interviews with 39 individuals including 
men with hemophilia, female carriers, and family members 
found that most thought testing was necessary for adolescent 
girls to determine carrier status to help prepare families for a 
child with hemophilia, rather than leading them to choose to 
terminate a pregnancy or not to have children. 

 Carrier diagnosis may be suggested by a low level of factor 
VIII (FVIII) or FIX. Until molecular diagnosis became possi-
ble, the mainstay of laboratory diagnosis of carriers of hemo-
philia A was the ratio of FVIII activity to factor VIII - related 
antigen. This may be the only method available in less 
resourced countries  [1] . It has been shown that women with 
a clotting factor level of 40   IU/dL have three times increased 
risk of prolonged bleeding after operation compared with a 
clotting factor level of 60   IU/dL or above  [3] . It is therefore 
recommended that the respective clotting factor is measured 
in young obligate carriers  [12] . The ethical debate is redun-
dant in these situations.  

  Genetic  d iagnosis 

 It is now possible to perform genetic diagnosis. In severe 
hemophilia A approximately 50% of families carry an inver-
sion of intron 22 — a rearrangement of the long arm of the X 
chromosome  [19]  — and thus it may be possible to confi rm 
carriership without knowledge of the mutation in the index 
patient within a family. However, for most potential carriers 
it is necessary to know the mutation in the index family 
member. Such mutations are listed on the HAMSTeRS data-
base ( http://europium.csc.mrc.ac.uk ) for hemophilia A. In 
hemophilia B, almost every family has a unique mutation and 
in the UK most of these have been identifi ed  [20] .   

  Prenatal  d iagnosis 

 Prenatal diagnosis (PND) forms an integral part of the care 
provided for carriers of hemophilia and their families. In each 
pregnancy, carriers of hemophilia have a 50% chance of 
having a male fetus that is affected and a 50% chance of 
having a female fetus that is also a carrier (Figure  41.1 ). 
Decisions made regarding the uptake of PND and termination 
of pregnancy are complex and infl uenced by multiple factors 
 [21] . The majority of carriers of hemophilia do not consider 
hemophilia to be a suffi ciently serious disorder to justify ter-

Female carrier

Female (not carrier)

Male with hemophilia

Male without hemophilia

 Figure 41.1     Inheritance of hemophilia. 

mination of pregnancy  [22] . Therefore, their uptake for PND 
and termination of affected pregnancies has been reported to 
be generally low in several series  [23] . However, the attitudes 
toward these procedures vary widely among countries, reli-
gions, and cultures, and over time. Economic factors may also 
infl uence the use of these techniques. The severity of hemo-
philia in the family and having a family member who experi-
enced a tragic complication, such human immunodefi ciency 
virus (HIV)/hepatitis C infection or inhibitor problems also 
infl uences decision - making regarding PND and termination of 
pregnancy  [24] .   

 Women may also choose not to have invasive testing because 
of the associated risk of miscarriage. In the last decade, there 
have been several advances in the PND of hemophilia. 
Determination of fetal sex is now possible in the fi rst trimester 
through analysis of free fetal DNA in maternal circulation or 
by ultrasound assessment of the fetal genital tubercle  [25] . 
This has been shown to be a reliable and useful method for 
avoiding invasive prenatal diagnostic tests in female pregnan-
cies. In a recent series, the uptake for noninvasive fetal sex 
determination was high (71%, 46/65 pregnancies) whilst the 
uptake for invasive testing (chorionic villus biopsy) remained 
low (20%, 13/65 pregnancies)  [23] . 

 Chorionic villus biopsy (CVS) is the most widely used 
method for PND of hemophilia. It offers the advantage of 
attaining an early diagnosis and thus a shorter period of 
uncertainty compared with amniocentesis. Early diagnosis is 
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of particular importance when selective termination of affected 
pregnancy is being considered, as there may be personal 
or religious prohibitions on late termination of pregnancy. 
Furthermore, termination at a later gestation is more likely to 
be traumatic and associated with maternal complications. 
CVS is usually performed between 11 and 14 weeks of gesta-
tion under direct ultrasound guidance to obtain a sample of 
chorionic villi (placenta) for genetic analysis. Fetal DNA is 
extracted from the chorionic villus tissue and used for polymer-
ase chain reaction (PCR) - based testing to determine fetal 
gender and direct mutation detection or polymorphism linkage 
analysis if the fetus is male. Results are usually available 
within 48 – 72   h of receipt of samples. CVS is associated with 
1 – 2% risk of pregnancy loss  [26] . It is recommended that CVS 
should not be performed before 10 weeks of gestation because 
of its association with limb reduction deformities when carried 
out before this gestation  [27,28] . There is a small ( < 1%) 
chance of failing to obtain a result from the laboratory test. 
Amniocentesis can also be used for PND. This technique is 
generally performed between 15 and 18 gestational weeks. 
Amniotic fl uid contains fetal cells from which rapid detection 
of the sex chromosomes can be achieved by fl uorescence  in 
situ  hybridization (FISH). DNA can also be extracted directly 
and used for PCR - based testing for linkage analysis or direct 
mutation detection, the results of which are usually available 
within 48 – 72   h. However, there is often insuffi cient DNA 
present in the sample for analysis. Therefore, the testing may 
be delayed until cultured cells are available, which takes 
approximately 2 weeks. The risk of miscarriage is 0.5 – 1% 
 [26,29] . Cordocentesis, or percutaneous umbilical cord blood 
sampling, to assess fetal clotting factors is another invasive 
diagnostic technique performed after 18 weeks of gestation. 
Cordocentesis has now largely been superseded by CVS and 
amniocentesis in obtaining fetal material for genetic studies. 
The latter two procedures allow earlier diagnosis, are less 
technically demanding, and are associated with a lower risk 
of complications. Cordocentesis is only considered when the 
causative mutation in the family cannot be determined. It 
carries an approximately 1 – 2% risk of procedure - related fetal 
loss  [30] . There is a risk of transient cord hematoma or bleed-
ing from the puncture site, but could potentially be signifi cant 
in affected fetuses. 

 Noninvasive fetal gender determination in the fi rst trimester 
is valuable for prenatal diagnosis of hemophilia as it allows 
the avoidance of invasive testing in female pregnancies  [25] . 
Fetal gender can now be determined at 11 – 14 weeks by ultra-
sound assessment of the fetal genital tubercle  [25,31] . Accuracy 
of this method increases with advancing gestation from 70.3% 
at 11 weeks to 98.7% at 12 weeks and 100% at 13 weeks 
 [31] . Another noninvasive method of determining fetal gender 
is the analysis of free fetal DNA in maternal circulation. Using 
real - time quantitative PCR, several groups have demonstrated 
a 100% sensitivity and specifi city in the detection of male 
fetuses  [25,32,33] . The combined use of both methods 
increases the confi dence of patients and clinicians in the accu-

racy of these tests and provides carriers of hemophilia with a 
reliable option of avoiding invasive testing in female pregnan-
cies  [25] . Knowledge of fetal sex is also helpful for manage-
ment of delivery in carriers who have not undergone specifi c 
PND. In these circumstances, the risk of traumatic hemor-
rhage can be minimized by avoiding the invasive monitoring 
techniques and instrumental deliveries in male fetuses (see 
Management of labor and delivery).  

  Management of  p regnancy 

 Serum FVIII level increases progressively in carriers of hemo-
philia A during pregnancy, reaching its peak in the third tri-
mester. Consequently, most carriers of hemophilia A have 
normal ( > 50   IU/dL) FVIII levels at term  [23,34] . In contrast, 
FIX levels do show signifi cant change with gestation and most 
carriers of hemophilia B with a low baseline (nonpregnant) 
level will continue to have the hemostatic defect at term 
(Figure  41.2 )  [23,34] .   

 At present, there is insuffi cient evidence to determine 
whether the risks of miscarriage and antepartum bleeding are 
increased among carriers of hemophilia. The effi cacy and need 
for antenatal prophylaxis among those with low ( < 50   IU/dL) 
factor levels are also debatable. However, prophylactic treat-
ment is recommended to cover invasive procedures in carriers 
with factor levels below 50   IU/dL to prevent bleeding compli-
cations. Prophylactic treatments are commonly used for inva-
sive procedures (such as prenatal tests, termination of 
pregnancy, etc.) in the fi rst and second trimester even in car-
riers of hemophilia A, as the rise in FVIII level may only 
become signifi cant in late gestation. In the UK series  [23] , 
prophylaxis was used in 59% (10/17) of carriers to cover 
invasive prenatal diagnostic procedures because the mother ’ s 
factor levels were    <    50   IU/dL. 

 Ideally, clotting factor levels should be checked at booking, 
and at 28 and 34 weeks of gestation, especially in those with 
low prepregnancy levels. Assessing factor levels at planned 
intervals allows their availability in acute situations when 
factor levels often cannot be assessed easily. Monitoring in the 
third trimester is of particular importance for appropriate 
management of labor and delivery.  

  Management of  l abor and  d elivery 

 Carriers of hemophilia and their unborn babies may be 
exposed to various hemostatic challenges during the process 
of labor and delivery, therefore potentially at risk of bleeding 
complications. Therefore, close liaison with the hemophilia 
center/hematologists throughout the pregnancy is essential 
and arrangement and plan for delivery should be made in 
advance. Delivery at a tertiary obstetric unit with an on - site 
hemophilia center is not required for all carriers of hemo-
philia. However, it is recommended that carriers with low 
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 Figure 41.2     Changes in factor VIII and 
factor IX during pregnancy. 

factor levels at term and those carrying an affected/potentially 
affected male fetus to deliver at a unit where the necessary 
expertise in the management of bleeding disorders and 
resources for laboratory testing and clotting factor treatments 
are readily available  [35] . In these circumstances, planned 
delivery may be considered to ensure timely arrival of the 
mother to the tertiary center during labor  [36] . However, 
induced labor is more likely to be prolonged and associated 
with the need for instrumental delivery or emergency cesarean 
section. Therefore, spontaneous delivery should be allowed 
whenever possible. In certain situations when induction of 
labor is expected to be prolonged, an elective cesarean section 
could be considered less traumatic, especially if the fetus is 
affected with hemophilia. 

  The  f etus 

 Affected fetuses are potentially at risk of bleeding complica-
tion during labor and delivery, including the risk of serious 
cranial bleeding (cephalohematoma and intracranial hemor-
rhage) from the process of birth. The safest method of delivery 
for fetuses at risk is controversial. In a survey of obstetricians 
in the USA, 57% would  “ frequently ”  deliver a known carrier 
of hemophilia by vaginal route, while 11% preferred a cesar-
ean section; 85% and 74% responded would rarely use 
vacuum extraction and forceps delivery, respectively  [37] . 
Cranial bleeding, both intracranial and extracranial hemor-
rhage (ICH and ECH), is the most common site of bleeding 
in newborns with hemophilia  [38] . In addition, ICH has the 
highest potential of all sites of bleeding for long - term serious 
sequelae such as seizures and neurologic impairment  [39] . 
Neonates with severe hemophilia are at the highest risk, but 
it can occur even in newborns with mild or moderate bleeding 

disorders. Cranial hemorrhages in newborns with hemophilia 
occurred in 59%, 31%, and 10% of severe, moderate, and 
mild hemophilia, respectively  [40] . The risk factors for cranial 
bleeding during labor and delivery include prolonged labor, 
especially during the second stage of labor, and instrumental 
deliveries particularly vacuum extraction. 

 Ljung  et al .  [41]  reviewed 117 children with moderate to 
severe hemophilia born in Sweden between 1970 and 1990 
and found 23 neonatal bleedings associated with delivery, 
including 16 cranial bleedings. The risk of cranial bleeding 
was 3% (3/87) with vaginal delivery, 64% (11/17) with 
vacuum extraction, and 15% (2/13) with cesarean section. In 
a UK study, cephalohematomas were also reported after a 
ventouse delivery and an emergency cesarean section after a 
prolonged second stage of labor  [34] . Based on these data, 
cesarean section is not expected to eliminate the risk of bleed-
ing complications in affected neonates and hence cannot be 
recommended in all pregnancies at risk of hemophilia 
 [23,34,41] . Normal vaginal delivery is generally not contrain-
dicated; however, the use of vacuum extraction or diffi cult 
forceps and prolonged labor, especially prolonged second 
stage of labor, should be avoided since they are associated 
with an increased risk of cephalohematoma or intracranial 
bleeding  [35,36,41] . In principle, delivery should be achieved 
by the least traumatic method and early recourse to cesarean 
section should be considered to minimize the risk of neonatal 
bleeding complications. Low forceps delivery may be consid-
ered less traumatic than cesarean section when the head is 
deeply engaged in the pelvis and an easy outlet delivery 
is anticipated. Invasive intrapartum monitoring techniques 
such as fetal scalp electrodes and fetal blood sampling should 
also be avoided owing to the potential risk of scalp 
hemorrhage. 
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 Knowledge of fetal sex is very useful for management of 
labor in carriers of hemophilia. If the fetus is identifi ed as 
male, there is a 50% chance of being affected. If specifi c pre-
natal diagnosis has not been performed, it is important to treat 
the pregnancy as potentially affected and avoid invasive intra-
partum monitoring and instrumental deliveries. If the fetus is 
identifi ed as female, there is a 50% chance of being a carrier 
like her mother. There are no specifi c data on the bleeding 
risks of newborns who are carriers of hemophilia, but they 
are usually not expected to be at increased risk of bleeding 
complications. Furthermore, recent data suggest that the 
process of labor leads to a signifi cant increase in neonatal 
factor levels  [42] . However, some carriers could have signifi -
cantly low factor levels owing to extreme lyonization  [2] . 
Therefore, invasive techniques that carry a signifi cant risk of 
head bleeding, such as vacuum extraction, should preferably 
be avoided in these cases. 

 After delivery, a cord blood sample should be collected 
to assess coagulation status and factor levels. When assessing 
the neonatal factor levels, it should be appreciated that these 
correlate with gestational age and reach adult levels at 6 
months of age. It is therefore not reliable to diagnose mild 
forms especially in case of hemophilia B. If delivery has been 
traumatic or if there are clinical signs suggestive of head bleed-
ing, a cranial ultrasound should be performed. It is also advis-
able to consider prophylactic cover in these cases  [35] . 
Intramuscular injections should be avoided, vitamin K should 
be given orally and routine immunizations given intradermally 
or subcutaneously.  

  The  m other 

 Carriers of hemophilia are at an increased risk of bleeding 
during labor, delivery, and postpartum period, especially 
those with factor levels below 50   IU/dL  [3,23,34] . Prophylactic 
cover for labor and delivery is not normally required in car-
riers of hemophilia A as their FVIII levels is usually normalized 
at term. However, the individual ’ s hemostatic response to 
pregnancy can be variable and a signifi cant proportion, par-
ticularly those with a severe defi ciency, may still have a low 
factor level ( < 50   IU/dL) at term  [6,23,34] . Since FIX levels do 
not increase signifi cantly during pregnancy, carriers of hemo-
philia B are likely to need hemostatic support for labor and 
delivery. If treatment is required in carriers of either hemo-
philia A or B, it should start at the onset of labor with the aim 
of raising factor level to  > 50   IU/dL. This level should be main-
tained for at least 3 days after vaginal delivery and at least 5 
days after cesarean section  [35,36] . Recombinant products are 
regarded as the treatment of choice when factor replacement 
is required  [43] . Desmopressin can also be used in carriers of 
hemophilia A, but carriers of hemophilia B do not respond to 
this agent. Tranexamic acid is used safely for those with bor-
derline levels. 

 The use of regional analgesia/anesthesia in the presence of 
bleeding disorders has been controversial because of its poten-

tial risk of epidural or spinal hemorrhage/hematoma that can 
lead to permanent neurologic damage. However, regional 
block is not contraindicated in these women provided their 
coagulation defects have normalized, either spontaneously 
during pregnancy or following adequate hemostatic cover 
 [44] . Regional block was performed in 31 pregnancies among 
carriers of hemophilia in two UK series without any complica-
tions  [23,34] . It is recommended that regional block in carriers 
of hemophilia should be performed by an experienced anes-
thetist using a midline approach and analgesia produced with 
the lowest concentration of local anesthetic agents so as to 
preserve motor function  [44,45] . In addition, regular neuro-
logic examination should be carried out until the anesthetic 
has worn off to allow timely recognition of any complications. 
If the extent or the duration of the block is more than what 
one would expect, immediate assessment with magnetic reso-
nance imaging should be performed to verify the diagnosis 
 [44,45] . More importantly, the decision regarding the use of 
regional block in carriers of hemophilia must be planned 
antenatally following joint assessment by hematologists, anes-
thetists, and obstetricians. The mother should be fully coun-
seled about the risks and benefi ts of regional block and its 
alternatives.  

  Postpartum  h emorrhage 

 Postpartum hemorrhage (PPH) continues to be the major 
cause of maternal morbidity and mortality worldwide. It is 
generally classifi ed as primary or secondary PPH. Primary 
PPH is traditionally defi ned as a blood loss of more than 
500   mL (or 1000   mL for severe PPH) in the fi rst 24   h after 
delivery, while secondary PPH refers to excessive bleeding 
occurring between 24   h and 6 weeks post delivery. The risk of 
PPH is increased among carries of hemophilia compared with 
the general population  [23,34] . As FVIII or FIX activity has a 
signifi cant infl uence on the risk of bleeding among carriers of 
hemophilia, most of the signifi cant PPH occur in those with 
factor levels below 50   IU/dL  [23,34,46] . Therefore, it is recom-
mended that FVIII or FIX should be maintained above 50   IU/
dL for at least 3 days following vaginal delivery and 5 days if 
cesarean section has been performed to minimize the risk of 
primary and secondary PPH. Uterine atony is the most 
common cause of PPH. Prevention of this complication after 
delivery by adopting an active management of third stage of 
labor (including prophylactic use of uterotonic such as oxy-
tocin after delivery of the baby, early cord clamping and 
controlled cord traction of the umbilical cord) can reduce the 
risk and magnitude of PPH in the mother. Carriers of hemo-
philia are also at risk of bleeding from perineal trauma and 
hematoma  [6] . Therefore, care must also be taken to minimize 
maternal genital and perineal trauma during vaginal delivery 
to prevent this complication  [6,35]  and meticulous hemostasis 
should be practiced during surgery to minimize blood loss. 
Since the pregnancy - induced rise in clotting factors falls after 
delivery, carriers of hemophilia are also at risk of prolonged 
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marriage but the cultural, religious, and economic roots of this 
practice are deep in many cultures. 

 Fibrinogen and FXIII play an essential role in placental 
implantation and the continuation of pregnancy  [47] . 
Defi ciency of fi brinogen and FXIII are both found to be 
strongly associated with increased risk of recurrent miscar-
riages and placental abruption resulting in fetal loss or pre-
mature delivery. Replacement therapy is therefore required to 
be commenced as early as possible and continued throughout 
the pregnancy in women with these factor defi ciencies  [48] . 

 The general principles of management of pregnancy and 
delivery in carriers of rare bleeding disorders are similar to 
those in carriers of hemophilia A and B. However, the avail-
able therapies are limited and are plasma derived with the 
exception of recombinant VIIa which may be used to treat 
FVII defi ciency  [48] .  

  Hemostatic  a gents and  p regnancy 

 The hemostatic agents used for women with inherited bleeding 
disorders during pregnancy are in principle similar to those 
used outside pregnancy. Currently available plasma - derived 
clotting factor concentrates are treated with virucidal methods 
which eliminate the risk of transmitting HIV and the hepatitis 
B and C viruses. However, they have the potential to transmit 
hepatitis A, parvovirus B19, and any unknown infection 
 [49,50] . Although parvovirus is not normally a serious infec-
tion in nonimmunocompromised adults, fetal infection may 
result in hydrops fetalis and fetal death. Therefore, nonplasma -
 derived products, if available, are generally regarded as the 
treatment of choice. They include desmopressin, tranexamic 
acid, and recombinant products, which carry no or negligible 
risk of infection. Cryoprecipitate is not virally inactivated, 
hence should not be used during pregnancy owing to the small 
risk of transmission of viral or other blood - borne infections, 
unless other treatment modalities are not available or have 
failed.  
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  Introduction 

 von Willebrand disease (VWD) is a common inherited muco-
cutaneous bleeding disorder. It results from defi cient or defec-
tive plasma von Willebrand factor (VWF) and can be divided 
into three disease types. Types 1 and 3 are a partial and 
virtually complete quantitative defi ciency of VWF respec-
tively, whereas type 2 comprises qualitative defects  [1] . VWF 
is a large, multidomain protein with repeated domains in 
the order S – D1 – D2 – D ′  – D3 – A1 – A2 – A3 – D4 – C1 – C2 – CK. 
Dimerization followed by multimerization of VWF during 
biosynthesis is essential for normal function. VWF is produced 
in endothelial cells and megakaryocytes and is present in the 
plasma as multimers formed from 10 to  > 40 VWF monomers 
 [1] . It is cleaved by the metalloprotease ADAMTS13 (a disin-
tegrin and metalloproteinase with thrombospondin motifs) 
which reduces the size of the largest high - molecular - weight 
(HMW) multimers. 

 von Willebrand factor plays two important roles in hemos-
tasis. It binds to collagen in exposed subendothelium, resulting 
in a conformational change that enables it to subsequently 
aggregate platelets at sites of blood vessel damage, through 
binding to platelet glycoproteins Gp1b α  and GpIIbIIIa. 
Additionally, it carries and protects coagulation factor VIII, 
protecting it from premature proteolysis. 

 The VWF gene ( VWF ), located at the tip of chromosome 
12 (12p13.3), comprises 52 exons, of which exons 2 – 52 
encode VWF protein  [2] .  VWF  has a partial pseudogene 
( VWFP ) located on chromosome 22  [3]  (22q11.22 – 11.23). 
 VWFP  is 97% similar in sequence to exons 23 – 34 of  VWF , 
complicating genetic analysis of this region of the functional 
gene and contributing to gene conversion mutations. 

 One in 10   000 individuals in the population have clinically 
signifi cant bleeding resulting from VWD  [4] , but the disorder 
may affect between 1 in 100 and 1 in 1000 individuals  [5,6] . 
Up to 75% of cases have type 1 VWD, 20 – 25% have type 2, 
and up to 5% have type 3 disease. Recessively inherited type 
3 VWD is more common where consanguineous partnerships 
are prevalent, affecting 0.5 – 5/10 6  population  [7] . 

 The molecular genetics of type 2 and 3 VWD have been 
investigated for 20 years and the type and location of muta-
tions responsible are relatively well established  [8 – 10] . Type 
1 VWD had been studied much less extensively until three 
recent multicenter studies investigated large patient cohorts 
 [11 – 13] . 

 This chapter summarizes knowledge of the molecular basis 
of VWD and then examines features of the gene and protein 
that result in mutation and relate these to the different VWD 
disease types. Sequence variation detailed on the International 
Society on Thrombosis and Haemostasis Scientifi c and 
Standardisation Committee on VWF (ISTH - SSC on VWF) 
mutation and polymorphism database (VWFdb)  [14]  was used 
to summarize current information on VWF mutation.  

  Mutations  r esponsible for  v on 
Willebrand  d isease 

  Type 3  v on Willebrand  d isease 

 Mutations affecting both  VWF  alleles are required for this rare 
recessively inherited VWD type to occur, where patients have 
virtually no detectable VWF. The majority of mutations (83% 
on the VWFdb) result in a null allele (resulting in little or no 
VWF expression), whereas a smaller proportion result in mis-
sense mutations (17%; Figure  42.1 ). A variety of different 
mutation types cause null alleles, including nonsense muta-
tions introducing a premature stop codon; large deletions of 
an exon or more; small deletions, insertions or duplications, 
commonly affecting only one or two nucleotides; and splice 
site mutations, disrupting normal processing of the  VWF  
mRNA. Missense mutations affect dimerization and multimer-
ization or result in intracellular retention and are mostly 
located in exons 3 – 11 and 37 – 52 (Figure  42.2 ). Heterozygous 
relatives of affected individuals are often asymptomatic; the 
product of the mutant allele does not generally interfere with 
VWF produced from the normal allele.    

  Type 1  v on Willebrand  d isease 

 A partial quantitative defi ciency of VWF with a normal ratio 
of functional activity (VWF   :   RCo) to quantity of VWF protein 
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 Figure 42.1     Proportion of different 
mutation types reported in type 1 
and type 3 von Willebrand disease. 
Pie charts represent mutation types 
reported on the VWFdb in December 
2008, divided into eight different 
mutation categories. Large deletions 
are of at least one exon. Del, 
deletion. 

(VWF   :   Ag) and essentially normal HMW multimers character-
ize type 1 VWD. A heterogeneous array of mutation types and 
disease mechanisms that are only beginning to be understood 
are responsible. Mutations have only been identifi ed in about 
60% of patients examined by three large multicenter studies 
undertaken in Canada, Europe, and the UK  [11 – 13] . Index 
cases (ICs) with lowest VWF levels plus minor multimer 
abnormalities in some instances had a detectable  VWF  muta-
tion in virtually all cases, whereas of those with VWF levels 
close to the bottom of the normal range (50 – 200% of the 
population mean) only about 50% had a  VWF  mutation. A 
total of 10 – 15% of ICs had more than one mutation and VWF 
levels in these individuals tended to be lower than those with 
a single heterozygous mutation  [12] . Missense mutations pre-
dominate, but a large range of mutation types was seen, 
including those resulting in a null allele and candidate pro-
moter mutations. The same mutation categories are seen as in 
type 3 VWD, but in very different proportions (Figure  42.1 ). 
Two common mutations exemplify type 1 VWD; the fully 
penetrant dominant negative p.Arg1205His identifi ed in 6% 
of ICs  [11 – 13]  results in very low VWF levels, where all 
individuals inheriting the mutation are affected by VWD. 
p.Tyr1584Cys, identifi ed in 13% of IC results in incompletely 
penetrant VWD, where VWD diagnosis is more common in 
individuals who have coinherited ABO blood group O. This, 
and similar mutations, could be regarded as risk factors for 
bleeding. Blood group O is much more frequent in type 1 
VWD cases (65% of European ICs) than in the normal popu-
lation (38%  [12] ) and contributes to the reduced plasma VWF 
level.  

  Type 2  v on Willebrand  d isease 

 Type 2 VWD comprises qualitative disorders. These predomi-
nantly result from missense mutations and occasionally from 
in - frame deletions or insertions which result in a VWF protein 
of slightly altered size. Mutation location is represented in 
Figure  42.2 . 

  Type 2A 

 Mutations in this VWD type lead to decreased VWF -
 dependent platelet adhesion and a defi ciency of HMW mul-

timers. Dominantly inherited missense alterations in or close 
to the A2 domain enhance VWF cleavage by the metallopro-
tease ADAMTS13. Mutations can be classifi ed into two 
groups: group I mutations enhance VWF proteolysis whilst 
impairing intracellular multimer assembly, whereas group II 
mutations enhance proteolysis without affecting multimer 
secretion. These mutations comprise at least three - fourths of 
type 2A VWD; smaller proportions of mutations are located 
in the D2, D3, and CK domains. Mutations affecting CK 
domain disulfi de bonding required for VWF dimerization 
yield aberrant multimer species terminated by VWF mono-
mers. 2A(IID) VWD results from these mutations centered 
around Cys2771 – Cys2773. Mutations in the D2 domain can 
interfere with intersubunit disulfi de bonding; reported muta-
tions in exons 11 – 15 (residues 404 – 625) result in 2A(IIC) 
VWD. D3 mutations impede disulfi de bond formation 
between subunits and result in subtype 2A(IIE), characterized 
by  “ smeary ”  multimer patterns on gel electrophoresis. D2 
and some CK mutations are recessively inherited, requiring a 
second similar missense mutation or null allele for VWD to 
occur.  

  Type 2B 

 Mutations in this dominantly inherited VWD type have 
increased affi nity for platelet GpIb α . Following secretion, 
VWF binds spontaneously to platelets which facilitates cleav-
age by ADAMTS13 and can lead to loss of HMW multimers. 
Mutations are all within or close to the A1 domain and result 
in its conformational change. All are dominantly inherited 
missense changes with the exception of one reported in - frame 
insertion. The VWFdb  [14]  lists 23 missense alterations affect-
ing only 13 different amino acids between codons 1266 and 
1461.  

  Type 2M 

 Mutations in 2M VWD have decreased VWF - dependent plate-
let adhesion without defi ciency of HMW multimers. 
Dominantly inherited mutations that disrupt VWF binding to 
platelets or to subendothelium are responsible. This subtype 
is diffi cult to diagnose. Good measurements of ability of VWF 
to bind GpIb α  (VWF   :   RCo) and collagen (VWF   :   CB) [relative 
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 Figure 42.2     VWF gene and protein showing ligand - binding sites, 
cleavage sites for signal peptidase, Furin and ADAMTS13 plus sites 
of mutation reported to the VWFdb. Thin lines represent the extent 
of mutations reported; thick lines represent most common mutation 

sites. 5 ′  UTR sequence variants reported in type 1 VWD are 
indicated by the thick line extending to the left of the VWF protein 
coding region. 

to the quantity of VWF protein (VWF   :   Ag)] and a high - reso-
lution multimer profi le to demonstrate presence of HMW 
multimer are required. Mutations reported to date are pre-
dominantly in the A1 domain (codons 1266 – 1467), with iso-
lated reports in the D3, A2, and CK domains. Mutation in the 
A3 domain affecting VWF - collagen binding (p.Ser1731Thr) 
has only recently been recognized  [15] .  

  Type 2N 

 Mutations in VWD type 2N markedly decrease binding affi n-
ity for FVIII and result in low plasma FVIII, whilst VWF levels 
can be within the normal range. This disease type can be chal-
lenging to discriminate from mild hemophilia A in males and 
hemophilia A carriership in females. The FVIII binding domain 
was mapped to the fi rst 272 residues of mature VWF (764 –
 1035)  [1] , but mutations indicate that the area of VWF that 
can interfere with FVIII binding extends slightly further (760 –
 1225)  [14] . 

 Two mutations are required for this recessively inherited 
VWD subtype: it can result from two missense mutations, 
both of which disrupt FVIII binding, or more commonly a 
missense plus a null allele. Mutations are predominantly in 
exons 18 – 20 (79% of mutations on the VWFdb) with the 
remainder being in exons 17 (p.Arg760Cys), 24, 25, and 27 
(p.Cys1225Gly). A small proportion of mutations, notably 

those leading to loss of a cysteine residue, also result in 
a loss of HMW multimers (p.Cys788Arg, p.Asp879Asn, 
p.Cys1060Arg, p.Cys1225Gly)  [16,17] , whereas multimers 
in most cases are normal.    

  Mechanisms of  m utation 

 Table  42.1  summarizes some of the characteristics of the VWF 
gene and protein which result in susceptibility to particular 
mutations. Many of these are common to other genes and 
proteins, whereas a few (such as gene conversion) represent 
more unusual mutation types. Some are described below.   

  Gene  s ize and  GC   c ontent 

  VWF  is a relatively large gene and thus presents a large target 
for mutation. The cDNA comprises 58% G   +   C residues. This 
slightly higher than average GC content increases the propor-
tion of CpG dinucleotides present. These are a well - established 
hotspot for point mutations resulting particularly from C > T 
and G > A mutations  [18] .  VWF  exon 28 exemplifi es the excess 
rate at which mutations affect CpG sequences; CpG constitute 
only 8% of exon 28 sequence (58 CpG in 1378   bp) but account 
for 43% of its mutations. Arginine, predominantly encoded 
by CGN codons (N   =   any nucleotide), is thus the most mutated 
VWF amino acid, being affected by 26% of all mutations on 
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  Table 42.1    von Willebrand factor ( VWF ) features resulting in susceptibility to particular mutations. 

   Feature     Detail     Result     Mutation location  

  Large gene size    Coding and fl anking regions  > 180   kb     VWF  presents a large target for mutations     VWF   
  Repetitive elements within 

introns  
   > 14 Alu repeats within  VWF     Homologous recombination can result in 

large gene deletions  
  5 ′  UTR and introns  

  Small nucleotide runs    Direct (particularly polypyrimidine) 
and inverted repeats susceptible to 
DNA polymerase replication errors  

  Nucleotide repeat sequences common site 
of small deletion and insertion 
mutations  

  Repeated nucleotides  

  CpG dinucleotides    Deamination of 5 - methylcytosine to 
thymine results in C > T or G > A 
mutations being common  

  Many point mutations occur at CpG 
dinucleotides. Mutations affecting 
arginine codons (CGN) 
over - represented  

  CpG sequences  

  Partial pseudogene     VWFP  97% similar to exons 23 – 34 
and located on separate 
chromosome (22).  VWF  close to 
chromosome 12 telomere. Chi - like 
sequences in  VWF  and  VWFP   

  Gene conversions affecting intron 27 and 
exon 28 are common  

  3 ′  end of intron 27 to 5 ′  
end of exon 28  

  Transcription factor binding 
sites (TFBS)  

  Disruption of TFBS    Lack of/reduced mRNA transcription 
from one allele  

  5 ′  UTR  

  Splice sites    Disruption of normal splicing    Can result in intron inclusion, often 
leading to a null allele or exon 
skipping, sometimes resulting in an 
in - frame deletion  

  Sequence surrounding 
splice junctions  

  Signal peptide cleavage by 
signal peptidase  

  Disruption/loss of cleavage    May result in VWF misfolding because of 
signal peptide retention  

  Not yet reported  

  VWF dimerization    VWF forms tail to tail dimers through 
disulfi de bonds in the CK domain  

  Point mutation, particularly missense 
changes can disrupt VWF dimerization 
[2A (IID)]  

  CK domain  

  VWF multimerization    VWF forms head - to - head multimers 
through disulfi de bonds between 
D3 domains  

  Point mutation, particularly missense 
changes can disrupt VWF 
multimerization [2A (IIE and IIC)]  

  D3 and D2 domains  

  Propeptide cleavage by Furin    Lack of propeptide cleavage from 
mature VWF  

  VWF – FVIII binding disrupted by steric 
hindrance  

  D ′  domain  

  Disulfi de bonds    VWF contains 163 cysteines, all 
involved in intra -  or interchain 
disulfi de bonds  

  Cys loss or gain disrupts normal disulfi de 
pairing. Many of these mutations result 
in multimer abnormalities or lack of 
multimerization  

  Cys residues, other 
residues which can be 
mutated to Cys  

  VWF cleavage by 
ADAMTS13  

  Enhancement of susceptibility to 
cleavage by VWF - cleaving 
metalloprotease, ADAMTS13  

  Missense changes in A domains enhance 
accessibility of p.Tyr1505 – Met 1506 
bond to cleavage  

  A2, also A1 and A3  

  VWF ligand - binding sites    Disruption/enhancement of VWF 
binding to ligands including GpIb α , 
FVIII and collagen  

  Point mutations, particularly missense 
changes and in - frame deletions/
insertions disrupt/enhance VWF 
function  

  Functional sites in A, D ′  
and D3 domains  

  VWF clearance from plasma    Enhanced VWF clearance from 
plasma  

  Missense changes, particularly in the D3 
domain, enhance VWF clearance by 
cells including macrophages  [37]   

  Predominantly D3; D4 
also reported  

VWFdb. Mutation affecting CpG dinucleotides result in all 
VWD types.  

  Large  d eletions and Alu  r epeats 

 Large deletions (deletions of at least one  VWF  exon) were the 
fi rst VWD mutation types to be identifi ed. Deletions were 

initially characterized using Southern blotting; hence, muta-
tion extent is imprecisely known and mutation mechanism 
was not ascertained in these cases. More recently identifi ed 
mutations have been precisely mapped. For example, homolo-
gous unequal recombination between Alu repeats  [19]  (small 
mobile genetic elements very frequent in the human genome, 
initially recognized by the restriction enzyme Alu I) have been 
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shown to be involved in the pathogenesis of some phenotypes 
 [20 – 22] . At least 14 Alu repeats are present within  VWF  
introns and promoter  [2] . Large deletions are probably under -
 recognized owing to the diffi culty of identifying them in the 
presence of a nondeleted allele. Most result in nonexpression 
of VWF. They constitute 9% of mutations in type 3 VWD on 
the VWFdb and also contribute to type 1 disease  [22] .  

  Repeated  n ucleotides 

 DNA polymerase makes errors more frequently where a motif 
is repeated in the DNA sequence. Error rate is also infl uenced 
by the local DNA sequence environment; direct or inverted 
repeats often fl ank the mutated nucleotides  [19] .  VWF  has 
several locations where the nucleotide sequence is repeated 
and these may be characterized by deletion or insertion muta-
tions resulting from slipped strand mispairing  [19] . The best -
 known example is a run of six cytosine residues in exon 18 
(c.2430 – 35)   where one C residue is deleted  [23] . Deletions or 
insertions of a C nucleotide occur more frequently than those 
of G, T, or A nucleotides in  VWF  and are often seen in polypy-
rimidine sequences (C and T residues), e.g., deletion of C 
from CTCCT (c.3072delC)  [19] . Other examples occur in 
direct repeats, e.g., deletion of AAG from the sequence 
AAGAAGAAGAAG (AAG) 4  (c.4222 – 24delAAG) and dele-
tion of GT from (GT) 4  (c.7296 – 97delGT). Small deletions are 
twice as frequent as small insertions. One - fourth of these 
mutations result in in - frame alterations to the VWF protein 
(contributing to type 1 and 2 VWD), whereas the remainder 
result in a null allele.  

  Table 42.2      VWF   variants reported to result from gene conversion. 

   Nucleotide 
substitution  

   Amino acid 
substitution  

   Patients with change 
in VWF literature, 
 n    =   36 cases  a    

  c.3675 – 45C > T    NA    1  
  c.3675 – 36C > T    NA    1  
  c.3686T > G    p.Val1229Gly    8  
  c.3692A > C    p.Asn1231Thr    9  
  c.3735G > A    p.Val1245    4  
  c.3789G > A    p.Ser1263    12  
  c.3797C > T (C > A)    p.Pro1266Leu 

(Pro > Gln)  
  19  

  c.3835G > A    p.Val1279Ile    16  
  c.3931C > T    p.Gln1311X    11  
  c.3951C > T    p.Ala1317    12  
  c.4027A > G    p.Ile1343Val    6  
  c.4079T > C    p.Val1360Ala    6  
  c.4105T > A    p.Phe1369Ile    6  

    a From refs  11 ,  12 ,  14 ,  25 – 29 , and  38 – 41 .   

  von Willebrand  f actor  p seudogene and 
 g ene  c onversion 

 Gene conversion is being recognized as a reasonably common 
mutation mechanism in VWD (Table  42.2 ). A short stretch of 
the  VWFP  sequence invades the gene sequence and replaces it 
 [24] . Several factors appear to predispose to conversion: Chi -
 like 8 - bp sequences in intron 27 and exon 28; proximity of 
 VWF  to the chromosome 12 telomere; and  VWFP  residing on 
a separate chromosome  [24] . Review of the VWF literature 
(December 2008) identifi ed 36 patients in 13 publications 
where gene conversion was deduced to be responsible for 
 VWF  mutation. Two consecutive  VWF  nucleotide substitu-
tions corresponding to  VWFP  sequence are suffi cient to indi-
cate that a conversion is likely to have occurred. The longest 
reported conversion tracts have six consecutive nucleotide 
alterations, from c.3835G > A to c.4105T > A (Table  42.2 ). The 
most commonly identifi ed mutation combinations are illus-
trated in Figure  42.3 .     

 Minimum and maximum extents of conversion can be 
deduced from examination of  VWF  and  VWFP  sequence 
differences and range from 8 to 335   bp. It is possible that 
conversions extend further into intron 27; however, these are 
not detected because PCR and DNA sequencing primers do 
not generally extend more than about 50   bp into the intron. 

 von Willebrand disease phenotypes resulting from conver-
sions depend on the range of nucleotide alterations and 
consequent amino acid substitutions. Those incorporating 
p.Val1229Gly result in reduced VWF levels and have 
been classifi ed as either type 1 or 2M VWD  [11,25,26] . 
Conversions including p.Pro1266Leu (or, less frequently, 
p.Pro1266Gln) result in type 2B (New York/Malm ö )  [27]  
whereas those incorporating p.Gln1311X result in a null allele 
and have been reported in several type 3 VWD patients 
 [26,28,29] .  

  5 ′  - Untranslated  r egion (5 ′  -  UTR ) and  t ranscription 
 f actor  b inding  s ites ( TFBS ) 

 Recent type 1 VWD studies  [11 – 13]  were the fi rst to examine 
the  VWF  5 ′  - UTR in a signifi cant number of patients, and 
several single nucleotide variants have been identifi ed (8% 
type 1 cases on VWFdb). However, it is not yet known whether 
these affect the level of  VWF  transcription signifi cantly. The 
Canadian study identifi ed one IC with a deletion of 13 nucle-
otides from c.  − 1522 to  − 1510, only 48   bp 5 ′  of the transcrip-
tion start site  [11] . This mutation appears likely to affect 
transcription from one  VWF  allele, indicating that the 5 ′  - UTR 
may be an additional site that should be examined for candi-
date mutations.  

  Cysteine  r esidues 

 VWF has a high proportion of cysteine residues (8% of amino 
acids). All are involved in intra -  or interchain disulfi de bonds. 
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 Figure 42.3     Gene conversion mutations reported in  VWF . The top 
line represents the extent of the VWF coding region included in the 
pseudogene  VWFP , with functional regions represented as in Figure 
 42.2 . The second line represents the 485 - bp region of intron 
27 – exon 28 reported to date to participate in gene conversions. Five 
black lines underneath represent the extent of the most commonly 
reported conversion events, with amino acid residues highlighting 5 ′  
and 3 ′  minimal conversion length. The bottom panel represents all 

nucleotide and amino acid substitutions reported. Sequence 
alterations in bold appear to be those that dictate VWD phenotype 
(illustrated underneath common conversion events).  VWFP  has a 
single nucleotide polymorphism, both T and A alleles of which have 
been introduced into the gene in different patients at c.3797, 
resulting in either lysine or glutamine substitutions for the reference 
sequence proline  [27] . 

Many, but not all, missense mutations that result in loss or 
gain of a cysteine residue result in multimer abnormalities. 
These can range from a  “ smeary ”  multimer pattern to defec-
tive dimerization or multimerization  [1] . Cysteine mutations 
contribute to all VWD types.  

  von Willebrand  f actor  c learance 

 von Willebrand factor has a half - life in plasma of 12 – 20   h  [1] . 
This can be shortened by mutation and is also infl uenced by 
both N - linked ABO  [30,31]  and O - linked glycosylation  [32] . 
Relative clearance rate can be determined by measurements of 
plasma VWF propeptide in comparison with mature VWF 
(VWFpp/VWF   :   Ag ratio)  [33]  or by monitoring VWF levels 

following desmopressin infusion  [34] . Missense mutations, 
particularly those in the D3 domain, may lead to dramatically 
increased clearance rate. Variants affecting p.Arg1205 and 
p.Cys1130 identifi ed in type 1 VWD exemplify these muta-
tions  [35,36] .   

  Conclusion 

 The large multifunctional VWF protein is encoded by the 
extensive  VWF  gene. Both provide scope for many different 
mutation types, resulting in the diverse array of VWD types 
and mutation mechanisms responsible for them. Despite 
extensive molecular analyses, these remain incompletely 
understood.  



CHAPTER 42

284

  Acknowledgment 

 The author ’ s research on VWD is funded by the NIH grant 
Zimmerman Program for the Molecular and Clinical Biology 
of von Willebrand disease (ZPMCB - VWD); P01 HL81588.  

  References 

     1       Sadler   JE  ,   Budde   U  ,   Eikenboom   JC  ,  et al .  Update on the patho-
physiology and classifi cation of von Willebrand disease: a report 
of the Subcommittee on von Willebrand Factor .  J Thromb 
Haemost   2006 ;  4 :  2103  –  14 .  

     2       Mancuso   DJ  ,   Tuley   EA  ,   Westfi eld   LA  ,  et al .  Structure of the gene 
for human von Willebrand factor .  J Biol Chem   1989 ;  264 : 
 19514  –  27 .  

     3       Mancuso   DJ  ,   Tuley   EA  ,   Westfi eld   LA  ,  et al .  Human von Willebrand 
factor gene and pseudogene: structural analysis and differentiation 
by polymerase chain reaction .  Biochemistry   1991 ;  30 :  253  – 
 69 .  

     4       Bloom   AL  .  von Willebrand factor: clinical features of inherited 
and acquired disorders .  Mayo Clin Proc   1991 ;  66 :  743  –  51 .  

     5       Rodeghiero   F  ,   Castaman   G  ,   Dini   E  .  Epidemiological investigation 
of the prevalence of von Willebrand ’ s disease .  Blood   1987 ;  69 : 
 454  –  9 .  

     6       Werner   EJ  ,   Broxson   EH  ,   Tucker   EL  ,  et al .  Prevalence of von 
Willebrand disease in children: a multiethnic study .  J Pediatr  
 1993 ;  123 :  893  –  8 .  

     7       Rodeghiero   F  .  von Willebrand disease: still an intriguing disorder 
in the era of molecular medicine .  Haemophilia   2002 ;  8 : 
 292  –  300 .  

     8       Meyer   D  ,   Fressinaud   E  ,   Gaucher   C  ,  et al .  Gene defects in 150 
unrelated French cases with type 2 von Willebrand disease: from 
the patient to the gene. INSERM Network on Molecular 
Abnormalities in von Willebrand Disease .  Thromb Haemost   1997 ; 
 78 :  451  –  6 .  

     9       Eikenboom   JC  .  Congenital von Willebrand disease type 3: clinical 
manifestations, pathophysiology and molecular biology .  Best 
Pract Res Clin Haematol   2001 ;  14 :  365  –  79 .  

  10       Fressinaud   E  ,   Mazurier   C  ,   Meyer   D  .  Molecular genetics of type 2 
von Willebrand disease .  Int J Hematol   2002 ;  75 :  9  –  18 .  

  11       James   PD  ,   Notley   C  ,   Hegadorn   C  ,  et al .  The mutational spectrum 
of type 1 von Willebrand disease: Results from a Canadian cohort 
study .  Blood   2007 ;  109 :  145  –  54 .  

  12       Goodeve   A  ,   Eikenboom   J  ,   Castaman   G  ,  et al .  Phenotype and 
genotype of a cohort of families historically diagnosed with type 
1 von Willebrand disease in the European study, Molecular and 
Clinical Markers for the Diagnosis and Management of Type 1 
von Willebrand Disease (MCMDM - 1VWD) .  Blood   2007 ;  109 : 
 112  –  21 .  

  13       Cumming   A  ,   Grundy   P  ,   Keeney   S  ,  et al .  An investigation of the 
von Willebrand factor genotype in UK patients diagnosed to have 
type 1 von Willebrand disease .  Thromb Haemost   2006 ;  96 : 
 630  –  41 .  

  14      International Society on Thrombosis and Haemostasis Scientifi c 
and Standardization Committee VWF Information Homepage 
[database on the Internet] . Available at:  www.vwf.group.shef.
ac.uk  (accessed December 1,  2008 ).  

  15       Ribba   AS  ,   Loisel   I  ,   Lavergne   JM  ,  et al .  Ser968Thr mutation within 
the A3 domain of von Willebrand factor (VWF) in two related 
patients leads to a defective binding of VWF to collagen .  Thromb 
Haemost   2001 ;  86 :  848  –  54 .  

  16       Allen   S  ,   Abuzenadah   AM  ,   Blagg   JL  ,  et al .  Two novel type 2N von 
Willebrand disease - causing mutations that result in defective 
factor VIII binding, multimerization, and secretion of von 
Willebrand factor .  Blood   2000 ;  95 :  2000  –  7 .  

  17       Jorieux   S  ,   Gaucher   C  ,   Goudemand   J  ,  et al .  A novel mutation in 
the D3 domain of von Willebrand factor markedly decreases its 
ability to bind factor VIII and affects its multimerization .  Blood  
 1998 ;  92 :  4663  –  70 .  

  18       Cooper   DN  ,   Krawczak   M  .  The mutational spectrum of single 
base - pair substitutions causing human genetic disease: patterns 
and predictions .  Hum Genet   1990 ;  85 :  55  –  74 .  

  19       Cooper   DN  .  Human gene mutation in pathology and evolution . 
 J Inherit Metab Dis   2002 ;  25 :  157  –  82 .  

  20       Xie   F  ,   Wang   X  ,   Cooper   DN  , et al.  A novel Alu - mediated 61 - kb 
deletion of the von Willebrand factor (VWF) gene whose break-
points co - locate with putative matrix attachment regions .  Blood 
Cells Mol Dis   2006 ;  36 :  385  –  91 .  

  21       Mohl   A  ,   Marschalek   R  ,   Masszi   T  ,  et al .  An Alu - mediated novel 
large deletion is the most frequent cause of type 3 von Willebrand 
disease in Hungary .  J Thromb Haemost   2008 ;  6 :  1729  –  35 .  

  22       Sutherland   MS  ,   Cumming   AM  ,   Bowman   M  ,  et al .  A novel dele-
tion mutation is recurrent in von Willebrand disease types 1 and 
3 .  Blood   2009 ;  114 :  1091  –  8 .  

  23       Zhang   ZP  ,   Falk   G  ,   Blomback   M  ,  et al .  A single cytosine deletion 
in exon 18 of the von Willebrand factor gene is the most common 
mutation in Swedish vWD type III patients .  Hum Mol Genet   1992 ; 
 1 :  767  –  8 .  

  24       Chen   JM  ,   Cooper   DN  ,   Chuzhanova   N  ,  et al .  Gene conversion: 
mechanisms, evolution and human disease .  Nat Rev Genet   2007 ; 
 8 :  762  –  75 .  

  25       Eikenboom   JC  ,   Castaman   G  ,   Vos   HL  ,  et al .  Characterization of 
the genetic defects in recessive type 1 and type 3 von Willebrand 
disease patients of Italian origin .  Thromb Haemost   1998 ;  79 : 
 709  –  17 .  

  26       Gupta   PK  ,   Adamtziki   E  ,   Budde   U  ,  et al .  Gene conversions are a 
common cause of von Willebrand disease .  Br J Haematol   2005 ; 
 130 :  752  –  8 .  

  27       Baronciani   L  ,   Federici   AB  ,   Castaman   G  ,  et al .  Prevalence of type 
2b  “ Malmo/New York ”  von Willebrand disease in Italy: the role 
of von Willebrand factor gene conversion .  J Thromb Haemost  
 2008 ;  6 :  887  –  90 .  

  28       Surdhar   GK  ,   Enayat   MS  ,   Lawson   S  ,  et al .  Homozygous gene 
conversion in von Willebrand factor gene as a cause of type 3 von 
Willebrand disease and predisposition to inhibitor development . 
 Blood   2001 ;  98 :  248  –  50 .  

  29       Gupta   PK  ,   Saxena   R  ,   Adamtziki   E  ,  et al .  Genetic defects in von 
Willebrand disease type 3 in Indian and Greek patients .  Blood 
Cells Mol Dis   2008 ;  41 :  219  –  22 .  

  30       Davies   JA  ,   Collins   PW  ,   Hathaway   LS  ,  et al .  von Willebrand 
factor: evidence for variable clearance in vivo according to Y/
C1584 phenotype and ABO blood group .  J Thromb Haemost  
 2008 ;  6 :  97  –  103 .  

  31       Gallinaro   L  ,   Cattini   MG  ,   Sztukowska   M  ,  et al .  A shorter von 
Willebrand factor survival in O blood group subjects explains how 
ABO determinants infl uence plasma von Willebrand factor .  Blood  
 2008 ;  111 :  3540  –  5 .  

  32       van Schooten   CJ  ,   Denis   CV  ,   Lisman   T  ,  et al .  Variations in glyco-
sylation of von Willebrand factor with O - linked sialylated T antigen 
are associated with its plasma levels .  Blood   2007 ;  109 :  2430  –  7 .  

  33       Haberichter   SL  ,   Balistreri   M  ,   Christopherson   P  ,  et al .  Assay of the 
von Willebrand factor (VWF) propeptide to identify patients with 
type 1 von Willebrand disease with decreased VWF survival . 
 Blood   2006 ;  108 :  3344  –  51 .  



VON WILLEBRAND DISEASE: MOLECULAR ASPECTS

285

  34       Castaman   G  ,   Lethagen   S  ,   Federici   AB  ,  et al .  Response to desmo-
pressin is infl uenced by the genotype and phenotype in type 1 Von 
Willebrand Disease (VWD): results from the European study 
MCMDM - 1VWD .  Blood   2008 ;  111 :  3531  –  9 .    

  35       Millar   CM  ,   Riddell   AF  ,   Brown   SA  ,  et al .  Survival of von Willebrand 
factor released following DDAVP in a type 1 von Willebrand 
disease cohort: infl uence of glycosylation, proteolysis and gene 
mutations .  Thromb Haemost   2008 ;  99 :  916  –  24 .  

  36       Haberichter   SL  ,   Castaman   G  ,   Budde   U  ,  et al .  Identifi cation of type 
1 von Willebrand disease patients with reduced von Willebrand 
factor survival by assay of the VWF propeptide in the European 
study: molecular and clinical markers for the diagnosis and man-
agement of type 1 VWD (MCMDM - 1VWD) .  Blood   2008 ;  111 : 
 4979  –  85 .  

  37       van Schooten   CJ  ,   Shahbazi   S  ,   Groot   E  ,  et al .  Macrophages con-
tribute to the cellular uptake of von Willebrand factor and factor 
VIII in vivo .  Blood   2008 ;  112 :  1704  –  12 .  

  38       Zhang   ZP  ,   Blomback   M  ,   Nyman   D  ,  et al .  Mutations of von 
Willebrand factor gene in families with von Willebrand disease 
in the Aland Islands .  Proc Natl Acad Sci USA   1993 ;  90 :  7937  – 
 40 .  

  39       Eikenboom   JC  ,   Vink   T  ,   Briet   E  ,  et al .  Multiple substitutions in 
the von Willebrand factor gene that mimic the pseudogene 
sequence .  Proc Natl Acad Sci USA   1994 ;  91 :  2221  –  4 .  

  40       Holmberg   L  ,   Dent   JA  ,   Schneppenheim   R  ,  et al .  von Willebrand 
factor mutation enhancing interaction with platelets in patients 
with normal multimeric structure .  J Clin Invest   1993 ;  91 : 
 2169  –  77 .  

  41       Kanaji   T  ,   Okamura   T  ,   Kuroiwa   M  ,  et al .  A sequence analysis of 
von Willebrand factor mRNA, gene, and pseudogene in two 
patients with von Willebrand disease type 2B, and an investigation 
of gene conversion in its gene .  Int J Hematol   1996 ;  64 :  53  – 
 9 .   

                             



286

 von Willebrand 
 d isease:  e pidemiology  
  Francesco   Rodeghiero   and   Giancarlo   Castaman  
  San Bortolo Hospital, Vicenza, Italy       

43

     In 1926 Erik von Willebrand investigated a family with a new 
bleeding disorder, later to become universally known as von 
Willebrand disease (VWD) in recognition of his pioneering 
discovery  [1] . At that time, he was probably unaware that he 
was studying what would be recognized 60 years later as the 
most frequent inherited hemorrhagic disorder. Indeed, VWD 
is high in the differential diagnosis of patients presenting with 
mild bleeding symptoms and a prevalence up to 1% has been 
estimated in a large epidemiologic investigation conducted 
by our group in 1987  [2] . However, a clearcut diagnosis of 
VWD remains often diffi cult or elusive, owing to the wide 
spectrum of clinical and laboratory manifestations and to 
the lack of strong penetrance and expressivity in its inherit-
ance. Unfortunately, in this regard recent molecular charac-
terization of the disease does not provide practical guidance 
for diagnosis. 

 For these reasons, the actual prevalence of clinically signifi -
cant cases of VWD is uncertain despite the ever - increasing 
number of diagnostic laboratory tools. Prevalence estimates 
are in fact critically infl uenced by the clinical criteria used to 
select subjects and also by the laboratory criteria to confi rm 
the diagnosis. Moreover, the assessment of the bleeding history 
is often more diffi cult in the epidemiologic than in the clinical 
setting. Physicians must rely on the patient ’ s bleeding history, 
which is confounded by personal recollection (recall bias), 
unless subjects have suffered from severe hemorrhages, pos-
sibly leading to hospitalization. Until recently, no clinical 
methods were available to objectively quantitate mild or inter-
mediate bleeding symptoms, apart from possibly surgical 
bleeding and menorrhagia  [3] . The number of symptoms 
reported by a patient may be infl uenced by his/her education, 
family setting (e.g., some symptoms may be under - reported by 
subjects belonging to a bleeding family) and personality, but 
also by the type of data ascertainment. For example, as many 
as 23% of Swedish girls reported three or more hemorrhagic 
symptoms when a self - reported questionnaire was used  [4] . 
On the contrary, when a physician - managed questionnaire 
was used to query these same young women, three or more 
hemorrhagic symptoms were reported in fewer than 1% of 

normal control subjects  [5] . Hence, stringent clinical criteria 
and standardized questionnaires to assure interobserver repro-
ducibility have the highest likelihood of achieving complete 
ascertainment  [6] . Thus, it is important to understand the 
potential pitfalls that arise in prevalence estimation of VWD 
in relation to its clinical presentation. The use of different 
methods for prevalence estimation may indeed produce diverg-
ing results, with far lower prevalence fi gures obtained in hos-
pital - based investigations in comparison with population - based 
investigations, since different categories of subjects are con-
sidered (Figure  43.1 ).    

  Ascertainment and  v alidity of 
 e pidemiologic  d ata on  v on 
Willebrand  d isease 

 von Willebrand disease is usually classifi ed into three types on 
the basis of clinical and laboratory phenotypes. Type 1, 
accounting for the large majority of cases, is represented by 
partial quantitative defects; type 2 by qualitative defects; and 
type 3 by virtual absence of von Willebrand factor (VWF) in 
plasma  [7] . In practice, qualitative defects are suspected by 
measuring a signifi cantly reduced VWF ristocetin cofactor 
activity to antigen ratio and confi rmed by assessing the distri-
bution of high/intermediate/low molecular weight (mw) VWF 
multimers or more subtle abnormalities. This allows subclas-
sifi cation of type 2 into 2A (lack of high and intermediate mw 
multimers), 2B (lack of high mw multimers), 2M (all species 
of multimers present), or more rare variants  [8] . However, 
from the point of view of clinical presentation and diagnostic 
approach, three distinct groups of VWD patients may be 
considered (Table  43.1 ).   

 In the fi rst group (group A), patients present with a lifelong 
history of severe to moderate bleeding symptoms, often requir-
ing hospitalization for transfusion, replacement therapy, sur-
gical intervention (e.g., nose packing for epistaxis, dilatation 
and curettage in women for menorrhagia). Iron - defi ciency 
anemia is also common, especially in women. Laboratory 
investigations show VWF activity levels below or around 
10   IU/dL. Linkage with a mutant VWF gene is usually com-
plete as well as the likelihood to detect a specifi c VWF 
mutation  [9] . This group of patients includes recessive type 3 
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 Figure 43.1     How the criteria used for the identifi cation of patients to be investigated for von Willebrand disease affects the prevalence 
estimates of the disease. 

  Table 43.1    Classifi cation of von Willebrand disease ( VWD ) according to clinical presentation 
and diagnostic approach. 

     
   Severe VWD 
(group A)  

   Intermediate 
VWD (group B)  

   Mild VWD (group 
C)  

  Symptoms    Manifest bleeding    Intermediate    Mild or very mild  
  Cosegregation (linkage) 

of symptoms with low 
VWF/haplotype  

  Invariable    Variable    Inconsistent  

  VWF levels    About 10   IU/dL 
or less  

  About 30   IU/dL    40 – 50   IU/dL  

  Diagnosis    Easy    Repeated testing 
needed  

  Not always possible; 
not clinically useful 
in most cases  

  Epidemiologic 
ascertainment  

  Referral - based: 
appropriate  

  Referral - based: 
underestimated  

  Cross - sectional: 
overestimated  

   VWF, von Willebrand factor.   

VWD, some dominant type 1 patients with full penetrance 
and expressivity (including the Vicenza type now included 
among type 1 VWD), and most type 2A and 2B VWD 
patients. Prevalence estimates for these patients may be reli-

ably obtained from hospital - based cohorts, as it is highly 
unlikely that these patients have ever been referred to a spe-
cialized secondary coagulation center, at least in Western 
countries. 
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 The second group of patients (group B) comprises subjects 
with a milder but still defi nite bleeding phenotype. These 
patients have frequent spontaneous bleeding episodes (such as 
mucocutaneous bleeding) and may be referred for bleeding 
after trauma or minor surgery, especially when mucous mem-
branes are involved. Laboratory investigations typically show 
VWF activity levels around 30   IU/dL. Linkage analysis with 
mutations in VWF gene is consistent with an autosomal domi-
nant disease with variable penetrance in most cases  [10,11] . 
This group of patients comprises most subjects with type 1 
and some with type 2 VWD. Prevalence estimates for these 
patients are partly underestimated from hospital - based 
cohorts, because some patients may never seek hospital advice, 
resulting in a falsely low prevalence. Very large, cross - 
sectional (population - based) investigations should be used to 
identify this cohort group. 

 The third group of patients (group C) comprises patients 
with a quite mild hemorrhagic phenotype (bleeding score 
around 1). Bleeding symptoms are occasional, sometimes 
absent even after trauma or minor surgery. Laboratory inves-
tigation shows VWF activity levels around 40 – 50   IU/dL, often 
requiring repeated measurements and adjustment for ABO 
group to achieve an accurate diagnosis. Linkage analysis fails 
to detect association with VWF haplotype in up to 50% of 
the families, indicating a possibly spurious association  [12] . 
Family investigations and standardized diagnostic tools (e.g., 
bleeding questionnaire) are of utmost importance in trying to 
achieve a defi nite diagnosis. Indeed, in most group C patients, 
we could demonstrate by using a Bayesian approach devel-
oped by our group  [13]  that even in presence of two family 
members (including the proband) having VWF levels just 
below 40   IU/dL) a fi nal odds ratio of VWD of approximately 
2.0 would be produced (false - positive equals true - positive 
rates). This creates a need for setting more stringent clinical 
criteria to achieve a  “ useful ”  diagnosis, thereby avoiding a 
mislabeling with the stigmata of a defi nite genetic diagnosis 
subjects with a small risk of minor bleeding.  

  Prevalence of  s evere  v on Willebrand 
 d isease ( g roup  A   VWD ) 

 Most cases of clinically moderate to severe VWD are repre-
sented by type 3 and some cases with type 1, type 2A, and 2B 
VWD. The prevalence of type 3 VWD is very low, ranging 
from 0.1 to 5.3 per million in the population. Weiss  et al.  
reported in 1982 a prevalence of 1.53 and 1.38 per million 
of severe VWD in Europe and North America respectively, 
based on the report from 195 referral centers worldwide 
 [14] . A subsequent re - evaluation of these subjects through 
measurement of VWF   :   Ag with a highly sensitive method 
(immunoradiometric assay) showed a prevalence of severe 
VWD (defi ned by an antigen level below 1   IU/dL) of 0.45 per 
million  [15] . Signifi cant differences in the prevalence of severe 
VWD were present in different countries, notably with a 

higher prevalence in Scandinavian countries (2.4 – 3.12 per 
million)  [15] . The highest prevalence of type 3 VWD was, 
however, observed by Berliner  et al.   [16]  in Arabs, in whom 
consanguinity is rather frequent, with an estimated prevalence 
of 5.3 per million.  

  Prevalence of  i ntermediate  v on 
Willebrand  d isease ( g roup  B   VWD ) 

 As for severe VWD, prevalence estimates for intermediate 
VWD are available only from hospital - based cohorts: these 
are calculated as the number of patients registered at a single 
specialized center, divided by the total population served by 
the center. The fi rst data published with this methodology date 
back to 1984, when Nilsson estimated that there were about 
530 known cases (230 families) of VWD in Sweden, corre-
sponding to a prevalence of seven VWD patients per 100   000 
inhabitants, the same fi gure as for hemophilia in that country 
 [17] . This study, however, also included patients with type 3. 
In 1991, Bloom and Giddins  [18]  carried out an international 
survey of the prevalence of acquired immunodefi ciency syn-
drome (AIDS) in VWD, trying to indirectly estimate the preva-
lence of VWD. A questionnaire was dispatched to the 
hemophilia center directors of 59 countries, soliciting infor-
mation on the number of patients with VWD attending each 
center and the proportion of those treated with blood deriva-
tives. Information was retrieved from 63% of the centers 
belonging to 37 countries concerning 16   664 identifi ed 
patients, of whom 7534 were treated. The prevalence estimate 
was consequently very heterogeneous in the various countries, 
ranging from 3.7 to 239 cases per million inhabitants (Table 
 43.2 ). Surprisingly, the estimated prevalence for Scandinavia 
was about twice that reported by Nilsson  [17]  in the previ-
ously mentioned study. Whatever the limitations of this 
approach, the prevalence of patients with intermediate VWD 
requiring specifi c treatment has been estimated to range from 
40 to 100 cases per million  [17 – 20] , a fi gure often quoted as 
a reliable estimation  [21] .    

  Table 43.2    Prevalence of referred  VWD . Modifi ed from  [18] . 

   Area  
   Population 
(million)  

   Patients 
reported  

   Corrected prevalence, 
per million  

  Scandinavia    21.5    4749    239  
  Rest of Europe    441    6514    23  
  Australasia    16    599    42  
  North America    237    2263    22  
  Israel    3.5    106    60.4  
  Far East    286    1673    8.1  
  South America    133    600    3.7  
  South Africa    24    80    7.4  
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  Prevalence of  m ild  v on 
Willebrand  d isease 

 Four population - based studies are available (Table  43.3 ). 
Rodeghiero  et al.   [2,22]  evaluated 1218 schoolchildren aged 
11 – 14 years in a well - defi ned territory of northern Italy. 
Diagnosis of VWD was considered  “ probable ”  in the follow-
ing children: those with low VWF levels (VWF   :   RCo below an 
ABO - adjusted reference range) belonging to a family with 
more than two members, including or not the subject under 
investigation and those with a bleeding history consisting of 
two or more symptoms. A defi nite diagnosis was assigned if, 
in addition to these criteria, at least one other family member 
on the hemorrhagic side had a low VWF level. Ten children 
(four with probable and six with defi nite VWD) were classifi ed 
as affected (0.82%). This fi gure could range from 7 (0.57%) 
to 14 (1.15%) taking into account the 90% confi dence interval 
for the lower limit of the normal range. It turned out that all 
these children had at least a bleeding symptom. This translates 
into a prevalence of 0.57 – 1.15%, or 5700 – 11   500 per million. 
Interestingly, in about half of the diagnosed families from this 
investigation linkage was not subsequently confi rmed  [12]   . 

 In 1993, Werner  et al.   [23]  published the results of a similar 
investigation carried out in 600 American schoolchildren 
aged 12 – 18 years undergoing well - child or school physical 
examinations at the pediatric ambulatory clinics of the hospi-
tals located in Virginia, Ohio, and Mississippi. The criteria 
were seemingly less restrictive and included all three of at least 

one bleeding symptom, a family member with at least one 
bleeding symptom and low VWF. The overall prevalence was 
estimated at 1.3%, with no racial difference (1.15% among 
whites and 1.8% among blacks). These data have been con-
fi rmed in two additional studies, not reported as full papers. 
Miller  et al.   [24] , in 1987, found a prevalence of VWD of 
1.6% in adult blood donors from New York; however, the 
prevalence of symptomatic subjects with low VWF   :   RCo was 
0.2%. In an additional study, Meriane  et al.   [25]  studied the 
prevalence in Arabic – Turkish adult subjects. The fi gure was 
1.23%, again with no racial differences. As a general comment, 
the prevalence of VWD appears to be similar in different 
ethnic groups. In all these studies the same functional test 
(VWF   :   RCo) and separate normal ranges according to blood 
groups were used, thus providing uniformity to the results. 
Even though these fi gures appear high, it should be empha-
sized that the prevalence is probably even higher since the 
sensitivity of the functional test is about 50%. This assump-
tion stems from the demonstration by Miller  et al.   [26]  that 
among the obligatory carriers for type 1 disease, only 42% 
had abnormal VWF activity on their initial test. As previously 
mentioned, most of these cases will resist a Bayesian approach 
as suffi ciently proved VWD cases, in keeping with their lack 
of linkage with a VWF allele  [12] . Of note, in a murine model 
a phenotype mimicking VWD was produced by a mutation in 
the glycosyltransferase ( GALgt2 ) gene  [27]  and the occurrence 
of similar mutations in human  “ VWD ”  cannot presently be 
ruled out.  

  Table 43.3    Estimates of prevalence of von Willebrand disease ( VWD ). 

   VWD severity     Study     Methodology     Population     Prevalence  

  Severe    Weiss  et al .  [14]     Mail survey to 354 hematology 
departments  

  USA, Canada, 17 European 
countries, Iran, Israel  

  1.38 – 1.51 per million  

      Mannucci  et al .  [15]     Patients identifi ed through a questionnaire; 
plasma VWF assay and recruitment of 
patients with VWF   :   Ag    <    1% by IRMA  

  Western European 
countries plus Israel  

  0.1 – 3.12 per million  

      Berliner  et al .  [16]     Investigation of patients followed at a 
single center  

  Cases followed in Israel    5.3 per million among 
Arabs  

  Intermediate    Nilsson  [17]     Cases registered at specialized centers in 
Sweden  

  230 Swedish families (530 
patients) with VWD 
already known  

  70 cases per million 
inhabitants (about 
15% severe type 3)  

  Mild    Rodeghiero  et al .  [2]     Anamnesis   +   VWF   :   RCo 
 Family study  

  Caucasian children    0.82% (8200 per 
million)  

      Rodeghiero  et al .  [22]     As above   +   VWF   :   Ag instead of 
VWF   :   RCo  

  As above    0.7%  

      Miller  et al .  [24]     VWF   :   RCo    Adult blood donors    1.6% (0.2% bleeder)  
      Meriane  et al .  [25]     Anamnesis   +   VWF   :   RCo 

 Family study  
  Arabic – Turkish 
 Adult students  

  1.23%  

      Werner  et al .  [23]     Anamnesis   +   VWF   :   RCo 
 Family study  

  Caucasian – black 
 Children  

  1.3% (1.15% Caucasian, 
1.81% black)  

   IRMA, ImmunoRadioMetric Assay; VWF, von Willebrand factor.   
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  Table 43.4    Frequency   of von Willebrand disease types in different 
series of patients. 

   Authors  
   Number of 
patients  

   Type 1 
(%)  

   Type 2 
(%)  

   Type 3 
(%)  

  Tuddenham  et al.   [28]     134    75    19    6  
  Lenk  et al.   [29]     111    76    12    12  
  Nilsson  [17]     106 families    70    10    20  
  Hoyer  et al.   [30]     116    71    23    6  
  Awidi  [31]     65    59    29.5    11.5  
  Berliner  et al.   [16]     60    62    9    29  
  Overall    592    70    17    13  

  Frequency of  v on Willebrand 
 d isease  s ubtypes 

 The relative frequency of subtypes of VWD has been estimated 
only from the series of single institutions. These are obviously 
fl awed since they are based on severe and intermediate VWD 
patients (group A and B patients) only, indicative of a report-
ing bias. On epidemiologic grounds, the prevalence of mild 
VWD (group C patients), which is almost invariably due to 
type 1 VWD, appears to be 100 – 1000 times higher than that 
of the group A and B patients. Consequently, type 1 VWD in 
the population should be at least 100 - fold more common than 
the other subtypes. Nevertheless, in referred patients there is 
a rather homogeneous distribution of VWD subtypes (Table 
 43.4 )  [16,17,28 – 31] . Overall, the data could be summarized 
for a relative percentage frequency of 70, 17, and 13 for type 
1, 2, and 3 VWD in the 592 patients considered in these 
studies. These data are quite in accordance with an extensive, 
recent survey carried out by Federici  et al.   [32]  among Italian 
hemophilia centers reporting a relative percentage frequency 
of 73, 21, and 6 for type 1, 2, and 3 VWD.   

 This general view has recently been challenged by the dem-
onstration that several subtle abnormalities of multimeric 
pattern can be observed in patients previously diagnosed as 
type 1 VWD by using well - standardized laboratory methods 
 [33] . However, from a practical point of view, these minor 
abnormalities do not prevent a complete biologic response to 
desmopressin, which is a good criterion for considering these 
patients to have a true quantitative defi ciency of VWF  [34] .  

  Prevalence of  v on Willebrand  d isease in 
 d eveloping  c ountries 

 Limited investigations have been carried out in developing 
countries, based on voluntary reporting in mail questionnaire -
 based survey through national or regional hemophilia centers 
 [21] . In general, major under - reporting is evident compared 
with the expected prevalence. In a more recent unpublished 
survey, the ratio between severe hemophilia A (taken as a 

normalizing prevalence) and that of VWD in the same region 
was investigated, showing an underreporting of more than 
60% of cases of VWD. Surprisingly, the distribution of sever-
ity in reported cases is apparently not much different from 
that reported in developed countries, indicating the lack of a 
regional or national strategy for the detection of more severe 
cases  [35] . Sadly, deaths secondary to hemorrhage in VWD 
patients are still reported from these countries, despite cryo-
precipitate and VWF/factor VIII concentrates being generally 
available, whereas similar cases are no longer described in 
economically more developed countries.  

  Practical  i mplications 

 Severe VWD is a rare disorder, with a prevalence similar to 
that of other severe, homozygous coagulopathies, whereas the 
prevalence of intermediate VWD is probably similar to the 
cumulative prevalence of hemophilia A and B. The prevalence 
of mild VWD is still uncertain, but a reasonable estimate is 
possibly one case between 1000 and 10   000 subjects. About 
1% of the normal population could satisfy quite conservative 
epidemiologic criteria suffi cient to diagnose VWD in  ad hoc  
cross - sectional investigations. This rather high prevalence 
fi gure must be interpreted with caution, as many of these 
subjects will experience only minor or trivial bleedings during 
their lifetime and will probably never be referred for medical 
assistance. It is therefore of paramount importance to distin-
guish between a diagnosis satisfying only minimal criteria and 
a clinically meaningful diagnosis. The fi rst type of diagnosis 
is relevant for the epidemiologist but could be dangerous to 
the patients and his/her family in terms of generated anxiety 
and social burden; by contrast, the second one is certainly 
more useful for the patient and the physician alike  [36,37] . 
We will discuss here two initiatives to clarifying this issue 
using an epidemiologic approach. 

  The  c ase of  p resurgical  s creening 

 A prevalence of 1 per 500 subjects of a hemorrhagic disease 
may certainly be alarming for a surgeon facing an elective 
mucous surgery (e.g., tonsillectomy) who is keen to avoid any 
hemorrhagic risk. However, despite such a high prevalence in 
the population, a presurgical screening is probably not cost -
 effective for two reasons: First, all available phenotypic labo-
ratory tests have their specifi city based on the  “ reference limit ”  
concept, which means that the specifi city is usually set at 
97.5%. Even assuming a sensitivity of 100% for a laboratory 
test (a very optimistic estimate indeed), for every 1000 subjects 
screened, the test would identify 25 subjects as affected, of 
whom 23 would be false positives and only two would have 
mild VWD. Second, the chance of patients with mild VWD 
bleeding signifi cantly after surgery may be less than 50%, 
which means that more than 1000 subjects would need to be 
screened to avoid a surgical bleeding related to mild VWD, at 
the cost of excluding all the false positives.  
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Prevalence of VWD: 0.5% Menorrhagia VWF assay
Sensitivity: 100%
Specificity: 97.5%

Study
population
n = 20 000

VWD female
n = 100

Normal female
n = 19 900

No 55%

Yes 45%

Yes 15%

No 85%

Positive predictive value for VWF assay
in menorrhagia = 55/(45+75) = 24%

45 VWD without
menorrhagia

55 VWD with
menorrhagia

16915 normal
without menorrhagia

2985 normal
with menorrhagia

45 VWD

2910 True
negative

75 False
positive

 Figure 43.2     Positive predictive value for 
von Willebrand factor assay in women 
referred for menorrhagia. See text for 
assumptions. Study population  n    =   20   000. 

  The  c ase of a  d iagnosis  b ased on  m ild 
 b leeding  s ymptoms 

 Similarly, pursuing the diagnosis of mild VWD in a subject 
without a convincing personal or familial bleeding history 
poses the problems mentioned for presurgical screening and 
for cross - sectional epidemiologic surveys. As an example, we 
could examine the case of a woman investigated for VWD 
because of menorrhagia. Menorrhagia is found in 29 – 44% of 
otherwise healthy women  [38,39]  compared with 50 – 60% of 
VWD females  [39] . Is screening for VWD advisable for all 
patients referred for menorrhagia? Let ’ s consider a town with 
a population of 20   000 fertile women (Figure  43.2 ). Based on 
the prevalence of 0.5% of VWD and the above - mentioned 
fi gures, based on the frequency of menorrhagia in women with 
type 1 VWD  [40]  and in normal women  [5] , the ratio of 
VWD   :   normal in women with menorrhagia is 45   :   2985 in a 
population of 20   000 fertile women. By using the same labora-
tory test with a sensitivity of 100% and a specifi city of 97.5% 
in all women complaining of menorrhagia, we can identify all 
the 45 women with VWD, but also 75 false positively  “ labeled ”  
women. This represents a positive predictive value of only 
37.5%.   

 Therefore, while it is recognized that menorrhagia could 
be the sole presenting symptom of a hemorrhagic disorder 
 [41]  and that in women with menorrhagia there is a high 
prevalence of women with VWD  [42] , a generalized screening 
is not advised. This is even truer if one considers that only a 
limited benefi t is expected from a specifi c diagnosis in most 
women.  

  A  c linically  u seful  d iagnosis 

 The two above - mentioned instances share a common feature: 
a laboratory diagnosis is made on the basis of a personal 

history with few symptoms (e.g., menorrhagia) or no symp-
toms at all (screening). In a recent multicenter survey, we 
demonstrated that the pretest probability (likelihood ratio) of 
VWD is signifi cantly increased only when a clinically relevant 
history of hemorrhage is present (at least two hemorrhagic 
symptoms in the proband or a bleeding score  > 3 in males and 
 > 5 in females)  [5] . Moreover, at least two (but preferably 
three) family members should be present in a family to reason-
ably suspect VWD in cases with mild VWF reduction or 
dubious bleeding symptoms  [13] . Therefore, every laboratory 
assessment should be undertaken only in subjects presenting 
with signifi cant bleeding symptoms or having two fi rst - degree 
relatives with hemorrhagic symptoms or a VWF level    <    40   IU/
dL. It is also worth noting that the subjects and families identi-
fi ed by these criteria are also those that are more likely to 
benefi t from an appropriate therapy (e.g., desmopressin treat-
ment or prophylaxis). 

 These epidemiologic data further reaffi rm the concept that 
physicians should always base their diagnoses on sound clini-
cal criteria that will translate their specifi c diagnosis into a 
benefi cial way to treat or prevent the consequences of this still 
intriguing disorder  [36] .   
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       Diagnosis of von Willebrand disease (VWD) requires that the 
patient have both a personal and family history of bleeding 
symptoms as well as laboratory fi ndings consistent with the 
diagnosis  [1,2] . Laboratory testing is the most quantifi able of 
these criteria, but may occasionally lead to erroneous diagno-
sis. Precise cut - off values for diagnosis of both type 1 and type 
2M VWD are in fact the subject of much current debate. On 
the other hand, no standard tools exist to quantitate personal 
or familial bleeding symptoms outside of research question-
naires, although such tools have been recently developed  [3,4] . 
Pediatric patients, in particular, may not yet have experienced 
signifi cant hemostatic challenges and therefore may have 
fewer bleeding complaints than adults with similar VWF 
levels. Thus, despite its limitations, laboratory testing for 
VWD remains a crucial part of the coagulation work - up for 
patients with bleeding symptoms.  

  von Willebrand  f actor  s creening  t ests 

 While a signifi cant personal and family history of bleeding 
symptoms may lead to the suspicion of VWD, laboratory tests 
are required to confi rm this diagnosis. Screening tests for 
VWD are imprecise and normal screening tests do not neces-
sarily preclude the diagnosis of VWD in a given patient. 
However, these tests are easily performed by community prac-
titioners and may help determine which patients require a 
hematology referral. The abbreviations for common VWF -
 related laboratory tests are listed in Table  44.1 . Among the 
screening tests commonly performed in diagnosing bleeding 
disorders, the partial thromboplastin time (PTT), bleeding 
time, and, more recently, the platelet function analyzer, or 
PFA - 100, are commonly considered to screen for the presence 
of VWD.   

  Complete  b lood  c ount 

 Although it is not technically a screening test, a complete 
blood count (CBC) is often obtained as part of the work - up 

for patients with potential bleeding disorders. In VWD, the 
CBC is usually normal, although patients with signifi cant 
bleeding, especially women with menorrhagia, may present 
with anemia. Type 2B VWD is often associated with throm-
bocytopenia, as is platelet - type, pseudo - VWD owing to 
clearance of VWF – platelet complexes from circulation. 
Thrombocytopenia, however, is not invariably present in 
type 2B VWD, limiting use of the CBC as a screening test 
 [5] .  

  Partial  t hromboplastin  t ime 

 The PTT is frequently prolonged slightly in patients with 
VWD due to the concomitant decrease in factor VIII (FVIII) 
in the presence of low VWF levels, particularly in type 2N and 
type 3 VWD. A prolonged PTT is not invariably present, 
however, and even a normal PTT does not exclude mild VWD. 
The normal range for the PTT varies by laboratory, so that 
values obtained must be compared to a reference standard. 
The potential coexistence of low VWF levels and factor XII 
defi ciency, previously referred to as VWD San Diego  [6] , sug-
gests that a signifi cant prolongation in the PTT accompanied 
by borderline normal FVIII and VWF levels may be the result 
of mild factor XII defi ciency instead of, or in addition to, 
VWD.  

  Bleeding  t ime 

 The Ivy bleeding time involves the application of a small blade 
to perform a standardized skin incision, while at the same time 
a blood pressure cuff is utilized to maintain a standard blood 
pressure at the site of injury  [7] . This test is neither sensitive 
nor specifi c for the presence of low VWF levels, with a sensi-
tivity of around 30%  [8,9] . Operator skill and patient coop-
eration may also affect interpretation of the bleeding time 
results, and consequently this test is no longer recommended, 
especially in children.  

  Platelet  f unction  a nalyzer 

 The platelet function analyzer, or PFA - 100, is another method 
of screening platelet function in coagulation. This test utilizes 
membranes impregnated with platelet agonists, usually 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 
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  Table 44.1    Abbreviations for common laboratory tests. 

  CBC    Complete blood count  
  PTT    Partial thromboplastin time  
  PFA    Platelet function analyzer  
  VWF:Ag    VWF antigen  
  VWF:RCo    VWF ristocetin cofactor activity  
  FVIII:C    Factor VIII activity  
  VWF:CB    VWF – collagen binding  
  VWFpp    VWF propeptide  
  LD - RIPA    Low - dose ristocetin - induced platelet aggregation  
  VWF:PB    VWF – platelet binding  
  VWF:F8B    VWF – FVIII binding  

   VWF, von Willebrand factor.   

collagen and epinephrine or collagen and adenosine diphos-
phate (ADP), through which a whole blood sample from the 
patient is aspirated and the time to membrane occlusion meas-
ured  [10] . The use of whole blood under shear conditions is 
intended to mimic  in vivo  conditions. Although currently 
widely used, the sensitivity of this test has been subject 
to considerable debate. Initial reports suggested that the 
sensitivity was close to 100%  [11,12] , while subsequent 
studies have reported sensitivities ranging from 30% to 
80% when different populations are screened  [8,9] . A pro-
longed PFA does not necessarily mean a diagnosis of 
VWD, as this test will also be abnormal in platelet function 
disorders, and a normal PFA does not necessarily exclude the 
diagnosis of VWD. This lack of sensitivity and specifi city 
prevents the PFA - 100 from being used as a defi nitive VWD 
screening test.   

  von Willebrand  f actor  d iagnostic  t ests 

 Because no reliable screening tests are available, defi nitive 
diagnosis of VWD relies on specifi c assays of VWF function 
along with the clinical history. The VWF antigen (VWF:Ag) 
measures the total amount of VWF protein present in plasma. 
The VWF ristocetin cofactor assay (VWF:RCo) measures 
VWF activity as a function of its ability to agglutinate platelets 
in the presence of ristocetin. VWF multimer structure, in com-
bination with VWF:Ag, VWF:RCo, and FVIII:C, may be 
offered as part of a  “ VWD panel. ”  Available testing is sum-
marized in Table  44.2 .   

 As always with coagulation testing, sample handling and 
the quality of the reference laboratory is important, and labo-
ratory fi ndings must be interpreted in the context of the clini-
cal history. Careful attention to the reference standard is 
required, particularly when results are expressed in interna-
tional units (IU). The World Health Organization (WHO) 
international standard is recommended for calibration so that 
results may be compared across laboratories. 

  Table 44.2    Summary of von Willebrand factor ( VWF ) laboratory 
testing. 

  Screening tests    CBC  
  PTT  
  Bleeding time  a    
  PFA - 100  a    

  Diagnostic tests    VWF:Ag  
  VWF:RCo  
  FVIII:C  
  VWF multimers  

  Confi rmatory tests    VWF:CB  
  VWFpp  
  VWF gene sequencing  
  LD - RIPA  
  VWF:PB  
  VWF:F8B  

    a Not routinely recommended.   

   VWF :Ag 

 The concentration of VWF:Ag is quantifi ed by immunoassays, 
either by enzyme - linked immunosorbent assay (ELISA) or by 
automated latex immunoassay (LIA)  [13] . While these assays 
reliably detect quantitative defi ciencies of VWF, further testing 
is required to distinguish the qualitative variants since the 
VWF:Ag does not depend on the presence of functional 
protein. Because VWF:Ag levels are infl uenced by a number 
of factors, a single normal value does not reliably rule out the 
diagnosis of VWD. Since most laboratories establish the 
normal range as the (log - transformed) mean    ±    2   SD, normal 
individuals may account for 2.5% of the population below 
the normal range, creating a problem with VWD overdiagno-
sis  [14] . 

 VWF:Ag levels vary widely in the general population, with 
total VWF protein in plasma reported as 50 – 240   IU/dL. Blood 
type accounts for a signifi cant percentage of VWF variation, 
with mean VWF:Ag approximately 25 – 30% lower in patients 
with blood group O  [15] . Type O is certainly over - represented 
in mild VWD, and some laboratories report normal VWF 
levels for each blood group, but this may not be relevant given 
that symptomatic bleeding seems to correlate with VWF level, 
rather than blood type per se. VWF levels are also increased 
in African Americans  [16] . Age, stress, pregnancy, trauma, 
and many other underlying infl ammatory states have been 
associated with an elevation in VWF levels as well and may 
hinder the diagnosis of VWD  [17] .  

   VWF :RCo 

 von Willebrand factor activity is most often measured by the 
ristocetin cofactor activity, or VWF:RCo. This assay exploits 
the ability of the antibiotic ristocetin to induce a conforma-
tional change in VWF that then enables VWF to bind platelet 
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GPIb  [18] . Because ristocetin preferentially induces binding of 
high - molecular - weight VWF multimers, it is also a surrogate 
test for high - molecular - weight multimer presence and func-
tionality. A discrepancy between VWF:Ag and VWF:RCo is 
the hallmark of type 2 VWD, particularly the 2A, 2B, and 2M 
variants  [19] . Most VWF:RCo assays are performed using 
platelet aggregometry or turbidometry, with normal platelets 
serving as the GPIb source, and patient plasma as the VWF 
source. Reproducibility is a major problem with the VWF:RCo 
assay, however, as is the variability from laboratory to labora-
tory  [20,21] . The possibility of an ELISA - based assay may 
improve standardization of the VWF:RCo in the future  [22] . 
Flow - cytometry based versions of this assay are also under 
development  [23] .  

   FVIII : C  

 Factor VIII activity is also useful in VWF diagnosis. Most 
laboratories use a one - stage FVIII activity assay to quantitate 
the amount of FVIII present. In most type 1 VWD patients, 
FVIII:C is either similar to or slightly higher than the VWF:Ag 
 [2] . In type 2N, however, the reduced binding of FVIII to VWF 
results in disproportionately low FVIII levels compared with 
VWF levels. Type 3 VWD patients will have extremely low 
FVIII:C, typically  < 10   IU/dL. Since FVIII is usually detectable 
in plasma of patients with type 3 VWD, this represents the 
low steady - state level in the absence of stabilization by VWF.  

   VWF   m ultimers 

 Multimer analysis is crucial for detection of several of the type 
2 VWD variants. Agarose gel electrophoresis of a plasma 
sample enables visualization of multimers of all sizes  [24] . The 
procedure is technically diffi cult, however, and not all labora-
tories are able to produce gels of suffi cient quality to allow 
precise interpretation. Recently, subtle differences in multimer 
pattern have been linked to certain VWF subtypes, as demon-
strated by the sensitive multimer gels performed by Budde and 
colleagues  [25] . In type 1 VWD, multimers of all sizes will be 
present, albeit at lower concentrations than normal, while 
multimers are usually absent in type 3 VWD. Multimer analy-
sis is most useful in diagnosis of type 2A and 2B VWD, which 
present with absence of the high - molecular - weight multimers 
(Figure  44.1 ). Cardiac defects may also contribute to loss of 
high - molecular - weight multimers  [26] . ADAMTS13 defi -
ciency, either congenital or acquired, as in thrombotic throm-
bocytopenic purpura patients, may demonstrate a pattern of 
ultralarge multimers owing to the lack of cleavage following 
VWF release into plasma.     

  von Willebrand  f actor  c onfi rmatory  t ests 

 The quantitative VWD variants, type 1 and type 3, are diag-
nosed based on low or absent VWF:Ag and VWF:RCo. The 

VWD type  

NP TTP 3 1 2B 2A NP VWD type  

2B 2A NP

-

0.65% agarose
3% agarose

low-resolution gel high-resolution gel

dimer  

1
2
3
4

5

 Figure 44.1     von Willebrand factor (VWF) multimers. On the left, a 
low - resolution gel shows multimers for a normal plasma sample 
(NP), a patient with thrombotic thrombocytopenic purpura (TTP) 
with larger than normal multimers, and four von Willebrand disease 
(VWD) subtypes — type 3, type 1, type 2B, and type 2A. On the 
right, a high - resolution gel shows separation of the lowest, dimer, 
band into fi ve distinct bands, but lacks the ability to demonstrate 
loss of high - molecular - weight multimers in type 2B and 2A VWD. 
Used by permission of R.R. Montgomery. 

qualitative, type 2 variants often require confi rmatory testing 
in order to make a defi nitive diagnosis. Currently, testing is 
available for three functional aspects of VWF: collagen binding 
(VWF:CB), platelet binding (VWF:PB), and factor VIII binding 
(VWF:F8B). VWF:PB is helpful in differentiating type 2B 
VWD from platelet - type, pseudo - VWD, along with low - dose 
ristocetin - induced platelet aggregation (LD - RIPA). VWF:F8B 
is used in diagnosis of type 2N VWD and refl ects the reduced 
affi nity of VWF for FVIII in type 2N patients. There is no 
confi rmatory test for type 2M VWD at present, other than the 
presence of a decreased VWF:RCo/VWF:Ag ratio in the pres-
ence of normal VWF multimers. 

   VWF : CB  

 Collagen binding is another measure of VWF function. The 
collagen binding assay, or VWF:CB, measures the capacity of 
plasma VWF to bind collagen  [27,28] . This assay is also 
ELISA - based, but the type of collagen used is critical. Human 
type 3 collagen is the most sensitive, but the use of a combina-
tion of type 1 and type 3 collagen has been advocated as 
providing more specifi city  [29] . Although VWF:CB has not 
replaced VWF:RCo in the work - up of VWD, it may offer 
additional information regarding VWF function. Mutations in 
the A3 domain of VWF may only be detected by demonstra-
tion of a low VWF:CB  [30] .  
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 Figure 44.2     von Willebrand factor (VWF) cDNA and protein 
domains with sites of common genetic mutations. The VWF protein 
is diagrammed in the top panel. The middle panel shows the 
various functional domains of the VWF protein. The bottom panel 
displays the cDNA with locations of common VWF mutations for 

many of the von Willebrand disease (VWD) subtypes. The type 2A 1  
mutations are characterized by abnormal multimer synthesis, while 
the 2A 2  mutations demonstrate increased proteolysis. Used by 
permission of R.R. Montgomery. 

   VWF  pp  

 The VWF propolypeptide, VWFpp, is secreted from cells in 
equimolar concentration to mature VWF  [31] . Some VWD 
patients have increased clearance of VWF from the circula-
tion, and these patients are characterized by high propeptide 
levels and a short half - life of VWF following administration 
of desmopressin. An abnormal VWFpp/VWF:Ag ratio there-
fore is consistent with increased clearance, with a proposed 
classifi cation of VWD 1C  [32] . This category would also 
include the well - recognized Vicenza variant  [33,34] . VWFpp 
levels may be helpful in distinguishing patients with clearance 
defects from those with suboptimal VWF expression. In those 
with accelerated clearance of VWF, FVIII levels are also 
reduced through this accelerated clearance  [32] . VWFpp is 
also decreased in type 2A and type 2B VWD  [35] .  

   VWF   g ene  s equencing 

 Genetic testing is also becoming more widely available. DNA 
analysis of VWF is challenging because of the large size of 

the VWF protein and complexity of the genomic DNA, with 
52 exons and approximately 8.4   kb of coding sequence 
 [36] . Type 2 and type 3 VWD are more likely to be associated 
with gene defects, while type 1 VWD patients, especially 
those with VWF:Ag  >  20   IU/dL, most often do not have an 
associated mutation in the VWF gene, especially if normal 
multimers are present  [37,38] . The majority of type 2A, 2B, 
and 2M mutations are located in exon 28, although some type 
2A mutations have been found in other regions, including 
exons 11 – 16, 26, 51, and 52. While type 2N defects are most 
often seen in exon 18, mutations affecting FVIII binding have 
also been reported in exons 17 – 27. Type 1 defects are scat-
tered throughout the gene. The locations of some of the 
common VWD mutations are shown in Figure  44.2 . The 
mutations and polymorphisms in the VWF gene are detailed 
in an online database ( http://www.vwf.group.shef.ac.uk ). 
There are numerous naturally occurring polymorphisms as 
well, making it diffi cult to use gene sequencing for defi nitive 
diagnosis of type 1 VWD patients. Those type 1 patients who 
do not have a documented mutation may have a splice site 
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Screening Tests1

CBC
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FVIII:C
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(often with abnormal
multimers)
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FVIII:C/VWF:Ag

↓ VWF:Ag
Normal ratio of

VWF:RCo/VWF:Ag
Normal multimers

Absent VWF:Ag
Absent VWF:RCo 

Undetectable multimers
FVIII:C 2-10 IU/dL 

2N VWD 
↓ VWF:F8B

2A VWD
↓ VWF:PB 

Absent LD-RIPA

2B VWD 
↑ VWF:PB 
↑ LD-RIPA

± thrombocytopenia  

Platelet-type VWD 
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↑ LD-RIPA
± thrombocytopenia 

↓ ratio of
VWF:RCo/VWF:Ag 
Normal multimers

2M VWD

Type 3 VWD

Type 1C VWD
↑ ratio of 

VWFpp/VWF:Ag

Type 1 VWD
Normal ratio of

VWFpp/VWF:Ag

 Figure 44.3     Laboratory testing algorithm for von Willebrand disease. 
  1 Additional screening tests may be indicated depending on symptoms and other diagnoses under consideration. 
  2 Particularly if  ↓ VWF:Ag or  ↓ VWF:RCo/VWF:Ag. 

mutation, promoter defect, or a defect in a related gene that 
causes low VWF levels. The possibility also exists that such 
patients simply have low VWF levels and do not truly have 
hereditary VWD.    

  Low -  d ose  r istocetin -  i nduced  p latelet  a ggregation 

 Type 2B VWD is a gain - of - function variant, with increased 
binding to platelet GPIb. Low - dose ristocetin (typically 
 < 0.6   mg/mL) is added to platelet - rich plasma and monitored 
for aggregation, which should only occur in type 2B VWD or 
in patients with platelet GPIb mutations that also enable spon-
taneous VWF binding, referred to as platelet - type, pseudo -
 VWD  [2] .  

   VWF : PB  

 Direct platelet binding assays are used to confi rm the diagnosis 
of type 2B VWD. In this assay, fi xed platelets are incubated 

with plasma and low - dose ristocetin (typically  < 0.6   mg/mL). 
A neutral antibody is used to detect VWF that binds spontane-
ously to the normal platelets  [39] . This test will confi rm that 
the gain - of - function defect is due to plasma VWF, and exclude 
the possibility of platelet - type, pseudo - VWD.  

   VWF : F 8 B  

 In type 2N VWD, the defect is in the ability of VWF to bind 
FVIII. FVIII binding assays are also ELISA based, and utilize 
an antibody to isolate plasma VWF from the patient  [40,41] . 
Recombinant FVIII is added, its presence detected by antibody 
or activity assays, and compared with the amount of VWF:Ag. 
The ratio of FVIII to VWF will be decreased in type 2N VWD, 
in contrast to normal individuals. The FVIII/VWF is also 
decreased in mild hemophilia A, but there normal VWF – FVIII 
binding is present. In addition, type 2N VWD patients typi-
cally have a heightened FVIII response to DDAVP administra-
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 Figure 44.4     Expected results of von Willebrand disease (VWD) laboratory testing. PT - VWD, platelet - type VWD; N, normal;  ↓ , ↓  ↓ , ↓  ↓  ↓ , relative 
decrease;  ↑ ,  ↑  ↑ ,  ↑  ↑  ↑ , relative increase; N but  ↓ , normal but decreased in intensity. Used by permission of R.R. Montgomery. 
  * Not routinely recommended. 

tion, but a shortened FVIII survival owing to the lack of 
normal FVIII – VWF binding. This assay may help to distin-
guish 2N VWD from mild factor VIII defi ciency  [42] .   

  von Willebrand  d isease  d iagnosis 

 If there is clinical suspicion for the diagnosis of VWD, specifi c 
VWF testing should be performed as there are no good screen-
ing tests for this condition. Recommended initial testing 
includes VWF:Ag, VWF:RCo, FVIII:C, and multimer analysis 
 [2] . A discrepancy between VWF:Ag and VWF:RCo should 
prompt further testing. A testing algorithm for the work - up 
of a potential VWD patient is shown in Figure  44.3 . If FVIII 
is low, consideration of type 2N should occur, in which case 
VWF:F8B or DNA sequencing of the commonly affected 
exons may be helpful. Thrombocytopenia is frequently 
(although not always) seen with type 2B, and may prompt 
either ristocetin - induced platelet agglutination (RIPA), plate-
let - binding assay, or exon 28 sequencing. While blood group 
typing is performed with VWD studies at some institutions, 
the argument that low VWF levels, regardless of blood type, 
may cause bleeding makes this a less critical part of the 

laboratory evaluation. DNA sequencing may also be helpful 
in some of the type 2 variants. Expected results of VWD labo-
ratory testing for the various VWD subtypes are shown in 
Figure  44.4 .   

 Limitations of the currently available testing include the 
high variability present in the VWF:RCo and the need for 
more physiologic assays of VWF function. VWF  in vivo  is 
active under conditions of high shear forces, yet none of the 
readily available diagnostic tests specifi cally evaluates VWF 
under shear conditions. Also, laboratory testing provides an 
incomplete picture without adding in bleeding symptoms and 
family history. Recent efforts to generate predictive models 
have incorporated laboratory data from family members as 
part of the work - up for VWD  [43] . Although family testing 
is not an obligatory part of the VWD work - up, it may provide 
additional diagnostic information. The laboratory results 
should always be correlated with clinical symptoms for the 
most accurate diagnosis of VWD and optimal patient care. In 
patients with low VWF levels who do not meet the criteria for 
diagnosis of VWD, treatment may depend on symptoms and 
clinical history, consistent with the concept of low VWF levels 
as a risk factor for bleeding.  
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     von Willebrand disease (VWD) is the most common inherited 
bleeding disorder and is caused by a defi ciency and/or abnor-
mality of von Willebrand factor (VWF), the high - molecular -
 weight glycoprotein that plays a major role in early phases of 
hemostasis  [1] . VWD is inherited by autosomal dominant or 
recessive pattern, but women with milder VWD forms are 
apparently more symptomatic. VWD is also a very heterogene-
ous disorder and therefore patients with mild VWD forms are 
sometimes under -  and misdiagnosed because of physiologic 
changes of VWF within the same individual and to the relative 
high variability of diagnostic tests  [2 – 4] .  

  Prevalence and  c lassifi cation 

 In population - based studies, the prevalence of VWD is very 
high (0.81%)  [5] , but the clinical relevance of many of these 
cases is uncertain. However, if we consider patients referred 
for clinical manifestations of bleeding, the actual prevalence 
is 66 – 100 cases per million of the general population  [2 – 4] . 
The most updated classifi cation of VWD has proposed six 
different types: VWD1, VWD3, VWD2A, VWD2B, VWD2M, 
and VWD2N  [6] . A partial quantitative defect marks VWD1, 
whereas VWD3 is characterized by the nearly total absence of 
VWF in plasma and platelets. VWD1 is easily distinguished 
from VWD3 by milder VWF defi ciency (usually in the range 
of 10 – 30   U/dL), an autosomal dominant pattern of inheritance 
and the presence of a milder bleeding tendency  [6] . 

 In the past, VWD1 was reported to be the most frequent 
form of VWD, accounting for approximately 70% of cases. 
A study based on the reappraisal of diagnoses of VWD1 after 
10 years (1998 – 2008) in 1234 patients followed by 16 Italian 
centers has established that VWD1 represents only 671/1234 
(55%)  [7] , because many cases previously diagnosed as VWD1 
were re - diagnosed as VWD2. This change in classifi cation was 
made because of discrepant VWF measurements [ratio of ris-
tocetin cofactor activity (VWF:RCo) to VWF:Ag  <  0.6] upon 
re - testing  [2] . 

 Age and VWD type distribution of the 1234 patients 
enrolled into the Italian registry on VWD are shown in Figure 
 45.1 a and b. The presence of qualitative defects of VWF in 
previously diagnosed VWD1 has been also reported in 154 
families evaluated prospectively by the European study  [8] . 
With regards to qualitative defects of VWF, four types are 
identifi ed, refl ecting different pathophysiologic mechanisms 
 [6] . VWD2A and VWD2B are marked by the absence of high -
 molecular - weight VWF multimers in plasma but in VWD2B 
there is also an increased affi nity of VWF for its platelet recep-
tor, the glycoprotein Ib  α  (GpIb α ). Characterization of quali-
tatively abnormal variants with decreased platelet - dependent 
function and a normal multimeric structure defi nes VWD2M. 
The VWD2N phenotype displays a full array of multimers, 
the defect being in the N - terminal region of the VWF where 
the binding domain for FVIII is located. This type is pheno-
typically distinguishable from mild hemophilia A only by the 
abnormal binding of FVIII to VWF (VWF:FVIIIB).    

  Clinical and  l aboratory  d iagnosis 

 Three main criteria are required for correct diagnosis of 
VWD: (i) positive bleeding history since childhood; (ii) reduced 
VWF activity in plasma; and (iii) history of bleeding in the 
family with autosomal dominant or recessive inheritance. 
Evidence - based diagnosis of VWD1 has been recently pro-
posed according to these three criteria as published  [9] . 
Clinical manifestations of VWD are excessive mucocutaneous 
bleeding and prolonged oozing after surgical procedures. In 
women, menorrhagia may be the only clinical manifestation. 
Soft - tissue and joint bleeding are rare, except in patients with 
VWD3, characterized by severe defi ciencies of VWF and 
FVIII. 

 The clinical expression of the disease is usually mild in most 
patients with VWD1, whereas severity is typically greater in 
VWD2 and particularly in VWD3. Generally, the severity of 
bleeding correlates with the degree of reduction of VWF:RCo 
and FVIII. To date, only a few detailed descriptions of symp-
toms are available  [2,10,11] . Table  45.1  shows the relative 
frequency of bleeding symptoms in three large series of patients 
diagnosed at specialized centers.   
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 Figure 45.1     Age distribution of the 1234 patients enrolled in the 
Italian Registry on VWD. Each decade reports the frequency of 
VWD1, VWD2, and VWD3 (upper panel). VWD type distribution 
of the same population, as classifi ed in 2008 according to the 

recommendations reported in reference 2. Note that the percentage 
of VWD1 is lower than that found 10 years before by the Italian 
Association of Hemophilia Centers (lower panel). 

  Table 45.1    Prevalence (%) of bleeding symptoms in patients with  VWD  from different cohorts and in normal individuals (adapted from 
Federici  [7] ; Silwer  [10] ; Lak  et al .  [11] ). 

     

  Iranian     Italian  a       Scandinavia  

   Type 3 ( n    =   348)     Type 1 ( n    =   671)     Type 2 ( n    =   497)     Type 3 ( n    =   66)     VWD ( n    =   264)     Normal ( n    =   500)  

  Epistaxis    77    61    63    66    62    5  
  Menorrhagia    69    32    32    56    60    25  
  Postextraction bleeding    70    31    39    53    51    5  
  Hematomas    n. r.    13    14    33    49    12  
  Bleeding from minor wounds    n. r.    36    40    50    36    0.2  
  Gum bleeding    n. r.    31    35    56    35    7  
  Postsurgical bleeding    41    20    23    41    28    1  
  Postpartum bleeding    15    17    18    26    23    19  
  Gastrointestinal bleeding    20    5    8    20    14    1  
  Joint bleeding    37    3    4    45    8    0  
  Hematuria    1    2    5    12    7    1  
  CNS bleeding    n. r.    1    2    9    n. r.    0  

   n. r., not reported.  

   a Bleeding symptoms in Italian patients have been recently recalculated according to the updated results of the Italian Registry of VWD and therefore are 

different from those previously reported  [2] .   

 Several attempts were recently made to evaluate sensitivity 
and specifi city of categorized bleeding symptoms to predict a 
VWD diagnosis, especially among mild cases thought to be 
VWD1 (VWF:RCo levels  >  20   U/dL). In a multicenter study 
carried out in obligatory carriers of VWD1, menorrhagia and 
epistaxis were poor predictors of the disease whereas cutane-
ous bleeding and bleeding after dental extractions were more 
sensitive predictors of this diagnosis  [12] . 

 A bleeding severity score (BSS) has been analyzed in affected 
and nonaffected members of 154 families enrolled prospec-
tively in a large European study on VWD1  [13] . The list of 
symptoms considered in the detailed questionnaire together 
with their severity degree calculated from  − 1 to 4 are sum-
marized in Table  45.2 . Despite the fact that this BSS was origi-
nally investigated in a large cohort of patients with VWD1, 
this approach can be useful in all types of VWD  [14,15] .   
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 The diagnosis of VWD may require several laboratory 
tests to be repeated on different occasions. These tests are 
usually performed on patients with suspected bleeding disor-
ders. Table  45.3  provides an algorithm for VWD diagnosis. 
The bleeding time (BT), the original  in vivo  test used for 
diagnosing VWD, is not always prolonged and may be 
normal in patients with mild VWD, such as those with VWD1 
and normal platelet VWF content  [2] . Hence, it is not particu-
larly useful for diagnosis. Evaluation of closure time (CT) 
with the platelet function analyzer (PFA - 100) gives rapid 

and simple measure of VWF - dependent platelet function at 
high shear stress: it can be performed in whole blood and 
therefore can be employed instead of the BT in children 
or when the BT is not feasible. This system is sensitive and 
reproducible for VWD screening, but the CT is normal in 
VWD2N and cannot be modifi ed in VWD3 after the admin-
istration of VWF/FVIII concentrates  [16] . Based on these 
observations, BT and CT were not included in the fl ow 
chart to be used in the differential diagnosis of VWD types 
(Figure  45.2 ).     

  Table 45.2    Bleeding score used to the evaluate the bleeding history (see  [13] ). 

         Score  

  Symptom     – 1    0    1    2    3    4  
  Epistaxis     –     No or trivial 

(less than 5)  
   > 5 or more than 

10 ′   
  Consultation only    Packing or 

cauterization or 
antifi brinolytic  

  Blood transfusion or 
replacement therapy 
or desmopressin  

  Cutaneous     –     No or trivial 
( < 1   cm)  

   > 1   cm and no 
trauma  

  Consultation only          

  Bleeding from 
minor 
wounds  

   –     No or trivial 
(less than 5)  

   > 5 or more than 
5 ′   

  Consultation only    Surgical hemostasis    Blood transfusion or 
replacement therapy 
or desmopressin  

  Oral cavity     –     No    Referred at least 
one  

  Consultation only    Surgical hemostasis or 
antifi brinolytic  

  Blood transfusion or 
replacement therapy 
or desmopressin  

  Gastrointestinal 
bleeding  

   –     No    Associated with 
ulcer, portal 
hypertension, 
hemorrhoids, 
angiodysplasia  

  Spontaneous    Surgical hemostasis, 
blood transfusion, 
replacement therapy, 
desmopressin, 
antifi brinolytics  

    

  Tooth 
extraction  

  No bleeding in 
at least two 
extractions  

  None done or 
no bleeding in 
one extraction  

  Referred in 
 < 25% of all 
procedures  

  Referred in  > 25% 
of all procedures, 
no intervention  

  Resuturing or packing    Blood transfusion or 
replacement therapy 
or desmopressin  

  Surgery    No bleeding in 
at least two 
surgeries  

  None done or 
no bleeding in 
one surgery  

  Referred in 
 < 25% of all 
surgeries  

  Referred in  > 25% 
of all procedures, 
no intervention  

  Surgical hemostasis or 
antifi brinolytic  

  Blood transfusion or 
replacement therapy 
or desmopressin  

  Menorrhagia     –     No    Consultation 
only  

  Antifi brinolytics, 
pill use  

  Dilatation and 
currettage, iron 
therapy  

  Blood transfusion or 
replacement therapy 
or desmopressin or 
hysterectomy  

  Postpartum 
hemorrhage  

  No bleeding in 
at least two 
deliveries  

  No deliveries or 
no bleeding in 
1 delivery  

  Consultation 
only  

  Dilatation and 
currettage, iron 
therapy, 
antifi brinolytics  

  Blood transfusion or 
replacement therapy 
or desmopressin  

  Hysterectomy  

  Muscle 
hematomas  

   –     Never    Post trauma no 
therapy  

  Spontaneous, no 
therapy  

  Spontaneous or 
traumatic, requiring 
desmopressin or 
replacement therapy  

  Spontaneous or 
traumatic, requiring 
surgical intervention 
or blood transfusion  

  Hemarthrosis     –     Never    Post trauma no 
therapy  

  Spontaneous, no 
therapy  

  Spontaneous or 
traumatic, requiring 
desmopressin or 
replacement therapy  

  Spontaneous or 
traumatic, requiring 
surgical intervention 
or blood transfusion  

  CNS bleeding     –     Never     –      –     Subdural, any 
intervention  

  Intracerebral, any 
intervention  
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 Figure 45.2     Algorithm proposed for the diagnosis of different VWD 
types. VWD3 can be diagnosed in case of undetectable VWF:Ag (a). 
A proportionate reduction of both VWF:Ag and VWF:RCo with a 
VWF:RCo/Ag ratio  >  0.7 suggests VWD1 (b). If the VWF:RCo/Ag 
ratio is    < 0.7 type 2 is diagnosed. VWD2B (d) can be identifi ed in 
case of heightened RIPA ( < 0.8   mg/ml) whereas VWD2A and 
VWD2M cause low RIPA ( > 1.2   mg/ml). Multimeric analysis in 
plasma (e) is necessary to distinguish between VWD2A (lack of the 

largest and intermediate multimers) and VWD2M (all the multimers 
present). VWD2N can be suspected in case of discrepant values for 
FVIII (c) and VWF:Ag (ratio    <    0.5) and diagnosis should be 
confi rmed by the specifi c test (g) of VWF:factor VIII binding 
capacity (VWF:FVIIIB). In VWD1 the ratio between factor VIII and 
VWF:Ag is always  ≥ 1 and the severity of VWD1 phenotype can 
usually be evaluated from platelet VWF (f) measurements. This 
fi gure is derived from that originally reported previously  [2] . 

  Table 45.3    Clinical and laboratory parameters used for  VWD  
diagnosis. 

  (i)  Patients at risk for VWD  
 Clinical history: lifelong mucocutaneous and postoperative bleeding, 

to be collected with appropriate questionnaires to calculate the 
Bleeding Severity Score (BSS) 

 Screening tests: prolonged bleeding time (maybe normal); normal 
platelet count; prolonged PTT (maybe normal)  

  (ii)  Diagnosis and defi nition of VWD type  
 VWF antigen 
 VWF:Ristocetin cofactor activity 
 Factor VIII 
 VWF multimeric structure on low - resolution gels  

  (iii)  Characterization of VWD type  
 Ristocetin - induced platelet agglutination (RIPA) 
 VWF multimeric structure on high - resolution gels 
 Platelet VWF content 
 Factor VIII binding assay  

   For the use of these tests see the diagnostic fl ow - chart reported in Figure 

 45.2  and also in  [2]  and  [7] .   

 Molecular and prenatal diagnoses of VWD have been intro-
duced since the early 1990s. Originally, the fi rst mutations 
were found within exon 28 of VWF gene that is responsible 
for domains A1, A2, and A3. Most VWD2A cases are because 

of missense mutations in the A1 domain, with R1597W or Q 
or Y and S1506L accounting for about 60% of them  [17] . The 
majority of VWD2B cases are because of missense mutations in 
the A1 domain, about 90% being caused by R1306W, R1308C, 
V1316M, and R1341Q  [17] . A few heterogeneous mutations, 
also located within the A1 domain, cause VWD2M. A recur-
rent mutation in VWD1/2M Vicenza has been identifi ed in 
families from Europe (R1205H) while a separate mutation 
(M740I) is seen exclusively in families from the Vicenza area in 
the north - east of Italy  [18,19] . Missense mutations in the FVIII -
 binding domain at the amino - terminal portion of VWF are 
responsible for VWD2N  [20] . The molecular defects responsi-
ble for VWD2 are located in specifi c VWF domains (Figure 
 45.3 ); on the other hand, mutations responsible for VWD1 
and VWD3 are spread throughout the entire  VWF  gene.   

 The genetic causes of VWD1 are still elusive in many cases, 
especially in those with a mild phenotype. More information 
on the molecular basis of VWD1 has been collected by two 
multicenter international studies: in the European study, 
recruitment was based on the historical diagnosis of VWD1, 
which included 278 affected cases and 312 nonaffected family 
members  [8] . The Canadian study describes 123 families in 
which an index case had bleeding symptoms with VWF levels 
between 5 and 50   U/dL  [21] . In this latter study, subjects with 
abnormal multimeric patterns or other evidence of qualitative 
defects were excluded. The most important conclusions from 
both studies are the following: (i) despite the selection of 
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 Figure 45.3     Schematic representation of the  VWF  gene located in 
chromosome 12: the main exons are indicated with the number of 
base pairs from 5 ′  to 3 ′  (upper panel). The structure of VWF 
functional domains: the pre - pro - VWF is indicated with amino acids 
numbered from the amino -  (aa 1) to carboxy - terminal portions (aa 
2813) of VWF. Note the important CK and D3 domains for 
formation of VWF dimers and multimers. The native mature 
subunit of VWF, after the cleaving of the pre - pro VWF, is described 

with its functional domains: the VWF binding sites for factor VIII 
(D ′  and D3), GpIb, botrocetin, heparin, sulfatide, collagen (A1), 
collagen (A3), and the RGD sequence for binding to  α IIb β 3 
(intermediate panel). Distribution of VWF mutations in patients 
with VWD types 2: the positions of mutations causing VWD2A, 
VWD2B, VWD2M, and VWD2N are indicated with black bars 
throughout the VWF domains (lower panel). 

for deletions before starting extensive therapy with exogenous 
VWF concentrates. 

  Clinical  d efi nition of  s evere  v ersus  m ild  v on 
Willebrand  d isease 

 In both retrospective and prospective studies VWD3 is defi ned 
as severe when undetectable VWF levels are measured in both 
plasma and platelets and when low amounts of FVIII:C ( < 20   U/
dL) are present. Conversely, VWD1 and VWD2 are very het-
erogeneous and their clinical presentation is strictly correlated 
with the circulating levels of a functional VWF, measured as 
ristocetin cofactor activity (VWF:RCo). 

 In the last 5 years the results of an international prospective 
study on the use of desmopressin (DDAVP) in  “ severe forms 
of VWD ”  has been reported  [27] . For the fi rst time the steering 
committee of that study made an attempt to defi ne patients 
with  “ severe VWD, ”  using levels of VWF and FVIII activities 
as an index of severity, following the same criteria used 
for hemophiliacs.  “ Severe VWD ”  was ascribed to those 
patients who had a lifelong history of bleeding (including at 
least two episodes of blood loss severe enough to require 
replacement therapy) and at least one of the following labora-
tory abnormalities: VWF:RCo  <  10   IU/dL and/or FVIII:C  <  
20   IU/dL. Therefore, the  “ severe VWD ”  group included not 
only VWD3 but also VWD1, VWD2A, VWD2M, and 
VWD2N with low VWFRCo and/or FVIII:C levels  [27] . 

patients based on bleeding history, candidate VWF mutations 
were not found for 27% (Canadian) and 36% (European) of 
index cases diagnosed with VWD1; and (ii) the spectrum of 
VWD1 mutations was different from that found in VWD3. 
Therefore, VWD1 is not at all like heterozygous VWD3 
because VWF defects that occur in VWD1 usually are caused 
by dominant VWF abnormalities that affect VWF secretion or 
clearance without altering multimeric patterns or platelet 
binding. 

 In VWD3, partial or total gene deletions have been initially 
reported  [22] . Notably, homozygosity for gene deletion may 
be associated with the appearance of allo - antibodies against 
VWF, which may render replacement therapy ineffective and 
stimulate anaphylactic reactions to treatment  [23,24] . In 
general, mutations may be scattered over the entire gene, but 
some (e.g., 2680delC or Arg2535X) are particularly prevalent, 
especially in northern Europe  [25] . Gene defects of VWD3 
patients from three different populations have now been 
studied; however, no founder effect was observed and muta-
tions were distributed throughout the entire  VWF  gene  [26] . 

 Compared with hemophilia, most VWD patients show rela-
tively mild bleeding symptoms. Therefore, prenatal diagnosis 
is recommended when parents are known to be carriers of 
VWD3 based on gene defects identifi ed in their fi rst affected 
child. Since young children with VWD3 might carry deletions 
of  VWF  gene that predispose to the allo - antibodies to VWF, 
every new child with VWD3 should be genetically investigated 
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VWF:RCo <10 U/dL
and FVIII:C <20 U/dL

VWF:RCo 10–30 U/dL
and FVIII:C 20–40 U/dL

VWF:RCo 30–50 U/dL
and FVIII:C 40–60 U/dL

Severe VWD forms:
types 1, 2A 2M and 3

Moderate VWD forms:
types 1, 2B, 2M and 2N

Mild VWD forms:
type 1 (bleeders)

Low levels of VWF:
normal (non bleeders)

 Figure 45.4     Pictorial representation of the three different degrees of 
VWD severity according to levels of VWF and FVIII activities: 
severe, moderate, mild VWD. In the upper part of the pyramid, the 
most  “ severe VWD ”  (VWD3, VWD2A, VWD1) are included with 
levels of VWF:RCo    <    10   U/dL and/or FVIII:C    <    20   U/dL. The 
 “ moderate VWD ”  (VWD2B, VWD2M, VWD2N, and VWD1) with 
levels of VWF:RCo 10 – 30   U/dL and/or FVIII:C 20 – 40   U/dL and the 
 “ mild VWF ”  (VWF:RCo 30 – 50   U/dL and/or FVIII:C 40 – 60   U/dL) 
are described in the middle portion and in the base of the pyramid. 
Owing to the physiologic changes of VWF and of the variability of 
the assays, a very  “ mild VWD ”  with values of VWF:RCo and/or 
FVIII:C  >  40   U/dL can be diagnosed only when these low - borderline 
levels of VWF and FVIII activities are associated with personal and 
family bleeding history. Therefore, the lower the levels of VWF:RCo 
or FVIII:C the higher is the probability of a correct VWD diagnosis: 
in this sense, the  “ severe VWD ”  might represent the  “ tip of the 
iceberg ”  of a large number of moderate and mild VWF defects. 

 By contrast, many mild VWF defects remain undiagnosed 
in the absence of well - documented personal and family bleed-
ing histories since only the patients characterized by low 
VWF:RCo levels are easily recognized and therefore followed 
by the hemophilia centers (tip of the iceberg, in Figure  45.4 ). 
An analytic approach using Bayes theorem recently confi rmed 
the need for three major criteria (bleeding, low VWF, and 
affected family members) in the diagnosis of VWD1  [9] . More 
recently, the use of BSS and threshold levels of VWF:RCo and 
FVIII have been investigated in a prospective study organized 
in a large cohort of Italian patients with different VWD types 
 [15] . In this study of 814 VWD cases, BSS  >  10, VWF:RCo  <  
10   U/dL, and FVIII  <  20   U/dL were signifi cantly associated 
with high risk of bleeding. By multivariate modeling which 
included all variables, BSS  >  10 was the most signifi cant pre-
dictor of bleeding. On the other hand, VWD patients with 
VWF:RCo  >  30   U/dL and FVIII  >  40   U/dL and 5    <    BSS    <    10 
have the lowest incidence of bleeding  [15] .   

  Conclusions and  f uture  p erspectives 

 von Willebrand disease is the most common inherited bleeding 
disorder, largely because of large heterogeneity of VWF 
defects. The clinical diagnosis can be diffi cult for the general 
hematologist to make because of the widely variable pheno-
type. Combining a clinical assessment of bleeding with an 
appropriate laboratory investigation can improve the capacity 
to diagnose the disease accurately. Molecular diagnosis can be 
useful to confi rm specifi c VWF defects in VWD families. It is 
still not clear whether most mild VWD1 patients really have 
a mutation in the VWF locus. For this and other important 
residual scientifi c questions, large prospective studies are 
needed.  

  Acknowledgments 

 Data on diagnosis and management of VWD are reported 
from the Italian Registry of VWD sponsored by a grant from 
the Italian Ministry of Health. We wish to thank all the 
members of the Italian Association of Hemophilia Centers 
who participated in this registry. The full manuscript contain-
ing all the data of the retrospective and prospective studies on 
Italian patients is currently in preparation. We acknowledge 
the work of Dr. Luigi Flaminio Ghilardini, who prepared the 
fi gures reported in this manuscript.  

  References 

     1       Federici   AB  ,   Mannucci   PM  .  Management of inherited von 
Willebrand disease in 2007 .  Ann Med   2007 ;  39 :  346  –  58 .  

     2       Federici   AB  ,   Castaman   G  ,   Mannucci   PM  .  Guidelines for the diag-
nosis and management of VWD in Italy .  Haemophilia   2002 ;  8 : 
 607  –  21 .  

Similar criteria have been used by the steering committee of 
the Italian National Registry on VWD to evaluate retrospec-
tive data on 1234 VWD patients collected from 16 hemophilia 
centers on behalf of the Italian Association of Hemophilia 
Centers  [15] . 

 Utilizing such a defi nition of  “ VWD severity ”  that is based 
on the levels of defective VWF:RCo and/or FVIII:C, three dif-
ferent groups of VWD can be identifi ed: a fi rst group of  “  severe 
VWD  ”  with VWF:RCo  <  10   U/dL and/or FVIII:C  <  20   U/dL 
 [7] ; a second group of  “  moderate VWD  ”  with VWF:RCo 
10 – 30   U/dL and/or FVIII:C 20 – 40   U/dL; a third group of  “  mild 
VWD  ”  with VWF:RCo 30 – 50   U/dL and/or FVIII:C 40 – 60   U/
dL. A pictorial pyramidal representation of the three different 
degrees of VWD severity according to levels of both VWF:RCo 
and FVIII:C activities is shown in Figure  45.4 .   

 The  “ severe VWD ”  might represent the  “ tip of the iceberg ”  
overlying a large number of undiagnosed patients with mild 
VWF defects. While no diagnostic problems occur in moderate 
to mild VWD with levels of VWF:RCo  <  40   U/dL, a defi nite 
diagnosis of VWD is often diffi cult to make in patients with 
very mild VWD forms and VWF:RCo levels  >  40   U/dL. 
Moreover, it is well known that the physiologic changes of 
VWF levels and the variability of the VWF:RCo assays can 
obscure mild defects of VWF. In very mild VWD, the limit 
between  “ disease ”  and  “ reduced levels of VWF in a normal 
individual ”  can be diffi cult in the absence of bleeding history 
in other members of the family, as discussed previously  [28] . 



CHAPTER 45

308

     3       Pasi   KJ  ,   Collins   PW  ,   Keeling   DM  ,  et al.   The diagnosis of von 
Willebrand disease: a guideline from the UK Haemophilia Centre 
Doctors ’  Organization .  Haemophilia   2004 ;  10 :  218  –  31 .  

     4       Nichols   WL  ,   Hulting   MB  ,   James   AH  ,  et al.   Von Willebrand 
disease (VWD): evidence - based diagnosis and management guide-
lines, the national Heart, Lung, and Blood Institute (NHLBI) 
Expert Panel report (USA) .  Haemophilia   2008 ;  14 :  171  –  232 .  

     5       Rodeghiero   F  ,   Castaman   G  ,   Dini   E  .  Epidemiological investigation 
of the prevalence of von Willebrand ’ s disease .  Blood   1987 ;  69 : 
 454  –  9 .  

     6       Sadler   JE  ,   Budde   U  ,   Eikenboom   JCJ  ,  et al.   Update on the patho-
physiology and classifi cation of von Willebrand disease. A report 
of the Subcommittee on von Willebrand factor .  J Thromb Haemost  
 2006 ;  4 :  2103  –  14 .  

     7       Federici   AB.    Clinical diagnosis of von Willebrand disease . 
 Haemophilia   2004 ;  10 ( Suppl. 4 ):  169  –  76 .  

     8       Goodeve   A  ,   Eikenboom   J  ,   Castaman   G  ,  et al.   Phenotype and 
genotype of a cohort of families historically diagnosed with type 
1 von Willebrand disease in the European study, Molecular and 
Clinical Markers for the Diagnosis and Management of Type 1 
von Willebrand disease .  Blood   2007 ;  109 :  112  –  21 .  

     9       Tosetto   A  ,   Castaman   G  ,   Rodeghiero   F  .  Evidence - based diagnosis 
of type 1 von Willebrand disease: a Bayes theorem approach . 
 Blood   2008 ;  111 :  3998  –  4003 .  

  10       Silwer   J  .  von Willebrand ’ s disease in Sweden .  Acta Paediat Scand  
 1973 ;  238 :  1  –  159 .  

  11       Lak   M  ,   Peyvandi   F  ,   Mannucci   PM  .  Clinical manifestations and 
complications of childbirth and replacement therapy in 348 
Iranian patients with type 3 von Willebrand disease .  Br J Haematol  
 2000 ;  111 :  1223  –  9 .  

  12       Rodeghiero   F  ,   Castaman   G  ,   Tosetto   A  ,  et al.   The discriminant 
power of bleeding history for the diagnosis of von Willebrand 
disease type 1: an international multicenter study .  J Thromb 
Hemost   2005 ;  3 :  2619  –  26 .  

  13       Tosetto   A  ,   Rodeghiero   F  ,   Castaman   G  ,  et al.   A quantitative analy-
sis of bleeding symptoms in type 1 of von Willebrand disease: 
results from a multicenter European Study (MCMDM - 1VWD) .  J 
Thromb Hemost   2006 ;  4 :  774  –  82 .  

  14       Federici   AB  ,   Mannucci   PM  ,   Castaman   G  ,  et al.   Clinical and 
molecular predictors of thrombocytopenia and risk of bleeding in 
patients with von Willebrand disease type 2B: a cohort study of 
67 patients .  Blood   2009 ;  113 :  526  –  34 .  

  15       Federici   AB  ,   Bucciarelli   P  ,   Castaman   G  ,  et al.   Prevalence and 
determinants of bleeding in different types of von Willebrand 
disease: results of the fi rst prospective multicenter study on 814 
Italian patients .  Blood   2007 ; Abstract  713 .  

  16       Cattaneo   M  ,   Federici   AB  ,   Lecchi   A  ,  et al.   Evaluation of the PFA -
 100 system in the diagnosis and therapeutic monitoring of patients 
with von Willebrand disease .  Thromb Haemost   1999 ;  82 : 
 35  –  39 .  

  17       Meyer   D  ,   Fressinaud   E  ,   Hilbert   L  ,  et al.   Type 2 von Willebrand 
disease causing defective von Willebrand factor - dependent platelet 
function .  Best Pract Res Clin Haematol   2001 ;  14 :  349  –  64 .  

  18       Schneppenheim   R  ,   Federici   AB  ,   Budde   U  ,  et al.   von Willebrand 
disease type 2 M  “ Vicenza ”  in Italian and German patients: iden-
tifi cation of the fi rst candidate mutation (G3864A; R1205H) in 8 
families .  Thromb Haemost   2000 ;  83 :  136  –  40 .  

  19       Castaman   G  ,   Missiaglia   E  ,   Federici   AB  ,  et al.   An additional can-
didate mutation (G2470A; M740I) in the original families with 
von Willebrand disease type 2 M Vicenza and the G3864A 
(R1205H) mutation .  Thromb Haemost   2000 ;  84 :  350  –  1 .  

  20       Mazurier   C  ,   Goudemand   J  ,   Hilbert   L  ,  et al.   Type 2N von 
Willebrand disease: clinical manifestations, pathophysiology, lab-
oratory diagnosis and molecular biology .  Best Pract Res Clin 
Haematol   2001 ;  14 :  337  –  47 .  

  21       James   PD  ,   Notley   C  ,   Hegadorn   C  ,  et al.   The mutational spectrum 
of type 1 von Willebrand disease: results from a Canadian cohort 
study .  Blood   2007 ;  109 :  145  –  54 .  

  22       Shelton - Inloes   BB  ,   Chebab   FF  ,   Mannucci   PM  ,   Federici   AB  ,   Sadler  
 JE.    Gene deletion correlates with the 21 development of alloanti-
bodies in von Willebrand disease .  J Clin Invest   1987 ;  79 : 
 1459  –  65 .  

  23       Mannucci   PM  ,   Tamaro   G  ,   Narchi   G  ,  et al.   Life - threatening reac-
tion to factor VIII concentrate in a patient with severe von 
Willebrand disease and alloantibodies to von Willebrand Factor . 
 Eur J Haemat   1987 ;  39 :  467  –  70 .  

  24       Mannucci   PM  ,   Federici   AB  .  Antibodies to von Willebrand factor 
in von Willebrand disease .  Adv Exp Med Biol   1995 ;  386 : 
 87  –  92 .  

  25       Eikenboom   JCJ.    Congenital von Willebrand disease type 3: clini-
cal manifestations, pathophysiology and molecular biology .  Best 
Pract Res Clin Haematol   2001 ;  14 :  365  –  79 .  

  26       Baronciani   L  ,   Cozzi   G  ,   Canciani   MT  ,  et al.   Molecular characteri-
zation of a multiethnic group of 21 patients with type 3 von 
Willebrand disease .  Thromb Haemost   2000 ;  84 :  536  –  40 .  

  27       Federici   AB  ,   Mazurier   C  ,   Berntorp   E  ,  et al.   Biological response to 
desmopressin in patients with severe type 1 and type 2 von 
Willebrand disease: results of a multicenter European study .  Blood  
 2004 ;  103 :  2032  –  8 .  

  28       Sadler   JE.    Von Willebrand disease type 1: a diagnosis in search of 
a disease .  Blood   2003 ;  101 :  2089  –  93 .   

                                



309

 Women and  v on 
Willebrand  d isease  
  Peter A.   Kouides  
  Mary M. Gooley Hemophilia Treatment Center, Rochester, NY, USA        

46

  Introduction 

 Studies have clearly documented a defi nite degree of obstetric 
 [1 – 4]  and gynecologic morbidity  [5 – 8]  in females with von 
Willebrand disease (VWD), particularly in the past decade 
(Table  46.1 ). The majority ( ≥ 80%) of these patients over the 
course of their menstrual life will develop menorrhagia  [5 – 7] . 
Furthermore, up to a fi fth of these patients have undergone 
surgical intervention such as hysterectomy for control of men-
orrhagia refractory to medical management  [5,7] . In addition, 
the constancy of the menorrhagia clearly impairs quality of 
life  [5,7] . This chapter will highlight and review relevant gen-
der - specifi c epidemiologic and clinical characteristics and 
therapeutic issues in the patient with menorrhagia and/or 
postpartum hemorrhage related to VWD.    

  Epidemiology of  v on Willebrand 
 d isease in  w omen 

 Understandably, case fi nding of VWD in women has focused 
on women presenting with menorrhagia. A systematic review 
by Shankar  et al.   [9]  has summarized the overall prevalence 
of the laboratory diagnosis of VWD in women presenting with 
menorrhagia to be 13% (confi dence intervals 11 – 15.6%) of a 
total of 988 women in 11 studies (Figure  46.1 ). However, this 
does not represent a worldwide prevalence of VWD since 
these studies have been primarily from Europe and North 
America. Recently, though, several well - conducted prevalence 
studies in India  [10]  and Taiwan  [11]  have reported a similar 
prevalence.   

 Regarding the younger patient with menorrhagia, there 
have been few prevalence studies for an underlying bleeding 
disorder in the adolescent menorrhagia population  [12,13]  
and most of these studies have focused on the inpatient and 
emergency setting. One study included 106 adolescents in an 
inpatient and outpatient gynecology tertiary care setting  [13] . 
The mean prevalence of VWD was 8% from a total of 332 
adolescents. In a more recent study, in 61 adolescents referred 

for hemostasis evaluation to a Hemophilia Treatment Center, 
a prevalence of VWD of 36% (22/61) [95% confi dence inter-
val (CI) 24 – 49%] was found  [14] .  

  Diagnostic  a spects of  v on Willebrand 
 d isease in  w omen 

 The results of the epidemiologic studies reviewed above have 
led to relatively widespread VWD testing in the female popu-
lation  [15] . However, the clinician must be aware that VWF 
and factor VIII (FVIII) levels can fl uctuate  [16] . Hormonal 
factors, both exogenous and endogenous, are a potential 
mechanism in part for such fl uctuation  [16] . Consequently, 
there are several subtleties in the laboratory diagnosis of VWD 
that warrant clarifi cation. 

  Testing in  r elation to the  m enstrual  c ycle 

 Historically, there have been reports, albeit of a relatively 
small total number of patients  [17] , that overall pointed to a 
decrease in the VWF levels during menstruation. This has 
since been supported by two more recent studies  [18,19] , and 
although another study by cross - sectional analysis showed no 
decrease in the levels during menses  [20] , it is possible that 
the sampling was not early enough in the menstrual cycle. 
Consistent with the predominant fi ndings from multiple 
studies, Miller  et al.   [19]  reported a statistically signifi cant 
decrease in VWF levels by cross - sectional analysis during the 
fi rst four days of menses.  

  Testing in  r elation to  c ombination  o ral 
 c ontraceptive  u se 

 Historically, it has been felt that oral contraceptive (OC) use 
can obscure the diagnosis of VWD based on an observation 
that estrogen can raise the VWF levels in VWD patients  [21] . 
However, presently there is lack of evidence demonstrating a 
defi nite effect on VWF levels of the current combination OCs 
(which are of lower dose potency than the estrogen prepara-
tions associated with the initial case reports of estrogen raising 
the VWF levels). One recent study, by contrast, described a 
dampening of the cyclic fl uctuation of the VWF levels among 
women on low - dose OCs  [18] .  
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  Table 46.1    von Willebrand disease - related complications in females. 

   Menstrual related  
   Other menstrual 
issues  

   Childbirth 
related  

  Majority with menorrhagia 
 Iron - defi ciency anemia 
 Increased rate of surgical 

interventions: D & C, 
hysterectomy 

 Decreased quality of life 
(increased time lost from 
school/work, ?increased 
anxiety/depression)  

  Increased prevalence 
of mid - cycle pain 
(Mittlesmerz) and 
dysmenorrhea 

 Risk of 
hemoperitoneum 

 ?Increased incidence 
of endometriosis, 
polyps, fi broids  

  Postpartum 
hemorrhage 
 < 24   h 

 Postpartum 
hemorrhage 
 > 48   h up to 
4 weeks 

 Vulvar 
hematoma  
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 Figure 46.1     Prevalence of von Willebrand disease in adult females 
presenting with menorrhagia. Adapted from Shankar  et al.   [9] . 

  Other  l aboratory  i ssues 

 Other factors that may have an impact on the laboratory 
diagnosis of VWD in women are race and age. Recent studies 
have demonstrated signifi cantly higher VWF levels in black 
women  [18,22]  even after adjusting for the blood group. 
There is also an age - dependent increase in the VWF level 
independent of race  [18] . However, the mean age of this study 
group was 26    ±    5.5 years so it is not known if this increase 
of VWF levels continues toward menopause.   

  Clinical  c haracteristics of  v on Willebrand 
 d isease in  w omen 

 Women with VWD certainly have a very high relative risk of 
menorrhagia compared with the general population, and the 
prevalence of menorrhagia by subjective report has been 
between 78% and 97% in women primarily with type 1 VWD 
 [5 – 7] . Using the more objective pictorial blood assessment 
chart (PBAC)  [23] , it has been reported that 78% of patients 
with VWD (primarily type 1) had evidence for menorrhagia 
 [5] . 

  Table 46.2    Signifi cant bleeding symptoms in women with von 
Willebrand disease. 

        Study population  

   Symptoms more common 
in VWD patients than in 
non - VWD patients  

  Royal Free 
London, 
1998  [25]   

  26/150 women 
presenting with 
menorrhagia 
subsequently 
diagnosed with 
VWD ( n  =   26, 
presumed all type 1)  

  Bruising 
 Dental - related bleeding 
 Surgical - related bleeding 
 Postpartum hemorrhage 
 Menorrhagia since 

menarche 
 Multiple bleeding 

symptoms  
  Upstate NY 

Hemophilia 
Treatment 
Centers 
study, 
2000  [7]   

  81 menstruating 
women registered at 
hemophilia treatment 
centers, all type 1 
VWD compared with 
a cohort of 150 
menstruating 
volunteers  

  Age (the younger the age, 
the higher the 
probability of VWD) 

 History of dental - work -
 related bleeding 

 Past or present history of 
anemia 

 A diminished quality of 
life during menses in 
relation to family 
activities  

  Centers for 
Disease 
Control —
 Atlanta, 
2002  [8]   

  102 women with VWD 
registered at 
hemophilia treatment 
centers compared 
with 88 controls  

  Surgical - related bleeding 
 Excessive gum bleeding 
 Bleeding after minor 

injuries  

 Women with VWD use more tampons and pads than non -
 VWD menstruating women and have frequent staining of 
underclothes  [7]  and a higher prevalence of anemia (28 – 66%) 
 [6,7,24] . These women also have a much higher frequency of 
other mucocutaneous bleeding symptoms. Table  46.2  sum-
marizes the prevalence of these bleeding symptoms in com-
parison with a control group of non - VWD women from 
several recent studies  [7,8,25] .   

 Women with type 2 and type 3 VWD have not been as 
extensively studied as the type 1 patients. However, a study 
on behalf of the International Society of Thrombosis and 
Hemostasis (ISTH) von Willebrand factor subcommittee 
reported a high prevalence of menorrhagia and a quarter of 
the patients necessitated hysterectomy  [26] . Subsequent studies 
have focused on the more common type 1 patient and even in 
this population with the milder depression of the VWF level 
there is a relatively high rate (8 – 26%) of hysterectomy for 
control of menorrhagia among type 1 patients  [5 – 8,24] . In a 
case – control study of 102 women with VWD carried out by 
the Centers for Disease Control (CDC), 26% had undergone 
hysterectomy compared with 9% of controls  [8] . In two 
studies, there was also underlying uterine pathology noted in 
the hysterectomy specimen, where it can be postulated that 
mild VWD may  “ unmask ”  a uterine fi broid  [5,7] . In the CDC 



WOMEN AND VON WILLEBRAND DISEASE

311

study, a statistically higher rate of fi broids compared with 
age - matched controls (32% vs. 17%) was noted  [8] . There 
may also be a higher prevalence of endometriosis (30% vs. 
10%), endometrial hyperplasia (10% vs. 1%), and endome-
trial polyps (8% vs. 1%) in VWD women compared with 
controls  [8] . It has been hypothesized that VWD may exacer-
bate the presumed retrograde menstrual fl ow implicated in the 
pathophysiology of endometriosis  [27] . The higher prevalence 
of endometrial hyperplasia and polyps in VWD women has 
been explained in terms of the VWD  “ unmasking ”  these 
lesions  [27] . 

 Regarding psychosocial aspects, several studies comprising 
over 300 patients with VWD compared with non - VWD 
women has shown unequivocally that these women do have 
impaired quality of life  [7,8,24,28,29] . Dysmenorrhea has 
been noted in approximately half  [7,24] . A high rate of mid -
 cycle pain, termed  “ mittlesmerz, ”  has also been noted in 
women with VWD  [7]  and these patients can develop an acute 
surgical abdomen from hemiperitoneum because of bleeding 
into the corpus luteum with subsequent rupture  [30] . A report 
from Sweden showed that 9 of 136 women with VWD (6.8%) 
experienced hemorrhagic ovarian cysts  [31] . There have also 
been reports of bleeding into the broad ligament with the 
patient presenting with a positive ilio - psoas sign  [1] .  

  Management of  v on Willebrand 
 d isease -  r elated  m enorrhagia 

 An algorithm for the management of menorrhagia adapted 
from a recent consensus panel is presented in Figure  46.2   [32] .   

  Menorrhagia  m anagement:  h emostatic  a gents 
( a ntifi brinolytic  t herapy,  d esmopressin,  v on 
Willebrand  f actor -  c ontaining  p lasma  c oncentrates) 

 Despite the widespread use of tranexamic acid (TA) for 
decades for the general menorrhagia population  [33] , there 
remains a paucity of adequate objective data on the effi cacy 
of this treatment to reduce menstrual blood loss (MBL) in 

women with VWD  [34 – 36] . At the Royal Free Hospital in 
London, TA was successful as a fi rst - line therapy in only 40% 
of 37 women with bleeding disorder - related menorrhagia by 
reducing MBL to a PBAC score of  < 100 or to a woman ’ s 
satisfaction  [37] . There is also a new sustained - release formu-
lation (XP12B) of TA that could be dosed only two to three 
times a day. This is currently under study in the USA  [38] . 

 In nonrandomized cohort studies, desmopressin (DDAVP) 
has been reported by patient self - assessment as  “ excellent ” / “ very 
effective ”  in approximately two - thirds of patients with either 
the subcutaneous  [39]  or intranasal (IN) use  [40] . However, 
in 30 women with VWD - related menorrhagia using the PBAC 
in a randomized control crossover study, there was no differ-
ence in bleeding severity when IN - DDAVP was compared 
with placebo  [41] . Regardless of whether the fi rst treatment 
period involved the placebo or the IN - DDAVP, there was a 
reduction in the PBAC score that was statistically signifi cant 
( P    =   0.01). Similar results were noted in a related study of 20 
women with menorrhagia and a prolonged bleeding time com-
paring 300    μ g of IN - DDAVP with placebo  [42] . There was no 
statistically signifi cant decrease in menstrual blood fl ow spec-
trophotometrically with DDAVP compared with the placebo. 
However, there was a statistically signifi cant decrease in bleed-
ing when DDAVP was combined with TA  [42] . 

 In summary, more objective measurements of effi cacy have 
not shown as great a benefi t of IN - DDAVP for VWD - related 
menorrhagia compared with prior studies using subjective 
assessment as the endpoint of effi cacy. However, a recent 
multicenter US crossover trial of women with abnormal labo-
ratory hemostasis (including VWD) comparing IN - DDAVP 
and TA using the PBAC for assessment of MBL and four 
previously validated quality of life (QoL) measures has been 
completed  [43] . Both medications reduced menstrual fl ow and 
improved QoL among females with menorrhagia and abnor-
mal laboratory hemostasis, but TA proved to be more effective 
than IN - DDAVP  [43] . At least one important question remains 
regarding the effi cacy of DDAVP: Can outcomes be improved 
without an increase in the adverse event rate by altering the 
dosing schedule? For example, does changing standard dosing 
from one puff in each nostril on days 2 and 3 of menses to a 

Patient wants option for future
childbearing?

Yes No

Consider hysterectomy
or endometrial ablation as well as options belowDesire to become pregnant now?

No – Consider first hormonal measures:
1. Levonorgestrel IUS, 2.Combined OC 

3. Progestins,  4. LHRH with add back therapy

Yes – Hemostatic therapy: 
1. TA, 2. DDAVP, 3. VWF FVII concentrate

 Figure 46.2     Algorithm of von Willebrand 
disease - related menorrhagia. Adapted from 
James  et al.   [32] . 
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dosing schedule of twice a day for the fi rst two days of menses, 
daily for three days, or one puff to each nostril on days 2 – 7 
improve control of bleeding? (Edlund, M. Gyn Karolinska 
Hospital, Stockholm, Sweden, personal communication). In 
addition, further study of the effi cacy and safety of combined 
therapy of IN - DDAVP and antifi brinolytic therapy or hormo-
nal therapy is also needed. 

 Approximately 10 – 15% of women with VWD will not 
respond to DDAVP because they either have severe type 1 
VWD or type 2 or type 3 VWD  [44] . In those patients, for 
severe intractable menorrhagia refractory to antifi brinolytic 
therapy and/or hormonal therapy or for prophylaxis before 
surgery, a plasma - derived VWF - containing FVIII concentrate 
can be administered  [44] . The dosing is typically is 40 – 60   U/
kg of VWF:RCo units for major surgery and 20 – 40   U/kg of 
VWF:RCo units for menorrhagia. 

 Preliminary data from the Swedish type 3 VWD prophylaxis 
registry show that there are patients requiring prophylaxis for 
the indication of control of menorrhagia  [45] . In order to 
accrue further data and test a strategy of escalated prophy-
laxis, an international prophylaxis study  [46]  was initiated last 
year in women with type 2 and 3 VWD - related menorrhagia 
with dosing initially at 50   U/kg of VWF:RCo units weekly. In 
nonresponders (PBAC remaining  > 100) the dose is escalated 
to twice a week then to three times per week.  

  Menorrhagia  m anagement:  h ormonal  t herapy 

 Combined OC is useful for cycle regulation and inhibition of 
the growth and development of the endometrium. On the 
other hand, the effi cacy of OC in reducing the menstrual 
loss in women with VWD or other bleeding disorders has not 
been well established. In a survey of type 2 and 3 VWD 
patients by Foster  et al.   [26] , 88% of women treated with OCs 
stated that it was effective. However, in type 1 VWD patients 
a standard dose of OCs was effective only 24% of the time 
while high - dose OC therapy was effective only 37% of the 
time  [7] . On other hand, combined OCs have the added 
advantages of excellent contraception, good cycle control, and 
reduction in the incidence of dysmenorrhea, premenstrual 
tension, and cyst rupture. The latter (hemoperitoneum) is a 
rare but potentially life - threatening event in women with 
VWD  [30] . In light of those additional benefi ts, the 2008 
National Heart Lung Blood Institute VWD treatment guide-
lines  [47]  advise front - line use of OC therapy for the adult or 
adolescent who does not desire pregnancy but may desire 
future childbearing. 

 Besides OCs, progestins  [37]  may also be useful in high 
doses alone or in combination with DDAVP or factor concen-
trate to arrest acute menorrhagia. A new emerging option is 
the levonorgestrel intrauterine system, Mirena (LNG - IUS). In 
a recent study at the Royal Free hospital, LNG - IUS was 
assessed in 16 women (13 with type 1 VWD, two with FXI 
defi ciency, and one with platelet storage disorder) with bleed-
ing disorders  [48] . At 9 months of follow - up, nine women 

became amenorrheic and in the remaining seven the PBAC 
score ranged from 24 to 75 (median 47;  P    =   0.0001). Long -
 term follow - up at a median of 53 months has shown persistent 
benefi t  [49] . Whether the underlying bleeding disorder pro-
motes prolonged spotting (median 42 days, 30 – 90 days  [48] ), 
as recently reported in one case  [50] , deserves further study 
as persistent spotting is an indication for removal.   

  Obstetric  a spects of  v on 
Willebrand  d isease 

 It has been well established that part of the  “ physiologic 
response ”  in pregnancy is a progressive elevation of the factor 
VIII and VWF levels  [51] . However, it should be stressed that 
there is proportionately less elevation in the levels compared 
with those in the normal pregnant patient. Consequently, and 
not surprisingly, a higher rate of postpartum hemorrhage 
(PPH) (16 – 29% vs. 3 – 5% in the general population  [2] ) has 
been reported in the fi rst 24   h following delivery. This meets 
or exceeds the criteria for primary PPH  [1,2,4] . Also, there 
appears to be a higher rate in type 2 and 3 patients than in 
type 1 patients  [1,2,4] . This may result in the need for red cell 
transfusions in 7 – 17%  [4,7]  of type 1 patients. 

 In a recent analysis of the United States Nationwide Inpatient 
Sample involving 4067 deliveries among women with VWD 
(1 in 4000 deliveries), James and Jamison observed that 
women with VWD were more likely to experience a PPH 
[odds ratio (OR) 1.5; 95% CI 1.1 – 2.0], and had a fi vefold 
increased risk of being transfused (OR 4.7; 95% CI 3.2 – 7.0). 
They also observed that women with VWD were more likely 
to experience antepartum bleeding (OR 10.2; 95% CI 7.1 –
 14.6). Five of the 4067 women with VWD died, a maternal 
mortality rate 10 times higher than that for other women  [52] . 
Besides an increased rate of PPH in VWD women, perineal 
hematomas appear to be more common  [1,4] . 

 The rise in the factor VIII and VWF levels occur in the 
second and third trimester so the clinician should not assume 
that there will not be excessive bleeding during amniocentesis 
or a fi rst trimester abortion as levels may not have increased 
at this early gestational time point  [53] . The presentation of 
VWD as transfusion - dependent bleeding at miscarriage has 
been reported  [4] . Excessive bleeding beyond a week post 
partum up to 5 weeks post partum has also been reported 
 [3,7,54,55]  with an average onset of delayed hemorrhage in 
one study of 15.7   +   5.2 days  [3] . Consequently, it should be 
common practice to remind a postpartum patient after child-
birth of this possibility, which may occur as late as 4 – 6 weeks 
post delivery.  

  Management of  v on Willebrand  d isease 
 d uring  p regnancy 

 As noted above, gestational palliation does occur during preg-
nancy so that if such a patient needs a dental extraction or 
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other invasive procedure during pregnancy, DDAVP is not 
necessary if the VWF levels have  “ normalized. ”  Even for 
women whose levels have not exceeded 50% there are, 
however, theoretic concerns for administering DDAVP pre 
partum for the following reasons: 
   •      vasoconstrictive effect leading to decreased placental fl ow;  
   •      risk of premature labor as DDAVP has weak V2 receptor 
activity; and  
   •      risk of neonatal hyponatremia.    

 There has been a report documenting several cases of neo-
natal hyponatremia  [56] , but this is uncommon. There seems 
to be a sense among practitioners that DDAVP use pre partum 
is safe and that a dose during labor does not fi rst require 
clamping of the umbilical cord. Mannucci has noted no 
adverse events associated with DDAVP use given in the second 
trimester in 31 women with VWD who underwent chorionic 
villus sampling or amniocentesis  [57] . Sanchez - Lucero  et al.  
noted no adverse events in 37 VWD women receiving DDAVP 
post partum  [58] . Despite the expected aggressive fl uid resus-
citation women receive during the peripartum periods, there 
were no reports of symptomatic hyponatremia. Besides 
DDAVP, antifi brinolytic therapy is an option for control of 
PPH  [59] . In addition, effective use of uterine artery emboliza-
tion to treat a life - threatening hemorrhage in a type 3 VWD 
patient has been reported  [60] . 

 Regarding epidural analgesia, three single institution studies 
(total  n    =   35) in the past 3 years have shown that epidural 
anesthesia is safe if the VWF levels have normalized by the 
third trimester either physiologically or by medical interven-
tion at the time of delivery  [61 – 63] . 

 In patients with type 2 or type 3 VWD, there is evidence 
that observation alone without treatment at the time of deliv-
ery can be considered provided that the factor VIII level is 
above 50%. This is based on the premise that the factor VIII 
level predicts deep tissue hemostasis as opposed to the VWF 
level. However, this is based only on a cohort of six women 
 [54] . As such, most clinicians would be more comfortable to 
infuse a plasma - derived VWF - containing concentrate  [55] . 
Theoretically, there could be concern for postpartum throm-
bosis, though reports of thrombosis with VWF concentrates 
have only been in the orthopedic setting. Nonetheless, preg-
nancy can be considered to a prothrombotic state of similar 
magnitude. There has been one report of thrombosis with 
DDAVP use in a type 2B patient during the postpartum period 
 [64] . Dosing at delivery has typically been 40 – 80   U/kg. 
Postpartum prophylaxis has usually targeted a dose of 20 –
 40   U/kg of a plasma - derived VWF - containing concentrate for 
at least 1 week post partum  [55] . 

 In the case of VWD Normandy and type 2B VWD, manage-
ment has been problematic. The use of recombinant factor 
VIII concentrate has been reported in a type 2N patient with 
a factor VIII level    <    50% at the time of delivery  [65] . In the 
case of type 2B, platelet transfusions were given at the time 
of delivery when the platelet count fell as low as 20   000/mL 
 [66] . 

 Regarding the risk of miscarriage, the rate has been shown 
to be approximately  ∼ 20% in both type 1 and type 2 and 3 
patients  [4,27] . This rate may be slightly higher than the 
general population rate of 12 – 14%  [27] : Direct age - matched 
comparisons with the general population have not been made 
except in one study from the CDC in 86 VWD women and 
70 controls where a higher miscarriage rate of 15% was noted 
compared with 9% ( P    =   0.005)  [8] .  
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  Introduction 

 In von Willebrand disease (VWD), the principle of treatment 
or prevention of bleeding is the transient correction of the dual 
plasma defi ciency of von Willebrand factor (VWF) and factor 
VIII (FVIII). The latter defi ciency is secondary to that of VWF, 
its carrier and stabilizer in plasma  [1] . Correction of both 
defi ciencies can be achieved by administering the synthetic 
peptide desmopressin (DDAVP) or, in patients unresponsive 
to this agent, plasma or plasma fractions.  

  Desmopressin ( DDAVP ) 

 This peptide is an analog of the antidiuretic hormone vaso-
pressin devoid of V1 agonist effects. Accordingly, its admin-
istration is not accompanied by such adverse effects as 
vasoconstriction, hypertension, uterus contraction, and colicky 
abdominal pain. Being a V2 agonist, the drug retains the 
antidiuretic activity of vasopressin. Desmopressin raises VWF 
by secreting this moiety into plasma from its natural site of 
synthesis and storage, the vascular endothelial cell  [2] . It is 
not well established how desmopressin raises FVIII in parallel 
with VWF. 

 Factor VIII and VWF increase three -  to fi vefold above base-
line values when desmopressin is infused intravenously  [3,4]  
(the most frequently used route of administration), subcutane-
ously  [5] , or intranasally  [4]  (the last two routes used mainly 
for self - treatment at home). The recommended dosages are 
0.3    μ g/kg   by slow intravenous infusion or subcutaneous 
injection, and fi xed doses of 300    μ g in adults and 150    μ g in 
children by intranasal spray. Lower and higher doses are less 
effective and no more effective, respectively. The factor - raising 
effect of desmopressin is present in normal individuals as well 
as in patients with mild hemophilia and von Willebrand 
disease, except for those with undetectable levels of the 
factors (patients with severe hemophilia and with type 3 von 
Willebrand disease)  [4] . 

  Clinical  u se 

 These properties of desmopressin have been exploited thera-
peutically to treat patients with VWD (and mild hemophilia) 
at the time of bleeding or before invasive surgical procedures 
 [6 – 8] . The likelihood of an effi cacious hemostatic response 
should be assessed with a test dose given to candidates for 
treatment either at the time of diagnosis or when an elective 
treatment is planned  [9] . Table  47.1  shows the schedule of 
desmopressin administration and blood sampling recom-
mended to evaluate the degree of laboratory response to a test 
dose. On the basis of the results obtained in this manner, care -
 givers can evaluate whether or not the attained factor levels 
and the predicted duration of their persistence in plasma are 
of such a degree that the successful management of any given 
clinical situation can be predicted (Table  47.2 ). In practical 
terms, patients with FVIII and VWF levels of 10 – 20% or more 
are the most likely to benefi t from the therapeutic use of 
desmopressin. For instance, a patient with baseline levels of 
5% should reach peak postinfusion levels of 15 – 20% (which 
may be suffi cient to stop a hemarthrosis but not to handle 
dental extractions). On the other hand, a patient with baseline 
levels of 20 – 25% may reach levels as high as 50 – 70%, ade-
quate to provide hemostasis during dental extractions. Major 
surgical procedures can be successfully carried out in patients 
with levels of 30 – 40%, because postdesmopressin levels in 
excess of 100% are usually reached.   

 Responses to desmopressin can also be predicted from 
knowledge of the different phenotypes of VWD. Type 1, the 
most frequent phenotype, accounting for 60 – 80% of cases 
and caused by the quantitative defi ciency of VWF and of 
FVIII, is the most responsive to desmopressin  [7 – 10] . Type 2, 
accounting for 20 – 30% of cases and caused by a dysfunc-
tional VWF protein synthesized in normal amounts, is gener-
ally poorly responsive to desmopressin, because the compound 
triggers the secretion into plasma of a dysfunctional moiety 
 [7,8,11] . Exceptions to this general rule are some patients with 
the subtypes 2N, in whom FVIII increases adequately  [8,12] . 
Type 3 VWD, the most severe form, accounting for 2 – 5% of 
cases, is almost invariably unresponsive to desmopressin, 
because affected patients lack secretable VWF. 

 A limitation of DDAVP is a progressive decrease in the 
degree of factor rise observed in patients with VWD (and mild 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.



TREATMENT OF VON WILLEBRAND DISEASE: DESMOPRESSIN

317

  Monitoring  t reatment 

 The purpose of monitoring desmopressin treatment with labo-
ratory testing is to establish whether or not the degree of 
correction over time of the FVIII and VWF defects is adequate 
to control bleeding, spontaneous or postoperative (Table 
 47.2 ). For minor bleeding episodes and invasive procedures 
such as dental extractions, monitoring is usually not neces-
sary, because the hemostatic response is quite predictable if 
the dosages recommended above are used. For more severe 
bleeding episodes and major surgery, monitoring is usually 
necessary to establish whether or not the occurrence of tach-
yphylaxis has rendered the patient unresponsive. 

 FVIII assays are the tests of choice for monitoring treatment 
in patients with VWD. VWF measurements such as ristocetin 
cofactor and collagen binding assays can also be used, but they 
are more technically demanding and less standardized than 
FVIII assays, more costly, and diffi cult to set up. Moreover, 
there is much less experience (compared with monitoring of 
FVIII) on peak and trough VWF levels needed to reach and 
maintain hemostasis (Table  47.2 ). If one chooses to monitor 
patients with VWF assays, the same peak and trough levels 
recommended for FVIII are tentatively recommended (Table 
 47.2 ). 

 It is not usually necessary to monitor the skin bleeding time, 
not only because this test is diffi cult to standardize and has 
poor reproducibility, but mainly because it is a poor predictor 
of hemostasis during soft - tissue and postoperative bleeding. 
There is evidence, for instance, that surgical hemostasis is 
reached and maintained by desmopressin as well as by plasma 
fractions even if the bleeding time is prolonged, provided suf-
fi cient levels of plasma FVIII are reached. It is also unnecessary 
to evaluate the post - treatment multimeric pattern of VWF, 
whereas knowledge of this pattern is necessary to establish the 
phenotype of VWD and to decide the optimal treatment with 
desmopressin or plasma fractions.  

  Side -  e ffects 

 Transient headache, facial fl ushing, and mild tachycardia are 
relatively frequent side - effects, usually well tolerated by 
patients. The antidiuretic effect is not perceived clinically in 
patients with a normal capacity to excrete water, if the drug 
is given at the recommended time intervals (every 24   h) and 
fl uid intake is not excessive. Laboratory monitoring of osmo-
lality and electrolytes is not necessary, but body weighing is a 
recommended simple and inexpensive precautionary measure. 
Severe symptoms owing to water intoxication, such as cere-
bral edema and seizures, are rarely reported, more often in 
infants and young children  [14]  but sometimes also in adults. 
There are occasional reports of arterial thrombosis during 
treatment  [15,16] , so that the drug should be avoided in 
patients with overt cardiovascular disease. DDAVP can be 
safely used in pregnant women, because it is devoid of oxyto-
cic properties. Theoretically, there is some risk for hyponatremia 

  Table 47.1    Schedule for the test dose of desmopressin to assess 
responsiveness in patients with von Willebrand disease (and mild 
hemophilia). 

  Step 1 Infuse over 30   min 0.3    μ g/kg desmopressin in 100   mL saline 
in newly diagnosed patients or in those who must undergo an 
elective treatment  

  Step 2 Obtain citrated blood samples 60   min after starting 
desmopressin (postinfusion peak) and at 4   h (to assess the rate of 
factor clearance)  

  Step 3 Measure factor VIII coagulant activity and ristocetin cofactor 
or collagen - binding activity  

   If the subcutaneous or intranasal routes are preferred for desmopressin 

administration, the same schedule should be followed.   

  Table 47.2    Target levels of factor  VIII  ( FVIII ) and von Willebrand 
factor recommended in clinical situations for patients with von 
Willebrand disease. 

   Clinical situation     Target  

  Major surgery    Peak FVIII levels  a   of 100% and trough daily 
levels of at least 50% until healing is 
complete (usually 5 – 10 days)  

  Minor surgery    Peak FVIII levels of 60% and trough daily 
levels of at least 30% until healing is 
complete (usually 2 – 4 days)  

  Dental extractions    Peak FVIII levels of 60% (single dose)  
  Spontaneous 

bleeding episodes  
  Peak FVIII levels higher than 50% until 

bleeding stops (usually 2 – 4 days)  
  Delivery and 

puerperium  a    
  Peak FVIII levels higher than 80% and trough 

levels of at least 30%, usually for 3 – 4 days  

    a For those who prefer to monitor and measure von Willebrand factor, the 

same target levels of ristocetin cofactor or collagen binding activity are 

recommended.   

hemophilia) treated repeatedly, a phenomenon known as tach-
yphylaxis  [13] . The only way to ascertain whether and when 
tachyphylaxis develops is to measure FVIII and VWF levels in 
plasma after each desmopressin infusion. Depending on the 
peak factor levels attained post infusion and on trough levels, 
the care - giver can decide whether treatment can be safely 
stopped because rebleeding is unlikely to occur, or whether it 
is necessary to revert to the infusion of plasma fractions. 

 The obvious advantages of desmopressin are the absent risk 
of transmission of blood - borne infections and its relatively 
low cost. For this reason, desmopressin is the treatment of 
choice in responsive patients with VWD (and mild hemo-
philia). Desmopressin is listed by the World Health 
Organization (WHO) among essential drugs. However, not all 
countries have implemented WHO recommendations, and in 
many of them desmopressin is not available or is licensed only 
for the other main clinical indications of the compound, i.e., 
diabetes insipidus and nocturnal enuresis.  
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for the fetus when DDAVP is administered in the last trimester 
of pregnancy, particularly just prior to parturition.   

  Adjuvant  t reatments 

 Treatment with desmopressin is usually given in association 
with antifi brinolytic amino acids.  ε  - Aminocaproic acid and 
tranexamic acid are synthetic compounds that inhibit fi bri-
nolysis by saturating the binding sites on plasminogen, thereby 
impeding plasmin formation.  ε  - Aminocaproic acid can be 
administered orally, intravenously, or topically at doses of 
60   mg/kg every 6   h, tranexamic acid by the same routes at 
doses of 15   mg/kg every 8   h. In general, the effectiveness of 
these compounds in the treatment of bleeding disorders is 
explained by the role of local hyperfi brinolysis in the onset 
and maintenance of bleeding in such mucosal tracts as the 
nasopharynx and the gastrointestinal and genitourinary tracts. 
Sometimes in these situations, antifi brinolytic drugs are suf-
fi cient to stop bleeding without the need to revert to desmo-
pressin or plasma products. More often, they are given as 
adjuvants, because they help to reduce the total amount of 
factors by stabilizing the formed fi brin clots. A typical example 
is dental surgery, in which these drugs can also be used locally, 
as mouthwashes. We recommend the use of antifi brinolytic 
amino acids together with desmopressin for the previously 
mentioned reasons. Even though desmopressin induces a 
brisk, short - term increase of tissue plasminogen activation, 
there is no evidence that this effect affects hemostasis in 
treated patients.  

  Conclusion 

 The therapeutic use of desmopressin in VWD (and mild hemo-
philia) has now withstood the experience of more than a 
quarter of a century. There is no doubt that the use of this 
compound at a time when plasma concentrates were not virus 
inactivated spared many patients with mild hemophilia and 
VWD from blood - borne infections and the related ominous 
consequences  [17] , which were felt to be particularly dramatic 
in patients with mild bleeding disorders, who need treatment 
much less frequently than those with severe disease. The 
advent of virus - inactivated plasma concentrates and the avail-
ability of recombinant factors in hemophilia have currently 
rendered less crucial the safety afforded by a synthetic drug 
such as desmopressin. Hence its main appeal is its relatively 
low cost, particularly for developing countries. It is baffl ing 
that, despite its early inclusion in the WHO - recommended list 
of essential drugs, desmopressin is not licensed or available in 
many developing countries. For instance, it was hardly used 
until recently in the Islamic Republic of Iran, a country with 
good levels of hemophilia care delivery. 

 In terms of new nontransfusional treatments of hemophilia 
and VWD, it has been shown that the cytokine interleukin 11 

leads to a gradual and sustained increase in FVIII and VWF 
in mice and dogs, different from the short - lasting effect elicited 
by desmopressin  [18 – 20] . One might envision the use of 
desmopressin when a short - term increase in FVIII and VWF 
is needed (treatment of acute bleeding) and of interleukin 11 
when a longer duration of the hemostatic effect is needed 
(management of major surgery).  
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  Introduction   

 The treatment or prevention of bleeding in patients with von 
Willebrand disease (VWD) requires correction of the defects 
in platelet – vessel wall interactions and in secondary hemostasis 
caused by a defi ciency of factor VIII (FVIII). These defects vary 
between patients and subtypes of VWD. The two hemostatic 
actions of von Willebrand factor (VWF) are important in dif-
ferent clinical situations; platelet – vessel wall interactions are 
more signifi cant in microvascular bleeding, particularly from 
mucosal surfaces, and FVIII defi ciency for the control of deep 
tissue bleeding and promoting wound healing. The role of 
antifi brinolytic drugs is important in clinical situations where 
mucosal bleeding or increased fi brinolytic activity is likely. 

 The optimal hemostatic treatment of VWD is with desmo-
pressin (DDAVP)  [1]  because pooled plasma - derived VWF 
containing concentrates are associated with the potential risk 
of transmission of infectious agents. However, not all patients 
with VWD are suitable for treatment with DDAVP. In these 
patients VWF - containing concentrates are indicated and will 
be the focus of this chapter. Patients who may need to be 
treated with pooled blood products should be vaccinated 
against hepatitis A and B  [2] . 

 Data relating to the properties of VWF - containing concen-
trates in  in vitro  tests and hemostatic effects  in vivo  is increas-
ing. Concentrate use, however, is complicated by the fact that 
correction of VWF levels in the plasma may not reproduce the 
physiologic action of VWF at the vessel wall under high shear. 
When making therapeutic decisions, therefore, consideration 
should be given to studies that demonstrate clinical hemostatic 
effi cacy rather than correction of laboratory parameters 
 [3 – 5] .  

  Indications for the  u se 
of  v on Willebrand 
 f actor -  c ontaining  c oncentrates 

 von Willebrand factor - containing concentrates are indicated 
for VWD patients unresponsive or unsuitable for DDAVP. 

Many clinicians, for example, are cautious about treating 
young children with DDAVP because of the risk of hyponatremic 
seizures  [6] , though this risk must be balanced against exposing 
a young child to a pooled blood product. Atherosclerosis is a 
contraindication to DDAVP because of the risk of arterial 
thrombosis  [7,8]  and venous thromboembolism (VTE) has also 
been noted  [9 – 11] . Some clinicians recommend an upper age 
limit for DDAVP use, although there is no clear consensus. 
The VWD subtype affects the decision on whether to use 
DDAVP or a VWF - containing concentrate (Table  48.1 ).   

  Type 3  v on Willebrand  d isease 

 Patients with type 3 VWD must be treated with a VWF -
 containing concentrate because they will not respond to 
DDAVP.  

  Type 2B  v on Willebrand  d isease 

 Many clinicians recommend that DDAVP not be used in type 
2B VWD because of the risk of thrombocytopenia  [12] . There 
are a few reports, however, where DDAVP has been used 
safely  [13,14] .  

  Type 2A and  t ype 2M 

 The response to DDAVP in patients with type 2A or 2M VWD 
is unpredictable and a therapeutic trial should assess the 
response of VWF ristocetin cofactor (VWF:RCo) and FVIII 
 [15,16] . Patients shown not to achieve adequate levels of 
either protein require treatment with a VWF - containing con-
centrate. This is particularly true for major operative proce-
dures where therapeutic levels of VWF and FVIII must be 
maintained for a prolonged period.  

  Type 2N  v on Willebrand  d isease 

 DDAVP increases FVIII to normal in most patients but the 
half - life is signifi cantly reduced  [17] . Minor bleeds and proce-
dures can often be treated with DDAVP. Major bleeds or 
procedures that require a prolonged correction of FVIII are 
likely to require treatment with a VWF - containing concentrate 
which normalizes the half - life and plasma level of endogenous 
FVIII  [18] .  
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  Table 48.1    Indications for the use of a  VWF  - containing concentrate 
to treat von Willebrand disease ( VWD ). 

   Defi nite     Relative  

  Type 3 VWD    Age less than 2 years  
  Type 2B VWD  a      Older age  b    
  Inadequate response to DDAVP    Type 2A and 2M VWD  c    
  Atherosclerotic disease    Heart failure and patients on 

diuretics  
      Type 2N VWD  c    
      Acquired VWD  

    a There are reports of DDAVP being used safely in patients with type 2B 

VWD.  

   b There is a lack of consensus on an upper age limit and many clinicians 

do not regard age alone as a contraindication to DDAVP.  

   c Some patients may respond to DDAVP for minor procedures and 

bleeding episodes.   

  Type 1  v on Willebrand  d isease 

 Most patients with type 1 VWD respond to DDAVP  [1,19] . 
Some patients do not respond adequately, particularly if they 
lack platelet VWF  [20] . Some patients have very good initial 
responses to DDAVP but the half - life of the released VWF and 
FVIII is short. This is particularly associated with VWD 
Vicenza (R1205H) but has also been seen with other muta-
tions  [21,22] . A DDAVP trial should include a 3 – 4 - h time 
point to assess this  [5] . For major surgery it may not be pos-
sible to sustain adequate VWF and FVIII levels with DDAVP 
and patients may need a VWF - containing concentrate.   

  General  p roperties  r equired of 
a  v on Willebrand  f actor -  c ontaining 
 c oncentrate 

 Concentrates available for the treatment of VWD may contain 
both FVIII and VWF or may contain very high - purity VWF 
(VHP - VWF) with minimal or no FVIII. The important con-
siderations when choosing a concentrate are summarized in 
Table  48.2 . The  in vitro  and  in vivo  characteristics of many 
VWF - containing concentrates have been comprehensively 
reviewed  [23] . Important progress in standardization of VWF 
measurements in both plasma samples and concentrates has 
been facilitated through the calibration of the WHO fi rst 
international standard for VWF:Ag and VWF:RCo  [24] .   

 It is often stated that the presence of high - molecular - weight 
multimers (HMWM) is essential for the  in vivo  correction of 
the primary hemostatic defect. The amount of HMWM that 
is required for effective hemostasis remains controversial  [23] . 
There are no data that compare multimer composition or 
other laboratory parameters of VWF - containing concentrates 
with hemostatic effi cacy. No concentrate normalizes VWF 
multimers  in vivo   [25]  and cryoprecipitate, with a full comple-

  Table 48.2    Important considerations when choosing a  VWF  -
 containing concentrate. 

  Viral inactivation steps and proven safety for transmission of 
infectious agents  

  Hemostatic effi cacy for all subtypes of VWD demonstrated in 
clinical trials  

  Potency labeling for VWF:RCo and factor VIII  
  Established pharmacokinetics  
  Plasma source  
  Side - effect profi le  
  Licensed within country of use  
  Availability  

ment of HMWM, does not consistently correct the bleeding 
time  [26] . In practice, however, many VWF - containing con-
centrates, without a full complement of HMWM, have estab-
lished clinical effi cacy, implying that consideration of this 
property alone oversimplifi es the clinical effi cacy assessment 
of a VWF - containing concentrate  [18,27 – 42] . 

 Regulatory agencies that assess data about the pathogen 
safety of VWF - containing concentrates indicate that these 
products appear to be at least as free of pathogen risk as 
current plasma - derived products used for hemophilia A. 
Further, assessments of clinical effi cacy indicate that products 
containing VWF are effi cacious in promoting platelet adhesion 
and stabilizing factor VIII. These conclusions are based on 
each product having been tested for pharmacokinetic proper-
ties and effi cacy in all subtypes of VWD and being labeled 
with both VWF:RCo and factor VIII potency  [43] .  

  Clinical  s tudies of  v on Willebrand 
 f actor -  c ontaining  c oncentrates 

 Many studies have been published that demonstrate hemo-
static effi cacy of a number of VWF - containing concentrates in 
the clinical settings of acute bleeds and surgical procedures 
 [3 – 5,18,27,28,30 – 35,37,39,41,42,44 – 48] . There are no data 
to support the view that any concentrate has superior hemo-
static effi cacy to any other, although the quantity of safety and 
effi cacy data varies markedly depending on how long a con-
centrate has been available in the market. The availability of 
each VWF - containing concentrate will vary between coun-
tries. Commonly used products and the studies demonstrating 
their pharmacokinetic properties are shown in Table  48.3  
 [1,49 – 52] .    

  Clinical  m anagement 

  General  p rinciples 

 The amount of VWF - containing concentrate required to 
correct the hemostatic defect in VWD is dependent on the 
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  Table 48.3    Characteristics of some commonly used  VWF  - containing concentrates. 

   Product and 
manufacturer     Plasma source  

   Manufacturing 
process  

   Viral 
inactivation  

   VWF:RCo/
FVIII ratio  

    In vivo  recovery 
FVIII IU/dL per 
IU/kg  

    In vivo  recovery 
VWF:RCo IU/dL 
per IU/kg     Reference  

  Alphanate 
(Alpha)  

  USA    Heparin ligand 
chromatography  

  SD and dry 
heat (80    ° C 
for 72   h)  

  1.6:1    2.1    ±    0.4 
(mean    ±    SD)  

  2.9    ±    1.3 
(mean    ±    SD)  

   [39]   

  Biostate    Australia, New 
Zealand, 
Malaysia, 
Singapore, Hong 
Kong, USA  

  Heparin/glycine 
precipitation, 
gel fi ltration, 
chromatography  

  SD and dry 
heat (80    ° C 
for 72   h)  

  2.1:1    1.1 (0.88 – 1.32) 
(mean 90% 
CI)  

  0.85 (0.77 – 0.92) 
(mean 90% CI)  

   [50]   

  Factor 8Y (Bio 
Products 
Laboratory)  

  USA    Glycine/NaCl 
treatment of 
cryoprecipitate  

  Dry heat (80    ° C 
for 72   h)  

  2:1    Type 3: 
2.4    ±    1.1; type 
1: 5.0    ±    4.5 
(mean    ±    SD)  

  Type 3: 
1.4    ±    0.05; type 
2A: 2.0    ±    0.06; 
type 1: 2.3    ±    0.5 
(mean    ±    SD)  

   [52]   

  Fandi (Grifols)    USA    Heparin ligand 
chromatography  

  SD and dry 
heat (80    ° C 
for 72   h)  

  1.6:1    No data    No data     [33]   

  Haemate - P 
(Aventis 
Berhing)  

  Germany, Austria, 
USA  

  Glycine/NaCl 
treatment of 
cryoprecipitate  

  Pasteurized 
(60    ° C for 
10   h)  

  2.5:1    2.7 (1.9 – 3.7) 
median (range)  

  2.1 (1.1 – 2.7) 
median (range)  

   [49]   

  Immunate 
(Baxter)  

  USA, Austria, 
Sweden, 
Germany, Czech 
Republic  

  Ion exchange 
chromatography  

  SD and vapor 
heat (60    ° C 
for 10   h)  

      1.9 (0.8 – 3.5) 
mean (range)  

  1.8 (0.4 – 3.6) mean 
(range)  

   [28]   

  Wilate 
(Octapharma)  

  Austria, Sweden, 
Switzerland, 
Germany, USA  

  Ion exchange 
chromatography 
and Ultra/Dia 
fi ltration  

  SD and 
terminal dry 
heat (100    ° C 
for 120   min)  

  1:1              

  Wilfactin (LFB)    France, Germany, 
Switzerland  

  Ion and affi nity -
 exchange 
chromatography  

  SD and dry 
heat (80    ° C 
for 72   h); 
nanofi ltration 
(35   nM)  

  10:1    5.8    ±    1   IU/dL 
(FVIII 
synthesis rate)  

  2.1    ±    0.3     [51]   

   These concentrates may not be licensed in all countries.   

type of bleed or surgery, the patient ’ s baseline VWF:RCo 
and FVIII and the subtype of VWD. Different types of 
surgery necessitate different target VWF:RCo and FVIII 
levels (Table  48.4 )  [5] . Patients also vary in their response to 
infusions of VWF - containing concentrates. Therefore, treat-
ment regimens need to be individualized. Knowledge of an 
individual ’ s pharmacokinetic response to infused VWF -
 containing concentrate is a therapeutic advantage and this 
previous demonstration of hemostatic effi cacy has correlated 
well with prospective therapy for surgery or management of 
acute bleeding episodes  [45] . However, VWF:RCo levels in 
the plasma do not necessarily predict correction of the platelet/
vessel wall defect  in vivo  and despite normalization of labora-
tory parameters, close clinical observation for bleeding is 
necessary.   

  Table 48.4    Target laboratory parameters for invasive procedures. 

        Target VWF:RCo     Target FVIII  

   Major   
  Time of procedure    80 – 100   IU/dL    100   IU/dL  
  Subsequent    Maintain trough 

above 50   IU/dL 
until hemostasis 
secure  

  Maintain trough above 
50   IU/dL until wound 
healing complete  

   Minor   
  Time of procedure    30 – 50   IU/dL    50   IU/dL  
  Subsequent    Unlikely to be 

important  
  Maintain trough of 

50   IU/dL until wound 
healing complete  
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  Prophylaxis 

 Retrospective data from 35 patients on long - term prophylaxis 
demonstrate a signifi cant reduction in mucosal bleeding and 
hemarthroses and no evidence of progression of arthropathy. 
This suggests a potential role for this treatment modality for 
prophylactic infusions  [55] . Such prophylactic treatment has 
been reported in a further 11 patients; seven treated for 
mucosal bleeding and four for hemarthroses. Bleeding was 
prevented in 8 of the 11 patients and reduced in three  [34] . 
Prophylaxis with VHP - VWF concentrate (50   U/kg 2 – 3 times 
a week) has been reported in four patients in which treatment 
appeared to reduce the risk of spontaneous bleeding for 48   h 
following infusion  [48] . 

 The use of VWF - containing concentrates for prophylactic 
treatment has increased over the last few years and in some 
regions appears to be relatively common. According to a 
recent survey of 74 centers in Europe and North America  [56]  
most patients on prophylaxis have type 3 VWD (74.5%) with 
17.6% type 2 and 7.8% type 1. In Europe 28.7% and North 
America 12.2% of patients with type 3 disease were being 
treated on a prophylactic regimen. Indications for prophylaxis 
were hemarthroses (40%), epistaxis/oral (23%), gastrointesti-
nal bleeding (14%), and menorrhagia (5%). 

 The optimum prophylactic regimen has not been established 
and it is plausible that treatment does not need to be admin-
istered as often as for severe hemophilia. A randomized study 
comparing on - demand and prophylactic treatment (60   U 
VWF:RCo every second or third day) in 24 patients over a 
12 - month period is ongoing  [34] . In addition, an escalation 
study has been initiated starting with one infusion of 50   U/kg 
VWF:RCo per week building up to two and three infusions if 
breakthrough bleeds occur. For women with menorrhagia the 
initial dose will be infused on day 1, escalating to recurrent 
dosing on days 2 and 3 if signifi cant bleeding continues  [56] . 

 The results of these studies will help to better defi ne the role 
of prophylaxis in VWD and give data on the optimum regimen. 
However, until the results are available, patients with recur-
rent joint bleeds or mucosal bleeds interfering with day - to - day 
life may benefi t from being treated on a prophylaxis regimen.   

  Management of  s urgery 

  General  c onsiderations 

 Patients with VWD who undergo surgical procedures need 
regular clinical assessment of hemostasis. It is important to 
recognize that abnormal bleeding may be the result of surgical 
bleeding rather than inadequate hemostasis. Patients who 
bleed despite apparently adequate treatment should have a full 
blood count, coagulation screen, and FVIII and VWF:RCo 
levels measured urgently. A bleeding time may occasionally be 
useful, although many coagulation experts eschew this meas-
urement for inadequate sensitivity and specifi city. In patients 

 Many clinicians adjust the initial dose of VWF - containing 
concentrates based on the individual patient ’ s baseline levels. 
Subsequent dosing is then calculated using recovery and half -
 life measurements  [5,30] . It is important to note that infusion 
of a VWF - containing concentrate increases FVIII  in vivo  both 
from the addition of the infused FVIII in the concentrate  and  
by stabilizing endogenous FVIII  [23] . 

 It is becoming common practice to dose patients using the 
labeled VWF:RCo content in the concentrate chosen for treat-
ment or prophylaxis. This has been shown to be effective in 
both a prospective study  [39]  and in retrospective studies 
involving both children and adults  [36,53]   . The VWF:RCo 
and FVIII levels required for hemostasis have not been estab-
lished in clinical trials. However, by consensus for major 
operative procedures or to treat a signifi cant bleeding the 
VWF:RCo and FVIII should be raised to above 80   IU/dL 
and maintained above 50   IU/dL until hemostasis is secured. 
The FVIII level should be maintained above 50   IU/dL until 
wound healing is complete. Minor surgery may be performed 
successfully with a VWF:RCo and FVIII of about 50   IU/dL 
 [3,5,53,54] . 

 Some clinicians recommend fi xed initial doses of VWF -
 containing concentrate irrespective of the patient ’ s baseline 
levels. In a prospective study using Alphanate  ®  , bleeding epi-
sodes were treated with 40   IU/kg VWF:RCo (50   IU/kg for chil-
dren) and surgical prophylactic dosing was 60   IU/kg VWF:RCo 
(75   IU/kg in children)  [39] . Italian guidelines suggest an initial 
dose of 50   IU/kg for major surgery, 30   IU/kg for minor surgery 
and 20   IU/kg for dental surgery  [3] . 

 Dosing of VHP - VWF concentrate differs from other con-
centrates because the defi ciency of FVIII is corrected over 
6 – 12   h by stabilization of endogenous FVIII. When rapid cor-
rection of hemostasis is required, an initial dose of factor VIII 
must also be infused  [18,37,51] . Combined data from a 
number of trials for a VHP - VWF concentrate (Wilfactin  ®  ) has 
been published: clinical outcomes were excellent/good in 89% 
of spontaneous bleeds, although 38% of cases needed con-
comitant FVIII. Excellent/good effi cacy was also observed in 
95 elective surgical procedures without the need for prophy-
lactic therapy with FVIII. Yet, in another 13 urgent surgeries 
FVIII was required  [48] .  

  Treatment of  a cute  b leeds 

 For severe spontaneous or trauma - induced bleeding the 
VWF:RCo and factor VIII should be increased to approxi-
mately 80   IU/dL until bleeding has been controlled. Further 
treatment may be required to prevent recurrence of the bleed-
ing. Antifi brinolytic agents are likely to be useful in mucosal 
bleeding. Local measures may also be required to control 
severe epistaxis or gastrointestinal bleeding. Lower levels of 
VWF:RCo and factor VIII are required for minor bleeds  [3,5] . 
VHP - VWF is administered at a dose of 50 – 60   U/kg VWF:RCo 
and at least 30 – 40   IU/kg FVIII if the individual ’ s steady - state 
FVIII is less than 20   IU/dL or if the bleeding is severe  [48] .  
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with type 3 VWD the development of an inhibitor to VWF 
occurs rarely, but screening for this complication is prudent 
 [5] . The indication for use of a VWF - containing concentrate 
in managing surgery depends, in part, on the subtype of the 
patient ’ s VWD.  

  Type 1  v on Willebrand  d isease 

 von Willebrand factor - containing concentrates are more likely 
to be needed for larger operations or in situations in which 
prolonged correction of the hemostatic defect is required. In 
type 1 VWD the VWF and FVIII levels often increase tempo-
rarily post operatively because of an acute phase response.  

  Type 2A or  t ype 2M  v on Willebrand  d isease 

 Minor procedures can be performed after DDAVP treatment 
in some patients but major procedures are likely to require a 
VWF - containing concentrate. Correcting the VWF:RCo level 
may lead to excessively high FVIII levels, thereby increasing 
the risk of venous thromboembolism (VTE).  

  Type 2B  v on Willebrand  d isease 

 Most clinicians recommend VWF - containing concentrates to 
cover invasive procedures in type 2B VWD.  

  Type 2N  v on Willebrand  d isease 

 Minor procedures may be done with DDAVP. A VWF -
 containing concentrate normalizes the half - life of endogenous 
FVIII. Raising FVIII to about 100   IU/dL perioperatively and 
maintaining it at  in vivo  levels exceeding 50   IU/dL until wound 
healing is complete provides adequate hemostatic prophylaxis 
for such procedures. Infusion of a VHP - VWF concentrate will 
also lead to normalization of the FVIII level over 6 – 12   h 
 [17,18] . The improved half - life of FVIII means that once - daily 
treatment is usually suffi cient.  

  Type 3  v on Willebrand  d isease 

 Patients with type 3 VWD who are undergoing invasive pro-
cedures must be treated with a VWF - containing concentrate. 

 Patients who have alloantibodies to VWF are at risk of 
anaphylactic reactions with the use of VWF - containing con-
centrates  [57] . Experience in managing these patients is 
limited; however, good hemostasis has been reported with the 
use of high doses or infusions of recombinant factor VIII  [3] . 
Recombinant FVIIa has also been used  [58] .  

  Acquired  v on Willebrand  d isease 

 Some patients with acquired VWD who have failed to respond 
to DDAVP have responded to VWF - containing concentrates 
 [59] .  

  Minor  p rocedures 

 In general, a VWF:RCo and FVIII of 50   IU/dL should be 
adequate for a minor procedure and often only one infusion 
is required.  

  Dental  t reatment 

 For dental extraction or inferior dental nerve block, in patients 
unsuitable for DDAVP, treatment with a VWF - containing 
concentrate is indicated. Many clinicians aim to increase the 
VWF:RCo and FVIII to about 50   IU/dL with a single infusion 
of a VWF - containing concentrate. An antifi brinolytic agent 
should be given for 7 – 10 days following a dental extraction.  

  Major  p rocedures 

 An infusion of VWF:RCo - containing concentrate calculated 
to increase the VWF:RCo level to 80 – 100   IU/dL at the time of 
surgery is recommended. The level should be maintained 
above 50   IU/dL until hemostasis is secure  [5,30] . The FVIII 
should be raised to about 100   IU/dL perioperatively and main-
tained above 50   IU/dL until would healing is complete. This 
requires regular monitoring of both VWF:RCo and FVIII. 

 VHP - VWF concentrates are infused at a dose of 50   IU/kg 
VWF:RCo 12 – 24   h before surgery if the FVIII is less than 
60   IU/dL. A further dose is given 1   h before surgery and 
subsequent infusions are given to maintain a VWF:RCo 
level  >  60   U/dL and a FVIII level  >  40   IU/dL. Unscheduled 
surgery is treated with VHP - VWF concentrate at 50   U/kg 
and FVIII to the same target levels  [48] . Continuous infusion 
of VWF/FVIII or VHP - VWF concentrate has also been suc-
cessfully used to provide hemostatic prophylaxis for major 
surgery  [38,60] . 

 The risk of VTE should be assessed in patients undergoing 
major surgery who receive VWF - containing concentrates. 
High levels of FVIII should be avoided and venous throm-
bophylaxis considered  [10,11] .  

  Venous  t hrombosis 

 Venous thrombosis has been associated with the use of inter-
mediate - purity VWF - containing concentrates  [10,11,30] . A 
review of the literature found that patients usually have con-
genital or acquired risk factors contributing to VTE  [35] . High 
FVIII levels associated with stabilization of endogenous FVIII 
may add to the risk. It is advised that clinicians monitor FVIII 
daily and avoid high levels. Venous thromboprophylaxis 
should be considered  [11] .   

  Monitoring  t herapy 

 A survey of experienced clinicians in Europe reported that for 
surgery 22 of 24 responders measured FVIII daily and 18 of 
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24 measured VWF:RCo daily. Only 5 of 24 monitored the 
bleeding time and two of these only for the fi rst postoperative 
day  [4] . A survey of 194 US clinicians reported that for major 
surgery the targeted levels for both FVIII and VWF:RCo were 
greater than 80%; targeted levels greater than 50% were 
considered adequate for minor surgery  [54] . 

  Factor  VIII  

 It is standard practice to monitor levels of FVIII. Monitoring 
of FVIII alone, however, does not constitute adequate hemo-
static assessment. Measurement of VWF:RCo, particularly in 
patients with type 2 and 3 VWD, is also needed. In these situ-
ations the VWF:RCo may be considerably lower than the 
FVIII, creating a false sense of clinical security.  

   VWF : RC  o  

 It has been recommended that VWF:RCo should be moni-
tored, targeting levels appropriate for the clinical situation 
(Table  48.4 )  [5] . This represents reasonable clinical practice 
 [4] .  

  Bleeding  t ime 

 A retrospective study of 76 patients unresponsive to DDAVP 
undergoing surgical procedures showed no correlation between 
correction of the bleeding time and surgical hemostasis. 
Furthermore, clinicians did not alter their management 
dependent on the bleeding time  [61] . Adequate hemostasis has 
been achieved with concentrates that do not reproducibly 
correct the bleeding time  [26] . The bleeding time may be useful 
if patients are bleeding abnormally despite replacement 
therapy. Some patients whose bleeding time is not corrected 
with infused VWF may respond to platelet infusions  [62] .  

   PFA  - 100 

 Platelet function analyzer (PFA - 100) has been used to monitor 
replacement therapy in patients with VWD. Although conven-
ient to use, the reliability of this method of monitoring hemos-
tasis following the use of VWF - containing concentrates is 
not yet established and results should be interpreted with 
caution.   

  Treatment  f ailure 

 Patients who have an inadequate clinical response to VWF -
 containing concentrates despite correction of laboratory 
parameters may respond to infusion of platelets or cryopre-
cipitate. Surgical bleeding, inhibitory activity, and other causes 
of hemostatic defects should be considered.  

  Platelets 

 The bleeding time may be shortened by platelet infusion 
 [62] . If mucosal bleeding persists and the bleeding time 
remains prolonged after adequate replacement therapy with a 
VWF - containing concentrate, platelet infusions should be 
considered. 

  Cryoprecipitate 

 Cryoprecipitate is not virally inactivated and should not be 
used for the management of VWD unless other treatment 
modalities have failed or are unavailable  [4,5] . Some patients 
who have not responded to a VWF - containing concentrate 
may respond to cryoprecipitate  [5] .   

  Conclusion 

 von Willebrand factor - containing concentrates play a valuable 
role in the management of patients with VWD who are not 
candidates for treatment with DDAVP. Further, clinical trials 
that focus on hemostatic endpoints are required to investigate 
how to improve the use and monitoring of these products. The 
potential use of recombinant VWF concentrate is under 
investigation.  

  References 

     1       Mannucci   PM.    Desmopressin (DDAVP) in the treatment of bleed-
ing disorders: the fi rst 20 years .  Blood   1997 ;  90 :  2515  –  21 , 
 1  –  10 .  

     2       Makris   M  ,   Baglin   T  ,   Dusheiko   G  ,  et al. ,  and Transfusion 
Transmitted Infection Working Party of the UK Haemophilia 
Centre Directors Organization. Guidelines on the diagnosis, man-
agement and prevention of hepatitis in haemophilia .  Haemophilia  
 2001 ;  7 :  339  –  45 .  

     3       Federici   AB  ,   Castaman   G  ,   Mannucci   PM  , and  Italian Association 
of Hemophilia Centers (AICE) .  Guidelines for the diagnosis and 
management of von Willebrand disease in Italy .  Haemophilia  
 2002 ;  8 :  607  –  21 .  

     4       Lusher   JM.    Clinical guidelines for treating von Willebrand disease 
patients who are not candidates for DDAVP — a survey of European 
physicians .  Haemophilia   1998 ;  4 ( Suppl. 3 ):  11  –  14 .  

     5       Pasi   KJ  ,   Collins   PW  ,   Keeling   DM  ,  et al.   Management of von 
Willebrand disease: a guideline from the UK Haemophilia Centre 
Doctors ’  Organization .  Haemophilia   2004 ;  10 :  218  –  31 .  

     6       Smith   TJ  ,   Gill   JC  ,   Ambruso   DR  ,   Hathaway   WE  .  Hyponatremia 
and seizures in young children given DDAVP .  Am J Hematol  
 1989 ;  31 :  199  –  202 .  

     7       Bond   L  ,   Bevan   D  .  Myocardial infarction in a patient with hemo-
philia treated with DDAVP .  N Engl J Med   1988 ;  318 :  121 .    

     8       Grunwald   Z  ,   Sather   SD  .  Intraoperative cerebral infarction after 
desmopressin administration in infant with end - stage renal disease . 
 Lancet   1995 ;  345 :  1364  –  5 .  



CHAPTER 48

326

     9       Byrnes   JJ  ,   Larcada   A  ,   Moake   JL  .  Thrombosis following desmo-
pressin for uremic bleeding .  Am J Hematol   1988 ;  28 :  63  –  5 .  

  10       Makris   M  ,   Colvin   B  ,   Gupta   V  ,   Shields   ML  ,   Smith   MP  .  Venous 
thrombosis following the use of intermediate purity FVIII concen-
trate to treat patients with von Willebrand ’ s disease .  Thromb 
Haemost   2002 ;  88 :  387  –  8 .  

  11       Mannucci   PM.    Venous thromboembolism in von Willebrand 
disease .  Thromb Haemost   2002 ;  88 :  378  –  9 .  

  12       Holmberg   L  ,   Nilsson   IM  ,   Borge   L  ,   Gunnarsson   M  ,   Sjorin ,  E.   
 Platelet aggregation induced by 1 - desamino - 8 - D - arginine vaso-
pressin (DDAVP) in Type IIB von Willebrand ’ s disease .  N Engl J 
Med   1983 ;  309 :  816  –  21 .    

  13       Casonato   A  ,   Pontara   E  ,   Dannhaeuser   D  ,  et al.   Re - evaluation of 
the therapeutic effi cacy of DDAVP in type IIB von Willebrand ’ s 
disease .  Blood Coagul Fibrinolysis   1994 ;  5 :  959  –  64 .  

  14       Fowler   WE  ,   Berkowitz   LR  ,   Roberts   HR  .  DDAVP for type IIB von 
Willebrand disease .  Blood   1989 ;  74 :  1859  –  60 .  

  15       Gralnick   HR  ,   Williams   SB  ,   McKeown   LP  ,  et al.   DDAVP in type 
IIa von Willebrand ’ s disease .  Blood   1986 ;  67 :  465  –  8 .  

  16       Michiels   JJ  ,   van   de   V  ,   van   Vliet   HH  ,   van der   Planken   M  ,   Schroyens  
 W  ,   Berneman   Z    .  Response of von Willebrand factor parameters 
to desmopressin in patients with type 1 and type 2 congenital von 
Willebrand disease: diagnostic and therapeutic implications .  Semin 
Thromb Hemost   2002 ;  28 :  111  –  32 .  

  17       Mazurier   C  ,   Gaucher   C  ,   Jorieux   S  ,   Goudemand   M  .  Biological 
effect of desmopressin in eight patients with type 2N ( ‘ Normandy ’ ) 
von Willebrand disease. Collaborative Group .  Br J Haematol  
 1994 ;  88 :  849  –  54 .  

  18       Goudemand   J  ,   Negrier   C  ,   Ounnoughene   N  ,   Sultan   Y  .  Clinical 
management of patients with von Willebrand ’ s disease with a VHP 
vWF concentrate: the French experience .  Haemophilia   1998 ; 
 4 ( Suppl. 3 ):  48  –  52 .  

  19       Castaman   G  ,   Lethagen   S  ,   Federici   AB  ,  et al.   Response to desmo-
pressin is infl uenced by the genotype and phenotype in type 1 von 
Willebrand disease (VWD): results from the European Study 
MCMDM - 1VWD .  Blood   2008 ;  111 :  3531  –  9 .    

  20       Mannucci   PM  ,   Lombardi   R  ,   Bader   R  ,  et al.   Heterogeneity of type 
I von Willebrand disease: evidence for a subgroup with an abnor-
mal von Willebrand factor .  Blood   1985 ;  66 :  796  –  802 .  

  21       Casonato   A  ,   Pontara   E  ,   Sartorello   F  ,  et al.   Reduced von Willebrand 
factor survival in type Vicenza von Willebrand disease .  Blood  
 2002 ;  99 :  180  –  4 .  

  22       Haberichter   SL  ,   Castaman   G  ,   Budde   U  ,  et al.   Identifi cation of type 
1 von Willebrand disease patients with reduced von Willebrand 
factor survival by assay of the VWF propeptide in the European 
study: molecular and clinical markers for the diagnosis and man-
agement of type 1 VWD (MCMDM - 1VWD) .  Blood   2008 ;  111 : 
 4979  –  85 .  

  23       Menache   D  ,   Aronson   DL  .  New treatments of von Willebrand 
disease: plasma derived von Willebrand factor concentrates . 
 Thromb Haemost   1997 ;  78 :  566  –  70 .  

  24       Hubbard   AR.    von Willebrand factor standards for plasma 
and concentrate testing .  Semin Thromb Hemost   2006 ;  32 :  522  – 
 8 .  

  25       Mannucci   PM  ,   Tenconi   PM  ,   Castaman   G  ,   Rodeghiero   F  . 
 Comparison of four virus - inactivated plasma concentrates for 
treatment of severe von Willebrand disease: a cross - over ran-
domised trial .  Blood   1992 ;  79 :  3130  –  7 .  

  26       Mannucci   PM  ,   Moia   M  ,   Rebulla   P  ,   Altieri   D  ,   Monteagudo   J  , 
  Castillo   R  .  Correction of the bleeding time in treated patients with 
severe von Willebrand disease is not solely dependent on the 
normal multimeric structure of plasma von Willebrand factor .  Am 
J Hematol   1987 ;  25 :  55  –  65 .  

  27       Auerswald   G  ,   Eberspacher   B  ,   Engl   W  ,  et al.   Successful treatment 
of patients with von Willebrand disease using a high - purity dou-
ble - virus inactivated factor VIII/von Willebrand factor concentrate 
(Immunate) .  Semin Thromb Hemost   2002 ;  28 :  203  –  14 .  

  28       Bello   IF  ,   Yuste   VJ  ,   Molina   MQ  ,   Navarro   FH  .  Fanhdi, effi cacy and 
safety in von Willebrand ’ s disease: prospective international study 
results .  Haemophilia   2007 ;  13 ( Suppl. 5 ):  25  –  32 .  

  29       Berntorp   E  ,   Nilsson   IM  .  Use of a high - purity factor VIII concen-
trate (Hemate P) in von Willebrand ’ s disease .  Vox Sanguinis   1989 ; 
 56 :  212  –  17 .  

  30       Berntorp   E  ,   Archey   W  ,   Auerswald   G  ,  et al.   A systematic overview 
of the fi rst pasteurised VWF/FVIII medicinal product, Haemate P/
Humate - P: history and clinical performance .  Eur J Haematol   2008  
(Suppl.):  3  –  35 .  

  31       Chtourou   S  ,   Porte   P  ,   Nogre   M  ,  et al.   A solvent/detergent - treated 
and 15 - nm fi ltered factor VIII: a new safety standard for plasma -
 derived coagulation factor concentrates .  Vox Sanguinis   2007 ;  92 : 
 327  –  37 .  

  32       Cumming   AM  ,   Fildes   S  ,   Cumming   IR  ,   Wensley   RT  ,   Redding   OM  , 
  Burn   AM  .  Clinical and laboratory evaluation of National Health 
Service factor VIII concentrate (8Y) for the treatment of von 
Willebrand ’ s disease .  Br J Haematol   1990 ;  75 :  234  –  9 .  

  33       Federici   AB  ,   Baudo   F  ,   Caracciolo   C  ,  et al.   Clinical effi cacy of 
highly purifi ed, doubly virus - inactivated factor VIII/von Willebrand 
factor concentrate (Fanhdi) in the treatment of von Willebrand 
disease: a retrospective clinical study .  Haemophilia   2002 ;  8 : 
 761  –  7 .  

  34       Federici   AB.    Highly purifi ed VWF/FVIII concentrates in the treat-
ment and prophylaxis of von Willebrand disease: the PRO.WILL 
Study .  Haemophilia   2007 ;  13 ( Suppl. 5 ):  15  –  24 .  

  35       Franchini   M  ,   Rossetti   G  ,   Tagliaferri   A  ,  et al.   Effi cacy and safety 
of factor VIII/von Willebrand ’ s factor concentrate (Haemate - P) in 
preventing bleeding during surgery or invasive procedures in 
patients with von Willebrand disease .  Haematologica   2003 ;  88 : 
 1279  –  83 .  

  36       Gill   JC  ,   Ewenstein   BM  ,   Thompson   AR  ,   Mueller - Velten   G  , 
  Schwartz   BA  ,   Humate   P.    Successful treatment of urgent bleeding 
in von Willebrand disease with factor VIII/VWF concentrate 
(Humate - P): use of the ristocetin cofactor assay (VWF:RCo) to 
measure potency and to guide therapy .  Haemophilia   2003 ;  9 : 
 688  –  95 .  

  37       Goudemand   J  ,   Mazurier   C  ,   Marey   A  ,  et al.   Clinical and biological 
evaluation in von Willebrand ’ s disease of a von Willebrand factor 
concentrate with low factor VIII activity .  Br J Haematol   1992 ;  80 : 
 214  –  21 .  

  38       Lubetsky   A  ,   Schulman   S  ,   Varon   D  ,  et al.   Safety and effi cacy of 
continuous infusion of a combined factor VIII - von Willebrand 
factor (vWF) concentrate (Haemate - P) in patients with von 
Willebrand disease .  Thromb Haemost   1999 ;  81 :  229  –  33 .  

  39       Mannucci   PM  ,   Chediak   J  ,   Hanna   W  ,  et al. ,  and Alphanate Study 
Group. Treatment of von Willebrand disease with a high - purity 
factor VIII/von Willebrand factor concentrate: a prospective, mul-
ticenter study .  Blood   2002 ;  99 :  450  –  6 .  

  40       Pasi   KJ  ,   Williams   MD  ,   Enayat   MS  ,   Hill   FG  .  Clinical and labora-
tory evaluation of the treatment of von Willebrand ’ s disease 
patients with heat - treated factor VIII concentrate (BPL 8Y) .  Br J 
Haematol   1990 ;  75 :  228  –  33 .  

  41       Rivard   GE  ,   Aledort   L  .    Effi cacy of factor VIII/von Willebrand 
factor concentrate Alphanate in preventing excessive bleeding 
during surgery in subjects with von Willebrand disease . 
 Haemophilia   2008 ;  14 :  271  –  5 .  

  42       Shortt   J  ,   Dunkley   S  ,   Rickard   K  ,   Baker   R  ,   Street   A  .  Effi cacy and 
safety of a high purity, double virus inactivated factor VIII/von 



TREATMENT OF VON WILLEBRAND DISEASE: THERAPEUTIC CONCENTRATES

327

Willebrand factor concentrate (Biostate) in patients with von 
Willebrand disorder requiring invasive or surgical procedures . 
 Haemophilia   2007 ;  13 :  144  –  8 .  

  43       Mazurier   C.    Composition, quality control, and labeling of plasma -
 derived products for the treatment of von Willebrand disease . 
 Semin Thromb Hemost   2006 ;  32 :  529  –  36 .  

  44       Kreuz   W  ,   Mentzer   D  ,   Becker   S  ,   Scharrer   I  ,   Kornhuber   B  .  Haemate 
P in children with von Willebrand ’ s disease .  Haemostasis   1994 ; 
 24 :  304  –  10 .  

  45       Lethagen   S  ,   Kyrle   PA  ,   Castaman   G  ,   Haertel   S  ,   Mannucci   PM  , and 
 Haemate P Surgical Study Group .  von Willebrand factor/factor 
VIII concentrate (Haemate P) dosing based on pharmacokinetics: 
a prospective multicenter trial in elective surgery .  J Thromb 
Haemost   2007 ;  5 :  1420  –  30 .  

  46       Mazurier   C  ,   De   Romeuf   C  ,   Parquet - Gernez   A  ,   Goudemand   M  .   In 
vitro  and  in vivo  characterization of a high - purity, solvent/deter-
gent - treated factor VIII concentrate: evidence for its therapeutic 
effi cacy in von Willebrand ’ s disease .  Eur J Haematol   1989 ;  43 : 
 7  –  14 .  

  47       Thompson   AR  ,   Gill   JC  ,   Ewenstein   BM  ,   Mueller - Velten   G  , 
  Schwartz   BA  ,   Humate ,  P  .  Successful treatment for patients with 
von Willebrand disease undergoing urgent surgery using factor 
VIII/VWF concentrate (Humate - P) .  Haemophilia   2004 ;  10 : 
 42  –  51 .  

  48       Borel - Derlon   A  ,   Federici   A  ,   Roussel - Robert   V  ,  et al.   Treatment of 
severe von Willebrand disease with a high - purity von Willebrand 
factor concentrate (Wilfactin): a prospective study of 50 patients . 
 J Thromb Haemost   2007 ;  5 :  1115  –  1124 .  

  49       Dobrkovska   A  ,   Krzensk   U  ,   Chediak   JR  .  Pharmacokinetics, effi -
cacy and safety of Humate - P in von Willebrand disease . 
 Haemophilia   1998 ;  4 ( Suppl. 3 ):  33  –  9 .  

  50       Favaloro   EJ  ,   Lloyd   J  ,   Rowell   J  ,  et al.   Comparison of the pharma-
cokinetics of two von Willebrand factor concentrates [Biostate and 
AHF (High Purity)] in people with von Willebrand disorder. A 
randomised cross - over, multi - centre study .  Thromb Haemost  
 2007 ;  97 :  922  –  30 .  

  51       Goudemand   J  ,   Scharrer   I  ,   Berntorp   E  ,  et al.   Pharmacokinetic 
studies on Wilfactin, a von Willebrand factor concentrate with a 
low factor VIII content treated with three virus - inactivation/
removal methods .  J Thromb Haemost   2005 ;  3 :  2219  –  27 .  

  52       Lubetsky   A  ,   Martinowitz   U  ,   Luboshitz   J  ,  et al.   Effi cacy and safety 
of a factor VIII - von Willebrand factor concentrate 8Y: stability, 
bacteriological safety, pharmacokinetic analysis and clinical expe-
rience .  Haemophilia   2002 ;  8 :  622  –  8 .  

  53       Lillicrap   D  ,   Poon   MC  ,   Walker   I  ,   Xie   F  ,   Schwartz   BA  , and 
 Association of Hemophilia Clinic Directors of Canada .  Effi cacy 
and safety of the factor VIII/von Willebrand factor concentrate, 
haemate - P/humate - P: ristocetin cofactor unit dosing in patients 
with von Willebrand disease .  Thromb Haemost   2002 ;  87 : 
 224  –  30 .  

  54       Cohen   AJ  ,   Kessler   CM  ,   Ewenstein   BM  , and  Hemophilia Research 
Society of North America .  Management of von Willebrand disease: 
a survey on current clinical practice from the haemophilia centres 
of North America .  Haemophilia   2001 ;  7 :  235  –  41 .  

  55       Berntorp   E  ,   Petrini   P  .  Long - term prophylaxis in von Willebrand 
disease .  Blood Coagul Fibrinolysis   2005 ;  16 (Suppl.  1 ):  S23  –  6 .  

  56       Berntorp   E  ,   Abshire   T  , and  von Willebrand Disease Prophylaxis 
Network Steering Committee .  The von Willebrand disease proph-
ylaxis network: exploring a treatment concept .  J Thromb Haemost  
 2006 ;  4 :  2511  –  12 .  

  57       Mannucci   PM  ,   Tamaro   G  ,   Narchi   G  ,  et al.   Life - threatening reac-
tion to factor VIII concentrate in a patient with severe von 
Willebrand disease and alloantibodies to von Willebrand factor . 
 Eur J Haematol   1987 ;  39 :  467  –  70 .  

  58       Ciavarella   N  ,   Schiavoni   M  ,   Valenzano   E  ,   Mangini   F  ,   Inchingolo  
 F  .  Use of recombinant factor VIIa (NovoSeven) in the treatment 
of two patients with type III von Willebrand ’ s disease and an 
inhibitor against von Willebrand factor .  Haemostasis   1996 ; 
 26 ( Suppl. 1 ):  150  –  4 .  

  59       Kumar   S  ,   Pruthi   RK  ,   Nichols   WL  .  Acquired von Willebrand ’ s 
syndrome: a single institution experience .  Am J Hematol   2003 ; 
 72 :  243  –  7 .  

  60       Smith   MP  ,   Rice   KM  ,   Bromidge   ES  ,  et al.   Continuous infusion 
therapy with very high purity von Willebrand factor concentrate 
in patients with severe von Willebrand disease .  Blood Coagul 
Fibrinolysis   1997 ;  8 :  6  –  12 .  

  61       Foster   PA.    A perspective on the use of FVIII concentrates and 
cryoprecipitate prophylactically in surgery or therapeutically in 
severe bleeds in patients with von Willebrand disease unresponsive 
to DDAVP: results of an international survey. On behalf of the 
Subcommittee on von Willebrand Factor of the Scientifi c and 
Standardization Committee of the ISTH .  Thromb Haemost   1995 ; 
 74 :  1370  –  8 .  

  62       Castillo   R  ,   Monteagudo   J  ,   Escolar   G  ,   Ordinas   A  ,   Magallon   M  , 
  Villar   JM    .  Hemostatic effect of normal platelet transfusion in 
severe von Willebrand disease patients .  Blood   1991 ;  77 : 
 1901  –  5 .     

           



328

 Factor  II   
  Jan   Astermark  
  Centre for Thrombosis and Haemostasis, Malm ö  University Hospital, Malm ö , Sweden         49

     Factor II (prothrombin) defi ciency is a rare bleeding disorder 
that in the homozygous severe form is associated with high 
mortality. Milder defi ciencies, however, may actually be 
underdiagnosed, since routine laboratory screening tests are 
often only slightly affected and many patients do not experi-
ence bleeding symptoms requiring medical care. This chapter 
will provide an overview of the structure and function of 
prothrombin and some clinical perspectives on the various 
defi ciency states.  

  Biosynthesis 

 Prothrombin is synthesized as a preproprotein in hepatocytes 
and encoded by a gene, on chromosome 11, of 21   kb contain-
ing 14 exons and 13 intervening sequences  [1] . The prepeptide 
directs the synthesized protein to the endoplasmic reticulum 
and is then removed prior to the process of post - translational 
modifi cation. The mature molecule is a plasma glycoprotein 
and zymogen of a serine protease requiring vitamin K for 
normal biosynthesis  [2] . The common feature of all vitamin 
K - dependent proteases is an N - terminal noncatalytic module 
containing  γ  - carboxyglutamic acid (Gla) residues, but, unlike 
the procoagulant factor VII (FVII), FIX, and FX, prothrombin 
consists not of epidermal growth factor (EGF) - like modules 
but of two kringle domains separated from the Gla module 
by a disulfi de loop. The propeptide serves as an anchor for 
the  γ  - carboxylase, and is cleaved off before secretion  [3] . The 
catalytic serine protease part contains the active site and is 
located at the C - terminal end of the molecule.  

  Structure and  f unction 

 The binding of calcium to the Gla module is fundamental for 
proper folding of the vitamin K - dependent enzymes and for 
the accumulation of the factors on a negatively charged phos-
pholipid membrane at concentrations high enough to promote 
fi brin formation  [4,5] . The Gla residues have also been associ-
ated with normal intracellular transportation. The function of 
the kringles, named after a pastry because of their pretzel - like 
form, is to some extent unclear, although the second kringle 

seems to be involved in the binding of FVa and thrombin. 
Thrombin is the active form of prothrombin. It is formed by 
the cleavage of two peptide bonds by the prothrombinase 
complex composed of FXa, FVa, and calcium on a phospholi-
pid surface (Figure  49.1 ). In contrast to the other activated 
vitamin K - dependent coagulation factors, thrombin contains 
none of the noncatalytic modules and therefore has no phos-
pholipid - binding capacity, but dissociates from the prothrom-
binase complex by diffusion. Thrombin exerts several pro -  and 
anticoagulant effects. It triggers platelet aggregation and pro-
motes coagulation by activating regulatory pathways and gen-
erating fi brin monomers by cleavage of a peptide bond in each 
of the  α  -  and  β  - subunits of fi brinogen  [6] .    

  Prothrombin  d efi ciency 

 Congenital prothrombin defi ciency was fi rst described by 
Quick in 1947 and further explored in subsequent reports 
 [7,8] . The condition is inherited as an autosomal recessive trait 
and has been extensively reviewed by Girolami and coworkers 
 [9] . The prevalence of congenital prothrombin defi ciency is 
low, reported in the range of 1   :   1   000   000 – 2   000   000  [10,11] . 
Based on the immunoreactive component in plasma and the 
functional activity, two different phenotypic defi ciencies have 
been described. In type 1 defi ciency, or hypoprothrombine-
mia, the levels of antigen and functional activity are decreased 
to a similar extent, whereas in type 2 defi ciency, or dyspro-
thrombinemia, the enzyme itself is synthesized and present in 
plasma at a more or less normal level, but the coagulant activ-
ity is low. From what is presently known, complete pro-
thrombin defi ciency appears to be incompatible with life  [12] . 
Mutations found in patients with hypo -  and dysprothrom-
binemia have been reviewed and are summarized in Figure 
 49.2   [9,11,13 – 18] . The mutations associated with dyspro-
thrombinemia are missense mutations, most of which interfere 
with the FXa binding site and the active site in the serine 
protease domain. In patients with hypoprothrombinemia, 
nonsense and small deletions have also been found, but the 
mechanisms by which these defects affect function largely 
remain to be settled. Compound heterozygosity for dys -  and 
hypoprothrombinemia has been described  [19] . In addition 
to isolated prothrombin defi ciency, combined defects with 
the other vitamin K - dependent coagulation factors VII, IX, X, 
and protein C and S have been found with variable clinical 
manifestations and in some cases associated with skeletal 
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abnormalities  [20 – 25] . The molecular defects are thought to 
reside in the gene of the  γ  - glutamyl carboxylase  [26,27] .   

 Acquired prothrombin defi ciency is usually associated with 
neutralizing anticoagulants, the lupus anticoagulant - hypopro-
thrombinemia syndrome (LA - HPS), in patients with systemic 
lupus erythematosus (SLE), or following viral infections  [28 –
 31] . However, non - neutralizing antibodies accelerating the 
clearance of prothrombin have also been described  [32,33] .  

  Laboratory  d iagnosis 

 Specifi c tests are usually required to identify prothrombin 
defi ciency. Screening tests such as prothrombin time (PT) and 
activated partial thromboplastin time (aPTT) are variably 
prolonged and in milder cases often more or less normal, 
suggesting that milder cases could be underdiagnosed  [34] . 
Several specifi c diagnostic tools are available, some of which 
are based on viper venoms  [9] . The most widely used test is a 
one - stage assay using thromboplastin as the activating agent. 
The test is reliable for screening purposes. In patients with 
homozygous type 1 prothrombin defi ciency activity is usually 
less than 10% of normal, whereas subjects heterozygous for 
the same defi ciency usually have values between 40% and 
60%. Type 1 defi cient patients generally have similar results 
regardless of the diagnostic method used, whereas the results 
for patients with type 2 defi ciency may be inconsistent from 
method to method. Immunologic methods are required to fully 
characterize the defi cient state in terms of true hypo -  or 
dysprothrombinemia.  

  Clinical  m anifestations 

 Clinically, heterozygotic patients with prothrombin defi ciency 
are usually asymptomatic, but homozygote subjects with 
activity levels less than 10% of normal may experience several 
different bleeding symptoms  [9,35] . In general, patients with 
dysprothrombinemia seem to have more variable and milder 
symptoms than patients with hypoprothrombinemia. In a 
cohort of 14 patients with a plasma level of 4 – 10%, mucocu-
taneous bleeds from the nose, gums, and uterus were the most 
frequent bleeding symptoms. Joint and muscle bleeds were 
also relatively frequent and found in approximately one - third 
of the patients, some of whom developed arthropathy. 
Morbidity and mortality owing to intracranial hemorrhage 
are high in patients with severe defi ciency. In women, the risk 
of ovulation - induced hemoperitoneum should be considered 
 [36] .  

  Therapeutic  a spects 

 Prothrombin levels of 25 – 30   IU/dL are required for normal 
hemostasis, but in the case of life - threatening bleeds and major 
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 Figure 49.1     Schematic overview of the pathways for prothrombin 
activation. a - Thrombin is formed by the cleavage of two peptide 
bonds in prothrombin (Arg271    – | –    Thr272) and (Arg320    – | –    Ile321). 
Depending on which bond is cleaved fi rst, fragment 1.2 and 
prethrombin 2 or meizothrombin is formed as an intermediate 
product. The activation by the prothrombinase complex is thought 
to mainly proceed through the formation of meizothrombin. 
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surgery higher levels may be needed  [37] . Consequently, in 
many patients with a coagulant activity above 30% only anti-
fi brinolytics will be required. In patients with more severe 
defi ciency, however, replacement with the defi cient factor 
must be given for surgery and in cases of trauma and more 
serious bleeding episodes. No pure prothrombin concentrate 
is available, but treatment can be given with either plasma 
and/or prothrombin complex concentrates. The amount of 
plasma needed for transfusion is usually about 15 – 20   mL/kg 
body weight (b.w.), whereas prothrombin complex concen-
trates containing around 1   IU of prothrombin per unit of FIX 
can be given in a dose of 20 – 30   IU/kg. Taking the long half - life 
(72   h) of prothrombin into account, the infusion intervals 
must be adjusted to the clinical situation in order not to accu-
mulate the enzyme and increase the risk of thrombotic events. 
In the current era of manufacturing processes, the risk of 
transmitting viruses is considered very low, although not neg-
ligible. Patients with acquired hypoprothrombinemia often 
require immunomodulating agents and usually respond to 
corticosteroids, cyclophosphamide, danazol, and/or intrave-
nous gammaglobulins  [38 – 42] .  

  Conclusion 

 Prothrombin defi ciency is rare, but it is important to recognize 
as patients with severe defi ciency may experience life - threat-
ening bleeding symptoms. Patients with milder defi ciencies 
are probably underdiagnosed. An improved awareness of 
this condition may not only improve patient care, but 
also contribute to a better understanding of the hemostatic 
process.  
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  Factor  V   d efi ciency 

 Within the coagulation cascade, factor V (FV) is one essential 
nonenzymatic cofactor of the prothrombinase complex, which 
catalyses the conversion of prothrombin into thrombin  [1] . 
This enzyme complex consists of activated FV (FVa), calcium, 
phospholipids, and activated factor X (FXa). FVa increases 
the concentration of FXa at the membrane surface by acting 
as a receptor for FXa and allosterically alters the active 
site of FXa to optimize its ability to cleave prothrombin. 
By stabilizing the complex and increasing the rate at which 
FXa cleaves prothrombin, FVa enhances prothrombin activa-
tion by fi ve orders of magnitude when compared with FXa 
alone. 

 Although most FV is present in plasma, approximately 
20 – 25% of the circulating FV is found within platelet  α  -
 granules. The source of platelet FV has not been defi nitively 
established, but evidence indicates that platelets or megakary-
ocytes can both endocytose and synthesize FV. Platelet FV is 
partially proteolysed and is stored bound to the protein mul-
timerin in  α  - granules  [2,3] . 

 Kingsley fi rst described the autosomal recessive inheritance 
pattern of congenital FV defi ciency (Online Mendelian 
Inheritance in Man, OMIM +227400) in two South African 
families of Dutch ancestry  [4] . However, only in 1987 was the 
cDNA cloned and the amino acid sequence of the protein 
determined  [5] . The entire genomic structure of the  F5  gene 
was characterized in 1992  [6] . 

 Aside from mutations in the  F5  gene, a reduction of the 
circulating level of FV can also been observed in combined FV 
and FVIII defi ciency (described later). Defi ciency of FV can 
also arise because of acquired inhibitors to FV and defects that 
affect the storage and processing of FV  [7,8] . 

 No precise epidemiologic data exist for congenital FV defi -
ciency, but its prevalence has been estimated to be 1 in 
1   000   000 persons  [9] . Unfortunately, the worldwide preva-

lence of FV defi ciency compared with other rare bleeding 
disorders (RBDs) is not available, because a reliable picture of 
the global distribution of these disorders could not be devel-
oped. This is because of the limited number of reliable national 
registries, especially in developing countries, that make avail-
able data to be not homogeneous. However, an indication of 
the worldwide prevalence of FV defi ciency can be derived 
from the World Federation of Hemophilia (WFH) global 
survey (WFH 2007, courtesy of Dr. Mark Brooker) and the 
RBD database (RBDD,  www.rbdd.org ) reporting that patients 
affected by FV defi ciency seem to represent  ∼ 11% of the total 
number of patients affected by RBDs.  

  Factor  V   p rotein and  g ene  s tructure 

 Human FV is synthesized by hepatocytes and megakaryocytes. 
Approximately 75% of FV is secreted, circulating in blood as 
a precursor molecule, whereas the remaining 25% is stored 
into the platelet  α  - granules  [10] . FV shows high functional 
and structural homology with factor VIII (FVIII)  [11] . Both 
these proteins have the same A1 – A2 – B – A3 – C1 – C2 structure: 
the three A domains of FV and FVIII share approximately 
30% amino acid identity with each other and with the tripli-
cated A domain of ceruloplasmin, the major plasma copper -
 transport protein  [12] . The large B domain, having no 
homology with other proteins, is proteolitically removed 
during activation of FV and FVIII. Both C domains are tandem 
modules of approximately 150 amino acids and they are part 
of the major subfamily of discodein domains  [13] . 

 So far, only the three - dimensional structure of the C2 
domain of human FV has been determined by X - ray crystal-
lography; the C2 domain shows an eight - stranded  β  - barrel 
core from which three spikes protrude. These spikes mediate 
binding of FVa to phospholipid membranes  [14] . The descrip-
tion of the crystal structure of activated protein C – inactivated 
bovine FVa allowed the reconstruction of a complete molecu-
lar model for FVa  [15] , showing that the two C domains are 
aligned  “ edge to edge ”  to form a platform that lifts the A 
domains to an appropriate height above the membrane for 
interaction with their physiologic partners. Very recently, this 
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model was substantially confi rmed by the low - resolution 
human FVa three - dimensional structure, obtained by Stoilova -
 McPhie and colleagues  [16] , and the solvent - equilibrated 
model of human FVa proposed by Lee and coworkers  [17] , 
which also indicated a possible signifi cant shift toward 
planarity in the arrangement of the fi ve FVa domains. 

 The FV which circulates in the blood is a single glycosylated 
polypeptide of 330   kDa that, through proteolytic cleavages at 
three arginine residues (Arg709, Arg1018, and Arg1545)  [18] , 
releases the B domain and creates a dimeric molecule com-
posed of a 105 - kDa heavy chain that contains the A1 and A2 
domains and a 71 -  to 74 - kDa light chain that contains the A3, 
C1, and C2 domains. These two chains are held together by 
calcium and hydrophobic interactions. The heavy chain pro-
vides the contacts for both FXa and prothrombin, whereas the 
two C domains in the light chain are needed for the interaction 
of FVa with the phospholipid surface. The A3 domain in the 
light chain is involved in both FXa and phospholipid interac-
tions. The two FVa chains link FXa to the phospholipid ’ s 
surface formed by the platelet plug at the site of injury and 
enable FXa to effi ciently bind and cleave prothrombin to 
generate thrombin  [19] . 

 Cleavage by activated protein C (aPC) at three arginine 
residues (Arg306, Arg506, and Arg679) located in the FV 
heavy chain culminates in the inactivation of the procoagulant 
activity  [20] . The cleavage at Arg506 reduces both the cofac-
tor activity and its affi nity for FXa, and the cleavage at Arg306 
completes the inactivation. Once cleaved at Arg506, FVa is 
converted to FVac (FV anticoagulant), which interacts with 
aPC and protein S to inactivate FVIIIa. Thus, aPC not only 
turns off the FVa procoagulant activity but also converts it to 
an anticoagulant  [19] . 

 FV is indispensable for life, as was demonstrated by experi-
mental knockout mice lacking the FV gene, which die either 
 in utero  at embryonic day 9 – 10 or within a few hours of birth 
from massive hemorrhage  [21] , and by the lack of patients 
with complete gene deletions  [2] . Moreover, the expression of 
a minimal FV activity because of the introduction of a liver -
 specifi c transgene, below the sensitivity threshold of the detec-
tion assay ( < 0.1%), leads to the survival of mice  [22] .  

  Gene  s tructure and  m utations 

 The human  F5  gene (GenBank accession  n . ENSG00000198734) 
is more than 80   kb long and is located on the long arm of 
chromosome 1q23. The genes for coagulation FV and FVIII 
are homologous both in structure and organization, suggest-
ing their evolution from a common ancestral gene  [6] . The  F5  
gene coding sequence is divided into 25 exons ranging in size 
from 72 to 2820 base pairs (bp) and 24 introns varying 
between 0.4   kb and 11   kb. The sequence encoding the large B 
domain is contained within exon 13.  F5  cDNA is 6914   bp of 
length, corresponding to a coding region of 6674   bp, 91   bp of 
5 ′  untranslated region and 142   bp of 3 ′  untranslated region. 

A total of 83   bp encode the 28 - amino - acid hydrophobic signal 
peptide while in the protein of 2196 amino acids, 709 amino 
acids form the heavy chain region, 836 amino acids form the 
connecting region, and 651 amino acids form the light chain 
region. The nucleotide sequence fl anking the initiator ATG 
codon (AGCATGT) is very similar to the consensus Kozac 
translation initiator sequence. At the 3 ′  end of the cDNA the 
polyadenilation signal sequence (AATAAA) is located 12 
nucleotides preceding the poly(A) tail  [23] . 

 Very recently, analysis of the  F5  splicing pattern in HepG2 
cells and human liver evidenced the occurrence of multiple 
alternative splicing (AS) events  [24] . In particular, among dif-
ferent unproductive ASs, three major ones were detected: two 
determining the synthesis of in - frame splicing variants and one 
producing an out - of - frame transcript. The latter was demon-
strated to be downregulated by the nonsense - mediated mRNA 
decay (NMD) pathway, a mechanism that selectively detects 
and degrades transcripts carrying premature termination 
codons  [25] . This suggests a possible role of the AS - NMD 
coupling mechanism in the regulation the  F5  gene expression 
 [24] . 

 Human FV defi ciency is an autosomal recessive bleeding 
disorder, characterized by low levels of FV associated with 
bleeding symptoms ranging from mild to severe  [26] . In most 
of the affected individuals the phenotype is characterized by 
the concomitant defi ciency of factor V activity and antigen 
(type I defi ciency); however, about 25% of the patients have 
normal antigen levels (type II defi ciency), thus indicating that 
there is a dysfunctional protein  [27] . 

 Studies of the molecular basis of severe FV defi ciency fi rst 
took place in 1998 along with the identifi cation of the fi rst 
causative mutation  [28] . However, presumably because of the 
large size and complexity of the gene, relatively little informa-
tion is still available. 

 Until now, a total of 56 mutations have been published as 
responsible for FV defi ciency; more than two - thirds of them 
are null mutations [small deletions, frame - shift (FS), nonsense, 
and splice site mutations], mainly decreasing FV expression; 
the remaining are missense mutations usually impairing FV 
secretion or accelerating its degradation (Figure  50.1 ) (ref.  29 , 
last release available on request at  H.L.Vos@lumc.nl ).   

 A total of 48 described mutations (21 small insertions/dele-
tions, 14 missense mutations, seven splicing defects, and six 
nonsense mutations), lead to severe type 1 FV defi ciency, only 
one being recurrent (Tyr1702Cys, repeatedly found in Italian 
individuals)  [30] . This confi rms the remarkable allelic hetero-
geneity of the disease. As for mild type 1 FV defi ciency, besides 
the recurrent Tyr1702Cys mutation, seven additional genetic 
defects have been, until now, reported in heterozygous index 
patients: three nonsense, two missense, one splicing, and one 
insertion/deletion mutations (this survey does not take into 
account heterozygous relatives of severe FV - defi cient patients). 
A decrease in FV levels, responsible for a mild type 1 defi -
ciency, has also been associated with two FV variants: a func-
tional polymorphism (Met2120Thr), which was demonstrated 
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regions), as well as large deletions, are absent. Recently, a 
patient has been described with an FV level of 9%, who had 
a complete deletion of one FV allele in association with a 1q 
deletion on one chromosome combined with a point mutation 
in the other FV allele  [35] . Moreover, an uneven distribution 
of mutations is observable: most genetic defects are present in 
exons 8 to 25 and missense mutations are completely absent 
in the large exon 13, coding for the whole B domain. This can 
probably be explained by an increased  “ tolerance ”  of this 
domain to variations, as suggested by the fact that it is highly 
polymorphic and not evolutionarily conserved.  

  Clinical  m anifestations 

 Generally, bleeding symptoms develop during the fi rst 6 years 
of life, and even bleeding from the umbilical stump has been 
reported  [36] . Frequent symptoms are epistaxis and menor-
rhagia, which occur in approximately 50% of patients, as well 
as postoperative and oral cavity hemorrhages  [26]  (see also 
 www.rbdd.org ). Other less common symptoms include hemar-
throses and hematomas, whereas life - threatening bleeding 
episodes in the gastrointestinal tract and in the central nervous 
system are rare  [36]  (see also  www.rbdd.org ). 

 The FV activity level has limited correlation with the sever-
ity of bleeding. Overall, patients with lower levels are more 
likely to have bleeding episodes than those with higher levels. 
Patients who come to medical attention are typically sympto-
matic homozygotes or compound heterozygotes with FV 
activity levels less than 5%, although patients who are com-
pound heterozygotes with levels that ranged from 24% to 
68% had no bleeding symptoms  [33,37]  (see also FactorV -
 gene - mutations - table - 27sept2006. DOC:  http://www.lumc.
nl/4010/research/factor_V_gene.html ). 

 However, the severity of the clinical phenotype cannot be 
easily predicted by the activity level. Patients with identical 
mutations or activity levels, including related patients with 
identical genotypes and equally low ( < 1%) FV activities, can 
vary greatly in their bleeding symptoms  [2,30] .  

  Treatment 

 The choice of dosages and modalities of treatment of bleeding 
episodes is based on the type of bleeding, on FV levels of 
affected individuals, and on FV plasma half - life (36   h). 
Replacement therapy of FV can be administered only through 
fresh - frozen plasma (FFP), preferably virus - inactivated, since 
FV concentrates are not available and FV is not present in 
cryoprecipitate or prothrombin complex concentrates  [38] . 
FV levels should be raised to at least 25   IU/dL  [39]  by using 
15 – 20   mL/kg FFP  [26] . The initial dose should be 15 – 20   mL/
kg followed by smaller amounts, such as 5   mL/kg every 12   h, 
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 Figure 50.1     Mutations in the  F5  gene, projected on the exons 
encoding the domains of the protein. Exons and introns are 
represented by boxes and lines, respectively, and are not drawn to 
scale. The FV domain structure is also indicated. Only fully 
published mutations are listed. 

to cause an approximate 25% reduction in FV levels  [31] , and 
the HR2 haplotype. HR2 is an FV allele defi ned by a group 
of more than 10 polymorphisms  [31] ; among them, the domi-
nant contribution of the Asp2194Gly variant was demon-
strated by expression experiments in eukaryotic cells  [32] . The 
fi rst to be described, FV - New Brunswick (Ala221Val), is 
the only genetic defect associated with type 2 defi ciency  [33] . 
The expression of the recombinant FV - Ala221Val demon-
strated that the mutation interferes with the stability of mutant 
FVa  [34] . Summing up, mutations causing FV defi ciency do 
not cover the full spectrum of possible genetic lesions; in fact, 
mutations located in the promoter (or other regulatory 
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adjusting the dosage on the basis of FV levels, PT, and PTT. 
Studies of FV recovery recommend maintaining a level of 
20 – 25% of FV activity for surgery or in case of severe bleeding 
 [39] . Surgical procedures should be addressed by administer-
ing FFP once a day to achieve minimum levels of FV of 25   IU/
dL until wound healing is established  [39] . 

 It has been suggested that in cases of severe bleeding not 
controlled with FFP replacement, or in case of inhibitor devel-
opment, platelet transfusions may be considered. A case of 
severe FV defi ciency associated with multiple episodes of 
intracranial bleeding at birth was reported, where the inhibi-
tor development owing to FFP infusion was solved by addi-
tional administration of platelets  [40] . Platelets provide a 
concentrated supply of FV (approximately 20% of total cir-
culating FV). Therefore, following  α  - granule release upon 
platelet activation, FV can presumably bind immediately to 
surface receptors optimizing prothrombinase complex activity 
 [39] . 

 Development of alloantibodies to FV in FFP is a potential 
complication of hereditary FV defi ciency  [39] . Following FFP 
replacement therapy, the occurrence of inhibitors, especially 
transient ones of low level, may not be uncommon  [39]  and 
can be neutralized using large amounts of FFP  [38] . However, 
as in the treatment of surgical cases, there are concerns over 
fl uid overload in this situation, and close cardiovascular moni-
toring is advised. Intravenous immunoglobulin also may be 
effective in eradicating the FV inhibitor  [41] . Platelet infusions 
have been reported to be effective in acquired FV defi ciency 
 [42] , but it was reported to be effective in stabilizing a sub-
dural hematoma also in a patient with hereditary FV defi -
ciency, complicated by inhibitors  [40] . Use of recombinant 
activated factor VII (rFVIIa) concentrate was reported at a 
dosage varied between 80 and 100    μ g/kg administrated intra-
venously; however, the hemostatic effi cacy in these patients 
was various  [43,44] . 

 Menorrhagia is a common bleeding symptom in women 
with severe FV defi ciency. Management of this symptom 
usually includes medical treatment such as antifi brinolytics, 
desmopressin (DDAVP), oral contraceptives, levonorgestrel 
intrauterine device and replacement therapy, and surgical 
treatments, such as endometrial ablation and hysterectomy 
 [45] . However, management of women with FV defi ciency 
requires additional monitoring of the hemostatic parameters 
and awareness of the increased risk of bleeding with any surgi-
cal interventions  [45] .  

  Combined  d efi ciency of  f actor  V  and 
 f actor  VIII  

 Combined defi ciency of FV and FVIII (F5F8D, OMIM 
227300) is an autosomal recessive bleeding disorder charac-
terized by concomitantly low levels (usually between 5% and 
20%) of the two coagulation factors V and VIII  [46] . F5F8D 

is completely separate from FV defi ciency and FVIII defi ciency. 
The latter two are transmitted with different patterns of inher-
itance (autosomal recessive for FV, X - linked for FVIII) and 
involve proteins encoded by two different genes ( F5  gene and 
 F8  gene). F5F8D was fi rst described by Oeri  et al . in 1954 
 [47] . However, the molecular mechanism of the association 
of the combined factor defi ciency was not understood until 
1998, when Nichols  et al .  [48,49]  discovered that the cause 
of the defi ciency was associated with null mutations in the 
 ERGIC - 53  gene, now called  LMAN1  gene (lectin mannose 
binding protein), encoding an endoplasmic reticulum (ER) –
 Golgi intermediate compartment (ERGIC) marker protein. 
Mutations in  LMAN1  were found in  ∼ 70% of affected patients 
but 30% of this population had no detectable mutation in 
 LMAN1 . In 2003, Zhang  et al.   [50]  identifi ed a second locus 
associated with the defi ciency in about 15% of affected fami-
lies with no mutation in  LMAN1 . The  MCFD2  (multiple 
coagulation factor defi ciency 2) gene encodes for a cofactor 
for LMAN1  [51] . Even if a debate existed on the possible 
existence of other loci involved in the intracellular transport 
of FV and FVIII and associated with the disease, until now 
previous biochemical studies failed to identify additional com-
ponents of the LMAN1 – MCFD2 receptor complex  [51] , sup-
porting the idea that F5F8D might be limited to the  LMAN1  
and  MCFD2  genes  [52] . 

 Congenital F5F8D is estimated to be extremely rare 
(1   :   1   000   000) in the general population  [9] . However, this 
disorder was reported to be particularly prevalent among 
Middle Eastern Jewish and non - Jewish Iranians, where the 
incidence was estimated at  ∼ 1   :   100   000  [53] . This high fre-
quency is probably owing, at least in part, to the high inci-
dence of consanguineous marriages in these populations  [54] . 
Cases were reported from different countries principally 
belonging to Europe, the Middle East, Asia, Africa,   and 
America  [55] . 

 The worldwide prevalence of F5F8D patients, as indicated 
by the WFH 2007 global survey and the RBDD ( www.rbdd.
org ) seem to be  ∼ 3% of the total number of patients affected 
by RBDs, indicating that F5F8D is one of the rarest coagula-
tion disorders. 

   LMAN 1 and  MCFD 2  p roteins 

 LMAN1 is a 53 - kDa type 1 transmembrane nonglycosylated 
protein with homology to leguminous lectin proteins  [56] . It 
displays different oligomerization states — monomer, dimer, 
and hexamer — which have been implicated in its exit/retention 
within the ER, and it is thought to bind correctly folded glyco-
sylated cargo proteins, including FV and FVIII in the ER, 
recruiting the cargo for package into coat protein complex II 
(COPII)   - coated vesicles and to transport them fi rst to the 
ERGIC and then to the Golgi  [57] . Indeed, LMAN1 resides 
in the early secretory pathway, with highest concentration in 
the ERGIC compartment. LMAN1 consists of a luminal, a 
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transmembrane and a short cytoplasmatic domain for a total 
of 513 residues. The luminal domain can be divided into two 
subdomains, an N - terminal carbohydrate recognition domain 
(CRD) (residues 31 – 285) and a membrane - proximal  α  - helical 
coiled domain, the stalk domain (residues 290 – 460). 

 The crystal structures of the CRD in apo -  and Ca 2+  - bound 
form of LMAN1 were determined  [58,59] . The CRD is 
responsible for the calcium ion - dependent binding of the 
protein to mannose - rich glycans. The stalk domain, which is 
predicted to be a coiled - coil structure, contains two cysteines 
thought to mediate oligomerization of the protein through 
disulfi de interactions  [60,61]  while the cytoplasmic tail binds 
to the COPII component of vesicle coats, allowing effi cient 
ER export; it also includes a retrieval sequence to bring the 
transporter back to the ER after release of its cargo in the 
ERGIC  [62] . Effi cient transport of coagulation FV and FVIII 
along the secretory pathway requires the integrity of their 
heavily glycosylated B domains and a functional LMAN1 
protein, and an interaction between FVIII and LMAN1 has 
been demonstrated  [51,63] . LMAN1 has thus been implicated 
to act as a sorting receptor, mediating transport of certain 
glycoproteins from the ER to Golgi. In support of such 
an important function, homologues of LMAN1 have been 
identifi ed in levels of the animal kingdom ranging from 
 Caenorhabditis elegans  to man and display a high degree of 
sequence identity  [64] . 

 MCFD2 (multiple coagulation factor defi ciency 2) is a 
small (146 residues) soluble protein of 16   kDa with a signal 
sequence mediating translocation into the ER and two EF -
 hand motifs that may bind Ca 2+  ions in the C - terminal region. 
MCFD2 forms a Ca 2+  - dependent 1   :   1 stoichiometric complex 
with LMAN1, that works as a cargo receptor for effi cient 
ER – Golgi transfer of coagulation FV and FVIII during their 
secretion  [50] . While, to date, several proteins have been iden-
tifi ed as cargo of LMAN1 (FV, FVIII, cathepsin C, cathepsin 
Z, nicastrin, and  α 1 - antitrypsin)  [65 – 68] , MCFD2 is only 
known to be required for transport of the blood coagulation 
factors, suggesting a possible role for MCFD2 as a specifi c 
recruitment factor for this subset of LMAN1 cargo proteins 
 [69] . Interestingly, an MCFD2 mutant which fails to coim-
munoprecipitate with LMAN1 has been shown to retain the 
ability to interact with FVIII, implying that the interaction 
between MCFD2 and the coagulation factors may be inde-
pendent of MCFD2/LMAN1 binding  [51] . Unlike LMAN1, 
MCFD2 does not include the Phe – Phe (FF) motif required 
for COPII binding or the Lys – Lys (KK) motif which functions 
as an ER retrieval signal, suggesting that correct localization 
of MCFD2 is reliant on its interaction with LMAN1  [50] . 
The crystal structure of the MCFD2 in solution was recently 
determined by NMR by Guy  et al .  [57] , reporting that 
MCFD2 is disordered in the absence of calcium, while it 
adopts a predominantly ordered (folded) structure on binding 
calcium, leaving the N - terminus disordered and the extended 
loop between the two EF - hand motifs with conformational 
fl exibility  [57] .  

  Genes  s tructure and  m utations 

 LMAN1 is encoded by a gene of approximately 29   kb located 
on chromosome 18q21 and containing 13 exons  [70] . MCFD2 
is encoded by a gene of approximately 19   kb located on chro-
mosome 2p21 and containing four exons  [50] . 

 To date, 48 mutations in  LMAN1  ( n    =   32, 67%) and 
 MCFD2  ( n    =   16, 33%) genes have been described  [71 – 75]  
(see also  http://www.isth.org/Publications/RegistriesDatabases/
MutationsRareBleedingDisorders/CombinedFactorVand
VIIIdefi ciency.aspx ) (Figures  50.2  and  50.3 ). All the  LMAN1  
mutations reported to date are null mutations with the excep-
tion of a cysteine - to - arginine mutation that disrupts a disulfi de 
bond that is required for its oligomerization and also destabi-
lizes the protein  [52]  (Figure  50.2 ). In contrast, both null 
mutations and missense mutations have been identifi ed in 
 MCFD2  (Figure  50.3 ). Five of the six  MCFD2  missense muta-
tions reported to date  [50,71,72]  have been shown to disrupt 
LMAN1 binding, indicating that LMAN1 and MCFD2 must 
function as a unit to transport FV and FVIII. Although 

C-terminus

1519_1524delA

Met1Thr; 23delG
31delG; 89insG

Lys302X, Gln317X, 841delA, 912insA 

Glu321X; 1109delTC; Gln380X 

1208insT, 1214delAAATG

IVS7–1G > A; IVS 7–1G > C; IVS7 + 1G > A;
c.813-822 + 62del72; IVS7 + 33insGGTT

IVS9 + 2T > G, IVS9 + 2T > C

N-terminus

Signal peptide

Lectin leg-like
domain

1

2

4

5

3

6

7

8

9

10

11

12

13

Gly114X

422delC

Arg202X

IVS5 + 1G > T

720del16bp

780delT; 795delC

Arg456X; 1271delG; 1356delC

Cys475Arg

 Figure 50.2     Mutation in the  LMAN1  gene, projected on the exons 
encoding the domains of the protein. Exons and introns are 
represented by boxes and lines, respectively, and are not drawn to 
scale. Only fully published mutations are listed. 
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a primary role in the export of FV and FVIII from the ER, 
with the impact of LMAN1 being mediated indirectly through 
its interaction with MCFD2  [72] . 

 Some of the identifi ed mutations in both the  LMAN1  and 
 MCFD2  genes are recurrent in more than one family.  LMAN1  
mutations, such as  p .M1T, c.86_89insG,  p .R202X, c.822G > A, 
 p .K302X, and c.1149+2T > C, have been observed in more 
than four patients  [49,54,76 – 79] . Similarly, the c.149+5G > A 
and  p .I136T mutations in  MCFD2  have also been commonly 
reported [72,73  ,79]. The  MCFD2  c.149+5G > A appears to be 
one of the most common mutations causing F5F8D and it has 
now been identifi ed in at least 13 unrelated families from dif-
ferent geographic regions and particularly from India ( n    =   6) 
 [80,73] , followed by Italy ( n    =   4)  [52,72] , USA ( n    =   1)  [50] , 
Serbia ( n    =   1)  [52] , and Germany ( n    =   1)  [50] . 

  In vitro  expression studies have proved to be an invaluable 
tool to understand the nature of the genetic defect and to 
unravel the underlying molecular mechanism of defi ciencies. 
 In vitro  expression studies of  LMAN1  and  MCFD2  gene 
mutations and characterization of the activity of the corre-
sponding recombinant proteins in the secretion of coagulation 
FV and FVIII could thus signifi cantly help to describe the 
mechanism of the defi ciency. In the literature, fi ve out of 
the six identifi ed  MCFD2  missense mutations (D129E, 
I136T, D81Y, D89A, and D122V) result in an amino acid 
substitution at a highly conserved amino acid residue. All 
these mutations are in one of the two EF - hand domains. They 
were expressed in COS - 1 transfected cells  [50,57,72,81] , and 
have been shown to disrupt LMAN1 binding. All the other 
identifi ed mutations were demonstrated to be associated with 
the defi ciency through analysis performed on Epstein – Barr 
virus (EBV) - transformed lymphoblasts of the patients that 
showed the presence or absence of the mutated protein 
 [50,52,76] .  

  Clinical  m anifestations 

 F5F8D is characterized by concomitantly low levels (usually 
between 5% and 20%) of the two coagulation factors, FV and 
FVIII, both as coagulant activity and antigen  [46] . The con-
comitant presence of two coagulation defects does not enhance 
the hemorrhagic tendency that was observed in each defect 
separately  [82,83] . F5F8D is associated with a mild to moder-
ate bleeding tendency  [9,53 – 54,71,82 – 84]  (see also  www.
rbdd.org ). Mild bleeding symptoms such as easy bruising, 
epistaxis, and gum bleeding are not uncommon in affected 
individuals. Other common bleedings include soft - tissue 
hematomas  [9,85] , bleeding after surgery, dental extraction 
and trauma, and menorrhagia and postpartum hemorrhage in 
affected women  [53,83] . In F5F8D patients, circulating levels 
of FV and FVIII are usually suffi cient to prevent more severe 
spontaneous bleeding episodes  [39,53,83] . However, more 
severe symptoms, such as hemarthroses, could be observed. 
Other severe symptoms, such as gastrointestinal and central 
nervous system bleedings, were reported in only a few patients 
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 Figure 50.3     Mutation in the  MCFD2  gene, projected on the exons 
encoding the domains of the protein. Exons and introns are 
represented by boxes and lines, respectively, and are not drawn to 
scale. Only fully published mutations are listed. 

MCFD2 appears to directly interact with FVIII  [51] , it is 
unclear whether LMAN1 binds directly to FV/FVIII or indi-
rectly via MCFD2.   

 Mutations in  LMAN1  and  MCFD2  are associated with 
indistinguishable phenotypes  [50] . However, a selective delay 
in secretion of the protein procathepsin C has been observed 
in HeLa cells overexpressing a dominant negative form of 
LMAN1  [66] . These results were confi rmed by Nyfeler  et al ., 
showing that LMAN1 also interacts with the two lysosomal 
glycoproteins cathepsin Z and cathepsin C whereas MCFD2 
is dispensable for the binding of them to LMAN1  [69] . Zhang 
 et al.   [72]  recently performed a genotype – phenotype analysis 
by combining their data together with all previously published 
reports to evaluate if mutations in different genes are associ-
ated with differences in the FV and FVIII plasma levels. A 
difference between these two classes of patients (those carrying 
 LMAN1  or  MCFD2  mutations) in the distribution of plasma 
levels for FV and FVIII was found: the mean levels of plasma 
FV and FVIII in patients with  MCFD2  mutations were signifi -
cantly lower than the corresponding levels in patients with 
 LMAN1  mutations. These data suggest that MCFD2 may play 
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 [82,83] . Excessive bleeding after circumcision was reported in 
two - thirds (8/12) and approximately half (6/13) of the male 
patients  [82,83] .  

  Treatment 

 In F5F8D, bleeding episodes are usually treated on demand 
and do not require regular prophylaxis  [39] . Treatment of 
bleeding episodes is generally chosen according to the nature 
of the bleed and the FV and FVIII levels of affected individu-
als. Both FV and FVIII sources are needed and their plasma 
half - life (FV: 36   h; FVIII: 10 – 14   h) have to be taken into 
consideration. 

 As there are no FV concentrates available and FV is not 
present in cryoprecipitate or prothrombin complex concen-
trates  [38] , replacement of FV could be achieved only through 
the use of FFP, preferably with virus - inactivated plasma. For 
FVIII replacement, a large number of products are available, 
including FFP, plasma - derived concentrates, or recombinant 
FVIII (rFVIII) (different generations). 

  Factor  V   r eplacement 

 See section on factor V defi ciency.  

  Factor  VIII   r eplacement 

 FVIII levels should be raised to at least 30 – 50   IU/dL for the 
treatment of minor bleeding episodes and to at least 50 – 70   IU/
dL for more severe bleeds. The synthetic hormone desmo-
pressin (DDAVP, 260   mg intranasal or 0.3   mg/kg subcutane-
ous), can be successfully used for minor bleeding episodes to 
further raise FVIII  [39] . However, its effi cacy needs to be 
tested in each patient and more than three to four consecutive 
treatments should be avoided  [9] . For severe bleedings, 
plasma - derived FVIII or rFVIII concentrates are the treatments 
of choice. Surgical procedures should be addressed by admin-
istering FVIII 30   min before surgery and then every 12   h to 
maintain FVIII levels above 50   IU/dL  [39] .   

  Prenatal  d iagnosis 

 In developing countries, where management is still largely 
inadequate, patients with rare bleeding disorders rarely live 
beyond childhood. Thus, molecular characterization, carrier 
detection, and prenatal diagnosis remain the key steps for the 
prevention of the birth of children affected by coagulation 
disorders or for the preparation of on - demand treatment in 
case of neonatal hemorrhages. As for FV defi ciency, though 
life - threatening episodes at birth are rare, the use of prenatal 
diagnosis can be advisable only in those families with severe 
clinical history, presenting affected members. Since patients 
with F5F8D have a mild to moderate bleeding tendency, 
prenatal diagnosis is not currently performed and not 
recommended.   
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  Introduction 

 Factor VII [FVII; previous synonyms: proconvertin, stable 
factor, serum prothrombin conversion accelerator (SPCA)] is 
a vitamin K - dependent clotting factor belonging to the  “ extrin-
sic pathway ”  of blood coagulation, a pathway which, for a 
long time, had been considered an alternative to the main one, 
the  “ intrinsic pathway. ”  Today, the complex formed between 
the naturally occurring procoagulant serine protease, acti-
vated FVII (FVIIa), and the integral membrane protein tissue 
factor (TF), exposed on the vascular lumen upon injury, is 
known to be the trigger of blood clotting  [1] . The FVIIa – TF 
complex further activates the FVII zymogen to FVIIa and 
generates a burst of activated factors IX (FIXa) and X (FXa), 
ultimately leading to the formation of a stable fi brin clot  [2,3] . 
In the bloodstream, FVIIa is the active portion of the FVII 
mass and is detectable in normal concentrations as low as 
5 – 10   ng, i.e., 1 – 2% of the zymogen; in contrast to FVII 
zymogen, FVIIa has a very high affi nity for TF. 

 Free FVIIa does not react with any known inhibitor, but the 
blood coagulation initiation process is modulated by TFPI 
(tissue factor pathway inhibitor), a lipid - bound naturally 
occurring inhibitor which involves TF and factors VIIa and 
Xa in a quaternary complex  [3] ; another inhibitor is anti-
thrombin, acting on the TF – FVIIa binary complex  [4] . 

 FVII defi ciency is not believed to be associated with a com-
plete absence of functional FVII, and this fact is in agreement 
with data from knockout mice studies  [5] , which suggest that 
a complete absence of FVII is incompatible with life. 

 Congenital FVII defi ciency is the commonest among the rare 
inherited bleeding disorders, with an estimated prevalence of 
1 in 500   000 individuals  [6]  and without ethnic or gender 
predilection for the defect  [7 – 9] . The bleeding disorder was 
fi rst described by Alexander  et al .  [10]  and subsequent series 
of patients were reported  [11 – 13]  that further clarifi ed the 
clinical picture and the clotting phenotype. Subsequently, 
numerous mutations underlying this disorder ( http://euro-
pium.csc.mrc.ac.uk ) have been described, which are predictive 
for a considerable heterogeneity in both the clotting and clini-
cal phenotypes  [14,15] . 

 Ample clinical heterogeneity is the hallmark for this hemor-
rhagic disorder, which ranges in severity from lethal to mild, 
or even asymptomatic forms  [15] . The molecular genetics, 
FVII structure/function analysis, and pathophysiology of FVII 
defi ciency have been extensively investigated  [14 – 21] . 

 Comprehensive studies, focused on clinical issues and 
involving large patient populations, have reported systematic 
analyses of disease presentation and diagnosis  [15] . The rela-
tionship between gender and bleeding tendency has also been 
investigated  [15] . It is known that FVII levels are clearly 
modulated by  F7  gene polymorphisms  [22,23] , and databases 
of mutations are available for comparison  [14] .  

  Genetics and  p athophysiology 

 The  F7  gene  [24]  is located on chromosome 13q34, 2.8   kb 
upstream of the  FX  gene, and contains nine exons (1a, 1b, 2, 
3, 4, 5, 6, 7, 8) (Figure  51.1 ) encoding the FVII protein circu-
lating in plasma as a 406 - amino - acid single chain (50   kDa) 
(vb). FVII activation generates two chains — the light chain, 
containing the  γ  - carboxyglutamic acid (Gla) domain and two 
epidermal growth factor (EGF) - like domains, and the heavy 
chain, which contains the catalytic domain.   

 The  F7  gene has been extensively investigated by DNA 
sequencing of all coding regions, exon – intron boundaries and 
the promoter region, with sequencing methods that now 
enable very effi cient detection of mutations in patients with 
FVII defi ciency. Moreover, the expression of mutations 
detected in FVII - defi cient patients has been investigated by 
recombinant FVII molecules obtained in cultured eukaryotic 
cells transfected with the expression vectors after site - directed 
mutagenesis of the human FVII cDNA  [25] . 

 The processing of mutated FVII molecules has also been 
investigated by FVII chimeric FVII green fl uorescent protein 
constructs  [26] . 

 Mutations of the  F7  gene  [14,15]  have been characterized 
in the vast majority of FVII - defi cient patients. FVII defi ciency 
is not believed to be associated with complete absence of 
functional FVII and this fact accords with data from knockout 
mice studies  [5] , which suggest that a complete absence of FVII 
is incompatible with life. 

 Mutations are very heterogeneous (Figure  51.1 ) and mis-
sense mutations are the most frequent changes (70 – 80%). 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.



CHAPTER 51

342

Promoter 1a

–1 +
1 

,+
2

+
2,

 +
5,

 +
7

IV
S7

+
5g

>
a

R
15

2Q

C
13

5R

Q
10

0R

E9
4K

V
-1

7I

A
24

4V
R

24
7C

V
25

2M

Missense

Frameshift

Splicing±n

Promoter

Nonsense

Deletion

G
28

3S
V

28
1F

A
29

4V
M

29
8I

Exon 8
R

30
4Q

C
31

0F

G
33

1S

G
34

2E

H
34

8Q

T3
59

M

G
37

5E

A
29

4V
;1

11
25

 d
el

C

+
1

+
1

1b 2 3 4 5 6 7

 Figure 51.1     Mutational spectrum in FVII 
defi ciency from the IRF7 database. Gray, 
horizontal bars denote promoter and cDNA 
segments. Splicing mutations are indicated 
through the position in the consensus 
splicing sequence. Mutations present in 
more than fi ve alleles are reported by the 
bars; one square   =   two alleles  [15] .   

nucleotide deletion, 11125delC, causing an elongated protein 
with additional 28 residues, occurs in an appreciable number 
of subjects, particularly in central Europe. Several mutations 
located in CpG sequences, known to be  “ hot spot ”  mutation 
sites, have been found in a number of patients coming from 
different countries. Virtually all of the moderate and severe 
patients are either homozygotes or double heterozygotes for 
mutations, and the clotting and clinical phenotypes of double 
heterozygotes and homozygotes are virtually indistinguishable 
 [15] . 

 The homozygous condition has a variable prevalence in 
different countries, and has been associated with consanguin-
ity, caused by genetic isolates and/or ethnic customs. Patients 
homozygous for the same mutation do not always belong to 
the same class of severity, indicating phenotypic heterogeneity 
in the presence of identical  F7  gene mutations  [15,27] . These 
observations, as well as the report of a number of sympto-
matic heterozygotes, point toward the existence of environ-
mental factors and/or of genetic components  [15,27,28]  with 
the capacity of modifying the function of the clotting process 
and the expressivity of FVII defi ciency. At any rate, in terms 
of age of disease presentation, homozygotes and double het-
erozygotes are indistinguishable (Figure  51.2 ).   

 Plasma levels of FVII and FVIIa in the general population 
are known to be affected by several polymorphisms in the  F7  
gene  [21,22] , but their contribution to the clinical phenotype 
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 Figure 51.2     FVII defi ciency: bleeding - free survival curves by 
zygosity state (IRF7 database). 

Splicing - site changes are also well represented  [27]  and non-
sense mutations and small deletions are rare, particularly in 
the homozygous condition. A frequent allele  [13]  bearing a 
double change, the missense Ala294Val mutation and a single 
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in FVII defi ciency seems to be minimal, if any  [15] . A fi ne 
carrier detection approach, based on the clotting phenotype, 
has also been proposed  [29] . 

 Genetic analysis of exons, splicing, and promoter regions 
indicate causative mutations in the vast majority of patients 
 [14,15] , but in a few patients ( < 10%) no mutation is found 
after this type of screening. However, the extensive sequencing 
of the whole gene, which would corroborate these observa-
tions, has not been reported. This makes FVII defi ciency 
caused by mutations in genes different from  F7  gene still an 
open question. 

 Prenatal diagnosis in severe FVII defi ciency has been suc-
cessfully performed by molecular genetic methods. The pres-
ence of repeated regions, and of polymorphic variation of 
repeats within the FVII genes, requires a careful design of 
polymerase chain reaction (PCR) primers  [30] .  

  Clinical  m anifestations and 
 d isease  p resentation 

 The most frequent symptoms [Table  51.1  and Figure  51.3  
(grey bars)] indicate that in the majority of cases the disease 
is a mild one, mimicking the clinical picture of a platelet dis-
order, epistaxis, and easy bruising; gum bleeding being the 
most frequent type of hemorrhage. However, severe to very 
severe cases are not infrequent, characterized, as disease pres-
entation, by central nervous system (CNS) and gastrointestinal 
(GI) bleeding and, later, when children start to crawl or walk, 

by hemarthrosis and muscle hematomas. Also, postoperative 
bleeding may occur, even though clotting tests may not help 
in predicting the bleeding risk  [21] .     

 Thromboses, particularly on the venous side, have been 
reported in 3 – 4% of patients with FVII defi ciency, mainly 
following surgery and prolonged replacement treatments; 
however,  “ spontaneous ”  thrombotic episodes have also been 
reported  [31] . 

 Our group (International Registry on FVII Defi ciency, IRF7) 
has consistently shown that age and type of the fi rst symptom 
are variables which correlate strongly with the clinical severity 

  Table 51.1    Symptom distribution in the  IRF 7 database. 

   Symptoms  

   Patients ( n    =   228)  

    n      %  

  Epistaxis    190    83  
  Easy bruising    143    62  
  Gum bleeding    95    42  
  Muscle hematoma    57    21  
  Hemarthrosis    58    22  
  Gastrointestinal bleeding    44    14  
  Hematuria    26    12  
  Central nervous system bleeding    17    7  
  Postoperative bleeding    78    34  

   Only symptoms present in at least 5% of patients are reported. The 

prevalence of menorrhagia is reported in Table  51.2 .   
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  Table 51.2    Symptom distribution in  FVII  - defi cient females ( IRF 7 
data) ( n    =   174). 

   Symptoms      n      % patients  

  Epistaxis    98    56  
  Easy bruising    83    48  
  Gum bleeding    59    34  
  Muscle hematoma    28    16  
  Hemarthrosis    28    16  
  Gastrointestinal bleeding    24    14  
  Hematuria    9    5  
  Central nervous system bleeding    8    5  
  Thrombosis    5    3  
  Postoperative bleeding    40    30  
  Menorrhagia    100    63  

   The incidence of menorrhagia has been determined in females aged  > 10 

and  < 50 years.   

of the disease  [15,32] . The main explanation for this is that 
these variables are not infl uenced by treatment or prophylaxis. 
This is clearly shown by (i) the bleeding - free survival curves 
where age of the fi rst symptom is evaluated against the disease 
zygosity (Figure  51.2 ), (ii) the prevalence analysis of the dif-
ferent symptoms in relation to the residual FVII levels ( < 1%, 
1 – 5%, and 5 – 20%) (Figure  51.3 ), and (iii) the fact that severe 
cases are characterized by an excessive prevalence of CNS and 
GI bleeding and joint and muscle bleeds as fi rst symptom. 
CNS and GI bleedings were shown to occur mainly in babies 
or infants  [15] . In homozygous and double heterozygous 
patients the age at which the fi rst bleeding episode occurs is 
virtually indistinguishable (Figure  51.2 ). 

 As in the other autosomally inherited congenital bleeding 
disorders, menorrhagia is a very frequent type of bleeding in 
women with FVII defi ciency  [15,33,34]  (Table  51.2 ), account-
ing for two - thirds of the bleeding incidence among women 
aged 10 – 50 years with a peak prevalence in teenagers. 
Menorrhagia may be associated with other gynecologic (i.e., 
hemoperitoneum related to ovarian cysts, metrorrhagia due to 
uterine fi bromatosis) or obstetric (postpartum hemorrhage) 
problems and frequently leads to a profound iron depletion 
and anemia.   

 Other than gynecologic hemorrhage, women with FVII defi -
ciency do not display a bleeding tendency, which is different 
from males (Tables  51.1  and  51.2 ). Further, the analysis of 
gender - comparative bleeding - free survival curves is character-
ized by very similar median bleeding - free survivals and curve 
shapes, independent of the presence of menorrhagia (Figure 
 51.4 ).    

  Diagnosis/clotting  p henotype  a nalysis 

 The diagnosis of FVII defi ciency is easy and based on the 
discordance between a prolonged prothrombin time (PT) and 
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 Figure 51.4     Bleeding - free survival analysis in FVII defi ciency by 
gender (IRF7 database). 

a normal activated partial thromboplastin time (aPTT). 
PT - INR prolongation may be from moderate (1.5 – 1.8) to 
markedly elevated ( > 2.0), depending on FVII coagulant activ-
ity (FVIIc) levels. FVIIc is the confi rmatory test for diagnosis 
 [36] . However, particular laboratory rigor is required for 
evaluating levels around or below 1%. Factor VII antigen can 
be quantitatively assayed with polyclonal antibodies to FVII 
by an enzyme - linked immunosorbent assay (ELISA) (Stago) 
 [35]  or by using an amydolytic method  [12] ; antigen assay is 
useful to pick up the dysfunctional forms of FVII defi ciency, 
characterized by a discrepancy between clotting and antigen 
levels. FVIIAg assay has a sensitivity similar to that of the 
clotting assay. FVIIa determination can be performed by clot-
ting - based (Stago) or ELISA; however, this test is not routinely 
performed. 

 It is worth noting that PT - INR and FVIIc assay, when per-
formed with recombinant - TF preparations, are very sensitive 
to FVIIa. The quality of defi cient plasmas is very important 
for measuring low levels with accuracy as small amounts of 
residual FVII are present in most of these substrates. More 
sensitive activity methods are those based on the thrombin 
generation assays especially when fl uorogenic substrates for 
the detection of thrombin are used; these methods are made 
more sensitive by using highly diluted TF to trigger the reac-
tion  [36] . 

 Although the diagnosis of FVII defi ciency is straightfor-
ward, there may be discordancy between onset of the bleeding 
symptoms and a formal laboratory diagnosis of FVII defi -
ciency. Figure  51.5  compares age at fi rst symptom and age at 
laboratory diagnosis in 214 symptomatic patients: these 
patients became symptomatic at a median age of 7.7 years, 
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 Figure 51.5     Scatter plot comparing age at the fi rst symptom with 
age at laboratory diagnosis. On the right side of the graph, detail 
concerning age at diagnosis for asymptomatic individuals with a 
FVII defi ciency. 

whereas formal diagnosis of FVII defi ciency was made at a 
median age of 11.8 years. Only 51.4% of subjects with FVII 
defi ciency were diagnosed within 6 months after the fi rst 
symptom.   

 At present, FVII activity assay is used to monitor replace-
ment therapy of patients defi cient in FVII. Diagnosis can be 
made using either zymogen and FVIIa assays, although the 
latter is more sensitive. For routine monitoring at the bedside 
the PT - INR may suffi ce as its normalization roughly correlates 
with the attainment of hemostatic levels. 

 Inhibitors to FVII are a rare event (possibly  < 1% of the 
treated cases) and little is known about their kinetic 
features. 

 Isolated FVII defi ciency can easily be differentiated from the 
so - called FMFD (familial multiple factor defi ciency) type III 
as in the latter the aPTT is also prolonged, the levels of the 
other vitamin K - dependent proteins (also proteins C and S) 
are depressed, and, fi nally, because this condition is, at least 
partially, responsive to vitamin K. 

 FVII defi ciency has been found to be associated with hepatic 
congenital enzymic defects, such as the Dubin – Johnson and 
Gilbert syndromes  [37,38] .  

  Treatment 

 FVII is a rare protein (350 – 450   ng per mL of plasma) with a 
very short half - life, especially in children  [39,40] . In fact, we 
should think in terms of FVIIa levels, the active portion of the 
total FVII mass; however, this serine protease, because of the 
extremely low levels, is diffi cult to assay in FVII defi ciency. 

  Table 51.3    Treatment materials for congenital  FVII  defi ciency. 

   Materials  
   Potency 
(IU/mL)  a       Advantages     Disadvantages  

  Fresh - frozen 
plasma  

  1    Easily available, 
low cost  

  Limited effectiveness; 
risk of circulatory 
overload; risk of 
virus transmission  

  Virally 
attenuated 
fresh - frozen 
plasma  

  1    Same    Limited effectiveness; 
risk of circulatory 
overload  

  Prothrombin 
complex 
concentrates 
(four factors) 
(PCCs)  

  5 – 10    Suitable for 
surgery; 
virally 
attenuated  

  Other vitamin 
K - dependent 
factors present in 
concentrations 
higher than FVII, 
possibly activated; 
risk of thrombosis; 
not easily available  

  Plasma - derived 
FVII 
concentrate  b    

  20 – 30    Suitable for 
surgery; 
virally 
attenuated; 
effective  

  Other vitamin 
K - dependent 
factors present in 
high 
concentrations, 
possibly activated; 
risk of thrombosis  

  Recombinant, 
activated 
FVII 
(rFVIIa)  c    

   > 25   000    Very effective 
for all the 
indications at 
relatively low 
doses; widely 
available; no 
risk of viral 
transmission  

   —   

    a 1   IU corresponds to the amount of FVII present in 1   ml of fresh - frozen 

plasma.  

   b Provertin UM TIM3, Baxter, Deerfi eld, IL, USA.  

   c Novoseven ™ , Novonordisk, Bagsvaerd, Denmark.   

The low plasma levels of FVII and its properties similar to 
those of the other vitamin K - dependent clotting factors makes 
the preparation of high - purity concentrates from plasma dif-
fi cult; its presence as a trace protein makes FFP unsuitable for 
prolonged treatments. 

 For FVII - defi cient patients there are a number of treatment 
options which may result in a very effective replacement 
therapy. Available treatment materials, the potency of these 
products relative to plasma, and their respective advantages 
and drawbacks are shown in Table  51.3 .   

 Fresh - frozen plasma is still used in developing countries, the 
most important adverse outcomes from its use being blood 
volume overload and a relatively high risk of transmitting 
blood - borne viruses. Plasma - derived FVII concentrates are 
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essentially PCCs with a signifi cantly higher content of FVII 
relative to the other vitamin K - dependent proteins. These 
are effective for any therapeutic requirement. Our group 
described, in a retrospective study, a number of cases with 
post - treatment thrombosis mostly concerning the venous site 
 [32] . Thrombotic episodes were not related to any known 
thrombophilia. 

 Recombinant FVIIa (rFVIIa, Novoseven ® ) is today consid-
ered the fi rst - line product for replacement therapy in FVII 
defi ciency. As FVIIa is the protein to replace (the zymogen has 
very little enzymic activity) and considering the very high 
potency of Novoseven, the latter can be used at a low dose 
(15 – 30    μ g/kg b.w.)  [41,42]  in comparison with refractory 
hemophilia. For the severe bleeds, and the surgical interven-
tions, multiple administration schedules should be adopted 
two or three times daily  [42] . 

 Prophylaxis has been a debated issue in FVII defi ciency, 
especially because of the very brief persistence of infused FVII 
in the bloodstream. Recent anecdotal clinical observations 
have shown that secondary prophylaxis can be performed 
with FFP infusions, in spite of the very low concentrations of 
FVII. In addition,  ex vivo  studies showed that infused FVIIa 
disappears quickly from the circulation but persists extravas-
cularly bound to pericytes  [43] . These observations would 
support the feasibility of prophylaxis in FVII defi ciency but 
trials are needed to assess the optimal schedule. At any rate, 
the main target for prophylaxis are the newborns who have 
had early and severe (CNS, GI) bleeds. 

 Little evidence is also available for the short prophylaxis 
courses aimed at the prevention of bleeding during and after 
surgical interventions: a wide array of dosages and schedules 
have been employed  [42] . In some cases, surgery has been 
performed without any replacement therapy, namely in 
patients with negative bleeding history  [44] , but these patients 
were not uniform in terms of genotype nor clotting phenotype 
so it is diffi cult to identify those who are not likely to bleed. 

 For both bleeding prevention and treatment of spontaneous 
bleeds, plasma - derived FVII concentrates and recombinant 
FVIIa seem to be equally effective but no formal comparative 
studies have been published. Both preparations are suitable 
for home care. As for the single standard dose capable of 
inducing hemostatic levels, it ranges from 15 to 30    μ g/kg b.w. 
for recombinant FVIIa and from 10 to 30   IU/kg b.w. for the 
pdFVII preparations (unpublished data from the STER regis-
try). Considering rFVIIa, the average dose capable of normal-
izing the PT - INR in severely affected patients was found to be 
20    μ g/kg  [41] . 

 As regards the kinetics of infused FVII, scanty data are 
available, which confi rm the very short half - life, especially in 
children  [39,40] . 

 Treatment complications, if one rules out the transmission 
of blood - borne viruses (very rare today), are confi ned to the 
occurrence of thrombosis (rare complication of replacement 
treatment, sometimes spontaneous)  [31]  or the rare appear-
ance of inhibitors to FVII  [45] .  
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  Introduction 

 Factor X (synonyms: autoprothrombin III, Stuart – Prower 
factor) is one of the vitamin K - dependent clotting factors and 
occupies a central position in the coagulation cascade at the 
point of convergence of the so - called  “ intrinsic ”  and  “ extrin-
sic ”  pathways. Factor X was identifi ed in the early 1950s by 
two groups who independently reported a novel clotting 
factor, defi cient in patients with a hemorrhagic tendency and 
which closely resembled factor VII  [1,2] . The defi cient clotting 
factor in these individuals was termed  “ Stuart – Prower ”  factor 
after the index patients. In 1954, Duckert and colleagues 
reported a factor defi cient in patients receiving coumarin anti-
coagulants that was distinct from factor VII and IX and which 
they called factor X before the offi cial Roman numeral nomen-
clature was established in 1962  [3,4] .  

   F10   g ene 

 The gene for factor X ( F10 ) maps to the long arm of chromo-
some 13 at 13q34 – ter approximately 28   kb downstream of the 
 F7  gene  [5] . The gene consists of eight exons spread over 
 ∼ 27   kb of genomic sequence (Figure  52.1 ) and shares signifi -
cant homology with the other vitamin K - dependent clotting 
factors both in organization and structure  [6 – 8] . Each of the 
eight exons of the  F10  gene encode specifi c domains of the 
factor X protein: 
   •      exon I encodes the signal peptide;  
   •      exon II encodes the propeptide and  γ  - carboxyglutamic acid -
 rich (Gla) domain;  
   •      exon III encodes a short linking segment of aromatic amino 
acids residues termed the  “ aromatic stack; ”   
   •      exons IV and V encode regions homologous to epidermal 
growth factor (EGF);  
   •      exon VI encodes the activation peptide at the amino - termi-
nus of the heavy chain; and  
   •      exons VII and VIII encode the active serine protease domain 
containing the catalytic triad His236, Asp228, and Ser379.      

 The factor X cDNA consists of 120   bp coding for the 
40 - amino - acid pre - pro - leader sequence, 1344   bp encoding the 

488 amino acids of the mature protein and a 3 ′  untranslated 
region of 10   bp preceding the poly(A) tail (Figure  52.1 )  [9] .  

  Factor  X   p rotein:  s tructure and  f unction 

 Factor X is synthesized by the liver and secreted into the 
plasma as an inactive zymogen where it circulates as a two -
 chain molecule with a concentration of  ∼ 8 – 10    μ g/mL. Factor 
X is synthesized with a 40 - residue pre - pro - sequence which 
contains the hydrophobic signal sequence that targets the 
protein for secretion (residues  − 37 to  − 22) and which is 
cleaved prior to secretion of the mature protein into the 
plasma. Extensive post - translational modifi cations (glycosyla-
tion,  γ  - carboxylation, and  β  - hydroxylation) of factor X occur 
before it is functionally active. 

 The fi rst 39 residues of the light chain of factor X contain 
11 glutamic acid residues which are modifi ed by a vitamin 
K - dependent  γ  - carboxylation step to form  γ  - carboxyglutamic 
acid (Gla) residues. Ten of these residues are encoded by exon 
II (the  “ Gla ”  domain) and the eleventh by exon III. Gla resi-
dues mediate conformational changes in factor X that allow 
Ca 2+  - dependent binding to negatively charged phospholipid 
membranes. 

 In its two - chain form, mature factor X consists of a light 
chain of 139 amino acids and a heavy chain of 346 residues. 
The two chains are connected by an Arg – Lys – Arg (RKR) 
tripeptide and by a disulfi de bond between residues Cys89 and 
Cys124 (Figure  52.1 ). The heavy chain of factor X contains 
the activation peptide (residues 143 – 195), which is cleaved 
when factor X is activated. The heavy chain also contains the 
triad of amino acids — His236, Asp282, and Ser379 — which 
constitute the catalytic site. 

 No crystal structure for native factor X exists, although a 
number of partial structures have been solved  [10 – 13]  and 
subsequently used to model a number of the factor X muta-
tions  [13] .  

  The  r ole of  f actor  X  

 Physiologically, factor X is activated by factor IXa or by factor 
VIIa although  in vitro  factor X can also be activated by Russell 
viper venom, a metalloproteinase isolated from the venom of 
the snake  Vipera russelli.  Factor X is converted to factor Xa 
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 Figure 52.1     The human factor X gene ( F10 ) and its encoded 
polypeptide. The upper part of the fi gure represents the  F10  gene 
with the eight exons shown by fi lled boxes. The positions of the 
fi rst and last nucleotides of each exon are shown (nucleotides are 
numbered according to Leytus  et al.   [47] ). The lower part of the 
fi gure shows the polypeptide structure and the various functional 
domains encoded by specifi c exons. Darker hatching indicates the 
pre - propeptide and lighter hatching the mature protein. Codons 
initiating each exon are shown (residue +1 is the fi rst amino acid of 
the mature protein). Residue  − 29 indicates the site of probable 

cleavage by the signal peptidase. The light chain is encoded by 
residues +1 to 139 and the heavy chain by residues 143 – 448. The 
connecting tripeptide (RKR) is located between residues 140 and 
142 and the activation peptide resides within the heavy chain at 
residues 143 – 195. Activation of factor X occurs through cleavage at 
Arg194/Ile195. Residue 427 shows the site of cleavage of factor X 
that generates factor Xa β . His236, Asp282, and Ser379 are the 
residues which constitute the catalytic triad. (   ) the position of the 
11 Gla residues; (   ) the position of the two glycosylation sites. 

by cleavage of the Arg194 – Ile195 peptide bond located in the 
heavy chain. Cleavage releases a 52 - residue peptide — the 
factor X activation peptide, which has been used a marker of 
factor X activation  [14] . 

 Activation of the coagulation cascade occurs following 
exposure of tissue factor (TF) to plasma. The formation of a 
complex comprising tissue factor, factor VIIa, and calcium 
ions in the presence of an appropriate phospholipid membrane 
activates factor X to Xa and factor IX to IXa. A variety of 
cell types including endothelial cells, fi broblasts, monocytes, 
macrophages, and tumor cells appear to be capable of provid-
ing a suitable phospholipid surface for activation. The pres-
ence of all the constituents results in a 10 - fold decrease in  K  m  
for the reaction and a 1000 - fold increase in  k  cat  accelerating 
the generation of factor Xa by at least 10   000 - fold relative to 
rates observed for factor VIIa and Ca 2+  alone. 

 Activation of factor X via the extrinsic pathway is depend-
ent upon the interaction of factor IXa, factor VIIIa, Ca 2+ , and 
a phospholipid surface — platelets and/or endothelial cells. 
Factor VIIIa serves as a cofactor in the activation of factor X 
accelerating the maximal velocity of the reaction approxi-
mately 200   000 - fold, whereas phospholipid has been shown 
to signifi cantly decrease the  K  m  of factor IXa for factor X by 
some 5000 - fold. 

 Factor Xa is the major physiologic activator of prothrombin 
but its enzymatic activity is accelerated some 280   000 - fold 
in the presence of factor Va, Ca 2+  ions, and a suitable nega-
tively charged phospholipid membrane. The phospholipid 
membrane provides a surface which increases the local con-
centration of factor Va, Xa, and prothrombin, although 
factor Va also appears to increase the catalytic effi ciency of 
factor Xa. 

 The principal regulators of factor X activity (FXa) are anti-
thrombin and tissue factor pathway inhibitor (TFPI). However, 
protein Z (PZ), a plasma vitamin K - dependent protein, func-
tions as a cofactor to enhance the inhibition of FXa by the 
serpin, protein Z - dependent protease inhibitor (ZPI)  [15] . 
Factor Xa is inhibited by antithrombin to form a stable inac-
tive complex which is rapidly removed from the circulation 
by the liver. The inhibitory activity of antithrombin is acceler-
ated by various sulfated glycosaminoglycans. TFPI is the 
major inhibitor of the extrinsic pathway and rapidly forms a 
1   :   1 complex with factor Xa which then binds to the tissue 
factor – factor VIIa complex to form a quaternary complex 
 [16] . The quaternary Xa – TFPI – TF – VIIa complex lacks any 
VIIa – TF catalytic activity.  

  Factor  X   d efi ciency 

  Diagnosis 

 The diagnosis of factor X defi ciency is suspected following the 
fi nding of a prolonged prothrombin time (PT) and activated 
partial thromboplastin time (aPTT) which corrects (unless an 
inhibitor is present) in a 50   :   50 mix with normal plasma. The 
diagnosis of factor X defi ciency is confi rmed by measuring 
plasma factor X levels. Factor X can be measured either immu-
nologically or functionally. Numerous methods exist to 
measure factor X antigen in plasma including electroim-
munoassay, antibody neutralization, immunodiffusion, 
radioimmunoassay, laser nephelometry, and enzyme - linked 
immunosorbent assay (ELISA). Factor X antigen is reduced in 
some cases of factor X defi ciency in which there is a total 
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reduction in the levels of circulating factor X but it may be 
entirely normal in patients with a dysfunctional factor X mol-
ecule. Factor X antigen levels are reduced to approximately 
50% of normal in patients on coumarin therapy, although 
factor X activity is lower  [17] . The reduction in factor X 
antigenic levels in such patients may refl ect an increased catab-
olism of the acarboxylated   form or to a reduced secretion by 
the hepatocyte. 

 The most widely used functional factor X assay is the one -
 stage factor X assay which employs factor X - defi cient plasma as 
a substrate to which dilutions of normal or test plasma are 
added and the correction in clotting times (either the PT or 
aPTT) is compared. Russell viper venom (RVV) can also acti-
vate factor X and by using factor X - defi cient substrate plasma, 
an assay can be devised that is specifi c for factor X. As with the 
PT and aPTT - based assays for factor X, some variants have been 
reported in which the RVV assay of factor X is normal  [18] . 

 A chromogenic factor X assay offers an accurate and reli-
able alternative to clotting assays, although the nonspecifi c 
nature of the substrate may give rise to spuriously high results 
in some patients with factor X defi ciency (Perry DJ, Owens 
D, Riddell A, unpublished results). A number of factor X vari-
ants have been described with varying effects upon factor X 
levels depending upon the assay method employed  [19 – 21] . 
For these reasons an approach to suspected factor X defi ciency 
may require a number of different assays  [22] . 

 Factor X levels are low at birth and age -  or gestation - related 
ranges for factor X must be used if a defi ciency is suspected 
 [23] . The diagnosis of mild factor X defi ciency may be espe-
cially diffi cult in premature or young neonates when vitamin 
K defi ciency may complicate assessment. Reassessment after 
vitamin K replacement may be necessary. It is important to 
exclude vitamin K defi ciency or other acquired causes of a 
clotting disorder before the diagnosis of factor X defi ciency is 
made. In some cases, family studies may help in establishing 
the diagnosis of factor X defi ciency.  

  Clinical  f eatures 

 Factor X defi ciency is inherited as an autosomal recessive 
disorder. It is among the rarest of the inherited coagulation 
disorders with an estimated prevalence in the UK of 1 in 
500   000, but in its heterozygous form it is more common, with 
an estimated frequency of  ∼ 1 in 500, although such individu-
als are usually asymptomatic. Rarely, heterozygotes can 
exhibit bleeding symptoms  [24] . This may be because of either 
the insuffi cient enzymatic activity by the normal factor X or 
an inhibition of a reaction step in the coagulation pathway by 
the mutant gene product. Because factor Xa is part of the 
prothrombinase complex, a dysfunctional factor Xa molecule 
may compete with the normal factor Xa for factor Va binding 
sites. The net effect would be to decrease the formation of an 
active prothrombinase complex. 

 In contrast to hemophilia A and B, in which the risk of 
bleeding increases as the factor VIII or IX level falls, factor X 

defi ciency shows a variable bleeding tendency with a poor 
correlation between absolute factor levels and bleeding (Figure 
 52.2 ). Less severely affected patients may bleed only after a 
challenge to the hemostatic system (e.g., trauma or surgery).   

 Patients with factor X defi ciency may present at any age and 
severely affected individuals (FX:C    <    1   U/dL) can present in 
the neonatal period with umbilical - stump bleeding. The most 
frequent symptom in factor X defi ciency is epistaxis and this 
is seen with all severities of defi ciency. Other mucosal - type 
bleeding is less frequent and occurs mainly in patients with 
severe defi ciencies. Menorrhagia occurs in half the women of 
reproductive age. Hemarthroses, severe postoperative hemor-
rhage and central nervous system hemorrhage have been 
reported. Recurrent hemarthroses may result in severe 
arthropathy. Moderately affected patients (FX:C 1 – 5   U/dL) 
may bleed only after hemostatic challenge, e.g., trauma or 
surgery. Mild factor X defi ciency (FX:C 6 – 10   U/dL) may be 
identifi ed incidentally during routine screening or family 
studies. Patients who are only mildly affected may experience 
easy bruising or menorrhagia. 

 In a study of 102 patients from central Europe and Latin 
America, the bleeding symptoms in 42 symptomatic individu-
als (26 homozygotes, seven compound heterozygotes, and nine 
heterozygotes) comprised easy bruising (55%), hematomas 
(43%), epistaxes (36%), hemarthroses (33%), intracranial 
hemorrhage (ICH; 21%), and gastrointestinal (GI) hemor-
rhage (12%). The most severe clinical symptoms (ICH, GI 
bleeding, and hemarthroses) occurred in cases with FX:
C    <    2%. In this study specifi c mutations appeared to be cor-
related with a particular bleeding phenotype, e.g., ICH seemed 
to be associated with the  F10  mutation Gly380Arg, and pos-
sibly with the mutations IVS7 – 1G > A and Tyr163delAT. 

 The thrombogram has been used to investigate the relation 
between factor X levels in an attempt to establish at what 
level of factor X normal thrombin generation is achieved  [25] . 
In factor X defi ciency, half - normal endogenous thrombin 
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 Figure 52.2     Prevalence of bleeding symptoms in 150 patients with 
hemophilia A (FVIII) matched for age and severity with patients 
with factor X defi ciency. 
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potential (EPT) was seen at a factor X concentration of 5%. 
Ten individuals with factor X defi ciency (factor X levels 
1 – 50% of normal) were studied and when functional factor 
X activity was below 10% the parameters of the thrombo-
gram — lag - time and peak height — were markedly abnormal. 
The endogenous thrombin potential was similar irrespective 
of the method of activation of factor X (extrinsic pathway or 
intrinsic pathway). In patients with a factor X activity between 
10% and 50% only the lag - time of thrombogram and the 
peak height were abnormal, but the ETP remained within 
normal limits. These patients had no bleeding even after 
trauma and this work suggests that the threshold range of 
factor X required to obtain normal thrombin generation is 
approximately 10% of normal.  

  Classifi cation of  f actor  X   d efi ciency 

 Classical hereditary factor X defi ciency (CRM  −  ) is character-
ized by a prolonged PT, prolonged aPTT, prolonged RVV 
time, and defi ciencies in both factor X activity and antigen. In 
contrast, CRM +  disease has been described and in such cases 
factor X antigen is normal or near normal but the PT, aPTT, 
RVV, and chromogenic factor X assays show variable 
activity. 

 A tentative classifi cation for factor X defi ciency based upon 
the results of various functional (PT, aPTT, and RVV time -
 based assays) and immunologic assays was proposed some 
years ago although is not in common usage  [26] . However, it 
is clear that defects that affect only one assay are associated 
with a milder phenotype and that factor X defi ciency associ-
ated with low levels in multiple assays are associated with a 
more severe phenotype  [22] .   

  Molecular  b asis of  f actor  X   d efi ciency 

 Factor X mutations are thought to be rare because of the 
central role of factor X in the coagulation cascade. Factor X 
knockout mice show embryonic or perinatal lethality and this 
is consistent with the hypothesis that a complete absence of 
factor X is a lethal disorder  [27] . However, mice with factor 
X activity levels of 1 – 3% show complete rescue of lethality 
 [28] . 

 The earliest reported molecular abnormality affecting the 
 F10  gene was reported by Scambler and Williamson who 
described a female monosomic for 13q34 and who was found 
to be defi cient in factors VII and X  [29] . Interestingly, her 
brother was trisomic for 13q34 and had elevated levels of 
these factors. Chromosomal deletions affecting both the  F10  
and the  F7  genes, which are positioned close to each other, 
form part of the 13q –  syndrome  [30] . 

 Most mutations reported in factor X defi ciency are single 
point mutations resulting in amino acid substitutions (mis-
sense mutations) and affecting primarily exon 8, the largest 
exon in the  F10  and which encodes the catalytic domain. 

Several cases of factor X defi ciency have been reported in 
which there is also a defi ciency of the other vitamin 
K - dependent clotting factors. Hereditary combined vitamin 
K - dependent coagulation factor defi ciency is an autosomal 
recessive bleeding disorder associated with defects in either the 
 γ  - carboxylase, which carboxylates vitamin K - dependent pro-
teins to render them active, or the vitamin K epoxide reductase 
(VKORC1), which supplies the reduced vitamin K cofactor 
required for carboxylation.  

  Acquired  f actor  X   d efi ciency 

 An acquired rather than an inherited defi ciency of factor X is 
seen in a number of diverse disorders. 
  1     Liver disease/oral anticoagulants/vitamin K defi ciency.     The 
differentiation of inherited factor X defi ciency from acquired 
defi ciencies should include consideration of liver disease and 
vitamin K defi ciency (malabsorption, warfarin, and other oral 
anticoagulants), although in such cases there are commonly 
defi ciencies of the other vitamin K - dependent or hepatic -
 derived clotting factors, e.g., factor V.  
  2     Amyloidosis.     An association between amyloidosis and 
acquired factor X defi ciency was reported by Korsan - Bengsten 
in 1962  [31]  and subsequently by others. In general, there is 
only a modest reduction in factor X antigen but a marked 
reduction in factor X activity. Removal of endogenous factor 
X from the plasma of these patients, as well as exogenous 
factor X, appears to be mediated via the amyloid fi brils which 
are deposited throughout the vasculature. Factor X has been 
shown to bind directly to amyloid fi brils. Treatment of the 
amyloidosis has limited benefi t but may result in some 
improvement in factor X levels. Splenectomy has been reported 
to be useful probably because the spleen acts a large reservoir 
of amyloid material. Exogenously administered factor X is 
rapidly cleared from the circulation and is, therefore, of little, 
if any, benefi t.  
  3     Miscellaneous.     Factor X defi ciency has been reported in 
association with a number of other disorders, including 
myeloma (without amyloidosis), following exposure to the 
fungicide methylbromide, in association with various tumors 
and in acute myeloid leukemia treated with amsacrine. Two 
cases of acquired factor X defi ciency in patients with leprosy 
and a single case in association with a  Mycoplasma pneumo-
niae  chest infection have been documented.     

  Treatment of  f actor  X   d efi ciency 

 Inherited factor X is a rare disorder and there are no generally 
agreed guidelines for the management of this disorder. Current 
therapeutic options to manage patients with factor X defi -
ciency include fi brinolytic inhibitors, fresh - frozen plasma, and 
intermediate - purity factor IX concentrates (prothrombin 
complex concentrates). Recombinant VIIa (rVIIa) has been 
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used successfully to treat acquired factor X defi ciency second-
ary to amyloidosis  [32] . 

 The need for replacement therapy is guided by the particular 
hemorrhagic episode. The biologic half - life of factor X is 
20 – 40   h  [33] , so an adequate level can be achieved with 
repeated infusions. Factor levels of 10 – 20   IU/dL are generally 
suffi cient for hemostasis, even in the immediate postoperative 
period  [34] , although some recent data suggest that levels of 
5   IU/dL may be suffi cient for adequate hemostasis  [35] . 

  Mucosal  b leeding 

  Tranexamic  a cid 

 Tranexamic acid, a fi brinolytic inhibitor, may be of value in 
the management of patients with factor X defi ciency. In prac-
tice, 10   mL of a 5% solution of tranexamic acid is used as a 
mouthwash every 8   h. However, this is not commercially 
available and therefore will need to be formulated by the 
hospital pharmacy. In women with menorrhagia, tranexamic 
acid 15   mg/kg 8 hourly (in practice 1   g 6 – 8 hourly) may be 
effective when taken for the duration of the menstrual period.  

  Fibrin  g lue 

 Fibrin glue can be effective in facilitating local hemostasis. 
Currently, two products are licensed for use in the UK —
 Tisseel ®  (Baxter) and Quixil ®  (Omrix) — although the latter 
is licensed for use only in liver surgery  [36] .  

  Fresh -  f rozen  p lasma 

 Fresh - frozen plasma (FFP) has been successfully used to 
manage patients with factor X defi ciency. A dose of 20   mL/kg 
followed by 3 – 6   mL/kg twice daily is recommended, aiming to 
keep X:C trough levels above 10 – 20   IU/dL. This commonly 
requires large volumes of FFP and problems with fl uid over-
load may be encountered. A virally inactivated FFP should be 
used.  

  Prothrombin  c omplex  c oncentrates 

 In many centers, prothrombin complex concentrates (PCCs) 
are used to manage patients with factor X defi ciency, particu-
larly severe factor X defi ciency. The calculated required dosage 
for treatment is based on the empirical fi nding that 1   IU of 
factor X per kilogram of body weight raises the factor X 
level by 1.5% of normal. Tranexamic acid is generally 
avoided with PCCs because of the risk of thrombosis. The 
half - life of factor X is 20 – 40   h and daily treatment is not 
usually required. However, in cases where replacement therapy 
is given, levels should be monitored on a daily basis. In chil-
dren, the biologic half - life of factor X may be shortened and 
fall - off studies may be required to establish an appropriate 
dosing regimen  [35] .   

  Management of an  a cute  b leed in  p atients with 
 s evere  f actor  X   d efi ciency 

 No specifi c factor X concentrates are currently available and 
PCCs are probably the treatment of choice at present. 

  Fibrin  g lue 

 May be effective in facilitating local hemostasis.  

  Fresh -  f rozen  p lasma 

 In cases where PCCs are not available or are contraindicated, 
FFP can be used and is usually given as a loading dose of 
10 – 20   mL/kg, followed by 3 – 6   mL/kg twice daily  [34] , aiming 
to keep X:C trough levels above the 10 – 20   IU/dL needed for 
effective hemostasis. A virally inactivated plasma should be 
used.  

  Prothrombin  c omplex  c oncentrates 

 PCCs are the treatment of choice for patients with severe 
factor defi ciency. However, PCCs should be used with caution, 
if at all, in patients with concomitant liver disease, large 
hematomas, major trauma or antithrombin defi ciency, or the 
neonate, because of the risk of precipitating a thrombosis  [37] .  

  Recombinant  f actor  VII  a  

 Recombinant factor VIIa (rFVIIa) has been used to treat amy-
loid - associated factor X defi ciency  [32]  but the data on its use 
in patients with inherited factor X defi ciency is limited. 
Adequate levels of factor X appear to be important for the 
action of rFVIIa, and therefore in severe factor X defi ciency 
rFVIIa may be ineffective  [38] .   

  Management of  s urgery in  p atients with  s evere 
 f actor  X   d efi ciency 

 Surgery in individuals with severe factor X defi ciency (factor 
X    <    1   U/dL) has been successfully performed following infu-
sion of either FFP or PCCs. In the case of FFP, a level of 35   U/
dL was achieved prior to surgery and factor X levels were 
maintained above 20   U/dL in the postoperative period with no 
bleeding reported  [39] . A factor X level of 20   U/dL appears to 
be suffi cient for effi cient hemostasis. However, a recent 
report has shown that lower factor X levels, in the region of 
0.05   IU/mL (5   IU/dL) achieves adequate hemostasis  [35] . 
Similarly, data using the thrombogram suggest that factor X 
levels of 10   U/dL may be effective  [25] .  

  Factor  X   p rophylaxis 

 Prophylaxis in patients with severe factor X defi ciency using 
PCCs has been reported  [40 – 43] . The level of factor X required 
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to achieve hemostasis, and therefore the dose/frequency of 
prophylaxis, is unclear. Pharmacokinetic studies can be inval-
uable in such cases to guide the dose/frequency of administra-
tion  [43] . A dosage of 50 – 70   U/kg of a PCC every 3 days may 
be a sensible starting point. 

 In the majority of cases, the bleeding episodes are prevented 
without any serious treatment - related complication.  

  Management of  s evere  f actor  X   d efi ciency 
in  p regnancy 

 Factor X levels increase during pregnancy  [44] , but women 
with severe factor X defi ciency and a history of adverse 
outcome in pregnancy may benefi t from aggressive replace-
ment therapy  [45] . However, the potential for thrombosis 
associated with replacement therapy must be considered.  

  Management of the  n eonate with  s evere  f actor 
 X   d efi ciency 

 In families in whom both parents are known to have factor X 
defi ciency, pregnancy and delivery should be managed in such 
a way as to minimize the potential risk of bleeding both to 
the mother and baby. This requires close liaison with the 
obstetric unit including obstetric anesthetists, and a manage-
ment plan should be prepared for the delivery and subsequent 
investigation of the neonate. A factor X assay should be per-
formed prior to delivery. At birth, a cord blood sample should 
be taken for factor X assay. 

 Cranial ultrasound should be undertaken in severely affected 
neonates because of the increased risk of ICH. Prophylaxis 
during the neonatal period may be necessary in severely 
affected neonates.  

  Management of  m oderate  f actor  X   d efi ciency 
( FX : C     >    2    U / d  L ) 

 Patients with factor X levels  > 10   U/dL or a lower level and no 
signifi cant bleeding history (despite hemostatic challenges) 
require no replacement therapy. However, the nature of the 
surgery and any bleeding history in relation to previous hemo-
static challenges must be considered.   

  Gene  t herapy for  f actor  X   d efi ciency 

 To date, there have been no trials of gene therapy in patients 
with severe factor X defi ciency. Liver transplantation in one 
case of factor X defi ciency has been reported  [46]  and was 
associated with normal factor X levels within 72   h of 
transplantation.  
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  History 

 Factor XI (FXI) defi ciency was fi rst described in 1953 by 
Rosenthal  et al .  [1]  as a new type of hemophilia, later termed 
hemophilia C. Its presence in two sisters and their maternal 
uncle was interpreted as an indication that the mode of inher-
itance was autosomal dominant. However, a seminal study in 
1961 clearly established that transmission of the disorder was 
autosomal  [2] , and distinguished between patients with major 
FXI defi ciency, with an activity of less than 20   U/dL, and 
patients with minor defi ciency, with an activity of 30 – 60   U/
dL. This study, as well as a later study  [3] , also delineated that 
FXI defi ciency was particularly common in Jews. 

 In the classic  “ waterfall ”  or  “ cascade ”  scheme of coagula-
tion, designed in 1964, FXI was assigned a role in the initial 
 “ contact phase ”  of the intrinsic system. It was shown that 
negatively charged surfaces trigger activation of factor XII 
(FXII), later found to occur in the presence of prekallikrein 
(PK) and high - molecular - weight kininogen (HK), and that 
FXIIa, in turn, activates FXI. FXIa then activates factor IX 
(FIX) in the presence of Ca 2+  ions, which leads through addi-
tional reactions to the generation of thrombin. Yet this 
sequence of reactions was hard to reconcile with the clinical 
observations which indicated that patients with severe defi -
ciencies of FXII, PK, or HK had no bleeding tendency, whereas 
patients with FXI defi ciency exhibited a signifi cant bleeding 
tendency, particularly following trauma. In 1991 two groups 
of researchers showed that FXI was activated by thrombin, 
thereby bypassing the initial contact reactions  [4,5] . These 
observations enabled design of a revised scheme of coagula-
tion  [4]  in which FXII, PK, and HK play no role, while FXI 
is important for generating thrombin following its initial for-
mation by the tissue factor – factor VII pathway (see Chapter 
 1   ). However, recent evidence disputes this and the role of the 
contact system is being re - evaluated  [6] .  

  Biochemical  f eatures and  f unction of 
 f actor  XI  

 Factor XI is a 160 - kDa glycoprotein that consists of two 
identical polypeptide subunits of 80 - kDa linked by a disulfi de 

bond. Each subunit contains 607 amino acids organized in a 
heavy chain with four tandem repeats of 90 or 91 amino acids, 
designated  “ apple domains, ”  and a light chain in which a 
serine protease domain is located. The fi rst apple domain 
contains the binding sites for HK, with which FXI circulates 
as a complex, and for prothrombin. Apple 3 contains the 
binding sites for platelets and FIX, and apple 4 harbors the 
binding site for FXII and is important for the dimerization of 
the subunits  [7,8] . 

 The gene encoding for FXI (GenBank M18295) consists 
of 15 exons and 14 introns and is located on chromosome 
4q34 – 35 close to the gene for PK  [9] . FXI is synthesized 
in the liver. The physiologic activator of FXI is thrombin, 
which converts zymogen FXI to a serine protease (FXIa) 
by cleavage of the Arg369 – Ile370 bond, giving rise to a 47 -
 kDa heavy chain and a 33 - kDa light chain. Evidence suggests 
that this reaction is greatly accelerated when FXI is bound 
to activated platelets in the presence of prothrombin and 
Ca 2+  ions or HK and Zn 2+  ions  [10] . Conceivably, one of 
the FXI subunits binds to the platelet membrane while the 
other subunit binds to FIX  [7] , thereby enabling effi cient 
activation of FXI by thrombin and then activation of FIX 
by FXIa. FXIa initially cleaves FIX at the Arg146 – Ala147 
bond in the presence of Ca 2+  ions and subsequently an 
Arg180 – Val181 bond yielding fully activated factor IXa and 
an activation peptide. FIXa then activates FX in the presence 
of factor VIIIa, negatively charged phospholipids and Ca 2+  
ions, and FXa in turn converts prothrombin to thrombin in 
the presence of factor Va, negatively charged phospholipids, 
and Ca 2+  ions. 

 Factor XI activated by thrombin is essential for sustained 
thrombin generation, which is particularly important after 
clot formation. It also diminishes fi brinolysis as thrombin 
activates procarboxypeptidase B, also termed thrombin - acti-
vatable fi brinolysis inhibitor (TAFI). Activated TAFI removes 
terminal lysine residues from fi brin, the binding sites of plas-
minogen and tissue plasminogen activator thereby inhibiting 
fi brinolysis  [11] . Factor XI can thus be regarded as a proco-
agulant and an indirect inhibitor of fi brinolysis. This conclu-
sion is supported by the clinical observation that patients with 
severe FXI defi ciency are specifi cally prone to bleeding when 
trauma is infl icted at sites where there is enhanced fi brinolytic 
activity  [12]   . FXIa is inhibited by antithrombin in the presence 
of heparin, protease nexin II, C 1  - inhibitor, and protein C 
inhibitor.  

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 
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  Inheritance and  f unctional  d efect 

 Factor XI defi ciency is inherited as an autosomal disorder. 
Homozygotes or compound heterozygotes have an FXI activ-
ity of  < 15   U/dL and heterozygotes have an activity range of 
25 – 70   U/dL or are within normal limits. Vertical transmission 
of severe FXI defi ciency or apparent dominance has been 
observed in Ashkenazi Jewish families but stems from matings 
between homozygotes and heterozygotes in this population, 
in which the prevalence of mutant genes and affected individu-
als is high  [3] . In the vast majority of patients with FXI defi -
ciency, FXI activity is concordant with antigenicity  [13] . Only 
a few patients have so far been described with dysfunctional 
FXI (i.e., 100   U/dL antigenicity and  < 1   U/dL activity)  [14] .  

  Mutations 

 Three mutations in the FXI gene, termed types I, II, and III, 
were fi rst described in 1989 in six Ashkenazi Jews who had 
severe FXI defi ciency  [15] . Type I mutation is a G to A change 
at the splice junction of the last intron of the gene, type II 
mutation is a G to T change in exon 5 leading to Glu117stop, 
and type III mutation is a T to C change in exon 9, giving rise 
to Phe283Leu substitution. Homozygotes for type II mutation 
have a mean FXI activity of 1.2   U/dL, homozygotes for type 
III mutation have a mean FXI activity of 9.7   U/dL, and com-
pound heterozygotes for types II and III mutations have a 
mean activity of 3.3   U/dL  [12] .   Type II and III mutations are 
the predominant mutations causing FXI defi ciency in 
Ashkenazi Jews  [12,16] . Table  53.1  demonstrates that in 295 
Jewish patients of various ethnic origins with severe FXI defi -
ciency, 52% of the alleles harbored type II mutation, 46% 
type III mutation, 1% type I mutation, and 1% other muta-
tions. Databases listing published mutations are available 
( http://www.isth.org , look under Registries/Databases/
Mutations Causing Rare Bleeding Disorders  ,  www.hgmd.org , 
and  www.factorxi.com ). Most mutations responsible for FXI 
defi ciency are missense (111/165) associated with equal reduc-
tion in both activity and antigen. Ten mutations are reported 

  Table 53.1    Molecular analysis in 295 unrelated Jewish patients 
with severe factor  XI  defi ciency. 

   Mutant allele      n      %  

  Type II: Glu117Ter    306    51.86  
  Type III: Phe283Leu    271    45.93  
  Type I: IVS 14   +   1 (Ggt    →    Gat)    7    1.19  
  Type IV: 14 - bp deletion (IVS 14/exon 15)    2    0.34  
  Gly555Glu    2    0.34  
  Tyr427Cys    1    0.17  
  Glu323Lys    1    0.17  

   Total      590      100   

with discrepant activity and antigen ( www.factorxi.com ). 
Expression of several missense mutations revealed impaired 
secretion of FXI from transfected cells  [17,18] . For one of 
these mutations, the type III mutation (Phe283Leu) in apple 
4, the impaired secretion was related to defective dimerization 
 [17] . Several polymorphisms have also been described and 
used for analysis of haplotypes in populations in which FXI 
defi ciency is prevalent  [19,20] .    

  Prevalence and  e thnic  d istribution 

 The highest prevalence of FXI defi ciency has been observed in 
Ashkenazi Jews  [3] . Among 531 individuals of Ashkenazi 
Jewish origin, the allele frequency of type II and type III muta-
tions was 0.0217 and 0.0254, respectively  [21] . Thus, 9.1% 
of subjects belonging to this ethnic group are predicted to be 
carriers of either mutation and 1 in 450 individuals (0.22%) 
is expected to have severe FXI defi ciency. The Iraqi Jews, who 
represent the ancient gene pool of Jews from Babylonian times 
2500 years ago, have only the type II mutation. Among 507 
subjects, an allele frequency of 0.0167 was found, predicting 
heterozygosity in 1/30 individuals and homozygosity in 1/3600 
individuals in the general Iraqi Jewish community  [21] . 
Interestingly, among 382 Arabs, type II mutation was detected 
with an allele frequency of 0.0065. A study of intragenic poly-
morphisms in patients with severe FXI defi ciency from all 
these ethnic groups enabled haplotype analysis, which dis-
closed distinct founder effects for the type II and type III 
mutations  [20]  (Figure  53.1 ). Based on the distribution of 
allelic variants at a microsatellite marker fl anking the FXI gene 
( D4S171 ), the type II mutation was estimated to have occurred 
more than 120 generations ago, while the type III mutation 
was of a more recent origin  [22]  (Figure  53.2 ). Another cluster 
of patients with FXI defi ciency was observed in Basques resid-
ing in southwestern France, and a recent study revealed that 
the predominant mutation in this population is Cys38Arg, 
with an allele frequency of 0.005  [19] . Another cluster of FXI -
 defi cient patients harboring a C128X mutation was described 
in Caucasians living or originating in the UK  [23] . Haplotype 
analysis for this mutation is consistent with a founder effect.   

 Factor XI defi ciency has also been reported sporadically in 
other patients of English, African - American, German, Indian, 
Italian, Korean, Japanese, Chinese, Portuguese, Swedish, 
Yugoslav, Arab, and Iranian origin.  

  Bleeding  m anifestations in  p atients with 
 s evere  d efi ciency 

 Spontaneous bleeding manifestations are rare in patients with 
severe FXI defi ciency. The common presentation is an injury -
 related bleeding tendency, particularly at sites where tissues 
contain activators of the fi brinolytic system, such as the oral 
cavity, nose, tonsils, and urinary tract  [12,24] . At other sites 
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 Figure 53.1     Frequency distribution of factor 
XI gene haplotypes observed in Ashkenazi 
Jews, Iraqi Jews, and Arabs. The numbers 
on the abscissa denote, from bottom to top, 
the allele numbers of polymorphisms in 
introns A, B, E, and M. For example, the 
haplotype designated 1 – 2 – 1 – 1 comprises 
allele 1 of intron A polymorphism, allele 2 
of intron B polymorphism, allele 1 of intron 
E polymorphism, and allele 1 of intron M 
polymorphism. The lower and upper panels 
represent normal chromosomes and 
chromosomes bearing type II or type III 
mutations, respectively. Note that all 
chromosomes carrying the type II mutation 
are characterized by the same 1 – 2 – 2 – 2 
haplotype that is observed in 8 – 12% of 
normal chromosomes. The chromosomes 
bearing the type III mutation are confi ned to 
Ashkenazi Jews, all characterized by 
haplotype 2 – 3 – 2 – 2.  From Peretz  et al .  [20]  
with permission from the American Society 
of Hematology.  
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 Figure 53.2     A simplifi ed scheme showing 
the common origin of the three major 
segments of contemporary Jews and 
explaining the current distribution of the 
type II and type III mutations. The 
predicted time when type II and type III 
mutations occurred in the factor XI gene 
are indicated by horizontal arrows. We 
speculate that gene fl ow has been responsi-
ble for the transfer of type II mutation from 
Middle Eastern Jews to Palestinian Arabs 
after the settlement of Arabs in Israel in the 
7th century  ad .  From Peretz  et al .  [20]  with 
permission from the American Society of 
Hematology.  

of trauma, such as orthopedic surgical wounds, appendicec-
tomy, circumcision, or cuts in the skin, bleeding is less 
common. Postpartum hemorrhage occurs in only 20 – 30% of 
affected women  [25,26] . Some patients with a very low level 
of FXI may not bleed at all following trauma  [2] , while in 
others the bleeding tendency varies in the same patient over 
time even when provoked by similar hemostatic challenges 
 [12,25] . Bleeding can be brisk at the time of injury and persists 
unless treated, or can begin several hours following trauma.  

  Bleeding  m anifestations 
in  h eterozygotes 

 Some heterozygotes exhibit abnormal bleeding. In one study, 
bleeding was observed in 9/94 (9.6%) of patients who under-
went surgical procedures, including tooth extractions, tonsil-
lectomy, and nasal operation  [2] . In another study, no bleeding 
was observed following urologic surgery unless FXI activity 
was 25   U/dL or less  [27] . In contrast, two studies from the UK 
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and one from Iran  [25,28,29]  described injury - related bleed-
ing in 48 – 60% of cases, as well as spontaneous bleeding 
manifestations. An assessment of the risk of bleeding in a large 
cohort of patients with severe and partial FXI defi ciency 
yielded an odds ratio of 13 [confi dence interval (CI) 3.8 – 45] 
for patients with severe FXI defi ciency and an odds ratio of 
2.6 (CI 0.8 – 9.0) for patients with partial defi ciency  [30] . In 
spite of these uncertainties, it can be concluded that patients 
with partial FXI defi ciency may exhibit a bleeding tendency 
but the risk is substantially lower than in patients with severe 
FXI defi ciency. Whatever the cause of the discrepancy among 
the studies, patients with partial FXI defi ciency who have a 
bleeding history should be carefully examined for additional 
inherited disorders of hemostasis such as platelet dysfunction 
or von Willebrand disease (VWD), and for acquired hemo-
static defects.  

  Thrombosis 

 The effect of FXI in promoting coagulation and inhibiting 
fi brinolysis could hypothetically predict that in patients with 
severe FXI defi ciency, thrombosis would occur infrequently. 
However, unlike patients with severe hemophilia A or hemo-
philia B, in whom the incidence of acute myocardial infarction 
is signifi cantly reduced, patients with severe FXI defi ciency are 
not protected against such events. In a recent study of 96 adult 
patients with severe FXI defi ciency, 16 (17%) have had an 
acute myocardial infarction, which occurred at median ages 
of 64.5 and 58 years in women and men, respectively  [31] . 
The observed incidence of acute myocardial infarction in this 
cohort was not statistically different from the expected inci-
dence in the general population. As anticipated, one or more 
of the conventional atherosclerotic risk factors was detected 
in 13 of the 16 patients who had an acute myocardial infarc-
tion (81%), whereas, among patients with severe FXI defi -
ciency who had not experienced an acute myocardial 
infarction, the presence of these risk factors was signifi cantly 
lower. In contrast, a reduced incidence of ischemic stroke has 
been observed in severe factor XI defi ciency. A cohort of 115 
patients over 45 years of age with severe FXI defi ciency 
(level    <    15   U/dL) was compared with an Israeli health survey 
of 9509 people. After correction for the common risk factors, 
the expected incidence of stroke was 8.56 but only one was 
observed  [32] . 

 Venous thromboembolism was not observed but anecdotal 
cases have been reported    [33] . Conceivably, some protection 
against venous thromboembolism may be conferred by 
severe FXI defi ciency because high levels of FXI constitute 
a risk factor for such venous thrombosis  [34] . However, 
only a study of a very large number of patients with FXI 
defi ciency would enable assessment of whether or not patients 
with severe FXI defi ciency are protected against venous 
thromboembolism.  

  Association of  f actor  XI   d efi ciency with 
 o ther  d isorders 

 Factor XI defi ciency has been described in association with 
various other inherited bleeding disorders, e.g., VWD, platelet 
dysfunctions, and defi ciencies of factors VII, VIII, and IX (for 
review see ref.  35 ). These associations are probably coinciden-
tal, although the probability of the common occurrence of 
combined defi ciency of factors VII, IX, and XI, observed in 
fi ve families, seems too remote to be coincidental. No mecha-
nism for these exceptional families has been provided. Noonan 
syndrome and Gaucher disease have also been observed in 
patients with FXI defi ciency. While the association between 
FXI defi ciency and Noonan syndrome has not been explained, 
the association between Gaucher disease and FXI defi ciency 
was shown to stem from the relatively high prevalence of the 
mutant genes of both disorders in Ashkenazi Jews, i.e., 1/19 
for Gaucher disease and 1/11 for FXI defi ciency. It was also 
demonstrated that the segregation of Gaucher disease and FXI 
defi ciency in the same family was independent  [36] .  

  Development of  i nhibitors 

 Inhibitors to FXI have been described in patients with severe 
FXI defi ciency. Fortunately, bleeding manifestations in such 
patients are not aggravated following inhibitor formation, but 
trauma or surgery presents a serious hemostatic challenge (see 
 “ Therapy ” ). In a recent study of 118 unrelated patients with 
severe FXI defi ciency, seven were found to harbor an inhibitor 
 [37] . All seven patients had received plasma replacement 
therapy prior to the development of the inhibitor and all were 
homozygous for the type II null allele, which is associated with 
extremely low levels of FXI. Of 84 patients with other geno-
types, i.e., type III homozygotes or type II and type III com-
pound heterozygotes (of whom 43 had received plasma), none 
was found to have an inhibitor to FXI. Patients with these 
genotypes have measurable levels of FXI in the range 2 – 15   U/
dL. These observations suggest that only homozygotes or 
compound heterozygotes for two null alleles are prone to the 
development of an inhibitor following exposure to exogenous 
FXI. This study also revealed that the seven patients who 
developed an inhibitor were among 21 homozygotes for the 
type II mutation who had received plasma, which suggests that 
33% of patients with almost no FXI have a predilection for 
development of an inhibitor. The antibodies isolated from 
patients with an inhibitor display various effects, i.e., impaired 
FXI activation by thrombin or by FXIIa, inhibition of binding 
of FXI to HK, and diminished activation of FIX by FXIa  [37] .  

  Diagnosis 

 Excessive bleeding following injury, such as tooth extraction, 
tonsillectomy, nose surgery, and urologic procedures, or an 
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incidental fi nding of a prolonged activated partial thrombo-
plastin time (aPTT) are the common modes of presentation of 
FXI defi ciency. Excessive menstrual bleeding is a recognized 
presentation of FXI defi ciency. All patients with severe FXI 
defi ciency (activity of less than 15   U/dL) exhibit an aPTT value 
that is more than two standard deviations above the normal 
mean  [38] . Heterozygotes may have a slightly prolonged aPTT 
or values within the normal range but this is dependent upon 
the aPTT reagent. Similarly, FXI levels overlap with normal 
levels  [3,25,29] . Therefore, for diagnosis of partial FXI defi -
ciency in suspected heterozygotes, only genotyping for the 
responsible mutation can be diagnostic. 

 Because severe FXI defi ciency can remain asymptomatic 
until injury is infl icted, it is desirable for all Ashkenazi Jews 
in need of surgery (particularly at sites of enhanced fi brinoly-
sis) to undergo screening tests including aPTT. If a prolonged 
aPTT is obtained, FXI activity can be measured by an aPTT -
 based assay.  

  Therapy 

 Spontaneous bleeding is rare in patients with severe FXI defi -
ciency, and when it occurs it is usually mild and terminates 
without therapy. Sometimes, spontaneous bleeding follows 
the inadvertent use of antiplatelet agents and discontinuation 
of their use solves the problem. Deliveries are infrequently 
complicated by excessive bleeding in patients with severe FXI 
defi ciency and thus on - demand, rather than preventive, blood 
product therapy can be advocated  [26] . Oral antifi brinolytic 
drugs are useful both for menorrhagia and for bleeding after 
childbirth when it occurs. 

 Surgery or trauma can be associated with excessive and 
prolonged bleeding unless treated properly. Consequently, 
careful evaluation of patients with severe FXI defi ciency prior 
to surgery is indispensable, as well as meticulous planning of 
the procedure and the postsurgical course. The following are 
some considerations and guidelines: 
  1     The surgical procedure should be absolutely indicated.  
  2     Previous bleeding episodes and their severity should be 
taken into account.  
  3     A test for an inhibitor to FXI should be performed and its 
presence ruled out.  
  4     The prothrombin time and platelet count should be normal.  
  5      Use of antiplatelet drugs should be discontinued 1 week 
before surgery.  
  6     Both site and type of surgery are signifi cantly related to the 
risk of bleeding and, hence, planning of surgery should be 
tailored accordingly. Examples include (i) patients in need of 
tooth extraction can be treated by tranexamic acid alone (see 
below); (ii) for prostatectomy and other lower urinary tract 
surgery, both blood component therapy and local fl ushing by 
saline containing tranexamic acid can be used; (iii) for nasal 
surgery and tonsillectomy, replacement therapy and parenteral 
tranexamic acid administration are advisable; (iv) for major 

surgery, plasma or FXI concentrate infusions should be tar-
geted at trough FXI levels of 45   U/dL for approximately 10 
days; for minor surgery a trough level of 30   U/dL during 
approximately 5 days is usually suffi cient.  
  7     Assessment of the cardiovascular status of the patient is 
essential for two reasons: (i) when use of fresh - frozen plasma 
(FFP) is planned, the patient ’ s incapacity to tolerate volume 
overload can be a serious impediment; (ii) compromised car-
diovascular function confers a risk of thrombosis when an FXI 
concentrate is used.  
  8     Replacement therapy should be started prior to surgery and 
carefully monitored thereafter by assays of FXI activity.  
  9     Use of fi brin glue during surgery can signifi cantly contribute 
to successful hemostasis.  
  10     Replacement therapy is usually by FFP. The main disad-
vantages of this mode of therapy are potential transmission of 
infectious agents, allergic reactions, and — as mentioned —
 volume overload. Treatment of FFP by solvent/detergent or by 
pasteurization has increased its safety, with preservation of 
FXI activity  [39] .    

 Two concentrates of FXI have been produced, one in the 
UK and the other in France, and both were found to be safe 
with regard to transmission of infectious agents. However, 
approximately 10% of patients who were treated by these 
products developed arterial thrombosis or venous throm-
boembolism which was fatal in several cases. As almost all 
patients who developed these unfortunate complications were 
elderly and had pre - existing cardiovascular disease  [39] , these 
products should be avoided in such patients or used with 
extreme caution. Caution should also be exercised in patients 
with prothrombotic states such as pregnancy and malignant 
disorders. Notwithstanding these limitations, FXI concen-
trates have been successfully used in many patients. Studies 
have shown a 90% recovery of FXI after infusion of these 
concentrates and a half - life of 46 – 52   h. The relatively small 
volume that needs to be infused, the excellent  in vivo  recovery 
of FXI, and the extended half - life of FXI substantially facili-
tate therapy. 

 For several types of minor surgery, such as tooth extractions 
and skin biopsy, there is no need for replacement therapy. In 
19 patients with severe FXI defi ciency who have had a history 
of bleeding following tooth extractions or trauma, tooth 
extractions were uneventfully performed under treatment with 
tranexamic acid alone started 12   h prior to surgery and con-
tinued until 7 days after surgery  [40] . Fibrin glue can also be 
used in such cases and in patients undergoing resection of skin 
lesions. 

 The approach to patients with partial FXI defi ciency who 
need surgery varies among centers. Excessive bleeding follow-
ing surgery in some patients with FXI levels of approximately 
50   U/dL is used to support the view that such patients need 
replacement therapy during surgery  [29] . Other observations 
of patients who underwent uneventful prostatectomy with a 
level of 30   U/dL support the view that replacement therapy is 
unnecessary during most surgical procedures in patients with 
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partial FXI defi ciency  [27] . Notwithstanding these inconsist-
encies, a reasonable practice in patients with partial FXI defi -
ciency can be: 
  1     Obtain a detailed history of bleeding.  
  2     If a clear history of bleeding tendency is obtained, perform 
a thorough investigation of other potential inherited or 
acquired hemostatic disorders; abnormal results should be 
taken into account in the planning of surgery.  
  3     Use tranexamic acid and/or fi brin glue when there is a 
bleeding history or when high - risk surgery such as prostatec-
tomy is planned.  
  4     Use replacement therapy in patients with an unequivocal 
bleeding tendency (after ruling out other hemostatic defects) 
aiming at a trough FXI level of 45   U/dL for 5 days after 
surgery.    

 Surgery in patients who have developed an inhibitor to 
FXI presents a great challenge. When the titer of the inhibitor 
is very low, use of an FXI concentrate can suffi ce, but an 
anamnestic reaction is to be expected. A one - time low dose 
of recombinant factor VIIa (rFVIIa) given during surgery 
and prolonged therapy by tranexamic acid have been success-
fully used in two such patients who underwent major surgery 
 [41] .  
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  Introduction 

 Factor XIII (FXIII) is a transglutaminase enzyme that was fi rst 
discovered as a clotting protein in the coagulation cascade. 
However, recent literature describes multiple roles for this 
factor, including the ability to cross - link proteins in the 
plasma, vascular matrix, endothelial cells, platelets, and 
monocytes. In addition to maintaining normal hemostasis, 
FXIII plays a role in atherosclerosis, wound healing, infl am-
mation, and pregnancy  [1 – 3] . 

 FXIII circulates in plasma as a tetramer protein (FXIII - A 2 B 2 ) 
held together by noncovalent bonds. FXIII has a molecular 
weight of 325   kDa with two catalytic A subunits (FXIII - A 2 ) of 
83   kDa and two noncatalytic B subunits or carrier subunits 
(FXIII - B 2 ) of 79   kDa  [4 – 6] . Refer to Table  54.1  for the 
International Society of Thrombosis Hemostasis (ISTH) rec-
ommended nomenclature for the various forms of FXIII used 
for research publications  [7] .   

 Intracellular FXIII - A 2  exists as a homodimer and can be 
found in platelets, monocytes, tissue macrophages, and pla-
centa. Nearly half of the total amount of FXIII in whole blood 
can be found in association with circulating platelets  [8] . 
Intracellular FXIII - A 2  is released during hemostasis and binds 
to FXIII - B 2  to form the tetramer complex (FXIII - A 2 B 2 ), which 
functions to stabilize the fi brin clot. Platelet FXIII can also 
enhance clot formation by cross - linking platelets to clotting 
proteins such as von Willebrand factor, factor V, and fi brino-
gen  [9,10] . FXIII - A contains the activation site of the enzyme 
and is synthesized by hematopoietic cells such as monocytes 
and megakaryocytes with some production from hepatocytes 
as well  [11 – 13] . Intracellular platelet FXIIIA has also been 
found to play a role in lamellapodia formation and spreading 
on a fi brinogen - coated surface  [14] . 

 Approximately 50% of total FXIII - B can be found in plasma 
as a free form with the remainder existing in the heterotetra-
meric form (FXIII - A 2 B 2 ) bound to FXIII - A 2   [15] . The main 
role of FXIII - B is to protect FXIII - A 2  from proteolytic degra-
dation and inactivation, thereby extending the time FXIII - A 2  
remains in circulation. Another critical role of FXIII - B is the 
localization of FXIII to the polymerizing fi brin chains to facili-
tate cross - linking. FXIII - B is primarily produced in the liver 

 [12,16] . Plasma FXIII - B specifi cally binds to the  γ  ′  chain of 
fi brinogen type 2  [17] . Fibrinogen 2 acts as a carrier for FXIII 
in plasma and helps to downregulate potential cross - linking 
activity  [18] .  

  Structure/ f unction 

 FXIII plays an important role in hemostasis by catalysing the 
cross - linking of fi brin as well as enhancing fi brin interaction 
with a variety of integrins within the platelet membrane and 
matrix proteins throughout thrombus formation. In aggre-
gate, these biologic processes strengthen and stabilize the 
blood clot. 

 X - ray crystallography showed that FXIII - A subunit con-
tains an activation peptide, a  β  - sandwich, a catalytic core, and 
barrel 1 and barrel 2 domains  [19,20] . The activation peptide, 
composed of 37 amino acids, restricts the access of the sub-
strate to the active site cysteine  [21] . Activated FXIII (FXIIIa) 
binds to fi brin through the  α  - C - domain enhancing dissocia-
tion of the FXIII subunits  [21] . 

 The B - subunit is composed of 10 repeated Sushi or glyco-
protein 1 domains  [22] . Each Sushi domain has two disulfi de 
bridges that sustain its tertiary structure. As stated before, the 
B subunit binds to fi brinogen 2  γ  chain and helps regulate 
cross - linking activity  [17] . 

 Souri  et al.  studied the function of FXIII - B by expressing 
recombinant FXIII - B in baculoviruses  [23] . The results 
revealed specifi c roles for the individual Sushi components: the 
fi rst Sushi domain was involved in the binding of FXIII - B to 
FXIII - A whereas the fourth and ninth Sushi domains were 
responsible for the FXIII - B homodimer assembly. The study 
also confi rmed that rFXIII - B in the heterotetramer form 
(FXIII - A 2 B 2 ) protected FXIII - A from proteolytic digestion 
 [23] . 

 Activation of FXIII begins with thrombin cleavage of 
A - subunits and requires a critical mass of fi brin polymers. 
Thrombin mediates cleavage of the activation peptides (AP -
 FXIII) of FXIII - A from the N - terminus at position 37  [24 – 26] . 
In the presence of Ca 2+  and fi brin, the B subunits dissociate 
from the A subunits causing a conformational change expos-
ing the active site  [27]  (Figure  54.1 ). This active site contains 
a cysteine residue (Cys311) which is found within the sequence 
Tyr – Gly – Gln – Cys – Trp. Activated FXIII - A 2  (FXIII - A 2  * ) will 
then cross - link fi brin through  ε  - amino( γ  - glutamyl) lysine 
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  Table 54.1    Factor  XIII  nomenclature. 

  Plasma FXIII    FXIII - A 2 B 2   
  Cellular FXIII    FXIII - A 2   
  A subunit of FXIII    FXIII - A (monomer)  
  A subunit of FXIII    FXIII - A 2  (dimer)  
  B subunit of FXIII    FXIII - B (monomer)  
  B subunit of FXIII    FXIII - B 2  (dimer)  
  Inactive intermediate after thrombin cleavage    FXIIIa ′   
  Thrombin   +   Ca 2+  - activated FXIII    FXIIIa *   

B

B
Calcium and

substrate

Separation of B subunits and
conformation change in A2

Thrombin-mediated cleavage of
activation peptides

Thrombin

S

S

B

B

B

B

A

A A

A

FXlll FXlll’ FXllla

Catalytic form of the A2*
protein

A2*

A’2B2

A2B2

 Figure 54.1     Activation of plasma factor 
XIII heterotetramer. 

isopeptide bond  [28,29] . The B subunits dissociate while the 
majority of A subunits remain bound to fi brin  [30] .   

 Thrombin catalyzes formation of  γ  - glutamyl -  ε  lysl bonds 
between fi brin monomers, resulting in a fi brin meshwork that 
is insoluble in mild acids and urea. 

 Activated FXIII cross - links fi brin polymers present at very 
low concentrations, before a clot is visible  [21] . FXIIIa can 
also crosslink fi brinogen but at a much slower rate  [31,32] . 

 The activation rate of intracellular factor XIII by thrombin 
is more rapid than plasma FXIII thrombin conversion to XIIIa. 
Studies have shown a lag time between the fi rst steps of plasma 
FXIII activation: thrombin cleavage and exposure of the active 
site  [33,34] . This delay corresponds to the amount of time 
needed for the B subunit to dissociate from activated plasma 
FXIII. In contrast to plasma FXIII activation, platelet FXIII 
activation depends on high levels of intracellular Ca 2+  trigger-
ing the protein to undergo a nonproteolytic conformation 
change to its active form. 

 In addition to binding fi brin(ogen), FXIII cross - links numer-
ous substrates involved in hemostasis and antifi brinolysis. 
FXIII incorporates antifi brinolytic proteins such as  α  2  -

 antiplasmin, plasminogen activator inhibitor 2 (PAI - 2), and 
thrombin activatable fi brinolysis inhibitor (TAFI) into fi brin 
 [9,35] . The main substrate for FXIII is fi brin, with only the  α  
and  γ  chains participating in cross - linking activity  [1] . There 
are several other proteins that FXIII cross - links: von Willebrand 
factor, factor V, vitronectin, vinculin, myosin, and actin  [1] . 
Plasma FXIII binds to glycoprotein IIb/IIIa on platelets and  α  
(v) β 3 integrin on endothelial cells  [36,37] . FXIII also plays an 
important function in wound healing and tissue repair by 
binding proteins fi bronectin and collagen. The cross - linking 
of these proteins to fi brin enhances migration and prolifera-
tion of fi broblasts, which in turn stabilizes the extracellular 
matrix formed at the site of tissue injury  [21,38] . 

 Both plasma and platelet FXIII - A originate from the same 
gene, making them functionally indistinguishable  [39,40] . 
Intracellular FXIII represents nearly 50% of total FXIII activ-
ity in the body  [8] . Platelet FXIII - A is present in large concen-
trations in circulating platelets and appears to play an 
important role in the cytoskeletal remodeling associated with 
the activation of platelets  [14,41] . Dale  et al.  showed that 
platelet factor XIII enhances thrombosis by cross - linking the 
primary amine serotonin to von Willebrand factor, factor V, 
and fi brinogen, which then localize to the platelet membrane 
via a serotonin receptor  [42] . 

 FXIII - A 2 , produced in the placenta, plays an important role 
in early pregnancy. Low levels of maternal FXIII - A 2  can lead 
to poor formation of cytotrophoblastic shell and placental 
detachment. FXIII - A 2  is not critical for fertilization or early 
implantation but is necessary to minimize decidual bleeding 
starting at 5 weeks ’  gestation  [43] . Impaired placental adhe-
sion along with a tendency for hemorrhage in FXIII - defi cient 
women likely lead to the increased risk of miscarriages and 
recurrent fetal loss reported.  
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  Molecular  g enetics 

 Since the fi rst molecular mutation of FXIII defi ciency was 
published in 1992, there have now been over 70 mutations 
reported  [44,45] . The majority of the mutations for FXIII - A 
are owing to missense or nonsense mutations, occurring 
between exons 3 and 14 (Table  54.2 ). For a current listing of 

  Table 54.2    Factor  XIII  -  A  missense/nonsense mutations. 

   Exon  
   Nucleotide 
change  

   Amino acid 
change     References    

  3    c.183C > A    Asn60Lys    Anwar  et al.  (1995)  
  3    c.232C > T    Arg77Cys    Duan  et al.  (2002)  
  3    c.233G > A    Arg77His    Peyvandi  et al.  (2004)  
  3    c.306G > A    Glu102Lys    Anwar (2002)  
  4    c.479T > G    Met159Arg    Schroeder  et al.  (2006)  
  4    c.514C > T    Arg171Stop    Standen and Bowen (1993)  
  5    c.631G > A    Gly210Arg    Vysokovsky  et al.  (2004)  
  5    c.646G > A    Gly215Arg    Schroeder  et al.  (2006)  
  6    c.707T > G    Leu235Arg    Birben  et al.  (2003)  
  6    c.728T > C    Met242Thr    Mikkola  et al.  (1994)  
  6    c.758G > T    Arg252Ile    Mikkola  et al.  (1996)  
  6    c.781C > T    Arg260Cys    Ichinose (1998)  
  6    c.782G > T    Arg260Leu    Vysokovsky  et al.  (2004)  
  6    c.782G > A    Arg260His    Kangsadalampai (1999)  
  6    c.788G > A    Gly262Glu    Onland  et al.  (2005)  
  7    c.851A > G    Tyr283Cys    Souri  et al.  (2001)  
  7    c.888C > G    Ser295Arg    Anwar  et al.  (2000)  
  7    c.949G > T    Val316Phe    Onland  et al.  2005  
  7    c.956C > T    Ala318Val    Vysokovsky  et al.  (2004)  
  8    c.980G > A    Arg326Gln    Mikkola  et al.  (1996)  
  8    c.978C > T    Arg326Stop    Anwar (2005)  
  8    c.1064T > C    Leu354Pro    Anwar  et al.  (2001)  
  9    c.1128G > T    Trp375Cys    Schroeder  et al.  (2006)  
  9    c.1149G > T    Arg382Ser    Peyvandi  et al.  (2003)  
  9    c.1183C > T    Ala394Val    Izumi (1998)  
  9    c.1196C > A    Thr398Asn    Vysokovsky  et al.  (2004)  
  9    c.1201C > T    Gln400Stop    Kangsadalampai  et al.  (1996)  

  10    c.1226G > A    Arg408Gln    Anwar  et al.  1995  
  10    c.1241C > T    Ser413Leu    Niya  et al.  (1999)  
  10    c.1241C > G    Ser413Trp    Duan  et al.  (2003)  
  10    c.1243G > T    Val414Phe    Aslam (1997)  
  10    c.1216G > A    Gly420Ser    Kangsadalampai  et al.  (2000)  
  11    c.1325C > A    Tyr441Stop    Anwar (1995)  
  11    c.1504G > A    Gly501Arg    Board (1993)  
  12    c.1496T > C    Leu498Pro    Mikkola  et al.  (1996)  
  12    c.1626C > G    Asn541Lys    Birben  et al.  (2002)  
  12    c.1687G > A    Gly562Arg    Takahashi  et al.  (1998)  
  14    c.1982T > C    Leu660Pro    Inbal  et al.  (1997)  
  14    c.1984C > T    Arg661Stop    Mikkola  et al.  (1994)  
  14    c.2003T > C    Leu667Pro    Aslam (1995)  
  15    c.2074G > A    Trp691Stop    Anwar (2005)  
  15    c.2150A > G    His716Arg    Schroeder  et al.  (2006)  

    www.f13 - database.de/(rsg0bh45cx4x0v551wlea45)/content.

aspx?menu=1,6    

all subunit A or B mutations reported, please refer to the 
Human Gene Mutation Database at the Institute of Medical 
Genetics in Cardiff website ( http://www.hgmd.cf.ac.uk ) and 
the Factor XIII Registry Database website ( http://www.f13-
database.de ).   

 The vast majority of FXIII - defi cient patients have mutations 
in the  F13A  gene, with more than 60 different types of muta-
tions reported. Most of the mutations code for a single amino 
acid change (missense mutation), resulting in irregular folding 
and instability of the altered protein. Other types of mutations 
such as nonsense mutations, frame - shift mutations, and 
intronic mutations at splice sites leading to incorrect post -
 transcriptional processing of the mRNA have also been 
reported. Splice - site mutations have been reported to occur in 
introns 3, 5, 7, 8, 10, 11, and 14  [46] . To date, only four 
mutations have been described for the  F13B  gene, leading to 
the rarer form of the disease. 

 The FXIII - A gene ( F13A ) has been localized to chromosome 
6p24 – p25, spanning more than 160   kb, and has 15 exons 
separated by 14 introns encoding 731 amino acids (Figure 
 54.2 ). The FXIII - B gene ( F13B ) is located on chromosome 
1q32 – q32.1 and spans 28   kb in size with 12 exons interrupted 
by 11 introns encoding 641 amino acids  [47,48]  (Figure  54.3 ).   

 In addition to the numerous mutations reported in the 
FXIII - A gene, there are fi ve common coding polymorphisms 
that have been identifi ed: Val34Leu, Tyr204Phe, Pro564Leu, 
Val650Ile, and Glu651Gln. The most common single nucle-
otide polymorphism (SNP) is Val34Leu, occurring with an 
allele frequency of about 0.35 to 0.30 in the Caucasian popu-
lation  [49 – 51] . The nucleotide change from G to T does not 
result in FXIII defi ciency, but does alter the function of the 
protein. Tyr204Phe variant occurs with the lowest frequency, 
at 0.01 to 0.03, and has been associated with an increased risk 
for recurrent miscarriages  [52] . 

 The Val34Leu variant has been most studied, with the 
amino acid substitution occurring in the activation peptide 
sequence, three amino acids upstream from the thrombin 
cleavage site. Studies show that activation of the Leu34 variant 
FXIII by thrombin proceeds more rapidly than the wild - type 
Val 34  [53] . Fibrin clots formed in the presence of Leu34 FXIII 
have thinner fi bers, smaller pores, and altered permeation 
characteristics when compared with fi brin clots formed in the 
presence of Val34 variant  [54] . Several studies support the 
protective role Val34Leu plays in myocardial infarctions and 
venous thrombosis  [55 – 57] ; however, there are reports of no 
association with or increased risk of thrombosis  [58 – 61] . 
There is a correlation between geographic area and the Leu34 
allele prevalence contributing to a difference in arterial throm-
bosis rates among different populations. 

 Two polymorphisms, Tyr204Phe and Pro564Leu, have 
been associated with an increased risk of hemorrhagic stroke 
in young women  [62] . The other two polymorphisms, 
Glu651Gln and Val650Ile, have been studied the least. 

 The most common FXIII - B polymorphism occurs at codon 
95 with replacement of histidine with arginine, with an allele 
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 Figure 54.2     Factor XIII - A gene ( F13A ) and 
protein structure.  F13A  gene on chromo-
some 6 at bands p24 – 25: length 160   kb. 
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 Figure 54.3     Factor XIII - B gene ( F13B ) and 
protein structure. The  F13B  gene is located 
on the long arm of chromosome 1 (q32 –
 32.1). The 10 FXIIIB - subunit tandem 
repeats (known as Sushi domains) are 
encoded by a single exon 2 – 11. 

frequency of 0.10 in the Caucasian population  [21] . The 
current literature does not report any change of protein func-
tion with this specifi c nucleotide change in FXIII - B subunit. 

 As these examples of gene variants infl uencing phenotype 
suggest, there is a high level of heterogeneity observed in the 
clinical presentation among patients with FXIII defi ciency. 
This heterogeneity represents the gamut of molecular variation 
of the FXIII gene: rare mutations to common polymorphisms.  

  Clinical  p resentation 

 The existence of FXIII was fi rst discovered by Robbins in 1944 
when he observed that insoluble fi brin interacted with calcium 
and an unknown  “ serum factor. ”  Subsequent studies by Laki 
and Lorand confi rmed its presence and role in coagulation, 
renaming it fi brin stabilizing factor (FSF). Sixteen years after 
the discovery of FSF, Duckert  et al.  described the fi rst case 
report of a patient with FXIII defi ciency, a young boy in 
Switzerland with a severe bleeding diathesis  [63] . Recently, 
the molecular mutation of this fi rst patient was described in 
the literature  [64] . 

 FXIII defi ciency is a rare bleeding disorder with an incidence 
of 1 in 1 – 3 million individuals  [65] . The inheritance pattern 

of FXIII defi ciency is autosomal recessive, with the expected 
higher incidence among populations with consanguinity. 

 Clinical manifestations of FXIII defi ciency include severe 
bleeding in the joints or soft tissue, spontaneous intracranial 
hemorrhages, poor wound healing, and spontaneous abor-
tions. The international registry data recorded from 1993 to 
2005 by Ivaskevicius  et al.  showed over half the patients 
(57%) presented with subcutaneous bleeding, followed closely 
by delayed umbilical cord bleeding (56%), a characteristic 
fi nding in these patients  [66] . The incidence of intracranial 
hemorrhage has been reported to be 25 – 35%. This high inci-
dence of life - threatening bleeding complications in FXIII -
 defi cient patients distinguishes it from other types of bleeding 
disorders such as hemophilia A or B. This potentially fatal 
bleeding complication is the major reason the treatment plan 
for these patients is so aggressive. Postoperative bleeding 24 –
 48   h later is commonly seen in FXIII - defi cient patients because 
of normal clot formation, but early fi brinolysis because of 
weak cross - linking of fi brin. Ecchymoses and mucosal bleed-
ing represent the more mild bleeding symptoms observed in 
these patients. 

 Patients with congenital homozygous FXIII defi ciency 
present with severe bleeding symptoms and plasma FXIII 
levels of  < 1%. On the other hand, patients with heterozygous 
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mutations generally have a milder course without severe 
bleeding complications since their plasma levels are higher. 

 Homozygous congenital FXIII defi ciency can be owing to 
defects in either FXIII - A genes (also known as type 2 defect) 
or FXIII - B genes (type 1 defect). The majority of patients with 
FXIII defi ciency are lacking FXIII - A, leading to a greater ten-
dency to bleed compared with patients missing FXIII - B. This 
clinical difference can be attributed to the preservation of 
intracellular FXIII - A in the latter case. Patients lacking FXIII - B 
will still have normal levels of FXIII - A in platelets to help 
stabilize clot formation. 

 Acquired FXIII defi ciency has been reported in several dis-
eases that lead to either impaired synthesis or increased con-
sumption of the FXIII protein. Liver disease is the main cause 
of decreased FXIII production. Infl ammatory diseases like 
Crohn ’ s, ulcerative colitis, or sepsis, can cause local proteo-
lytic degradation of FXIII  [3] . Other diseases, such as systemic 
lupus erythematosus and leukemias, have also been associated 
with acquired FXIII defi ciency. Inhibitors directed against 
FXIII protein can develop, resulting in acquired FXIII defi -
ciency. Development of these autoantibody inhibitors fre-
quently occur with the use of medications such as isoniazid, 
penicillin, and phenytoin  [67] . Acquired FXIII defi ciency can 
be treated with immune modulation therapy: steroids, intra-
venous immunoglobulin, anti - CD20 (rituximab), or plas-
mapheresis in rare instances.  

  Diagnosis 

 Since the transglutaminase enzyme acts in the last step of the 
clotting cascade after fi brin has already been formed, its activ-
ity is not refl ected by routine coagulation assays. Standard 
screening tests, such as prothrombin time, activated partial 
thromboplastin time, fi brinogen level, platelet count, and 
bleeding time, are all normal in patients with FXIII defi ciency. 
Clot formation is normal with FXIII defi ciency, but the quality 
of the clot is weak because of lack of fi brin cross - linking. 
Qualitative testing for FXIII function includes clot solubility 
in 5   M urea and 1% monochloroacetic acid. Clots suspended 
in either solutions will lyse if plasma levels of FXIII are  < 1%. 
However, this test is only sensitive at extremely low levels of 
FXIII and will be normal if levels are above 1 – 3%  [1] . 
Confi rmatory quantitative testing can be accomplished using 
commercially available enzyme assays. Currently available is 
the Berichrom FXIII assay (Dade Behring AG, Marburg, 
Germany), which is based on a photometric method measur-
ing the ammonia released in the fi rst step of the transglutami-
nase reaction. The limitation of this test occurs at FXIII levels 
below 15% since the assay will report falsely elevated activity 
levels. The Pefakit FXIII Incorporation Assay (Pentapharm 
Ltd, Basel, Switzerland) or enzyme - linked immunosorbent 
assay (ELISA) measures FXIII cross - linking activity or FXIII 
subunit (A or B) antigens by antibodies, respectively. A new 
fl uorometric assay developed by N - zyme BioTec (Darmstadt, 

Germany) is based on isopeptidase activity of FXIIIa described 
by Parameswaran  et al.   [68,69] . To date, only the Berichrom 
assay has been Food and Drug Administration (FDA) - approved 
for use within the USA.  

  Treatment 

 Once the diagnosis of FXIII defi ciency is confi rmed, prophy-
lactic therapy with FXIII replacement is critical to prevent 
severe disability or even death because of bleeding complica-
tions. Traditionally, FXIII replacement came in the form of 
cryoprecipitate or fresh - frozen plasma. Cryoprecipitate can be 
given in doses of one bag per 10 – 20   kg every 3 – 4 weeks. Fresh -
 frozen plasma can be administered at 10   mL/kg every 4 – 6 
weeks. Because of the long half - life of endogenous FXIII 
(ranging from 7 to 13 days), dosing frequency can be spaced 
out to 4 – 6 weeks for FXIII - containing products. 

 In the USA, the majority of FXIII - defi cient patients are being 
managed by a plasma - derived pasteurized FXIII concentrate 
(Fibrogammin P; CSL Behring, Marburg, Germany). This 
product has been under clinical trials with more than 60 
collaborating centers in the USA led by the Children ’ s 
Hospital of Orange County ( djn0@choc.org ). The dosing for 
Fibrogammin P ranges from 10 to 35   U/kg every 4 – 6 weeks. 
Successful treatment with FXIII concentrate (Fibrogammin P) 
was confi rmed by restoration of normal thromboelastography 
by Nugent in 2006  [70] . 

 Recombinant FXIII - A 2  (Novo Nordisk; Bagsvaerd, 
Denmark) is a newer product currently undergoing phase III 
trials in the USA. This investigational drug is a homodimer 
(rFXIII - A 2 ) that binds to endogenous FXIII - B subunits circu-
lating in the patients to form plasma FXIII - A 2 B 2 . Lovejoy 
 et al.  showed that his product was safe and effective as an 
alternative therapy for FXIII - defi cient patients  [71] . Studies 
for plasma - derived FXIII concentrates (Fibrogammin P) have 
not shown any development of neutralizing antibody produc-
tion of the product over the past two decades. Ongoing studies 
with the more recently developed recombinant FXIII A2 will 
aid in determining the risk of inhibitor formation for this 
product. 

 Perinatal management of FXIII - defi cient women varies 
according to the weeks of gestation. In general, coagulation 
factor levels tend to increase during gestation, with the excep-
tion of FXIII - A activity, which decreases during pregnancy. 
Since decidual bleeding begins early in gestation (week 5 – 6), 
FXIII replacement is critical to maintaining pregnancy. 
However, FXIII - A is not necessary for fertilization or early 
implantation. The half - life of FXIII - A concentrate ranges from 
7 to 13 days during the nongestational period but progres-
sively decreases to as low as 1.8 days in late pregnancy (32 
weeks ’  gestation)  [72,73] . Plasma levels of FXIII - A need to be 
sustained above 10% to prevent spontaneous abortion  [74,75] . 
Recommended therapy for pregnancy at this time is with 
Fibrogammin P at a dosing of 250   IU every 7 days in early 
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pregnancy (less than 23 weeks ’  gestation) and increasing to 
500   IU each 7 days later in pregnancy (greater than 23 weeks ’  
gestation)  [76,77] . During labor, a large booster dose of four 
vials (1000   IU) is recommended to reach plasma FXIII levels 
of 30% to avoid bleeding complications  [78] .  

  Prognosis 

 The risk for intracranial hemorrhage increases the morbidity 
and mortality of patients with FXIII defi ciency. However, the 
prognosis is excellent with the current availability of plasma -
 derived products such as cryoprecipitate, fresh - frozen plasma, 
or FXIII concentrate. Lifelong therapy would be necessary to 
prevent bleeding complications, miscarriage, and especially 
life - threatening intracranial hemorrhage.  
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  Introduction 

 Fibrinogen is a soluble 340 - kDa dimeric plasma glycoprotein. 
Its principal importance lies in its conversion into the insoluble 
fi brin clot by the action of thrombin. However, it also has 
important interactions with other adhesion molecules, plate-
lets, endothelial cells, and cells involved in the infl ammatory 
response. Where appropriate, the nomenclature used here 
follows published guidelines although numbering of amino 
acids refers to the mature processed molecule pending further 
agreement  [1] .  

  Fibrinogen  s tructure 

 Each half of the fi brinogen molecule is composed of three 
polypeptide chains, designated A α , B β , and  γ . The properties 
of each chain are listed in Table  55.1 .   

 The amino - terminals of the three pairs of polypeptide chains 
are held together by disulfi de bridges (two  γ  -  γ  and one  α  -  α ) 
to form the globular E region (Plate  55.1 ). All of the total 58 
cysteine residues in each six - chained molecule are incorpo-
rated into 29 inter -  and intrachain disulfi de bridges. From the 
central E region the two sets of three chains extend out in an 
antiparallel fashion in a coiled coil to the D region which 
comprises the somewhat separate globular carboxy - termini of 
the  γ  -  and  β  - chains. From this region the  α  chain extends back 
in a structure called the C α  region with its carboxy - terminus 
resting adjacent to the E region (Plate  55.1 ). The available 
crystal structure of human fi brinogen has been obtained in a 
piecemeal fashion and construction of models has been aided 
by studies in other species  [2] . 

 A variant  γ  chain, denoted  γ     ′ , is produced by a variation in 
mRNA splicing which results in the replacement of aa residues 
408 – 411 by a novel 20 aa residues terminating at residue 427. 
In the process a platelet - binding site is lost and high - affi nity 
binding sites for factor XIII and thrombin gained. The  γ     ′  
variant constitutes approximately 10% of plasma fi brinogen. 
A less common ( < 2%)  α  chain variant  “  α E ”  is also produced 
by splice variation and has an additional 236 carboxy - termi-
nal amino acids.  

  Genetics and  r egulation of  s ynthesis 

 The sequences of the three fi brinogen (FG) chains exhibit a 
high degree of homology, suggesting that they have arisen by 
duplication events. This conclusion is supported by similarities 
in the intron – exon structure of the three genes  FGA ,  FGB , 
and  FGG  and their genomic position in a contiguous cluster 
on chromosome 4q31.3, with B β  in the opposite transcrip-
tional orientation to A α  and  γ . Transcription of the three genes 
is highly coordinated, but at the protein level production of 
B β  chain seems to be the limiting factor in humans. Studies 
from liver transplant patients indicate that the liver is the only 
major site of fi brinogen synthesis in man  [3] , producing 1.7 –
 5.0   g per day; suffi cient to replace metabolized/utilized fi brino-
gen in the steady - state condition. The plasma half - life is 3 – 5 
days. Fibrinogen gene mRNA transcripts have been identifi ed 
in other tissues such as epithelial and carcinoma cells, which 
may be important locally  [4] . Synthesis of fi brinogen is upreg-
ulated by interleukin 6 (IL - 6) as part of the acute phase reac-
tion but IL - 1 β  and transforming growth factor (TGF) -  β  have 
an opposing effect. Several polymorphisms of the fi brinogen 
genes have been described and most interest has focused on 
the  − 455G/A dimorphism in the  FGB  gene. This is estimated 
to account for 1 – 5% of the population variation in fi brinogen 
levels. The presence of the A allele was associated with a 
0.15   g/L rise in fi brinogen level  [5] . Other studies have only 
detected this effect in smokers or those with coronary artery 
disease, suggesting an environmentally infl uenced dynamic 
expression of the allele  [6,7] . 

 Plasma fi brinogen is an heterogeneous pool resulting from 
differential splicing of mRNA transcripts (Table  55.1 ) and 
from partial cleavage in plasma by thrombin and plasmin. 
Fibrinogen is also found in platelets but this is derived from 
 α  IIb  β  3  (glycoprotein IIbIIIa) - mediated endocytosis of plasma 
fi brinogen which is then stored in  α  granules, rather than 
synthesized by megakaryocytes. Thus, fi brinogen mRNA is 
not detected in megakaryocytes  [8]  and platelet fi brinogen is 
absent in severe forms of Glanzmann thrombasthenia  [9,10] .  

  Fibrin  c lot  f ormation 

 Conversion of fi brinogen into the insoluble fi brin clot can be 
considered to take place in three stages: 
  1     thrombin cleavage of fi brinopeptides A and B;  
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  Table 55.1    Characteristics of the fi brinogen chains   

   Chain     A α      B β       γ   

  Amino acid residues    610    461    411  
  Molecular weight    66   500    52   000    46   500  
  Variants (% total)    A α E   +   296aa (2%)         γ     ′    +   408    −    427 

(10%)  
  Thrombin cleavage    R16 – 17G    R14 –

 15G  
   —   

  Cystine residues    8    11    10  
  Factor XIII 

cross - link 
residues (Gln 
acceptor, Lys 
donor)  

  Gln: 221, 237, 
328, 366 

 Lys: 208, 219, 224, 
418, 427, 429, 
446, 448, 508, 
539, 556, 580, 
583, 601, 606  

  None    Gln: 398, 399 
 Lys: 406  

  Glycosylation sites    ( α E) Asn 667    Asn 
364  

  Asn 52  

   α  IIb  β  3  binding 
RGDF motif  

  95 – 98          

   α  IIb  β  3  binding 
RGDS motif  

  572 – 575          

   α  IIb  β  3  binding 
Dodecapeptide  

          400 – 411  

   α  IIb  β  3  and  α  5  β  1  
binding site  

          370 – 383  

   α  V  β  3  on endothelial 
cells  

          346 – 358  

  2     assembly of insoluble fi brin monomers into protofi brils and 
fi bers; and  
  3     cross - linking by factor XIII.    

 The initiating event in fi brin formation is the cleavage of 
the A α  Arg16 – Gly17 bond by thrombin, releasing fi brinopep-
tide A (FpA). This exposes an  “ A ”  site (knob) in the E region 
which can then bind to a pre - existing  “ a ”  site (hole) on the  γ  
chain of another molecule ’ s D region. Thus begins a staggered 
assembly of half - overlapping fi brin monomers which extends 
to form a double - stranded protofi bril (Plate  55.2 ). At this 
stage, FXIII activation by thrombin has already occurred and 
cross - linking has begun (see below). 

 Cleavage of fi brinopeptide B (FpB) follows that of FpA; 
however, this sequential release of FpA and then FpB refl ects 
the differing affi nity of thrombin for these two substrates 
rather than a change in conformation after FpA release  [11] . 
Fibrin polymerization facilitates FpB cleavage but it remains 
incomplete with only 33% of the potential FpB being released. 
FpB release exposes a  “ B ”  site in the E region which binds to 
a corresponding  “ b ”  site on the carboxy - terminus of a  β  chain 
in an adjacent molecule. This facilitates lateral assembly of 
thick fi bers. FpB cleavage also releases the C α  region from its 
noncovalent association with the E region, freeing it to par-

ticipate in lateral interactions with other C α  regions  [12] . 
Nonetheless, FpA release appears suffi cient for the entire 
process of clot formation, although it is enhanced by FpB 
removal and mutations of the FpB cleavage site result in pro-
longed clotting times and reduced functional fi brinogen assay 
results. FpB cleavage alone (e.g., by Venzyme  [13] ) is not suf-
fi cient to induce fi brin clot formation under normal 
conditions. 

 Lateral association of fi brils leads to formation of thick fi ber 
bundles. Convergence of two or three double - stranded fi brils 
results in tetra -  and tri - molecular branch points, effectively 
joining the nascent fi bers and producing a complex three -
 dimensional network  [14] . 

 Formation of fi brin also accelerates the formation of acti-
vated factor XIII (FXIII). In plasma, fi brinogen functions as a 
carrier protein for the a2b2 FXIII tetramer which appears to 
bind specifi cally to the  γ  ′  chains. Fibrin polymer formation 
accelerates FXIII cleavage but the a subunit is not active 
until the activation peptide has been released and has dissoci-
ated from the b subunit. One or both of these dissociation 
events are facilitated by binding of activated FXIII to the  γ  ′  
region of fi brin. The active a subunit released then binds to 
fi brin in the A α  242 – 424 region and leaves behind a vacant 
thrombin - binding site. Thus, fi brin formed from  γ  ′  containing 
fi brinogen is more extensively cross - linked and higher  γ  ′  levels 
are a risk factor for coronary heart disease  [15] . Platelet FXIII 
comprises the a units only and is not dependent on fi brin for 
activation. 

 FXIII - mediated cross - linking begins by joining D regions in 
an end - to - end or longitudinal fashion via reciprocal  γ Gln398 –
  γ Lys406 links  [16] . Side - to - side links between  γ  chains then 
follow. Cross - linking between  α  chains occurs more slowly 
but at multiple sites (Table  55.1 ).  “  α  “  chain cross - linking is 
important in blocking plasmin access to the coiled - coil regions 
linking D and E regions and thus preventing breakdown of 
the fi brin clot. Finally, some cross - linking between  α  and  γ  
chains takes place  [17] . 

 At the same time, fi brin formation exposes binding sites 
for tPA and plasminogen. High - affi nity sites for both tPA 
and plasminogen are exposed in the A α 392 – 610 segment (C α ) 
and lower affi nity sites on A α  148 – 160 and  γ  312 – 324 
(D region). Adjacent binding of tPa and plasminogen greatly 
reduces the  K  m  and increases the  V  max  for the activation reac-
tion  [18] . The plasmin thus activated then cleaves fi brin, 
exposing further carboxy - terminal lysine residues of C α , 
allowing more plasminogen and tPA to bind, accelerating and 
targeting the fi brinolytic system. This process is now known 
to be in competition with the activity of TAFI (thrombin 
activatable fi brinolysis inhibitor), which selectively removes 
these lysine residues and thus limits fi brinolysis. FXIII also 
cross - links antiplasmin to Lys 303 in the  α  chain whilst retain-
ing its antiplasmin activity. It has recently been shown that 
this occurs extensively in plasma so that approximately 1.2 –
 1.8 moles of antiplasmin are bound per mole of fi brinogen 
 [19] .  
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  Fibrinogen  i nteraction with  o ther  c ells 

 In addition to its self - associating properties, fi brin also has 
other important interactions. At least four integrin - binding 
motifs have been identifi ed in fi brinogen, not all of which 
contain the classic RGD sequence (Table  55.1 ). The  γ  - terminal 
sequence is involved in platelet adherence and aggregation 
whereas the two  α  chain RGD sequences are important in 
promoting clot retraction  [20] . These sequences mediate 
binding to platelet  α  IIb  β  3  to effect platelet retraction but also 
to leukocyte  α  M  β  2  and to endothelial cell  α  V  β  3 . Mice with 
fi brinogen lacking the terminal  γ  chain sequence had a severe 
bleeding tendency  [20] . Fibrinogen binding to endothelial cell 
integrins is mediated by the A α  RGD sequence at 572 – 574 
 [21]  and by the  γ  chain 346 – 358  [22] . However, fi brin - specifi c 
binding to endothelial cells is mediated by the  β 15 – 42 region 
exposed by thrombin cleavage. Fibrin or fi brin peptide interac-
tion with endothelial cells results in numerous changes includ-
ing release of Weibel – Palade bodies, prostacyclin, and tPA 
release and monolayer disruption  [23 – 25] . Finally, fi brinogen 
is important in mediating adherence and migration of acti-
vated monocytes and neutrophils through endothelium  [26] . 

 Fibrinogen is also able to bind several cytokines, in particu-
lar vascular endothelial growth factor, FGF - 2, and IL - 1 β . This 
is postulated to concentrate the factors at the site of vascular 
injury and promote wound healing. Loss of this function may 
contribute to the phenotype seen in afi brinogenemic mice as 
well as in humans  [27] .  

  Measuring  fi  brinogen 

 An international standard for fi brinogen assays has been pre-
pared  [28] . The normal plasma concentration of fi brinogen is 
approximately 1.7 – 4.0   g/L when measured by clotting assays 
and slightly higher (2.5 – 6.0   g/L) by immunoassay. Local 
normal ranges should be determined. The ability to detect 
abnormalities of fi brinogen depends critically on the assay 
methods used and guidelines for fi brinogen assays have been 
published in the UK  [29] . A defi ciency or abnormality of 
fi brinogen may be fi rst suspected from prolongation of clot-
ting times. In afi brinogenemia all the clotting times will be 
prolonged but in less marked defi ciency or the presence of a 
dysfi brinogenemia, it may be only the thrombin time which is 
prolonged. Dempfl e reported that the clotting times became 
prolonged only when the fi brinogen fell below 1   g/L, but this 
is likely to vary with other circumstantial factors and the 
reagents used  [30] . 

 Although the international reference method for fi brinogen 
measurement has traditionally been by the total clottable 
fi brinogen method, this is not practical for routine laboratory 
use. In hospital practice, fi brinogen is usually assayed by a 
functional (clotting) assay, either that of Clauss or as a measure 
derived from the optical changes occurring during the pro-
thrombin time performed on an automated analyzer (derived 

fi brinogen: PT - Fg). In the Clauss assay  [31]  a high concentra-
tion of thrombin is used to clot a diluted aliquot of patient 
plasma. Typically one volume of a 100   NIH   U/mL thrombin 
solution is added to two volumes of plasma to give a fi nal 
concentration of approximately 33   NIH   U/mL. The clotting 
time is then compared with a standard curve prepared using 
dilutions of a reference plasma. When automated, the assay is 
quite reproducible (coeffi cient of variation 3 – 9%) and the 
combination of dilution and high thrombin concentration 
makes it relatively insensitive to the effect of heparin. It is, 
however, sensitive to high concentrations of fi brin(ogen) deg-
radation products and some kits contain agents to overcome 
these effects. It has recently been suggested that a reliable 
measure of fi brinogen concentration may be obtained using 
rotational thromboelastography  [32] . 

 The PT - Fg generally results in a slightly higher estimation 
of fi brinogen than the Clauss. This is particularly so when 
coagulation is deranged for some reason or an abnormal 
fi brinogen is present. The PT - Fg is therefore not recommended 
 [29] , although it remains in widespread use as a result of its 
low cost and convenience. Fibrinogen can also be assayed 
using immunologic techniques, but this requires the use of 
monoclonal antibodies to avoid interference from degraded 
and partially degraded fi brinogen fragments. The performance 
of different fi brinogen assays has been reviewed  [33] . 

 When a low fi brinogen is determined by clotting assay then 
the presence of a dys -  or hypo -  fi brinogen can be resolved by 
performing a physicochemical or immunologic assay. In prac-
tice, a simple (gravimetric) clot weight determination is usually 
suffi cient to demonstrate the discrepancy between function 
and protein characteristic of a dysfi brinogenemia  [33] .  

  Afi brinogenemia 

 The complete absence of fi brinogen, afi brinogenemia, is 
accompanied by a clinical syndrome that is surprisingly mild 
and generally less severe than hemophilia (Table  55.2 )  [34] . 
An early and characteristic feature is umbilical cord bleed-
ing — present in 85% of cases  [34] . Thereafter, muscle bleeds 
and hemarthroses are relatively frequent but rarely result 
in disability. Unlike hemophilia, epistaxis is also common 
(72%) and spontaneous splenic rupture is reported. Bleeding 
is sometimes followed by poor wound healing  [34] . In mice 
rendered afi brinogenemic by disruption of the  FGA  gene, all 
three chains are absent from plasma and a similar phenotype 
is seen: bleeding begins shortly after birth in approximately 
30% but is not usually severe and the mice survive into matu-
rity  [35] .   

 In affected women, menorrhagia is common and recurrent 
early abortion is seen, presumed to refl ect poor implantation 
as also observed in the fi brinogen - defi cient mice. 
Afi brinogenemic mice are still capable of developing athero-
matous plaques, although murine plaques are not as complex 
as those in humans  [36] . 
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centrate is not available, UK - BCSH guidelines recommend 
virally inactivated plasma over cryoprecipitate if volume is not 
a limiting factor  [43] . Methylene blue treatment of plasma is 
reported to result in a 40% loss of fi brinogen  [43]  but fi brino-
gen content of solvent - detergent - treated plasma is normal 
 [44] . The half - life of infused fi brinogen concentrate was 
similar in two studies, at approximately 3 – 5 days. However, 
the recovery showed considerable variation: in the study by 
Negrier  et al.  a dose of 0.06   g/kg produced a rise of 1.39   g/L, 
whereas the data from Kreuz  et al.  suggest a similar dose 
would produce a rise of 0.84   g/L  [45,46] . 

 A level of 1   g/L is regarded as suffi ciently hemostatic to 
arrest bleeding (20 – 40   mg/kg of fi brinogen concentrate). 
Bleeding problems may be suffi cient to warrant prophylactic 
treatment and the long half - life of fi brinogen allows prophy-
lactic infusions of fi brinogen concentrate or cryoprecipitate to 
be given weekly. In one report a dose of 100   mg/kg/week was 
suffi cient to maintain a trough level of 0.5   g/L, which pre-
vented recurrence of hemorrhage  [47] . However, in the context 
of primary prophylaxis, even lower levels may be effective in 
preventing bleeding and 2 – 4 weekly infusions have been 
reported as successful  [48] . A survey of hematologists reported 
a considerable diversity of practice: prophylactic doses ranged 
from 18 to 120   mg/kg (median 53   mg/kg) and most patients 
(59%) were treated weekly (remainder 2 -  to 4 - weekly). 
However, the survey also revealed that prophylaxis completely 
prevented bleeds in only 9 of 19 patients  [49] . Replacement 
therapy is not usually complicated by the development of 
antifi brinogen antibodies, but these have been reported  [50] . 
Menorrhagia may be controlled by use of the combined oral 
contraceptive pill, and adjunctive therapy with tranexamic 
acid has also been suggested. 

 Prophylactic therapy appears necessary for successful com-
pletion of pregnancy: fi brinogen replacement must be begun 
before 5 weeks ’  gestation to prevent abortion and maintained 
at  > 1.0   g/L throughout the pregnancy. Fibrinogen consumption 
increases markedly as gestation progresses, and the amount 
and frequency of fi brinogen infusion must be increased accord-
ingly. A level of  > 1.5   g/L is recommended for delivery  [51] . 

 Hypofi brinogenemia may be used to describe patients with 
incomplete defi ciency of fi brinogen and a corresponding inter-
mediate phenotype. Some of these will be heterozygotes for 
null mutations and are generally asymptomatic.  

  Dysfi brinogenemia 

 Dysfi brinogens are usually inherited in an autosomal domi-
nant fashion but a few cases are found as recessives with 
asymptomatic heterozygotes. Dysfi brinogen generally arises 
from missense mutations in any of the three  FG  genes, but 
small deletions or insertions may also be responsible and the 
clinical phenotype is correspondingly diverse. A database of 
mutations responsible is available at  http://www.geht.org/
databaseang/fi brinogen/ . The diagnosis is suspected from 

  Table 55.2    Relative frequency of bleeding symptoms in 55 patients 
with afi brinogenemia compared with 100 patients with severe 
hemophilia A (factor  VIII  1%) 

   Symptom     In afi brinogenemia     In hemophilia A  

  Umbilical cord bleeding    45/55 (85%)    0  
  Central nervous system 

bleeding  
  3/55 (10%)    4/100 (4%)  

  Hemarthrosis    30/55 (54%)    86/100 (86%)  
  Muscle hematoma    40/55 (72%)    93/100 (93%)  
  Gastrointestinal bleeding    0    10/100 (10%)  
  Urinary tract bleeding    0    12/100 (12%)  
  Epistaxis    40/55 (72%)    50/100 (50%)  
  Menorrhagia    14/20 (70%)    Not applicable  
  Oral cavity bleeding    40/55 (72%)    55/100 (55%)  
  Postoperative bleeding    23/55 (40%)    36/100 (36%)  
  Thrombotic symptoms    2/55 (4%)    0  

    Reproduced from  [34]  with permission.   

 Remarkably, spontaneous thrombosis (venous and arterial) 
has been reported in patients with afi brinogenemia. A plausi-
ble explanation is that an increase in free thrombin results 
from the loss of the thrombin - binding capacity of fi brin and 
that this results in excessive platelet activation  [37] . 

  Genetics and  m olecular  b iology 

 Inheritance of afi brinogenemia is autosomal recessive and the 
disorder is thus more common in populations favoring con-
sanguineous marriages. The estimated frequency in Europe is 
1 in 10 6 . Obligate heterozygotes have plasma fi brinogen levels 
of approximately half the normal level, but are asymptomatic. 
The majority of cases appear to arise from mutations in the 
 FGA  gene; in particular, a recurrent 11 - kb deletion probably 
results from a nonhomologous recombination mediated by 
7 - bp direct repeats. Haplotype analysis suggests that the muta-
tion has arisen independently on several occasions  [38] . 
Indeed, the majority of null mutations are in the  FGA  gene 
and the most common recurrent mutation occurs at the donor 
splice site of  FGA  intron 4  [39] . A number of other truncating 
mutations in  FGA  as well as  FGB  and  FGG  are also described 
(reviewed in refs  40  and  41 ). Failure to produce any of the 
individual peptide chains results in a virtually complete 
absence of the mature protein. A small number of missense 
mutations also cause afi brinogenemia as a result of intracel-
lular retention of the abnormal protein  [42] .   

  Therapy 

 The basis of therapy is replacement of fi brinogen. Historically, 
the principal source has been cryoprecipitate, which contains 
approximately 1.5   g fi brinogen per unit. Plasma - derived, 
virally inactivated concentrates are available and are the rec-
ommended choice but are not uniformly licensed. When con-



FIBRINOGEN

373

prolonged coagulation times, especially the thrombin time, 
with low fi brinogen by functional assay. Determination of a 
discrepantly high fi brinogen protein concentration confi rms 
the presence of a dysfi brinogen. Rare examples where the 
clotting times are shortened or where the functional and 
immunologic assays are concordant have been described. 

 The majority of dysfi brinogens are found incidentally and 
have no associated phenotype (55%), whereas 20% are asso-
ciated with thrombosis and 25% with hemorrhage. A few 
cases have been reported with both hemorrhagic and throm-
botic problems (e.g., Marburg, Bethesda III, and Baltimore I) 
and in some cases the phenotype may have been modifi ed by 
other traits such as factor V Leiden  [52] . It is not possible to 
predict the phenotype from the standard laboratory tests and 
so sequencing of the gene has been recommended to allow 
comparison with other published cases  [52] . Studies of dysfi -
brinogens have been very informative in unravelling the struc-
ture – function relationships of fi brinogen  [53] . 

  Dysfi brinogens  a ssociated with  t hrombosis 

 Although usually detected as a result of a prolonged thrombin 
clotting time, a dysfi brinogen is reported in approximately 
0.8% of patients with thrombosis; rarer than the anticoagu-
lant defi ciencies, but, unlike them, associated with both venous 
and arterial events, although venous are more common. The 
rarity of each individual dysfi brinogen makes it diffi cult to be 
certain of a causal relationship underlying the association, but 
a survey conducted by the ISTH in 1995  [54]  concluded it was 
genuine: an increased incidence of thrombosis was found in 
affected relatives of the dysfi brinogenemia proband but not in 
the 88 unaffected relatives. As with other thrombophilic traits, 
women affected with dysfi brinogenemia appear to suffer an 
increased rate of pregnancy complications  [54] . It is postu-
lated that dysfi brinogens may increase the risk of thrombosis 
either by producing clots that are more resistant to fi brinolysis 
or by failing to sequester normal amounts of thrombin result-
ing in increased amounts of the free enzyme. Several mutations 
at or close to the thrombin cleavage sites have been reported 
in association with thrombosis (Marburg, Malm ö , New York, 
and Naples), presumably via the latter mechanism  [55] . The 
best described association with thrombosis is that of Fibri-
nogen Dusart Arg554Cys (also called Paris V and Chapel Hill 
III) as it has occurred several times  [56] . The new Cys residue 
cross - links with albumin, resulting in formation of thin but 
plasmin - resistant fi brin fi bers  [57] . Similar phenomena have 
been reported in other dysfi brinogens with free thiol groups 
 [58,59] . In one case, that of fi brinogen Oslo I  [60] , the dysfi -
brinogen was associated with thrombosis, shortened clotting 
times, and enhanced platelet activation.  

  Dysfi brinogens  a ssociated with  b leeding 

 Some dysfi brinogens, particularly those with fi brinogen levels 
 < 1   g/L are associated with an increased frequency of bleeding. 

The mechanisms are diverse, e.g., Fibrinogen Bremen 
(Gly17Val) results in delayed polymerization and sympto-
matic bleeding as a result of impaired interaction of the  “ A ”  
and  “ a ”  sites  [61] . Many other examples can be found in the 
database. The symptoms are usually mild and may be associ-
ated with wound dehiscence. For those patients with a history 
of bleeding associated with a dysfi brinogen or hypofi brinogen, 
tranexamic acid or replacement therapy may be needed as for 
afi brinogenemia.  

  Dysfi brinogens  a ssociated with  a myloidosis 

 Several mutations in the Aa chain gene have been found to 
cause hereditary renal amyloidosis (R554L, E526V, and 
4904delG and 4897delT, which both lead to premature ter-
mination at codon 548). The fi brinogen behaves normally 
from a coagulation point of view and cannot be detected by 
this means. The role of fi brinogen was originally revealed by 
sequence analysis of the amyloid deposits  [62] . The only cura-
tive approach appears to be liver transplantation  [63] .   

  Acquired  d ysfi brinogenemia 

 An acquired abnormality of fi brinogen typically arises in asso-
ciation with liver disease, especially hepatocellular carcinoma, 
owing to an increased number of sialic acid residues. The 
thrombin time is prolonged but the Clauss fi brinogen assay is 
normal or more frequently elevated. This is not associated 
with any bleeding tendency and can be ignored. A similar 
abnormality of fi brinogen is seen in neonates refl ecting hepatic 
immaturity. Occasionally, laboratory results simulating the 
presence of a dysfi brinogenemia may be produced by a para-
protein or autoantibody interfering with fi brin polymeriza-
tion. Although the fi brinogen may in fact be normal, this can 
nonetheless result in an hemorrhagic tendency.  
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  Introduction 

 The primary function of the coagulation system is to maintain 
hemostasis, prevent uncontrolled clot propagation, and assist 
in restoration of normal vascular architecture. Hemostasis 
involves a series of complex physiologic processes related to 
prevention of blood loss and the maintenance of both vascular 
integrity and blood fl uidity. Upon vascular injury, coagulation 
is activated by expression of tissue factor locally and amplifi ed 
through feedback mechanisms including contact factor activa-
tion resulting in a thrombus formation (Figure  56.1 ). There 
exist fi nely orchestrated interactions between the vascular 
endothelium, platelets/von Willebrand factor, and procoagu-
lant proteins that are crucial to the formation of a thrombus 
at the site of vessel wall injury. Coagulation is controlled 
through naturally occurring anticoagulants and the fi brino-
lytic system; natural anticoagulants control thrombin genera-
tion by direct inhibition or inactivation of procoagulants while 
the fi brinolytic system restores normal architecture through 
gradual clot dissolution. Thus, qualitative and quantitative 
defects of platelets, the vessel wall, and coagulation and fi bri-
nolytic systems can result in a bleeding diathesis. Bleeding 
disorders owing to congenital defi ciencies of coagulation pro-
teins including factors VIII, IX, XI, V, X, prothrombin, fi brin-
ogen, and von Willebrand factor have been discussed in earlier 
chapters. This chapter will briefl y discuss miscellaneous inher-
ited disorders of the fi brinolytic system, platelets, and vessel 
wall that present with bleeding symptoms or a hemorrhagic 
diathesis. In addition, the defi ciency states of contact factors 
within the kallikrein – kinin system have also been included. It 
is important to clarify that contact factor pathway defi ciencies 
do not result in clinical bleeding symptoms but rather with 
isolated prolongation of screening coagulation tests and para-
doxically with hypercoagulable state. These disorders deserve 
consideration during interpretation of abnormal coagulation 
tests. Defi ciency of naturally occurring anticoagulant proteins 
predisposes to thrombosis and is beyond the scope of this 
chapter.    

  Inherited  d efi ciencies of 
 fi  brinolytic  s ystem 

  Overview of  fi  brinolytic  s ystem 

 Fibrinolysis is a complex process regulating both hemostasis 
and thrombosis  [1] . The fi brinolytic pathway contains an inac-
tive proenzyme, plasminogen, which requires conversion into 
an active enzyme, plasmin, to degrade fi brin into soluble deg-
radation products (Figure  56.1 )  [2] . Plasminogen is converted 
into plasmin by two immunologically distinct physiologic 
plasminogen activators: tissue - type plasminogen activator 
(t - PA) and urokinase - type plasminogen activator (u - PA). 
Inhibition of fi brinolysis occurs at the levels of plasminogen 
activators, via specifi c plasminogen activator inhibitors (PAI - 1 
and PAI - 2) and at the level of plasmin, mainly through  α  2  -
 antiplasmin (Figure  56.1 ). Tissue - type plasminogen activator -
 mediated plasminogen activation is primary to the dissolution 
of fi brin in the circulation while u - PA binds to a specifi c cel-
lular receptor (u - PAR) resulting in enhanced activation of 
cell - bound plasminogen. In normal plasma t - PA activity is 
extremely low and the majority of t - PA is in complex with 
PAI - l. Regulation and control of the fi brinolytic system is 
mediated through synthetic control and release of plasmino-
gen activators and plasminogen activator inhibitors, primarily 
from endothelial cells. Hyperfi brinolysis owing to excessive 
synthesis or insuffi cient downregulation of plasmin is associ-
ated with a bleeding diathesis. To date, defi ciencies of two 
fi brinolytic proteins, PAI - 1 and  α  2  - antiplasmin ( α  2  - AP), have 
been known to be associated with a bleeding diathesis.   

  Congenital  PAI  - 1  d efi ciency 

  Role of  PAI  - 1 in  fi  brinolysis 

 Plasminogen activator inhibitor 1 (PAI - 1) is a single - chain 
glycoprotein with a molecular weight of 52   kDa consisting of 
379 amino acids preceded by a signal peptide of 23 amino 
acids. PAI - 1 controls the proteolytic action of plasmin through 
inhibition of plasminogen activators, t - PA and u - PA. The 
PAI - 1 gene has been mapped at 7q21.3 – q22 locus (OMIM 
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 Figure 56.1     Coagulation pathways depicting interaction between fi brinolytic pathway and contact factor pathway. F, factor; PAI - 1, plasmino-
gen activator inhibitor 1; t - PA, tissue plasminogen activator. 

#173360) and consists of nine exons and eight introns distrib-
uted over 12.2   kb of DNA  [3] . In healthy individuals, there 
exist highly variable plasma antigenic levels of PAI - 1 ranging 
from 6 to 85   ng/mL (geometric mean, 24   ng/mL)  [4] . PAI - 1 
exhibits a circadian variation with a peak plasma concentra-
tion in the morning and troughs in the late afternoon and 
evening  [5] . It is a relatively unstable molecule with both a 
latent and active conformational form. PAI - 1 spontaneously 
inactivates under physiologic conditions with an  in vitro  half -
 life of 1 – 2   h. Binding of PAI - I to vitronectin, a cellular adhe-
sion molecule from the extracellular matrix, stabilizes the 
active conformation, prolonging the half - life  [6] . In humans, 
PAI - 1 is present in human plasma, platelet  α  - granules, the 
placenta, and extracellular matrix. Presently, the origin of 
plasma PAI - 1 has not been completely elucidated, but most 
likely originates from endothelial cells and/or hepatocytes. 
Synthesis and secretion of PAI - 1 can be modulated by various 
chemical mediators including hormones, growth factors, 
endotoxin, cytokines, and phorbol esters. PAI - 1 belongs to the 
family of serine protease inhibitors (serpin) and inhibits both 
single - chain and two - chain t - PA, and only single - chain u - PA 
through formation of a 1   :   1 stoichiometric complex through 
its reactive peptide bond, Arg346 – Met347  [7] . The majority 
of t - PA in plasma is in complex with PAI - 1; the level of active 

PAI - 1 in the blood is an important regulator of the concentra-
tion, half - life, and circadian variation of active t - PA.  

  Clinical  p resentation of  c ongenital  PAI  - 1  d efi ciency 

 PAI - 1 defi ciency may result from either a quantitative 
(decreased or absent protein)  [8,9]  or qualitative defect (detect-
able protein with reduced or absent functional activity) 
 [10,11] . In quantitative PAI - 1 defi ciency, affected patients 
carry one (heterozygote) or two (homozygote) alleles with a 
mutation, resulting in partial or total antigenic defi ciency of 
PAI - 1. It is important to clarify that heterozygous PAI - 1 defi -
ciency is not associated with bleeding symptoms even after 
trauma or surgery. Both partial and total PAI - 1 defi ciencies 
are extremely rare disorders; hence the prevalence of this 
condition in the general population is not established. PAI - 1 
defi ciency is transmitted in an autosomal recessive inheritance 
pattern. Fay  et al.   [8]  reported an Amish pedigree of 19 indi-
viduals with quantitative defi ciency of PAI - 1 that carried a 
homozygous null mutation in PAI - 1 gene. These patients had 
a two base pair (TA) insertion at 3 ′  end of exon 4 in the PAI - 1 
gene causing a frame - shift in exon 4 resulting in early trunca-
tion of the PAI - 1 protein with a correspondingly absent PAI - 1 
antigen in both platelets and plasma. Interestingly, isolated 
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  Table 56.1    Characteristics of miscellaneous bleeding disorders of coagulation system. 

     
   Plasminogen activator 
inhibitor - 1 (PAI - 1)  

    α  2  - Plasmin inhibitor 
( α  2  - PI)     Prekallikrein (PK)  

   High - molecular - weight 
kininogen (HMWK)     Factor XII  

  Synonyms         α  2  - Antiplasmin 
defi ciency  

  Fletcher factor    Fitzgerald factor 
 Williams factor 
 Flaujeac factor  

  Hageman factor  

  Gene map locus    7q21.3 – q22    17pter – p12    4q35    3q27    5q33 – qter  
  Molecular weight 

(daltons)  
  52   000    70   000    85   000 – 88   000    120   000    80   000 – 90   000  

  Normal plasma 
concentration 
( μ g/mL)  

  24   ng/mL    0.7    ±    0.06   mg/L    35 – 50    μ g/mL    80    μ g/mL    30    μ g/mL  

  Plasma half - life    2 – 4   h    60   h    58   h        48   h  
  Mode of 

inheritance  
  Autosomal recessive    Autosomal recessive    Autosomal recessive    Autosomal recessive    Autosomal recessive, 

autosomal dominant  
  Biochemical 

features  
  Single - chain 

glycoprotein, serine 
protease inhibitor  

  Single - chain 
glycoprotein, serine 
protease inhibitor  

   γ  - Globulin, single -
 chain serine 
protease inhibitor  

   α  - Globulin, single -
 chain cofactor  

  Glycoprotein, 
heavy - chain and 
light - chain serine 
protease inhibitor  

  Reactive site        Arg 364 – Met 365 
peptide bond  

  HMWK binding: 
Apple domains 
1(F56 – G86) and 4 
(K266 – G295) 

 FXII binding: A3, A4  

      Arg353 – Val354  

  Site of synthesis    Liver, megakaryocytes    Liver    Liver    Liver, human umbilical 
vein endothelial cells  

  Liver  

  Clinical features 
of defi ciency 
state  

  Bleeding in homozygotes; 
morphologic/
developmental 
abnormalities absent  

  Bleeding in 
homozygotes  

  No clinical 
abnormalities  

  No clinical 
abnormalities  

  No clinical 
abnormalities, rarely 
migratory 
thrombophlebitis  

  Screening tests    Euglobulin clot lysis 
assay, whole - blood 
clotting assays  

  Euglobulin clot lysis 
assay, whole - blood 
clotting assays  

  aPTT, mixing studies    aPTT, mixing studies    aPTT, mixing studies  

  Confi rmatory 
laboratory 
assays  

  PAI - 1 antigen (ELISA) 
and activity 
(chromogenic) assay; 
gene mutation analysis  

   α 2 - antiplasmin 
antigen and activity 
assay; gene 
mutation analysis  

  PK antigen (ELISA) 
assay  

  HMWK assay (ELISA)    FXII assay 
(chromogenic)  

  Prophylaxis and 
treatment  

  Antifi brinolytics 
 FFP as required 
 Supportive care  

  Antifi brinolytics 
 FFP as required 
 Supportive care  

  None required    None required    None required, 
anticoagulation for 
thrombophlebitis  

defi ciency of plasma PAI - 1 with normal platelet PAI - 1 has 
been reported, questioning the role of PAI - 1 in the platelet 
compartment. There is some suggestion that platelet PAI - 1 
may be protective against premature clot lysis early in coagula-
tion but may not be available later when delayed bleeding 
occurs  [6] . Thus, it can be speculated that the precise local 
concentrations of PAI - 1 and the dynamic time course are 
important in controlling hemorrhage. 

 Although the literature on PAI - 1 defi ciency is limited, a 
report by Fay  et al.   [8]  provides the most comprehensive 
information available about the phenotype of PAI - 1 defi -
ciency. The observed spectrum of bleeding episodes ranged 
from intracranial and joint bleeding after injury or mild 

trauma, delayed surgical bleeding, severe menorrhagia, and 
frequent bruising (Table  56.1 ). The clinical manifestations 
of abnormal bleeding were restricted to trauma or surgery 
in homozygous affected individuals; no bleeding manifesta-
tions were observed in heterozygotes  [8] . The clinical mani-
festations in homozygous individuals are consistent with 
increased fi brinolytic activity, resulting in early destruction 
and detachment of the normal fi brin clot prior to adequate 
wound healing. In general, bleeding is expected to be more 
pronounced after trauma/surgical procedures especially 
involving the oral and urogenital areas owing to the increased 
concentration of local fi brinolytic activity in saliva and urine 
respectively. In regards to qualitative defi ciencies of PAI - 1, to 
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date there appears to be one case report in an elderly male 
presenting with a delayed bleeding diathesis after transure-
thral prostatic resection  [11] . Similar to quantitative PAI - 1 
defi ciency, this patient had a lifelong history of delayed 
postoperative bleeding and bleeding after trauma  [11] . His 
euglobulin clot lysis assay revealed a shortened clot lysis time 
(50   min with normal exhibiting no lysis at 2   h) which partially 
corrected (1   h 45   min) after addition of an antifi brinolytic 
medication ( ε  - aminocaproic acid). Extensive evaluation for a 
defi ciency in the fi brinolytic pathway confi rmed what appeared 
to be a functional defi ciency of PAI - 1 despite a normal PAI - 1 
antigen.    

  Diagnosis and  m anagement of  c ongenital 
 PAI  - 1  d efi ciency 

 Accurate diagnosis of PAI - 1 defi ciency is important as it is 
effectively managed with fi brinolytic inhibitors, thereby 
decreasing the need for blood product support and risk of 
uncontrolled hemorrhage  [8,12] . Typically, hyperfi brinolytic 
bleeding is characterized by normal platelet function tests and 
tests of global coagulation. The euglobulin clot lysis assay and 
whole blood clotting assays  [13] , such as the thromboelasto-
gram, are helpful in diagnosis of hyperfi brinolytic states but 
are insuffi cient to confi rm PAI - 1 defi ciency whose diagnosis is 
based on the measurement of antigenic [enzyme - linked immu-
nosorbent assay (ELISA)] and functional (chromogenic test) 
PAI - 1 assays. The major limitation of the currently available 
activity assay is that it is accurate in detecting elevated levels 
of PAI - 1 but not at the lowest ranges. Above all, because of 
the variability of the PAI - 1 levels within the normal popula-
tion the lower range of PAI - 1 activity assay includes zero, 
making the diagnosis of defi ciency state extremely challenging. 
Owing to these limitations of activity assays, unless the genetic 
alteration leads to complete absence of the protein as in the 
cases reported by Fay  et al.   [8] , the diagnosis of PAI - 1 defi -
ciency remains diffi cult and at times is assumed rather than 
proven. Hence, genotypic analysis may be helpful when 
available. 

 Since bleeding episodes in patients with PAI - 1 defi ciency 
result from injury and surgery, taking appropriate precautions 
to prevent bleeding is the best strategy to prevent life - threat-
ening hemorrhage. Supportive care is helpful to ameliorate 
bleeding (Table  56.2 ). In addition, bleeding episodes may be 
effectively treated with antifi brinolytic agents including oral 
tranexamic acid or  ε  - aminocaproic acid; treatment duration is 
dependent upon the severity of the bleeding episode (Table 
 56.3 ). Persistent excessive menorrhagia may be managed with 
hormonal suppression and long - term prophylactic antifi brino-
lytic therapy if necessary. Severe bleeding events, including 
intracranial hemorrhage with or without hematoma evacua-
tion, may be managed with intravenous fi brinolytic inhibitors; 
use of fresh - frozen plasma (dose 10 – 15   mL/kg) may be utilized 
to raise PAI - 1 activity for initiation of therapy prior to achieve-
ment of steady - state levels of antifi brinoltyics. The need for 

  Table 56.2    General principles of supportive care in patients with 
miscellaneous rare bleeding disorders. 

   General measures   
  Avoidance of trauma, contact sports, fastidious dental care, use of 

medic alert bracelet  
  Safety checks for infants and toddlers at home  

   Local measures   
  Local bleeding: local pressure, application of ice  
  Dental bleeding: local application of fi brin sealants  
  Epistaxis: local pressure, ice, nasal packing, application of gel foam, 

topical thrombin, cauterization, rhinoplasty, or arterial 
embolization  

  Gingival bleeding: regular dental care, topical antifi brinolytic agents  

   Specifi c therapies   
  Dental bleeding: topical fi brin glue/thrombin, use of DDAVP and 

antifi brinolytic drugs, dental splints to prevent blood loss 
accompanying the loss of deciduous teeth  

  Menorrhagia: hormone suppression therapy  
  Iron - defi ciency anemia secondary to blood loss: iron 

supplementation  
  Surgery/child birth: involvement of hematology service, type and 

cross for blood transfusions, use of hemostatic agents such as 
DDAVP, antifi brinolytics, replacement of defi cient coagulation 
proteins through fresh - frozen plasma (FFP), use of platelets in 
platelet function disorders  

  Surveillance for alloantibody formation and virus transmission if 
patient exposed to blood products  

  Life - threatening bleeding: consider using recombinant factor VIIa in 
addition to other supportive measures  

ongoing treatment with fresh - frozen plasma is dependent on 
the individual patient ’ s circumstances and response to medica-
tion therapy. To date, there are no reports of inhibitory anti-
body development against exogenously administered PAI - 1 in 
congenital PAI - 1 defi ciency. Owing to the signifi cant limita-
tions in diagnosis of PAI - 1 defi ciency, a clinical trial of anti-
fi brinolytic agents should be considered when a high index of 
suspicion is present for PAI - 1 defi ciency and after all other 
known bleeding disorders have been excluded.   

 Currently, antenatal diagnosis of PAI - 1 defi ciency is not 
offered as, in general, PAI - 1 defi ciency has a mild bleeding 
phenotype compared with severe hemophilia.   

   α  2  - Plasmin  i nhibitor ( α  2  -  PI )  d efi ciency 

  Role of  α  2  -  p lasmin  i nhibitor in  fi  brinolysis 

  α  2  - Plasmin inhibitor ( α  2  - PI), also known as  α  2  - antiplasmin, is 
a single - chain glycoprotein consisting of 452 amino acids with 
a molecular weight of 70   kDa  [14] . The primary function of 
 α  2  - PI is inhibition of the proteolytic action of plasmin by direct 
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  Table 56.3    Commonly used hemostatic agents to control bleeding in patients with  PAI  - 1 defi ciency,  α  1  - antiplasmin defi ciency, and inherited 
platelet function disorders. 

        Aminocaproic acid     Tranexamic acid  
   Desmopressin (1 - deamino - 8 -  d  -
 argine vasopressin; DDAVP)     rFVIIa  

  Mechanism of 
action  

  Inhibitor of 
plasminogen 
activation  

  Competitive inhibitor 
of plasminogen 
activation; 
noncompetitive 
plasmin inhibition at 
higher concentrations  

  Endogenous release of von 
Willebrand factor and other 
procoagulants from vascular 
endothelium (Weible – Palade 
bodies); increased stickiness or 
reactivity of platelets  

  When complexed with tissue 
factor, NovoSeven ®  can 
activate factor X to factor 
Xa, as well as factor IX to 
factor IXa. Factor Xa, in 
complex with other factors, 
then converts prothrombin to 
thrombin, which leads to the 
formation of a hemostatic 
plug by converting fi brinogen 
to fi brin and thereby 
inducing local hemostasis  

  Dosage forms    500 - mg and 1 - g 
tablets; 250 - mg/mL 
syrup; 250 - mg/mL 
injection in 20 - cc 
and 100 - cc vials  

  500 - mg tablets (not 
available in the USA); 
100 - mg/mL injection  

  Intravenous: 4    μ g/mL solution 
 Intranasal: Stimate ® , 4.5   mg/mL  

  Intravenous form available as 
single - use vials of 1.2   mg, 
2.4   mg and 4.8   mg  

  Oral dosage    3   g every 6   h or 10   g 
orally followed by 
5   g every 6   h  

  25   mg/kg three to four 
times/day; absorption 
not affected by food  

  Not available    No oral dosage form available  

  Pediatric dosage    200   mg/kg as loading 
dose orally followed 
by 100   mg/kg every 
6   h. Alternatively, 
50 – 100   mg/kg/dose  

  Limited data in children 
to date; dosing 
instructions for adults 
may be used  

  Intravenous: 0.3    μ g/kg of a 4    μ g/
mL solution diluted to 
30 – 50   mL in 0.9% saline, and 
infused over 30   min 

 Intranasal:  < 50   kg: 150    μ g;  > 50   kg: 
300    μ g 

 Maximum three consecutive doses 
administered at intervals of 24   h  

  90 – 120    μ g/kg bolus every 2 – 3   h  

  Monitoring 
parameters  

  Laboratory monitoring 
evaluation usually 
not performed  

  Laboratory monitoring 
evaluation usually not 
performed; higher 
concentrations may 
prolong thrombin time  

  Younger children or patients with 
other systemic disorders serum 
sodium monitoring ( ± serum and 
urine osmolality)  

  Laboratory monitoring 
evaluation not performed  

  Contraindications 
(absolute and 
relative)  

  DIC (disseminated 
intravascular 
coagulation); upper 
urinary tract 
bleeding; history of 
  thrombosis or 
thrombophilia  

  Defective vision; 
subarachnoid 
hemorrhage; renal 
compromise: dose 
adjustment required; 
history of thrombosis 
or thrombophilia  

  Use is restricted in children  < 20   kg 
or age  ≤ 3 years; cystic fi brosis  ; 
cardiac disease, renal disease 
and thrombosis; history of 
thrombosis or thrombophilia  

  Known hypersensitivity to any 
component of the drug; 
known hypersensitivity to 
mouse, hamster, or bovine 
proteins; history of 
thrombosis or thrombophilia  

  Adverse events    Urinary obstruction if 
used for upper 
gastrointestinal tract 
bleeding  

  Visual changes with 
prolonged treatment  

  Flushing, tachycardia; 
tachyphylaxis after three doses; 
hyponatremic seizure; use in 
patients with atherosclerosis 
may precipitate a cardiovascular 
event  

  Potential risk of thrombosis  

  Use in pregnancy  a      Category C    Category B    Category B    Category C  
  Drug interactions    Concomitant use with 

oral contraceptives 
or estrogens may 
potentiate a 
hypercoagulable state  

  Concomitant use with 
oral contraceptives 
or estrogens may 
potentiate a 
hypercoagulable state  

  Concomitant use with oral 
contraceptives or estrogens may 
potentiate a hypercoagulable 
state  

  None known  

    a US Food and Drug Administration (FDA) safety category of a drug for use in pregnancy. Category B indicates that the drug is potentially safe in animal 

studies but there is a lack of adequate clinical data in humans, while category C indicates that animal studies have demonstrated adverse effects in fetus 

but there are no clinical data in humans.   
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inhibition of plasmin(ogen). The gene for  α  2  - PI is located at 
17pter – p12 (OMIM# 262850) and contains 10 exons and 
nine introns spanning over 16   kb of DNA. In humans  α  2  - PI is 
synthesized primarily in the liver. High levels of  α  2  - PI m - RNA 
have been observed in proximal convoluted tubules, smooth 
muscles, placenta, and the central nervous system; the clinical 
signifi cance of these fi ndings are not yet well elucidated. The 
mature  α  2  - PI protein belongs to the serine protease inhibitor 
(Serpin) family and consists of NH 2  - terminal Met (Met - form) 
 [15] . During circulation, the mature protein loses its 12 
amino - terminal residues and is converted to the NH 2  - terminal 
Asn (Asn - form)  [16] . The Asn - form is present in plasma as 
60 – 70% of the total  α  2  - PI  [15] . The reactive site, reacting with 
the active center of plasmin, consists of Arg376 – Met377 
(according to amino acid numbering of Met - form)  [14] .  α  2  - PI 
has a strong affi nity for plasmin(ogen) and noncovalently 
binds to the lysine - binding site (LBS) of plasminogen leading 
to inhibition of plasmin(ogen)  [17] . LBSs are sites at which 
fi brin is also noncovalently bound. Hence,  α  2  - PI competitively 
inhibits the binding of plasminogen to fi brin  [18] . In addition 
to inhibition of plasmin,  α  2  - PI inhibits plasmin(ogen) binding 
to fi brin. The inhibition of plasmin at the clot level involves 
covalent binding (cross - linking) of  α  2  - PI with the  α  - chains 
of fi brin that are catalyzed by factor XIII. The plasma concen-
tration of  α  2  - PI is 0.7    ±    0.06   mg/L. It is also present in the 
platelet  α  - granules at low concentrations constituting only 
0.05% of  α  2  - PI in the whole blood  [19] . Its half - life is 2.6 
days, whereas the half - life is 0.5 days for the plasmin –  α  2  – PI 
complex  [20] .  

  Clinical  p resentation of  c ongenital 
 α  2  -  p lasmin inhibitor  d efi ciency 

 Owing to the rarity of this disorder, the real prevalence is not 
clearly established. Based on the results of functional and 
immunologic assays, two types of biologic defi ciencies have 
been reported: type I (quantitative)  [21,22] , defi ned by similar 
decrease in both antigen and activity, and type II (qualitative), 
in which there is discrepancy between the activity and antigen 
(lowered activity compared with normal antigen). The mode 
of inheritance is autosomal recessive. 

 Since the fi rst case report of  α  2  - AP defi ciency in 1979 by 
Koie  et al.   [21] , a total of 15  [22]  cases have been documented. 
Similar to PAI - 1 defi ciency, the bleeding manifestations are 
characterized by post - traumatic or  - surgical bleeding and are 
attributed to premature hemostatic plug dissolution prior to 
vessel repair. Reported bleeding episodes are moderate to 
severe and often present in childhood. Hemorrhagic episodes 
in the reported cases include umbilical bleeding, prolonged 
bleeding from wounds, epistaxis, gingival bleeding, hematu-
ria, subcutaneous and intramuscular hematomas, hemotho-
rax, central nervous system bleeding, and hemarthroses. 
Interestingly, an unusual bleeding site, intramedullary 
hematoma in the diaphyses of the long bones, has been 

reported in patients with  α  2  - AP defi ciency  [23,24] . Radiography 
indicates homogenous hyperlucent lesions with well - defi ned 
margins without marginal sclerosis that may be diffi cult to 
distinguish from cystic fi brous dysplasia, Langerhans cell his-
tiocytosis, or metastatic neuroblastoma. Accurate diagnosis of 
these intramedullary hematomas may be confi rmed with mag-
netic resonance imaging revealing homogeneous hyperintense 
signal in the medulla and a hypointense signal surrounding 
the lesion. The fact that the spectrum of severity exhibited by 
homozygous or compound heterozygous affected individuals 
varies from severe to moderate may relate to the variability of 
genetic defects and their specifi c impact on enzymatic function 
and other, as yet unidentifi ed, factors. 

 In general, homozygous (two abnormal alleles) affected 
individuals experience a signifi cant bleeding tendency while 
clinical bleeding in heterozygous (one abnormal allele) indi-
viduals is a matter of controversy. The majority of hetero-
zygous individuals are discovered through family studies of 
homozygous individuals and have not experienced a bleeding 
tendency. However, there are a few case reports that describe 
bleeding manifestations in heterozygous individuals  [25,26] . 
Bleeding events in heterozygous individuals have been reported 
to occur after trauma, including surgery or dental extraction, 
and have occurred in children  [25]  and in adults  [26] . There 
is a suggestion that the bleeding tendency may increase with 
age  [27] . Intramedullary hematomas have not been reported 
in heterozygous individuals.  

  Diagnosis and  m anagement of  c ongenital 
 α  2  -  p lasmin  i nhibitor  d efi ciency 

 Diagnosis of  α  2  - PI requires a high index of suspicion as screen-
ing coagulation assays and platelet function tests are normal 
even in those affected with  α  2  - PI defi ciency. The euglobulin 
clot lysis time and whole - blood clotting assays can be useful 
to indicate a hyperfi brinolytic state; functional and immuno-
logic  α  2  - PI assays are required for diagnosis. 

 Supportive care and antifi brinolytic medications, including 
 ε  - aminocaproic acid and tranexamic acid, are the mainstay of 
treatment (Table  56.2 ). Fresh - frozen plasma (FFP) may be 
used as an alternative or as adjunct to antifi brinolytic therapy 
in specifi c situations when immediate increase of the clotting 
factor is required. Based on the observation of Yoshioka  et al.  
 [22] , infusion of FFP (17.5   mL/kg) increases the plasma con-
centration of  α  2  - PI antigen and activity to 15.6% and 19%, 
respectively. The half - life of infused  α  2  - PI antigen and activity 
was 35.5 and 21   h, respectively  [22] . It is important to empha-
size that treatment with FFP may be ineffective in individuals 
with a reduced concentration of factor XIII (FXIII) activity 
as  α  2  - PI induced inhibition of fi brin - bound plasmin is cata-
lyzed by FXIII  [28] . Treatment of intramedullary hematomas 
may require curettage with local application of hemostatic 
agents, such as fi brin glue, along with systemic antifi brinolytic 
therapy.   
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  Inherited  d efi ciencies of  c ontact  f actor 
or  k allikrein –  k inin  s ystem 

  Role of  c ontact  f actors in the kallikrein –  k inin 
 s ystem in  h emostasis 

 The contact system, also known as kallikrein – kinin system, 
was fi rst recognized as a plasma and tissue proteolytic system 
responsible for liberation of the vasoactive proinfl ammatory 
mediator bradykinin (BK)  [29] . Since the initial discovery of 
BK, there has been an evolution in our understanding of the 
plasma  “ coagulation contact system ”   [30] . The components 
of the contact system include factor XII (Hageman factor), 
prekallikrein (PK; Fletcher factor), and high - molecular - weight 
kininogen (HK; Williams, Flaujeac, or Fitzgerald factor). 
These plasma proteins together were grouped as the contact 
system as they required contact with an artifi cial, negatively 
charged surface for zymogen activation. Physiologic activation 
of the contact system occurs when PK, in the presence of HK, 
bound to endothelial cells, is converted into active kallikrein. 
Subsequently, HK is activated, liberating BK. On endothelial 
cells, factor XII activation occurs secondary to PK activation, 
which in turn amplifi es activation of PK and factor XII. Factor 
XII contributes to the rate and extent of PK activation on the 
surface of endothelial cells but is not the initiator of the 
process. The critically important substrates of activated factor 
XII include factor XI and the macromolecular complex of the 
fi rst component of complement. Thus, factor XI activation 
proceeds after factor XII activation, which in turn activates 
the intrinsic coagulation pathway. It is important to note that 
activation of the intrinsic system occurs primarily through 
the tissue factor - dependent pathway and is not solely depend-
ent on factor XII - mediated activation of factor XI; these con-
cepts imply a limited role of contact system in physiologic 
hemostasis. 

 The primary function of the kinin – kininogen system is to 
synthesize BK, which in turn contributes to the signs of infl am-
mation including erythema, capillary leak, and hypotension. 
Bradykinin potently stimulates t - PA liberation and nitric oxide 
formation. In addition, formed plasma kallikrein promotes 
single - chain urokinase activation and subsequent plasminogen 
activation, thus enhancing the fi brinolysis. Lastly, kininogens 
and their breakdown products are antithrombotic, which con-
tribute to the constitutive anticoagulant nature of the intra-
vascular compartment.  

  Clinical  p resentation of  c ontact  f actor  d efi ciencies 

 Similarities between homozygous defi ciencies of contact 
system proteins include their rarity, autosomal recessive inher-
itance pattern, and signifi cant prolongation of the activated 
partial thromboplastin time (aPTT) without clinical hemor-
rhagic events  [31] . Paradoxically, contact system defi ciencies 
have been reported to result in thrombosis because of their 
intimate relationship to activation of the fi brinolytic system. 

Migratory thrombophlebitis has been described in patients 
with severe factor XII defi ciency  [32] . Table  56.1  describes the 
biochemical, physiologic properties, and clinical presentation 
of defi ciencies of HK, BK, kalikrein, and factor XII.  

  Diagnosis and  m anagement of  c ontact 
 f actor  d efi ciencies 

 The diagnosis of a defi ciency of a contact factor is suspected 
based upon prolongation of the aPTT (often  > 80   s) in the 
absence of clinical bleeding and/or presence of hypercoagula-
bility. Mixing studies with normal pooled plasma corrects the 
aPTT prolongation, implying an underlying factor defi ciency. 
Specifi c factor assays that measure the antigenic level through 
an immunologic (ELISA) are available for HK and BK. Factor 
XII activity may be measured by a chromogenic assay. As 
these disorders do not result in clinical bleeding diatheses, no 
active medical treatment is required beyond patient and family 
counseling concerning the underlying defi ciency. Patients pre-
senting with thromboembolic complications or thrombophle-
bitis may require treatment with anticoagulation.   

  Inherited  p latelet  f unction  d isorders 

  Role of  p latelets in  h emostasis 

 Platelets are acellular complex organelles derived from the 
cytoplasm of megakaryocytes. The concentration of platelets 
in blood is approximately 150   000 – 450   000 cells/mL. In the 
normal physiologic state, platelets circulate without adhering 
to undisturbed vascular endothelium. Upon disruption of 
vascular endothelial integrity or alteration in blood fl ow 
shear stress, platelets are  “ activated. ”  Platelet activation 
involves an orchestrated interaction between von Willebrand 
factor, subendothelial proteins including fi bronectin, laminin, 
and platelet membrane receptors followed by intracellular 
signal transduction and release of platelet - dense and  α  -
 granular contents through reorganization of canalicular 
system; these complex interactions result in the primary hemo-
static plug and provision of the optimal phospholipid surface 
for secondary hemostasis to proceed. Thus, inherited abnor-
malities of platelet membrane receptors, signal transduction 
pathways and defi ciencies of  α  and dense granules result in 
platelet dysfunction and bleeding disorders (Figure  56.2  and 
Table  56.4 ). The prevalence of these disorders is not well 
established.      

  Clinical  s ymptoms of  i nherited  p latelet  d ysfunction 

 Inherited platelet function disorders are a heterogeneous 
group of disorders with variable bleeding symptoms ranging 
from almost asymptomatic to severe bleeding manifestations 
 [33] . In general, the bleeding phenotype is mild to moderate 
in severity and may present in early childhood. Commonly 
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 Figure 56.2     Schematic representation of 
inherited platelet function disorders. CO, 
cyclooxygenase; DAG, diacylglycerol; IP3, 
inositoltriphosphate; MLC, myosin light 
chain; MLCK, myosin light - chain kinase; 
PIP2, phosphatidylinositol bisphosphate; 
PKC, protein kinase C; PLC, phospholipase 
C; PLA2, phospholipase A2; VWF, von 
Willebrand factor; VWD, von Willebrand 
disorder.  Reproduced with permission from 
Lippincott Williains  &  Wilkins.  

encountered clinical symptoms include (i) unexplained or 
extensive bruising with or without soft - tissue hematomas; (ii) 
epistaxis, particularly episodes lasting more than 30   min, 
resulting in anemia, or requiring intervention or hospitaliza-
tion; (iii) menorrhagia, particularly if present since menarche; 
(iv) gingival bleeding; (v) bleeding during or after childbirth; 
and (vi) bleeding following invasive procedures, e.g., dental 
extraction, tonsillectomy, adenoidectomy. Rarely, gastrointes-
tinal bleeding, visceral hematoma, hemarthrosis, and intracer-
ebral hemorrhage have been reported in conjunction with 
inherited platelet disorders such as Glanzmann thrombasthe-
nia, although these bleeding symptoms are more commonly 
observed in hereditary or acquired coagulation factor 
disorders. 

 In a few cases, patients may present with other physical 
stigmata along with bleeding symptoms, e.g., presence of cata-
racts or hearing defi cits as seen in  MYH - 9  (nonmuscle myosine 
heavy chain 9) disorders, occulocutaneous albinism in patients 
with Hermnasky – Pudlak syndrome, and macrocephaly in chil-
dren with Sebastian syndrome. A positive family history of 
bleeding symptoms further helps to strengthen the diagnosis 

of the inherited nature of the disorder. It is important to clarify 
that the absence of a family history of bleeding does not neces-
sarily rule out the inherited nature as some disorders exhibit 
an autosomal recessive inheritance pattern. Table  56.4  
provides a brief overview of inherited platelet function 
disorders.  

  Diagnosis of  i nherited  p latelet  f unction  d isorders 

 A detailed clinical history, family history, and physical exami-
nation are crucial to the diagnosis of inherited platelet func-
tion disorders  [33,34] . There is no single laboratory test that 
reliably predicts all platelet function abnormalities. A com-
plete blood count with review of the peripheral smear is the 
initial step to evaluate a platelet function disorder. This basic 
test provides important information, including the platelet 
count and morphology of the cell lines critical for the diagno-
sis of various inherited platelet disorders. For example, large 
platelets are characteristic of  MYH - 9  disorders while micro-
thrombocytopenia is characteristic of Wiscott – Aldrich syn-
drome. In gray platelet syndrome, the dense granules are 
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  Table 56.4    Inherited platelet function abnormalities. 

   Disorder  

   Platelet 
count 
( ′ 000/
mm 3 )     Inheritance     Structural defect  

   Platelet 
characteristics  

   Defect in platelet 
function     Associations  

   Treatment options  

   Platelet 
transfusion     DDAVP  

   r -
 FVIIa  

   Disorders of adhesion and aggregation owing to defects in receptors and defects in signal transduction   
  Bernard – Soulier 

syndrome  
  20 – 100    AR    GPIb - IX 

 GPIb α  
 GPIb β  
 GPIX  

  Giant platelets    Abnormal adhesion    DiGeorge 
 Velocardio facial 

syndrome  

  Y    Y    Y  

  Glanzmann 
thrombasthenia  

  Normal    AR    GPIIb/IIIa    None    Absent aggregation 
with physiologic 
agonists, defective 
clot retraction  

   ↑  bone thickening and  ↓  
fertility  

  Y    N    Y  

  Platelet - type VWD    Normal 
or  ↓   

  AD    GPIb α     Platelet size 
heterogeneity  

  Abnormal adhesion:  ↑  
sensitivity to 
ristocetin  

  Absence of HMWM    Y    N    ?  

   α  2  β  1  collagen receptor    Normal    ?    ?  α  2     Normal    Abnormal adhesion:  ↓  
response to collagen  

  Modifi cations in receptor 
density according to 
haplotype  

  Y    Y    ?  

  GPVI collagen receptor    Normal    ?    GPVI absence can be 
secondary to 
proteolytic cleavage  

  Normal    Abnormal adhesion:  ↓  
response to collagen  

  Linked to FcR -  γ  
 Receptor density depends 

upon haplotype  

  Y    Y    ?  

  P2Y 12  ADP receptor    Normal    AR    P2Y 12  receptor    Normal    Abnormal aggregation 
to ADP  

  Not known    Y    Y    ?  

  TP  α ,  thrombaxane (TX) 
A 2  receptor  

  Normal    AR    TP α     Normal    Absence of response to 
TXA2 analogues,  ↓  
response to collagen  

  Not known    Y    Y    ?  

  Intracellular signaling    Normal 
or  ↓   

  ?    Phospholipase C -  β  2  G  α q  
protein among others  

  Normal    Variable aggregation 
and secretion defects 
on multiple agonists  

  Not reported    Y    Y    ?  

  Cyclooxygenase 
defi ciency  

  Normal 
or  ↓   

  ?AR    Cyclo - oxygenase enzyme    Not known    No aggregation with 
arachidonic acid,  ↓  
response to collagen 
and ADP  

  Not known    Y    Y    ?  

  Scott syndrome    Normal    AR    ATP - binding cassette 
transporter A1  

  Normal     ↓  procoagulant activity 
and microparticle 
release  

  Defects extend to other 
cell lines  

  Y    ?    ?  

  Wiscott – Aldrich 
syndrome  

  10 – 100    X - linked    WAS signaling defects    Small size, fewer 
granules  

   ↓  aggregation and  ↓  
secretion  

  Eczema, immunodefi ciency    Y    ?    ?  



M
IS

C
E

L
L

A
N

E
O

U
S

 B
L

E
E

D
IN

G
 D

IS
O

R
D

E
R

S

385

   Disorders of secretion owing to abnormalities of storage granules   
  Dense granule defi ciency 

with albinism: 
Hermanasky – Pudlak 
(HP) 

 Chediak – Higashi (CH) 
syndrome  

  Normal    AR    Proteins involved in 
vesicle formation and 
traffi cking  

   ↓  number of 
abnormal dense 
granules, giant 
granules (CH)  

   ↓  aggregation and 
secretion with 
collagen  

  Oculocutaneous albinism, 
ceroid - lipofuscinosis 
(HP), infections (CH), 
pulmonary fi brosis 
(3rd – 4th decade) and 
infl ammatory bowel 
disease  

  Y    Y    Y  

  Gray platelet syndrome    30 – 100    AR or AD    Unknown, but prevents 
storage of proteins in 
 α  - granules  

  Empty  α  - granules    Abnormal but variable; 
can be decreased 
with thrombin, 
epinephrine and/or 
collagen  

  Myelofi brosis    Y    ?    ?  

  Quebec syndrome     ∼ 100    AD     ↑  urokinase - type 
activator in  α  - granules, 
degraded proteins  

  Abnormal content 
of  α  - granules  

  Absent aggregation 
with epinephrine  

  None known    Y    ?    ?  

  Paris – Trousseau/
Jacobsen syndrome 
(deletion of 
11q23 – 24)  

  30 – 150    AD    Defective 
megakaryopoiesis  

  Giant 
megakaryocyte 
granules  

  Abnormal aggregation 
and secretion with 
thrombin, 
epinephrine, ADP, 
and collagen  

  Psychomotor retardation, 
facial and cardiac 
abnormality  

  Y    Y    ?  

  Dense granule defi ciency 
without albinism  

  Normal    AD/X - R    Inability to package 
 δ  -  granule contents  

  Quantitative 
defi ciency of 
 δ  - granules,  ↓  
serotonin content  

  Absent second wave of 
aggregation with 
ADP, epinephrine 

 ATP   :   ADP ratio  > 3  

  Wiscott – Aldrich 
syndrome, TAR, 
Ehler – Danlos syndrome  

  Y    Y    Y  

   MYH - 9 disorders   
  May – Hegglin    30 – 100    AD    MYH - 9 

 Nonmuscle myosin 
heavy - chain IIA  

  Large size    No consistent defect    Neutrophil inclusions    Y    ?    ?  

  Fechtner syndrome    30 – 100    AD    MYH - 9    Large size    No consistent defect    Hereditary nephritis, 
hearing loss  

  Y    ?    ?  

  Epstein syndrome    5 – 100    AD    MYH - 9    Large size    Impaired response to 
collagen  

  Hereditary nephritis, 
hearing loss  

  Y    ?    ?  

  Montreal platelet 
syndrome  

  5 – 40    AD    Unknown    Large size    Spontaneous 
agglutination,  ↓  
response to 
thrombin  

  None known    Y    ?    ?  

   DDAVP, desmopressin (1 - deamino - 8 -  D  - argine vasopressin); r - FVIIa, recombinant factor VIIa; AD, autosomal dominant; AR, autosomal recessive; ADP, adenosine diphosphate; ATP, adenosine triphosphate; 

HMWM, high - molecular - weight multimers; Y, yes; N, no; FcR -  γ , Fc receptor -  γ ; TXA2, thromboxane A2; GP, glycoprotein; TAR, thrombocytopenia and absent radii; ?, indicates no documented effi cacy; 

MYH - 9, nonmuscle myosine heavy chain 9; WAS, Wiscott – Aldrich syndrome. Reprinted with permission from Sharathkumar AA, Shapiro AD, from World Federation of Hemophilia resource website.   
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absent and platelets look uniformly pale or  “ gray ”  on the 
peripheral smear. 

 The bleeding time (BT) and platelet function analysis with 
the PFA - 100 system are screening tests to assess platelet func-
tion. The BT is the only  in vivo  test for platelet function 
but is operator dependent, affected by a subject ’ s age and 
skin laxity, and is inconsistently reproducible. The PFA - 100 
(Dade - Behring, Marburg, Germany) is an  in vitro  BT test 
and is operator friendly. Both the BT and the PFA - 100 closure 
time are prolonged in patients with low hematocrits and 
normal platelet function. Despite the limitations of the BT 
and PFA - 100 closure time, they can be useful to narrow 
diagnostic considerations among patients with a history of 
bleeding. 

 Specifi c platelet function tests performed through platelet 
aggregation studies assess platelet aggregation to a panel of 
agonists, most commonly adenosine diphosphate, epinephrine, 
thrombin, collagen, arachidonic acid, and ristocetin, with 
platelet - rich plasma or through whole - blood aggregometry. 
The pattern obtained usually allows the investigator to diag-
nose and generally classify the defect. For example, von 
Willebrand disease (type IIb) and Bernard – Soulier syndrome 
may be associated with abnormalities in aggregation to ris-
tocetin while Glanzmann thrombasthenia is associated with a 
fl at aggregation profi le to all agonists excluding ristocetin. 

 Platelet secretion is predominantly measured via two assays. 
Lumiaggregometry simultaneously measures aggregation and 
luciferase luminescence refl ecting release or secretion of ade-
nosine triphosphate (ATP) by the dense granules upon stimu-
lation by agonists. Secretion can also be measured by allowing 
platelets to take up  14 C - labeled serotonin with subsequent 
release measured in response to agonists. These tests are tech-
nologically challenging and should be performed in specialized 
reference laboratories. Release and storage pool defects may 
show abnormalities via these secretion assays. 

 Flow cytometry, a technique that measures cellular protein 
expression through monocloncal antibodies, is available to 
measure platelet surface glycoproteins (GPs) and is used in 
clinical practice to diagnose Bernard – Soulier syndrome and 
Glanzmann thrombasthenia, which are associated with 
decreased or absent expression of GPIb/IXa/Va and GPIIb/
IIIa, respectively. Electron microscopy is helpful to evaluate 
platelet granules including  α  or dense granular defects. 
Molecular analysis of platelet GPs and more specialized tests 
such as receptor expression analysis, protein phosphorylation, 
and formation of second messengers are available through 
dedicated research laboratories.  

  Management of  i nherited  p latelet 
 f unction  d isorders 

 Predictors for bleeding risk in patients with inherited platelet 
disorders are lacking. Most bleeding experienced is an accen-
tuation of normal anatomic and physiologic bleeding. Care 
should therefore be focused on prevention whenever possible. 

Important aspects of supportive care include avoidance of 
medications that may exacerbate platelet dysfunction such as 
aspirin or ibuprofen, maintaining excellent dental hygiene to 
prevent gingival bleeding, use of nasal packing/topical 
thrombin to control epistaxis, hormonal therapy for menor-
rhagia, and topical fi brin glue for dental extraction, to name 
a few. Caution regarding use of herbal medications should be 
employed as many may also interfere with hemostasis. Specifi c 
treatment modalities include use of hemostatic agents, includ-
ing the antifi brinolytic agents  ε  - aminocaproic acid and tran-
examic acid, with or without desmopressin (DDAVP), when 
a specifi c disorder is known to be responsive (Table  56.3 )  [35] . 
Surgical procedures involving areas with a high fi brinolytic 
activity, including the oropharynx (tonsillectomy and ade-
noidectomy, dental extractions) and urogenital area (e.g. pros-
tatectomy), require careful preoperative planning including 
consideration for the need for repetitive doses of DDAVP and 
prolonged antifi brinolytic treatment to prevent catastrophic 
delayed bleeding. Occasionally, platelet transfusions may be 
required for hemostatic control. Patients with platelet disor-
ders may be subject to repeated episodes of transfusion, 
placing them at risk for development of alloantibodies either 
to human leukocyte antigens (HLAs) or missing GPs as in 
Bernard – Soulier syndrome (GP Ib/IX/V) and Glanzmann 
thrombasthenia (GP IIb/IIIa). Formation of alloantibodies can 
result in platelet refractoriness and failure to obtain hemosta-
sis. Hence, it is advised that platelet transfusion should be 
utilized judiciously in these patients; HLA - matched platelets 
should be employed unless the delay in obtaining these would 
compromise clinical outcome. Recently, there are reports of 
successful use of recombinant activated factor VII (rFVIIa; 
NovoSeven ® , Novo Nordisk, Bagsvaerd, Denmark) in patients 
with Glanzmann thrombasthenia who developed antibodies 
against GP IIb/IIIa. Other treatment modalities including 
splenectomy have not been proven to reliably improve platelet 
counts in the majority of inherited platelet abnormalities 
except in Wiscott – Aldrich syndrome. Short courses of steroids 
can be benefi cial to reduce mucocutaneous symptoms through 
improved vascular stability.   

  Bleeding  d isorders  r elated to  i nherited 
 v ascular  a bnormalities 

  Role of  b lood  v essels in  h emostasis 

 Blood circulates in an intact vasculature which consists of 
arterial, venous, and capillary compartments. The vascular 
endothelium has a number of properties that directly or indi-
rectly affect hemostatic balance. These include the expression 
of procoagulants and anticoagulants, adhesion molecules, 
vasoconstrictor and vasodilator substances, and cell survival 
signals. The quiescent endothelial cell lining of the vasculature 
promotes and maintains the blood fl uidity by inhibiting 
coagulation and platelet adhesion and through stimulating 
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fi brinolysis. Upon vascular injury, the local and or systemic 
vasculature rapidly responds by  “ vasoconstriction, ”  an impor-
tant component of primary hemostasis that limits blood loss. 
Vasoconstriction assists in sealing the injured site yet main-
taining blood fl ow to vital structures. Injury to the vascular 
wall is a powerful stimulus initiating coagulation, a pivotal 
process to control hemorrhage and repair the injured vessel 
wall. Structural and functional integrity of vasculature, there-
fore, is vital to maintain physiologic hemostasis. Inherited 
abnormalities of collagen, the major constituent of the extra-
cellular vasculature matrix, represented by Ehler – Danlos syn-
drome vascular type (type IV) and disorders of angiogenesis 
such as Osler – Weber – Rendu syndrome (hereditary hemor-
rhagic telangiectasia) result in increased vascular fragility with 
a predisposition to overt and/or occult bleeding. These disor-
ders require a high index of suspicion to avoid unnecessary 
laboratory evaluations and to identify appropriate disease spe-
cifi c management.   

  Ehlers – Danlos  s yndrome  v ascular  t ype 
( t ype  IV ) 

 Ehlers – Danlos syndrome (EDS), also known as  “ cutis hyper-
elastica, ”   “ elastic skin, ”  and  “ India rubber skin, ”  is a group 
of rare genetic disorders caused by a defect in collagen syn-
thesis  [36] . These disorders are characterized by skin hyper-
elasticity, fragility of wound and blood vessels, delayed wound 
healing and joint hypermobility. There are a number of forms 
of EDS  [37]  with bleeding manifestations such as extensive 
ecchymoses more marked in type IV (EDS IV, OMIM 
#130050) because of pronounced dermal thinning. 

  Molecular  m echanisms 

 EDS IV is caused by mutations in the type III procollagen gene 
 COL3A1  (OMIM# 120180)  [38] . The  COL3A1  gene is 
located in chromosome band 2q32.2  [39] . This form may have 
autosomal dominant inheritance  [40,41] . Varied molecular 
mechanisms have been observed and, of the mutations 
described to date, most have been unique to each family and 
thus considered  “ private, ”  without correlation between geno-
type and phenotype. The estimated prevalence of EDS ranges 
between 1 in 10   000 to 1 in 25   000, without an ethnic predilec-
tion. EDS IV accounts for 5 – 10% of all of ED  [42] .  

  Clinical  f eatures 

 Type III collagen is abundant in the intestine and arterial wall, 
thus accounting for the most common initial clinical presenta-
tion for patients with EDS IV. The vascular complications may 
affect all anatomic sites, with a tendency toward large and 
medium diameter arteries. Dissections of the vertebral arteries 
and the carotids in extra -  and intracranial segments (carotid –
 cavernous fi stulae) are typical. Intestinal complications include 

spontaneous intestinal perforation. Paradoxically, joint hyper-
mobility is less prominent and may be confi ned largely to the 
fi ngers with only mildly hyperextensile skin. Other EDS IV 
clinical presentations include premature birth, thin nose and 
lips, thin translucent skin with prominent venous markings, 
and small linear trunkal telangiectases, keloid formation, and 
rectal bleeding owing to multiple colonic diverticula  [43] . 
Pregnancy - related complications included rupture of bowel, 
aorta, vena cava or uterus, vaginal laceration, and postpartum 
uterine hemorrhage  [44] . The newborn period can be compli-
cated by prematurity and spontaneous subarachnoid hemor-
rhage  [45] . 

 The most comprehensive study of EDS IV included 419 
patients (220 index patients and 199 of their affected relatives) 
with confi rmed biochemical abnormalities in type III collagen 
revealed that the average age of presentation was 23 years 
 [43] . Arterial ruptures accounted for the majority of deaths, 
whilst digestive perforations, occurring mainly in the sigmoid 
colon, are less often fatal. These complications were rare in 
childhood, but 25% of index patients had medical and surgi-
cal complications before the age of 20, and more than 80% 
experienced such complications by the age of 40 years. The 
age at death ranged from 6 to 73 years, with a median lifespan 
of 48 years.  

  Diagnosis 

 A detailed history, including family history and thorough 
clinical examination, is important to establish the diagnosis. 
The most common abnormality noted in patients with EDS is 
a prolonged bleeding time owing to characteristics of the skin 
in the context of a normal blood count and screening coagula-
tion tests. Rarely, an aspirin - like platelet function defect has 
been reported in patients with EDS IV  [46] . Biochemical anal-
ysis of type III collagen from skin fi broblast culture has proven 
to be the most reliable diagnostic test  [36] . Molecular genetic 
testing to identify mutations in  COL3A1  is available to 
patients with a biochemically confi rmed diagnosis of vascular 
EDS  [47] . Genetic testing is not routinely recommended for 
diagnosis of EDS IV as 40% of patients with biochemical 
defects in type III collagen have no identifi able mutation. In 
addition, the mutation does not predict the clinical disease 
severity.  

  Management 

 There is no specifi c treatment or cure for EDS IV but measures 
can be taken to minimize blood loss and discomfort. Although 
most affected patients with EDS IV commonly survive the fi rst 
and second major complications, premature death because of 
catastrophic vascular and/or intestinal complications are 
observed. Hence, family counseling about EDS and anticipa-
tory guidance is crucial. All patients should be offered genetic 
counseling particularly prior to pregnancy as there is an 
increased risk of uterine rupture. 
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 Multidisciplinary follow - up involving a team of surgeons, 
radiologists, obstetricians, and geneticists for vascular/vis-
ceral/pregnancy complications is crucial to allow early inter-
vention to avoid bleeding complications. 

 The role of hemostatic agents has not been carefully evalu-
ated but seems to be benefi cial. Tranexamic acid postopera-
tively has been utilized to reduce bleeding  [48] . There are 
reports of improvement in the bleeding time in patients treated 
with DDAVP  [49] . Prophylactic measures are of special 
importance, including avoidance of trauma including contact 
sports or isometric exercises. Proper wound repair is required 
to prevent cosmetic disfi gurement. The surgeon should be 
knowledgeable of the diagnosis; extra sutures may be added 
and the period prior to removal lengthened by a few days. 
Avoidance of drugs which may cause or exacerbate platelet 
dysfunction such as aspirin and ibuprofen is prudent.   

  Hereditary  h emorrhagic  t elangiectasia 
(Osler – Weber – Rendu  s yndrome) 

 Hereditary hemorrhagic telangiectasia (HHT; also known as 
Osler – Weber – Rendu syndrome) is a relatively common, 
under - recognized autosomal dominant disorder that results 
from multisystem vascular dysplasia characterized by tel-
angiectases and arteriovenous malformations (AVMs) of skin, 
mucosa, and viscera  [50 – 52] . The individual lesion in HHT is 
known as  “ telangiectasis ”  (pl. telangiectases) while the process 
of formation of telangiectasia or telangiectasis is referred as 
 “ telangiectasia ”  (OMIM# 187300). The telangiectasis, small 
arteriovenous shunts involving both dilated arterioles and 
venules, appears as a 1 – 2 - mm red spot on the skin and 
blanches upon slight pressure. HHT affects all ethnic and 
racial groups and is seen over a wide geographic distribution 
with an overall frequency of 1 in 5000 to 1 in 10   000 persons 
 [53] . 

  Molecular  p athogenesis 

 Mutations in transforming growth factor -  β /bone morphogen-
esis protein (TGF -  β /BMP) signaling pathway, a pathway asso-
ciated with angiogenesis, is involved in molecular pathogenesis 
of HHT. The proteins encoded by different mutated loci 
( ALK1 ,  ENG ,  BMPRII , and  MADH4 ) in HHT patients 
share functional roles in TGF -  β /BMP pathway  [54 – 56] . 
Mutations in the  ENG  gene (OMIM# 131193) localized on 
the long arm of chromosome 9 (9q33 – q34.1) are responsible 
for HHT1  [57,58] , whereas HHT2 results from mutations of 
the  ALK1  gene (OMIM# 601284) localized on the long arm 
of chromosome 12 (12q11 – q14)  [59] . Two additional loci, 
5q31.3 – q32 (OMIM# 601101)  [60]  and 7p14 (OMIM# 
610655)  [61] , have been suspected but the genes of interest 
have not been identifi ed. Association of HHT has been sus-
pected in patients with juvenile polyposis coli and primary 
pulmonary hypertension.  

  Clinical  m anifestations of  h ereditary 
 h emorrhagic  t elangiectases 

 Abnormal vessel formation and subsequent bleeding from 
these lesions is the basis of most clinical manifestations of 
HHT. Although the number and location of lesions vary 
widely, even within the same family, most telangiectases 
are found in the oral, nasal, and gastrointestinal mucosa 
and fi ngertips, whereas AVMs occur most commonly in 
the lungs, liver, and CNS. In general, smaller telangiectatic 
lesions usually present with symptoms of recurrent bleeding, 
whereas symptoms of the larger, internal AVMs do not 
result from hemorrhage. Complications of AVMs most 
often occur as a result of shunting of blood, thrombosis, or 
embolus. Table  56.5  describes the clinical manifestations 
of HHT according to the organ of involvement and its 
management.   

 Epistaxis because of telangiectases in the nasal mucosa is 
the most common and often the earliest symptom of HHT. As 
many as 95% of affected individuals eventually experience 
recurrent epistaxis, with a mean age at onset of approximately 
12 years and a mean frequency of 18 episodes per month. 
Multiple telangiectases of the hands, face, and oral cavity 
occur in similar percentages of patients, but the age at onset 
is generally later than for epistaxis  [62,63] . The prevalence of 
intestinal telangiectasia varies from 10% to 33%  [64]  in 
patients with HHT and occur anywhere in the gastrointestinal 
tract, most commonly in the stomach and upper duodenum. 
Approximately 25% of individuals older than 60 years present 
with melena or anemia. Bleeding tends to be slow but persist-
ent and may increase in severity with age  [65] . Pulmonary 
AVMs occur more frequently in patients with HHT1 com-
pared with HHT2 — 75% and 44%, respectively  [66] . They 
can occur as discrete lesions versus a diffuse pattern and are 
thought to be congenital and may enlarge over time  [67] . They 
may be asymptomatic for many years and present insidiously 
or dramatically with respiratory symptoms such as exercise 
intolerance, cyanosis or pulmonary hemorrhage, migraines, 
polycythemia, and clubbing  [68] . Approximately 30 – 40% of 
individuals with HHT who have pulmonary AVMs will 
have a CNS presentation with thrombotic and embolic events, 
such as stroke, brain abscess, or transient ischemic attacks, 
owing to right - to - left shunting that can occur even in the pres-
ence of near - normal pulmonary arterial oxygen tension  [69] . 
It is common for several adverse events to occur before a 
pulmonary AVM is identifi ed as the source of the CNS events 
 [69] . Pregnant women with untreated pulmonary AVMs are 
at high risk of pulmonary hemorrhage  [70] . Cerebral AVMs 
are thought to be congenital and occur more frequently in 
individuals with HHT1 compared with HHT2, 15 – 20% 
versus 1 – 2%, respectively  [66,71,72] . CNS lesions may present 
at any age with seizure, headache, or intracranial hemorrhage 
 [73] . In most patients with HHT, liver involvement remains 
clinically silent, but hepatic vascular lesions (shunts between 
portal hepatic artery and vein) can present as high - output 
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  Table 56.5    Clinical manifestations and management of patients with hereditary hemorrhagic telangiectasia. 

   Organ/system     Type of lesion     Sites     Clinical symptoms     Emergencies     Screening tool  
   Diagnostic 
modality     Treatment  a    

  Nose    Telangiectasia    Nasal mucosa    Epistaxis, iron -
 defi ciency anemia  

  Massive epistaxis    Medical history    Clinical 
examination  

  Humidifi cation, packing, 
antifi brinolytic therapy (EACA and 
tranexamic acid), pork salt chop 
sticks, topical estrogen/progesterone 
ointments, local cauterization, septal 
dermoplasty, laser, embolization of 
external carotid artery, iron therapy  

  Skin    Telangiectasia    Lips, tongue, 
palate, face, 
conjunctivitis, 
trunk, nail 
beds, fi nger pad  

  Cosmetic 
disfi gurement, 
bleeding (usually 
minor)  

  Nil    Medical history and 
clinical examination  

  Clinical 
examination  

  Topical agents, laser ablation  

  Lung    AVM    Often multiple; 
predilection for 
lower lobes  

  Asymptomatic, 
cyanosis, clubbing, 
migraine, cerebral 
abscess, embolic 
stroke, 
polycythemia, 
pulmonary 
hypertension  

  Massive hemoptysis, 
hypovolumic 
shock, 
hemothorax  

  Medical history, 
auscultation of bruit 
over chest, blood 
gas measurement, 
orthodeoxia  b  , pulse 
oximetry, chest 
X - ray  

  High -
 resolution 
helical CT 
scan, 
angiography  

  Transcatheter or stereotactic 
embolization of AVM, surgical 
resection of AVM, ligation of 
arterial supply of AVF, iron therapy 

 Note: Require infective endocarditis 
prophylaxis prior to dental and 
surgical intervention to reduce the 
risk of brain abscess  

  Central nervous 
system  

  AVM    Brain, spinal 
cord, meninges  

  Asymptomatic, 
headache, 
subarachnoid 
hemorrhage  

  TIA/ischemic stroke, 
hemorrhagic 
stroke, brain 
abscess  

  Medical history, 
auscultation of bruit 
over the skull  

  MRI/MRV/
MRA/CT 
scan  

  Neurovascular surgery, ligation of the 
feeding arery, stereotactic surgery, 
transcatheter embolization of the 
feeding artery, radiosurgery  

  Gastrointestinal 
tract (except 
liver)  

  AVM, 
telangiectases, 
angiodysplasias  

  Stomach, 
duodenum, 
small bowel, 
colon  

  Asymptomatic, 
bleeding, iron 
defi ciency anemia  

  Hematemesis, 
melena, 
hematochezia, 
hypovolumic 
shock, high 
output failure  

  Medical history, stool 
guiac examination 
for the occult blood  

  Endoscopy, 
angiography; 
CT scan  

  Blood transfusion, endoscopic 
application of photocoagulation, 
ethinyl estradiol/norethindrone, iron 
therapy for anemia  

  Hepatic    AVM, diffuse 
telangiectases  

  Liver parenchyma    Asymptomatic, portal 
hypertension, 
biliary disease  

  Hepatic 
encephalopathy  

  Medical history, 
auscultation of bruit 
over the liver, 
ultrasound color 
Doppler studies  

  CT scan, MRI/
MRV/MRA 
angiography  

  No intervention, liver transplantation 
only for life - threatening lesions  

  Reproduced with permission from Sharathkumar AA, Shapiro AD. Hereditary haemorrhagic telangiectasia.  Haemophilia  2008;  14 : 1269 – 80.   

   a In life - threatening emergencies ABC should be established fi rst.  

   b Greatest deoxygenation occurs in upright position.  

  AVM, arteriovenous malformation; CT, computed tomography, EACA,  ε  - aminocaproic acid.   
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heart failure, portal hypertension, biliary disease, and porto-
systemic encephalopathy  [74] . 

 AVMs have been described only rarely in other locations, 
including coronary arteries  [75,76]  and the vessels of the eye 
 [77] , spleen  [78] , urinary tract  [78] , and vagina  [79] .  

  Diagnosis 

 The initial diagnosis of HHT in a family relies on clinical 
examination, medical history, and careful family history  [53] . 
 De novo  mutations are rare and penetrance approaches 100% 
by the age of 40 years; hence, family history is critical. The 
diagnosis of HHT in children may be particularly diffi cult, 
especially if not previously established in the family. 

 Based on the multisystem nature of this disease, the initial 
evaluation once the diagnosis of HHT is established should 
include the following: 
  1     chest radiography, arterial blood gas measurements, fi nger 
oximetry, and contrast echocardiography remain important in 
screening persons with suspected pulmonary arteriovenous 
malformations. Contrast echocardiography to screen for 
intrapulmonary shunts and, if identifi ed, computed tomogra-
phy (CT) of the chest with 3 - mm cuts to characterize pulmo-
nary AVMs;  
  2     magnetic resonance imaging of the brain to screen for cer-
ebral AVMs;  
  3     auscultation for hepatic bruit and medical history for symp-
tomatic liver shunts; and  
  4     pulmonary angiography is required to plan treatments by 
interventional radiology or surgery when pulmonary AVMs 
requiring treatment are identifi ed.    

 The role of molecular testing for the diagnosis of HHT is 
limited because of the lack of common alleles or highly recur-
rent mutations, and locus heterogeneity. Furthermore, the 
presence of mutations in almost all coding exons of the two 
genes makes screening for mutations time - consuming and 
costly. In general, an individual who meets the clinical 
diagnostic criteria for HHT should be tested fi rst in each 
family to determine whether the family ’ s HHT mutation is 
identifi able. Genetic testing for HHT in relatives is not helpful 
unless a defi nitive mutation is detected in a clearly affected 
individual.  

  Management 

 In general, treatment of HHT is aimed at (i) control of local 
and systemic symptoms, (ii) surveillance for and of lesions, 
and (iii) measures to prevent complications associated with 
AVMs. 

 Multiple treatments for epistaxis have been employed, 
including cauterization, septal dermatoplasty, laser ablation, 
estrogen therapy, and transcatheter embolization of arteries 
leading to the nasal mucosa. Antifi brinolytic therapy has been 
used for the treatment of bleeding in this disorder  [80] . 

 Those with a pulmonary arteriovenous malformation 
should receive antibacterial prophylaxis at the time of dental 
or surgical procedures. Others who are affected or at risk and 
who have a family history of pulmonary arteriovenous mal-
formations should use prophylaxis until the possibility that 
such a malformation is ruled out. Pulmonary AVMs of more 
than 3   mm in size require intervention. Management of exten-
sive pulmonary AVMs has evolved from lobectomy to wedge 
resection to ligation of the arterial supply of the malformation. 
Transcatheter embolotherapy with detachable balloons or 
stainless - steel coils has also been used to close such malforma-
tions. Long - term follow - up of treated patients is important, 
as the interval growth of malformations may require subse-
quent intervention. In general, hepatic or CNS AVMs do not 
require intervention unless they are symptomatic. 

 It is important that persons with HHT be aware of their 
diagnosis and its implications; all healthcare providers involved 
in their care should be informed about the diagnosis. 
Educational materials for patients and providers are available 
from the HHT Foundation International ( www.hht.org ).   

  Conclusion 

 Miscellaneous rare bleeding disorders are a group of hetero-
geneous disorders that may present with a wide range of clini-
cal bleeding symptoms from mucocutaneous bleeding, bleeding 
after hemostatic challenge such as surgery, menorrhagia, 
bleeding with labor and delivery, and even catastrophic life -
 threatening hemorrhage. Diagnosis of these disorders requires 
careful clinical evaluation, detailed family history, knowledge 
of the disorders and their associated presentation and seque-
lae, and specifi c tests to substantiate the diagnosis. Quite 
often, immediate and accurate laboratory diagnosis may not 
be possible because of availability or limitations of diagnostic 
testing as is exemplifi ed by PAI - 1 assays. Hence, a high index 
of suspicion is required to provide optimal medical care. 
Therapeutic interventions should be administered only after 
careful consideration of the risk – benefi t ratio and not merely 
to treat an abnormal laboratory result. In the majority of 
instances, judicious use of hemostatic agents such as DDAVP, 
antifi brinolytic therapy, and rFVIIa can control bleeding 
symptoms. On rare occasions where catastrophic or refractory 
bleeding is encountered, blood component support may be 
required. Therapeutic interventions should be tailored to the 
specifi c defi ciency. For example, antifi brinolytics are utilized 
as primary hemostatic agents in PAI - 1 and  α  2  - PI defi ciency, 
whereas in specifi c inherited severe platelet function disorders 
platelet transfusions can be life - saving. New agents such as 
NovoSeven ®  offer an increased range of therapeutic options 
for these rare disorders in the absence of specifi c replacement 
products. The off - label use of rFVIIa as a pan - hemostatic 
agent has been increasingly described, including use in platelet 
function disorders. However, consideration of potential 
adverse events including thromboembolism should be kept in 
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mind and, therefore, limiting its use to appropriate circum-
stances is prudent. Patients affected with rare disorders should, 
whenever possible, be reported to national and international 
registries specifi c for the underlying disorder so as to accumu-
late much needed information that better defi nes the incidence, 
clinical manifestations, outcome of treatment, and long - term 
safety and effi cacy of hemostatic agent,s including NovoSeven ® .  

  Resources 

     •      North American rare bleeding disorders registry:  www.
haemophilia-forum.org/   
   •      International rare bleeding disorders registry:  www.hht.org; 
www.eds.org      
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     Patients with hemophilia A or B of all severities are at increased 
bleeding risk following injury of any origin. Even when proph-
ylaxis is being employed to reduce or eliminate hemarthroses 
in patients with severe or moderately severe hemophilia, a 
signifi cant portion of an individual hemophilic patient ’ s daily 
living is occurring with subphysiologic plasma levels of his 
missing clotting factor. Should he incur a major injury during 
these periods of nonoptimal levels of factor VIII or IX, he is 
at increased risk for life -  or limb - threatening bleeding, at a 
minimum analogous to that of a patient with mild hemophilia 
having a comparable injury. Hence, therapeutic strategies for 
treating life -  or limb - threatening injuries follow common prin-
ciples regardless of severity or whether the patient has hemo-
philia A or B. This chapter will review these therapies for 
injuries to vital organs and provide a guidance concerning key 
therapeutic issues such as duration of clotting factor replace-
ment and other acute care management strategies.  

  Central  n ervous  s ystem  b leeding 

 The most frequently encountered life - threatening event among 
the hemophilia population is intracranial hemorrhage. 
Supporting this conclusion is a recent report concerning inhib-
itor mortality reduction among patients with high - titer inhibi-
tors reported from the UK Haemophilia Centre Doctors ’  
Organisation database during the last decade of the twentieth 
century compared with the death rates for the aggregate hemo-
philia population during the prior two decades  [1] . Trauma is 
the inciting event for severe central nervous system (CNS) 
hemorrhage (intracranial or paraspinal) in hemophilia patients 
most commonly. However, it is well recognized that slowly 
evolving hemorrhages or hematomas that begin as inconse-
quential can be followed by recurrent bleeding in the area of 
the initial bleeding leading to a much greater neurologic 
impairment. Therefore, a bleed thought to have occurred 
spontaneously may well refl ect this scenario rather than a  de 
novo  event  [2,3] . Stated another way, spontaneous CNS 
bleeding in hemophilia, even among patients with a severe 

phenotype, appears to be rare. Exceptions may indicate the 
presence of an anatomic lesion, such as an arteriovenous mal-
formation or aneurysm. Besides trauma, other predisposing 
risk factors for intracranial hemorrhage include HIV infection 
accompanied by immune suppression, the presence of an 
inhibitor, and age  < 5 years or  > 51 years  [3] . All severities of 
hemophilia are at increased risk for CNS hemorrhage com-
pared with the normal population and even patients with  > 5% 
factor VIII or IX have an increased risk approaching 50% of 
those with severe disease.  

  Intracranial  h emorrhage 

 Compression from an increasing volume of blood inside the 
calvarium or spinal canal can rapidly induce a compression 
injury of the vulnerable neurons and glial cells. Depending on 
the location of the bleed, even small volumes of blood can 
induce such injury because of markedly constrained expansion 
capacity in these anatomic sites. Therefore, from a therapeutic 
standpoint, it is critical that a physiologic hemostatic potential 
through infusion of the missing factor be undertaken immedi-
ately when such a bleed is suspected — even before confi rming 
the presence of the bleed with diagnostic imaging. 

 Intracranial hemorrhage (ICH) can occur in the subdural 
space, the epidural/subarachnoid space, or the intraparenchy-
mal tissues  [4] . Bleeding at any of these three sites can cause 
rapid progression of symptomatology such as headache, later-
alizing neurologic dysfunction, or even acute - onset loss of 
consciousness. This results not only from the mass effect of the 
blood itself but also the accompanying infl ammation which 
induces brain swelling (Tables  57.1  and  57.2 )  [5] . The latter, 
in the worst case scenario, can lead to herniation of the brain-
stem and death. Conversely, rapid replacement with clotting 
factor concentrates may forestall most or all neurologic seque-
lae, as long as the restoration of physiologic hemostasis is of 
suffi cient duration to allow CNS vessel healing to occur. Even 
in the latter scenario, the risk for rebleeding at a proximal CNS 
site may always be higher than prior to the original hemor-
rhage    [6 – 10] . Further, intraparenchymal hemorrhages in par-
ticular can cause symptoms out of proportion to the size of the 
amount of hemorrhage  [11]     , particularly in young children 
with hemophilia. This is particularly true when bleeding occurs 
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at a brain locus essential for maintenance of vital organ func-
tioning such as the brainstem. 

 Since clinical outcome can be related to both the volume of 
brain injured and the duration of the bleeding - associated 
infl ammation (particularly morbid brain swelling), neurosur-
gical intervention to evacuate the hemorrhage may save the 
life of the person with hemophilia and/or preserve his or her 
long - term neurologic function  [10] . This, of course, requires 
adequate hemostasis during and following the surgical inter-
vention with suffi cient clotting factor replacement (or bypass-
ing activity in the case of a patient with a high - titer inhibitor). 
Strategies for insuring the adequacy of the hemostasis will be 
discussed in a following section (Clotting Factor Replacement)  . 
For comatose or incapacitated patients, airway protection, 
appropriate cardiovascular monitoring, and careful mainte-
nance of physiologic intracranial pressure are requisites for an 
optimal outcome    [12,13] . 

  Neonatal  c entral  n ervous  s ystem  h emorrhage 

 Intracranial hemorrhage in the newborn occurs most com-
monly following birth trauma  [11] . The use of forceps delivery 
or vacuum extraction to  “ facilitate ”  diffi cult vaginal delivery 
is particularly prone to result in ICH among hemophilic 
neonates  [14] . Kulkarni  et al. , in the largest review to date, 
cite an ICH incidence of 3.58%  [15] . Because approximately 
30% of male infants with hemophilia represent index cases in 
a family (because of  de novo  mutations), all males presenting 
at birth with diagnosed ICH should be suspected of having a 
congenital bleeding disorder such as hemophilia A or B. 
Confi rmation with transfontanelle ultrasonography should be 
done immediately. Concurrently, the neonate should be 
assessed with a coagulation work - up that includes, minimally, 
a prothrombin time (PT), activated partial thromboplastin 
time (aPTT), and platelet count. If the aPTT alone is abnor-
mal, a factor VIII (followed by factor IX assay should the 
former be normal) should be performed emergently to direct 
appropriate replacement therapy  [16,17] .   

  Spinal  h ematoma 

 Even though the treatment of choice for blood - induced spinal 
compression is neurosurgical decompression, in patients with 
hemophilia rapid infusion of clotting factor replacement at 
the fi rst symptom of pain may obviate the need for surgery. 
Rapid stanching of bleeding may prevent progression to 
sensory and motor nerve compromise  [18] . In addition, reple-
tion of the missing clotting factor may prevent later spinal 
deformities when such bleeds occur in young children  [19] . In 
some instances, when unequivocal neural compromise is 
present, a laminectomy to decompress the cord may be una-
voidable. In the latter scenario, a carefully monitored clotting 
factor replacement strategy, similar to that required for neu-
rosurgery, to treat ICH is mandatory. This treatment should 

  Table 57.1      High - risk hemorrhagic events for acute morbidity or 
mortality in hemophilia  A  or  B   [5] . 

  Central nervous system hemorrhage  
  Intracranial hemorrhage  
  Paraspinal hemorrhage  
  Soft - tissue hemorrhage predisposing to airway impingement  
  Retropharyngeal hemorrhage following mandibular molar 

extraction leading to hemorrhage along facial planes  
  Neck hematoma associated with dissection  
  Tracheal hemorrhage following airway instrumentation  
  Large tongue hematoma  
  Gastrointestinal bleeding  
  Hematemesis from esophageal injury or ulceration of gastric or 

duodenal mucosa  
  Hemorrhage from ruptured esophageal varix (varices)  
  Hematochezia or melena from bleeding telangiectasia polyps, etc.  
  Ruptured abdominal organ or capusular hematoma of abdominal 

viscus  
  Splenic rupture, kidney capsular rupture, liver laceration  
  Hematoma of bowel wall  
  Ruptured appendix  
  Ruptured pelvic or abdominal pseudotumor  
  Acute compartment syndrome  
  Hematoma impingement of nerves, vasculature of extremities  
  Hemorrhage in or around the eye  
  Hyphema  
  Vitreous hemorrhage  
  Hematoma following orbital fracture  

  Table 57.2      Guidelines for acute management of severe hemorrhage 
in hemophilia  A  and  B   [5] . 

  Assure adequate airway, breathing, and circulation by assessing 
respirations, pulse, and blood pressure (basic cardiopulmonary 
resuscitation guidelines)  

  Attain venous access as expeditiously as possible  
  Infuse appropriate factor VIIII (hemophilia A) or factor IX 

(hemophilia B) at a dose calculated to achieve physiologic levels 
immediately [50   U/kg body weight factor VIII or 100 – 120   U/kg 
high - purity factor IX (70 – 80   U/kg of prothrombin complex 
concentrate if high - purity factor IX is unavailable), respectively]  

  Obtain computed tomography scan, ultrasound, or other imaging 
studies as indicated to ascertain bleeding site/source  

  Request consultation from appropriate physician consultant for 
bleeding site, e.g., ophthalmologist for bleeding in/around the eye  

  Hospitalize  
  Monitor factor VIII/IX levels (for hemophilia A/B, respectively) on 

a frequent basis to maintain level in the mid - physiologic range  
  Continue with frequent bolus or continuous clotting factor 

infusions adjusted according to measured factor VIII/IX plasma 
levels until the acute bleeding event has resolved. Factor VIII/IX 
dosing may be adjusted downward as the risk for further 
bleeding is substantially reduced  

  Examine the patient following hospitalization to ensure that any 
sequelae receive appropriate long - term care  
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continue for a minimum of 10 – 14 days, even when laminec-
tomy is avoidable  [20] . As with ICH, suspicion that bleeding 
is compressing the spinal cord requires rapid clotting factor 
replacement, even before imaging studies to confi rm the mor-
bidity are undertaken. Once imaging studies are performed, 
which verify the presence of blood in the spinal canal, the 
hemophilic patient needs to be admitted to a critical care unit 
to insure that hemostasis is adequate for the required dura-
tion — even when symptoms rapidly remit.  

  Clotting  f actor  r eplacement: 
 r ecommendations for the  t reatment of 
 c entral  n ervous  s ystem  b leeds 

 Three basic principles defi ne strategies for adequate hemosta-
sis replacement therapy for central nervous system bleeding: 
  1     Infuse enough factor VIII or IX concentrates for hemophilia 
A or B, respectively, to achieve a measured recovery of 
approximately 100%. For patients with inhibitors (discussed 
in greater detail in Chapters    9 ,  10  and  11 ), dosing is less 
precise but should aim for the maximum demonstrated safe 
dose for the respective bypassing agent.  
  2     Infuse FVIII or IX often enough to insure that nadir levels 
are at the low end of physiologic levels (50% minimum for 
FVIII, perhaps slightly lower for FIX if the patient is older and 
felt to be at increased risk of deep vein thrombosis).  
  3     Obtain  in vivo  measurements of FVIII or IX levels as fre-
quently as required to ensure that these minimal physiologic 
levels are consistently achieved.    

 In patients with hemophilia A, a dose of 50   U/kg factor VIII 
initially then every 8 – 12   h will typically achieve these levels in 
a patient with severe disease. If surgery is required, the second 
dose may need to be given earlier than this because clearance 
is typically greater because of perioperative hemostatic require-
ments. Once the clearance has returned to steady state (which 
may occur after the initial dosing when surgery is not needed), 
both less frequent and lower dosing may be needed to keep 
the levels in the physiologic range. There is  no  substitute for 
measuring the factor VIII level to ascertain how to appropri-
ately adjust dosing. 

 For patients with hemophilia B, dosing will likely need to 
be product - type specifi c. When recombinant factor IX is 
infused, an initial dose of 120   U/kg followed by adjusted 
dosing based on whether or not surgery is needed (see above, 
Inhibitors to factor VIII, Chapters    9 ,  10  and  11   ). Once clear-
ance is close to steady state, dosing frequency will likely need 
to be every 18 – 24   h  [5] .   If high - purity plasma - derived concen-
trates are administered, a loading dose of approximately 
100   U/kg followed by a similar factor IX level directed follow -
 up dosing schedule as with recombinant may be employed  . 
Plasma - derived prothrombin complex concentrates (PCCs) 
should not be used for managing these patients if either of the 
above concentrates are available because of a demonstrably 
greater risk for excess clotting and even disseminated intra-

vascular coagulation. If a PCC is all that is available, an initial 
dose of 80 – 100   U/kg is reasonable, but subsequent dosing 
should be reduced compared with the above recommendations 
because of the thrombotic risks. Data using these products 
suggest dosing to achieve nadir levels of 30 – 40% may provide 
a safe window that balances bleeding and thrombotic risks 
 [21] . In addition to monitoring factor IX levels, platelet count, 
PT, aPTT, fi brinogen and a fi brinolytic marker such as D - dimer 
should be monitored when PCCs are used in this context to 
monitor for any insidious thrombotic potential. 

 Alternative strategies for providing hemostatic coverage for 
patients with CNS hemorrhages, including continuous infu-
sion of either factor VIII or IX, are discussed elsewhere 
(Chapter  6   ). As with any major surgery or life - threatening 
event, this alternative has the advantage of more consistent  in 
vivo  levels but the potential disadvantage that temporary 
interruption of the infusion (such as might occur with infi ltra-
tion of the infusion line) may lead to bleeding. These need to 
be balanced for each individual circumstance. 

 The duration necessary to achieve an optimal clinical 
outcome varies with the injury, whether or not neurosurgery 
is required, and other confounding factors such as whether 
the patient has had any antecedent CNS bleeding that may 
indicate a high predisposition for recurrence. Regardless, the 
propensity for rebleeding to occur following ICH, for example, 
appears to be signifi cant. This is particularly true if hemostatic 
replacement is discontinued prematurely  [22] . For this reason, 
many hemophilia experts advocate a long - term prophylaxis 
regimen for children and adults who have had a large ICH. 
This strategy is consistent with observations that neovascu-
larization in areas of the brain affected by hemorrhagic stroke 
may, for quite some time, result in fragile vessels that may 
bleed with a minimal insult. The duration of any secondary 
prophylaxis (distinct from that in individuals already on 
primary prophylaxis who would presumably return to this 
regimen once the intensive event - associated replacement 
therapy is complete) will depend on many factors, such as 
availability of factor concentrates, severity of injury and asso-
ciated conditions, patient willingness to adhere to the regimen, 
and rehabilitative regimens  [5] . 

  Neurosurgical  m anagement of  a cute  c entral 
 n ervous  s ystem  e vents in  p atients with 
 h igh -  t iter  i nhibitors 

 Appropriate dosing of bypassing agents for major hemor-
rhagic events or emergency surgery are discussed in Chapters 
 23  and  24  (FEIBA and rFVIIa).   As noted there, an invariably 
reliable hemostasis for such dire circumstances is problematic 
when such an antibody against factor VIII or IX is present. 
Nonetheless, effective hemostasis for both CNS events and the 
accompanying necessary surgery has been demonstrated in 
many such circumstances  [23] . Establishing a treatment plan 
prospectively for any high - titer inhibitor patient who may, at 
some point, incur a brain or spinal cord injury based on his 
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known responsiveness to either bypassing agent is probably a 
sound strategy. Further, careful serial monitoring of his inhibi-
tor titer may indicate when, if ever, very large doses of either 
factor VIII (hemophilia A) or IX (hemophilia B) might be 
utilized initially for a temporarily low titer. The use of these 
factors in such circumstances before anamnesis occurs allows 
one to demonstrate an adequate measurable  in vivo  level 
for the critical period of time immediately following injury. 
Once the inevitable anamnesis does occur, bypassing agents 
can be utilized for the duration of the convalescent period. 
In rare life - threatening circumstances, a combination of 
bypassing agents and factor replacement may be required to 
achieve hemostasis. The risks of combining such agents in 
such events are justifi ed when all other efforts to stop bleeding 
has failed.   

  Non -  c entral  n ervous 
 s ystem -  e mergent  e vents 

  Injury in  p roximity to the  a irway 

 Although CNS injury represents the most commonly observed 
extreme debility or life - threatening injury state in patients 
with hemophilia, bleeding that has the potential to lead to 
airway obstruction may represent the most emergent  [16] . 
Extreme trauma may produce suffi cient bleeding to immedi-
ately compromise the patency of the trachea. On the other 
hand, the period from injury to acute airway compromise may 
be long (hours, or even days). However, the evolution to criti-
cality may then be rapid once the patient begins experiencing 
dyspnea. This symptom implies signifi cant compromise of the 
tracheal lumen indicating that further bleeding has the imme-
diate potential to progress to asphyxia. Therefore, hemostatic 
therapy at this stage may need to be administered concurrently 
with surgical preparation for tracheostomy. Therefore, there 
is no substitute for early bleed recognition and rapid replace-
ment to forestall this extreme intervention  [24] . 

 Neck injuries or retropharyngeal dissecting hematomas 
(particularly following molar oral surgery) along facial planes 
of the neck are the most likely initiating events for tracheal 
compression from hemorrhage. In rare circumstances, an early 
sign of a bleeding event with the potential to progress to 
airway compression is facial swelling  [25] . In addition, swell-
ing of the tongue owing to unrecognized injury to the lingual 
artery may progress to a suffi cient mass to block the posterior 
pharynx  [26] . To prevent the risks of oral maxillofacial 
surgery producing such bleeding in a patient with hemophilia, 
adequate clotting factor replacement therapy (to normal phys-
iologic levels of approximately 100%) is essential  [27] . 
Accordingly, alternative anesthesia to alveolar nerve block for 
dental surgery will decrease the likelihood of such events. 
Clearly, prior consultation between the hemostasis expert and 
the otolaryngologist is necessary to reduce the risks for morbid 
bleeding in these circumstances. If airway risks are deemed 

high or any symptoms of airway compromise are present, 
anesthesia expertise is also needed. 

 After the initial dose of clotting factor has been adminis-
tered, follow - up infusions frequent enough to maintain 
physiologic levels of factor VIII or IX, respectively, or continu-
ous infusion are required, as is frequent monitoring of the 
factor VIII/IX level. This should be continued until all neck 
swelling has resolved and/or the surgical wound shows clear 
signs of healing. Typically, these life - threatening bleeding epi-
sodes will require the patient to be hospitalized in a critical 
care unit until the risks are controlled and to undergo inpa-
tient hemostatic management for at least 1 week. If the patient 
was not receiving prophylaxis prior to the injury or surgery, 
a several - week course of outpatient secondary prophylaxis 
may be prudent until the wound is completely healed.  

  Gastrointestinal  h emorrhage 

 Bleeding in hemophilia patients can occur from any gut site 
from the esophagus to the anus. A review by Mittal  et al.  of 
41 episodes of gastrointestinal (GI) hemorrhage in patients 
with hemophilia cited duodenal ulcer (22%) and gastritis 
(21%) as the most frequent anatomic sites  [28] . Yet, in another 
22% no source was identifi ed. In a separate series, Mallory –
 Weiss syndrome (injury to the mucosa of the esophagus, some-
times related to severe coughing) was cited as a cause of GI 
hemorrhage in hemophilia patients  [29] . 

 When bleeding is from the lower GI tract, as indicated by 
melena in a patient with hemophilia, clotting factor replace-
ment is almost always required to stop the bleeding, regardless 
of the source. Accordingly, a vigorous attempt to identify a 
source using colonoscopy, imaging, or both should follow 
initial replacement, particularly in adult patients where the 
risk for colon cancer is not insignifi cant. Usually when the 
bleeding is mild or moderate, replacement therapy alone suf-
fi ces unless an anatomic lesion requiring resection is identifi ed 
 [30] . When the amount of blood loss is copious, providing 
immediate clotting factor replacement to physiologic levels is 
crucial, followed when the bleeding fails to stop, with the 
appropriate diagnostic measures. The needed interventional 
therapy is directed by a gastroenterologist. 

 Age considerations are also important. In a neonate, melena 
or hematochezia may represent the initial bleeding event in a 
 de novo  presentation of a hemophilia phenotype  [31] . By 
contrast, among adult patients with hemophilia and concomi-
tant hepatitis C infection and cirrhosis, acute bleeding from 
esophageal varices may be life threatening  [32,33] . In this 
instance, immediate hemostatic replacement therapy may need 
to be followed by gastroenterologic intervention (e.g., tran-
sjugular intrahepatic portosystemic shunt). Once the venous 
pressure in the varices is reduced by such a procedure, follow -
 up infusions of physiologic doses of clotting factor will be 
needed to allow the requisite repair to occur. 

 On occasion, patients with varices or other manifestations 
of chronic liver failure will have their hemostatic course 
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complicated by the accompanying defi ciencies of other liver - 
produced clotting factors. Particularly vulnerable to impaired 
synthesis are the vitamin K - dependent serine proteases II, VII, 
IX, and X. When these are superimposed on both the hemo-
philia (in particular factor VIII defi ciency) and the dilated 
veins, the patient is at very high risk for life - threatening bleed-
ing. In addition to the above therapeutic strategies, replace-
ment of the acquired defi ciencies must be undertaken as well. 
Replacement with either fresh - frozen plasma or prothrombin 
complex concentrate may be required. The latter must be 
administered judiciously because of the additional possibility 
of a concomitant thrombosis risk. 

 Massive melena rarely has hemophilia as the primary etiol-
ogy. Vascular lesions such as arteriovenous malformations or 
bleeding telangiectasias are often the etiologies for such 
massive blood loss from the lower GI tract  [34] . Clotting 
factor replacement initially allows the necessary interventional 
diagnostic/therapeutic procedure to be performed, and follow -
 up infusions are then needed until healing unassociated with 
occult GI hemorrhage is achieved. The duration will depend 
also on whether abdominal surgery is required to remove the 
source of the hemorrhaging.   

  Bleeding from  o rgan  r upture or 
 h ematoma of an  a bdominal  v iscus 

 Evolving  intraperitoneal  hemorrhage caused by blunt abdomi-
nal trauma and associated with massive blood loss can, 
particularly among patients with hemophilia, lead to  exsan-
guination.  Typically, a history of recent trauma is present  [34] . 
Rarely among the hemophilia population, however, are 
reports of bleeding within a viscus evolving to organ rupture 
 without demonstrable trauma   [35,36] . 

 It would appear that the circumstances under which this 
occurs are very rare. However, mild previous traumatic insults 
may induce low - grade bleeding that becomes recurrent within 
the confi nes of the organ. Encapsulated abdominal organs in 
which this insidious and progressive hemorrhaging have been 
described include the spleen, liver, kidneys, bowel wall, and 
pancreas. When the bleeding does not tamponade, the pres-
sure from the expanding hematoma may become suffi ciently 
high to induce rupture of the capsule and extreme acute 
blood loss  [37] . When the event occurs within the wall of 
the gut there may also be the risk of gut obstruction prior to 
actual rupture  . Abdominal pain (or abdominal distension in 
neonates)  [38]  may be the only symptom. Certainly, any 
history of recent abdominal trauma, no matter how mild, in 
a patient with hemophilia should arouse suspicion, probably 
justify immediate infusion and, without quick resolution of 
the pain, necessitate imaging with ultrasound or computed 
tomography (CT) to identify the presence of a hematoma. 

 When the presence of such a hematoma is not suspected or 
if replacement therapy was of insuffi cient dose or duration 
following diagnosis, a real risk for rupture exists. When that 

happens blood loss can be very large, shock can ensue, and 
cardiac arrest can follow quickly. Resuscitation with volume 
expansion, packed red blood cells and factor replacement are 
required invariably and, in many instances, laparotomy may 
represent the only mechanism to stanch the bleeding. The 
latter may be necessary to remove the bleeding organ (e.g., 
splenectomy)  [39,40]  or to repair it (liver, kidney, or bowel 
wall)  [35] . Early infusion of clotting factor may pre - empt the 
expansion of the hematoma and forestall surgery in emergent 
circumstances  [41] . 

 Although hematomas of the psoas and obturator muscles 
represent fairly common bleeding manifestations among 
patients with severe hemophilia, rarely is the bleeding suffi -
cient to cause a signifi cant drop in hemoglobin. Typically, the 
bleeding will tamponade. Nonetheless, bleeding can be signifi -
cant enough to compress sacral nerves, causing signifi cant 
pain and immobility  [42] . Clotting factor replacement and 
physical therapy by experts in managing hemophilia patients 
remain the mainstay of therapy for this bleeding event. Rarely 
is surgery required unless there is evolution to a pseudotumor 
(see Chapter  29 ). (surgical/orthopedic chapter that discusses 
psuedotumors  ) 

 When an individual with hemophilia experiences a rupture 
of his appendix, it may be diffi cult to differentiate from pseu-
dohemophilia, which is a small hematoma of the intestinal 
wall in the area of the right lower quadrant. Either may be 
associated with no apparent antecedent trauma  [43] . Modern 
imaging techniques should readily distinguish between the two 
entities  [41] . In either instance early replacement therapy is 
essential, even if abdominal surgery is not contemplated imme-
diately  [38] .  

  Symptoms of  n erve  c ompression or 
 c ompartment  s yndrome 

 There is a risk for permanent peripheral neurologic debilita-
tion when hemophilic bleeding in a closed anatomic compart-
ment continues until the vascular or neurologic bundles are 
compromised. This morbidity, occurring in proximal or distal 
extremities, is known as a  “ compartment ”  syndrome and typi-
cally is a consequence of either local trauma or iatrogenically 
induced bleeding. Examples of the latter include aborted 
attempts at arterial cannulation or venipuncture (particularly 
among neonates and small infants). Symptoms begin as swell-
ing and engorgement and, if the bleeding continues into the 
confi ned space, progress to paresthesia or even paresis, arterial 
compression, loss of pulse, and a cold extremity. 

 As with suspected CNS hemorrhage, early recognition fol-
lowed by aggressive clotting factor replacement can prevent 
this evolution of morbidity. In those instances when the 
injured extremity is clearly cooler and paler than the contral-
ateral one, surgical  fasciotomy  may be necessary. However, 
fasciotomies in patients with hemophilia are fraught with risk 
for protracted bleeding even when prior replacement therapy 
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IX levels are normal. Laboratory assessment for such second-
ary fi brinolysis is therefore indicated. When present, concur-
rent therapy with a fi brinolytic inhibitor such as  ε  - aminocaproic 
acid or tranexamic acid may also be needed. Further, surgical 
resection/evacuation of the remnants the tumor may be needed 
for healing to occur.  

  Conclusion 

 Life - threatening bleeding is uncommon in patients with hemo-
philia. When such bleeding occurs it is often the result of an 
injury that would induce severe bleeding even in an individual 
without an underlying bleeding disorder. For the hemophilic 
patient, however, restoration of the plasma level of the missing 
procoagulant (VIII or IX) to normal is essential in such cir-
cumstances so that other necessary medical interventions to 
treat the injury do not compound the hemorrhagic state. In 
terms of priority, only the removal of an acutely injurious 
agent or cardiopulmonary resuscitation take precedent over 
clotting factor replacement in an injured individual with 
hemophilia. This is true regardless of the severity of the hemo-
philia. Further, initial clotting factor replacement must be 
followed by recurrent dosing or continuous administration 
until suffi cient healing has occurred. Simultaneous laboratory 
measurement to insure adequate  in vivo  levels should be done 
if at all possible. There also may be special medical manage-
ment that is required to treat the specifi c injury or disease 
state. For these, the expertise of the appropriate medical spe-
cialist should be sought. Knowledge of the specialized hemo-
static management required in such scenarios and prior 
discussion of how to proceed in the respective circumstance 
can help to assure a good clinical outcome when these daunt-
ing events do happen.    
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  Introduction 

 Hemophilia is a congenital life - threatening disorder character-
ized by spontaneous and post - traumatic bleeding events in 
joints, muscles, and other soft tissues. These manifestations, 
when not prevented, inexorably lead to severe pain, arthropa-
thy, and disability with detriment of quality of life (QoL). The 
modern management of hemophilia has visibly infl uenced not 
only clinical symptoms, orthopedic outcome, and survival of 
patients, but also their perceived QoL  [1] . 

 Nevertheless, other concerns continue to challenge hemo-
philia management: the perceived threat of contaminating 
viruses or prions from replacement factor concentrates and 
the risk of development of inhibitory antibodies. 

 All these characteristics of hemophilia care require the 
expenditure of a huge amount of human and economic 
resources, in a time of increasing economic and personnel 
limitations  [2,3] . These staggering costs must be considered in 
the context of not only morbidity and mortality but also QoL. 

 Improvement of patient ’ s well - being and QoL has always 
been one of the goals of healthcare professionals and is indeed 
more and more regarded as one of the most relevant health 
outcome measures in medicine  [4] . Health outcome data are 
essential to optimize treatments and to allocate resources in a 
cost - intensive chronic disease such as hemophilia where tradi-
tional outcome measures such as mortality are far less germane 
owing to the effi cacy of therapy.  

  Quality of  l ife 

 Several defi nitions, ranging from operational to more philo-
sophical approaches, are available and well accepted in the 
international QoL fi eld  [5] . 

  Defi nition of  q uality of  l ife 

 A general defi nition of QoL was provided by the World Health 
Organization (WHO):  “ Individuals ’  perceptions of their posi-

tion in life in the context of culture and value systems in which 
they live, and in relation to their goals, expectations, stand-
ards, and concerns ”   [6] . In medicine, the term QoL much 
more implies how the disease or the treatment is affecting the 
different aspects of life. Therefore, the term  “ health - related 
quality of life ”  was created:  “ Health - related quality of life 
(HR - QoL) is a multidimensional construct pertaining to the 
physical, emotional, mental, social and behavioral compo-
nents of well - being and function as perceived by the patients 
and/or observers ”   [7] . HR - QoL is infl uenced not only by a 
disease and its treatment but also by personal characteristics 
such as coping or internal locus of control as well as by living 
conditions and socioeconomic status.  

  Issues  c oncerning  q uality of  l ife 

 Quality of life assessment is considered an important outcome 
measure in medicine from (i) an epidemiologic perspective 
describing the well - being and function of patients, (ii) a clini-
cal perspective evaluating treatment intervention effects on 
well - being, and (iii) a health economics perspective, where 
analyses of quality and cost of care are associated. 

 Quality of life research is based on different theoretical 
models such as the concept of satisfaction, social comparison 
approaches, expectation models as well as the so - called needs 
models. A widely used utility measure is the patient preference 
measure assessing the importance attributed to different health 
status conditions. One of the most important issues in QoL 
assessment is the direct perception of patients. It is well known 
that observers overestimate some aspects of QoL of patients, 
whereas psychological aspects are often underestimated. It is 
recommended to use self - rated measures — so - called subjective 
measures — in which the patient is directly questioned  [8] . 
Other rated measures, or  “ proxy ”  measures, are used in young 
children or patients who are unable to answer (e.g., mentally 
impaired patients). In this case, parents or other care - givers 
related with the patient should be asked. 

 In QoL assessment, instruments for use in adults and those 
for use in children are distinct. The ability to assess QoL in 
children with chronic conditions has increased in recent years, 
but it is still in need of development for the majority of pedi-
atric health conditions. QoL assessment in children should 
involve the parents ’  perception of children ’ s QoL as well as 
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the parents ’  rating of their own QoL. It should also include 
perceptions of the siblings. These instruments for children 
should be especially developed considering age groups and 
developmental status. With small children, the parents ’  reports 
of children ’ s well - being are necessary, while with grown - up 
children the comparison between children ’ s and parents ’  per-
spectives turns out to be of interest in itself  [9] .  

  Development of  q uality of  l ife  i nstruments 

 For the construction of a new QoL instrument different steps 
must be considered: (i) development, (ii) translation (for inter-
national use), (iii) testing, and (iv) norming  [10] . An instru-
ment should be developed by specifying measurement goals 
by generating responses from focus groups (healthcare profes-
sionals and patients). Subsequently, items should be pretested 
and patients should be asked about how they understood each 
single item (cognitive debriefi ng). After item review and reduc-
tion, the questionnaire can be pilot - tested in order to examine 
its feasibility. In international studies the questionnaire must 
be translated in the respective languages following interna-
tionally recommended translation rules  [11]  with forward and 
backward translations. 

 Different approaches for the international scale develop-
ment include (i) a sequential approach, in which the instru-
ment is originated in one country and then translated into 
other languages, (ii) a parallel approach, in which the instru-
ment is developed in parallel in different countries with 
common dimensions and items, and (iii) a simultaneous 
approach, in which the items are identifi ed nationally and then 
translated into English  [12] . 

 The questionnaire must then be psychometrically tested 
with respect to reliability, validity, and responsiveness. 
Reliability is an indicator of the reproducibility of an instru-
ment and refers to how consistently and accurately test scores 
measure a construct. It can be examined with the internal 
consistency coeffi cient (Cronbach ’ s alpha), an indicator of 
the extent to which the items are interrelated; longitudinal 
consistency is usually measured with the test – retest reliability, 
based upon analysis of correlations between repeated meas-
urements, or with the intraclass correlation (ICC)  [13] . 
Validity testing examines whether an instrument measures 
what it intends to measure. Construct validity gives informa-
tion about the theoretical relationship of the items to each 
other and can be examined in terms of convergent validity 
(comparing new items with other similar well - established 
questionnaires) and discriminant validity (differentiating clini-
cal subgroups of patients). Responsiveness is the ability of a 
scale to detect changes over time and therefore can be tested 
only in longitudinal studies. Finally, the questionnaire should 
be normed  [14]  through the application of a scale to a repre-
sentative sample of the national population in order to obtain 
information about age, gender, and others. Guidelines on the 
development of QoL questionnaires have been published 
 [12,15] .   

  Measures of  q uality of  l ife 

 For the assessment of QoL, individual measurements, such as 
interviews and psychometrically constructed questionnaires, 
have been developed over the past 30 years. They are repre-
sented by one - dimensional measures that assess just one 
dimension of QoL (index, summary) and multidimensional 
measures that assess several dimensions of QoL. At the begin-
ning, only generic instruments were available. These were 
followed by the development of disease - specifi c measures. 

  Generic  i nstruments 

 Generic instruments can be used irrespective of a specifi c 
disease type and even in the general population. A short 
description of the most frequently used generic questionnaires 
is categorized by instruments for children versus instruments 
for adults. 

  Generic  i nstruments for  a dults 

 The Medical Outcomes Study 36 - Item health survey (SF - 36) 
 [16]  is the most widely used generic questionnaire, translated 
and validated in several languages. The SF - 36 consists of 36 
items covering eight dimensions of general health status, 
namely physical functioning, role - physical, bodily pain, 
general health, vitality, social functioning, role - emotional, and 
mental health. 

 The Sickness Impact Profi le (SIP)  [17]  is another measure 
assessing the perceived health status and consists of 136 items. 

 With the Nottingham Health Profi le (NHP)  [18]  emotional, 
social, and physical distress is assessed. The questionnaire 
consists of 38 items pertaining to the dimensions covering 
sleep, pain, emotional reactions, social isolation, physical 
morbidity, and energy level. 

 The EuroQol (EQ - 5D)  [19]  validated in many languages 
asks fi ve questions about mobility, self - care, usual activities, 
pain/discomfort, and anxiety/depression, followed by a global 
question concerning the actual health status, providing an 
utility score. 

 The World Health Organization Quality of Life assessment 
questionnaire (WHOQoL)  [20]  assesses respondents ’  percep-
tion and subjective evaluation of various aspects of life. The 
WHOQoL consists of six domains (physical, psychological, 
level of independence, social relationships, environment, spir-
ituality/religion/personal beliefs) with overall 100 items. A 
short - form version with 26 items has also been developed.  

  Generic  i nstruments for  c hildren 

 Several instruments have also been developed for the assess-
ment of QoL in children. Most of these measures have been 
validated only on a national level. One of those instruments 
validated in different languages is the Child Health 
Questionnaire (CHQ)  [21] , which assesses QoL in children 
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from the parents ’  perspective. It consists of several subdimen-
sions such as  “ general health perceptions, ”   “ physical func-
tioning, ”  and  “ mental health. ”  

 Another psychometrically tested instrument translated in 
several languages is the KINDL questionnaire, originally 
developed for the assessment of QoL in the general pediatric 
population. The KINDL is available as a self - administered and 
as a proxy version for three age groups (4 – 7, 8 – 12, and 13 – 16 
years of age) and consists of 24 items pertaining to six dimen-
sions (physical function, psychological well - being, self - esteem, 
family, friends, and school) and an additional chronic generic 
dimension  [22] . 

 The PedsQL has been developed in the USA  [23]  and has 
been translated into over 20 languages. The PedsQL consists 
of 23 items and is available as self -  and parent - report forms 
for four age groups (2 – 4, 5 – 7, 8 – 12, and 13 – 18 years).   

  Disease -  s pecifi c  i nstruments 

 Although generic instruments allow a comparison of the inves-
tigated patient population with other patient groups or with 
the general population, they are not able to provide a clear 
pattern of symptoms or impairments related to a specifi c 
disease and are not sensitive enough to treatment conse-
quences. For this reason, disease - specifi c measures are espe-
cially developed for the assessment of QoL in patients with a 
specifi c health condition, such as cancer, metabolic, or cardio-
vascular diseases as well as respiratory, neurologic, psychiat-
ric, and rheumatologic conditions  [24] . Only in the last decade 
have disease - specifi c QoL instruments been developed for chil-
dren and adults with hemophilia in different countries  [25] . 

  Hemophilia -  s pecifi c  i nstruments for  c hildren 

 The fi rst hemophilia - specifi c questionnaire (Haemo - QoL)  [26]  
was developed for hemophilic children and their parents with 
a parallel approach in six European countries (Germany, 
France, Italy, Spain, the Netherlands, UK). The Haemo - QoL 
is available as a self - administered questionnaire for children 
of three age groups (4 – 7, 8 – 12, and 13 – 16 years of age) as 
well as respective proxy versions for their parents. The ques-
tionnaire was validated in 339 children from 20 hemophilia 
centers  [27] . The psychometric structure of the questionnaire 
showed acceptable psychometric properties for the three age -
 group versions as well as the accompanying parent forms. 
Different versions exist for various study purposes (long ver-
sions, short versions, and index version)  [28] . The Haemo -
 QoL has been linguistically validated up to now in 32 languages 
 [29] , which can be downloaded from the Haemo - QoL website 
( www.haemoqol.org ); further languages are currently under 
development. 

 Another hemophilia - specifi c questionnaire for children is 
the Canadian Hemophilia Outcomes — Kids Life Assessment 
Tool (CHO - KLAT)  [30] , which was developed to include the 
perspectives of children with hemophilia. The CHO - KLAT is 

available for children of 5 – 18 years of age and includes parent -  
and self - report forms. The questionnaire consists of 35 items 
and has a single summary score representing overall QoL 
based on questions regarding treatment, physical health, 
family, future, feeling, understanding of haemophilia, other 
people and friends, and control over your life. Psychometric 
testing in 52 children revealed good to very good values for 
test – retest reliability and inter - rater reliability and showed 
good convergent validity, but no discriminant validity  [31] . 
Additional languages such as Dutch, French, German, Spanish, 
and Mandarin are available. 

 The QoL questionnaire for young patients was developed 
in the USA and is only available as a proxy instrument for 
parents of hemophilic children aged 2 – 6 years  [32] . The ques-
tionnaire consists of 39 items pertaining the following nine 
domains:  “ somatic symptoms, ”   “ physical functioning, ”   “ sleep 
disturbance, ”   “ stigma, ”   “ social functioning, ”   “ fear, ”   “ resent-
ment/reaction, ”   “ energy level, ”   “ mood/behavior, ”  and 
 “ restrictions. ”  The questionnaire has been validated in 103 
parents of hemophilic children and 249 parents of healthy 
controls and psychometric characteristics revealed good values 
for reliability in terms of internal consistency as well as moder-
ate values for convergent and discriminant validity.  

  Hemophilia -  s pecifi c  i nstruments for  a dults 

 The fi rst hemophilia - specifi c QoL questionnaire for adults is 
the Hemofi lia - QoL  [33] , which was originally developed in 
Spain. It consists of 36 items assessing nine domains ( “ physi-
cal health, ”   “ daily activities, ”   “ joint damage, ”   “ pain, ”   “ treat-
ment satisfaction, ”   “ treatment diffi culties, ”   “ emotional 
functioning, ”   “ mental health, ”   “ relationships and social activ-
ity ” ). The Hemofi lia - QoL has been validated in 121 adult 
patients and psychometric characteristics were acceptable in 
terms of reliability (internal consistency, test – retest) and valid-
ity (concurrent and discriminant)  [34] . 

 The Haem - A - QoL  [25,35]  was originally developed in Italy, 
which consists of 46 items pertaining to 10 dimensions 
( “ physical health, ”   “ feelings, ”   “ view, ”   “ sport and leisure 
time, ”   “ work and school, ”   “ dealing, ”   “ treatment, ”   “ future, ”  
 “ family planning, ”   “ relationship ” ) and a total score. The 
questionnaire has been validated in 233 adult hemophilia 
patients and showed quite good reliability values in terms of 
internal consistency and test – retest reliability as well as for 
validity (convergent, discriminant). The Haem - A - QoL has 
been linguistically validated in 32 languages  [29] , and further 
languages are currently being translated. The Haem - A - QoL 
has a core instrument with 27 shared items with the pediatric 
Haemo - QoL that allows a comparison between HR - QoL of 
adults and children. A specifi c version of the Haem - A - QoL 
has been developed for elderly patients. 

 The MedTap questionnaire (Haemo - QoL - A) was developed 
in the USA, Canada, Spain, and Germany  [36] . The question-
naire consists of 41 items pertaining to six dimensions ( “ physi-
cal functioning, ”   “ role functioning, ”   “ worry, ”   “ consequences 
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of bleeding, ”   “ emotional impact, ”  and  “ treatment concerns ” ) 
and four independent items. The MedTap questionnaire was 
validated in 221 adult hemophilia patients and showed in 
the psychometric testing good to excellent values for reliability 
in terms of internal consistency and test – retest reliability. 
Validity was good for concurrent and discriminant validity 
 [37] . 

 The Hemolatin - QoL  [38]  was developed for Latin American 
countries (Spain, Portugal) and consists of 47 items pertaining 
to nine dimensions ( “ pain, ”   “ physical health, ”   “ emotional 
functioning, ”   “ social support, ”   “ activities and social function-
ing, ”   “ medical treatment, ”   “ mental health, ”   “ satisfaction 
with condition, ”   “ general well - being ” ) and one single item for 
 “ general health. ”  Psychometric evaluation is in progress 
within several Latin American countries.   

  Pharmacoeconomics and  h ealth -  r elated 
 q uality of  l ife 

 HR - QoL assessment is increasingly used in pharmacoeco-
nomic evaluation. In fact, the fundamental nature of pharma-
coeconomics is an estimate of costs and outcomes of alternative 
health programs. The outcome of a medical intervention is 
represented by the health status perceived by the patient and 
includes symptoms, performance, compliance, care satisfac-
tion, and QoL. HR - QoL is often essential for assessing cost -
 effectiveness. Cost – utility analysis is a type of cost - effectiveness 
analysis in which effectiveness is weighted for a factor that 
considers HR - QoL. Cost – benefi t analyses are also based on 
patients ’  preferences.  

  Choosing a  m easure —  u sing a  m easure 

 Because of the multiplicity and diversity of instruments, physi-
cians are often uncertain which of the existing hemophilia -
 specifi c instruments to use. The choice should be based on 
study - related (such as age group of patients, aim and design 
of the study) and instrument - related issues (such as feasibility, 
psychometric characteristics, aspects covered)  [39] . When 
choosing a measure one must keep in mind the desired kind 
of investigation. In fact, generic instruments can measure 
general health status in different patient populations ( “ cross -
 illness comparison ” ) and can allow comparison with the 
general population. Disease - specifi c measures can study 
specifi c problems of a selected cluster of patients. These meas-
ures are more sensitive than generic measures: a greater sen-
sitivity allows detecting small changes and makes these 
measures suitable for the assessment of a specifi c treatment 
intervention over time ( “ within - subject comparison ” ). The 
choice of a specifi c instrument requires validation in the 
respective country and consideration of the reported sensitiv-
ity and even the number of items included. Moreover, the 
choice of a specifi c measure depends on the areas and dimen-
sions mainly investigated by the instrument. In fact, health 
outcomes of a therapeutic intervention, namely effi cacy and 

benefi ts, cannot always be predicted and/or measured, since 
the effects of an intervention cannot completely be foreseen. 

  Quality of  l ife  r esearch in  h emophilia 

 For an adequate assessment of HR - QoL in patients with 
hemophilia, validated instruments are necessary. A literature 
research in June 2007 detected 210 publications with the 
keywords  “ quality of life ”  and  “ hemophilia. ”  In most of 
the publications QoL was only mentioned as a condition of 
the patient, which is considered as important. In these studies 
it was mainly stated that, for example, prophylactic treatment 
or home therapy is improving the QoL of hemophilic patients, 
but without measuring QoL. Literature reviews demonstrate 
that in those studies, where QoL assessments were included, 
mainly generic instruments have been used  [40 – 42] .   

  Results from  g eneric  i nstruments 

 One of the fi rst QoL studies was conducted in 935 Dutch 
hemophilia patients and showed that hemophiliacs did not 
differ from the general population in the view of their own 
QoL  [43] . By contrast, in Canada hemophilia patients showed 
signifi cantly more limitations in their QoL compared with the 
general population  [44] . 

 In another study on clinical outcomes and resource utiliza-
tion associated with hemophilia care, in more than 1000 
European patients on prophylactic treatment QoL was better, 
assessed by the SF - 36, than in patients receiving on - demand 
treatment  [45] . Miners  et al.   [1]  found in their study, in which 
SF - 36 and EQ - 5D were administered to 249 British hemo-
philiacs, that patients with severe hemophilia reported poorer 
levels of QoL. They suggested that early primary prophylaxis 
might increase the QoL in these patients. A French study in 
116 patients with severe hemophilia showed that physical 
function and social relation were acceptable, whereas QoL 
scores in the pain dimension of the SF - 36 were low  [46] . 

 Another study that administered the SF - 36 to 150 Finnish 
patients with bleeding disorders showed that QoL levels were 
associated with clinical severity  [47] . In a Spanish study in 70 
patients using the SF - 36, QoL was negatively affected by 
severe orthopedic impairment related to hemophilia  [48] , 
which was confi rmed in Italy as well for inhibitor patients 
 [49] . In a Canadian survey of mild, moderate, and severe 
hemophiliacs the Health Utility Index Mark 2 (HUI - 2) and 
Mark 3 (HUI - 3) were used. Hemophiliacs reported a greater 
burden of morbidity than the general population, being associ-
ated linearly with the severity of hemophilia  [50] . QoL is often 
assessed after treatment as it was done by Schick  et al.  in 11 
hemophilia patients after knee arthroplasty, using the SF - 12, 
WOMAC, and Knee Society Score  [51] . Even though several 
publications examined psychological issues in hemophilic 
patients with human immunodefi ciency virus (HIV), only a 
few assessed QoL with appropriate instruments  [52] . More 
impairments were found in the HRQoL domains  “ general 



QUALITY OF LIFE IN HEMOPHILIA

405

health ”  and  “ vitality ”  of the SF - 36 in hepatitis C virus (HCV) -
 infected hemophilia patients  [53] . Elander  et al.  found that the 
intensity of pain had the main infl uence on physical QoL 
assessed with the SF - 36, while negative thoughts about pain 
had signifi cant infl uence on mental quality of life  [54] . 

 HR - QoL in children ( n    =   27) with severe hemophilia was 
investigated by Liesner  et al.  in the UK in 1996  [55] . 
Prophylaxis signifi cantly decreased the average number of 
bleeds compared with prior prophylaxis, and families reported 
an improved health perception. In a multicenter study con-
cerning the effects of two prophylactic treatment regimes, 128 
children with hemophilia from Sweden and the Netherlands 
were investigated including QoL measures  [56] . Clinical scores 
and QoL were similar in both prophylactic groups. High - dose 
prophylaxis increased treatment costs signifi cantly; however, 
arthropathy could be only slightly reduced after a follow - up 
of 17 years. In a study of 140 American children with hemo-
philia, Shapiro  et al.  found that those with few bleeding events 
had higher physical functioning scores assessed by the Child 
Health Questionnaire (CHQ) and were similar to the general 
population  [57] . 

 In an Italian case – control study, elderly hemophilia patients 
( ≥ 65 years) not only showed impairments in their health status 
and daily activities, but also revealed signifi cantly more emo-
tional problems compared with controls. Hemophiliacs 
reported more frequently depression and had a lower HR - QoL 
assessed with the EQ - 5D and the WHOQoL - Bref  [58] . 

 Only recently, the relationship between health economics 
and QoL has been examined in hemophilia patients using, for 
example, the standard gamble technique  [59]  or the quality -
 adjusted life years (QALYs) approach  [1] . Szucs  et al.  found 
in their study of 50 German hemophilia patients, with regards 
to socioeconomic impact of treatment signifi cant differences 
between them and healthy men, that the patients had greater 
limitations in physical activities, pain, and general health 
scores as assessed by the SF - 36  [60] . In a huge European study 
in more than 1000 patients with hemophilia it was shown that 
prophylaxis was associated with higher costs but better QoL 
scores as measured by the SF - 36  [3] . 

 In an Italian study in 56 hemophilic patients combining 
QoL (SF - 36) and utility assessment (EQ - 5D), low scale values 
were found in the general health perceptions and higher scale 
values in social functioning  [61] . Another Italian study 
(COCIS) involving 52 Italian hemophilic patients with inhibi-
tors prospectively evaluated cost of care and QoL  [2] . HR -
 QoL, measured with the SF - 36 questionnaire, was similar to 
that of patients with severe hemophilia without inhibitors. In 
comparison to other diseases, physical functioning was similar 
to that of patients with diabetes and on dialysis, whereas 
mental well - being was comparable to that in the general popu-
lation. This study showed that management of hemophilia 
complicated by inhibitors required high amounts of resources, 
but it provided a satisfactory QoL. As far as bleeding fre-
quency in inhibitor patients is concerned, a reduced number 
of bleeding events owing to secondary rFVIIa prophylaxis was 

found to be associated with improved HRQoL across coun-
tries, as assessed by the EQ - 5D  [62] . 

 In a cost – utility analysis in six hemophilic children with 
inhibitors, Eckert  et al.  included the Child - Health Questionnaire 
(CHQ) for the assessment of QoL and the EQ - 5D for utility 
valuation  [63] . HR - QoL improvements were observed in 
several important areas as perceived by both patients and their 
families and implied incremental cost per QALY.  

  Results from  d isease -  s pecifi c  i nstruments 

 In a Dutch study, 31 patients with severe hemophilia were 
investigated including a generic QoL instrument (SIP) and a 
disease - specifi c instrument, the Arthritis Impact Scale (AIMS) 
 [64] . This latter questionnaire is an arthritis - specifi c measure-
ment, but not a QoL measure in the usual sense. Physical 
health components of the Dutch AIMS and the SIP were sig-
nifi cantly correlated; by contrast there were no correlations 
for the psychosocial component between the D - AIMS and the 
SIP. Another arthritis - specifi c questionnaire (CHAQ, 
Children ’ s Health Assessment Questionnaire) was used in a 
Dutch study, in which hemophilic children ( n    =   39) on pro-
phylactic treatment were compared with their healthy peers; 
no signifi cant differences were found. Although 90% of the 
hemophilic children had no disabilities in activities of daily 
living (ADL), 79% reported that the disease impacted on their 
lives  [65] . 

 HR - QoL in pediatric patients with hemophilia was shown 
to be satisfactory: young children were only bothered in 
the Haemo - QoL dimension  “ family ”  and  “ treatment, ”  
whereas older children had higher impairments in the social 
dimensions, such as  “ perceived support ”  and  “ friends ”   [27] . 
The Haemo - QoL questionnaire also showed that the initial 
burden induced by prophylaxis in younger children is highly 
compensated by improvements in HR - QoL in older children, 
as indicated by impaired scores in the dimension  “ feeling ”  in 
smaller children and improved scores in the dimension  “ school 
and sport ”  in older children  [66] . Using psychosocial determi-
nants of QoL such as coping, locus of control, life satisfaction, 
and social support, it was apparent that QoL is dependent 
not only on clinical but also on psychosocial characteristics 
 [67] . These psychosocial predictors varied across countries, 
although life satisfaction and social support explained the 
highest proportion of variance  [68] . In the European ESCHQoL 
study signifi cant differences in QoL were found across differ-
ent regions according to factor consumption per capita; the 
study showed worse QoL in regions with a low factor con-
sumption per capita ( < 2   IU) compared with regions with a 
higher factor consumption per capita ( ≥ 2   IU)  [69] . In a paper 
by Bradley  et al. , differences and similarities among the 
European Haemo - QoL and the Canadian CHO - KLAT have 
been described  [70] . 

 Italian adult hemophilia patients on continuous replace-
ment therapy reported worse QoL compared with patients 
receiving on - demand treatment, which can be explained by 
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the deteriorated clinical situation of these patients  [71] . Up to 
64% of the variance of HRQoL in German adult patients 
assessed with the generic SF - 36 and the hemophilia - specifi c 
Haem - A - QoL could be explained by physical performance 
measured with the HEP - Test - Q  [72] , indicating that physical 
activity and sports is benefi cial for HRQoL  [73] .   

  Conclusion 

 A patient ’ s QoL has always represented an important medical 
outcome together with control of pain and prolongation of 
survival. In hemophilia, the modern management has already 
been successful in improving the clinical symptoms, ortho-
pedic status and the survival of patients. More recently, 
enhanced therapy and better healthcare management has also 
improved the more comprehensive well - being and HR - QoL of 
patients with hemophilia  [1] . QoL assessment has become 
more and more popular in the fi eld of hemophilia research in 
the last decade, allowing the assessment of patients ’  percep-
tions of the overall effect of hemophilia care. 

 The described hemophilia - specifi c questionnaires have been 
psychometrically tested and validated, some of them cross -
 culturally, but they still need to be implemented in interna-
tional studies (observational, clinical). This is consistent with 
the recommendations of the Health Related Quality of Life 
Expert Working Group of the International Prophylaxis Study 
Group (IPSG). Accordingly, there is a recognized need to 
confi rm the psychometric properties of these instruments, 
especially regarding specifi city and responsiveness  [74] . 
Further, differences among the measures should be investi-
gated and characterized. 

 Moreover, QoL should be included in clinical trials evaluat-
ing the effects of different treatment options, or in product 
licensing studies or gene therapy trials. Benefi ts of different 
treatment strategies can be assessed by asking the patient how 
his well - being has improved because of his treatment. Based 
on cross - cultural QoL assessment, healthcare systems or 
hemophilia care resources can be compared among countries 
aiming to provide adequate care and to harmonize different 
healthcare services. 

 Finally, QoL questionnaires should be part of the medical 
armamentarium for the global assessment and care of patients 
with hemophilia in order to detect specifi c healthcare needs of 
individual patients. Thereby, ongoing efforts to maintain or 
to improve their quality of life can be enhanced  [39] .  
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  Introduction 

 Health economics is the application of economic theory and 
method in the analysis of questions concerning people ’ s health. 
There are two fundamental conditions in all economic analy-
ses. The fi rst is that resources in terms of labor (human capital) 
and equipment, energy, and raw materials (capital) are scarce 
with respect to people ’ s needs. The second is that resources 
can be used in alternative ways. Together, these two condi-
tions describe the starting point not only for all economic 
analyses regarding health but also for analyses of the labor 
market, for fi nancial markets or for international trade. The 
common starting point also means that there is not a separate 
theory of the individual as a consumer in the market, another 
for the individual as an employee, and a third theory to 
describe the individual as a patient in health care. To be able 
to apply the same theory in different settings, the theory needs 
to rest on general assumptions. The strength of a general 
theory is that the specifi c results may easily be added to previ-
ous results and thus understood in a broader perspective. 

 Using the economic formulation of choice problems on 
resources within health care does not contradict the medical 
decision problem or the ethical considerations, but should be 
seen as complementary information. The economic analysis 
contributes with a systematic comparison of cost of resources 
and consequences of resource use. Table  59.1  lists key con-
cepts for health economic analyses.    

  Health  e conomic  m ethods and the 
 e conomic  p erspective 

 The health economic problem may be formulated in terms of 
the choice between relevant alternatives with the purpose of 
obtaining as much health and welfare as possible with respect 
to resources used. Health economic questions, then, concern 
individual health - related behavior, the healthcare system as a 

system for production, insurance against healthcare cost and 
loss of income as a consequence of illness or injury, distribu-
tional and equity aspects, as well as the consequences of 
globalization on health. 

 Health economic research, as all other economic research, 
applies an individualistic perspective. The starting point is that 
the sum of all single actors ’  (individuals, companies, organiza-
tions, authorities, etc.) reactions on events, and political 
actions that will decide the consequences for both the single 
actor and for society as a whole. For example, the primary 
interest of economic analyses is  not  to fi nd out the reaction of 
the single individual on more information on the negative 
consequences of tobacco smoking, on a tax increase on ciga-
rettes, or on prohibition of smoking in public places. The 
primary research question concerns the  joint effect  on public 
health, on the economic situation of families, and on the 
expenditure of the social insurance system. 

 In economic theory, abstract models are used to describe 
the main feature of the situation to be analyzed and the 
assumptions that make it possible to study the phenomena or 
behaviors of interest. One basic assumption for economic 
models is that agents (individuals as patients or professionals, 
fi rms, organizations, etc.) are rational. By rationality, econo-
mists mean that the agent acts as if he or she strives toward 
an apparent goal with the purpose of reaching this goal to the 
greatest possible extent. The economic perspective has a strict 
individualistic basis from which follows that it is not possible 
to determine what would be rational for someone else. 
Nevertheless, some types of behavior may seem irrational —
 someone who smokes too much or exercises too little, for 
example, given the amount of knowledge regarding the impact 
of lifestyle factors on health. Economic models are not condi-
tioned on all individuals (or even one) striving toward 
maximum health. The basic premise for health economists is 
that other things in life may generate meaning and pleasure 
and that individuals therefore make trade - offs between health 
and other desirable goals. The goals will, of course, vary from 
individual to individual. For example, the behaviors and 
values of the peer groups are important for teenagers and 
smokers derive pleasure from the cigarette while smoking. For 
single individuals, economists usually assume that the goal is 
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  Table 59.1    Key health economic concepts in alphabetical order. 

   Term     Description  

  Cost    The value of resource use.  See also  opportunity 
cost  

  Cost - effi ciency    Describes cost of a treatment strategy in relation 
to its effect/outcome  

  Direct costs    The value of total resource use within the 
healthcare system and in other sectors because 
of illness or injury. Restricted to costs based 
on resource use within outpatient and inpatient 
care and of pharmaceuticals in studies applying 
a healthcare sector perspective. Included in 
societal costs  

  Dominant 
strategy  

  Term in economic evaluations. A treatment 
alternative that renders better outcomes and 
has lower cost than the comparisons, or that is 
equally effective but costs less  

  Incentive    Motivation. Factors that describe the conditions 
under which individuals and other agents acts. 
May be fi nancial, e.g., remuneration to 
doctors, nurses, or hospital departments for 
produced care or the price a patient pays for a 
healthcare visit  

  Indirect cost    The value of lost production as a consequence of 
an illness or injury that may concern the ill 
person her - /himself but also family and friends. 
In practice, the valuation of lost production is 
often restricted to the person with the illness 
or injury. Included in societal costs  

  Incremental 
cost - effi ciency 
ratio (ICER)  

  Term within health economic evaluations. 
Denotes the ratio of the difference in cost to 
the difference in effect for the two alternatives 
under comparison. See Equation  1   

  Intangible cost    Cost in terms of reduced quality of life as a 
consequence of illness  

  Opportunity 
cost  

  A principle to value resource use building on the 
assumption that all resources have (at least) 
one alternative use. Choosing one alternative 
implies forgoing the value that could be 
obtained with an alternative use. The 
opportunity cost measures the highest valued 
alternative use of the resource. The 
identifi cation of the opportunity cost depends 
on the decision situation  

  Quality - adjusted 
life - year 
(QALY)  

  An index measure that weighs changes in 
life - years gained (quantity) by the morbidity 
(quality) of life in those years  

  Societal cost    The sum of direct, indirect, and intangible cost in 
society as a result of an illness or injury  

to obtain as much utility or well - being as possible in life. The 
fi rm/corporation is assumed to strive toward as much profi t 
as possible, and a hospital toward low cost for the health care 
provided to the general public, politicians toward as many 
votes from their constituency as possible, and public authori-
ties toward a bigger organization. 

 Agents are, however, restricted in their actions and cannot 
usually reach all goals. For the hospital, this means that if the 
needs of the general public shall be satisfi ed, costs may not be 
reduced beyond certain limits. A fi rm must consider the condi-
tions for production, wages, and other production cost as well 
as the price at which the goods or services may sell. The indi-
vidual is constrained by time (24 hours per day) and by his or 
her income and other economic resources. There may also be 
rules that constrain the agent ’ s actions, e.g. the doctor ’ s pre-
scription to obtain certain drugs. 

 The goal and questions in health economic analyses cover 
a vast area. However, the most common economic studies 
within the medical fi eld represent comparative evaluations of 
alternative treatment strategies and descriptive studies of costs 
of illness.  

  Health  e conomic  a nalyses in  p ractice 

 The past decade has seen an increasing number of authorities 
and government bodies within the healthcare arena in Europe 
and North America where health economic evaluations are 
an integrated part in the decision - making process. The 
National Institute for Clinical Excellence (NICE;  www.nice.
org.uk ) was established in the UK in 1999 with an aim to 
decide upon what treatments should be used within the 
National Health Service based on scientifi c evidence of 
effi cacy and effectiveness and on the cost - effi ciency of the 
treatment. The Dental and Pharmaceutical Benefi ts Agency 
TLV ( www.tlv.se ) was established in Sweden in 2002 with 
the mandate to decide whether a pharmaceutical product 
should be subsidized based on its cost - effi ciency. In practice, 
the TLV infl uences the Swedish healthcare market since 
drugs that cannot provide evidence on cost - effi ciency at the 
price demanded by the producer will not be subsidized. 
Nonsubsidized drugs may still be sold on the Swedish market 
provided they have received approval by the Medical Products 
Agency, but the lack of public subsidy will, in practice, often 
imply that the drug is withdrawn from the market. Other 
examples of countries with government bodies using input 
from health economic evaluations include Canada, Scotland, 
and Denmark.  

  Health  e conomic  e valuation 

 A health economic evaluation (sometimes termed comparative 
effectiveness research) is a systematic comparison of costs and 
consequences for two or more relevant treatment alternatives. 
In hemophilia, examples of such treatment alternatives include 
plasma - derived versus recombinant factor concentrates in the 
treatment of hemophilia patients, immediate surgery com-
pared with watchful waiting for the patient with arthrodeses, 
and individual patient education programs versus education 
in groups. A minimum for an economic evaluation is two 
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  Table 59.2     Characteristics of three alternative methods for full economic evaluation. 

   Method     Cost     Consequence  
   Recommendation for 
decision - making     Tool for priority setting  

  Cost - effectiveness 
analysis (CEA)  

  Resource use measured in 
monetary terms (euro, 
dollar, pound, etc.)  

  Single - dimension consequences 
measured in physical units. For 
example, life - years gained, reduction 
in number of bleeds per year, or 
reduction in pain from start of bleed  

  Choose the alternative 
with the lowest cost 
per unit gained  

  Enables comparisons 
between treatment 
alternatives with the 
same relevant outcome 
dimensions  

  Cost – utility 
analysis (CUA)  

  Resource use measured in 
monetary terms (euro, 
dollar, pound, etc.)  

  Consequences measured in quality -
 adjusted life - years (QALYs), which 
simultaneously measure reduced 
morbidity (quality gains) and 
reduced mortality (quantity gains)  

  Choose the alternative 
with the lowest cost 
per QALY gained  

  Enables comparisons 
between treatment 
alternatives within 
different parts of the 
healthcare sector using 
common outcome  

  Cost – benefi t 
analysis (CBA)  

  Resource use measured in 
monetary terms (euro, 
dollar, pound, etc.)  

  Consequences measured in monetary 
terms (euro, dollar, pound, etc.)  

  Choose the alternative 
with the biggest net 
benefi t (sum of 
benefi ts    –    sum of costs)  

  Enables comparisons 
between alternatives in 
different sectors of 
society  

alternatives, but more than two alternatives may be relevant 
for the clinical decision problem and then pair - wise compari-
sons will be performed. For the health economic evaluation it 
is necessary to combine health economic and clinical expertise 
in the formulation of the relevant decision problem and the 
characterization each of the treatment alternatives. 

  Perspective 

 Health economic evaluations may be conducted using differ-
ent perspectives. If the analysis concerns the allocation of 
resources within a given healthcare budget, the evaluation 
may take a healthcare sector perspective. The comparison of 
costs and consequences will then include direct costs that 
accrue within the healthcare sector and outcome measures of 
relevance (e.g., reduced number of hospitalizations or bleeds 
or patient - centered measures such as health - related quality of 
life). Costs in an evaluation from the health sector perspective 
will then include all costs at the hemophilia clinic: These may 
include costs of contacts with, for example, doctors, nurses, 
and physiotherapists; the hospital days because of hemophilia; 
and the treatments provided because the patient has hemo-
philia, including factor concentrates and other pharmaceuti-
cals and infusion aids. Resource use and the cost that falls on 
other sectors are not included. 

 The limitation of the health sector perspective is that it 
ignores costs and consequences in other sectors impacted by 
decisions in the healthcare sector. Examples may include early 
discharge from hospital requiring a family member to be 
absent from work and taking care of the patient instead, or a 
more ambitious annual control program requiring patients to 
come to the hospital on two days instead of one day. 

 Analyses from the societal perspective consider costs and 
consequences of the treatment alternative that may occur 

within the health sector and within other sectors of society. 
With the broader societal perspective, questions on whether it 
is worthwhile to expand the current healthcare budget when 
competing alternatives may, for instance, be more money to 
schools or to building roads. It follows that this perspective is 
also the most demanding in terms of obtaining valid data and 
of understanding the full range of costs and consequences of 
decisions. Analyses in hemophilia care from the societal per-
spective should then include  inter alia  consequences on the 
labor market of alternative treatment strategies in terms of 
sick leave, unemployment, and early retirement.  

  Three  m ethods for  e conomic  e valuations 

 There are three alternative tools for systematic analyses of 
costs and consequences for the comparison of healthcare 
programs: 
   •      cost - effectiveness analysis (CEA);  
   •      cost – utility analysis (CUA); and  
   •      cost – benefi t analysis (CBA).    

 Table  59.2  summarizes the information needed for each 
type of analysis and how results are interpreted, and may be 
applied for each of the three methods.   

 A health economic evaluation is a comparison of (at least) 
two treatment alternatives. The result from cost - effectiveness 
and cost – utility analyses are presented as a ratio of pair - wise 
comparisons of differences in cost to differences in effect. 
  Equation  1  presents the incremental cost - effectiveness ratio 
(ICER) schematically for two alternative treatments, A and B.

    
ICER

Cost Cost
Effect Effect

Treatment A Treatment B

Treatment A T

=
−
− rreatment B   

(1)

where cost A  and cost B  are the cost of treatments A and B, 
respectively, and effect A  and effect B  are the effects associated 
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with treatments A and B, respectively. In a CEA, effects are 
measured in natural units, for instance life - years gained or 
bleeding episodes avoided. From the hemophilia literature, 
Miners and colleagues reported some 10 years ago on the 
results from a CEA of switching from on - demand to prophy-
laxis using averted bleeds as outcome measure  [1] . Bleeding 
episodes avoided is a relevant outcome measure within hemo-
philia care, but it is disease specifi c and cannot be meaning-
fully used in comparisons with treatments in other hospital 
departments. Life - years gained may be applicable for many 
diseases with risk of fatality, but it may not be sensitive in 
catching differences in quality of life. 

 A special case of cost - effectiveness would be when two 
alternative treatments under consideration achieve the same 
outcome to the same extent, e.g., pharmaceuticals containing 
the same active substances but sold under different brand 
names. When outcome is equal, the decision is seemingly trivial 
and a comparison of costs of the alternatives would then 
suffi ce. Such a cost - minimization analysis is considered as a 
partial evaluation since it examines only costs in practice. 

 For general comparisons, the analyst needs outcome meas-
ures that are not tailored for disease - specifi c groups. Health 
economists have developed an index to measure health - related 
quality of life denoted quality - adjusted life - years (QALYs). 
Over the last decade, QALYs have become a well - established 
tool for health economic evaluations used by authorities such 
as NICE (UK) and TLV (Sweden). 

 Cost – utility analyses relate costs to QALYs gained. The 
measure of QALYs is either based on the patient ’ s own valu-
ation of quality of life in his or her present state or imputed 
from valuations of specifi ed health states made by members 
of the general public. For the purpose of evaluation it is 
important that the instrument used to value the health state 
is based on people ’ s preferences. The methods of measurement 
are based on how people choose between alternative health 
states. Drummond and coauthors provide a well - written intro-
ductory textbook on methods for such evaluations  [2] . 

 A CUA using decision - analytic modeling compared 
Canadian tailored prophylaxis, primary prophylaxis, and on -
 demand therapy in young children with severe hemophilia 
using longitudinal Canadian data and estimates from the pub-
lished literature  [3] . The authors concluded that prophylaxis 
considerably improved clinical outcomes and quality of life 
compared with on - demand treatment, but with a substantial 
cost. 

 Cost - effectiveness analysis and CUA share methodological 
features. Both methods present results as a ratio where the 
cost is related to the chosen outcome measure. The incremen-
tal cost - effectiveness ratios (ICER; Equation  1 ) may then be 
used to rank alternatives within a given healthcare budget. 

 The third method for economic evaluation, the CBA, meas-
ures both cost and consequences in monetary units (euro, 
dollar, pound, etc.). Using a common metric, results are 
expressed as net benefi ts and a treatment alternative, where 
sum of benefi ts exceed the sum of costs, is then worthwhile. 

The CBA then enables comparisons of resource use in different 
sectors. 

 The methods applied by health economists to estimate mon-
etary values of consequences of health programs are similar 
to the methods used within environmental economics (see 
Bateman and colleagues for a comprehensive overview  [4] ). 
The methods have developed techniques to elicit people ’ s will-
ingness to pay for nonmarket goods and services, hence the 
concept of willingness to pay (WTP). Several features have 
been developed to handle the fact that respondents do not 
normally face a situation where they are actually paying 
the full cost of healthcare treatment at the point of treatment 
but are covered through various sorts of private or social 
insurance. 

 Two examples of studies in hemophilia are Steen Carlsson 
and collaborators, who estimated the average WTP for on -
 demand and prophylactic treatment using a random sample 
from the general population, and Eastaugh, who estimated the 
WTP for treatment of von Willebrand disease in a convenience 
sample of patients with the disease  [5,6] . Steen Carlsson and 
collaborators also compared the estimated willingness to pay 
to the average cost per tax payer estimated within the project 
 [7]  and found that although both on - demand and prophylactic 
treatment had positive estimated net benefi ts, the net benefi ts 
were higher for prophylaxis.  

  Study  d esign 

 The appropriateness of design of an evaluation by CEA, CUA, 
or CBA depends on the characteristics of the economic 
problem and on data availability. Economic evaluations may 
rest on patient - level data, either observational data collected 
directly for the purpose of the evaluation or, more commonly, 
piggy - backed on a clinical trial. Another strategy when no trial 
or observational data are at hand is to use decision - analytic 
modeling. Decision - analytic modeling provides a framework 
for decision - making under uncertainty when data may only 
be available from smaller case studies and from expert opinion, 
or when data from several published sources need to be com-
bined to address the economic problem at hand. 

 For example, health economic analyses of alternative treat-
ment strategies for hemophilia patients who have developed 
inhibitors to factor VIII concentrate may serve as an illustra-
tion of choice of design strategies. Until recently, there were no 
larger - scale trials on inhibitor treatment from which economic 
data had been retrieved. Three publications used decision -
 analytic modeling to compare the two alternative hemostatic 
agents used in the treatment of patients with inhibitors: acti-
vated prothrombin complex concentrate (aPCC) and recom-
binant factor VIIa (rFVIIa)  [8 – 10] . The comparison concerned 
treatment with the two alternative bypassing agents during one 
bleeding episode, but the conclusions were ambiguous. 

 Scientifi c journals demand that the assumptions and the 
structure of the model are clearly reported, enabling re - 
estimations using other data on costs and effects or changing 
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 Figure 59.1     Decision model structure. Reproduced from  [13]  with permission. 

the assumptions to fi t other clinical settings. Figure  59.1  shows 
an example of the decision tree visualizing the model structure 
used by You and collaborators for analyzing the cost - effec-
tiveness of bypassing agents. The fi rst head - to - head trial on 
the two alternative bypassing agents, the FENOC study, was 
published by Astermark and collaborators  [11] . The clinical 
data were also used for a piggy - back cost - effectiveness analy-
sis where patient - rated outcomes were used for measuring 
effect: treatment effective, bleeding stopped, and pain reduc-
tion  [12] , and the results reported as ICERs (see also Equation 
 1 ) for aPCC compared with rFVIIa. The analysis also showed 
the role of prices on resource use for the cost - effectiveness 
results and the ICER.   

 The research design based on observational data has the 
advantage that it may capture the variation of actual patients 
and in the daily clinical work. However, comparisons between 
alternative treatment strategies may not be feasible based on 
observational data where differences in treatment will depend 
on differences in patient characteristics and need for treat-
ment. On the other hand, protocol - based trial data may be 

well suited for comparisons when patients are randomized to 
the alternative treatment strategies. The drawback is that the 
trial situation may entail strict inclusion and exclusion criteria 
and may have study - driven compliance limiting the generaliz-
ability on a large scale. Decision - analytic modeling is attrac-
tive since it enables sensitivity analysis and easy adaptation 
when new results on effi cacy, effi ciency, and cost are available, 
but is sensitive to assumptions. In conclusion, the alternative 
designs all have their place in supplying decision - makers with 
information, and sometimes the combination of studies 
provide the clear picture.  

  Assessment of the  q uality of  e conomic  e valuations 

 Health economic analyses are increasingly demanded by 
authorities and by commercial organizations and enterprises 
in order to inform decision - making in the health system. To 
meet the need for assessing the quality of a health economic 
evaluation, checklists have been developed. One example of a 
checklist — known as Drummonds ’  10 points and covering 
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issues including well - defi ned and answerable question, com-
prehensive description of the competing alternatives and inclu-
sion of all relevant alternatives, the accurate measurement of 
costs and effects and the use of adjustment for differentials in 
timing and sensitivity analyses — has been published by 
Drummond and collaborators  [2]  and may also be found 
in an adapted version on the homepage of the  British 
Medical Journal  ( http://resources.bmj.com/bmj/authors/
checklists-forms/health-economics ).   

  Conclusion 

 The starting point for all economic analyses is that resources 
are scarce with respect to people ’ s needs and that resources 
will always have alternative uses. The scarcity of resources 
may be especially evident in healthcare, and therefore tools to 
make systematic considerations of the costs and consequences 
of the available alternatives are an important input in decision - 
making. This chapter gave an overview the economic scientifi c 
perspective and of three methods for economic evaluations 
of healthcare programs — cost - effectiveness, cost – utility, and 
cost – benefi t analyses.  
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  Introduction 

 National disease registries or databases collect observational 
data on the prevalence, treatment, and outcome of a wide 
variety of diseases. Hemophilia databases have been estab-
lished in many countries including the UK, Italy, Germany, 
France, Spain, Australia, Canada, and the USA  [1 – 5] . Most 
of these databases are currently in a process of development 
and expansion as advances in information technology open 
up new possibilities  [6] . There are many challenges to this 
development, however, including the diffi culty of obtaining 
long - term funding and the limitations imposed by the need to 
comply with data protection legislation. 

 The UK Database is probably the original National 
Haemophilia Database (NHD) and was originally established 
in Oxford in 1968 by the UK Haemophilia Centre Doctors ’  
Organisation (UKHCDO). This started as a disease register, 
registering all new diagnoses of patients with bleeding 
disorder and subsequently collected data on mortality, treat-
ments used and treatment complications, such as factor VIII/
IX inhibitors and human immunodefi ciency virus (HIV), hepa-
titis C virus (HCV), and variant Creutzfeldt – Jakob disease 
(vCJD).  

  The  f unctions of a  n ational  b leeding 
 d isorder  d atabase 

 Bleeding disorder databases support three basic functions: 
healthcare planning, epidemiologic research, and pharma-
covigilance. The database collects patient demographics and 
observational data relevant to healthcare concerns which are 
specifi c to bleeding disorders such as the prevalence of inhibi-
tors, viral infections, treatment intensity, and treatment out-
comes. Improvement in hemophilia treatment and the impact 
of new medical interventions, such as prophylaxis or the use 
of antiviral therapy, may thus be assessed over time by clini-
cians and healthcare providers. 

 The extent to which databases can serve these functions will 
depend upon the completeness and accuracy of the data held, 

the extent of the dataset collected and the timeliness of the 
data collection and reporting. Where clinical service provision 
for patients with bleeding disorders is poorly developed, even 
basic disease prevalence data may be useful for planning pur-
poses. Where hemophilia services are very well developed, 
however, healthcare planning requires timely, complete, and 
relatively comprehensive data, since the focus in such a health-
care system is usually on optimizing the quality and distribu-
tion of care and cost control and planning. Healthcare 
providers are very focused on hemophilia care because of the 
extremely high cost of the treatment and the inexorable 
7 – 10% annual increase in treatment cost, which they wish to 
understand better. This focus will only increase as all health-
care systems come under increasing fi nancial pressure. 
Hemophilia databases potentially have a very important role 
in analyzing the causes of this growth in treatment cost, in 
helping to optimize treatment, and in justifying current treat-
ment practices. For this reason alone, hemophilia databases 
need to collect ever more clinical outcome data. 

 Market research and pharmacovigilance also require real -
 time data collection and rapid reporting. Regulators are 
increasingly concerned with safety issues, such as the develop-
ment of factor VIII inhibitors, for which traditional safety and 
effi cacy licensing studies are statistically underpowered. This 
is a generic problem for all products used for rare diseases, 
because large - scale trials are impractical in these conditions 
for reasons of cost and lack of study subjects. For that reason, 
new factor VIII and IX concentrates will necessarily be licensed 
on the condition that extended postmarketing surveillance is 
conducted. National databases already collect reports of 
adverse events in real time, and thus may have an important 
part to play in conducting future postmarketing surveillance 
studies and in pharmacovigilance in general. 

 Research is an important function of any disease database 
but, increasingly, carefully validated and comprehensive data-
sets, collected by protocol, are required for useful research to 
be conducted within a reasonable time frame. Publications 
from the UK National Haemophilia Database (NHD) are 
listed on  www.ukhcdo.org . The dataset also requires regular 
review, altering as required to address new questions. 
Collaboration with other databases may be required to achieve 
adequate statistical power for some studies. With this objec-
tive in mind, a high degree of harmonization of factor VIII 
inhibitor development has been agreed between the UK, 
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German, Italian, US, and Canadian databases following dis-
cussions conducted under the auspices of the ISTH Factor VIII 
and IX Scientifi c Standardisation Sub - Committee. This may 
permit analysis of anonymized aggregate data from several of 
these databases in the future. Some databases attempt a com-
plete data collection from all patients in their country (UK, 
Canada, Australia, Germany, and Italy) whereas others collect 
only from a selection of participating centers (US database, 
EUHASS: European Haemophilia Adverse Event System). 
Reports of data collected only from interested centers may be 
prone to selection bias. The dataset collected by the UK NHD 
may be viewed on  www.ukhcdo.org . 

 The collection of treatment data may enable the effi cacy of 
different treatment regimens to be evaluated, but only if ade-
quate outcome data are also collected. The collection of mor-
tality data makes it possible to investigate the natural history 
of the disease and to assess the effect of improvements in care 
on mortality from bleeding and to evaluate the effect of treat-
ment complications, such as inhibitors, HIV, and HCV on life 
expectancy.   These data have also been used by patient groups 
campaigning for compensation.  

  The  p roblem of  f unding 

 Most bleeding disorder databases were started by groups of 
enthusiastic clinicians with little or no funding or a short - term 
grant from a funding body or from one of the manufacturers. 
Many continued for many years with little funding, including 
the UK NHD. Eventually a point is reached with all such 
databases when the data collected by such a small operation 
are no longer adequate to address either healthcare planning 
or current research needs. At this point in its evolution, the 
database must either develop and expand considerably or 
close. This requires a lot of money and commitment. Making 
this developmental leap is a challenge and many databases 
have turned to industry for the short - term development money 
needed to address this challenge. Public fi nance may be avail-
able from government or healthcare providers. It may be 
argued with healthcare providers that the cost of setting up 
and running such a database is a very, very small proportion 
of the high cost of the treatment being monitored, and may 
help them to plan. Public funding is associated with a high 
level of bureaucracy and accountability, however, and this 
may alter the direction that the database may take. Ironically, 
unrestricted grants from industry usually turn out to be genu-
inely unrestricted and leave the database policy - makers with 
a free hand to take the database in the direction that they 
want. There is no single model for funding such a database 
and most continue to struggle to fulfi ll long - term aims with 
short - term funding. A recent survey conducted by the author 
showed that although the Italian database was funded by 
industry, EUHASS, the UK NHD and the US, Canadian, 
Australian, and German databases were all supported by 
public money.  

  Governance  i ssues 

 Even though databases collect observational data only and do 
not conduct interventional clinical trials, they nevertheless 
exist in an increasingly tightly controlled regulatory environ-
ment. Ethical approval for databases is not mandatory in 
many jurisdictions but is recommended. Databases also have 
a duty to put in place appropriate mechanisms to ensure strict 
data security and to comply with the data protection laws. 
Finally, all databases require an oversight committee as a 
governing body to review the running of the database, con-
sider requests for data, direct database policy, and to produce 
research from the database. These are discussed in greater 
detail below. 

  Data  s ecurity 

 Modern databases store all their data electronically and all 
their data collection is also electronic. Data security has to be 
designed into such systems at a high level. Access to the data-
base should be password protected, with timed lockouts 
closing down access to end - users who leave their computers 
unattended. Registered users with a password and username 
may log on to the database to interrogate it or enter data into 
a holding database, but may view named data on patients 
from their own center only and aggregate anonymous data 
from the rest of the country, for benchmarking comparison. 
Electronic communications with the database should be 
encrypted using a 126 - bit encryption key. The UK database is 
also protected from the web by the fi rewalls of the NHS net. 
Named patient data are communicated only within this safe 
envelope and only using an encrypted link. All reports are 
patient anonymized. 

 No copies of the database or part of the database are per-
mitted outside the database building. Daily back - ups are 
stored in a fi reproof safe. The data are held on a fi le server 
housed in a secure, temperature - controlled server hotel. The 
database area is always locked when unattended. The offi ce 
is largely  “ paperless. ”  

 Annual inspections by the Caldecott Guardian are requested 
by the database to document secure data handling and compli-
ance with the Data Protection Act 1998 and the Caldecott 
Guardian ’ s report is published on the UKHCDO ’ s website 
( www.ukhcdo.org ) to demonstrate its compliance to the 
outside world.  

   D ata  P rotection  A ct 

 Data protection legislation must be considered and complied 
with when setting up a disease register. The Data Protection 
Act (DPA) (1998) of the UK was introduced to tighten up 
data protection and to harmonize with existing European 
Union legislation ( http://www.opsi.gov.uk/Acts/Acts1998/
ukpga_19980029_en_1 ). The Act concerns all  “ named ”  data, 
which is defi ned as data linked by  any identifi er  linking the 
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data back to the patient ’ s name or record. Patients have to 
give consent for their data to be included in a database of 
named data. At the present time, this does not have to be 
written consent and an  “ opt out ”  approach is widely used. 
Accordingly, in the UK, the patients are informed of the data-
base at regular intervals using a leafl et which is posted to them 
and also available on our website ( www.ukhcdo.org ) and 
informed of their rights under the DPA 1998 so that they may 
have their data deleted or not included if they wish. Very few 
patients have opted out, perhaps because the database is well 
established and has been shown to be of benefi t to patients, 
even in their campaigns for recompense following HCV and 
HIV. We have 23   000 patient records in the UK NHD, increas-
ing at the rate of about 1000 – 2000 patients annually, and 
these patients are circulated every 5 years. 

 Data protection legislation has been harmonized to a high -
 degree in the European Union (EU), and very similar legisla-
tion exists in North America and elsewhere. Nevertheless, 
local variations in interpretation of the law have caused con-
siderable problems and delays in setting up databases in some 
countries. Some countries have been unable to establish a 
national hemophilia database because local concerns about 
data security and data protection could not be satisfi ed. Even 
for existing databases the cost of addressing data protection 
legislation and the risk of patient nonparticipation was widely 
perceived to be a threat to future activities of such databases 
 [6 – 8] . Explicit written consent may become the norm in the 
future, but the danger to databases of such an approach 
derives not just the enormous effort required from medical 
and nursing staff to obtain such consent but also because the 
commonest reason for failure to obtain consent is passive 
failure to fi ll out and return the form rather than active refusal 
to participate. Participation in the Canadian Stroke Registry, 
for example, was reduced to 39% following the need for 
written consent  [3] .  

  Anonymous or  n amed  d atabase? 

 The UK NHD has been a named database since its inception 
and consequently had to fully address the provisions of suc-
cessive Data Protection Acts as they came into law. The pos-
sibility of anonymizing the database was carefully considered 
by UKHCDO when the latest Data Protection Act came into 
force in 2000, but it was felt that the advantages of maintain-
ing a named database far outweighed the effort required to 
obtain the patient ’ s implied consent. Having patient identifi ers 
serves an important function in avoiding double counting. In 
a densely populated country such as the UK, patients may 
legitimately attend two hemophilia centers working together 
in a hub and spoke collaboration and may have attended up 
to seven different centers at one time or another. Furthermore, 
it would have been impossible for us to conduct some of our 
healthcare planning functions for the Department of Health 
for England without recording multiple patient identifi ers. The 
distribution of fi nance for the rollout of recombinant factor 

VIII and IX and the modeling of the National Procurement 
for clotting factor concentrates required the NHD to have 
data including the patient ’ s name, NHS number, GP practice 
code, annual factor usage, brand, and unit cost. 

 Some databases, including the Canadian CHARMS data-
base and the Italian database, have attempted to anonymize 
their data by using a patient code or number  [4] . This code 
may qualify as a patient identifi er under the defi nition used by 
the DPA, however, since the code has to be traceable back to 
the hemophilia center and the patient to avoid duplicate 
entries for patients attending more than one center. Since there 
is a high degree of harmonization of data protection legisla-
tion, it is possible that this approach to anonymization could 
be challenged under local data protection legislation. Since the 
use of such a patient code may not avoid the need for full DPA 
compliance and full patient consent, the value of this approach 
is, therefore, questionable.  

  Database  o versight  c ommittee 

 Many, but not all, hemophilia databases are run under the 
umbrella of their National Haemophilia Treaters Organisation. 
All should be directly supervised by an oversight committee 
meeting regularly and reporting back to their parent organiza-
tion and to other stakeholders. This oversight committee will 
determine database policy and direction, regularly review the 
dataset, oversee the organization and running of the database 
and produce research and reports from the data. All the stake-
holder groups should be represented on this committee. The 
oversight committee for the UK National Haemophilia 
Database, for example, includes the Vice Chair and Chair of 
UKHCDO, the Chairs of all the UKHCDO working parties, 
a software engineer, a representative of the UKHCDO secre-
tariat and representatives from the Haemophilia Nurses 
Association, the Data Managers Forum, and the Haemophilia 
Society, a patient, and two healthcare commissioners. There 
is also input from the Department of Health.  

  Technical  s pecifi cation,  d esign, and  s taffi ng 

 The philosophy behind the organization of the database is to 
maximize data collection whilst minimizing duplication of 
effort from the hemophilia centers. Hemophilia centers already 
collect a great deal of data, partly for clinical management and 
partly for fi nancial administration. These may be held on 
computer systems not compatible with the national database 
and, indeed, neither the US nor the Canadian databases are 
networked. We have developed a software system for hemo-
philia center administration, the Haemophilia Centre 
Information System (HCIS), which collects the clinical infor-
mation required for patient management, the fi nancial infor-
mation required for billing, and the data required by the 
national database, and which interfaces both with the local 
hospital patient administration system (PAS) and with the 
national haemophilia database. Data, therefore, need to be 
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keyed in only once and may be exported to the national hae-
mophilia database semiautomatically once a quarter. About 
75% of UK patients with bleeding disorders have their data 
on an HCIS system at present. 

 The fl ow of data through the HCIS system is illustrated 
diagrammatically in Figure  60.1 . New diagnoses and adverse 
events such as new inhibitors, death, or viral infection are 
reported as they arise through the secure network. All UK 
hemophilia centers are networked to the national hemophilia 
database, even those lacking an HCIS system. Data are 
imported into a holding database from the HCIS quarterly. 
After verifi cation and resolution of supplementary enquiries, 
the data are imported from the holding to the main database 
and incorporated. The data are then analyzed and reports 
issued to stakeholders. The organization of the different 
elements of the system and fl ow of data are illustrated in 
Figure  60.2 .   

 Patient home treatment data, including reason for treat-
ment, bleed details including position and outcome, batch 
number, and dose, may be imported either manually or elec-
tronically using the Haemtrak system. This is an electronic 
patient information system sponsored by Baxter to replace the 
Advoy system, which was recently withdrawn from the UK. 
Similar systems have been developed in other countries. 

 The database is written in a robust program which will 
accommodate simultaneous multiuser access such as SQ - server 
or Oracle. Most national databases use such software, a small 
minority using Microsoft Access ™ , which is much less robust. 
The data are stored on large fi le servers with automatic dupli-
cation such as RAID (random array of inexpensive drives), 
ensuring that hard - drive failure does not lead to loss of data. 
There is a secure power supply ensuring that power cuts do not 
lead to loss of data. Tape back - ups are held in a fi reproof safe. 

 A recent survey conducted by the author showed that data-
base staffi ng varied from one (Canada) to nine members of 
staff for the US registry. The UK NHD has seven members of 
staff, including software support staff, a full - time statistician, 
an administrator, and three data chasers. The constant task 
of chasing data and verifying it is very labor intensive despite 
the support of an impressive hardware and software infra-
structure. The staff also provide logistic support for the spe-
cifi c research projects of individual UKHCDO working parties.   

  The  f uture 

 The HCIS will be networked so that all participating hemo-
philia centers in the UK may administer their centers and 
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collect their data directly using two centralized fi le servers 
working in tandem rather than a server in their own hospital. 
Improvements in band width and speed within the health 
service ( “ Connecting for Health ” ) have made this advance 
possible. This will reduce the cost of running the system, 
improve reliability, and make it easier to get smaller centers 
using the HCIS system. It will also give the national database 
access to far more data. 

 The future is also likely to see hemophilia databases matur-
ing and developing stronger relationships with healthcare 
commissioners, industry, and regulators since these databases 
will become the natural source of data for healthcare plan-
ning, outcome evaluation, and pharmacovigilance. Databases 
will also become a powerful tool for large - scale epidemiologic 
research and the evaluation of treatment outcomes. This 
requires long - term planning and commitment.  

  References 

  1       Evatt   BL  . World Federation of Hemophilia guide to developing a 
national patient registry. World Federation of Haemophilia,  2005 . 

Available at:  http://www.wfh.org/2/docs/Publications/Diagnosis_
and_Treatmen/Registry_Guide_2005.pdf  (Accessed on 3 May 
2009  ).  

  2       Hay   CRM  .  The UK Haemophilia Database: a tool for research, 
audit and healthcare planning .  Haemophilia   2004 ;  10 ( Suppl. 3 ): 
 21 .  

  3       Walker   I  .  The Canadian Hemophilia Registry .  Haemophilia   2004 ; 
 10 :  21  –  2 .  

  4       Walker   I  ,   Pai   M  ,   Akabutu   J  ,  et al.   The Canadian Hemophilia 
Registry as the basis for a national system for the monitoring of 
the use of factor concentrates .  Transfusion   1995 ;  35 :  548  –  51 .  

  5       Iorio   A  ,   Oliovechio   E  ,   Morfi ni   M  ,   Mannucci   PM  ,  on behalf of the 
Association of Italian Hemophilia Centre Directors .  Italian 
Registry of Haemophilia and Alied Disorders. Objectives, meth-
odology and data analysis .  Haemophilia   2008 ;  14 :  444  –  53 .  

  6       Baker   RI  ,   Laurenson   L  ,   Winter   M  ,   Pritchard   AM  .  The impact of 
information technology on haemophilia care .  Haemophilia   2004 ; 
 10 ( Suppl. 4 ):  41  –  6 .  

                      



420

 Comprehensive  c are and 
 d elivery of  c are: 
the  d eveloped  w orld    
  Christopher A.   Ludlam  
  Haemophilia and Thrombosis Centre, Royal Infi rmary of Edinburgh, Edinburgh, UK        

61

  Introduction 

 Historically, developments in hemophilia care have been 
entirely dependent on close collaboration between those who 
care directly for patients and their families and those from a 
wide range of professions and organizations supporting provi-
sion of services. Effective hemophilia therapy, until recently, 
was almost totally dependent on plasma - derived clotting 
factor concentrates, and in many countries this required 
detailed arrangements with national blood transfusion serv-
ices and/or the purchase of concentrates from international 
plasma fractionators. Global issues have traumatized hemo-
philia like no other medical condition; the transmission of 
viral infections or sudden unpredictable shortages of therapeu-
tic concentrates are but two examples. Those with responsibil-
ity for providing services, therefore, have to keep a very broad 
national and international perspective of factors that might 
infl uence the availability and safety of therapy. 

 To collaborate with other organizations, e.g., blood transfu-
sion services, hemophilia physicians have had to develop 
national organizations to negotiate provision for patients. In 
the UK the Haemophilia Doctors ’  Organisation (UKHCDO) 
is an example of an organization that has grown from a small 
beginning to a larger and effective collaboration of doctors 
who have been able to lead effectively the developments in 
care and set standards to improve the lives of those with 
hemophilia. To help recruitment and training of physicians in 
the specialty, a European curriculum for thrombosis and 
hemostasis has been developed  [1] . Similarly, patients have 
organized themselves into national societies, for example the 
UK Haemophilia Society ( www.haemophilia.org.uk ), and 
these have been very effective in patient advocacy. Many other 
countries have similar organizations, e.g., the National 
Haemophilia Foundation in the USA ( www.hemophilia.org ). 
These national societies have been drawn together into the 

World Federation of Hemophilia, which has promoted hemo-
philia care particularly effectively in developing nations ( www.
wfh.org ). It has encouraged international collaboration 
between designated specialist centers of expertise (WFH 
International Training Centres) and countries with developing 
services. 

 The fi rst part of the chapter outlines the overall framework 
within which national hemophilia services should be provided 
as has recently been set out by the European Association for 
Haemophilia and Allied Disorders (EAHAD;  www.eahad.org ) 
in the document  European Principles of Haemophilia Care  
 [2] . To illustrate how these principles have developed in detail 
to provide services, the arrangements in the UK are described 
in some detail as they offer one national model which has 
worked effectively over the past 40 years  [3] .  

  European  P rinciples of  H emophilia  C are 

 Guidance on how hemophilia services should be developed in 
Europe has been offered by the Interdisciplinary Working 
Group (IDWG), which comprised 45 established hemophilia 
physicians from 19 European countries  [4] . This group com-
piled the  Principles of Haemophilia Care   [2]  (which was sub-
sequently reviewed, endorsed, and adopted by EAHAD). The 
document describes the components of a national comprehen-
sive care hemophilia service under 10 headings (Table  61.1 ). 
These emphasize the necessity for coordination of the services, 
and the fi rst recommendation states that this can best be 
accomplished by having a national committee to include all 
stakeholders to oversee and plan services. The second, and 
almost as important, recommendation is that there should be 
a confi dential national registry of all patients. By knowing the 
number and severity of patients with congenital bleeding dis-
orders it becomes possible to start to plan the service and 
especially ensure the provision of therapeutic materials. The 
third recommendation relates to ensuring that comprehensive 
care hemophilia centers and hemophilia centers are estab-
lished within an appropriate network; the exact arrangements 
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 [4,5] . These centers issued hemophilia identity cards and kept 
a local list of patients as well as contributing names to a 
central register kept by the MRC. In the decade that followed, 
the early freeze - dried concentrates were developed from 
animal and human plasma, but the major breakthrough was 
treatment with cryoprecipitate in 1965. In 1964, the respon-
sibility for oversight of hemophilia passed to the Ministry of 
Health, which in 1968 issued a health memorandum identify-
ing 36 centers that would diagnose and treat patients. Three 
of these were designated  “ special treatment centers ”  which 
would undertake surgery. In October of that year the directors 
of these hemophilia centers were invited to the opening of a 
new building at the Oxford Haemophilia Centre. At a party 
organized by Dr. Rosemary Biggs for the event it was agreed 
to have regular national meetings of directors and that annual 
treatment data would be sent to Oxford for collation. This 
was the beginning of what later formally became the 
UKHCDO. With further developments in the provision of 
hemophilia care, the Department of Health issued a further 
document in 1976 setting out revised criteria for services 
which should be provided at the 52 hemophilia centers. Of 
these, seven were designated regional hemophilia centers and 
the others hemophilia centers and associate centers, although 
the facilities which should be provided at each of these three 
types of centers were not specifi ed. At this time, the collection 
of national data was extended to include all patients known 
to each center with hemophilia, and in addition treated carri-
ers and von Willebrand disease patients. Subsequently, it 
extended to include all patients with von Willebrand disease. 
Thus, over the past 50 years there has been national coordina-
tion of hemophilia care with the arrangements having to 
change in response to advances in therapy as well as the way 
the government has overall managed the state national health 
service.  

  Current  UKHCDO   a ctivities 

 UKHCDO ’ s structure had to change again in 1993 when the 
government abolished health regions and established more 
 “ independent ”  trust hospitals. This led to a further develop-
ment in hemophilia care arrangements with the recognition of 
Comprehensive Care Haemophilia Centres (CCCs). The 24 
centers were so designated if they looked after at least 40 
patients with severe hemophilia and offered a broad range of 
services as specifi ed in a further government health circular 
[HSG (93) 30]  [6] . In addition, there were 79 Hemophilia 
Centres with a responsibility to provide a more limited range 
of services. At this time, the constitution of the organization 
was revised to extend the membership from directors of 
centers to all doctors working within the hemophilia environ-
ment, and this was recognized by the  ‘ D ’  in UKHCDO chang-
ing from  “ Director ”  to  “ Doctor, ”  and thus allowing the 
abbreviation for the organization to remain unchanged! It is 
a three - tiered organization with an executive, advisory group 

  Table 61.1    European Principles of Hemophilia Care. 

  National hemophilia coordinating organizations with supporting 
local organizations  

  National haemophilia patient registry  
  Provision and maintenance of comprehensive care centers (CCCs) 

and hemophilia treatment centers (HTCs)  
  Partnership in the delivery of hemophilia care  
  Access to safe and effective concentrates at optimum treatment 

levels  
  Access to home treatment and delivery  
  Access to prophylactic therapy  
  Access to specialist services and emergency care  
  Management of inhibitors  
  Education and research  

   Adapted from  [2]  with permission.   

will depend upon the distribution of patients and geographic 
factors. The other recommendations relate to details of service 
provision at the centers, e.g., monitoring of adverse therapeu-
tic events, home therapy, and arrangements for prophylaxis. 
The  European Principles of Haemophilia Care  is now being 
used in Europe as a framework for service development 
throughout the continent especially in countries with less well 
developed nationally coordinated arrangements. It has proved 
useful to advocates to take to national government health 
departments when campaigning for improvements in services. 
To promote acceptance of the 10 principles of care within the 
European community, it has been presented to, and well 
received by, members of the European Parliament.   

 It also became clear during the discussions to develop the 
European Principles of Hemophilia Care that there was a need 
to have secure arrangements for monitoring the occurrence of 
adverse events, particularly in relation to therapy, in large 
numbers of patients to increase the likelihood of detecting, 
particularly infective events, early. This led to the establish-
ment of the European Haemophilia Safety Surveillance Scheme 
(EUHASS) ( www.euhass.org ), which will record adverse 
events in over 15   000 patients with hemophilia. This enterprise 
demonstrates the very substantial benefi ts of international col-
laboration in improving safety for patients.  

  Arrangements for  h emophilia  c are in 
the  UK  

 Over the past 60 years the UK ’ s hemophilia service has evolved 
in response to advances in medical knowledge and provision 
of therapeutic materials and is now one of the most carefully 
defi ned and audited national services. Since 1950 there has 
been a national UK approach to delivery of hemophilia care 
and this was initially directed by the Medical Research Council 
(MRC), which recognized 19 centers where special facilities 
were available for diagnosis and treatment of hemophilia 
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(of representatives of CCCs) and doctors working in hemo-
philia centers. The executive, or offi ce bearers, is elected by 
the entire membership thus allowing more of those providing 
the service to be enfranchised. There is an annual meeting of 
all members, which often includes an educational symposium, 
and the advisory group meets about four times annually to 
direct the national hemophilia agenda. 

 During the past 40 years in the UK, therefore, the benefi ts 
of advances in hemophilia care have extended from the small 
number of the original Special Treatment Centres and many 
patients being treated in local district hospitals without 
ready access to comprehensive care, to a service with more 
large CCCs and Hemophilia Centres, which are able to 
offer a higher quality of service. The loss of Associate Centres 
and smaller Hemophilia Centres over the past 10 years has 
led to a gradual centralization of patient care in the UK. This 
has come with the loss of an association of an individual 
patient with a local hematologist and hospital, a change 
that was possible with the development of freeze - dried con-
centrates and consequently home therapy. The centers at 
present vary greatly in the number of patients each treats 
annually; more than 30 treat fewer than 10, whilst a small 
number serving large metropolitan populations treat over 200 
(Figure  61.1 ).   

 Over the past 20 years, Scotland, Wales, and Northern 
Ireland have developed a degree of devolution from the UK 
government in London. In Scotland the healthcare provision 
is now a different service from England with its own funding 
and priorities and it is led by the Scottish Government and the 
Parliament in Edinburgh. To address this devolution, hemo-
philia directors in Scotland (along with Northern Ireland, for 
other historical reasons) meet regularly to promote and coor-
dinate arrangements. This ensures that there is effective col-
laboration and participation by all hemophilia physicians and 
allows a coordinated approach to commissioners and particu-
larly for concentrate procurement. These arrangements dove-
tail well with national UKHCDO, and in the future it is likely 
that English regions (which each have a population similar to 
that of Scotland) will have similar local networks.  

  Responsibilities of  UKHCDO  

 In Britain, UKHCDO is formally defi ned as a charity and is 
subject in England to charity law and the charity commission-
ers. This offers it some protection from taxation of its income 
but restrains it from  “ political campaigning. ”  This does not 
prevent it, however, from offering fi rm guidance (wherever 
possible, evidence - based) on matters related to provision of 
care for those with hemophilia particularly in relation to 
therapy and blood product safety. The aims of the organiza-
tion are formally set out in constitution and are to promote 
care of those with hemophilia and related bleeding disorders, 
promote research, and advance education of medical and 
nursing staff and the general public. 

 The Advisory Group is the main forum for directing 
UKHCDO ’ s professional responsibilities to oversee the quality 
of hemophilia medical care throughout the UK. This includes 
all the responsibilities of CCCs directly (as set out below) as 
well a general oversight of the large number of hemophilia 
centers and their activities. Although it is not managerially 
responsible directly for the service, this being the responsibility 
of the individual hospitals, it has a major commitment to 
inform those funding services and to work with the depart-
ments of health of the four countries in the UK. Over the years 
this has predominantly been with issues related to the quality 
of hemophilia care, the availability of therapeutic concentrates 
and blood safety. This has required a UK national approach 
partly because the issues are often technically complex, e.g., 
blood safety, costly and required close collaboration with the 
blood transfusion services in each UK country. 

   UKHCDO   N ational  R egister of  P atients 

 Following on from the register of patients held by the MRC, 
since 1969 UKHCDO has maintained a confi dential national 
register of patients with heritable bleeding disorders (as well 
as acquired hemophilia and von Willebrand disease). Although 
initiated as a card index system, it has been computerized and 
is now held on a secure server that allows individual hemo-
philia centers to report new patients and review details of 
patients registered at their center. Oversight of the National 
Haemophilia Database (NHD) ( www.ukhcdo.org ) is the 
responsibility of the UKHCDO Data Management Group, 
which is convened by the organization ’ s vice - chairman and 
comprises chairmen of the individual working parties, a 
Haemophilia Nurses Association (HNA) representative, and 
two patient representatives. Under the Data Protection Act 
1998, patients should give informed consent to being on the 
register and to help the process of informing patients about 
the database through an information leafl et (available at 
 www.ukhcdo.org ) that has been produced and widely distrib-
uted. Patients can request a copy of their own data in the 
register. Each year hemophilia centers inform the database 
which patients have been treated and the amount of and type 
of products received. It also records whether the patient has 
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COMPREHENSIVE CARE AND DELIVERY OF CARE: THE DEVELOPED WORLD

423

400 000 000

450 000 000

Recombinant Plasma

300 000 000

350 000 000

250 000 000

U
n

it
s

150 000 000

200 000 000

100 000 000

–

50 000 000

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

 Figure 61.2     Total annual use of products used in the UK to treat hemophilia A, 1980 – 2008. 

an inhibitor, the HIV status, and whether the genetic mutation 
is known (but not details — this being held at the hemophilia 
center which requested the investigation). This allows very 
accurate assessment of the national use of blood products  [7] , 
and Figure  61.2  illustrates the amount and changes in hemo-
philia treatment in the period 1969 – 2006.   

 The UKHCDO database has been an essential resource for 
planning the healthcare needs, particularly in relation to 
knowing the total number patients of each severity of hemo-
philia and the amount of concentrate used. Over the past 20 
years the increase in concentrate use has been recorded at 
5 – 10% per annum and attempts have been made in some 
centers and in Scotland to assess the reasons for this  [8,9] .  

   UKHCDO   w orking  p arties  d evelop  g uidelines 

 One of the other important responsibilities of the advisory 
group is to establish short - term working parties, which 
develop guidelines to inform practice and set standards 
(against which the quality of the service can be audited). 
Copies of the guidelines are available at  www.ukhcdo.org . 
The trigger for establishment of a working party is either when 

new technology leads to a change in emphasis in clinical 
service, e.g. advances in ability to identify hemophilic muta-
tions led to the establishment of a Genetics Working Party 
UKHCDO (2004), or when existing guidelines require updat-
ing, e.g.,  Guidelines on Therapeutic Products   [10] . Whilst the 
membership of these working parties is predominantly those 
working directly in hemophilia care, they also offer an oppor-
tunity to include specialists in other fi elds, e.g., orthopedic 
surgery or hepatology, who offer stimulating contributions 
and different perspectives. As can be seen from the titles of 
the current working parties, listed in Table  61.2 , they cover a 
broad range of topics which are all central to hemophilia.   

 Although UKHCDO ’ s mandate is to promote hemophilia 
care in the UK, it does this also by active collaboration with 
other professional medical organizations, particularly the 
Royal Colleges of Physicians, Pathologists, and Paediatrics 
and Child Health, as well as the British Society of Haematology 
and the British Society for Haemostasis and Thrombosis. This 
is important to ensure appropriate dovetailing of hemophilia 
services with general healthcare arrangements and to enable 
the wider aspects of professional training and developments 
to take place within the UK medical environment.   
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   H aemophilia  S ociety 

 The UK Haemophilia Society is an organization of patients 
and their families which provides support for those with herit-
able bleeding disorders ( www.haemophilia.org.uk ). It is a 
well - organized and effective pressure group which encourages 
improvements in service provision. It has a major educational 
responsibility and publishes highly regarded information 
booklets. It is an active member of the World Federation of 
Hemophilia ( www.wfh.org ).  

   H aemophilia  N urses  A ssociation 

 In parallel with the development of UKHCDO has been the 
emergence of organizations of other professions contributing to 
overall hemophilia care. Senior nurses now play a major role in 
both the organization of hemophilia activities as well as the day -
 to - day treatment of patients both in hospital and at home. In the 
UK the Haemophilia Nurses Association (HNA), led by an 
organizing committee, comprises about 150 members and is 
incorporate within the national Royal College of Nursing ( www.
rcn.org.uk ). Nurses wishing to develop a career in hemophilia 
are now encouraged to take an advanced training course in 
hemophilia; these are run as part of a postgraduate studies 
program by several universities. Continuing professional devel-
opment is through regular national educational meetings and the 
development of guidelines on various aspects of hemophilia care.  

   H aemophilia  C hartered 
 P hysiotherapists  A ssociation 

 The Haemophilia Chartered Physiotherapists Association 
brings together those with skills in developing the 
musculoskeletal system, and thus helping to prevent bleeds 
and minimizing their detrimental effects when they do occur 
( www.cps.org.uk ). Although a much smaller group than the 
nurses, they have been well organized nationally and have 
developed and published a very useful recent guide.  

  Social  w ork  s upport 

 Social work support is critical both to help a family adjust to 
a new member with hemophilia and to assist those who 

  Table 61.3    Professional organizations contributing to the 
Haemophilia Alliance. 

  UK Haemophilia Centre Doctors ’  Organisation  
  UK Haemophilia Society  
  UK RCN Haemophilia Nurses Association  
  Haemophilia Chartered Physiotherapists Association  
  Clinical Scientists Group  
  Institute of Biomedical Science  
  Haemophilia Social Workers Group  

develop relationship (and fi nancial) diffi culties as a result of 
their hemophilia or the consequences of its treatment, e.g., 
HIV. In the UK, hemophilia social workers collaborated 
nationally to sustain and develop their expertise and services. 
With the move away from hospital - based social work services 
to the community it has been harder to maintain an active 
professional grouping, and the amount of support overall 
which social workers can provide has regrettably declined.  

  Laboratory  s cientists 

 Laboratory scientists provide the critical diagnostic services 
essential for hemophilia centers. Those with an academic sci-
entifi c background as clinical scientists are employed primarily 
in research and development activities and more recently in 
ensuring that the latest advances in genetic techniques are 
available to benefi t hemophilia families. As this has become 
one of their primary responsibilities, they have collaborated 
to establish the UK Haemophilia Genetic Laboratory Network 
and through this grouping have developed effective guidelines 
and standards for hemophilia genetic services ( www.ukhcdo.
org ). Biomedical scientists, with a more technical focus on the 
laboratory service, are members of the Institute of Biomedical 
Scientists (IBMS) which is a large umbrella organization for 
scientists in all branches of pathology ( www.ibms.org ).  

  Haemophilia  A lliance 

 One of the challenges of hemophilia care is to ensure that the 
multidisciplinary team works collaboratively within the hos-
pital and community and to provide as seamlessly as possible 
the range of appropriate services. To continue to develop this 
integrated service the professional organizations outlined 
above, along with the patients ’  Haemophilia Society, have 
come together to form the umbrella organization The UK 
Haemophilia Alliance (Table  61.3 ). This has developed and 
published models for comprehensive care for hemophilia in 
its service specifi cation, which has recently been updated 
( www.haemophiliaalliance.org.uk ). This is now accepted as 
the standard of service, which should be funded by commis-
sioners and provided by hospitals with CCCs and hemophilia 
centers.    

  Table 61.2     UKHCDO  current working parties. 

  Audit  
  Data management group  
  Inhibitor  
  Pediatrics  
  Transfusion transmitted infections  
  von Willebrand disease  
  Genetics  
  Rare hemostatic disorders  
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  Table 61.4    National service specifi cation for hemophilia. 

    Topics covered in the specifi cation   
  Target patient group  
  Methodology  
  Service objectives  
  Service standards and delivery  
  Quality standards  
  Treatment recommendations  
  Carrier detection, genetic counseling, and antenatal diagnosis  
  Outcomes  
  Service arrangements  
  Purchase of coagulation factor concentrates  
  Record - keeping and data collection  

  Table 61.5    Functions that must be able to be carried out by 
comprehensive care centers. 

  Coordination of the delivery of hemophilia services — in both the 
hospital and the community — while liaising with affi liated 
hemophilia centers and appropriate community agencies  

  A 24 - hour advisory and response service for hemophilia centers, 
general practitioners, dental surgeons, hospital doctors, patients, 
and families  

  Delivery of a comprehensive care program for patients with 
hemophilia; there must be at least 40 severely affected patients 
with hemophilia under the care of the center  

  A home - therapy program for patients with severe hemophilia, 
including the administration of prophylactic therapy where 
appropriate  

  Home treatment training programs, including home and school 
visits where appropriate  

  Provision of coagulation factor concentrates, for both hospital 
treatment and home - therapy programs  

  A diagnostic and reference laboratory service, performing a full 
range of laboratory tests for the diagnosis and monitoring of 
inherited and acquired disorders of hemostasis  

  Counseling for patients and their families  
  Social work support and welfare advice  
  Genetic counseling and diagnosis, in conjunction with specialized 

laboratories  
  Physiotherapy  
  Specialist operative and conservative dentistry  
  Specialist rheumatologic and orthopedic follow - up and intervention  
  Provision of obstetric and gynecologic support for the clinical 

management of hemophilia carriers and women with von 
Willebrand disease  

  Specialized services for patients with HIV and hepatitis, including 
support groups  

  Family support groups  
  Participation in clinical trials  
  Participation in clinical and laboratory audit, external and internal 

quality control, with submission of results to commissioning 
authorities  

  Participation in research and development  
  Educational programs for medical and nursing staff, biomedical 

scientists, and related paramedical personnel  
  Educational programs for patients and their families concerning all 

aspects of home therapy and community care  

  Comprehensive  h emophilia  c are in 
the  UK  

 One of the guiding principles in designing arrangements for 
providing care for those with hemophilia and their families is 
that all individuals, wherever they live, should have access to the 
full range of services and specialties that make up comprehen-
sive care for hemophilia. Whilst the majority who live near a 
CCC will be able to access these directly, those living more 
remotely who attend their local hemophilia center may need to 
be referred to the most convenient CCC for some of the more 
specialist aspects of clinical or laboratory service. For this to 
work well there should be agreed arrangements for appropriate 
referral of patients between hemophilia centers and the local 
CCC as part of a collaborative network with agreed protocols. 

 The range of services that contribute to comprehensive care 
have been set out in the 1993 health circular [HSG (93) 30] 
 [6]  and more recently in greater detail in the Haemophilia 
Alliance Service Specifi cation  [11] .  

  Haemophilia  A lliance 
 S ervice  S pecifi cation 

 The service specifi cation of standards for hemophilia care was 
compiled by a multidisciplinary team representing the 
Alliance ’ s constituent professions and the Haemophilia Society 
( www.haemophiliaalliance.org.uk ). The standards were based 
on guidelines, which had been previously issued by the indi-
vidual professional groups. It thus brought together into one 
document a description of the standards for a coordinated 
service for patients and their families, and in doing so pro-
vided an invaluable resource both for those funding services 
as well as those in the hospitals providing the care. The con-
tents of the report are listed in Table  61.4 .   

  Service  s tandards and  d elivery 

 This section sets out in detail the provisions which need to be 
made to fulfi ll the requirements of the hemophilia health cir-

culars issued by the Departments of Health for the constituent 
counties of the UK  [6,12,13] . The importance of patients being 
able to choose at which CCC or hemophilia center they are 
registered is emphasized, as is their right of access to a CCC. 
The range of services which a CCC should provide are set out 
in Table  61.5 . To provide these it will often be necessary to 
have network arrangements with specialists, e.g., orthopedic 
surgery. The details of these networks will very much depend 
on how the other specialists provide their services locally and 
of the arrangements between CCC and the local hemophilia 
centers. Furthermore, hemophilia centers vary greatly in the 
range of services they provide but as a minimum they must be 
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able to provide an emergency 24 - hour treatment service, diag-
nose the commoner inherited bleeding disorders, provide 
advice, administer a home therapy program, and participate in 
appropriate audit and quality control. It cannot be emphasized 
too strongly that for these specialty networks of services to 
function effectively investment must be made to ensure that 
there are good and effective communications between the 
providers of the individual specialist services.   

 The service specifi cation also emphasizes the importance of 
the establishment of a regional hemophilia network which com-
prises those who commission and fund the service as well as 
those who provide and use it. This regional network should 
oversee the coordinated service provided by CCCs and hemo-
philia centers to promote strategic planning and implementation 
of the service specifi cation. These regional networks are at dif-
ferent stages of evolution, with some areas having well - devel-
oped arrangements whilst others are still being established.  

  Quality  s tandards 

 The service specifi cation sets out standards for data collection, 
laboratory performance, and clinical protocols (as set out by 
UKHCDO, HNA, and HCPA). Recommendations are set out 
for regular external audit of both CCC and hemophilia centers 
under the auspices of UKHCDO and HNA (see below).  

  Treatment  r ecommendations 

 This section of the service specifi cation covers in some 
detail the framework for treatment, prophylaxis and home 
therapy, arrangements for children, and clinical review, and 
includes the importance of patient participation in the care 
process and record - keeping. Patient treatment is guided by 
 Recommendations on Therapeutic Products  as issued periodi-
cally by UKHCDO  [10] . Advice is given on management of 
inhibitors, immune tolerance, acquired hemophilia, von 
Willebrand disease, and rarer coagulation defects including 
inherited platelet disorders ( www.ukhcdo.org ).  

  Carrier  d etection,  g enetic  c ounseling, and 
 a ntenatal  d iagnosis 

 With the ability to relatively readily identify the individual 
mutation causing hemophilia in a family, this is now a recom-
mended part of the assessment of hemophilic individuals. 
Knowledge of the mutation has made it much more straight-
forward to identify carriers directly rather than with the use 
of restriction fragment - length polymorphisms (RFLPs) to 
track hemophilic genes within a family. As a result of this 
technical advance, there is a need now to offer, to those who 
may be at risk, knowledge of their carrier status. This has led 
in the UK to a re - examination of the arrangements for genetic 
counseling and the establishment of local genetic registers and 
genetic laboratory facilities at some CCCs as set out in the 
UKHCDO guidelines  [14] . The guidelines considered in some 

detail issues related to consent to genetic diagnosis both in 
children and adults. A patient information sheet and consent 
form were developed. Preimplantation genetic diagnosis has a 
place in hemophilia and it is likely that this will become more 
widely available, although probably only at a few specialist 
genetic centers.  

  Outcomes of  h emophilia  c are 

 There is increasing interest in being able to assess the outcome 
of hemophilia therapy particularly as treatment is diffi cult, 
potentially hazardous, and expensive. Although operationally 
it seems most appropriate to offer  “ comprehensive care ”  at a 
hemophilia center rather than in a more general hematology 
clinic, there are relatively few studies which objectively dem-
onstrate benefi t. One such study from the USA demonstrated 
that patients attending a hemophilia center had a longer sur-
vival than those being seen in other clinical circumstances 
 [15] . Outcome measurements are diffi cult to quantitate, par-
ticularly in the short term. One important aim of treatment is 
prevention of joint damage and its progression, but this needs 
to be assessed over many years. A recently completed rand-
omized study has demonstrated the benefi t of prophylaxis in 
children compared with intensive treatment of clinical bleeds 
 [16] . However, such studies are very time - consuming and 
expensive and for this reason a number of surrogate measures 
of effectiveness of treatment have been suggested. One is the 
number of breakthrough bleeds per year in those on prophy-
laxis and another is days missed from school or work. This is 
a developing area of hemophilia care and one in which socio-
economic evaluation is being increasingly applied and for 
which appropriate tools are being developed  [17,18] . 

  Audit 

 Over the past 15 years in the UK it has become increasingly 
important to objectively demonstrate, by external review, the 
quality of medical services. Hemophilia has been one of the 
specialties in the vanguard of medical audit  [19] . The initial 
pilot scheme was developed in 1990 in Scotland and Northern 
Ireland and 4 years later the scheme was extended to cover 
the whole of the UK every 3 years. There is a comprehensive 
audit proforma covering the topics listed in Table  61.6 . Prior 
to the audit visit, questionnaires are sent to a random selection 
of 30 patients registered at the center, which are returned 
anonymously to the auditors. Two auditors, a hemophilia 
physician, and a nurse visit the center for a day and review 
the clinical and laboratory facilities. They also comment on 
whether recommendations in the previous audit have been 
implemented. Following their visit, a report is compiled and 
returned to the CCC. A copy is returned to the chairman of 
the UKCDO, to allow any unsafe arrangements or practices 
to be addressed urgently, but also to allow a national report 
to be compiled, summarizing the national service and to high-
light weaknesses and areas for development.      
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  Table 61.6    Reviewed items in the  UK  Haemophilia Centre Doctors ’  
Organisation audit. 

  Recommendations of previous audit  
  Number of registered patients  
  Patient services at center  
  Coagulation factor stock control, storage, and issue  
  Treatment delivery  
  Availability of comprehensive care services  
  Patient medical records  
  Clinical governance, audit, lecture, teaching, continuing professional 

development, research  
  Pediatric care  
  Patient questionnaires/responses  

  Funding of  h emophilia  c are 

 The funding arrangements for hemophilia have evolved with 
the development both of advances in treatment and in the way 
the overall healthcare budget is managed nationally. The 
arrangements for England, Scotland, Wales, and Northern 
Ireland differ in signifi cant details. In the early days of UK 
plasma fractionation, to provide concentrate manufacture 
was funded directly by the government, but more recently 
in England and Wales the cost of concentrates have been 
 “ charged ”  to local commissioners or funders of care. 
Periodically, central government funds have been distributed 
to these local commissioners to pay for Department of Health -
 directed changes in treatment, e.g., provision of recombinant 
factor VIII and IX. Arrangements in Scotland and Northern 
Ireland have historically been more nationally coordinated 
and funded. In all countries of the UK the cost of concentrate 
provision is recognized as being substantial and requires 
explicit identifi cation of funds by commissioners whereas the 
cost of staffi ng and most other activities of CCCs and hemo-
philia centers is provided from local healthcare budgets. The 
Haemophilia Alliance Service Specifi cation has been very 
helpful in both defi ning and agreeing what should be provided 
and it is therefore of great value for commissioners to see how 
the overall service is confi gured.  

  Future  d evelopments in  p rovision of 
 h emophilia  c are 

 Over the past 20 years, factor VIII and other concentrate use 
has risen steadily at approximately 5% per annum, and there is 
no sign of this rate declining; it may in fact accelerate with 
increased use of prophylaxis. The cost is rising faster than the 
increase in use by factor VIII unitage with the move from 
plasma - derived to the more expensive recombinant concen-
trates. This fi nancial pressure will make the gathering of 
outcome data to justify the increased use of concentrates more 
urgent. There will be an increasing focus on treatment and 

immune tolerance of those with inhibitors and the outcome of 
the international immune tolerance induction study is awaited 
with great interest ( www.itistudy.com ). Patients are seeking 
increasing information about their condition, and with devel-
opments in reliable genetic diagnostic tests to identify carriers 
there is a need for more input of time for counseling both 
affected individuals and family members. The aspiration that 
all patients should have access to the full range of comprehen-
sive care services, wherever they live, will best be brought 
about with networking arrangements between CCCs and 
hemophilia centers. To be effective, these arrangements will 
need to be formalized. As ever, there will be a need to be mindful 
of the potential side - effects of therapy whether infectious path-
ogens in the concentrates or inhibitors arising secondary to 
their use. Those who provide hemophilia care have found the 
past challenging and in future it will be necessary to respond 
proactively to an unpredictably changing environment.  
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  Introduction 

 The management of patients with hemophilia, particularly 
those with severe disease (factor activity  < 1%), is more 
complex than replacement of factor concentrates alone. Since 
the clinical impact of the severely compromised hemostasis is 
felt from a very early age and the fact that optimal curative 
treatment still eludes this condition, these patients develop 
many complications that require involvement of a variety of 
healthcare personnel. These include the following: 
   •      Early recognition of the condition and accurate diagnosis 
by the primary physician before any serious complication 
occurs as a result of hemorrhage.  
   •      Consultation with a specialist physician/hematologist to 
plan the management of the individual including a plan for 
factor replacement therapy and other supportive measures.  
   •      Counseling of the family on the implications of coping with 
this diagnosis and its socioeconomic impact. This usually 
involves a nurse or a social worker.  
   •      Involvement of a physical therapist, physiatrist, and an 
orthopedic specialist to manage the almost inevitable muscu-
loskeletal complications.  
   •      A dentist for dentition - related complications, which are not 
uncommon.  
   •      An appropriate molecular genetics laboratory for carrier 
detection and prenatal diagnosis, if needed.  
   •      Infectious disease specialists and hepatologists to cope with 
the legacy of viral infections with human immunodefi ciency 
virus (HIV) and hepatitis C virus (HCV) from factor concen-
trates used in the 1980s among many adult patients.  
   •      Inhibitors to factors VIII and IX develop in a proportion of 
these patients and require special management.    

 Such an approach to the management of persons with 
hemophilia (PWH) is termed  “ comprehensive care ”   [1,2] . The 
actual delivery of such care to a person with hemophilia and 
his family requires a healthcare system and other supportive 

mechanisms. This chapter will describe the special considera-
tions required in providing comprehensive care to people with 
hemophilia in developing countries.  

  The  d eveloping  w orld and  i ts  p roblems 
with  h emophilia  c are 

 Of the estimated 400   000 PWH in the world, about 80% live 
in developing countries, refl ecting the overall distribution of 
population in the world in 143 of the 191 member states of 
the World Health Organization  [3] . As opposed to a per capita 
GDP of over $20   000 in developed countries, the per capita 
GDP in developing countries varies from less than $1000 for 
about 40% of these people (low income) to $1000 – 3000 for 
another 40% (low - middle income) and $3000 – 7000 for the 
remaining 20% (middle income)  [4] . The expenditure on 
health in these countries is usually between 1% and 3% of 
GDP, most of which goes toward maintaining infrastructure. 
The limited healthcare budget under these circumstances is 
therefore often directed toward nutritional and infectious dis-
eases (high - volume, low - cost conditions) rather than hemo-
philia or other hereditary bleeding disorders (low - volume, 
high - cost conditions). While there is no doubt that limited 
resources impact very signifi cantly on the ability of countries 
in the developing world to spend on hemophilia care, the other 
most important factor in this regard is the attitude of the 
people and their government toward health care in general 
and hemophilia in particular. Within the social and economic 
diversities of these countries, examples abound of countries 
with similar per capita GDP spending very differently on 
health.  

  Comprehensive  c are and  d elivery 
of  c are 

 Providing comprehensive care to PWH in developing countries 
requires a few core components to be established  [5] . These 
include: 

Textbook of Hemophilia 2nd edition. Edited by Christine Lee, 

Erik Berntorp, Keith Hoots © 2010 Blackwell Publishing Ltd.



CHAPTER 62

430

  1     appropriate medical infrastructure;  
  2     identifi cation and registration of people with hemophilia;  
  3     selection of appropriate models of care — protocols and 
products;  
  4     educating patients and families about hemophilia care;  
  5     improving social awareness of hemophilia and promoting 
advocacy;  
  6     developing a program for delivery of care.    

  Establishing  a ppropriate  m edical  f acilities 

 There should be at least one center in each country that can 
provide comprehensive care according to international stand-
ards. Therefore, it is essential to identify and train physicians 
who are committed to the fi eld of hemostasis. They can then 
help train others in the country. More emphasis should be 
placed on the management of bleeding disorders, indeed 
hematology in general, in the medical curriculum in develop-
ing countries. Annual workshops held in different regions, to 
emphasize various aspects of hemophilia care, can signifi -
cantly improve the understanding and skills of the care provid-
ers. In this regard, programs of the World Federation of 
Hemophilia (WFH), such as the International Hemophilia 
Training Centers fellowships, center twinning program, and 
workshops, have been very useful in rapid transfer of informa-
tion and expertise  [6,7] . 

 The number of care centers required in each country will 
depend on the geographic distribution of the patient popula-
tion. The facilities at each center will vary according to the 
level of expertise and infrastructure available (Table  62.1 ). 
Detailed guidelines should be prepared for the management 
of these conditions in a way that is appropriate and practical 
for each country. It would be best to integrate these services 
with the existing healthcare system, if possible, so that the 
diagnostic and clinical facilities at these centers will be useful 
for patients with other bleeding disorders as well.   

 While the treatment of hemophilia is extremely expensive, 
prevention is not. This is an aspect of hemophilia care that 
needs particular emphasis in developing countries. With the 
knowledge of the genetics of hemophilia and utilizing current 
techniques of molecular biology, highly accurate carrier detec-
tion and prenatal diagnosis can be established cost - effectively 
in many of these countries  [8] . 

 It is also important that, together with help for establishing 
diagnostic and treatment facilities, concepts of quality man-
agement in all aspects of the work involved be emphasized. A 
system of clinical audit should also be developed. All labora-
tories should be encouraged to participate in at least one 
external quality assessment program  [9] .  

  Identifi cation and  r egistration of  p eople 
with  h emophilia 

 In developing countries from which data are available, the 
proportion of the estimated number of PWH identifi ed varies 

  Table 62.1    Establishing facilities at different levels of care for 
people with hemophilia in developing countries. 

   Level of clinical care facilities available  

   Primary care center   
  Provision of basic care to patients with diagnosed bleeding 

disorders  
  Storage and administration of therapeutic products  
  Participation in appropriate clinical audit  

   Treatment center   
  All facilities mentioned above along with laboratory service for 

screening tests for the diagnosis of bleeding disorders. Facilities 
for assays and screening for inhibitors, if possible  

  Physiotherapy  
  Counseling and advisory services  
  Advice on home therapy, where appropriate  

   Comprehensive care center   
  All facilities mentioned above and:  
  24 - hour clinical service capable of handling emergencies and 

advising other centres  
  Laboratory facilities for assays of factor levels and inhibitors  
  Specialist service for surgeries, infectious diseases, and social issues  
  Rehabilitation services  

   Reference center   
  All facilities mentioned above and:  
  Reference laboratory for evaluation of atypical cases and rarer 

bleeding disorders  
  Genetic evaluation, carrier detection, and antenatal diagnosis  
  Training of members of the comprehensive care team  
  Maintain national registry  
  Conduct data analysis and clinical audit  
  Formulation of national policies  
  Research that is appropriate for the country  

   Level of laboratory tests available  

   Coagulation laboratory   
  Blood fi lm, platelet count, clot retraction, bleeding time, 

prothrombin time (PT), activated partial thromboplastin time 
(aPTT), thrombin time (TT), correction studies with  “ control ”  
and factor VIII -  and factor IX - defi cient plasma from 
appropriately screened patients and inhibitor screening, 
qualitative test for factor XIII  

   Comprehensive coagulation laboratory   
  All tests mentioned above and factor assays (VIII, IX, I, II, V, VII, 

X, XI), inhibitor assays, platelet function tests, von Willebrand 
factor (VWF) activity  

   Reference coagulation laboratory   
  All tests mentioned above and VWF multimers, VWF antigen, 

factor IX antigen, genotypic analysis, carrier detection, prenatal 
diagnostic tests, and evaluation of rarer coagulation disorders  

  Coordinate external quality assessment program  
  Appropriate research  



COMPREHENSIVE CARE AND DELIVERY OF CARE IN HEMOPHILIA: THE DEVELOPING WORLD

431

between 10% and 80%. Overall, only about 30% of PWH 
estimated to exist in these countries have been registered  [10] . 
Inadequacy of healthcare facilities, lack of adequate knowl-
edge of bleeding disorders among primary care physicians, 
and poorly developed hematology services, particularly with 
respect to diagnosis of bleeding disorders, contribute to the 
fact that the majority of PWH in these countries remain unde-
tected or inadequately diagnosed  [5] . 

 The challenge of detecting affected people and making an 
accurate diagnosis of hemophilia in developing countries 
needs to be met at different levels — educating healthcare per-
sonnel, increasing awareness in society, establishing laborato-
ries capable of performing tests of hemostasis (with appropriate 
quality control of these tests), and monitoring of these services 
for their impact on hemophilia care. 

 The importance of creating a national registry of PWH 
cannot be overemphasized. This is the only way to chart out 
the demography of PWH in any country, document their clini-
cal status, and monitor their progress over a period of time to 
assess the effi cacy of the care program.  

  Selecting  a ppropriate  m odels of  c are 

  Protocols for  t reatment 

 Factor replacement therapy in hemophilia is often based on 
following convention rather than evidence for optimum pro-
tocols. In situations without signifi cant constraints on 
resources, the guiding principle is to use high doses that guar-
antee effi cacy, albeit at an extremely high cost. In developing 
countries, this approach is impractical and requires a prudent 
selection of protocols that are most cost - effi cient, since  > 90% 
of the cost of hemophilia care is the purchase of factor con-
centrates. Therefore, selecting suitable protocols for use in 
each country becomes critical  [11] . 

 The three main indications for factor replacement in hemo-
philia are: 
  1     prevention/treatment of hemarthroses;  
  2     surgery;  
  3     immune tolerance therapy.    

  Prevention/treatment of  h emarthrosis 

 The predominant cause of morbidity in hemophilia is the 
damage resulting from repeated bleeding into joints. It has 
been the aim of therapy to establish a standard where damage 
to the joints, clinically and radiologically, can be completely 
prevented. This has been achieved by prophylactic replace-
ment of factor concentrates 2 – 3 times/week at 20 – 40   IU/dose. 
The effectiveness of this approach in preserving joint integrity 
has been established with long - term follow - up data from 
Sweden  [12] . Unfortunately, the annual cost of such therapy, 
currently at $100   000 – 300   000 per person, has been so high 
that it has been diffi cult even for countries with developed 
economies to adopt it universally  [13] . With cost constraints 

in developing countries, the aim of replacement shifts from 
maintaining perfect joint integrity to maintaining reasonable 
joint function that will allow the person to remain functionally 
independent. This can usually be achieved with much smaller 
amounts of factor concentrates. Out of necessity and not out 
of choice, people with hemophilia in developing countries and 
their physicians have to accept this fact  [14] . 

 Prophylaxis in the classic way has generally been considered 
feasible after a usage of about 3   IU/capita is achieved. This 
model presumes an individual dose of 25 – 40   IU/kg every time. 
It is possible that lower doses may also be effective, or at least 
better than on - demand therapy. With many developing coun-
tries moving into the 1 – 3   IU/capita range of usage of clotting 
factor concentrates  [15] , other models of prophylaxis need to 
be considered until such a time as the optimal doses are 
worked out and availability improves in these countries. A 
hypothetical situation is therefore described below. Based on 
the usually quoted number of 5 PWH/100   000 population, a 
country of 10 million people will have about 500 PWH. If 
they have access to even 1   IU/capita, then they have 10 million 
units of concentrate available. This would amount to about 
20   000   IU every year for each person with hemophilia. If the 
average weight of young children ( < 10 years) is taken to be 
about 25   kg, still the children can be given a prophylaxis of 
250   IU ( ∼ 10   IU/kg) two times a week, they would require 
about 25   000   IU for the year. It is very likely that this regimen 
will be better than on - demand therapy and should be 
attempted. Depending on the availability of concentrates over 
1   IU/capita, a suitable regimen for prophylaxis can be worked 
out increasing the dose and frequency while all the time docu-
menting bleeding and musculoskeletal outcome until what is 
acceptable to the community is achieved. 

 The actual amount of factor replacement for joint bleeding 
in developing countries is variable. The limited data available 
suggest that the total quantity of factor concentrate used 
varies from about 2000 to 30   000   IU/person annually  [16] . 
Some of these centers that use factor concentrates in the inter-
mediate range report preservation of reasonable joint function 
and functional independence. However, this is not backed by 
data on long - term orthopedic outcome. Therefore, it would 
be useful to longitudinally evaluate a large number of patients 
with emphasis not only on their clinical and radiologic scores 
but also on their functional status. Such data could help estab-
lish the dose at which cost – benefi t ratio is the highest.  

  Surgery 

 Large quantities of factor concentrates are needed for PWH 
undergoing surgery. When factor concentrates are used at the 
usually recommended dosage for intermittent bolus infusions, 
most major surgical procedures require about 1000   IU/kg per 
procedure  [17] . With continuous infusion of factor concen-
trates, this can be reduced to about 400 – 500   IU/kg per proce-
dure  [18] . In situations of extreme resource constraints, lower 
doses, aimed at maintaining 30 – 40% trough levels in the fi rst 
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2 – 3 days, followed by 20 – 30% in the next 3 – 4 days and 
10 – 20% during the subsequent days, can reduce factor usage 
to about 300   IU/kg per procedure even with intermittent infu-
sion protocols for major surgical procedures, not including 
joint replacement surgery  [19] .  

  Immune  t olerance  t herapy 

 Extremely large quantities of factor concentrates are required 
for immune tolerance therapy for PWH who develop persist-
ent high - titer inhibitors. The optimal dose remains to be 
defi ned and varies. Usually, about 50 – 200   IU/dose, 2 – 3 times/
week is administered for several months  [20] . Very few data 
are available on such therapy from developing countries. In 
Turkey, four out of seven patients underwent successful 
immune tolerance therapy with 25   IU/kg factor VIII three 
times a week over 1 – 4 months  [21,22] . These are encouraging 
data, but need to be attempted on larger numbers of patients. 
Unfortunately, most centers in developing countries are unable 
to offer such treatment for lack of resources.   

  Products for  t reatment 

 The greatest challenge for those attempting to provide care for 
people with hemophilia in developing countries is the provi-
sion of factor concentrates in adequate quantities for replace-
ment therapy. Availability and cost determine the choice of 
products for factor replacement in developing countries, 
unlike developed countries where safety and purity are the 
predominant considerations. Different models and possibili-
ties exist and each country needs to choose its options 
carefully  [23] . 

  Import of  f actor  c oncentrates 

 Import of the required quantities of safe virus - inactivated 
factor concentrates of a suitable purity from the international 
market is an option. The advantage of this approach is that 
safe factor concentrates can be immediately made available 
to PWH. With the use of recombinant factor concentrates 
in developed countries, safe plasma - derived concentrates are 
now available at about $0.20 – 0.30/IU. Unfortunately, even 
at this price, they remain out of reach of most PWH in 
developing countries. The other important concern is that 
as more PWH become identifi ed in these countries, there 
will not be enough plasma - derived concentrates with current 
levels of production to meet the needs of PWH around the 
world. There is need, therefore, for different levels of self -
 suffi ciency in plasma and plasma products in developing 
countries.   

  Local  s elf -  s uffi ciency of  p lasma and  f actor  c oncentrates 

 There are two separate issues here. 

  Self -  s uffi ciency in  p lasma 

 This is certainly desirable, and requires improving and expand-
ing blood transfusion services so that adequate quantities of 
safe plasma can be collected. Such plasma could be used as 
fresh - frozen plasma (FFP) or cryoprecipitate initially, with 
viral inactivation, if possible, until such a time when other 
options become available. If enough plasma can be collected, 
then fractionation can be considered.  

  Self -  s uffi ciency in  f ractionation 

 Two options exist for fractionation of locally collected 
plasma — contract fractionation outside the country at a suit-
able facility or establishing infrastructure for fractionation 
locally. Though a variety of factors need to be considered, 
including volume of plasma available, quantity and purity of 
factor concentrates required, and the resources available for 
choosing between these options, it may be best for smaller 
countries to opt for contract fractionation and those with 
large populations to choose the latter option. 

 Perhaps the best option is a combination of these two 
approaches. Initially, a country could import modest quanti-
ties of factor concentrates that can provide the existing PWH 
with a safe therapeutic option while trying to establish a good 
transfusion service for collecting large quantities of plasma. 
As plasma collection increases, fractionation could be done 
either locally or on contract at a distant site to different levels 
of purity as deemed appropriate and factor replacement prac-
tices could change accordingly. Such an approach is also likely 
to be more acceptable for governments that may prefer to use 
their resources to support local industry rather than paying to 
import factor concentrates. 

 There are a few examples of plasma fractionation facilities 
in developing countries. Brazil, Cuba, Thailand, and South 
Africa have been able to produce small quantities of low/
intermediate - purity virus - inactivated products in modest 
plasma fractionation plants in the past, which has served their 
needs to some extent  [23] . In South Africa, the needs of about 
1500 people with hemophilia using about 12   000   IU each 
annually has been almost entirely met from these manufactur-
ing units. Large quantities of factor concentrates and other 
plasma products are fractionated at multiple facilities in China 
 [24] . While developing countries attempt to establish facilities 
for fractionation, the over - riding principle should be attention 
to current good manufacturing practices (cGMPs) with regard 
to quality of plasma and viral inactivation.    

  Educating  p atients and  f amilies  a bout  h emophilia 

 While this is extremely important everywhere, it is even more 
so in situations where care is inadequate. A knowledgeable 
patient can actually help prevent iatrogenic complications of 
hemophilia that are not uncommon under these conditions. 
Facilities should be established for adequate counseling and 
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education about the disease for families with individuals diag-
nosed to have hemophilia. Apart from information related to 
the principles of managing this condition, they should also be 
made aware of the support systems available to cope with it 
socially and fi nancially. Written information should also be 
provided to them. It would be very useful if, at the time of 
diagnosis and registration, an information booklet in the local 
language is given to each patient and his or her family. This 
would not only provide essential information immediately, 
but would also compensate to some extent for lack of proper 
counseling facilities at the center where the diagnosis was 
made. It could later be supplemented by discussions regarding 
specifi c problems.  

  Improving  s ocial  a wareness and 
 p roviding  a dvocacy 

 Increasing social awareness of hemophilia is important for 
two reasons. First, it helps identify more people affected by 
this condition as families with individuals who may have 
hemophilia seek medical attention. It also helps in creating 
social support for the cause of hemophilia, which can play a 
crucial role in improving care for PWH. Both the print and 
visual media can be used to achieve this. 

 Experience in the world has shown that getting support 
from government for hemophilia care requires strong advo-
cacy groups. Establishing a vibrant and well - informed national 
organization that represents all PWH in a country and advo-
cates their cause is extremely important for this. The WFH 
also has major programs to assist in this process.  

  Developing a  p rogram for  d elivery of  c are 

 Two models currently exist in many developing countries. The 
fi rst involves support from the government and a program of 
care integrated with national healthcare facilities. The level of 
support from government and insurance agencies varies in 
different countries. The second is a situation where there is 
no signifi cant support for PWH from the government and 
most of the care is provided by a parallel system of health 
care involving private hospitals and other nongovernmental 
organizations. 

 The data collected by the WFH through its global survey 
confi rms that countries with successful programs for hemo-
philia care have support from their national healthcare 
systems. These are countries with GDP in the middle and 
low - middle income groups and strong patient advocacy 
groups. On the other hand, countries with the lowest GDP 
and insignifi cant patient advocacy have extremely inadequate 
or absent organized care for hemophilia  [25] . Lobbying for 
support from the health budget of the country therefore 
becomes crucial for successful implementation of such pro-
grams and improving awareness of hemophilia and its man-
agement are crucial aspects of establishing care and its 
delivery.   

  Conclusion 

 The majority of people with hemophilia in the world continue 
to have inadequate care because of paucity of resources 
and lack of knowledge. Varying conditions that prevail in 
developing countries make it diffi cult to recommend an ideal 
model for the delivery of hemophilia care. It is possible, 
though, to defi ne the basic requirements that are necessary to 
achieve this as described in this chapter. The details will 
depend upon local circumstances, and each country will need 
to choose the model best suited for its purpose. However, in 
the last decade, mainly owing to the efforts of the WFH and 
the cooperation of many governments, signifi cant progress has 
taken place in improving hemophilia care in developing coun-
tries. If this momentum is sustained, indeed accelerated, then 
the quality of life of PWH in developing could vastly improve 
in the next decade.  
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  Comprehensive  c are in the 
 d eveloped  w orld 

 A discussion of global comprehensive care must include con-
sideration of at least two different cycles of healthcare devel-
opment — one for developed countries and one for countries 
with emerging economies. Prior to the 1960s, no comprehen-
sive care was available and individuals with hemophilia suf-
fered much the same fate throughout the world. Life expectancy 
was less than 20 years and severe disabilities because of joint 
disease developed by early teenage years  [1] . In the developed 
countries, hemophilia associations were established for the 
purpose of recruiting the donors needed to supply blood to be 
used for hemophilia patients. The discovery of cryoprecipitate 
in 1964 and subsequent development of clotting factor con-
centrates dramatically increased the options of clinical man-
agement for patients  [2] . Concentrates could be easily stored, 
administered at home, and carried with patients during travel. 
These qualities allowed early treatment of bleeding episodes, 
reducing pain and often the time to subsequent return to 
school or work, and home therapy quickly evolved as a man-
agement option. Its increasing popularity necessitated the 
training and education of patients about disease management. 
Soon, specialized centers began to emerge that delivered a 
number of services including home care and patient education 
 [3 – 5] . Studies conducted by these centers demonstrated a pro-
found effect produced by these approaches on patient care, 
survival, and general health. As a result, patient associations 
and physicians urged and received government support for 
national programs (predominantly in Europe, North America, 
Australia, New Zealand, and Japan) consisting of networks 
of hemophilia treatment centers (HTCs). These centers, made 
possible because the advanced economic condition of these 
countries, provided comprehensive services consisting of 
hemophilia care, orthopedic and dental services, and educa-
tion and psychosocial support  [6 – 8] . 

 Comprehensive care in hemophilia was indeed an early 
forerunner of chronic disease management, a model of care 
now well established in public health out - of - hospital 
programs. 

 Today, the comprehensive care model in developed coun-
tries continues to prove itself superior to unorganized care for 
both survival and effective utilization of healthcare resources 
 [6] . 

 Recent studies on over 3000 patients with hemophilia in the 
USA examined mortality and hospitalization rates of patients 
receiving care in comprehensive care centers or alternatively 
by private physicians. Both patient groups had similar access 
to clotting factor and healthcare resources. Although the most 
severely affected patients with the most complications were 
those cared for by the comprehensive care centers, they had 
lower mortality rates and lower hospitalization rates than 
those cared for by private physicians (Figure  63.1 )  [6,7] . 
Important elements of this effect were the availability of exper-
tise for serious complications, home therapy, and consistent 
education of patients about their diseases — all standard serv-
ices at the comprehensive centers.   

 The net effect is that the comprehensive care model has 
normalized life for patients with hemophilia in countries of 
the developed world. Life expectancy is approximately 65 
years, serious blood - borne infections have not been transmit-
ted by concentrates since 1990, and joint disease produced by 
bleeding episodes is virtually nonexistent in children under the 
age of 15, particularly when they are receiving prophylaxis 
 [6,9 – 12] . Individuals with hemophilia pursue life with the 
vigor of any in the normal population. 

 As a result, the success of HTCs in improving health care 
has had a secondary effect of reducing the need for the services 
provided in a number of countries, particularly those on site 
at the centers. Surveys of HTCs in the USA have shown the 
average number of patient visits per week to HTCs has 
dropped to 5.2, only 69% of the staff time is spent on hemo-
philia care, and physicians in the clinics are spending only 
20% of their time taking care of hemophilia patients  [13,14] . 
As a result, training of young physicians to take care of 
patients with hemophilia has decreased and an impending 
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the world ’ s population. The information is used to monitor 
the number of people with bleeding disorders and the level of 
care provided to determine priorities and assist in directing 
the WFH ’ s developing country programs. Termed the World 
Federation of Hemophilia ’ s Global Survey, the database is one 
of the tools used to evaluate the level of care in various coun-
tries targeted for program development  [21 – 28] . 

 According to these data, the level of services available 
among the different countries vary widely, and are usually 
related to the economic capacity of the country as refl ected by 
the per capita gross domestic product (GDP)  [29] . Countries 
may be grouped into three categories of GDP:  < $2000, 
$2000 – 10   000, and  > $10   000. Developed countries generally 
have GDPs  > $10   000 per capita per annum and almost always 
have fully fl edged comprehensive care programs. Some of the 
countries in the $2000 – 10   000 per capita per annum group, 
representing the largest total population, have established or 
are developing comprehensive care programs. However, the 
third group,  < $2000 per capita per annum, has the greatest 
economic challenges and the lowest level of services generally 
(Figure  63.2 ). The relationship of GDP to available health 
resources is dramatic. In the typical country with the highest 
GDP, adequate hemophilia care costs approximately 2 – 3 
times the health resources available to the average inhabitant 
(based on the assumption that 30   000 units/year/patient is 
needed for adequate care). In many countries with the lowest 
GDP, adequate care would cost 500 – 700 times or more 
of the health resources available to the average inhabitant. 
Graphically, this can be expressed as the amount of a coun-
try ’ s total health expenditures that would be needed to provide 
what the developed countries consider as adequate health care 
(Figure  63.3 ). There has been a slow but steady progress in 
product provided in the $2000 – 10   000 GDP economic group 
(Figures  63.4  and  63.5 ). This progress is likely a combination 
of improving economies combined with the development of 
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 Figure 63.1     Outcomes for hemophilia treatment centers, 1993 –
 1995. (a) Relative mortality. (b) Relative number of hospitaliza-
tions. Patients receiving hemophilia care outside the hemophilia 
treatment centers have 67% higher mortality rates and 40% higher 
hospitalizations for a bleeding complication  [6 – 7] . CDC, Centers 
for Disease Control and Prevention. 

crisis identifi ed as HTCs try to replace retiring physicians but 
trained personnel are unavailable  [15] . Consequently, the 
work patterns and patient mix of HTCs is changing. Services 
are expanding to include those for women with bleeding and 
for people with clotting disorders, a rapidly expanding popu-
lation of persons with newly diagnosed thrombophilia. In 
some HTCs, these patients already comprise as much as 80% 
or more of the clinic population, and their presentations have 
the result of justifying and maintaining services for hemophilia 
patients [Centers for Disease Control and Prevention (CDC), 
unpublished data].  

  Comprehensive  c are in the 
 d eveloping  w orld 

  Current  s tatus of  c omprehensive  c are in 
 d eveloping  c ountries 

 Establishing comprehensive care in the developing world has 
often remained an elusive dream. 

 Extensive information concerning the status of comprehen-
sive care exists mostly for Europe, North America, Australia, 
and New Zealand. Excellent HTCs have been developed in a 
number of other countries, with the hope that longer term 
national networks of centers will follow. Information has been 
published recently on a few countries that are developing or 
completing successful hemophilia programs, but in most of 
the developing countries standards of care similar to those in 
developed countries are generally lacking and services vary 
widely depending upon availability of resources  [16 – 20] . 

 The World Federation of Hemophilia (WFH) maintains a 
database containing information on the status of care in a 
large number of countries throughout the world. In 1998, the 
WFH began collecting demographic information and health 
outcome data for hemophilia patients living in its member 
countries. These data are collected annually from most of its 
member organizations in 113 countries, representing 89% of 
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  Developing  c are in  c ountries with 
 e merging  e conomies 

 Prior to 1990, WFH development programs struggled for lack 
of resources. Development of the International Hemophilia 
Training Centers (IHTCs) by the WFH to train healthcare 
professionals began in 1969 and IHTC fellowships were 
instrumental in providing trained physicians and other health 
professionals to developing countries. As a result, a number 
of excellent centers were established  [16 – 19,29,30] . The WFH 
conducted periodic workshops on hemophilia management in 
selected developing countries whenever funding was obtained, 
and the WFH Congresses, held on an annual or biannual 
basis, provided a forum for an interchange of ideas that stimu-
lated interest in management of hemophilia throughout the 
world. A new WFH strategic plan, entitled the  “ Decade Plan ” , 
was published in 1992 and generated motivational energy to 
initiate new programs and set the goals for the WFH to make 
effective treatment available to patients with hemophilia 
globally  [31] . 

 Several new very successful programs were started between 
1994 and 1997, such as the Hemophilia Center Twinning 
Program, which pairs emerging HTCs with well - established 
and experienced centers, to improve diagnosis and clinical 
care through coaching and training. The Hemophilia 
Organization Twinning Program enables emerging national 
hemophilia associations to develop partnerships with well -
 established patient organizations to share knowledge and 
experience in areas such as patient education, advocacy, and 
outreach. 

 Integrated, individualized country projects were soon 
created to target specifi c aspects of local hemophilia care. 
Intensive efforts at country - specifi c program development 
soon began. Successful programs to develop hemophilia care 
in countries such as Chile, Uruguay, and Venezuela provided 
experience and increasing optimism on achieving long - term 
success  [32] . By working with the clinicians, healthcare teams, 

3.0

2.5

2.0

1.5

1.0

0.5

0.0
<$2000 <$2000–10 000 >10 000

Per capita gross national product

M
ed

ia
n

: %
 t

o
ta

l h
ea

lt
h

ex
p

en
d

it
u

re
s

0.6–26%

0.08–0.5%
0.0–0.08%

 Figure 63.3     Percentage of countries ’  total health expenditures 
needed to provide minimal standardized care. 

4.0
3.5
3.0
2.5
2.0

1.5
1.0
0.5
0.0

<$2000 $2000–10 000 >$10 000
Per capita gross national product

R
at

io
 (

P:
P c

)

<13 years
>19 years
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comprehensive care models. The  < $2000 per capita per annum 
group is making very slow progress in increasing levels of care.   

 The impact of available comprehensive care greatly affects 
survival. Existing data suggest that the incidence of hemo-
philia is constant for a number of races and ethnic groups  [8] . 
Under these circumstances, the prevalence of hemophilia in a 
country might be considered a crude measurement of the 
overall hemophilia care because, historically, inadequate care 
results in premature death, shortened life expectancy, and few 
patients at a moment in time. When countries are grouped by 
GDP and examined for prevalence of hemophilia and availa-
bility of clotting factor concentrate, there is a wide gap 
between available care between the developed and developing 
world. As a result of the shortened life expectancy, the popula-
tions in the lowest level of per capita GDP have hemophilia 
populations that comprise primarily children (Figure  63.5 ). In 
addition, in these countries, the majority of patients will be 
affected by severe joint disease by their teenage years, a rare 
occurrence for patients living in developed countries. Although 
most countries report that specifi c laboratory diagnostic 
testing is used, diagnosis of hemophilia in 18 – 30% of the 
countries is still made using nonspecifi c tests or clinical symp-
toms only  [21 – 28] .  
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hemophilia societies, and governments to put together national 
programs, the WFH developed sustainable progress in hemo-
philia care with limited resources. These country - based pro-
grams have led to signifi cant and measurable improvement in 
outcomes in the management of hemophilia. They showed 
that the effi cient use of limited resources can make a signifi cant 
difference in reducing mortality and improving quality of life 
among people with hemophilia. 

 In 2003, elements of these programs were combined into an 
ambitious new plan, the Global Alliance for Progress (GAP) 
in bleeding disorders. GAP aims to introduce or expand 
national hemophilia care programs in up to 30 developing/
emerging countries over a 10 - year period and to double the 
number of people diagnosed with hemophilia in these coun-
tries  [33] . The WFH goal is to diagnose 50   000 new people 
with hemophilia worldwide and improve access to care for 
these 50   000 and others who are currently diagnosed but 
untreated. Since 2003, in the fi rst 6 years of the 10 - year plan, 
41   395 new patients with bleeding disorders have been diag-
nosed, including 31   189 with hemophilia. 

 One of the keys to improving care for people with bleeding 
disorders is building a coalition including the medical com-
munity, patient organization, and Ministry of Health. Formal 
agreements have been signed by WFH with the governments 
of Armenia, Azerbaijan, Ecuador, Egypt, Georgia, Jordan, 
Lebanon, Thailand, and Tunisia to establish national hemo-
philia programs. 

 In many GAP countries this has led to substantially increased 
levels of government support for hemophilia care. For example, 
the governments of Azerbaijan, Georgia, Jordan, Russia, and 
Thailand offi cially launched full National Hemophilia Care 
Programs and more than doubled their budgets for hemophilia 
in response to their engagement with WFH through GAP 
programs. 

 Outreach and diagnosis are the essential fi rst steps in 
improving treatment. Since GAP began, 9675 newly identifi ed 
patients with hemophilia, von Willebrand disease, and other 
bleeding disorders have been diagnosed and registered in the 
GAP countries alone. 

 Improving medical expertise through training of all members 
of the multidisciplinary healthcare team is another critical 
element of GAP. By 2009, WFH had provided training to 
over 9000 hemophilia care team members and healthcare 
professionals. 

 Increasing the availability of treatment products is also a 
signifi cant turning point to bringing about adequate treatment 
in a country and is a cornerstone of GAP. Since 2003, GAP 
countries have reported to the WFH a total cumulative increase 
of over one billion units of clotting factor concentrates sup-
plied in the GAP countries. 

 The last key piece for GAP is the patient organization. 
Without a strong patient group to move the project forward, 
advocate for improved care, and educate patients and their 
families, success is unlikely. Through GAP, there has been 
education and training of 4729 patients, family members, and 

patient organization board members. The increased resources 
and training focused on patient organizations have ensured 
the treatment gains will be sustainable long after the GAP 
project concludes. 

 The success of GAP has been achieved through the imple-
mentation of sustainable national comprehensive hemophilia 
care programs integrated into the public health system and 
involving government support. The WFH model for improv-
ing care is based on a series of development steps in fi ve major 
areas of care: (i) level of government support; (ii) care delivery 
structure; (iii) level of medical expertise and diagnosis; (iv) 
quality and availability of treatment products; (v) strength and 
organization of the hemophilia association (  Table  63.1 ). Goals 
and objectives are set with each country, directed toward 
raising the level of care by a number of realistic and sustain-
able steps in each area of care. Attempts are made to make 
these goals and objectives realistic by basing them on a careful 
assessment of the resources available and the chances of 
success in the fi nancial and political environment of the 
country. These national programs can dramatically increase 
both life expectancy and quality for persons with hemophilia 
following this step - by - step approach.    

  Overcoming  b arriers to  c omprehensive  c are 

 Preconceptions about the cost of care has been one of the 
primary barriers to expanding hemophilia services to develop-
ing countries  [34] . Publications concerning the high cost of 
hemophilia care in developed countries often generate an 
impression for public health planners that hemophilia care is 
too expensive for a country with an emerging economy, espe-
cially when concurrently faced with a number of high health 
priorities that affect large numbers of the population. It is not 
surprising, then, that the conclusion is drawn that the only 
option is to ignore hemophilia as a health problem. 

 The fi nancing of hemophilia care is complex, however, and 
conclusions based on this reasoning do disservice to persons 
with hemophilia living in those countries because it delays 
low - cost elements of health care which would greatly improve 
survival and decrease morbidity. For example, in the devel-
oped countries the most signifi cant cost element to the health-
care system can be attributed to the cost of clotting factor. As 
of 2004, health services used by patients consist of only 5% 
or less of the cost  [35 – 37] . A wide variation of healthcare costs 
produced by individual patients has been found to be related 
to the severity of the hemophilia and the presence or absence 
of inhibitors  [36] . Likewise, in any given year, as many as 
24% of the patients living in a country may use no clotting 
factor because they do not bleed. Looking at the use of clotting 
factor by the approximately 17   000 patients with hemophilia 
A and B in the USA, of the 75% that use clotting factor, half 
the factor usage is for prophylaxis and immune tolerance 
regimens for only 15% of the population  [15] . This has impor-
tant implications for developing countries making decisions 
based on these data about undertaking national programs of 
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  Table 63.1    Steps for developing national hemophilia care programs. 

   Government 
support     Care delivery  

   Medical expertise  

   Treatment products     Patient organization     Laboratory diagnosis     Medical treatment  

   Objectives   
  To obtain 

government 
support for 
national 
hemophilia 
care program 
within the health 
system  

  To set up a national 
hemophilia care 
program (national 
plan defi ned with 
key treaters and 
NMO)  

  To provide accurate diagnosis and 
appropriate treatment  

  To obtain the best 
quality blood 
products in suffi cient 
quantity at an 
affordable cost  

  To develop a strong 
patient organization 
for advocacy and 
education  

  To make the 
organization of 
hemophilia 
treatment more 
effi cient  

      Develop and improve 
regulatory knowledge  

    

   Development steps   
  No government 

support or interest 
in hemophilia care  

  Isolated doctor in 
major city works 
with no resources  

  Basic laboratory 
diagnostic ability  

  Basic medical 
knowledge in 
hematology 
(includes 
pediatricians and 
general 
practitioners)  

  Local production of: 
whole blood, plasma, 
fresh - frozen plasma 
(FFP), 
cryoprecipitate, 
freeze - dried 
cryoprecipitate  

  Organization formed 
by a nucleus of 
patients  

              Combination of local 
production of cryo 
and/or FFP and some 
purchase of 
plasmaderived factor 
concentrates: (1) less 
than 0.2   IU per capita 
of concentrates; (2) 
between 0.2 and 
0.5   IU; (3) between 
0.5 and 1   IU; (4) 
between 1 and 2   IU  

  Organization 
structured, 
recognized/
registered with a 
constitution  

  Government 
recognition of 
main HTC as a 
reference center  

  Basic treatment is 
possible in hospital(s) 
in major city  

  Basic screening tests 
(bleeding time, 
platelet count, 
coagulation test): 
PT, aPTT, TT  

  Doctor specialized 
in hematology 

 Hematologist(s) 
assigned to 
hemophilia care  

  Proper national tender 
system in place  

  Organization holds 
regular meetings 
with a core group 
of volunteers and 
educates patients 
and families in 
major city  

  Some level of 
government 
involvement in 
hemophilia care 
(e.g., hemophilia 
committee or task 
force)  

  Regular hematology 
outpatient clinic with 
follow - up offered  

  Internal quality 
control  

  Key hematologist(s) 
trained in 
hemophilia  

  Examine feasibility of 
contract fractionation 
of plasma - derived 
concentrates  

  NMO patient registry  

      Factor assays              

(Continued)
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   Government 
support     Care delivery  

   Medical expertise  

   Treatment products     Patient organization     Laboratory diagnosis     Medical treatment  

  Limited central 
or regional 
government 
resources 
allocated for 
hemophilia care  

  Creation of a core 
team within 
hospital that forms 
the basis of a full 
hemophilia 
treatment center 
(HTC)  

  Participation in 
EQASVWD 
assays and 
inhibitor 
detection  

  Specialized 
hemophilia core 
team 
(hematologist, 
nurse, 
physiotherapist, 
orthopedist, lab 
technologist)  

  Examine feasibility of 
local fractionation of 
plasma - derived 
concentrates  

  Organizes activities 
including: 
educational services, 
fundraising, 
training, 
membership, 
volunteer 
recruitment, 
advocacy, budgeting  

  Core team within 
hospital (HTC) 
has a medical 
patient registry 
and treatment 
guidelines/protocols  

                

  Offi cial government 
commitment to 
hemophilia care  

  Additional hemophilia 
treatment centers 
with core teams for 
children and/or 
adults in major 
cities  

  Molecular genetic 
detection/DNA 
mutation detection 
and carrier 
detection/prenatal 
diagnosis  

  Education provided 
to patients 

 Home care available 
for patients 

 Specialized 
comprehensive 
care team (social 
worker, dentist, 
psychologist, 
infectious diseases 
specialist, genetic 
counselor)  

  Purchase of plasma -
 derived concentrates 
( > 2 IU per capita)  

  Outreach to other 
regions of the 
country to identify 
new patients  

  Regional chapters are 
formed  

  Government 
contributes 
substantial 
fi nancial support 
for hemophilia 
care  

  Coordinated network 
of designated HTCs 
with national 
treatment protocols  

      Education offered to 
general medical 
community  

  Examine feasibility of 
combined purchase 
of plasma - derived 
and recombinant 
concentrates  

  National organization 
follows a strategic 
plan  

  Hemophilia is a line 
item in a country ’ s 
annual healthcare 
budget  

  Full comprehensive 
hemophilia care 
team is formed in 
the major HTC(s)  

              National organization 
is a partner in 
national hemophilia 
care program  

  Government is a 
key partner in 
sustainable 
national 
hemophilia care 
program  

  Basic teams formed in 
other areas/regions  

                

  Established national 
medical patient 
registry  

                

  Established 
sustainable national 
hemophilia care 
program  

                

Table 63.1 Continued

hemophilia care  [38,39] . This issue is complicated by the fact 
that there is wide variation between countries of the developed 
world in usage to determine the quantity of clotting factor 
most appropriate for care (Figure  63.6 ). The majority of devel-

oped countries use between 2 and 4 international units (IU) 
of factor VIII per inhabitant living in the country for their 
patients with hemophilia. In some countries, the quantity 
reaches almost 2 – 3 times these fi gures  [40] . The range of 
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 Figure 63.6     Per capita factor VIII use in 
emerging economies  [28] . 

clotting factor use appears to have insignifi cant effect on sur-
vival (assuming that survival is refl ected in the prevalence of 
hemophilia in the country) between the range of 1   IU per 
inhabitant to  ≥ 6IU per inhabitant (Figure  63.6 ). The higher 
usage then must be accrued to other benefi ts, such as reducing 
joint disease, making possible corrective surgery for pre - 
existing deformities, desensitizing inhibitors, and using proph-
ylaxis  [41,42] . As noted, these benefi ts affect a decreasing 
percentage of the hemophilia population and are achieved at 
large increases in cost of products, rather than in funding 
other healthcare resources. Healthcare planners deciding to 
provide comprehensive care with  “ on - demand ”  therapy face 
an entirely different cost liability from those who plan to 
supply these services to include universal prophylaxis to adult-
hood and inhibitor desensitization therapy for all patients 
with inhibitors. A step - wise approach to hemophilia services, 
beginning with the organization of health care and blood 
banking services and provision of small amounts of concen-
trate supplemented by cryoprecipitate, can achieve much 
benefi t; developing no program because resources do not 
permit everything altogether leaves much to be desired.     

  Conclusion 

 In conclusion, a wide discrepancy exists between hemophilia 
care availability in the developed and the developing world. 
Although the availability of resources is a major contributor 
to this discrepancy, signifi cant improvement can be achieved 
by reorganization of resources and commitment to education 
and training. The WFH is working with many governmental 
agencies, healthcare providers, patient organizations, and 
industry to achieve this improvement to have measurable 
impact on the level of hemophilia care.  
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