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Introduction

Haemophilia is a rare X-linked disease caused by a deficiency or functional defect of
coagulation factor VIII (haemophilia A) or factor IX (haemophilia B). These factors are
required for adequate blood coagulation. The worldwide incidence of severe haemophilia
is 1-2 per 10,000 males (1,2). Three forms of haemophilia, mild, moderate and severe,
are distinguished according to plasma activity levels of factor VIII or IX. Patients with mild
haemophilia have a plasma activity level of factor VIII or IX between 5 and 50% of normal
plasma levels and bleed after injury and surgical procedures. Patients with moderate
haemophilia have a plasma activity level of factor VIII or IX between 1 and 5% and bleed
after minor trauma. Patients with severe haemophilia have a plasma activity level below
1%. The clinical presentation of severe haemophilia is by on average 15 to 35 sponta-
neous joint bleeds and muscle bleeds per year without treatment (3-5). These joint
bleeds lead to irreversible arthropathy, subsequent disability and loss of participation.
Although the laboratory diagnosis of severe haemophilia is distinct, marked variation in
the clinical presentation among patients has been observed. The two cases described
below illustrate that patients with severe haemophilia may have a different clinical presen-
tation of the disease.

The first patient, a thirty-four-year old accountant, is seen for his annual visit. The
patient uses regular prophylaxis of 1000 IU three times weekly. Despite this prophy-
lactic treatment he has had 7 joint bleeds in the past year. The patient says that his
mother told him that he has had his first joint bleed at the age of 10 months and that
regular prophylaxis has been started at the age of 2 years.
In the past 5 years this patient has undergone two orthopaedic procedures due to
severe haemophilic arthropathy. Firstly, in 1998 he has had an arthrodesis in the left
ankle. In 2000 his right ankle has been so painful that he has decided for an
arthrodesis of his right ankle. Now he has increasing pains in his right knee.
From the medical file we learn that this patient has had a median annual clotting fac-
tor use of 3700 IU per kg per year and a median joint bleed frequency of 5 per year
over lifetime. The X-rays, which have been made during this visit show severely dam-
aged knees, elbows and ankles.
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The second patient this day is a thirty-seven-year old bookseller with severe
haemophilia. This patient has experienced his first joint bleed at the age of 5.5 years.
After this bleed he has started regular prophylaxis. The patient has discontinued this
prophylactic treatment on his own accord at the age of 19 years and has suffered
only 0 to 3 joint bleeds per year since, which he has treated at home. Rarely more
than 3500 IU are needed to treat a bleed. This patient does not have any complaints.
No pain or swelling of the joints. He has never needed orthopaedic surgery. The X-
rays, which have been made today show relatively well preserved joints, but slight
arthropatic changes in both ankle joints. His median annual clotting factor use over
lifetime has been 140 IU per kg per year.

Both patients have severe haemophilia A, and thus a plasma activity level of coagulation
factor VIII below 1% (or 0.01 IU/ml). How can we explain such a striking difference in the
clinical presentation? Many clinicians treating haemophilia patients have observed this
variation in clinical presentation, but formal research describing this phenomenon is limit-
ed. It has been reported that 10-15% of patients with severe haemophilia sporadically
bleed in their joints and develop only minor arthropathy (4,5). Also, the age at which
patients experience their first joint bleed varies considerably from 0.2 to 5.8 years (6).
These differences in clinical presentation raise the following questions: What are the
determinants of this variation? Would it be possible to find (early) indicators to describe
and predict this variation? Is the age at onset of bleeding representative for the clinical
presentation?

The observation that some patients with severe haemophilia sporadically bleed in their
joints and develop only minor arthropathy has led to studies regarding determinants of
variation of clinical phenotypes of severe haemophilia. Clinical presentation can be
regarded as a function of the altered thrombo-haemorrhagic balance due to the action of
many intervening molecules and regulatory biological processes with agonistic and
antagonistic effects (7). Therefore, it is conceivable that the presence of an abnormality,
causing a hypercoagulable tendency (i.e. prothrombotic factors), may mitigate the clinical
phenotype. Knowledge of determinants of the clinical phenotype may enhance the quality
of patient care in terms of individualized prophylactic treatment. Individual tailoring of
treatment may increase cost-effectiveness of treatment. (The treatment of haemophilia is
addressed in Appendix A, at the end of this thesis)
There are several categories of factors that may impact the clinical presentation of
haemophilia (Table 1). In this thesis we will focus on the first 4 categories.

Chapter 1
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Table 1: Categories of determinants of phenotype of severe haemophilia

1 Coagulation - Prothrombotic factors
- Proteins involved in coagulation
- Thrombin generation

2 Fibrinolysis - Proteins involved in fibrinolysis
3 Genetic defect
4 Pharmacokinetics
5 Environmental factors - Profession, behaviour, muscle training (8)
6 Inflammation - IL-10 (9)

Several defects have been elucidated, which may influence the balance between coagu-
lant and anticoagulant factors. The defects that increase the risk on thrombosis (i.e. pro-
thrombotic factors) and the defects that decrease this risk (i.e. antithrombotic factors) are
shown in Figure 1. An overview of haemostasis can be found in Appendix B. 

Figure 1

Prothrombotic Antithrombotic

- Factor V Leiden mutation - Low factor VIII
- Prothrombin mutation - Low factor IX
- Protein C-deficiency - Low Von Willebrand factor 
- Protein S-deficiency - Low PAI
- Antithrombin-deficiency - Low factor XIII
- Hypofibrinolysis - High t-PA

- High u-PA

One of the most frequent prothrombotic factors is the factor V Leiden mutation and
occurs in 2-7% of the population (10-13). Due to this particular mutation, activated pro-
tein C (APC) is not able to inactivate factor V sufficiently, resulting in an increased throm-
botic tendency (14,15). The prothrombin G20210A mutation has been associated with
elevated plasma prothrombin levels and an increased risk for venous thrombosis (16). 
Apart from these prothrombotic factors, deficiencies of factors of the anticoagulant path-
way or increased levels of factors of coagulant factors other than factor VIII or factor IX
may decrease the severity of disease as they influence thrombotic risk (17,18).

Other hypotheses have been raised on modifying factors for the clinical presentation of
severe haemophilia. Decreased activity of fibrinolysis may enhance clot stability. Differ-
ences in fibrinolytic potential among severe haemophilia patients may explain the differ-
ences in clinical presentation.
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In addition, the exact genetic defect causing severe haemophilia may be important. The
genetic defects causing severe haemophilia are classified according to the expected
extent of factor VIII reduction: inversions, large deletions and nonsense mutations (large
defects) on the one hand and small deletions, missense mutations and splice site muta-
tions (small defects) on the other hand (19-21). It has been speculated that patients with
large defects have no factor VIII, whereas patients with small defects may have a small
amount of circulating factor VIII (19,20,22). Similar to moderate haemophilia, where high-
er endogenous clotting factor levels were associated with a later onset of joint bleeds,
and less arthropathy (23), patients with a small defect may have a less severe clinical
phenotype of severe haemophilia.
Furthermore, combinations of in- and decreased levels of the different coagulant and anti-
coagulant factors, rather than the individual levels, may determine the phenotypes of
severe haemophilia. Thrombin generation may therefore provide a general test of the
global function of the coagulation system. It has been reported that thrombin generation
in mild and moderate haemophilia is less impaired than in patients with severe haemophil-
ia (24,25). Accordingly, differences in thrombin generation between patients with severe
haemophilia may explain the observed differences in clinical presentation.

Aim of this thesis
The aim of this thesis was to quantify variation in clinical phenotype of severe haemophilia
and to study indicators and determinants of this variation. Questions to be solved in this
thesis are:
• How can we identify the 10-15% of patients with a milder clinical phenotype of severe

haemophilia? Does the age at onset of joint bleeds predict the clinical phenotype?
• Do prothrombotic factors influence the clinical phenotype?
• What is the effect of half-life on the clinical characteristics?
• Does the factor VIII gene defect influence the clinical phenotype?
• Does the fibrinolytic capacity influence the clinical phenotype?
• Is thrombin generation a tool to identify “milder” patients among the severes?

Outline of this thesis
The variability of clinical phenotype in a large cohort of severe haemophilia patients is
addressed in Chapter 2. Chapter 3 describes the currently available research on pro-
thrombotic factors and clinical phenotype. Chapter 4-7 address determinants of clinical
phenotype. 
The second part describes the clinical consequences of variability in clinical phenotype.
Chapter 8 addresses the duration of prophylaxis. As prophylaxis is started according to
the bleeding pattern and dosed according to the bleeding pattern it may also be stopped
according to the bleeding pattern. Outcome of patients who permanently switched to on
demand treatment are compared to outcome of patients who continued taking prophylax-
is. 

Chapter 1

14



References

(1) Hoyer LW. 
Hemophilia A. 
N Engl J Med 1994; 330(1):38-47.

(2) Walker I, Pai M, Akabutu J, Ritchie B, Growe G, Poon MC et al. 
The Canadian Hemophilia Registry as the basis for a national system for monitoring the use of factor
concentrates. 
Transfusion 1995; 35(7):548-551.

(3) Schramm W, Royal S, Kroner B, Berntorp E, Giangrande P, Ludlam C et al. 
Clinical outcomes and resource utilization associated with haemophilia care in Europe. 
Haemophilia 2002; 8(1):33-43.

(4) Molho P, Rolland N, Lebrun T, Dirat G, Courpied JP, Croughs T et al. 
Epidemiological survey of the orthopaedic status of severe haemophilia A and B patients in France. The
French Study Group. 
Haemophilia 2000; 6(1):23-32.

(5) Aledort LM, Haschmeyer RH, Pettersson H. 
A longitudinal study of orthopaedic outcomes for severe factor-VIII-deficient haemophiliacs. The Orthopaedic
Outcome Study Group. 
J Intern Med 1994; 236(4):391-399.

(6) Fischer K, van den Bom JG, Mauser-Bunschoten EP, Roosendaal G, Prejs R, de Kleijn P, et al. 
The effects of postponing prophylactic treatment on long-term outcome in patients with severe hemophilia. 
Blood 2002; 99(7):2237-2341. 

(7) Dargaud Y, Meunier S, Negrier C. 
Haemophilia and thrombophilia: an unexpected association! 
Haemophilia 2004; 10(4):319-326.

(8) Heijnen L, Mauser-Bunschoten EP, Roosendaal G. 
Participation in sports by Dutch persons with haemophilia. 
Haemophilia 2000; 6(5):537-546.

(9) Huizinga TW, Keijsers V, Yanni G, Hall M, Ramage W, Lanchbury J et al. 
Are differences in interleukin 10 production associated with joint damage? 
Rheumatology (Oxford) 2000; 39(11):1180-1188.

(10) Ridker PM, Hennekens CH, Lindpaintner K, Stampfer MJ, Eisenberg PR, Miletich JP. 
Mutation in the gene coding for coagulation factor V and the risk of myocardial infarction, stroke, and venous
thrombosis in apparently healthy men. 
N Engl J Med 1995; 332(14):912-917.

(11) Koster T, Rosendaal FR, de Ronde H, Briet E, Vandenbroucke JP, Bertina RM. 
Venous thrombosis due to poor anticoagulant response to activated protein C: Leiden Thrombophilia Study. 
Lancet 1993; 342(8886-8887):1503-1506.

(12) Bertina RM, Koeleman BP, Koster T, Rosendaal FR, Dirven RJ, de Ronde H et al. 
Mutation in blood coagulation factor V associated with resistance to activated protein C. 
Nature 1994; 369(6475):64-67.

(13) Souto JC, Coll I, Llobet D, del Rio E, Oliver A, Mateo J et al. 
The prothrombin 20210A allele is the most prevalent genetic risk factor for venous thromboembolism in the
Spanish population. 
Thromb Haemost 1998; 80(3):366-369.

(14) Bertina RM, Koeleman BP, Koster T, Rosendaal FR, Dirven RJ, de Ronde H et al. 
Mutation in blood coagulation factor V associated with resistance to activated protein C. 
Nature 1994; 369(6475):64-67.

(15) Nichols WC, Amano K, Cacheris PM, Figueiredo MS, Michaelides K, Schwaab R et al. 
Moderation of hemophilia A phenotype by the factor V R506Q mutation. 
Blood 1996; 88(4):1183-1187.

15

Introduction



(16) Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. 
A common genetic variation in the 3'-untranslated region of the prothrombin gene is associated with
elevated plasma prothrombin levels and an increase in venous thrombosis. 
Blood 1996; 88(10):3698-3703.

(17) Meijers JC, Tekelenburg WL, Bouma BN, Bertina RM, Rosendaal FR. 
High levels of coagulation factor XI as a risk factor for venous thrombosis. 
N Engl J Med 2000; 342(10):696-701.

(18) van Hylckema-Vlieg A, van der Linden IK, Bertina RM, Rosendaal FR. 
High levels of factor IX increase the risk of venous thrombosis. 
Blood 2000; 95(12):3678-3682.

(19) Oldenburg J. 
Mutation profiling in haemophilia A. 
Thromb Haemost 2001; 85(4):577-579.

(20) Schwaab R, Brackmann HH, Meyer C, Seehafer J, Kirchgesser M, Haack A et al. 
Haemophilia A: mutation type determines risk of inhibitor formation. 
Thromb Haemost 1995; 74(6):1402-1406.

(21) Goodeve AC, Peake IR. 
The molecular basis of hemophilia a: genotype-phenotype relationships and inhibitor development. 
Semin Thromb Hemost 2003; 29(1):23-30.

(22) Vidal F, Farssac E, Altisent C, Puig L, Gallardo D. 
Rapid hemophilia A molecular diagnosis by a simple DNA sequencing procedure: identification of 14 novel
mutations. 
Thromb Haemost 2001; 85(4):580-583.

(23) Fischer K, van der Bom JG, Mauser-Bunschoten EP, Roosendaal G, Beek FJA, de Kleijn P et al. 
Endogenous clotting factor activity and long-term outcome in patients with moderate haemophilia. 
Thromb Haemost 2000; 84:977-980.

(24) Beltran C, Khan A, Jaloma R, Laffan M. 
Thrombin generation and genotype-phenotype correlation in haemophilia A. 
Haemophilia 10 (suppl. 3), 74. 2004. 

(25) Dargaud Y, Beguin S, Hemker HC, Negrier C. 
Thrombin generation in hemophilia A patients. 
Haemophilia 10 (Suppl. 3), 17. 2004. 

Chapter 1

16







2Chapter 2

Variability in clinical

phenotype of severe

haemophilia

K. van Dijk 1,2

K. Fischer 1,3

J.G. van der Bom 1,4

D.E. Grobbee 2

H.M. van den Berg 1,3

1 Van Creveldkliniek
2 Julius Center for Health Sciences and Primary Care 
3 Wilhelmina Childrens’ Hospital, UMC Utrecht 
4 Department of Clinical Epidemiology, Leiden UMC, The Netherlands 

Submitted for publication



Summary

To quantify variation in clinical phenotype of severe haemophilia we performed a prospec-
tive single centre cohort study among 285 severe haemophilia patients. 
Age at first joint bleed, treatment requirement (i.e. annual clotting factor use), bleeding
pattern and arthropathy were documented for all patient years. Because treatment strate-
gies intensified during follow-up, patients were stratified in 3 age groups: patients born
1944-1968 (n=114), born 1968-1985 (n=91), or 1985-2002 (n=80). 
4737 patient years of follow up were available (median 17.0 years per patient). Age at first
joint bleed ranged from 0.2 to 5.8 years. Patients with a later age at first joint bleed need-
ed less treatment and developed less arthropathy. In patients born 1944-1985 during
both on demand and prophylactic treatment, the 75th percentile of annual joint bleed fre-
quency was consistently four times as high as the 25th percentile. In all age groups varia-
tion in annual clotting factor use between 25th and 75th percentiles was 1.4 to 1.6 times
for prophylaxis and 3.8 times for on demand treatment. In the oldest age group, arthropa-
thy was positively associated with treatment requirement.
This study provides evidence for considerable variation in phenotype of patients with
severe haemophilia in bleeding pattern, treatment requirement, and outcome. The onset
of joint bleeding is inversely related with treatment requirement and arthropathy and may
serve as an indicator of clinical phenotype. Thus providing a starting point for etiologic
research and individualization of treatment.

Chapter 2
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Introduction

Marked variability in clinical phenotype among severe haemophilia patients (<1% factor
VIII or IX) is well known from clinical practice, but formal research describing this phe-
nomenon is limited (1,2). This variability may be reflected by variability in onset and fre-
quency of bleeding, treatment requirements and haemophilic arthropathy. The distinction
of phenotypes may be an important tool for individualization of treatment and etiologic
research. 
Before the introduction of prophylaxis, bleeding frequency was the main indicator of phe-
notype (2). In the case of prophylaxis, however, joint bleed frequency is artificially low. If
prophylactic dose is adjusted according to bleeding frequency, as in our clinic (3), varia-
tion in treatment requirement (i.e. annual clotting factor use) may reflect the variation in
the underlying bleeding tendency. If prophylaxis is started after the first joint bleed, the
variability in onset of joint bleeds may still be observed. Over the last three decades con-
tinuously fewer joint bleeds were tolerated while on prophylaxis, resulting in gradually
more intensified treatment, which is shown by an increased weekly dose, increased fre-
quency and earlier start of prophylaxis (4). 
In our cohort we described variation in phenotypes of severe haemophilia, with special
emphasize on age at first joint bleed as its earliest available potential indicator. 

Methods

Study population
A single centre cohort study was performed among all patients with severe haemophilia A
and B born between 1944 and 2002 and treated at the Van Creveldkliniek, Utrecht, The
Netherlands. Of all 334 patients with severe haemophilia A or B, 49 were excluded for
different reasons: insufficient follow up (less than 6 years or less than 50% of total life-
time, n=33), inhibitor activity for more than one year (n=13) or significant other pathology
(n=3), leaving 285 patients for the current analyses. 
All patients visited our treatment centre at least once a year. From 1972 onwards, joint
bleed frequency, type of treatment (i.e. prophylactic or on demand), and clotting factor
consumption were recorded at each visit. Patients were censored at their last visit or at
January 2003.

Treatment
Since the introduction of clotting factor replacement therapy in 1965 (5) and the intro-
duction of prophylaxis in 1968 in our centre, treatment for severe haemophilia has gradu-
ally been intensified (4). Therefore, we studied each treatment dependent parameter (i.e.
annual clotting factor use and annual joint bleed frequency on prophylaxis) according to

21
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three age groups. The oldest age group comprised patients born before 1968 who did
not receive adequate treatment during their first years of life. The middle age group com-
prised patients born between 1968 and 1985 who received on demand replacement
treatment and secondary prophylaxis during their first years. The youngest age group
comprised patients born after 1985 who received very early prophylactic treatment.(4) 
Prophylaxis was defined as at least 2 times weekly administration of factor VIII and at
least once a week for factor IX. After initiation, the prophylactic dose was individually
adjusted according to bleeding pattern. Full prophylaxis was defined as prophylaxis for
more than 45 weeks per year. 

Measurements
Data on the first joint bleed were obtained from the medical files. Joint bleeds were self-
reported and were defined as all symptoms in the major joints requiring replacement ther-
apy. Haemophilic arthropathy was measured by the Pettersson score (7). X-rays of knees,
elbows and ankles were taken at five-year intervals. Each joint was attributed a score
between 0 points (i.e. no arthropathy) and 13 points, resulting in a maximum total score
of 78 points. Joints with arthrodeses, ankylosis or arthroplasty were given 13 points. All X-
rays were scored by a single radiologist. 

Data analysis
For reasons of uniformity, medians were presented for both parameters with a skewed
distribution and parameters with a normal distribution.
Median annual number of joint bleeds, median annual clotting factor consumption per kg
bodyweight (IU/kg/yr) and their interquartile ranges (IQR) were calculated over all avail-
able follow up years except for the youngest age group. In order to evaluate a similar peri-
od for all patients in this youngest age group, the first five years since the start of prophy-
laxis were analysed. This period was chosen because bleeding frequency and clotting
factor use tend to stabilize during the first years on prophylaxis (8). 
For the description of treatment and outcome in Table 1, the number of patients on on
demand treatment was assessed cross-sectionally for each age group: at the age of 40
years in the oldest age group, 25 years in the middle age group, and 10 years in the
youngest age group.
Pettersson scores are presented according to limited intervals for each age group, since
Pettersson scores are affected by the cumulative number of joint bleeds (9), and there-
fore highly dependent on age. The following intervals were used: 7.5 to 12.5 years in the
youngest group, 22.5 to 27.5 years for the middle group and 37.5 to 42.5 years for the
oldest group. 
To study the consistency of the parameters within patients, associations between the dif-
ferent parameters were assessed. We studied the association of age at first joint bleed
with both treatment requirement and arthropathy. Furthermore, the association between
treatment requirement and joint bleed frequency on prophylaxis was studied. These asso-

Chapter 2
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ciations were studied in the middle age group, since differences in outcome were more
apparent in these patients. 
In addition, the association between arthropathy and treatment requirement was
assessed in the oldest age group. Age at first joint bleed was used to categorize subjects
into two groups according to the median value (1.8 years): patients who experienced
their first joint bleed before or at the age of 1.8 years were categorized as “early” and
patients who experienced their first joint bleed after the age of 1.8 years as “late”. Linear
regression analysis was used to study the association between age at first joint bleed and
annual clotting factor use and the association between treatment requirement and bleed-
ing frequency. The association between age at first joint bleed and Pettersson score was
modelled using log-linear regression with adjustment for age at Pettersson score. The
association between clotting factor use and Pettersson score was modelled using linear
regression with adjustment for age at Pettersson score.
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Table 1: Characteristics of clinical phenotype of severe haemophilia 

according to year of birth

Year of birth 1944-1968 1968-1985 1985-2002

(n=114) (n=91) (n=80)

Follow up per patient (yr) 24.0 (18.0-28.0) 18.0 (14.0-22.0) 6.0 (3.0-10.0)

Age at first joint bleed (yr) - 1.8 (1.1-2.7)*

Pettersson score** 45.0 (35.5-56.0) 14.0 (6.0-22.0) 0 (0.0-2.5)

Prophylaxis

Age at start prophylaxis (yr) - 5.3 (3.8-8.2) 2.8 (1.6-4.2)

Annual clotting factor use on full prophylaxis 1458 (1119-1799) 1945 (1654-2350) 2859 (2282-3321)

(IU/kg/yr)***

Joint bleeds per year on full prophylaxis*** 4.5 (2.2-9.9) 2.9 (1.3-5.1) 2.1 (1.0-3.7)

On demand

On demand (%) 50 26 0

Annual clotting factor use on demand 237 (127-483) 268 (163-623) -

(IU/kg/yr)

Joint bleeds per year on demand 9.6 (4.0-15.4) 3.6 (1.6-8.0) -

Values are medians (inter quartile range)

* range 0.2-5.8 years

** 1944-1968 Pettersson scores at 40 ± 2.5 yrs of age; 1968-1985 at 25 ± 2.5 yrs; 1985-1998 at 10 ± 2.5 yrs 

*** median of all years on full prophylaxis (i.e. >45 weeks per year)



Results

Of all 285 patients with severe haemophilia A and B, a total of 4737 follow up years and
625 Pettersson scores were available. The median follow-up was 17.0 years (IQR 10.0-
24.0) and the median number of Pettersson scores per patient was 2.0 (IQR 2.0-4.0).
Characteristics of phenotypes according to age group are given in Table 1. We investi-
gated differences between patients with haemophilia A and B in all age groups and in all
parameters. 32 patients had haemophilia B: 13 in the oldest group, 10 in the middle

group and 9 in the youngest group. No differences in clinical phenotypes were observed
between patients with haemophilia A and B, therefore overall findings are presented.

Age at first joint bleed
Age at first joint bleed was available for 18 patients (16%) in the oldest age group, 68
patients (75%) in the middle age group and 64 patients (80%) in the youngest age

Chapter 2
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Median age at first joint bleed was 1.8 years (range 0.2-5.8 years, IQR 1.1-2.7 years).
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group. Figure 1 shows the distribution of age at first joint bleed among patients in the
middle and youngest groups. Their median age at first joint bleed was 1.8 years (range
0.2 to 5.8). 

Joint bleeds
For patients treated on demand, the annual joint bleed frequency may provide a direct
indicator of phenotype. In adult patients who were never treated with prophylaxis or had
switched to on demand treatment, annual joint bleed frequency varied widely: the 25th

and 75th percentile differed fourfold (Table 1). In the oldest age group median annual joint
bleed frequency was 9.6 joint bleeds per year for on demand treatment and 4.5 for pro-
phylaxis. In the middle age group differences were similar at 3.6 and 2.9 joint bleeds per
year, respectively.
Under full prophylaxis, the 75th percentile of the annual joint bleed frequency was consis-
tently four times higher than the 25th percentile in all age groups (Table 1). 

Annual clotting factor use
For on demand treatment, median annual clotting factor use was 237 IU/kg/yr (IQR 127-
483) in the oldest age group and was 6.2 times lower than for prophylactic treatment.
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Annual clotting factor use differed 3.8-fold between the 25th and 75th percentile in these
patients for on demand treatment. 
On prophylaxis, variation in clotting factor use was similar across age groups with the
75th percentile consistently. 1.4 to 1.6 times higher than the 25th percentile. The highest
annual clotting factor use on prophylaxis was observed in the youngest age group (Fig.
2). This frequently observed phenomenon reflects a combination of more intensive treat-
ment and the large increments in vial content of the clotting factor concentrates
(4,10,11). 
The above calculations were performed using all available years of follow-up. Similar vari-
ation was observed when the analysis was restricted to the last five years of follow up for
adult patients and the first five years of prophylaxis for patients in the youngest age group
(data not shown).

Association of treatment requirement and bleeding characteristics
The association between age at first joint bleed and treatment requirement according to
age for the middle age group is presented in Figure 3. Patients who experienced their
first joint bleed at an early age had a consistently higher annual clotting factor consump-
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tion than patients who had their first joint bleed later in life (p<0.01; 95% confidence
interval (CI) –221to –134 IU/kg/yr). A similar trend was observed for the youngest and
the oldest age group (p<0.01 for both groups; CI –439 to –173 IU/kg/yr, and –180 to
–73 IU/kg/yr, respectively).
A positive association was found between annual clotting factor use and joint bleed fre-
quency for patients in the middle age group, treated with prophylaxis (p<0.01; 95%-CI
206 to 271 IU/kg/yr). Annual clotting factor use for on demand treatment regimens is
expected to be directly dependent on the number of joint bleeds. During on demand
treatment there was a similar positive association between annual clotting factor use and
joint bleed frequency (p<0.01; 95%-CI 40 to 85 IU/kg/yr).

Joint damage, assessed using Pettersson scores
Pettersson scores around the age of 40 were available for 37 patients in the oldest age
group. Among these patients Pettersson scores varied considerably. Median Pettersson
score was 45 points, ranging from 0 to 72. The 75th percentile was 1.6 times higher than
the 25th percentile. One patient had a score of 0, suggesting a milder phenotype. In the
middle age group, Pettersson scores around the age of 25 years were available for 49
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patients. Among these the scores ranged from 0 to 35. The 75th percentile was 3.6 times
higher than the 25th percentile. Four patients (8.2%) had a score of 0. 
For the youngest age group, 25 scores around the age of 10 years were available. All
scores were very low, ranging from 0 to 6 points: 60% had a score of 0. Thus little varia-
tion was observed among these young patients.

Association of arthropathy with bleeding characteristics and treatment requirement
In order to demonstrate the association of bleeding characteristics and arthropathy, the
age at first joint bleed was plotted against the Pettersson score for the middle age group
(Figure 4). Patients who experienced their first joint bleed at an early age tended to devel-
op more arthropathy than patients who experienced their first joint bleed later in life
(p=0.08). 
To study the association between arthropathy and other parameters of phenotype, the
distribution of Pettersson scores was plotted against annual clotting factor use for the
oldest age group (Fig. 5). Patients with a lower Pettersson score around the age of 40
years used less clotting factor per year than patients with a higher Pettersson score
(p=0.07; 95%-CI –1 to 28 IU/kg/yr).
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Discussion

The present study describes the variation in phenotypes of severe haemophilia in a well-
defined single centre cohort of patients with severe haemophilia. We found considerable
variation in onset and frequency of bleeding, treatment requirements, and arthropathy.
The results for each parameter will be discussed below.
In accordance with earlier findings, age at first joint bleed varied by 5.6 years (6,12,13).
Age at first joint bleed was inversely related to treatment requirement and arthropathy as
measured by the Pettersson score, suggesting an association with bleeding pattern and
therefore a potential use as indicator of bleeding pattern. Some misclassification may
arise, e.g. if the first joint bleed is caused by a trauma. This may cause an underestimation
of the effect and therefore the association may be stronger than described in this study if
only the first spontaneous joint bleed would have been considered. 
Variability in bleeding frequency has been reported by others: Rainsford et al distin-
guished two groups of severe haemophilia patients with a 50% difference in joint bleed
frequency (1). Subgroups of 9-10% of patients with severe haemophilia showing only lit-
tle radiological joint damage while treated on demand have been described both by Ale-
dort et al and Molho et al (2,14). However, the association with other parameters was not
presented. When studying bleeding frequency and treatment requirement, misclassifica-
tion caused by overtreatment or undertreatment on home therapy may occur. A combina-
tion of both a low clotting factor use and a low joint bleed frequency may suggest a
milder bleeding pattern. This notion is supported by the positive association between
these parameters for patients treated on prophylaxis. During on demand treatment, joint
bleed frequency may provide a direct indicator of phenotype. 
Variability of treatment requirement has been described in several studies (2,15,16). The
ratios of the 25th and 75th percentiles of treatment requirements on prophylaxis and dur-
ing demand treatment in the present study were similar to the ratios reported in the litera-
ture, 1.7 and 3.3, respectively (16). In a multicentre study seven of 14 patients treated
with 0-500 IU/kg/yr had no arthropathy after 6 years (2). Fischer et al reported that about
20 % of patients with severe haemophilia permanently switched to an on demand regi-
men while maintaining a low joint bleed frequency (15). Therefore, the ability to remain on
on demand treatment may also suggest a milder bleeding pattern in a cohort intended to
be treated with individually tailored prophylaxis.
Until now, arthropathy has been related to bleeding pattern and quality of life (9,17). Its
association with clotting factor use, however, has not yet been reported. Arthropathy
showed most variation among the patients born between 1944 and 1968. As higher Pet-
tersson scores may be the result of undertreatment during the early years of life, higher
Pettersson scores may not help to identify patients with a more severe phenotype (ceiling
effect). However, lower Pettersson scores may help to identify patients with a milder phe-
notype in this age group. Younger patients predominantly had low scores: 60% had a
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score of 0 (“floor effect”), because of a low cumulative number of joint bleeds and imma-
turity of bone. 
What is the potential use of indicators of clinical phenotype? Distinction of phenotypes
may enhance individualization of treatment. Although primary prophylaxis to prevent
bleeds remains the treatment strategy of choice for children with severe haemophilia,
patients with a milder phenotype may be able to start prophylaxis later in life or at a lower
dose, which will greatly improve cost-effectiveness of treatment and reduce the burden of
central venous catheters (6,15,18,19). Patients with a more severe phenotype however,
would require a more intensive treatment with an early onset of prophylaxis to prevent
bleeds and subsequent haemophilic arthropathy (20). 
Moreover, distinction of phenotypes may facilitate research into the causes and mecha-
nisms of clinical variability. Currently, causes of variation in phenotype of severe
haemophilia are largely unknown. Several causes have been studied. Pharmacokinetic
properties, like factor VIII half-life may influence clinical phenotype, but this association
could not be established (21). Factor V Leiden may decrease the severity of disease, but
findings on other thrombophilic factors remain inconclusive (22-24). Furthermore, the
type of genetic defect in the gene encoding for factor VIII may be of importance for the
clinical phenotype. Until now, no association of the genetic defect with clinical phenotype
of severe haemophilia has been established (25). A problem, however, is the rarity of spe-
cific genetic defects. An inversion is present in 40-50% of patients with severe
haemophilia, making a study of its effect feasible (26,27). Any study of the effects of other
mutations, however, is hampered by small numbers, as these defects are very diverse
(28). 
Further research is needed in order to study the consistency of our findings in other
cohorts.
In conclusion: this study provides evidence for considerable variation in phenotype of
patients with severe haemophilia. Between the 25th and the 75th percentiles, a fourfold
difference in bleeding frequency and a 1.4 to 3.8 fold differences in treatment require-
ment is observed. The onset of joint bleeding (ranging over 5.6 years) is inversely related
with treatment requirement and arthropathy and may serve as an indicator of clinical phe-
notype. Thus providing a starting point for etiologic research and individualization of treat-
ment.
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Summary

There is considerable variability in bleeding pattern of severe haemophilia (<1% factor
VIII). Knowledge on the contribution of thrombophilic factors in these patterns may
improve individually tailored treatment strategies. 
We reviewed the literature regarding the relation between prothrombotic factors and clini-
cal phenotype of severe haemophilia. Medline and EMBASE were searched for relevant
articles. 9369 articles published between 1963 and September 2003 were screened
and seven relevant papers were retrieved. Each of these reported on a different combina-
tion of thrombophilic factors. Presence of the factor V Leiden mutation appears to most
consistently decrease the severity of severe haemophilia. Findings on other thrombophilic
factors were inconclusive.
There is a clear need for additional research on potential determinants of phenotypes of
severe haemophilia before such knowledge can be translated to individual care for severe
haemophilia patients with confidence.
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Introduction

There is considerable variability in bleeding pattern and age at first bleeding in patients
with severe haemophilia (<1% factor VIII). Forty-four percent of severe haemophilia
patients have their first bleeding episode within the first year of life, whereas others do not
bleed before the age of four (1). Ramgren et al showed that the age of the first symptom
was 3 to 5 years in 3 out of 71 patients and 6 to 7 years in 1 out of 71 patients (2).
Rainsford et al distinguished patients with a severe from those with a less severe bleed-
ing pattern and described that 45 % of the patients with severe haemophilia had a 50%
lower joint bleed frequency than the other 55% (3). In a cohort of severe haemophilia
patients without intensive treatment Aledort et al showed that approximately 10 % had six
normal joints (4). And, nine percent of young adults with severe haemophilia from France
treated on demand did not have any joint bleeds (5).
To improve cost-effectiveness in the care for severe haemophilia patients, individualised
treatment is of critical importance (6,7). Knowledge on the determinants of bleeding pat-
terns of severe haemophilia patients may help to optimise individual treatment strategies
for these patients. Recent studies have suggested that prothrombotic factors may modify
the clinical phenotype in severe haemophilia A (8,9).
We reviewed published evidence regarding the relation between the clinical phenotype of
severe haemophilia and prothrombotic factors.

Methods

Medline was searched from 1963 to September 2003 for original articles of observation-
al studies regarding thrombophilia and variation in clinical phenotype among severe
haemophilia patients. The following terms were used for the Medline search: severe
haemophilia A, severe haemophilia, severe hemophilia, severe hemophilia A, haemophilia
A, hemophilia A. Due to inconsistency in the Medline index regarding thrombophilia, clini-
cal profile, bleeding frequency, joint status, and clotting factor consumption, a more spe-
cific search strategy was not available. All articles in English, Dutch, German, French, Ital-
ian and Spanish were screened. Letters, editorials and comments were excluded, as well
as in vitro studies and animal studies. The reference lists of the identified articles were
scanned for additional potentially relevant publications. EMBASE was searched from
1974 to 2003 for additional studies. 
Inclusion criteria were original articles of observational studies regarding thrombophilia
and variation in clinical phenotype among severe haemophilia patients (<1% factor VIII).
We therefore excluded articles regarding differences between mild, moderate and severe
haemophilia.
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Our search revealed a total of 9331 articles in Medline, and 107 articles in EMBASE.
Ninety-six were duplicates, leaving 9369 articles for evaluation. Only eleven articles met
the inclusion criteria (8-17).
Three were excluded because they addressed variation between mild, moderate and
severe haemophilia patients in stead of variation among severe haemophilia patients
(9,17), leaving 8 studies for analysis. Two articles published overlapping study popula-
tions (11,13). The largest and most recent study was considered in this review (13).

Results

An overview of the determinants studied in the seven reports is given in Table 1.

Inherited Thrombophilic Disorders
Activated protein C Resistance and Factor V Leiden (FVL): Resistance to the anticoagu-
lant effect of activated protein C is most commonly due to the FVL mutation
(=Arg506Gln mutation). The FVL mutation is associated with thrombophilia (18,19). 
Arbini et al (20) selected severe haemophilia patients with a milder phenotype according
to clinical parameters and, in contrast to expectations, found a low prevalence of FVL
among these patients. Lee et al (8) compared severe haemophilia A phenotypes of 6 car-
riers of the FVL mutation and 131 non-carriers. Patients with the FVL mutation had lower
factor concentrate utilisation and fewer bleeding episodes. In a cohort study by Nowak-
Göttl et al (13) the first symptomatic bleeding leading to the diagnosis of severe
haemophilia occurred later in life in children with FVL mutation, the prothrombin
G20210A mutation, protein C deficiency, the MTHFR mutation or an elevated lipoprotein
a than in non-carriers of these factors. Ghosh et al (12) described 11 patients with a
milder clinical presentation of severe haemophilia. Eight of these patients had one or
more prothrombotic factors. One of them had the FVL mutation. No data were given on
the prevalence of the FVL mutation among the 250 severe haemophilia patients with the
more severe clinical presentation of severe haemophilia A. Grünewald et al (14) com-
pared clotting characteristics and prothrombotic factors of severe haemophilia patients
with milder bleeding pattern and more severe bleeding pattern. Patients carrying either
the FVL mutation or the prothrombin G20210A mutation or the homozygous MTHFR
mutation were more often milder bleeders than patients without these mutations. None of
the 27 severe haemophilia patients with a severe phenotype of severe haemophilia and
none of the 14 patients with a milder phenotype were carriers of the FVL mutation in a
study conducted by Ahmed et al (16). In a study by Petkova et al (10) 3 out of 31 severe
haemophilia patients had a milder clinical phenotype. None of these patients and one of
the patients with a more severe clinical phenotype were carrier of the FVL mutation.
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Prothrombin G20210A mutation: Prothrombin is the circulating precursor of thrombin,
which plays a role in fibrin formation. The A allele of a genetic variant (20210 G/A) in the 3’-
untranslated region of the prothrombin mRNA has been associated with elevated plasma
prothrombin levels and with an increased risk for venous thrombosis (21).
This mutation was studied by Nowak Göttl et al (13), Grünewald et al and Ahmed et al (14)
(16). The mutation was analysed separately from the other prothrombotic risk factors by
Grünewald et al. They did not find a difference in the distribution of the prothrombin
G20210A (PT G20210A) mutation among severe haemophilia patients with or without a
milder clinical phenotype. Ahmed et al did neither find this mutation in 27 severe haemophil-
ia patients with a milder phenotype nor in 14 with a more severe phenotype.

Protein C deficiency, protein S deficiency and antithrombin deficiency: Protein C, protein S
and antithrombin down-regulate activated factor V and activated factor VIII. It is well estab-
lished that congenital deficiencies of protein C, protein S and antithrombin are associated
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Table 1: Overview of prothrombotic factors studied as modifiers of haemophilic

phenotype

Arbini Lee Ghosh Grünewald Nowak-Göttl Ahmed Petkova

(n) (21) (137) (11) (21) (103) (48) (31)

Genetic factors FVL + + + + + + +

PT G20210A mutation - - - + + + -

MTHFR C677T mutation - - + + + + -

Plasma factors low antithrombin + - + + + - -

low protein C + - + + + - -

low protein S + - + + + - -

hyperfibrinolysis - - - + - - -

FVL=Factor V Leiden = Factor V G1691A mutation

PT G20210A = prothrombin G20210A

MTHFR C677T mutation = methylenetetrahydrofolate reductase

+ = studied

-  = not studied



with an increased risk of venous thrombosis. Whether they are associated with variation in
phenotype of severe haemophilia is less clear.
Protein C: Twenty-eight children with severe haemophilia A carrying either the FVL mutation,
or the prothrombin G20210A mutation, or a deficiency of protein C, or the MTHFR muta-
tion or who had an elevated lipoprotein a, had their first bleed significantly later in life than
75 children without these factors (13). One patient with protein C deficiency and antithrom-
bin deficiency appeared to have a relatively mild clinical phenotype (13). Grünewald et al did
not find a statistically significant difference in protein C antigen or activity between patients
with mild and severe bleeding pattern. Arbini et al did not find any patients with protein C
deficiency among the patients in their study.
Protein S: Grünewald et al did not find a statistically significant difference in protein S anti-
gen or activity between patients with mild and severe bleeding pattern. In the study by
Ghosh et al two patients with milder clinical pattern had protein S deficiency in combination
with heterozygous MTHFR mutation. Protein S deficiency was not found in patients with a
more severe clinical pattern. None of the patients studied by Arbini et al and Nowak-Göttl et
al was diagnosed with protein S deficiency.
Antithrombin: Antithrombin deficiency, combined with protein C deficiency was found by
Ghosh et al in one patient with a milder clinical phenotype and not in patients with a more
severe phenotype. Grünewald et al did not find a significant difference in antithrombin activi-
ty between patients with mild and severe bleeding pattern. None of the patients studied by
Arbini et al and Nowak-Göttl et al had antithrombin deficiency.

Methylenetetrahydrofolate reductase (MTHFR) C677T variant: Mild hyperhomocysteinemia
is associated with both artherothrombosis and venous thrombosis (22). Methylenetetrahy-
drofolate reductase (MTHFR) catalyses the reduction of 5,10-methylenetetrahydrofolate to
5-methyltetrahydrofolate, the cofactor for the methylation of homocysteine to methionine.
Individuals with the thermolabile variant of MTHFR have decreased MTHFR activities, result-
ing in elevated plasma homocysteine concentrations (23). A homozygous 677C-->T transi-
tion in the MTHFR gene has recently been identified as the cause of reduced enzyme activi-
ty and thermolability of the protein (24). Homozygosity for the MTHFR mutation is
associated with elevated plasma homocysteine concentrations (24,25). However, this
homozygous mutation is not associated with an increased risk of deep-vein thrombosis,
whereas mild hyperhomocysteinemia is (26,27).
Ghosh et al only found patients who were heterozygous for this mutation. Heterozygosity for
this mutation is not associated with increased risk for thrombosis. Grünewald et al reported
three patients with a homozygous mutation. Patients carrying the FVL mutation, the pro-
thrombin G20210A mutation or the homozygous MTHFR mutation were more often milder
bleeders than patients without these mutations. Nowak-Göttl et al found 10 patients who
were homozygous for this mutation. The first symptomatic bleeding leading to the diagnosis
of severe haemophilia in children with a prothrombotic factor (FVL-, prothrombin G20210A-,
or the MTHFR mutation or protein C deficiency) occurred later in life than in children without
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these factors.  Ahmed et al described the relation between the homozygous MTHFR muta-
tion and clinical phenotype of severe haemophilia. In their study among 48 severe
haemophilia patients, two out of 14 “milder” haemophilia patients and none out of 27 “more
severe” patients carried the homozygous MTHFR mutation, suggesting a protective effect
of this mutation. 

Coagulation factors
Thrombin generation: Elevated endogenous thrombin potential has been associated with
thrombosis and cardiovascular disease (28). The major defect in haemophilia is the
decreased ability to generate sufficient thrombin (29). Median prothrombin fragment 1+2
concentration, a direct marker of thrombin generation, was 0.66 (interquartile range (IQR)
0.51-0.77) in 8 patients with a more severe phenotype, 0.52 (IQR 0.41-0.53) in 10 patients
with a milder phenotype and 0.83 (IQR 0.59-0.95) in the reference population (14,29).
Endogenous thrombin potential and prothrombin fragment 1+2 concentration were similar
between patients with a more severe and a milder phenotype of severe haemophilia. 
Von Willebrand factor (VWF): Elevated VWF levels have been associated with thrombotic
events in several prospective studies of patients with cardiovascular disease and thrombo-
sis (30-33). In contrast to what seems biologically plausible, Von Willebrand factor antigen
was 1.6-fold higher among 8 severe haemophilia patients with a severe phenotype as com-
pared to 10 patients with a milder phenotype; Von Willebrand factor activities were similar
(14).

Other hemostatic factors
Fibrinolytic system: The fibrinolytic system is activated by the conversion of plasminogen to
plasmin by tissue plasminogen activator (TPA) and urokinase. Plasminogen activators are
administered in cardiovascular disease to prevent the sequelae of myocardial infarction. It
has been suggested that hyperfibrinolysis may be associated with a more severe phenotype
of severe haemophilia (34).
Grünewald et al compared fibrinolytic factors and activation markers of the fibrinolytic sys-
tems between severe haemophilia patients with more severe and milder bleeding pattern.
Statistically significant differences were reported for tissue-type plasminogen activator
(TPA) and thrombin activatable fibrinolysis inhibitor (TAFI), not for plasminogen, 
plasmin inhibitor, plasminogen activator inhibitor type 1 (PAI 1), D-dimer, plasminplasminin-
hibitor complexes and TPA-PAI 1-complexes. The authors assume that increased stimulation
of the fibrinolytic system is associated with a more severe phenotype. They hypothesise that
ineffective haemophilic haemostasis in response to trauma evokes a protracted stimulation
of the entire haemostatic system, including co-stimulation of fibrinolysis. The absence of
coexistent congenital thrombophilia predisposes to excess stimulation of fibrinolysis, which
cannot be down regulated effectively due to the dysfunctional intrinsic pathway.
Homocysteine: Hyperhomocysteinemia apart from the MTHFR mutation has hot been
reported in association with variation in phenotype.
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Discussion

There is ample evidence to show that the clinical phenotype of severe haemophilia may
vary markedly among patients. A limited number of recent studies has suggested that pro-
thrombotic factors may modulate the severity of severe haemophilia A (8).
Our review of the literature shows the most consistent findings for the Factor V Leiden
mutation. In two of seven studies FVL was studied together with other prothrombotic fac-
tors and conclusions were drawn for the combination of prothrombotic factors (13,14).
Since different sets of prothrombotic factors were studied, it is not possible to perform a
meta-analysis. Table 2 gives an overview of findings on determinants of clinical phenotype.
Both factor V Leiden and the MTHFR C677T variant in the homozygous form may mitigate
the severity of severe haemophilia. 
No differences were found in the distribution of the PT G20210A mutation, in protein C
deficiency, in protein S deficiency, in antithrombin, or in thrombin generation among severe
haemophilia patients with or without a milder clinical phenotype. VWF antigens were high-
er in patients with severe phenotype compared to patients with non-severe phenotype,
while VWF activity was similar (14). Few studies addressed the effects of fibrinolysis.
Coagulation and fibrinolysis are linked processes. If thrombin generation is impaired, a less
effective down regulation of fibrinolysis is expected. Mosier et al conclude that haemophilia
A is a triple defect: reduced thrombin formation via the extrinsic pathway at low tissue fac-
tor concentrations, a reduced secondary burst of thrombin generation via the intrinsic path-
way, and a defective down regulation of the fibrinolytic system by the intrinsic pathway
(34). Dysfunction of fibrinolysis has been described in haemophilia (14, 34), and the ab-
sence of a prothrombotic factor predisposes to hyperstimulation of fibrinolysis (14). TAFI
and TPA concentrations differed between patients with a milder phenotype and patients
with a more severe phenotype (14). The correlation of TAFI-levels in plasma and clinical
phenotype of severe haemophilia was not confirmed by Mosnier et al (34). 
Although seven studies were identified, little or no definite conclusions could be drawn.
Most published studies had a limited number of patients. Furthermore, the designs of the
studies differed in selection of patients and in prothrombotic factors studied. 
Known thrombophilic factors are rare, FVL occurs in 2-7% of a number of populations (35-
38), the prothombin 20210A mutation occurs in 6,5% of the Spanish population (37) and
the homozygous MTHFR mutation occurs in 5-12% of the population (24,25,39,40), while
about 10% of severe haemophilia patients have a milder clinical phenotype. The impor-
tance of known and unknown thrombophilic factors and possibly of non-random linkage of
haemophilia and thrombophilic factors needs to be established.
Despite general recognition of considerable differences in severity of the clinical pheno-
type of severe haemophilia, there are no clear established criteria to distinguish mild
patients from the ones with a more severe phenotype. Age at first joint bleed is increasing-
ly recognised as an indicator of severity of severe haemophilia in children. Since weekdose
on prophylaxis and annual joint bleed frequency tend to stabilise in adolescence, these
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indicators could be used to distinguish adolescents with a milder clinical phenotype of
severe haemophilia (41). Patients for whom prophylaxis was not available in the early years
of life, may be selected on the basis of presence or absence of joint damage using the
radiological joint score for haemophilic arthropathy according to Pettersson (42). 
Phenotype of severe haemophilia depends on both genetic and environmental factors
(including treatment) and their interactions (43). It seems likely that genetic and environ-
mental factors act primarily by their effects on clot formation and lysis. 
A promising tool for future research on determinants of variation in phenotype is real-time
whole blood clot formation profiles by thromboelastography (44). In addition to plasma lev-
els of prothrombotic factors and genetic prothrombotic factors, the defect in the factor VIII
gene itself could be of importance for the clinical phenotype. Since patients with an inver-
sion are unlikely to have any factor VIII, these could be more severe patients. Also, clear-
ance of factor VIII should be considered, since patients with a longer half-life of factor VIII
could be the patients with a milder clinical pattern.
Clinical phenotype may also be influenced by factors other than those involved in clot for-
mation and lysis. Patients with a less intensive inflammatory response in cartilage could
have less arthropathy and therefore a milder clinical phenotype (45). 
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Table 2: Overview of findings 

Most studies Most studies Association when 

no association association combined with other 

prothrombotic factors

Genetic factors FVL + +

PT G20210A mutation x +

MTHFR C677T mutation + +

Plasma factors low antithrombin x +

low protein C x +

low protein S x +

hyperfibrinolysis - -

+ = decrease in severity of severe haemophilia

- = increase in severity of severe haemophilia

x = no specific association



Muscle training (46) and physical intensity of work also influence phenotypes of severe
haemophilia. 
In conclusion, the FVL mutation is the factor that most consistently appears to decrease
severity of severe haemophilia. Findings on other thrombophilic factors are inconclusive.
There is a need for research on potential determinants of phenotypes of severe haemophil-
ia in order to individualise the treatment of severe haemophilia. 
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Summary

Patients with severe haemophilia A have considerably different factor VIII half-lives.
Whether this is associated with their clinical characteristics has not been reported. The
aim of this study was to describe the association of factor VIII half-lives with treatment
and clinical characteristics of patients with severe haemophilia A, who have been treated
with individually tailored prophylaxis.
Patients were selected from a single-centre cohort of 214 patients with severe
haemophilia, born between 1944 and 1995. To improve efficiency we measured factor
VIII half-life in 42 patients selected from the extremes of the distribution of phenotypes of
severe haemophilia. We assessed information on life-long joint bleeds and clotting factor
consumption. Orthopaedic outcome was assessed by the Pettersson score.
Among these patients with severe haemophilia, factor VIII half-life ranged from 7.4-20.4
hours (median 11.8 hours). One-hour increase in factor VIII half-life was associated with
96 (95% confidence interval (CI) 2 -190) IU less clotting factor use per kg per year. Age
was an important determinant of factor VIII half-life, and explained a large part of the asso-
ciation between factor VIII half-life and clotting factor consumption. Median number of
joint bleeds per year was similar for patients with different half-lives. Similarly, arthropathy
was similar for patients with different half-lives. 
Among these patients with severe haemophilia, treated prophylactically with clotting fac-
tor, those with a shorter factor VIII half-life required slightly more clotting factor to prevent
joint bleeds and subsequent arthropathy than similar patients with a longer factor VIII half-
life.
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Introduction

Haemophilia is a rare X-linked disease characterized by the absence of clotting factor VIII
or IX activity in the severe form (factor VIII / IX < 0.01 IU/ml). Without treatment patients
with severe haemophilia suffer up to 96 joint bleeds and muscle bleeds per year (1-3).
Two different treatment strategies can be applied; 1) administration of factor VIII or IX
when bleeding occurs (on demand), 2) prophylactic treatment, where factor is given at
regular intervals with the aim to prevent bleeding and subsequent arthropathy (4,5). Pro-
phylaxis can be applied in different strategies. Data from Swedish trials demonstrate that
prophylactic therapy at a young age following a high dose regimen in which dosage is
adjusted according to through levels of factor VIII (haemophilia A 25-40 IU factor VIII on
alternate days, a minimum of three times a week; haemophilia B: 25-40 IU factor IX twice
weekly) prevents joint damage (6). Results from Dutch studies have suggested that
arthropathy can also be prevented using lower doses of factor concentrates for prophy-
laxis in an individually tailored regimen, in which dosages are increased in case of sponta-
neous breakthrough bleeds (7). The latter strategy allows for the study of the association
between clinical characteristics, treatment and factor VIII half-life. 
In pharmacokinetic studies a considerable inter-individual variation of factor VIII half-life is
observed among patients, whereas intra-individual variation of half-life is small (8). The
effect of this inter-individual variation of factor VIII half-life on treatment or clinical out-
come has not been reported. 
The aim of this study was to describe the association between individual factor VIII half-
lives, treatment and clinical characteristics of patients with severe haemophilia A treated
with an individually tailored prophylactic regimen. 

Methods

Study design and population 
Patients were selected from a previously described cohort of 214 patients with severe
haemophilia, born between 1944 and 1995 (9). In short, all patients were followed for at
least 6 years, or more than 50 % of their total lifetime and visited our clinic during follow-
up at least once yearly. X-rays of elbows, knees and ankles were performed every 5 years
and scored according to the Pettersson score for radiological evaluation of joints as rec-
ommended by the World Federation of Haemophilia (10). Each joint was attributed a min-
imum of 0 points (i.e. no arthropathy) to 13 points, resulting in a maximum total score of
78 points. Joints with arthrodeses, ankylosis or arthroplasty were given 13 points. All X-
rays were scored by a single radiologist. 
Patients, who were HIV-positive, who had liver failure, low platelets, increased prothrom-
bin time (PT), low factor V, who had signs of liver cirrhosis on ultrasound or who were
known to have inhibitory antibodies against factor VIII were excluded. To improve efficien-
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cy we restricted measurements to 42 patients with either severe or relatively mild clinical
phenotypes of severe haemophilia. Patients were selected from three different birth
cohorts. From each birth cohort a similar proportion of patients was selected. 
The oldest patients, born between 1955 and 1965, were selected according to their last
Pettersson score and the number of joints with arthropathy. Patients with the most (n=6)
and with the least (n=6) affected joints were selected. 
Patients born between 1965 and 1985 were selected according to a combination of
three treatment characteristics (11). For each patient we calculated a score: 2 x weekly
dose (IU/kg/wk) on prophylaxis + 3 x the annual joint bleed frequency on prophylaxis – 3
x age at start of prophylaxis. Patients with the highest (n=10) and the lowest (n=10)
scores were selected.
The youngest patients, born between 1985 and 1995, were selected according to the
age at which they experienced their first joint bleed. Patients with the youngest (n=5) and
oldest (n=5) age at first joint bleed were selected. 
Eligible patients or parents were asked informed consent. They were asked not to use
factor VIII during 72 hours before their visit for the assessment of factor VIII half-life. Two
days before their visit to the clinic, patients were asked to complete a questionnaire to
give information on their general health status and use of medication the previous days.
Since fever has been reported to increase half-life of factor VIII, patients having fever or
feeling ill were asked to postpone their visit for factor VIII half-life until they had fully
recovered (12). Since bleeding and surgery are known to decrease factor VIII half-life,
patients who had a severe bleeding or surgery during the past 3 months were asked to
postpone their visit for 3 months (13,14). The Medical Ethics Committee of the University
Medical Center Utrecht approved this study.

Treatment strategy
All patients were intended to receive prophylaxis, which was dosed according to individ-
ual bleeding patterns. Dosages were adjusted when breakthrough bleeds occurred (9).
Some patients, however, decided to interrupt or stop prophylaxis (11). As prophylaxis
was introduced in the 1970’s, the oldest patients in this study had late access to this
treatment. 

Blood collection and processing
Blood samples were collected by atraumatic venipuncture without pressure into plastic
tubes containing 0,109 M buffered trisodium citrate. The ratio of blood to anticoagulant
was 9:1. To be sure that citrate tubes were collected without contamination with tissue
fluids, the first 5 ml of blood was not used for clotting factor assays. 
A baseline blood sample was taken at t=0. To determine factor VIII half-life we infused 50
IU/kg of the factor VIII product regularly used by the patient. Fifteen patients used high
purity plasma derived factor VIII, 25 patients used recombinant factor VIII and 2 patients
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used B-domain deleted recombinant factor VIII. After infusion with factor VIII blood sam-
ples were collected at 15, 30 minutes and 1, 3, 5, 24, 30, 48 and 60 hours. 
The blood samples were centrifuged for 15 minutes at 1500 x g (2693 rpm) immediately
and plasma was stored at –70 ºC. 

Laboratory assays
A number of standard laboratory parameters have been determined at the Clinical Chem-
istry Department of our hospital. First, plasma-concentrations of C-reactive protein (CRP)
have been determined to assess sub-clinical infection. Concentrations above 15 mg/l
were considered increased. Second, haematocrit was monitored, and was considered
normal from 20 to 55 %. All haemostasis-related tests were performed at the Thrombosis
and Haemostasis Diagnostic Laboratory of our institute. Factor VIII activity was deter-
mined using the one-stage methods. Since inhibitory antibodies against factor VIII may
influence factor VIII half-life (15), the presence of these antibodies was assessed in pre-
infusion samples using the Nijmegen-variant of the Bethesda-assay (16,17). Inhibitor con-
centrations of >0.3 Bethesda units (BU)/ml were considered positive. Pre-infusion VWF
antigen levels were determined in a previously described immunosorbent assay using
polyclonal antibodies (18). Pooled plasma of 40 healthy donors was used as a reference. 

Data analysis
To calculate factor VIII half-life we used the pharmacokinetic program PK solutions 2.0
(Summit Research Services). The last five years of follow-up were used to estimate annu-
al clotting factor use (IU/kg/yr), number of joint bleeds per year and weekly dose on pro-
phylaxis (IU/kg/wk). Linear regression analysis was used to assess the relation between
clinical characteristics and factor VIII half-life and between factor VIII half-life and determi-
nants of factor VIII half-life like age, blood group and VWF antigen. Factor VIII half-life on
recombinant and plasma derived products was compared using the independent sample
T-test. A chi-square test was used to compare the number of patients on recombinant
products according to clinical phenotype. Since Pettersson scores showed a skewed
distribution with many zero’s, a generalized linear model with gamma distribution and log
link (19) was used to model the association between Pettersson score and factor VIII
half-life. Since Pettersson scores are highly dependent on age (20), the findings were
adjusted for age at Pettersson score.
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Results

42 patients with severe haemophilia A were selected. In all patients CRP and Ht were
normal and none of the patients had inhibitory antibodies against factor VIII. Mean age
was 28.8 (standard deviation (SD) 11.8) years. Factor VIII half-life ranged from 7.4 to
20.4 hours (median 11.8 hours). Factor VIII half-life was similar between plasma derived
and recombinant products, 11.8 and 13.3 hours, respectively (p=0.09). Recombinant
products were used by 67% of patients with a more severe clinical phenotype and by
52% of patients with a milder clinical phenotype (p=0.17). B-domain deleted products
were only used by 2 of the patients with a more severe phenotype and its effect could
therefore not be tested. Analyses including and excluding these 2 patients were similar.

Factor VIII half-life according to clinical phenotype
Median factor VIII half-life was 12.8 hours (interquartile range (IQR) 11.0-14.7) among
patients with a more severe clinical phenotype and 12.8 hours (IQR 11.0-14.3) among
patients with a milder clinical phenotype (p=0.78). Median age was similar between these
two groups, 27.7 and 29.8 years for patients with more severe and milder clinical pheno-
type, respectively (p=0.56). 

Clinical characteristics and factor VIII half-life
The clinical characteristics of the study population according to strata of factor VIII half-
life are presented in Table 1. Patients with a longer factor VIII half-life were older than
patients with a shorter half-life. Similarly, weight tended to be higher in patients with a
longer factor VIII half-life. The age at start of prophylaxis tended to be earlier in patients
with shorter factor VIII half-life. Median annual factor VIII consumption per kg was higher
in patients with a shorter factor VIII half-life. One hour increase in factor VIII half life was
associated with 96 (95%-confidence interval (CI) 2-190) IU less clotting factor use per
kg per year (p<0.05) 
(Fig. 1). Age was an important determinant of factor VIII half-life. After adjustment for age
the association between factor VIII half life and clotting factor use reduced considerably;
each hour increase in factor VIII half life was associated with 36 (CI -41 to113) IU/kg/yr
less clotting factor (p=0.36). 
Accordingly, patients with a shorter factor VIII half-life tended to need a higher weekly
dose on prophylaxis. Median annual joint bleed frequency was comparable between
patients with a half-life shorter than 12 hours and patients with a factor VIII half-life longer
than 12 hours.
The age at the first joint bleed was similar in patients with a shorter and a longer factor
VIII half-life. Median Pettersson score was 0 points (IQR 0-11) in patients with a factor
VIII half-life shorter than 12 hours and 15 points (IQR 4-32) in patients with a factor VIII
half-life longer than 12 hours (p 0.90). Regression analyses with factor VIII half-life as a
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continuous variable and adjusted for age at Pettersson score showed that factor VIII half-
life was not associated with Pettersson score (results not shown).

Determinants of factor VIII half-life
VWF:Ag and factor VIII half-life increased with age (Table 2). An increase of ten years in
age was associated with an increase of 0.16 U/ml of VWF:Ag. Patients with blood group
O had lower VWF:Ag. Mean VWF:Ag level in patients with blood group O was 1.09 U/ml
(SD 0.25 U/ml), compared to 1.54 U/ml (SD 0.79 U/ml) in patients with other blood
groups (p=0.02). As expected, patients with a higher VWF:Ag concentration had a
longer factor VIII half-life. An increase of 0.10 U/ml VWF:Ag was associated with a 16.6
(95%-CI: 9-24) minutes longer factor VIII half-life (p<0.01). 
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Table 1: Clinical characteristics of patients with severe haemophilia A according to factor

VIII half-life

Factor VIII half-life Factor VIII half-life 
< 12 h > 12 h P-value

N 20 22
Age (yr) 21.9 (15.2-28.4) 35.7 (22.7-43.8) 0.06
Weight (kg) 67.0 (55.6-79.2) 74.5 (64.2-85.3) 0.11

Treatment characteristics
Age at start of prophylaxis (yr) 4.5 (3.0-7.4) 8.7 (5.0-18.2) 0.21
Annual clotting factor use (IU/kg/yr) 2217 (1589-2700) 1588 (816-2156) 0.03
Weekly dose on prophylaxis (IU/kg/wk) 44 (35-55) 33 (24-49) 0.14
Joint bleed frequency (yr -1) 2.9 (1.1-4.4) 2.6 (1.0-4.8) 0.84

Clinical manifestations
Age first joint bleed (yr) 2.0 (1.0-4.0) 2.1 (1.2-3.8) 0.38
Pettersson score 0 (0-11) 15 (4-32) 0.90

Plasma factors
VWF-Ag (IU/ml) 0.98 (0.81-1.19) 1.36 (1.14-1.80) <0.01
Blood group O (n (%)) 14 (70) 8 (36) 0.03

Values are medians (IQR) or numbers (%)
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Table 2: Factor VIII half-life and VWF:Ag according to age

Factor VIII half-life (h) VWF:Ag (IU/ml)

10-20 year (n=13) 11.2 (10.5-14.8) 1.13 (0.89-1.27)
20-30 year (n=12) 11.5 (10.9-13.8) 1.08 (0.84-1.32)
> 30 year (n=17) 13.7 (12.0-16.9) 1.30 (1.10-1.67)

P for trend 0.063 0.045

Values are medians (IQR)

Factor VIII half-life (h)

>1510-15<10

2500

2000

1500

1000

500

M
ed

ia
n 

an
nu

al
 c

lo
tti

ng
 fa

ct
or

 u
se

 (I
U

/k
g/

yr
)

Half-life and annual clotting factor use.

Figure 1 



Discussion 

This study describes the association between factor VIII half-life and the clinical charac-
teristics of patients with severe haemophilia. We found that shorter factor VIII half-life was
associated with higher annual clotting factor use, which was largely explained by the
association between age and factor VIII half-life. Among these prophylactically treated
patients, joint bleed frequency and arthropathy as measured by the Pettersson score did
not differ between patients with a shorter and patients with a longer factor VIII half-life.
VWF and blood group were other determinants of factor VIII half-life.
This is the first study to describe the association between factor VIII half-life and clinical
characteristics of severe haemophilia. Since it was too much effort to measure factor VIII
half-life in all 214 patients, we restricted the study population to the extremes of the distri-
bution of clinical phenotype of severe haemophilia. This selection does not influence the
validity of the results, but provides a wide distribution of phenotypes and therefore a high-
er probability that an association is found between clinical phenotype and factor VIII half-
life. We selected patients with different ages in order to be able to study the effect of age
on factor VIII half-life. 
It may be argued that the potential role of non-neutralizing antibodies is not ruled out,
since these are not detected by functional laboratory assays. However, none of the
patients had a history of inhibitory antibodies and all patients had more than 1000 expo-
sures at the time of the factor VIII half-life. It is therefore very unlikely that the patients in
our study have non-neutralizing antibodies (21).
We found that patients with a shorter factor VIII half-life needed more clotting factor in
order to maintain a similar joint bleed frequency compared to patients with a longer factor
VIII half-life. This association was for a large part explained by the influence of age on fac-
tor VIII half-life. The number of subjects in our study was too small to assess the associa-
tion between factor VIII half-life and clotting factor consumption stratified for age.
Inter-individual variation of factor VIII half-life was in accordance with other reports; previ-
ously reported ranges vary between 2.6 and 30 hours (8,13,22-25). Limited data is avail-
able on factors responsible for the intra-individual variation in factor VIII half-life. We found
that age was an important determinant of FVIII half-life. In contrast, Vlot et al did not find
an association between age and factor VIII half-life (26). This may be explained by the
smaller age variation in their study population. In both the present study and in studies of
Fijnvandraat et al and Vlot et al, pre-infusion VWF:Ag influenced factor VIII half-life (8,26).
Furthermore, in both the present study and in a study by Vlot et al factor VIII half-life was
influenced by blood group; patients with blood group O have a shorter factor VIII half-life
compared to patients with group A, B or AB, which may at least partly be explained by
lower VWF:Ag levels in patients with blood group O (26). Weight, length, presence or
absence of the factor VIII gene inversion and Rhesus phenotype did not influence factor
VIII half-life (26). 
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Our results suggest that patients with a shorter factor VIII half-life need more intensive
treatment; factor VIII half-life may be useful in dosing prophylactic treatment. It would be
worthwhile to study whether assessment of FVIII half-life very early in life (e.g before the
start of prophylaxis) contributes to improvement of treatment and prevention of joint dam-
age among patients with severe haemophilia. 
In conclusion: Among these patient with severe haemophilia, treated prophylactically with
clotting factor, those with a shorter factor VIII half-life required slightly more clotting factor
to prevent joint bleeds and subsequent arthropathy than similar patients with a longer fac-
tor VIII half-life.
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Summary

Clinical phenotype of severe haemophilia A (<0.01 IU/ml factor VIII (FVIII)) is variable. To
answer the question whether this variability is associated with mutation types in the factor
VIII gene, we studied the association of mutation types, endogenous FVIII activity levels
and clinical phenotype of severe haemophilia A.
A single centre cohort study was performed among 241 patients from 166 apparently un-
related families with severe haemophilia A born 1944 - 2002. The onset of bleeding,
annual number of joint bleeds and annual clotting factor use over the last 5 years, and
haemophilic arthropathy were documented. 
Median endogenous FVIII activity was 0.0011 IU/ml in patients with inversions, missense
mutations, nonsense mutations, insertions and splice site mutations. Patients with mis-
sense mutations used 23% less FVIII (p=0.01) than patients with inversions, whereas
joint bleed frequency, age at first joint bleed and arthropathy were similar. 
The results of this study in 241 patients with severe haemophilia A suggest that endoge-
nous FVIII activity was similar across mutation types. Patients with missense mutations
need lower doses of prophylaxis to control bleeding than patients with other mutations
suggesting a somewhat milder clinical phenotype.
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Introduction 

Severe haemophilia A is defined by reduced FVIII activity levels (< 0.01 IU/ml FVIII). In
40- 50% of patients, severe haemophilia A is caused by an inversion in exon 22 of the
gene encoding for FVIII on the X chromosome (1-3). Deletions, insertions and single base
substitutions account for the remaining 50-60% of mutations (4,5). The genetic defects
all are seriously deleterious, as they cause a reduction of FVIII to less than 0.01 IU/ml.
However, within this group differences in clinical phenotypes are found between patients.
Bleeding frequency is the main manifestation of clinical phenotype of severe haemophilia
and is on average 15 to 35 joint bleeds per year without treatment, ranging between 0
and 96 per year (6-8). During long term individualized prophylaxis, where bleeding fre-
quency cannot be observed, the dose of clotting factor concentrates needed to prevent
breakthrough bleeds varies between patients (9,10). This variability in phenotype might
be due to variability in small residual amounts of endogenous FVIII activity. If so, there
either may still be some FVIII present, or incidental restoration of mutations by reversion
of the defect c.q. compensation for the defect has occurred. The potential mechanisms
for mutation restoration would then be somatic replication errors, transcription errors or
alternative splicing thereby giving rise to residual amounts of FVIII activity. This variability
is postulated to be related to the type of mutation (11,12,13). The genetic defects are
often classified according to the expected extent of FVIII reduction: inversions, large dele-
tions and nonsense mutations (“severe molecular defects”) on the one hand and small
deletions, missense mutations and splice site mutations (“small mutations”) on the other
hand, although not based on solid genetical arguments. It has been speculated that
patients with “severe molecular defects” produce no FVIII, whereas patients with “small
mutations” may produce a small amount of circulating FVIII (11,12,14).
Similar to moderate haemophilia, where higher endogenous clotting factor activity levels
were associated with a later onset of joint bleeds and less arthropathy (15), patients with
a “small mutation” may have a less severe clinical phenotype of severe haemophilia.
Accordingly, it has been suggested that patients with an inversion of the FVIII gene may
have a more severe clinical phenotype (16). 
The objective of the present study was to examine whether mutation types in the FVIII
gene are associated with endogenous FVIII activity levels or the observed differences in
clinical phenotype in severe haemophilia A.
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Methods

Design and study population
A cohort study was performed among all patients with severe haemophilia A born
between 1944 and 2002, treated at the Van Creveldkliniek, Utrecht. Of all 302 patients
with severe haemophilia A, 61 were excluded, leaving 241 patients from 166 unrelated
families for analysis. 
Patients were either excluded because of limited follow up (less than 6 years or less than
50% of total lifetime, n=33), or absence of informed consent (n=6). In 3 families (6
patients) no mutation was identified. These patients were also excluded from the study. In
addition, patients with inhibitory antibodies against FVIII lasting more than one year
(n=13) and patients with significant other pathology (n=3) were excluded since their
extraordinary treatment requirements would confound the findings of this study.

Mutation analysis of the FVIII gene
High molecular weight DNA of the probands with severe haemophilia A was isolated from
peripheral blood leukocytes according to established procedures. 
Firstly, the probands were tested for inversions involving the factor VIII gene using South-
ern blot analysis (3). Secondly, if no inversion was identified, the exons 1-26 of the FVIII
gene and their flanking sequences were amplified using the polymerase chain reaction.
The amplification primers and the PCR were essentially as described (14). Amplification
was performed on a Gene Amp 9700 thermal cycler (Applied Biosystem) by an initial
denaturation step at 94ºC for 3 min. followed by 34 cycles at 94ºC for 20 sec., 55ºC for
30 sec. and 72ºC for 1 min. Next, the PCR products were purified using the QIAquick 96
PCR BioRobot Kit (Westburg). The purified fragments were sequenced, using the ABI
Prism Big Dye terminator Cycle Sequencing ready Reaction KIT (Perkin Elmer) on an
ABI-PRISM 3700 DNA analyser (Applied Biosystems). The sequences were compared
to the reported gene sequence using the SeqScape program (Applied Biosystems). 
Novel missense mutations were considered detrimental when 1) other substitutions at
the same position have been reported, 2) the nature of the substitution was non-conser-
vative, 3) the degree of conservation between species was high and/or 4) no other muta-
tion was identified in the entire coding region of the FVIII gene of the proband.
We suggested that the defect causing severe haemophilia in the proband was identical
to that of all of his family members with severe haemophilia.

Biochemical analysis
To determine endogenous FVIII activity levels, blood samples were collected after a
washout period of 72 hours without treatment with clotting factor concentrates by atrau-
matic venipuncture without pressure into plastic tubes containing 0,109 M buffered
trisodium citrate. The ratio of blood to anticoagulant was 9:1. To avoid contamination with
tissue fluids, the first 5 ml of blood was not used for coagulation tests. The blood samples
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were centrifuged for 15 minutes at 1500 x g (2693 rpm) immediately and plasma was
stored at –70 ºC. 
FVIII activity was determined using the one-stage method on a Behring Coagulation Sys-
tem (BCS) according to the instructions of the manufacturer (Dade-Behring, Marburg,
Germany), except for diluting of patient samples with severe FVIII deficient plasma
instead of buffer. The minimum detection level of this method was 0.0011 IU/ml. To
reduce variation in calibration and variation between analysts, a single analyst performed
all FVIII assays on the same day. FVIII antigen was determined using an enzyme
immunoassay (Asserachrom, Diagnostica Stago®, France). Patients were considered
clot reactive material (CRM) positive if FVIII antigen levels were > 0.10 IU/ml. 

Clinical characteristics
From 1972 onwards, we collected information on joint bleed frequency, type of treatment
(i.e. prophylactic or on demand), and clotting factor use from all patients at each visit to
the outpatient clinic. All patients visited the clinic at least once a year. Data were collect-
ed until January 2003. In addition, data on the first joint bleed before the onset of prophy-
laxis were obtained from the medical files. In our centre the prophylactic dose is individu-
ally adjusted according to bleeding pattern. Therefore, annual clotting factor use reflects
bleeding pattern: patients presenting with a more severe bleeding pattern will require a
higher amount of annual clotting factor concentrate to prevent joint bleeds and vice versa.
The last five years of follow-up were used to estimate the median annual clotting factor
use (IU/kg/yr) and the median annual number of joint bleeds.
To assess haemophilic arthropathy, X-rays of elbows, knees and ankles were performed
every 5 years and scored according to the Pettersson score (17). Each joint was attrib-
uted a minimum of 0 points (i.e. no arthropathy) to 13 points, resulting in a maximum total
score of 78 points. Joints with arthrodeses, ankylosis or arthroplasty were given 13
points. All X-rays were scored by a single radiologist. 

Data analysis
In order to study the clinical effects of different mutations, we grouped the different muta-
tions in four different ways. 
Firstly, according to the putative ability to produce some FVIII activity: 1) patients with
inversions, who are theoretically unable to produce any FVIII activity, 2) patients with mis-
sense mutations, who are expected to produce an altered FVIII protein and 3) patients
with nonsense mutations, deletions, insertions or splice site mutations. These mutations
have an even less predictable effect on both the concentration and structure of the factor
VIII mRNA and consequently on the protein, although a positional effect may play a role. 
Secondly, mutations were grouped according to a system previously described in studies
on inhibitors by Schwaab et al and Goodeve et al (12,13), into 1) “severe molecular
defects” (i.e. inversions, deletions >200 base pairs (bp), insertions >200 bp and non-
sense mutations) and 2) “small mutations” (i.e. deletions ≤ 200 bp, insertions ≤ 200 bp,
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missense mutations and splice site mutations). Since splice site mutations were not clas-
sified in either “severe molecular defects” or “small mutations” by Schwaab et al and
Goodeve et al, we classified these defects as “other defects” 3). 
Thirdly, we grouped small deletions and insertions according to whether they were locat-
ed in a poly-A run (A-run versus non A-run). This subdivision was prompted by a report on
mitigation of the phenotype of severe haemophilia A by restoration of the reading frame
during transcription in a poly-A run or not (16). 
Fourthly, patients with missense mutations were grouped according to their cross reac-
tive material (CRM) status into CRM positive and CRM negative.
Endogenous FVIII activity and clinical characteristics were compared using these four
ways of grouping of the mutations. For assessments of differences between groups, inde-
pendent sample T-tests were used in all outcome parameters except for joint bleed fre-
quency and endogenous FVIII, which were compared using the Kruskal-Wallis-test. Since
Pettersson scores are dependent on the cumulative number of joint bleeds (18) and
therefore highly dependent on age, analyses of these parameters were adjusted for age
using a log linear regression model. 

Results

Clinical characteristics
Median age of the 241 patients was 30.0 years (range 16.0-43.6 years). Median age at
first joint bleed was 1.7 years (interquartile range (IQR) 1.1-2.6, range 0.2-5.8). Median
annual clotting factor use was 1864 IU/kg/yr (IQR 977-2438), median number of joint
bleeds was 2.2 per year (IQR 1.0-5.3) and median Pettersson score was 20 points (IQR
1-41) at a median age of 26.6 (IQR 17.4-38.8) years. Four patients (2 %) were CRM pos-
itive. 

Mutations in the factor VIII gene
In our cohort of 241 severe haemophilia patients (166 unrelated families), the probands
were screened for mutations in the FVIII gene. First, the gene was investigated for inver-
sions that involve intron 22. Next, all exons and their flanking sequences were amplified
and sequenced. The types of mutations in the FVIII gene of the probands are summarized
in Appendix C. 

Genetic defects, endogenous FVIII activity and CRM-status
Genetic defects, endogenous FVIII activity and the presence of CRM according to type
of mutation are shown in Table 1 for all 241 patients. The most frequent genetic defects
were inversions and missense mutations, which were present in 53.9% and 17.0% of
patients, respectively. The remaining 29% of the patients had large deletions (0.8%), non-
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Table 1: Age and endogenous FVIII activity (FVIII:C) according to type of mutation

Inversion Large deletion Missense Nonsense Deletion Insertion Splice site

n=130 (53.9%) n=2 (0.8%) n=41 (17.0%) n=13 (5.4%) n=27 (11.2%) n=18 (7.5%) n=10 (4.1%)

Patients with endogenous 

FVIII:C available (n) 42 0 16 5 8 8 3

Current age (yr) 27.6 (16.6-42.2) 26.2 (19.3-33.1) 33.5 (23.2-44.7) 12.2 (3.5-42.7) 37.4 (21.0-53.8) 24.0 (15.7-35.9) 18.3 (6.5-45.6)

Endogenous FVIII:C (IU/ml) 0.0011 - 0.0011 0.0011 0.0022 0.0011 0.0011

(0.0011-0.0022) (0.0011-0.0050) (0.0011-0.0016) (0.0013-0.0034) (0.0011-0.0017) (0.0011-0.0023) 

CRM (n) 0 0 4 0 0 0 0

Values are medians (IQR) or numbers 



sense mutations (5.4%), small deletions (11.2%), small insertions (7.5%) and splice site
mutations (4.1%). Endogenous FVIII activity levels (with sufficient washout periods) were
available for 82 patients; median level was 0.0011 IU/ml (IQR 0.0011-0.0023 IU/ml). We
found similar endogenous levels of FVIII activity in all groups, suggesting no association
between different types of mutations and endogenous levels of FVIII activity (Fig 1). All
four patients who were CRM positive had a missense mutation. Median FVIII antigen
level of these patients was 0.21 IU/ml. FVIII activity level was only available for one of
these patients.

Clinical characteristics according to genetic defect comparing 1) no FVIII product, 2)
altered FVIII protein and 3) unpredictable effect
Endogenous FVIII activity levels and clinical characteristics comparing inversions, mis-
sense mutations and other mutations are presented in Table 2. Endogenous FVIII activity
was similar in patients with an inversion and patients with a missense mutation (p=0.58)
as were age, bleeding characteristics and age-adjusted arthropathy. Patients with a mis-
sense mutation used 23% less FVIII than patients with an inversion (p=0.01) and thus
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needed less clotting factor to maintain a similar bleeding frequency. Furthermore, patients
with a missense mutation needed 27% less FVIII than patients with a mutation other than
a missense mutation or an inversion (p=0.02). To study the effect of age on the associa-
tion of mutation types and clinical characteristics, we stratified the mutation types accord-
ing to age (data not shown) and found no relevant differences.

Clinical characteristics according to Schwaab et al and Goodeve et al comparing 
1) “severe molecular defects”, 2) “small mutations”, and 3) other mutations 
Median age of the 145 patients with “severe molecular defects” was similar to the median
age of the 86 patients with “small mutations” and the 10 patients with other mutations
(27.6, 33.5 and 30.4 years, respectively). Endogenous FVIII activity was similar in patients
with “severe molecular defects” and “small mutations” (p=0.41), 0.001 IU/ml (IQR
0.0011-0.0021) and 0.0011 (IQR 0.0011-0.0034) IU/ml respectively. The clinical char-
acteristics in both groups of defects were similar. Age at the first joint bleed was similar
among patients with “severe molecular defects” and patients with “small mutations”
(median 1.8 versus 1.7 years; p=0.82). Median annual clotting factor use and the number
of joint bleeds per year were similar in patients with “severe molecular defects” and “small
mutations” (1868 versus 1846 IU/kg/yr (p=0.37) and 2.2 versus 2.7 joint bleeds per
year (p=0.37), respectively). Median Pettersson score was 19 in patients with “severe
molecular defects” and 24 in patients with “small mutations”; age adjusted regression
analysis did not reveal a significant difference (p=0.39). To study the effect of age on the
association of mutation types and clinical characteristics, we stratified the mutation types
according to age (data not shown) and found no relevant differences.
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Table 2: Clinical characteristics according to type of mutation

Inversion Missense Other P-value

(n=130) (n=41) (n=70) Inversion 

versus 

missense

Current age (yr) 27.6 (16.6-42.2) 33.5 (23.2-44.7) 30.4 (14.9-44.8) 0.14

Age first joint bleed (yr) 2.0 (1.1-2.8) 1.9 (1.0-2.8) 1.7 (1.3-3.2) 0.59

Annual clotting factor use (IU/kg/yr) 1867 (1020-2470) 1429 (457-2178) 1963 (1089-2492) 0.01

Joint bleeds (n/yr) 2.2 (1.0-4.6) 3.6 (1.1-7.5) 1.8 (0.9-3.7) 0.37

Pettersson score (max 78 points) 19 (1-39) 24 (8-52) 19 (0-39) 0.84*

Age Pettersson score (yr) 25.2 (15.0-37.0) 30.5 (22.9-41.7) 26.0 (16.2-40.0) 0.054

Values are medians (IQR) or numbers 

* adjusted for age at Pettersson score



Small deletions and insertions inside or outside a poly-A run
Twenty-two patients had a small deletion or insertion in a poly-A run and 23 patients had
a small deletion or insertion outside a poly-A run. Endogenous FVIII activity level and clini-
cal characteristics according to location of mutation inside or outside a poly-A run are
presented in Table 3. Endogenous FVIII activity appeared to be somewhat higher in
patients with a small deletion in a poly-A run, however this was not statistically significant.
No differences in clinical characteristics were observed between patients with a small
deletion or insertion in or outside a poly-A run.

Missense mutations with CRM and without CRM
Four patients were CRM positive and 37 were CRM negative. Median age was 36.0
years (IQR 13.3-46.8) in patients who were CRM positive and 33.5 years (IQR 23.2-
44.7) in patients who were CRM negative. There appeared to be no differences in
endogenous FVIII activity or clinical characteristics between patients who were CRM
positive and patients who were CRM negative, however numbers were too small for sta-
tistical testing.
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Table 3: Clinical characteristics according to the location of small deletions or insertions

inside or outside a poly-A run

Poly-A run Non poly-A run P-value

(n=22) (n=23)

Current age (yr) 30.4 (20.5-44.5) 30.8 (15.9-50.2) 0.90

Endogenous FVIII:C (IU/ml) 0.0019 (0.0014-0.0030) 0.0011 (0.0011-0.0019) 0.09

Age first joint bleed (yr) 1.9 (1.2-4.0) 1.5 (1.1-2.8) 0.30

Annual clotting factor use (IU/kg/yr) 2209 (1542-2581) 2012 (970-2516) 0.79

Joint bleeds per year (n/yr) 2.2 (0.9-3.8) 1.8 (1.0-8.0) 0.67

Pettersson score (max 78 points) 29 (0-45) 23 (2-56) 0.48*

Age Pettersson score (yr) 26.6 (18.1-38.8) 29.0 (18.7-47.9) 0.45

Values are medians (IQR) or numbers 

* adjusted for age at Pettersson score



Discussion

This study is the first to describe the possible association between genetic defect,
endogenous FVIII activity levels and clinical phenotype in a single-centre cohort of
patients with severe haemophilia A. We found no association between endogenous FVIII
activity and genetic defects. However, patients with a missense mutation needed less
intensive prophylaxis than patients with an inversion or other mutations, whereas long-
term outcome was similar. This suggests that these patients have a somewhat less severe
clinical phenotype. No association between clinical characteristics and “more severe
molecular effects” or “small mutations” was found. 
In order to interpret these findings, some aspects of the study design need to be dis-
cussed. 
Firstly, endogenous FVIII activity was similar between patients with an inversion and
patients with a missense mutation, while patients with a missense mutation needed sub-
stantially less clotting factor. Although we used the standard washout period of 72 hours,
this lack of differences may be due to remaining traces of exogenous factor VIII, especial-
ly in patients with inversions. Increasing the washout period may bring out the differences
in endogenous factor VIII. We therefore plan to study endogenous factor VIII in patients
with missense mutations and patients with inversions after a longer washout period.
Secondly, the findings on clinical characteristics differed between the first and the sec-
ond way to group mutations. Annual clotting factor use was lower in patients with a mis-
sense mutation than in patients with an inversion, whereas annual clotting factor use was
similar in patients with “severe molecular defects” and patients with “small mutations”.
This discrepancy may be due to misclassification by nonsense mutations and large and
small deletions and insertions in the classification described by Schwaab et al and Good-
eve et al, because the effect of these mutations is difficult to predict. Some of these
mutations may cause a frame shift, which may have a more severe effect on protein syn-
thesis. Moreover, nonsense mutations may occur early (i.e. in the first exons) in the FVIII
gene or late (i.e. in the last exons). Late nonsense mutations may result in a protein with
some biological activity, since only a small part of the protein is lacking. Furthermore, the
domain of the FVIII gene that is altered due to a mutation may be of importance: a defect
in the B-domain may have a less severe effect than a defect in the A or C domains (19). 
Thirdly, one would have expected that patients with an inversion had increased treatment
requirement rather than finding decreased clotting factor use in patients with a missense
mutation. However, their clotting factor use was significantly lower than in both other
groups, while clinical outcome was similar, indicating adequate treatment. 
At 54%, the proportion of patients with an inversion was in accordance with previous
reports (20-23), and similar proportions of deletions ≤ 200 bp, insertions ≤ 200 bp and
duplications have previously been reported (5,24). 
The association between endogenous FVIII activity levels and the type of genetic defect
in patients with severe haemophilia has been reported in 36 patients with severe
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haemophilia (25). Endogenous FVIII activity was measured by clot waveform analysis
after a washout period of 5 days. In patients with an inversion, endogenous FVIII activity
levels were all below 0.002 IU/ml; whereas levels varied between 0.002 and 0.010 IU/ml
in other mutations. However no statistical testing was performed and no numbers of
inversions and other mutations were reported. 
Several studies described the association of the FVIII genotype and severity of
haemophilia, focusing on severe (<0.01 IU/ml FVIII), moderate (0.01-0.05 IU/ml FVIII)
and mild (0.05-0.50 IU/ml FVIII) disease. It was reported that FVIII genotype was associ-
ated with disease severity in the majority of cases (4,26). However, we studied only
patients with severe haemophilia and focussed on clinical phenotype. Oldenburg et al
suggested that the clinical phenotype of severe haemophilia might be mitigated by small
deletion or insertion mutations within poly-A runs of the FVIII gene (16). Partial endoge-
nous restoration of the reading frame by errors during replication of DNA or during tran-
scription of messenger RNA and/or by "ribosomal frame shifting" may result in the pro-
duction of normal FVIII protein and, thus, in a milder than expected phenotype of severe
haemophilia A (27). However, in the present study we did not find a higher FVIII activity in
patients with a small deletion or insertion in a poly-A run, nor differences in clinical char-
acteristics. 
For detailed understanding on a molecular level on how mutations result in a dysfunction-
al FVIII protein a three-dimensional crystal structure is needed. In some cases, defective
interaction with one of the ligands of FVIII may be responsible for reduced activity
(28,29). In other cases, mutations with impact on the stability of the heterotrimeric form of
activated FVIII may cause haemophilia (30). 
It is important to realize that the FVIII genotype is not solely responsible for the phenotype
and that haemophilia can be caused or modified by defects located outside the FVIII
gene (31,32). For instance, the gene responsible for the combined factor V and VIII defi-
ciency has been mapped on chromosome 18 (28). Concerning the modification of the
severe haemophilia phenotype e.g. by prothrombotic factors, no consistent effects have
been reported, except for the effect of factor V Leiden (33). The association between fac-
tor V Leiden and clinical phenotype needs to be evaluated in a larger cohort study.
In conclusion: The results of this study in 241 patients with severe haemophilia A suggest
that endogenous FVIII activity was similar across mutation types. Patients with missense
mutations need lower doses of prophylaxis to control bleeding than patients with other
mutations suggesting a somewhat milder clinical phenotype.
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Summary

Clinical phenotype of severe haemophilia varies markedly among patients. The objective
of this study was to examine whether plasma levels of proteins involved in clot formation
and clot lysis are associated with clinical phenotypes of severe haemophilia.
From a cohort of 214 patients with factor VIII levels below 0.01 IU/ml, 42 patients were
selected from the extreme ends of the distribution of clinical phenotypes. Von Willebrand
factor (VWF) antigen, VWF ristocetin cofactor activity, protein C activity, protein S anti-
gen, APC resistance, factors II, V, VII, VIIa, IX, X and XI, fibrinogen, antithrombin, tissue
factor pathway inhibitor, platelet count, F1+2, plasminogen, clot lysis time and D-dimer
levels were determined. 
Levels of procoagulant and anticoagulant factors were similar between patients from the
high extreme (i.e. with more severe clinical phenotypes) and the low extreme (i.e. with
milder clinical phenotypes) of the distribution of clinical phenotypes. F1+2, a marker of
thrombin generation, was 0.64 nmol/l in patients with more severe clinical phenotypes
and 0.62 nmol/l in patients with milder clinical phenotypes (p=1.00).
Overall fibrinolytic potential, as measured by the clot lysis time, was not significantly dif-
ferent between patients with more severe and milder clinical phenotypes, 78.6 and 71.9
minutes, respectively (p=0.13). D-dimer levels were higher in patients with more severe
clinical phenotypes than in patients with milder clinical phenotypes, 0.24 (IQR 0.17-0.43)
and 0.16 (IQR 0.14-0.24), respectively (p=0.02).
In conclusion: Our findings suggest that differences in plasma levels of coagulation pro-
teins do not affect clinical phenotypes of severe haemophilia. Differences in fibrinolytic
activity may partly explain differences in phenotypes. 
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Introduction

Haemophilia is a rare X-linked disease characterized by the absence of clotting factor VIII
or IX activity in the severe form (factor VIII / IX < 0.01 IU/ml). Without treatment patients
with severe haemophilia suffer numerous spontaneous joint bleeds and muscle bleeds.
Clinicians have noted a marked variability in phenotypes of patients with severe
haemophilia. Without treatment some of them suffer up to 96 joint bleeds per year (1-3),
while others hardly bleed even without prophylactic treatment (4).
It has been reported that the absence of clotting factor VIII can be regarded as a triple
defect (5). Firstly, thrombin generation via the extrinsic pathway is impaired. Secondly,
there is a reduced secondary burst of thrombin generation and thirdly, a defective down-
regulation of the fibrinolytic system causes increased fibrinolytic activity. The observed
clinical differences between patients with distinct phenotypes of severe haemophilia may
be explained by differences in all three elements of clot formation and lysis. 
The aim of this study was to assess whether plasma levels of proteins involved in clot for-
mation and clot lysis are associated with the clinical phenotypes of patients with severe
haemophilia A. 

Patients and Methods

Study design and selection of patients 
Patients were selected from a previously described cohort of 214 patients with severe
haemophilia, born between 1944 and 1995 (6). In short, all patients were followed for at
least 6 years, or more than 50 % of their total lifetime and visited our clinic at least once
yearly during follow-up. X-rays of elbows, knees and ankles were performed every 5 years
and scored according to the Pettersson score for radiological evaluation of joints as rec-
ommended by the World Federation of Haemophilia (7). Each joint was attributed a mini-
mum of 0 points (i.e. no arthropathy) to a maximum of 13 points, resulting in a maximum
total score of 78 points. Joints with arthrodeses, ankylosis or arthroplasty were given 13
points. All X-rays were scored by a single radiologist. 
Patients, who were HIV-positive, who had liver failure characterized by low platelets,
increased prothrombin time (PT) or low factor V, who had signs of liver cirrhosis on ultra-
sound or who were known to have inhibitory antibodies against factor VIII were excluded.
To improve efficiency we restricted measurements to 42 patients from the extremes of the
distribution of clinical phenotypes of severe haemophilia A. Patients were selected from
three different age categories. From each age category a similar proportion of patients
was selected. 
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The oldest patients, born between 1955 and 1965, were selected according to their last
Pettersson score and the number of joints with arthropathy. Patients with the highest
(n=6) and with the lowest (n=6) number of affected joints were selected. 
Patients born between 1965 and 1985 were selected according to a combination of
three treatment characteristics.(8) For each patient we calculated a score: 2 x weekly
dose of clotting factor (IU/kg/wk) on prophylaxis + 3 x the annual joint bleed frequency on
prophylaxis – 3 x age at start of prophylaxis. At a cut-off level of this score of 45 points,
82% of patients were able to successfully discontinue prophylaxis. Patients with the high-
est (n=10) and the lowest (n=10) scores were selected. 
The youngest patients, born between 1985 and 1995, were selected according to the
age at which they experienced their first joint bleed. Patients with the youngest (n=5) and
oldest (n=5) age at first joint bleed were selected. 
Eligible patients or parents were asked informed consent. They were asked not to use
factor VIII during 72 hours preceding their visit for blood collection. Two days before their
visit to the clinic, patients were asked to complete a questionnaire to give information on
their general health status and use of medication during the previous days. Patients hav-
ing fever or feeling ill were asked to postpone their visit until they had fully recovered.
Patients who had a severe bleeding or surgery during the past 3 months were asked to
postpone their visit for 3 months. The Medical Ethics Committee of the University Medical
Center Utrecht approved this study.

Treatment strategy
Patients were treated according to an individually tailored regimen. All patients were
intended to receive prophylaxis, which was dosed according to their individual bleeding
patterns. Dosages were adjusted when breakthrough bleeds occurred (6). Some
patients, however, decided to interrupt or stop prophylaxis (8). As prophylaxis was intro-
duced in the 1970’s, the oldest patients in this study had relative late access to this treat-
ment. 

Blood collection and processing
Blood samples for coagulation tests were collected by atraumatic venipuncture without
pressure into plastic tubes containing 0,109 M buffered trisodium citrate. The ratio of
blood to anticoagulant was 9:1. To be sure that citrate tubes were collected without con-
tamination with tissue fluids, the first 5 ml of blood were not used for clotting factor
assays. Samples for the platelet count were collected in 3 ml vacuum tubes containing
K3-EDTA (BD Vacutainer; BD Medical Systems, Plymouth, UK). The blood samples were
centrifuged for 15 minutes at 1500 x g (2693 rpm) immediately and plasma was stored
at –70 ºC. 
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Laboratory assays
A number of standard laboratory measurements were performed. Pre-infusion Von Wille-
brand factor antigen (VWF:Ag) levels were determined in an immunosorbent assay using
polyclonal antibodies (9). Pooled plasma of 40 healthy donors was used as a reference.
VWF ristocetin (VWF:C) was determined using a Behring Coagulation System (BCS).
Protein C activity was determined using a chromogenic assay (Dade-Behring, Marburg,
Germany), Protein S antigen was determined using an ELISA and activated protein C
(APC) resistance was measured after dilution in FV-deficient plasma (1 : 5). 
Levels of prothrombin, factor V, factor VII, factor IX, factor X and factor XI were deter-
mined using a STA-R analyser (Diagnostica Stago, Asnieres, France). Factor VIIa was
determined using a clotting assay (Staclot® VIIa-rTF, Diagnostica Stago, Asnieres,
France). The presence of inhibitory antibodies to factor VIII was assessed using the
Nijmegen-variant of the Bethesda-assay (10,11). Inhibitor concentrations of >0.3 Bethes-
da units (BU)/ml were considered positive. 
Fibrinogen was determined as described by Clauss et al (12). Antithrombin was deter-
mined using a commercial assay (STA antithrombin assay, Diagnostica Stago, Asnieres,
France) and tissue factor pathway inhibitor (TFPI) was determined using the chromogenic
substrate assay (13). Prothrombin fragment 1 and 2 (F1+2) was determined using an
enzyme immunoassay (Dade Behring, Marburg, Germany). Platelet counts were deter-
mined using an Abbott Cell-Dyn 4000 haemocytometer (Abbott Laboratories, Abbott
Park, IL, USA). Levels of plasminogen were determined on a BCS clotting device. 
Clot lysis was assessed as previously described (14): Lysis of a tissue factor induced clot
by exogenous t-PA was studied by monitoring changes in turbidity during clot formation
and lysis. D-dimer levels were determined using an ELISA assay (Diagnostica Stago,
Roche, Mannheim, Germany). All assays were performed without knowledge of whether
the sample was from a from the high or the low end of the distribution of clinical pheno-
types.

Data analysis
Independent sample T-tests were used to compare clinical characteristics between
patients from the high and the low end of the distribution of clinical phenotypes, except
for all analyses comparing joint bleed frequencies between groups, which were per-
formed using the Kruskal-Wallis-test. Since Pettersson scores are dependent on the
cumulative number of joint bleeds (15) and therefore dependent on age, analyses of Pet-
tersson scores were adjusted for age using log linear regression. The Kruskal-Wallis-test
was used to compare the levels of coagulant and fibrinolytic parameters between
patients with a milder and patients with a more severe clinical phenotype. 
In addition, logistic regression was used to assess the association between clinical phe-
notype and the coagulant and fibrinolytic parameters. Coagulant and fibrinolytic parame-
ters were classified according to the 33rd and the 66th percentiles (P33 and P66) into
tertiles: “low” (≤P33), “middle” (>P33 and ≤P66) and “high” (>P66). To study the effects
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of coagulant and fibrinolytic parameters, dummy variables were made indicating the mid-
dle and highest tertiles and the category “low” was used as a reference. Clinical pheno-
type was the dependent variable and the dummies were the independent variables.

Results

The study population consisted of 21 patients from the high end of the distribution of clin-
ical phenotypes and 21 from the low end of the distribution of clinical phenotypes of
severe haemophilia A. Characteristics according to these phenotypes are presented in
Table 1. Due to matching, age was similar in both groups. Adequate selection of pheno-
types is illustrated by statistically significant differences in age at first joint bleed, prog-
nostic score and degree of arthropathy, i.e. the number of joints with Pettersson score
below 3 points and the last Pettersson score between the patients from the high and the
low end of the distribution of clinical phenotypes of severe haemophilia. Additionally,
patients from the high end of the distribution of clinical phenotypes (i.e. with more severe
clinical phenotypes) used twice as much clotting factor per kg per year as patients from
the low end (i.e. with a milder phenotype). 
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Table 1: Characteristics of the study population of patients with severe haemophilia

according to their clinical phenotypes

More severe Milder P-value

(n=21) (n=21)

Age (yr) 22.5 (18.2-41.5) 29.6 (19.6-40.1) 0.56

Age first joint bleed (yr) 1.0 (0.4-1.2) 4.6 (3.6-5.5) <0.01

Prognostic score * 93.5 (82.0-114.1) 37.7 (30.9-43.3) <0.01

Joints with PS** <=3 (n) 0.5 (0.0-2.0) 4.5 (4.0-5.0) <0.01

Last PS 19 (0.5-49) 13 (0.5-29) 0.02***

Age last PS 21.7 (16.6-39.8) 24.9 (17.6-34.8) 0.82

Annual clotting factor use (IU/kg/yr) 2214 (1758-2695) 1154 (628-1993) 0.01

Joint bleeds per year (n) 3.5 (1.6-4.4) 1.8 (1.0-5.5) 0.33

Age at start prophylaxis (yr) 5.0 (3.4-13.8) 7.4 (4.5-13.0) 0.56

Values are medians (IQR)

* Prognostic score = 2x weekly dose (IU/kg/wk) on prophylaxis + 3x annual joint bleed frequency on prophylaxis

– 3x age at start of prophylaxis

** PS= Pettersson score

*** p-value adjusted for age at PS



Coagulation
Large inter-individual variation of coagulation factors was observed; no clinically relevant
differences between patients with a more severe and a milder clinical phenotype were
observed. Levels of clotting factors and platelet count among patients from the high en
the low end of the distribution of clinical phenotypes of severe haemophilia are presented
in Table 2. F1+2, a marker for thrombin generation, was 0.64 nmol/l in patients with more
severe clinical phenotypes and 0.62 nmol/l in patients with milder clinical phenotypes
(p=1.00). Odds ratios for increasing levels of the various clotting factors and platelet
count are presented in Table 3. 
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Table 2: Factors of coagulation and fibrinolysis according to clinical phenotype. 

More severe Milder P-value*

(n=21) (n=21)

Coagulation

VWF:Ag (%) 122 (104-147) 114 (95-136) 0.38

VWF:Ristocetin (%) 114 (91-134) 120 (85-136) 0.89

Protein C:act (%) 89 (80-100) 87 (81-99) 0.66

Protein S:Ag (%) 94 (84-109) 92 (76-106) 0.60

APC 0.97 (0.94-1.01) 1.00 (0.97-1.02) 0.20

II (%) 85 (79-93) 83 (74-91) 0.50

V (%) 100 (90-118) 108 (97-117) 0.61

VII (%) 111 (94-116) 97 (93-114) 0.28

VIIa (mU/ml) 77 (59-105) 85 (63-96) 0.95

VII/VIIa 1.27 (1.08-1.84) 1.28 (1.05-1.49) 0.62

IX (%) 73 (60-90) 68 (58-83) 0.70

X (%) 105 (97-118) 110 (88-121) 0.92

XI (%) 107 (91-125) 120 (99-140) 0.12

Fibrinogen (%) 2.8 (2.5-3.1) 2.7 (2.4-2.9) 0.39

AT-III (%) 117 (108-122) 118 (113-124) 0.55

TFPI (%) 84 (65-115) 86 (61-106) 0.96

Platelets (x109) 253 (221-317) 232 (204-310) 0.41

F1+2 (nmol/l) 0.64 (0.51-0.76) 0.62 (0.54-0.72) 0.98

Fibrinolysis

Plasminogen (%) 86 (79-89) 81 (76-88) 0.38

Clot lysis time (min) 78.6 (69.4-85.7) 71.9 (66.2-76.0) 0.06

D-dimers (IU/ml) 0.24 (0.17-0.43) 0.16 (0.14-0.24) 0.046

Values are medians (IQR)

* Kruskal-Wallis-test
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Table 3: Odds of a severe clinical phenotype as compared to the odds of a milder clinical

phenotype of severe haemophilia A according to tertiles of increasing levels of

factors of coagulation and fibrinolysis.

Reference OR (95%CI) P-value OR (95%CI) P-value

Low tertile Middle tertile Highest tertile

Coagulation

VWF:Ag (%) 1 1.333 (0.301-5.912) 0.71 1.778 (0.398-7.943) 0.45

VWF:Ristocetin (%) 1 0.750 (0.169-3.325) 0.71 1.333 (0.301-5.912) 0.71

Protein C:act (%) 1 1.778 (0.398-7.943) 0.45 1.333 (0.301-5.912) 0.71

Protein S:Ag (%) 1 1.500 (0.361-6.230) 0.58 1.600 (0.326-7.848) 0.56

APC 1 0.530 (0.116-2.422) 0.41 0.398 (0.092-1.721) 0.22

II (%) 1 1.778 (0.398-7.943) 0.45 1.333 (0.301-5.912) 0.71

V (%) 1 0.309 (0.066-1.449) 0.14 0.556 (0.122-2.525) 0.45

VII (%) 1 1.500 (0.344-6.532) 0.59 2.400 (0.524-10.992) 0.26

VIIa (mU/ml) 1 0.750 (0.177-3.173) 0.70 1.400 (0.310-6.332) 0.66

VII/VIIa 1 0.980 (0.221-4.343) 0.98 1.524 (0.352-6.601) 0.57

IX (%) 1 0.750 (0.169-3.325) 0.71 1.333 (0.301-5.912) 0.71

X (%) 1 6.875 (1.348-35.059) 0.02 2.143 (0.436-10.526) 0.35

XI (%) 1 0.889 (0.203-3.901) 0.88 0.296 (0.062-1.420) 0.13

Fibrinogen (%) 1 1.000 (0.224-4.468) 1.00 2.400 (0.524-10.991) 0.26

AT-III (%) 1 0.417 (0.091-1.908) 0.26 0.667 (0.153-2.903) 0.59

TFPI (%) 1 0.563 (0.126-2.513) 0.45 0.750 (0.169-3.325) 0.71

Platelets (*109) 1 1.333 (0.301-5.912) 0.71 1.778 (0.398-7.943) 0.45

F1+2 (nmol/l) 1 1.000 (0.227-4.400) 1.00 1.000 (0.227-4.400) 1.00

Fibrinolysis

Plasminogen (%) 1 0.980 (0.221-4.343) 0.98 1.524 (0.352-6.601) 0.57

Clot lysis time (min) 1 0.741 (0.162-3.393) 0.70 3.333 (0.693-16.022) 0.13

D-dimers (IU/ml) 1 2.880 (0.593-13.985) 0.19 6.000 (1.261-28.547) 0.02

Tertiles of the parameters: VWF:Ag 104.6%, 129.4%, VWF:Ristocetin 98.6%, 122.4%, Protein C:act 85.2%, 97.4%,

Protein S:Ag 89.2%, 102%, APC 0.97, 1.0, factor II 80.2%, 87.4%, factor V 96.4%, 110.8%, factor VII 95%, 113%,

factor VIIa 72%, 95%, factor VII/ factor VIIa 1.15, 1.38, factor IX 64.2%, 78.8%, factor X 96.2%, 114%, factor XI

99%, 126%, fibrinogen 2.54%, 2.85%, AT-III 114%, 120.4%, TFPI 71.2%, 97.7%, platelets 224*109, 288*109,

plasminogen 79%, 87%, clot lysis time 69.7 minutes, 79.0 minutes, D-dimers 0.16 IU/ml, 0.25 IU/ml.



Fibrinolysis
Median clot lysis time was 73.8 and ranged from 55.9 to 116.2 minutes (IQR 67.9-80.9).
Median clot lysis time in patients with more severe clinical phenotypes was slightly longer
than in patients with milder clinical phenotypes, 78.6 and 71.9 minutes, respectively
(p=0.13). Adjustment for age and for the acute phase protein fibrinogen did not alter
these findings.
Median level of D-dimers was higher in patients with a more severe clinical phenotype
than in patients with a milder clinical phenotype, 0.24 IU/ml (IQR 0.17-0.43) and 0.16
IU/ml (IQR 0.14-0.24), respectively (p=0.02). Plasminogen level was 86% (IQR 79-89)
in patients with more severe clinical phenotypes and 81% (IQR 76-88) in patients with
milder clinical phenotypes. Odds ratios of fibrinolytic parameters are also presented in
Table 3. Patients with a D-dimer level above 0.25 had a 6 times higher odds to have a
more severe clinical phenotype than patients with a D-dimer level below 0.16. After
adjustment for age and fibrinogen as a marker of acute phase reaction, the odds ratio
was 5.9 (95% CI 1.2-28.8) (p=0.03). Odds ratios of the other fibrinolytic parameters
were not statistically significant.

Discussion

In this paper the question is addressed whether plasma levels of proteins involved in clot
formation and clot lysis of severe haemophilia A patients are associated with their clinical
phenotype. 
Levels of procoagulant and anticoagulant factors were similar between patients from the
high and the low end of the distribution of clinical phenotypes of severe haemophilia. D-
dimer levels were higher in patients from the high end (i.e. with more severe clinical phe-
notypes) and clot lysis time was similar across clinical phenotypes. 
Large inter-individual differences in procoagulant factors, anticoagulant factors, platelet
counts and fibrinolytic parameters were observed, which is in accordance with studies on
thromboelastography in patients with severe haemophilia which showed marked variation
in clotting profiles among patients (16).
An association of more severe phenotypes with enhanced activation of the fibrinolytic
system has been reported by Grünewald, et al (17). In their study overall fibrinolytic
potential was not measured by the clot lysis test, but by markers of fibrinolysis. Similar to
the present study, D-dimer levels appeared to be increased in patients with more severe
clinical phenotypes and plasminogen levels were similar across clinical phenotypes. 
Increased D-dimer levels reflect increased lysis of fibrin (18). This may be due either to
increased fibrin formation, or to increased activation of fibrinolysis. Patients with a more
severe clinical phenotype may have more fibrin formation due to haemophilic arthropathy.
This may explain the observation that patients with a more severe phenotype have higher

87

Increased fibrinolytic activity in patients with a more severe clinical phenotype of severe haemophilia



D-dimer levels than patients with milder phenotype of severe haemophilia. Yet, adjustment
for the acute phase protein fibrinogen (19) did not alter the observed association
between D-dimer and clinical phenotype of severe haemophilia. Therefore, it is not likely
that increased D-dimer levels reflect increased fibrin formation due to an acute phase
reaction. 
Moreover, thrombin generation, measured by F1+2, was similar among patients with a
more severe and patients with a milder clinical phenotype. This suggests that the
observed increased D-dimer levels reflect increased activation of fibrinolysis among
patients with a more severe clinical phenotype. Yet, the overall fibrinolytic potential, meas-
ured by the clot lysis time was similar between patients with different phenotypes. 
In conclusion: Our findings suggest that differences in plasma levels of coagulation pro-
teins do not affect the clinical phenotype of severe haemophilia. Differences in fibrinolytic
activity may partly explain differences in phenotypes.
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Introduction

Clinical phenotype varies considerably among patients with severe haemophilia, although
treatment with clotting factor products can largely influence existing differences (1). With-
out treatment patients with severe haemophilia suffer on average 15 to 35 joint bleeds
per year, ranging from 0 to 96 (2-4). To differentiate between patients with milder and
more severe phenotypes, new methods have been elucidated. A potential important dis-
criminator is the measurement of thrombin generation, a measure of the global function of
the plasmatic coagulation system. In haemophilia, due to the deficiency of factor VIII or IX,
thrombin generation is reduced (5,6). Accordingly, thrombin generation in mild and mod-
erate haemophilia is less impaired than in patients with severe haemophilia (7,8). It is
therefore conceivable that the clinical phenotype of severe haemophilia may reflect under-
lying differences in the overall haemostatic potential.
The aim of this study was to describe the association between simulated individual throm-
bin parameters and clinical phenotype of patients with severe haemophilia A.

Methods 

Patients with either severe or milder clinical phenotype were selected from a previously
described cohort of 214 patients with severe haemophilia, born between 1944 and 1995
(9). Data on clotting factor use and joint bleed frequency were collected annually. X-rays
of elbows, knees and ankles were performed every 5 years and scored according to the
Pettersson score for radiological evaluation of joints (10). To improve efficiency we
restricted measurements to 42 patients from the extremes of the distribution of clinical
phenotypes of severe haemophilia. Patients were selected from three different age cate-
gories. From each age category a similar proportion of patients was selected. The oldest
patients, born between 1955 and 1965, were selected according to their last Pettersson
score and the number of joints with arthropathy. Patients with the most (n=6) and with
the least (n=6) affected joints were selected. Patients born between 1965 and 1985
were selected according to a combination of three treatment characteristics (11). For
each patient we calculated a score: 2*weekly dose (IU/kg/wk) on prophylaxis + 3*the
annual joint bleed frequency on prophylaxis – 3*age at start of prophylaxis. Patients with
the highest (n=10) and the lowest (n=10) scores were selected. The youngest patients,
born between 1985 and 1995, were selected according to the age at which they experi-
enced their first joint bleed. Patients with the youngest (n=5) and oldest (n=5) age at first
joint bleed were selected. Patients, who were HIV-positive, who had liver failure, low
platelets, increased prothrombin time, low factor V, who had signs of liver cirrhosis on
ultrasound or who were known to have inhibitory antibodies against factor VIII were
excluded. Blood samples were taken after a washout period of factor VIII of at least 72
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hours and after overnight fasting. Patients having fever or feeling ill were asked to post-
pone their visit until they had fully recovered. Patients who had a severe bleeding or sur-
gery during the past 3 months were asked to postpone their visit for 3 months.  The Med-
ical Ethics Committee of the University Medical Center Utrecht, the Netherlands
approved this study.

Modelling
Data on factor II, V, VII, VIII, IX, X, XI, fibrinogen, antithrombin, platelets and TFPI were
modelled using a previously reported tissue factor-based, numerical model (12). The
thrombin parameters, maximum rate of thrombin generation, time to 10nM thrombin, time
to maximum rate of thrombin generation, maximum level of thrombin generation, time to
maximum level of thrombin generation and total thrombin were determined. Logistic
regression was performed to assess the association between clinical phenotype and
thrombin parameters.

Results

The study population consisted of 21 patients with severe clinical phenotypes and 21
with milder clinical phenotypes of severe haemophilia. Characteristics according to these
phenotypes are presented in Table 1. Adequate selection of phenotypes is illustrated by
statistically significant differences in age at first joint bleed, prognostic score, annual clot-
ting factor use and arthropathy between the patients with more severe and milder pheno-
types of severe haemophilia. 
The simulated thrombin generation curves varied markedly among the patients (Figure 1).
Median time to 10 nM total thrombin was 460 seconds (IQR 360-750). The median of
the maximum rate of thrombin generation was 0.075 nM/s (IQR 0.053- 0.12); median
time to reach this maximum rate was 180 seconds (IQR 40-200). Median total thrombin
generated was 2.7 uM*s (IQR 1.2 -3.9). Median maximum level of thrombin was 48
nmol/l (IQR 29-63) and the time to reach this maximum level was 1200 seconds (IQR
1040-1200).
Thrombin parameters according to clinical phenotype are presented in Table 2. None of
the parameters differed significantly among patients with more severe and patients with
milder clinical phenotypes. 
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Table 1: Baseline characteristics of the study population of patients with severe

haemophilia according to clinical phenotypes of the patients

More severe Milder P-value

(n=21) (n=21)

Age (yr) 22.5 (18.2-41.5) 29.6 (19.6-40.1) 0.55

Age first joint bleed (yr) 1.0 (0.4-1.2) 4.6 (3.6-5.5) <0.01

Number of joints with PS* ≤3 0.5 (0.0-2.0) 4.5 (4.0-5.0) <0.01

Last PS (max 78 points) 19 (0.5-49) 13 (0.5-29) 0.02**

Age last PS (yr) 21.7 (16.6-39.8) 24.9 (17.6-34.8) 0.81

Annual use (IU/kg/yr) 2214 (1758-2695) 1154 (628-1993) 0.01

Joint bleed frequency (yr-1) 3.5 (1.6-4.4) 1.8 (1.0-5.5) 0.52

Age at start prophylaxis (yr) 5.0 (3.4-13.8) 7.4 (4.5-13.0) 0.55

Values are medians (IQR)

* PS= Pettersson score

** p-value adjusted for age at PS
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Discussion

This study describes the association between clinical phenotypes of severe haemophilia
patients and thrombin parameters. We found that some patients with factor VIII below 0.01
IU/ml can generate significant quantities of thrombin. However, no association between
parameters of thrombin generation and clinical phenotype was observed.
Our data are in accordance with a clinical study in which endogenous thrombin potential
(ETP) was assessed in citrated plasma, median ETP in patients with haemophilia was signif-
icantly lower than ETP in controls (5). ETP did not differ between patients with a severe
phenotype of severe haemophilia and patients with a milder clinical phenotype in a study by
Grünewald et al (13). Moreover, a pilot study reported a relatively good correlation between
clinical phenotype, clotting activity and global tests for most of the patients with severe
haemophilia (14). 
Further research is needed in a larger group of patients to substantiate test results in
patients with severe haemophilia. We plan to simulate thrombin generation in all patients
with severe haemophilia in our centre and evaluate its role in prediction of severe haemophil-
ia phenotype. Also, it would be interesting to add more factors to the model and to evaluate
its predictive value for clinical phenotype.
Furthermore we plan to assess the effect of ETP in citrated plasma in this cohort of patients.
In conclusion: in this pilot study, simulated thrombin generation regarding selected procoag-
ulant factors, anticoagulant factors and platelet count does not appear to explain the
observed differences in phenotypes in this selected group of severe haemophilia patients.
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Table 2: Thrombin parameters according to clinical phenotype

More severe Milder P-value

(n=21) (n=21)

Time to 10 nM total thrombin (s) 440 (365-775) 540 (310-770) 0.88

Maximum rate of thrombin generation (nM/s) 0.083 (0.048-0.11) 0.075 (0.053-0.12) 0.74

Time to maximum rate of thrombin generation (s) 1180 (1040-1180) 1180 (980-1200) 0.59

Total thrombin (uM*s) 3.1 (1.2-3.8) 2.2 (1.1-4.3) 0.86

Maximum level of thrombin (nM) 56 (28-61) 45 (29-6.7) 0.95

Time to maximum level (s) 1200 (1048-1200) 1200 (975-1200) 0.50

Values are medians (IQR)
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Summary

Prophylaxis is the treatment of choice for children with haemophilia. Since prophylaxis is
especially important during growth, the need for continued prophylaxis in adulthood
should be assessed. 
The aim of the present study was to describe the incidence of discontinuation of prophy-
laxis and to assess its association with clinical outcome in a multi-centre cohort of
patients with severe haemophilia who had been offered a prophylactic treatment regimen
during childhood. 
All patients with severe haemophilia (factor VIII/IX<0.01 IU/ml), born 1970-1980, treated
in two Danish and one Dutch treatment centre were studied. Data on discontinuation of
prophylaxis were collected from the medical files and a questionnaire. For assessment of
outcome, joint bleed frequency over the previous 3 years, clinical scores, and radiological
Pettersson scores were used.
Eighty patients were studied. Median follow up was 19 years (range 7-29). 34% of
patients stopped taking prophylaxis temporarily and 35% stopped taking prophylaxis per-
manently at a median age of 21.5 years (IQR 18.4-24.4), experiencing only 3 joint bleeds
per year (IQR 1.4-8.7). 
Median clinical scores were similar in patients who permanently stopped (4 points (IQR
0-6)) and those who remained on prophylaxis (3 points (IQR 1-6)), as were median Pet-
tersson scores at 13 (IQR 1-24) versus 13 points (IQR 5-23), respectively.
One third of young adults with severe haemophilia on a prophylactic regimen permanently
stopped taking prophylaxis in early adulthood, while maintaining a low joint bleed frequen-
cy. Four years after switching to on demand treatment, outcome in these patients is simi-
lar to outcome in patients who continue on prophylaxis. 
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Introduction

Haemophilia is an X-linked recessive disease, characterized by a deficiency of factor VIII
or factor IX. Spontaneous bleeds in muscles and joints occur in patients with the severest
degree of the disease (< 0.01 IU/ml of factor VIII or IX), while patients with moderate
(0.01-0.05 IU/ml) and mild (>0.05 IU/ml) haemophilia rarely suffer spontaneous bleeds.
This observation has prompted the introduction of prophylactic treatment in patients with
severe haemophilia. Prophylaxis was first introduced in Northern Europe in the 1970s.
The objective of prophylaxis has been to convert the bleeding pattern of severe
haemophilia into the bleeding pattern of moderate haemophilia, by preventing joint bleeds
and subsequent arthropathy (1,2). Today, prophylactic administration of clotting factor in
childhood is commonly used in many countries, and current debates about prophylaxis
are related to the dose and how early to initiate this therapy. However, it is equally impor-
tant to evaluate for how long prophylaxis is required. Should prophylaxis be administered
during the entire lifetime of the patient or could it be safely discontinued in some
patients? The discussions on the length of prophylactic treatment are increasing (3-6). 
Insight in patients’ ability to adhere to prophylaxis and understanding the determinants
that indicate which patients may safely stop prophylaxis may assist us to individualize
treatment and may therefore optimise the cost-effectiveness of treatment programs.
Recently, a study has been performed evaluating the incidence and outcome of discontin-
uation of prophylactic treatment in a single-centre cohort of severe haemophilia patients
(4). Adherence to treatment together with the long-term outcome should be studied in
larger numbers of patients in order to more accurately evaluate the consequences of dis-
continuation. Since patients born after 1970 had access to early treatment and prophylax-
is, we studied the cohort of patients born between 1970 and 1980.
The aim of the present study was to describe the incidence of discontinuation of prophy-
laxis and to assess its association with clinical outcome in a multi-centre cohort of
patients with severe haemophilia who had been offered a prophylactic treatment regimen
during childhood. 

Methods

Study population
All patients with severe haemophilia A and B (factor VIII/IX<0.01 IU/ml), born between
January 1st 1970 and December 31st 1980, treated at Rigshospitalet, Copenhagen,
Århus University Hospital, Århus and the Van Creveldkliniek, Utrecht were studied. 
From the Danish cohort 22 patients were included in the study. Of the initial cohort of 32
Danish patients, 10 patients were excluded because of long-term inhibitor activity (longer
than one year; n=4), significant other pathology (n=1), late access to treatment (n=1),
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insufficient information (n=3), or because patients were never treated with prophylaxis
(n=1). The Dutch cohort comprised 58 patients. Of the initial cohort of 72 Dutch patients,
14 patients were excluded because of long-term inhibitor activity (n=5), significant other
pathology (n=1), insufficient information (n=6), or because patients were never treated
with prophylaxis (n=2).

Treatment strategy
Prophylaxis was defined as administration of clotting factor at least two times a week for
haemophilia A patients and at least once a week for haemophilia B patients. 
The Dutch treatment strategy has been described in detail elsewhere (4). In short:
patients started prophylaxis at an early age according to their bleeding pattern, but mostly
after the occurrence of several joint bleeds (7). Prophylaxis was aimed at preventing joint
bleeds and dosages were adjusted in case of breakthrough bleeds. Every patient was
intended to be treated with prophylaxis. 
Intentionally, Danish patients were treated according to the Swedish regimen. Prophylaxis
was started at an early age in those patients who attended the National Haemophilia
Centres; in a few instances local paediatricians had not initiated regular early prophylaxis.
In both cohorts, patients discontinued prophylaxis on their own accord, and reported this
during their visits. Patients were not encouraged to discontinue prophylaxis.

Data collection
All patients visited their clinic at least once a year. Data on discontinuation of prophylaxis
were obtained from the medical files. In addition, all patients were asked to complete a
questionnaire on their adherence to prophylaxis. Data on age at start of prophylaxis, and
the first treatment with factor VIII/IX were collected from the patients’ files. Data on
bleeding frequency, weekly dose on prophylaxis, number of weeks on prophylaxis, annual
clotting factor use, type of treatment (i.e. prophylactic or on demand), were collected
yearly from 1972 until 2003. Joint bleeds were self-reported and were defined as all
symptoms in the major joints requiring replacement therapy.
For assessment of short-term outcome, the number of joint bleeds experienced during the
previous 3 years was recorded. 
To evaluate clinical outcome, joint scores according to Gilbert (8) were performed in both
the Dutch and the Danish cohorts. Knees and ankles were given 0 (i.e. a normal joint) to
15 points according to level of pain, swelling, atrophy, axial deformity, crepitus on motion,
flexion contracture and instability. Since axial deformity and flexion contracture were not
considered in the elbows, these joints were given a maximum of 11 points, resulting in a
maximum total score of 82 points. 
In the Dutch cohort, X-rays of knees, elbows and ankles were taken at 5 yearly intervals
and scored using the Pettersson score for haemophilic arthropathy (9). Each joint was
attributed 0 points (i.e. no arthropathy) to 13 points, resulting in a maximum obtainable
total score of 78 points. Joints with arthrodeses, ankylosis or arthroplasty were given 13
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points. All X-rays were scored by the same radiologist. The Medical Ethics Committee of
the University Medical Center Utrecht approved of this study.

Data analysis
Patients were categorized according to adherence to prophylactic treatment: patients
who never discontinued prophylaxis (never), patients who discontinued prophylaxis but
had restarted prophylaxis at the last recorded visit (temporarily), and patients who discon-
tinued prophylaxis completely and were treated on demand at the last recorded visit (per-
manently). In patients who permanently stopped and used prophylaxis for less than one
year, the indication to start prophylaxis was studied. Patients who started because of
rehabilitation only were considered as “never on prophylaxis”(n=1) and excluded from the
study, and patients who started because of a high joint bleed frequency were analysed as
“permanently stopped”(n=2). For assessments of differences in patient- and treatment
characteristics between groups, independent sample T-tests were used. All analyses
comparing joint bleed frequencies between groups were performed using the Kruskal-
Wallis-test. Since Pettersson scores and clinical scores are dependent on the cumulative
number of joint bleeds and therefore highly dependent on age, analyses of these parame-
ters were adjusted for age using log linear regression techniques. 
For calculation of annual clotting factor use and joint bleed frequency on prophylaxis all
available years on prophylaxis were included. In order to adjust for changes in joint bleed
frequency and factor use during childhood (10), only follow-up years after the age of 18
were used to compare treatment characteristics before and after discontinuation of pro-
phylaxis. 

Results

Study population
Twenty-two Danish and 58 Dutch patients were studied. A comparison of patient charac-
teristics, treatment and outcome between the Danish and Dutch patients is shown in
Table 1. Age and follow up were comparable between the Danish and the Dutch popula-
tions, as was age at start of prophylaxis. None of the patients started prophylaxis before
their first joint bleed. Danish and Dutch patients had a median duration of prophylaxis of
12.5 years (IQR 8.0-18.2) and 16.6 years (IQR 13.8-20.7), respectively. The percentage
of lifetime on prophylaxis since its start tended to be lower in Danish patients at 83 %
(IQR 40-100) compared to 97% (IQR 67-100) for Dutch patients, thus indicating longer
or more frequent periods of discontinuation of prophylaxis in the Danish cohort. Annual
clotting factor use on prophylaxis was higher in Danish patients (p<0.01), resulting in a
lower joint bleed frequency on prophylaxis (p<0.01). Therefore, data on treatment are
presented for Danish and Dutch patients separately. 
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Discontinuation 
In the Danish cohort ten patients discontinued prophylaxis (45%). In the Dutch cohort 18
patients discontinued prophylaxis (31%). Danish and Dutch patients who discontinued
prophylaxis did so at a similar age (21.4 years (IQR 18.5-23.3) and 21.5 years (IQR 18.1-
25.1), respectively).
Treatment characteristics according to adherence to prophylaxis for both cohorts are
shown in Table 2. 
In contrast to our expectations, there were no indications that patients who permanently
stopped taking prophylaxis had a milder bleeding pattern in the Danish cohort. Possibly
the higher prophylactic dosages may have masked differences in bleeding patterns
between patients with different phenotypes.
In accordance with earlier findings, Dutch patients who discontinued prophylaxis started
prophylaxis 1.9 years later (p=0.06), used a lower weekly dose of prophylaxis (p<0.01),
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Table 1: Patient characteristics, treatment, and outcome of the Danish and the Dutch

cohort.

Denmark Netherlands P-value

Number of patients 22 58

Follow up (yr) 18 (11-24) 20 (15-24) 0.35

Age at last visit (yr) 26.2 (23.8-29.1) 26.5 (23.9-29.5) 0.72

Treatment

Age start prophylaxis (yr) 5.6 (3.8-8.1) 6.0 (4.1-8.9) 0.57

% of lifetime on prophylaxis 54 (27-76) 66 (45-81) 0.14

Annual clotting factor use (IU/kg/yr) * 2940 (2364-3779) 1855 (1508-2286) <0.01

Joint bleeds (yr –1) * 1.6 (0.0-3.0) 3.5 (1.2-5.6) <0.01

Outcome

Joint bleeds in the last 3 years (yr –1) 0.0 (0.0-3.5) 2.2 (1.0-5.5) 0.04

Clinical score 3.0 (0.0-5.5) 3.0 (1.0-6.0) 0.91

Discontinuation

Never stopped (n) 5 (23%) 20 (34%) 0.30

Stopped temporarily (n) 7 (32%) 20 (34%) 0.83

Stopped permanently (n) 10 (45%) 18 (31%) 0.23

Values are medians (IQR) or numbers (%) 

* for all available years on prophylaxis



and experienced less joint bleeds on prophylaxis (p=0.03) compared to patients who
continued prophylaxis. 

Treatment
Treatment characteristics on prophylaxis and on demand were compared for adult
patients in both countries. Danish patients used 2916 IU/kg/yr (IQR 2469-3963) during
prophylaxis and 1772 (IQR 1531-1879) during on demand treatment (p<0.01). Median
joint bleed frequency was lower during prophylaxis than during on demand treatment (0
(IQR 0-0.5) versus 3.0 (IQR 0.5-11.0; p<0.01). Dutch patients used 1000 IU/kg/yr less
than Danish patients, both on prophylaxis (2035 IU/kg/yr IQR 1639-2497) and on
demand treatment 659 (IQR 234-1018). Median annual clotting factor use decreased
with 1144-1376 IU/kg/yr after switching to on demand treatment: a decrease of 39% for
Danish patients and 68% for Dutch patients. Dutch patients suffered 2 extra joint bleeds
per year compared to Danish patients, both during prophylaxis and during on demand
treatment; their joint bleed frequency was 1.9 (IQR 0.7-4.2) on prophylaxis and 4.9 (IQR
2.4-8.6) during on demand treatment. Overall, adult patients treated on demand suffered
3 more joint bleeds per year compared to patients on prophylaxis in both countries. 

Outcome
Despite the lower number of joint bleeds during the last 3 years of observation in the
Danish patients (p=0.04), the clinical score was similar between Danish and Dutch
patients (Table 1). As the proportions of Danish and Dutch patients who permanently
stopped were similar, outcome is presented for both Danish and Dutch patients together.
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Table 2: Treatment characteristics according to discontinuation of prophylaxis in the

Danish and Dutch cohort.

Denmark Netherlands

Never or Permanently P-value Never or Permanently P-value

temporarily temporarily

(N=12) (N=10) (N=40) (N=18)

Age start prophylaxis 5.3 (3.8-9.2) 5.6 (3.9-7.3) 0.42 5.2 (3.9-8.7) 7.1 (5.4-10.7) 0.06

Joint bleeds on 

prophylaxis (yr –1) 1.0 (0.0-2.9) 2.0 (0.8-4.7) 0.14 4.2 (1.4-8.8) 2.2 (0.9-3.9) 0.03

Annual clotting factor use 

on prophylaxis (IU/kg/yr) 2791 3101 0.73 1923 1643 0.28

(2523-3701) (1970-3863) (1592-2365) (1177-2133)

Values are medians (IQR) 



As expected, patients who permanently switched to on demand treatment tended to have
a slightly higher joint bleed frequency in the last 3 years compared to patients who
remained on prophylaxis (Table 3). However, clinical outcome as measured by the clinical
score was similar between patients who stopped and patients who remained on prophy-
laxis. For Dutch patients, the radiological joint status was similar between both groups.
Median follow up since the last change in treatment strategy for patients who ever
stopped taking prophylaxis was 6.4 years (IQR 2.5-14.0); for patients who stopped per-
manently it was 3.6 years (IQR 1.4-7.9). 

Discontinuation in patients who received prophylaxis during the period of growth.
Ideally, prophylaxis is started at an early age and continued until growth is completed. To
evaluate outcome according to adherence to prophylaxis more precisely, we studied out-
come in a subgroup of 35 patients who started prophylaxis before the age of 6 years and
who were treated at least 10 years on prophylaxis. Discontinuation and outcome accord-
ing to discontinuation were similar in this subgroup: the proportion of Danish and Dutch
patients was comparable between this subgroup and the whole cohort and similar per-
centages of patients stopped taking prophylaxis temporarily (n=15) and permanently
(n=8). 
Joint bleed frequency in the last year was 0.0 (IQR 0.0-6.0) in patients who stopped per-
manently and 1.2 (IQR 0.0-5.1) in patients still on prophylaxis (p=0.51). In this subgroup
of patients who received prophylaxis during childhood long-term outcome was again simi-
lar for both groups. Patients who permanently stopped had a clinical score of 2.0 points
(IQR 0.0-4.5) compared to 3.0 points (IQR 1.0-4.0; p=0.27) in patients still on prophylax-

Chapter 8

108

Table 3: Outcome according to discontinuation of prophylaxis

Never or temporarily Permanently P-value 

(N=52) (N=28)

Joint bleeds in the last 3 years (yr –1) 1.8 (0.0-3.0) 3.2 (0.9-6.0) 0.04

Clinical score 3.0 (1.0-6.0) 4.0 (0.8-6.3) 0.72

Age at clinical score (yr) 26.6 (23.9-29.9) 27.3 (24.3-29.8) 0.96

Last Pettersson score* 13.0 (5.0-23.0) 13.0 (0.8-23.5) 0.84

Age at Pettersson score (yr) 24.7 (21.7-26.9) 23.7 (21.6-27.6) 0.93

Values are medians (IQR)

* Pettersson scores were only performed in the Dutch cohort.



is. Median Pettersson scores were also similar at 7.0 (IQR 0.3-26.5) points in patients
who switched to on demand treatment compared to 7.5 (IQR 3.8-17.3) points in patients
who remained on prophylaxis (p=0.11).

Discussion

This study shows that discontinuation of prophylaxis is a common phenomenon among
the majority of both Danish and Dutch patients with severe haemophilia who were intend-
ed to receive lifelong prophylaxis. At the age of 26 years, one third of both the Danish and
the Dutch patients with severe haemophilia had switched to on demand treatment, while
suffering only three joint bleeds per year. After 3.5 years, joint status, as assessed by radi-
ological and clinical score, appeared not to be affected by the switch to on demand treat-
ment. 
In order to interpret these findings correctly, some aspects of the study design need to be
discussed.
Firstly, it may be argued that patients categorized as having permanently stopped prophy-
laxis may restart prophylaxis at any time. This was evaluated by adding follow-up to our
previous report on discontinuation of prophylaxis in 49 severe haemophilia patients (4)
None of the patients who permanently stopped taking prophylaxis restarted prophylactic
treatment and an additional 5 patients stopped permanently since the previous study (of
these, 3 were classified as “temporarily” and 2 as “never”). Moreover, it is expected that
patients who experience a substantial number of bleeds after discontinuing prophylaxis
will restart prophylaxis quickly, whereas patients who experience few bleeds will tend to
remain on the on demand regimen. This suggests that patients who discontinue prophy-
laxis permanently are patients with a milder bleeding pattern, in contrast to patients who
temporarily discontinue prophylaxis.
Secondly, one should consider the duration of follow up. As the risk of joint bleeds
increases immediately after discontinuation of prophylaxis, outcome as measured by the
number of joint bleeds in the last years is expected to be reliable. Four years after perma-
nently switching to on demand treatment outcome, as measured by the clinical score and
Pettersson score, did not differ between the groups. However, the follow-up period is still
too short to safely assess the effect of an additional three joint bleeds per year over a
longer period of time. 
Thirdly, the clinical score for assessment of outcome has not been validated. However,
three experienced physicians performed the measurements of this score, limiting observ-
er bias.
The incidence of discontinuation in the Danish population was comparable to the Dutch
population, but apparently much higher than in the Swedish cohort: Astermark et al
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reported that only three “non-bleeding” patients discontinued prophylaxis (3). Unfortu-
nately, the size of the entire cohort was not specified. 
With an additional 4 years of follow up to our previous report, outcome of patients who
discontinued prophylaxis permanently remained similar to outcome of patients who did
not discontinue prophylaxis permanently (4). To predict which patients can successfully
stop prophylaxis a prognostic score was developed in the Dutch cohort (4). This score
failed to predict discontinuation of prophylaxis in the Danish patients. This may be
explained by a higher use of clotting factor concentrate, masking differences in innate
bleeding tendencies. Patients who switched to on demand treatment suffered only three
joint bleeds per year, which is much lower compared to bleeding frequencies of up to 96
per year during on demand treatment reported in the literature (11-14). In addition to dif-
ferences in innate bleeding tendency, the joint status at the start of on demand treatment
may be a determinant of the number of joint bleeds during on demand treatment.
The importance of prophylaxis in severe haemophilia during childhood is well illustrated in
the present cohorts of Dutch and Danish patients of approximately 27 years of age with
mean joint scores around 3.0 indicating excellently preserved physical capabilities. The
absence of differences in long-term outcome between young adults treated with different
dosages supports the tailoring of treatment by assessment of the minimum required dose
to prevent spontaneous bleeds. As prophylaxis can be started according to bleeding pat-
tern (15) and tailored according to bleeding pattern (15-17), it may also be discontinued
according to bleeding pattern, using careful monitoring and recommendations to restart
prophylaxis in case of increased bleeding. The consideration of prophylaxis of limited
duration in a subgroup of patients may reduce treatment costs considerably while out-
come may be comparable or slightly inferior to the results of life-long prophylaxis but
superior to the outcome of life-long on demand treatment. Discontinuation of prophylaxis
in adulthood may save 1100-1400 IU/kg/yr per patient. Considering that the average
cost of clotting factor concentrate is 0.56 GBP/International Unit, a switch to on demand
treatment for a selected adult patient of 70 kg may save 43120-54880 GBP per year for
a considerable period of time.
On theoretical grounds, one would advise continuous prophylactic treatment during the
entire period of growth. However, analysis of the subgroup of patients who started early
and received prophylaxis for a long period yielded results comparable to those of the
entire cohort. Further research is needed to study the effects of discontinuation in select-
ed patients with severe haemophilia. 
As randomised controlled trials are unfeasible due to the need for long follow up, limited
numbers of available patients, and ethical dilemmas, future research should focus on lon-
gitudinal cohorts where prophylaxis is discontinued according to bleeding pattern. Addi-
tional research both on determinants and indicators of individual phenotypes may help to
identify patients who may be able to discontinue prophylaxis successfully. Therefore, we
will continue to collect follow-up data on these cohorts and plan to re-evaluate these
patients in 5 years time.
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In conclusion: One third of young adults with severe haemophilia on prophylaxis perma-
nently stop taking prophylaxis, while maintaining a low joint bleed frequency. Four years
after switching to on demand treatment, long-term outcome in these patients is similar to
outcome in patients who continued taking prophylaxis. 
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Discussion

Some patients with severe haemophilia present with a relatively late onset of bleeding, a
relatively low joint bleed frequency, and consequently with a reduced consumption of
clotting factor concentrate. Furthermore, it has been reported that the age at first joint
bleed varies among patients (1-3). Previous studies have described variation in the clini-
cal phenotype: Rainsford et al distinguished two groups of severe haemophilia patients
with a 50% difference in joint bleed frequency (4). Subgroups of about 10% of patients
with severe haemophilia have been reported showing only little radiological joint damage
while treated on demand (5,6). 
However, in previous studies the extent of phenotypical variation was generally not quanti-
fied and the associations between the different parameters of severity have not been
studied in particular detail. 

The objective of this thesis was to study indicators and determinants of the difference in
severity in patients with severe haemophilia.

Variation in clinical phenotype of severe haemophilia 
There are a number of difficulties that hamper the objective description of the variation in
clinical phenotype of severe haemophilia. Without doubt, bleeding pattern, i.e. frequency
and severity of bleeds, is the best indicator of the phenotype of severe haemophilia (5).
However, bleeding patterns are inevitably self-reported and therefore influenced by the
patients’ or parents’ subjective interpretation and fear for bleeds. This may lead to consid-
erable misclassification. Additionally, home treatment and prophylaxis also severely affect
objective classification of the bleeding pattern. Today most patients receive prophylactic
treatment with clotting factor. Such treatment is given to prevent bleeds and therefore it
obscures a patients’ typical bleeding tendency. The extent to which phenotypic variation
remains reflected in the need for prophylaxis depends on how aggressively prophylaxis is
given. When high dose regimens are used, the underlying variation in clinical phenotypes
will be completely unobserved. If, however, the prophylactic dose is given according to
break-through bleeds, the variation in treatment requirement (i.e. annual clotting factor
use) directly reflects the variation in the underlying bleeding tendency. Similarly, if prophy-
laxis is started before the first joint bleed, the natural variation in onset of joint bleeds will
not be observed. 
In our clinic, prophylaxis is dosed according to an intermediate dose treatment regimen,
in which prophylaxis was given according to the bleeding pattern (7,8). Prophylactic dose
was increased when break-through bleeds occurred. Therefore treatment requirement
reflects the underlying bleeding tendency. When studying treatment requirement, misclas-
sification caused by overtreatment or undertreatment on home therapy may occur. There-
fore, combined observation of treatment requirements as well as joint bleed frequencies
is likely to be more informative on the patients’ phenotype than either of these alone. 
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As shown in chapter 2, we found considerable variation in the clinical phenotype among
severely affected patients. In patients born 1944-1985 during both on demand and pro-
phylactic treatment, the 75th percentile of annual joint bleed frequency was consistently
four times higher than the 25th percentile. In all age groups the variation in annual clotting
factor use between the 25th and 75th percentiles was 1.4 to 1.6 times for prophylaxis and
3.8 times for on demand treatment. Also, patients who experienced their first joint bleed
later in life used less clotting factor and had less arthropathy than patients who experi-
enced their first joint bleed relatively early.
We concluded that the onset of bleeding varies markedly among patients and predicts
clinical phenotype. As a result, age at first joint bleed may be used as an indicator for
start and dosing of prophylaxis and as a starting point for etiologic research. 

Mechanism and determinants of variability in clinical phenotype remain largely unknown
We studied potential determinants of variation in phenotype, focussing on pharmacoki-
netics, proteins involved in clot formation and -lysis and the genetic defect in the gene
encoding for factor VIII in a single centre cohort. This choice of determinants was made
because these were most likely to be associated with the clinical phenotype. We studied
levels of proteins involved in clot formation and clot lysis on a single occasion. It is not
known how consistent levels of these proteins are in an individual patient. 
To improve efficiency, by reducing costs and effort, we restricted measurements to 42
patients from the extremes of the distribution of clinical phenotypes. This selection pro-
vides a wide distribution of phenotypes and therefore a higher probability that an associa-
tion is found between determinants and clinical phenotype. From our cohort of 214
patients with severe haemophilia 21 patients from the high end of the distribution of phe-
notypes and 21 patients from the low end of the distribution of phenotypes born between
1955 and 1995 were selected. To select patients, the best available measures for pheno-
type were used. Because some of the selection criteria were unavailable for certain age
groups, as addressed below, different selection criteria were used in the different age
groups. Patients from the youngest age group were selected according to their age at
first joint bleed. Arthropathy could not be used since 60 % of patients had a Pettersson
score of 0 (chapter 2). Joint bleed frequency and clotting factor use tend to stabilize after
several years on prophylaxis (9). Therefore these parameters could not be used for the
selection of patients in this age group.
Patients from the middle age group were selected according to a combination of their
age at start of prophylaxis, the weekly dose on prophylaxis and joint bleed frequency on
prophylaxis (i.e. prognostic score) (10). Age at first joint bleed was not routinely collected
for this age group. Arthropathy might have been used, but we figured that for this age
group, the prognostic score was more appropriate, since in this age group the three
items in this score were found to be most predictive for the possibility of a successful dis-
continuation of prophylaxis.
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For the oldest age group we used the number of joints with arthropathy, since this is the
most unequivocal outcome measure in this age group. Data on the onset of bleeding
were unavailable and access to early prophylaxis had been limited in these patients.
Patients with limited arthropathy in spite of undertreatment during the early years of life
most likely represent cases with a milder phenotype. Patients with a high score may be
either patients with a moderate or a more severe phenotype.

It has been suggested that the presence of factors related to an increased thrombotic
tendency in non-haemophilic persons may influence the clinical phenotype of severe
haemophilia (11-13). Evidence of a modulatory effect of prothrombotic factors on the
individual phenotype in haemophilia is very limited. The findings on the factor V Leiden
mutation appear to be more consistent, but also scarce, rendering interpretation difficult.
(14,15). 
The results of our study do not support the view that pharmacokinetic properties, such as
factor VIII half-life, influence haemophilic phenotype. Patients with a shorter factor VIII
half-life required slightly more clotting factor than patients with a longer factor VIII half-life.
However, this effect was mainly explained by age. In accordance with this finding the
trough level of the deficient factor appeared not to be associated with clinical characteris-
tics like clotting factor use and bleeding frequency in a Swedish study (16). It has been
reported that prevention of recurrent bleeds could be achieved with a trough level below
1% in some patients (8,17) and that some patients with severe haemophilia with a trough
level below 1% suffered few bleedings without prophylaxis (18-20).
In accordance with hypotheses on the effect of the exact type of the genetic defect on
clinical phenotype (21), our findings suggest that patients with a missense mutation have
milder clinical phenotypes than patients with other mutations. 
We observed that patients with missense mutations used less clotting factor, while clini-
cal outcome was similar, suggesting milder phenotypes. However, this finding was not in
accordance with our findings on endogenous factor VIII activity, which was similar in all
mutation types. Although we used the standard washout period of 72 hours, this lack of
differences may be due to residual traces of exogenous factor VIII. Increasing the
washout period may bring out the differences in endogenous factor VIII. We therefore
plan to find confirmation in a study of endogenous factor VIII activity in patients with
intron 22 inversions and patients with missense mutations after a prolonged washout
period. The milder clinical phenotype in patients with missense mutations might be due to
the presence of residual amounts of endogenous FVIII activity, which we were probably
unable to measure. Either there may be still some FVIII present, or incidental restoration
of mutations by reversion of the defect c.q. compensation for the defect may occur. The
potential mechanisms for mutation restoration would then be somatic replication errors,
transcription errors or alternative splicing thereby giving rise to small residual amounts of
FVIII activity.

119

Discussion



We found that levels of proteins involved in clot formation and platelet counts did not
influence clinical phenotype. However, fibrinolytic activity may be increased in patients
with a more severe clinical phenotype. These findings were in accordance with literature
(22). 
Recently, reduced APC independent of factor V Leiden (23), and high factor IX (24) and
factor XI (25) levels have been associated with a risk of thrombosis. However in our study
APC, factor IX and factor XI levels were similar among patients with more severe and
milder clinical phenotypes. Therefore these factors do not appear to be important in miti-
gation of the clinical phenotype of severe haemophilia.

Combinations of in- and decreased levels of the different procoagulant and anticoagulant
factors, rather than the individual levels, may determine phenotypes of severe haemophil-
ia. We assumed that it might help to evaluate the role of all factors together. Therefore we
simulated thrombin generation in a numerical model regarding factors II, V, VII, VIII, IX, X,
XI, fibrinogen, platelet count, antithrombin and TFPI (26). In accordance with the findings
of the study on the separate coagulant and anticoagulant factors, no association has
been found between simulated thrombin generation - using selected procoagulant and
anticoagulant factors and platelet count - and clinical phenotype. 

Future research
We have shown that factor VIII half-life, the genetic defect in the gene encoding for factor
VIII, and plasma concentrations of proteins involved in clot formation and lysis are not, or
only to a limited extent, associated with phenotypes of haemophilia. Future studies may
address other potential determinants. This is not only relevant from a mechanistic point of
view. Rather, the identification of determinants of phenotype may contribute to the devel-
opment of new treatment agents and the prediction of individual phenotypes, which may
enhance individualization of treatment. 
From a scientific point of view it is a major challenge to unravel all details of the coagula-
tion system in this particular type of patients.
Regarding coagulation and fibrinolysis it may be useful to further substantiate the effect
of fibrinolytic activity by measurements of fibrinopeptide A (FPA) and plasmin-antiplasmin-
complex (PAP), as fibrinolysis appeared to be enhanced in patients with a more severe
clinical phenotype. 
It would be interesting to study the effect of endogenous thrombin potential (ETP) as
measured in citrated plasma, to evaluate whether this effect is similar to that observed in
simulated thrombin parameters. 
As it has been suggested that platelet coagulant activities may influence clinical pheno-
type (27), it would be worthwhile to study the association between platelet coagulant
activities, thrombin generation and clinical phenotype. In this regard, real-time whole
blood clot formation profiles by thromboelastography may provide a promising tool for
future research on determinants of variation in phenotype (28). In this specific test, the
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potential of all elements of the blood is determined rather than the potential of plasma
alone.
Furthermore it would be worthwhile to study whether the levels of proteins involved in clot
formation and clot lysis before and after a bleed predict clinical phenotype, since plasma
levels at baseline alone may not represent the function of the coagulation system com-
pletely, or predict processes in cartilage after a joint bleed. In this context it would also be
interesting to study the effects in cartilage by measurement of biomarkers of cartilage and
bone turnover in plasma before and after a joint bleed (29;30). Patients with a less inten-
sive inflammatory response in cartilage may have less arthropathy and therefore a milder
clinical phenotype (31). 

Besides research on coagulation, fibrinolysis or biomarkers future research may focus on
a three-dimensional crystal structure of the factor VIII protein, since this is needed for
detailed understanding of how mutations on a molecular level result in a dysfunctional
protein. The effects of all different mutations should be considered in this three-dimen-
sional model.
Also, it has been reported that plasma levels of interleukin-10 (IL-10) may protect against
joint damage by inhibition of proinflammatory cytokines in rheumatoid arthritis (32). Differ-
ences in plasma IL-10 levels may protect against joint damage in haemophilia patients
and may explain the observed differences in clinical phenotype of severe haemophilia
patients. Future research should disclose the role of IL-10 in predicting clinical pheno-
type.
Furthermore, others have presented related patients, with different phenotypes (33). Also
in our cohort we found that clinical phenotypes may differ markedly among related
patients (data not presented). This suggests that a study on determinants of phenotype in
brothers or twins may be worthwhile. Discordant brothers or twins are expected to be
most informative, since most of the genetics are equal between these patients.

Concluding remarks
We have shown that variation in clinical phenotype of severe haemophilia is considerable.
Although pathophysiologically likely candidates, we could not find evidence that factor
VIII half-life, the genetic defect in the gene encoding for factor VIII, and plasma concen-
trations of proteins involved in clot formation and lysis are associated with phenotypes of
haemophilia.
The work comprised in this thesis leaves ample room for further research. Knowledge on
mechanisms of phenotypic variation may contribute to the prediction of phenotype and
the development of new treatment agents. This research should particularly concentrate
on fibrinolysis, whole blood thromboelastography and inflammation.
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Summary

This thesis aims to describe variation in clinical phenotype and to evaluate determinants
of clinical phenotype of severe haemophilia.

The first part focuses on the indicators and determinants of this variation. In the second
part clinical consequences are evaluated

In the introduction of this thesis in chapter 1, an overview of haemophilia, its treatment
and possible determinants of clinical presentation is presented. 

In chapter 2 variation in clinical phenotype in patients with severe haemophilia is
described in a prospective single centre cohort study among 285 severe haemophilia
patients. Special emphasize is laid on age at first joint bleed as its earliest available
potential indicator. Because treatment strategies intensified during follow-up, patients
were stratified according to their year of birth: patients born 1944-1968 (n=114), born
1968-1985 (n=91), or 1985-2002 (n=80). 4737 patient years of follow up were avail-
able (median 17.0 years per patient). Age at first joint bleed ranged from 0.2 to 5.8 years
and was inversely related to treatment requirement and arthropathy. In adult patients dur-
ing both on demand and prophylactic treatment, the 75th percentile of annual joint bleed
frequency was consistently four times as high as the 25th percentile. On prophylaxis as
well as during on demand treatment, variation in annual clotting factor use was similar
across age groups with the 75th percentile 1.4 to 1.6 times and 3.8 times higher than the
25th percentile, respectively. Patients with severe haemophilia varied considerably in
onset and frequency of joint bleeds, treatment requirement and resulting arthropathy. The
onset of joint bleeding was inversely related with treatment requirement and arthropathy
and may serve as an indicator of clinical phenotype.

In chapter 3 the current literature regarding the influence of prothrombotic factors on
clinical phenotype of severe haemophilia is described. Out of 9369 articles, 8 observa-
tional studies were found. The factor V Leiden mutation consistently appeared to influ-
ence clinical phenotype. The effects of other factors, like the prothrombine G20210A
mutation, protein C deficiency, protein S deficiency, antithrombin deficiency and MTHFR
C677T variant were inconsistent.

In chapter 4 the association between factor VIII half-life and clinical characteristics of
severe haemophilia is described. 42 patients were selected from the extremes of the dis-
tribution of phenotypes of severe haemophilia. 21 patients with a more severe and 21
patients with a milder clinical phenotype were selected. Median factor VIII half-life was
12.8 hours (IQR 11.0-14.7) among patients with a more severe clinical phenotype and
12.8 hours (IQR 11.0-14.3) among patients with a milder clinical phenotype (p=0.78).
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Median age was similar between these two groups, 27.7 and 29.8 years for patients with
more severe and milder clinical phenotype, respectively (p=0.56). 
One-hour increase in factor VIII half-life was associated with 96 (95% confidence interval
(CI) 2 -190) IU less clotting factor use per kg per year. Age was an important determinant
of factor VIII half-life, and explained a large part of the association between factor VIII half-
life and clotting factor consumption. Median number of joint bleeds per year was similar
for patients with different half-lives. Similarly, arthropathy as measured by the Pettersson
score was similar for patients with different half-lives. 
Among these patients with severe haemophilia, treated prophylactically with clotting fac-
tor, those with a shorter factor VIII half-life required slightly more clotting factor to prevent
joint bleeds and subsequent arthropathy than similar patients with a longer factor VIII half-
life 

It has been suggested that patients with large defects in the FVIII gene (inversions, large
deletions, or nonsense mutations) are unable to produce any biologically active FVIII.
However, patients with small defects (missense mutations, small deletions, or insertions)
may produce some FVIII and may have milder clinical phenotypes. In chapter 5 the asso-
ciation between the defect in the factor VIII gene, endogenous factor VIII and clinical
characteristics of severe haemophilia patients is described. A cohort study was per-
formed among 241 patients with severe haemophilia A born between 1944 and 2002
with both long-term clinical follow up and genetic information available. Endogenous fac-
tor VIII was determined in 82 patients. Annual number of joint bleeds, annual clotting fac-
tor use, and haemophilic arthropathy were documented. 
Median endogenous FVIII activity was 0.0011 IU/ml in patients with inversions, missense
mutations, nonsense mutations, insertions and splice site mutations. Patients with mis-
sense mutations used 23% less FVIII (p=0.01) than patients with inversions, whereas
joint bleed frequency, age at first joint bleed and arthropathy were similar.
The results of this study in 241 patients with severe haemophilia A show that endoge-
nous FVIII activity was similar across mutation types. Patients with missense mutations
need lower doses of prophylaxis to control bleeding than patients with other mutations
suggesting a milder clinical phenotype.

In chapter 6 is described whether plasma levels of proteins involved in clot formation,
platelet count, and overall plasma fibrinolytic potential are associated with clinical pheno-
type of severe hemophilia.
In a selected group of 42 severe hemophilia patients with a more severe and a milder
clinical phenotype procoagulant factors, anticoagulant factors, clot lysis time and D-dimer
levels were determined. 
Levels of procoagulant and anticoagulant factors were similar between patients with a
more severe and patients with a milder clinical phenotype. Also, F1+2, as a measure of
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thrombin generation, was similar among patients with more severe and milder clinical
phenotype.
Overall fibrinolytic potential, as measured by the clot lysis time, was similar among
patients with a more severe and a milder clinical phenotype, 78.6 and 71.9 minutes,
respectively (p=0.13). D-dimer levels were higher in patients with a more severe pheno-
type than in patients with a milder clinical phenotype, 0.24 (IQR 0.17-0.43) and 0.16
(IQR 0.14-0.24), respectively (p=0.02).
The results of this study do not support the notion that increased coagulation affects clin-
ical phenotypes of severe hemophilia. However it appears that increased fibrinolytic activ-
ity affects clinical phenotype.

In chapter 7 the association between simulated thrombingeneration and clinical pheno-
type is studied. Thrombingeneration can be regarded as a global test of coagulation. Pre-
vious studies showed that patients with haemophilia produce less thrombin than healthy
controls and that patients with severe haemophilia have a lower potential to produce
thrombin than patients with mild and moderate haemophilia. To evaluate the association
between thrombin generation and the clinical phenotype of severe haemophilia, blood
samples of 42 severe haemophilia patients (21 with more severe and 21 with a milder
clinical phenotype) were taken after a washout period of at least 72 hours. In these blood
samples several anticoagulant and procoagulant factors were determined. Factors II, V,
VII, VIII, IX, X, XI, fibrinogeen, plaatjes, antithrombine and TFPI were modeled in a tissue
factor based numerical model. This model generated 6 thrombin parameters and these
were compared between patients with more severe and patients with milder clinical phe-
notypes. Thrombin parameters were similar between patients with more severe and
patients with milder clinical phenotypes.
Thus, simulated thrombingeneration regarding 8 procoagulant factoren, 2 anticoagulant
factors and platelets did not appear to be associated with clinical phenotype of severe
haemophilia patients.

In chapter 8 the question is addressed whether (a subgroup of) patients can safely stop
taking prophylaxis in early adulthood. This question arose from the clinical observation
that a number of young adults stopped taking prophylaxis, while maintaining a low joint
bleed frequency on an on demand regimen. 80 patients born between 1970 and 1980
and treated in Copenhagen, Århus or Utrecht, and treated in a prophylactic treatment
regimen were studied. 35% of patients stopped prophylaxis permanently at a median age
of 21.5 years. Bleeding frequency on an on demand regimen was only 3 joint bleeds per
year in these patients, which is much lower compared to bleeding frequencies during on
demand treatment in the literature. Patients were followed until 3.6 years since the last
stop. After this period, joint status, as assessed by the Pettersson score, appeared not to
be affected by the switch to on demand treatment, namely 13 points in both groups. 
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Accordingly, also the clinical score was similar in both patients who switched to on
demand treatment and patients who continued taking prophylaxis. This suggests that
there are patients with a milder clinical phenotype, who can stop taking prophylaxis in
early adulthood. If these patients could be identified, this would save costs and patients
would benefit from a less intensive treatment. 
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Samenvatting

Ernstige hemofilie uit zich met spontane bloedingen met name in spieren en gewrichten
door een gebrek aan of gestoorde functie van stollingsfactor VIII (hemofilie A) of IX
(hemofilie B). Niet alle patiënten met ernstige hemofilie bloeden in een vergelijkbare mate.
Kennis over hoe we patiënten die minder bloeden kunnen identificeren en kennis over de
oorzaken van de variatie in bloedingspatronen kunnen ons helpen om therapie op maat te
bieden bij ernstige hemofilie. Dit komt de kosteneffectiviteit van de behandeling ten
goede.

Variatie van het bloedingspatroon van de patiënten manifesteert zich door variatie in de
leeftijd van de eerste gewrichtsbloeding, bloedingsfrequentie, het jaarlijkse gebruik van
stollingsfactoren en hemofilie arthropathie. Deze aspecten worden samengevat onder de
term “klinisch fenotype”.

Omdat gewrichtsschade het uiteindelijke gevolg van herhaaldelijke bloedingen in
gewrichten is, werd dit gebruikt als belangrijkste uitkomstmaat op de lange termijn.
Gewrichtsschade wordt gemeten door de Pettersson score. Dit is een radiologische
score die de afwijkingen in de ellebogen, knieën en enkels scoort van 0 tot 13 punten. De
maximale Pettersson score is dan ook 78 punten.
Een andere, niet gevalideerde, manier om gewrichtsschade te kwantificeren is middels
een klinische score. Hierbij worden de knieën en enkels beoordeeld op pijn, zwelling,
atrofie, axiale deformiteit, crepitaties bij bewegen, flexie contractuur en instabiliteit en krij-
gen op basis hiervan in totaal 0 (normaal gewricht) tot 15 punten. Omdat axiale defor-
miteit en flexie contractuur niet worden beoordeeld bij de ellebogen, kunnen deze een
maximale score van 11 punten krijgen, hetgeen resulteert in een maximale totale score
van 82 punten. 

Profylaxe met stollingsproducten voorkomt bloedingen en helpt daarmee de gewrichts-
schade voorkomen. Profylaxe bestaat uit het ten minste twee keer per week toedienen
van factor VIII bij hemofilie A en ten minste één keer per week bij hemofilie B.

In hoofdstuk 2 wordt de variatie in bloedingspatronen van ernstige hemofilie beschreven
onder 285 ernstige hemofilie patiënten. Nadruk wordt gelegd op de leeftijd waarop de
eerste gewrichtsbloeding optreedt, omdat dat wellicht de vroegste indicator zou kunnen
zijn. Omdat de hemofiliebehandeling tijdens de duur van de studie is geïntensiveerd, wer-
den de patiënten verdeeld in groepen op basis van hun geboortejaar: patiënten geboren
tussen 1944 en 1968 (n=114), geboren tussen 1968 en 1985 (n=91) en geboren tus-
sen 1985 en 2002 (n=80). 4737 patiëntjaren werden verzameld (mediaan 17.0 jaren per
patiënt). De leeftijd van de eerste gewrichtsbloeding varieerde van 2,5 maanden tot 5,8
jaar en was negatief geassocieerd met stollingsverbruik en gewrichtsschade. Bij volwas-
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sen patiënten tijdens zowel on demand als profylactische behandeling was de variatie in
de bloedingsfrequentie constant: het 75e percentiel was steeds vier keer zo hoog als het
25e percentiel. Ook het stollingsfactorverbruik varieerde in vergelijkbare mate over de
leeftijdsgroepen, zowel tijdens on demand behandeling als op profylaxe: het 75e percen-
tiel was respectievelijk 3,8 en 1,4 tot 1,6 keer zo hoog als het 25e percentiel. Patiënten
met ernstige hemofilie bleken dus sterk te verschillen in start en frequentie van gewrichts-
bloedingen, stollingsfactor verbruik en in de uiteindelijke gewrichtsschade. De start van
de gewrichtsbloedingen was negatief geassocieerd met stollingsfactorverbruik en
gewrichtsschade en zou kunnen dienen als een indicator voor klinisch fenotype.

In hoofdstuk 3 wordt de tot nu toe gepubliceerde literatuur over de invloed van pro-
thrombotische factoren op het klinische fenotype van ernstige hemofilie beschreven. Uit
9369 artikelen, werden 8 observationele studies gevonden. Factor V Leiden was de
enige factor die consistent het fenotype leek te beïnvloeden. De waarnemingen van de
andere factoren, zoals de prothrombine G20210A mutatie, proteïne C deficiëntie, proteï-
ne S deficiëntie, antithrombine deficiëntie en de MTHFR C677T variant waren incon-
sistent.

In hoofdstuk 4 wordt de relatie tussen de halfwaardetijd van factor VIII en de klinische
fenotypes van ernstige hemofilie beschreven. 42 patiënten werden geselecteerd op ver-
schillen in klinische fenotypes. 21 patiënten met een ernstig, en 21 patiënten met een mil-
der klinisch fenotype werden geselecteerd. De mediane halfwaardetijd van factor VIII was
12,8 uur (IQR 11,0-14,7) bij patiënten met een ernstiger klinisch fenotype en 12,8 uur
(IQR 11,0-14,3) bij patiënten met een milder klinisch fenotype (p=0,78). De mediane leef-
tijd was vergelijkbaar tussen beide groepen, 27,7 en 29,8 jaar bij patiënten met ernstiger
en milder klinisch fenotype, respectievelijk (p=0,56). 
Een verlenging van de halfwaardetijd met een uur was geassocieerd met 96 (95%
betrouwbaarheidsinterval 2 -190) IU minder verbruik van stollingsfactoren per kg per jaar.
Leeftijd was een belangrijke determinant van de halfwaardetijd, en verklaarde een groot
deel van de associatie tussen halfwaardetijd en verbruik van stollingsfactoren. Het media-
ne aantal gewrichtsbloedingen per jaar was vergelijkbaar tussen patiënten met kortere en
langere halfwaardetijden, net als de gewrichtsschade, gemeten met behulp van de Pet-
tersson score. 
Van deze patiënten met ernstige hemofilie, die profylactisch werden behandeld, hadden
degenen met een kortere halfwaardetijd van factor VIII meer stollingsfactoren nodig om
de bloedingen onder controle te houden en gewrichtsschade te voorkomen dan vergelijk-
bare patiënten met een langere halfwaardetijd van factor VIII. 

Er is gesuggereerd, dat patiënten met grote defecten in het factor VIII gen (inversies,
grote deleties > 200 basenparen (bp) of nonsense mutaties) geen biologisch actief fac-
tor VIII kunnen maken, terwijl mensen met een kleine mutatie (missense mutaties, kleine
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deleties < 200 bp of inserties) nog enig factor VIII zouden kunnen maken. Deze laatste
patiënten zouden daardoor een milder klinisch fenotype kunnen hebben. In hoofdstuk 5
wordt ingegaan op de vraag of het gendefect van factor VIII van invloed is op nulwaarde
van het factor VIII (i.e. de waarde van het factor VIII nadat een patiënt minstens 72 uur
geen factor VIII heeft gebruikt) en het klinische fenotype van ernstige hemofilie. Een
cohort studie werd uitgevoerd onder 241 patiënten met ernstige hemofilie A geboren tus-
sen 1944 en 2002 van wie zowel langdurige klinische follow up en genetische informatie
beschikbaar waren. De nulwaarde van het factor VIII was beschikbaar voor 82 patiënten
en was 0.0011 IU/ml bij patiënten met inversies, missense mutaties, nonsense mutaties,
inserties en splice site mutaties. Patiënten met missense mutaties gebruikten 23% min-
der factor VIII (p=0.01) dan patiënten met inversies, terwijl de bloedingsfrequentie, leef-
tijd van de eerste gerichtsbloeding en de gewrichtsschade vergelijkbaar waren.
De nulwaarde van het factor VIII activiteit was vergelijkbaar tussen de diverse mutatiety-
pes. Patiënten met missense mutaties hebben dus lagere doses profylaxe nodig om het
bloeden onder controle te krijgen dan patiënten met een andere mutatie. Dit suggereert
dat mensen met een missense mutatie een milder klinisch fenotype hebben.

In hoofdstuk 6 wordt gekeken of plasma spiegels van eiwitten die betrokken zijn bij de
stolling, plaatjesaantal en parameters van de fibrinolyse van invloed zijn op het klinische
fenotype van ernstige hemofiliepatiënten. In 42 geselecteerde patiënten met ernstiger en
milder klinisch fenotype werden eiwitten die de stolling stimuleren (procoagulante facto-
ren) en remmen (anticoagulante factoren), de clot lysis tijd en D-dimeer spiegels bepaald.
Hiervoor werd bloed afgenomen nadat 72 uur geen factor VIII was gebruikt.
De plasmaspiegels van de procoagulante en anticoagulante factoren waren hetzelfde bij
patiënten met een ernstiger en een milder klinisch fenotype. Ook F1+2, een maat voor
thrombine generatie, was vergelijkbaar tussen patiënten met een ernstiger en een milder
klinisch fenotype.
De clot lyse tijd, was vergelijkbaar tussen patiënten met een ernstiger en een milder kli-
nisch fenotype, 78,6 en 71,9 minuten, respectievelijk (p=0,13). D-dimeer spiegels waren
hoger bij patiënten met een ernstiger fenotype dan in patiënten met een milder klinisch
fenotype, 0,24 IU/ml (IQR 0,17-0,43) en 0,16 IU/ml (IQR 0,14-0,24), respectievelijk
(p=0,02).
Deze resultaten ondersteunen de veronderstelling niet, dat verhoogde stollingsactiviteit
het klinische fenotype van ernstige hemofilie beïnvloedt. Maar het lijkt dat verhoogde fibri-
nolytische activiteit het klinische fenotype wel beïnvloedt.

In hoofdstuk 7 wordt onderzocht of thrombinegeneratie het bloedingspatroon van ern-
stige hemofiliepatiënten voorspelt. Thrombinegeneratie kan worden gezien als een overall
test van de gehele stolling. Uit eerder onderzoek was gebleken, dat patiënten met hemofi-
lie minder thrombine kunnen maken dan gezonde controles en dat mensen met ernstige
hemofilie minder thrombine kunnen maken dan mensen met milde en matige hemofilie.
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Om te onderzoeken of thrombinegeneratie ook van invloed is op het klinisch fenotype van
ernstige hemofilie werd van 42 patiënten, 21 patiënten met een ernstig klinisch fenotype
en 21 patiënten met een milder klinisch fenotype, bloed afgenomen nadat 72 uur geen
factor VIII was gebruikt. In dit bloed werden diverse anticoagulante en procoagulante fac-
toren gemeten, die vervolgens werden gemodelleerd in een computersimulatie geba-
seerd op een model met factor II, V, VII, VIII, IX, X, XI, fibrinogeen, plaatjes, antithrombine
en TFPI. Hiermee werden 7 thrombine parameters berekend, die vervolgens werden ver-
geleken tussen mensen met een ernstiger en een milder klinisch fenotype.
Thrombine parameters waren vergelijkbaar tussen patienten met een ernstiger en een mil-
der klinisch fenotype. Dus gesimuleerde thrombinegeneratie in een model met 8 procoa-
gulante factoren, 2 anticoagulante factoren en bloedplaatjes lijkt niet geassocieerd te zijn
met het klinische fenotype.

In hoofdstuk 8 wordt aandacht besteed aan de vraag of het nodig is om profylaxe gedu-
rende het hele leven vol te houden of dat (een deel van) de patiënten in de vroege vol-
wassenheid veilig kan stoppen met deze behandeling. Deze vraag rees naar aanleiding
van de observatie dat een aantal jonge volwassenen met profylaxe stopten, terwijl ze na
het stoppen relatief weinig gewrichtsbloedingen hadden. We onderzochten tachtig pati-
ënten geboren tussen 1970 en 1980 en behandeld in Kopenhagen, Århus of Utrecht, die
werden behandeld middels een profylactisch behandelingsschema. Het beleid was dat
werd geadviseerd om profylaxe te gebruiken. Een deel van de patiënten stopte spontaan
met het toedienen van profylaxe. 35% van de patiënten stopte permanent met profylaxe
op een leeftijd van 21,5 jaar. De bloedingsfrequentie na het stoppen was slechts 3 bloe-
dingen per jaar terwijl dit bij patiënten die nooit profylaxe hebben gehad varieert tussen
de 0 en 35 bloedingen. Patiënten waren vervolgd tot 3,6 jaar sinds de laatste stop. Na
deze periode waren de Pettersson scores van patiënten die overgestapt waren op on
demand behandeling vergelijkbaar met die van patiënten die nog profylactisch werden
behandeld, namelijk 13 punten in beide groepen. Ook de klinische gewrichtsscore was
vergelijkbaar tussen beide groepen. Dit suggereert dat er patiënten zijn met een milder
klinisch beeld, waarbij profylaxe in de vroege volwassenheid kan worden gestopt. Als
deze patiënten zouden kunnen worden geïdentificeerd, zou dit een aanzienlijke kostenbe-
sparing opleveren en ook voor de patiënten zou een minder intensieve behandeling een
voordeel zijn. 
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Appendix A: Treatment of severe haemophilia

The most reasonable treatment is replacement of the missing clotting factor. Until this
treatment was available, bleeds were treated with immobilization, splints and plaster
casts. Only life threatening bleeds were treated with transfusions of whole blood or plas-
ma. In 1965 clotting factor became available due to the development of cryoprecipitate
(1). At first, replacement therapy was only given in case of bleeds (i.e. on demand). How-
ever, the observation that spontaneous bleedings in muscles and joints mainly occur in
patients with the severest degree of the disease has led to the introduction of prophylac-
tic treatment in patients with severe haemophilia. The objective of prophylaxis has been to
convert the bleeding pattern of a patient with severe haemophilia into the bleeding pat-
tern of a patient with moderate haemophilia, and effectively preventing joint bleeds and
subsequent arthropathy. Prophylaxis was first introduced in 1958 in Sweden and was
started in 1968 in The Netherlands (2,3). Over the years fewer joint bleeds were tolerat-
ed while on prophylaxis, resulting in gradually intensified treatment, which is reflected by
increased weekly dose, increased frequency and earlier start of prophylaxis (4).

Complications
Two severe complications of replacement therapy are inhibitor formation and transmission
of infectious agents. 
About 20-30% of patients with severe haemophilia A (5) and 3-5% of patients with
severe haemophilia B (6) form long-term inhibitory antibodies against factor VIII and IX,
respectively. The development of these inhibitors has been associated with the genetic
defect (7), the type of clotting factor product and the age at start of treatment (8).
Patients with inhibitors can be treated with by-passing agents. Initially prothrombin-com-
plex concentrates and porcine factor VIII were used. Recently activated factor VIIa has
become available (9). Furthermore, in 47-90% of patients antibodies decrease to an
undetectable and clinically irrelevant level after daily infusions with factor VIII during
immune tolerance treatment (10). The clotting factor use in these patients is not repre-
sentative for normal prophylaxis and therefore patients with inhibitors were excluded from
the studies in this thesis.
The transmission of infectious agents is the second severe complication of replacement
therapy. Chronic infections with Hepatitis B and C were recognized in 10% and 80% of
patients, respectively. Subsequently, in 1985, it was discovered that Human Immunodefi-
ciency Virus (HIV) was spread with blood transfusions. The introduction of plasma donor
screening and new viral-inactivation methods improved the safety of plasma-derived clot-
ting factor products considerably. In addition, cloning of the factor VIII gene provided the
molecular basis for the production of recombinant factor VIII. Furthermore, in the future
gene therapy may become available, if a safe and effective protocol has been developed
(11,12).
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It should also be noted that since venous access in small children can be difficult to
obtain and is often needed, implantable venous catheters (IVC) are needed in 33% of the
children in order to start early prophylaxis (13). The implantation of these catheters
enables early home-treatment, which is a major benefit. However infections occur in 0.48
(0.31-0.64) per 1000 patient-days, especially in children with inhibitors (14). Moreover
thrombosis is observed in 0-17 % of the children (15-18). 
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Appendix B: Overview of haemostasis

Haemostasis is a balance between procoagulant and anticoagulant factors. When the
procoagulant system is activated a cascade of reactions follows and finally leads to the
formation of thrombin (factor IIa). The ultimate function of thrombin is to cleave fibrinogen
to fibrin and activate factor XIII, which results in a cross-linked stable clot. The anticoagu-
lant mechanism regulates the formation of thrombin. The majority of the coagulation factor
inhibitors are directed against the formation or action of thrombin and include antithrom-
bin and the protein C system. Antithrombin inactivates thrombin and activated proteins of
the coagulation pathway (VIIa, XIIa, XIa, Xa, IXa) by binding irreversibly to these proteins.
The protein C pathway is activated when thrombin binds to thrombomodulin (TM). The
complex of thrombin and TM activates protein C. Activated protein C (APC) and co-factor
protein S inactivate coagulation factors VIIIa and Va (Fig. 1).
Finally, the fibrinolysis is activated to solve the clot. Tissue type plasminogen activator (t-
PA) catalyses the formation of plasmin out of plasminogen, which degrades fibrin into fib-
rin degradation proteins. Also this process is regulated at each enzymatic step by specific
inhibitors (Fig. 2).

Figure 1: Overview of coagulation (reprinted with permission (1))

During normal haemostasis a dynamic interplay exists between coagulant and anticoagu-
lant pathways. As a result, there is a delicate balance between the timing and localization
of the clot formation, inhibition, destruction and removal. Disturbances to this balance
may result in bleeding complications if anticoagulant factors dominate or coagulant fac-
tors lack. Adversely, thrombosis may occur if coagulant factors prevail or anticoagulant
factors are lacking. 
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Figure 2: Overview of fibrinolysis
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Appendix C: Overview of genetic defects identified

in the probands

The types of mutations in the FVIII gene of the probands are summarized in Table 1. 
All inversions, deletions (Table 2), insertions (Table 2), nonsense mutations (Table 4) and
splice site mutations (Table 5) were considered as deleterious. Two probands showed
two mutations in the FVIII gene: an Asp1241Glu missense mutation (probably a polymor-
phism) in exon 14 and an additional clearly deleterious mutation (3410delTG and an
inversion type 1, respectively).

Seventy-one different mutations were identified in the probands: 4 types of intron 22
inversions, 25 deletions/insertions, 24 missense mutations, 12 nonsense mutations and 6
splice site mutations. Forty-seven novel mutations were found: 19 deletions/insertions
(see Table 2), 16 missense mutations (see Table 3), 8 nonsense mutations (see Table 4)
and 4 splice site mutations (see Table 5). 

For the three novel missense mutations His1215Leu in exon 14, Val1733Leu in exon 15
and Cys1832Arg no other substitutions at that position have been reported previously.
The Val1733Leu (conservative substitution) and Cys1832Arg (nonconservative substitu-
tion) both are conserved between man, pig, mouse and dog. The His1215 however, is
not conserved between man and the pig. The pig shows a Tyr at this position. Further-
more, the His1215Leu mutation is located in the B-domain. We consider these three
mutations as probably disease causing because they are strongly conserved and unique
and because no other abnormalities were identified in the FVIII gene of the probands.
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Table 1: Type and frequency of mutations in the FVIII gene in the panel of unrelated

families with severe haemophilia A

Mutation Number Percentage

Inversion intron 22 type 1 74 44.6

Inversion intron 22 type 2 14 8.4

Inversion intron 22 type 4 1 0.6

Inversion intron 22 other 1 0.6

Missense 28 16.9

Nonsense 12 7.2

Deletion 18 (7 A-run) 10.8

Insertion 12 (6 A-run) 7.2

Splice site 6 3.6

All 166 100
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Table 2: FVIII deletions and insertions in families with severe haemophilia A

Proband Mutation Exon Description* Domain A-run

275 209delTTGT 2 FS,D,Novel A1

309 712insGCAG 6 FS,I,Novel A1

270 1242delTGCTCCCTT/1253insG 8 FS,D,Novel A2

223 1414 del CTTTA 9 FS,D,Novel A2

327 1619delC 11 FS,D,Novel A2

75 deletion exon 11 11 FS,D,Novel A2

98 1823delAGAATATACAACG 12 FS,D,Novel A2

165 2940insA 14 FS,I,Novel B A-run

443 3363 ins.dup. 56bp 14 FS,I,Novel B

221 3410delTG 14 FS,I,Novel B

163 3628insA 14 FS,I B A-run

119 3628insA 14 FS,I B A-run

227 3628delA 14 FS,D B A-run

323 3628delA 14 FS,D B A-run

22 3628delA 14 FS,D B A-run

415 3628delA 14 FS,D B A-run

306 3907delAC 14 FS,D,Novel B

131 4227delT 14 FS,D,Novel B

350 4232delA 14 FS,D,Novel B A-run

107 4372delA 14 FS,D B A-run

109 4372delA 14 FS,D B A-run

230 4372insA 14 FS,I B A-run

287 4911insT 14 FS,I,Novel B

413 5185delC 14 FS,D,Novel B

128 5954insA 18 FS,I A3 A-run

289 5954insA 18 FS,I A3 A-run

296 6321insAC 22 FS,I,Novel C1

114 6405insA 22 FS,I,Novel C1

311 6669delTCC 24 IF,D,Novel C2

188 deletion exon 25 25 IF,D,Novel C2

* FS, frame shift; IF, in frame; D, deletion; I, insertion; Novel, not reported in HAMSTERS

(http://europium.csc.mrc.ac.uk/)  or HGMD (http://www.hgmd.org/).



Table 3: FVIII missense mutations in families with severe haemophilia A

Proband Mutation Exon Description* Domain

205 Glu110Asp 3 Novel (Val) A1

103 Asp167His 4 Novel(Gly,Tyr) A1

375 Ala200Pro 5 Novel(Asp,Thr) A1

115 Asn235Thr 6 Novel(Ile) A1

365 Met320Val 8 Novel(Thr) A1

428 Tyr664Cys 13 A2

95 His1215Leu 14 Novel B

253 Arg 1689Cys 14 A2

83 Val1733Leu 15 Novel A3

302 Leu1758Phe 15 Novel(Pro) A3

249 Cys1832Arg 16 Novel A3

74 Ser1839Cys 16 A3

185 Ser1888Cys 17 A3

315 Ala1920Thr 17 A3

65 Trp1942Arg 18 A3

372 Trp1996Arg 19 Novel(Cys) A3

8 Asn2129Asp 23 Novel(Ser) C1

447 Asn2129Asp 23 Novel(Ser) C1

147 Asn2129Asp 23 Novel(Ser) C1

343 Arg2163Leu 23 Novel(His,Cys) C1

160 Arg2163Cys 23 C1

148 Arg2163His 23 C1

256 Cys2174Tyr 24 Novel(Gly) C1

294 Arg2209Gln 24 C2

330 Arg2209Gln 24 C2

439 Arg2209Gly 24 C2

362 Arg2304Gly 26 C2

191 Cys2326Trp 26 Novel(Ser,Tyr) C2

* Novel, not reported in HAMSTERS (http://europium.csc.mrc.ac.uk/) or HGMD (http://www.hgmd.org/. Amino

acids substitutions reported for the same codon are indicated between brackets. 
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Table 4: FVIII nonsense mutations in families with severe haemophilia A

Proband Mutation Exon Description* Domain

177 Arg795Stop 14 B

366 Ser959Stop 14 Novel B

277 Gln1286Stop 14 Novel B

475 Gln1317Stop 14 Novel B

303 Glu 1578Stop 14 Novel B

125 Lys1595Stop 14 Novel B

351 Trp2070Stop 21 C1

488 Arg2116Stop 22 C1

300 Trp 2203Stop 24 C2

271 Lys 2227Stop 25 Novel C2

472 Gly2285Stop 26 Novel C2

102 Gln2316Stop 26 Novel C2

* Novel, not reported in HAMSTERS (http://europium.csc.mrc.ac.uk/) or HGMD (http://www.hgmd.org/).

Table 5: FVIII splice site mutations in families with severe haemophilia A

Proband Mutation Exon Description* Domain

255 IVS1-1(g>t) 2 Novel A1

174 IVS2+3(a>g) 2 Novel A1

340 IVS14+2(t>c) 14 Novel A2

190 IVS19+3(g>t) 19 C1

441 IVS20-1(g>c) 20 C1

228 IVS24+2(t>g) 24 Novel C2

* Novel, not reported in HAMSTERS (http://europium.csc.mrc.ac.uk/) or HGMD (http://www.hgmd.org/).
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