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Introduction
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Haemophilia is a rare hereditary X-linked recessive genetic disorder that impairs blood co-

agulation due to lack of functional clotting factor. Patients with haemophilia A lack factor VIII 

(FVIII), while patients with haemophilia B lack factor IX (FIX). The prevalences of haemophilia 

A and B in the Netherlands are estimated at 17 and 2 patients in every 100,000 males, re-

spectively [1; 2]. Patients with haemophilia suffer from spontaneous as well as trauma related 

bleeding. The severity of bleeding correlates with the residual clotting factor levels [3; 4] and 

as a result haemophilia is classified as severe (<0.01 IU/ml FVIII/IX), moderate (0.01–0.05 IU/

ml) and mild (>0.05 IU/ml) [5]. Approximately 40% of the Dutch haemophilia population has 

severe haemophilia [6]. Patients with severe haemophilia suffer more excessive and more fre-

quent bleeds, while most patients with moderate haemophilia seldomly experience spontane-

ous bleeding. Bleeds are most common in ankles, knees, elbows and muscles [7] and should 

be treated as quickly as possible by intravenous administration of clotting factor [8]. When not 

treated or not treated in time, (repeated) joint bleeding can lead to irreversible joint damage, 

known as haemophilic arthropathy [9; 10].

After the introduction of clotting factor products in 1965, patients were treated “on-demand”: 

at the time of clinically evident bleeding only [8; 11]. In the 1970s clotting factor products be-

came available in the Netherlands on a scale that allowed prophylactic replacement treatment 

[12; 13]. Present-day prophylaxis is the regular infusion of clotting factor aimed at preventing 

bleeds. It is superior to on-demand treatment in maintaining joint health [11–18] and there-

fore the treatment of choice for patients with severe haemophilia in countries with available 

resources [8]. The current Dutch prophylactic regimen consists of infusing FVIII 3-3.5x/week 

or FIX 1-2x/week. 

Prophylaxis does not reverse established haemophilic arthropathy, but does stabilise its pro-

gression [10; 15]. Early initiation of prophylaxis in children with severe hemophilia is therefore 

critical for effective prevention of arthropathy [15; 17]. As a result, prophylaxis was started at 

increasingly younger ages [6; 11; 15; 19]. In clinical practice, starting prophylaxis in young chil-

dren is challenging. The need for frequent infusions and problems with venous access compete 

for dominance. On one hand, central venous access devices (CVAD) can be used as alternative 

route of infusion, but these require surgery and are associated with a considerable risk of infec-

tions and thrombotic complications.[20] On the other hand, step-up regimens starting at lower 

frequencies (1-2x/week) have been introduced to facilitate early prophylaxis and treatment ac-

ceptance by parents [21; 22]. As of yet the optimum regimen for starting prophylaxis in young 

Introduction
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children with severe haemophilia has not been established. More information is needed on 

when and how to start prophylaxis, specifically on the effects of bleeding before prophylaxis, 

age at initiation of prophylaxis, and different regimens to start prophylaxis.

The importance of prophylaxis in severe haemophilia during the period of growth is well docu-

mented [14–18] and widely acknowledged [8; 22]. Whether prophylaxis should be continued 

in adulthood is still under debate [8; 23–26]. Keeping up this life-long treatment is a heavy 

burden for some patients and therefore adherence to treatment can include periods of re-

duced compliance. Especially teenagers and young adults are reported to discontinue prophy-

laxis and switch to on-demand treatment [27–29]. Two studies suggested that a proportion 

of young adults who started prophylaxis in early childhood, could possibly safely switch to 

on-demand treatment [28; 29]. However, the reported follow-up was only four years after dis-

continuing prophylaxis. As haemophilic arthropathy develops over time, this may have been 

too short to determine whether these patients jeopardised their joint health.

 

Chapter 1

Figure 1. Navigating between the benefits and burden of prophylaxis: a parents’/patients’ perspective. 
CVAD = central venous access device
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Aim and outline of this thesis

The aim of this thesis was to improve prophylactic treatment by assessing changes in clinical 

practice of prophylaxis and their consequences on long-term outcome. We focussed on starting 

and stopping prophylaxis in patients with severe haemophilia who started prophylaxis in early 

childhood. In this setting, treatment decisions are driven by navigating between the burden of 

treatment and risk of arthropathy, both for health care providers and patients (Figure 1).

 

Chapter 2 describes when prophylaxis was started over time and how this affected bleeding 

before prophylaxis, CVAD use, and initial prophylactic regimens. However, to determine the 

consequences of these (changing) strategies, treatment up to reaching 3-3.5 infusions per 

week must be included. 

Chapter 3 identifies different prophylactic treatment strategies in European centres in the 

first four years of life. It compares their effect on bleeding, number of infusions, clotting factor 

consumption and CVAD use.

Chapter 4 explores whether routinely collected Haemophilia Joint Health Score (HJHS) can be 

used to compare prophylactic regimens in children in European centres. 

Chapter 5 explores the long-term effects of postponing prophylactic treatment according to 

age and bleeding before starting prophylaxis. 

Chapter 6 reports outcome after 10-year follow up of patient-initiated discontinuation of long-

term prophylaxis. 

Chapter 7 explores the correlation between objective and self-reported outcome assessment 

in adult patients on prophylaxis. 

Chapter 8 discusses the findings presented in this thesis in a broad context, including sugges-

tions for future research.
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Abstract

Early initiation of prophylaxis is critical for prevention of arthropathy and can be initiated ac-

cording to age or bleeding. This multicentre longitudinal observational cohort study assessed 

bleeding before prophylaxis and strategies for initiating prophylaxis. Data were collected on 

FVIII treatment in children with severe haemophilia A (FVIII<1IU/ml), born 1990-2009. Pa-

tients were followed until the 50th treatment day or inhibitor development. In 919 patients 

across 4 birth cohorts (1990-1994, 1995-1999, 2000-2004, 2005-2009), over time less bleed-

ing was accepted before initiating prophylaxis: the proportion of patients starting before any 

joint bleeding increased from 29% to 43% (P=0.06) and the proportion starting before the 

third joint bleed increased from 65% to 85% (P<0.01). Concurrently the use of primary pro-

phylaxis as defined by the WFH (starting before three years of age and the second joint bleed) 

increased from 35% to 70% (P<0.01). Prophylaxis was increasingly started with once weekly in-

fusions (from 18% to 59%; P<0.01). The use of central venous access devices remained stable 

around 40%. In conclusion, since 1990 prophylaxis was started earlier and after fewer bleeds. 

This resulted in more patients starting primary prophylaxis. To determine which factors are 

crucial for optimal long-term outcome, outcome assessment, including subsequent treatment 

regimens, is needed. 

Chapter 2
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Introduction

Prophylaxis for haemophilia is the scheduled infusion of the missing clotting factor with pre-

specified dose, with the intention of preventing bleeds and the associated pathologic con-

sequences of bleeding. It is the treatment of choice for patients with severe haemophilia A 

(clotting factor VIII [FVIII] <0.01 IU/mL) in countries with available resources [1-10].

Early initiation of prophylaxis proved to be critical for effective prevention of arthropathy [2,6]. 

Around 2000 several studies focused on specifying exact criteria for starting early prophylaxis. 

While some advocated starting prophylaxis before the age of three years or even earlier [1,11], 

others suggested waiting for the first or second joint bleed [10,12,13]. Concurrently, the first 

detailed definitions of primary and secondary prophylaxis were drafted [14]. The two most 

frequently used definitions of primary prophylaxis, both specify starting after a maximum of 

one joint bleed. The European Paediatric Network for Haemophilia Management (PedNet) 

specified primary prophylaxis as starting before two years of age or after the first joint bleed 

[14] and The World Federation of Haemophilia (WFH) as starting before the age of 3 years and 

before the second joint bleed, in the documented absence of osteochondral joint disease [7].

When starting prophylaxis early, central venous access devices (CVADs) may be needed to 

facilitate frequent venous access, but these devices carry a risk of infections and thrombotic 

complications [15]. Attempting to reduce the need for CVADs while initiating early prophylaxis, 

Petrini and colleagues started prophylaxis with once weekly infusions [11,16]. Many have sub-

sequently published or recommended protocols starting with once weekly infusions [17-21].

The present study will assess how the increasing awareness of the importance of early pro-

phylaxis affected bleeding before prophylaxis, CVAD use, initial prophylactic regimens, and 

achievement of primary prophylaxis.

Methods

Design and study population

The study population consisted of a cohort of patients with severe haemophilia A (FVIII<0.01 

IU/mL), born from January 1990 until December 2009 from 31 Haemophilia Treatment Cen-

tres: one Israeli, two Canadian and 28 European. Data were collected for the CANAL study 

(Concerted Action on Neutralizing Antibodies in severe haemophilia A) and the PedNet regis-

try (Paediatric Network for Haemophilia Management) [22,23].

Bleeding before prophylaxis
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Data 

Anonymized data on patients’ demographics, bleeding and treatment were collected by the 

participating centres. For the CANAL study, data were collected from the medical records us-

ing standardized case report forms (CRFs). For PedNet, data were collected using specially 

designed patient logbooks and submitted to the databases using web-based CRFs. The content 

of the CRFs and in-and exclusion criteria were the same for both datasets [22,23].

For the present analysis patients were followed from birth until the 50th exposure day or the 

development of a clinically relevant inhibitor. An exposure day (ED) was defined as a calendar 

day during which any FVIII was given. Clinically relevant inhibitor development was defined as 

the occurrence of at least two positive inhibitor titres according to the local laboratory, com-

bined with a decreased in vivo Factor VIII recovery. For all factor administrations, dates, doses 

of infusion and reasons for treatment (prophylaxis, bleed, surgery, and follow-up of a bleed or 

surgery) were documented. A bleed was defined as any complaint, characterized by any pain, 

swelling and/or restriction of function, requiring treatment. Start of prophylaxis was defined 

as the regular infusion of FVIII, at least once weekly, continued for at least two months in the 

absence of an inhibitor. As start of prophylaxis was not explicitly specified in the CRF, two inde-

pendent researchers assessed the start date, frequency and dose of prophylaxis for each pa-

tient. Discrepancies were resolved by discussion and/or checked with the patients’ physician. 

PedNet data were repeatedly checked for completeness and inconsistencies using pre-spec-

ified protocols including monitor visits (www.Pednet.nl). For the current analysis, data col-

lected until May 1st 2013 were used [22].

Data analysis

Data were analysed as a whole and in 5-year birth cohorts. Descriptive analyses were per-

formed for patient characteristics, treatment characteristics and bleeding before prophylaxis. 

Trends over time were analysed using univariable linear or logistic regression. Kaplan-Meier 

survival analysis was used to assess the occurrence of the first joint bleed and cumulative inci-

dences of start of prophylaxis and CVAD use, while accounting for differences in follow-up due 

to inhibitor development. Differences in survival curves across birth cohorts were assessed us-

ing the log-rank test. A P-value of <0.05 was considered to be statistically significant and all re-

ported P-values are two-sided. All data were analysed using IBM® SPSS® Statistics version 20.

Chapter 2
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Results

The CANAL study and the PedNet registry provided 322 and 622 potentially eligible patients 

respectively. From CANAL and PedNet respectively 9 and 16 patients were excluded for not 

having any data on exposure days. Eventually, data on 919 patients with severe haemophilia A 

were analysed: 313 from CANAL and 606 from PedNet.

Initiation of treatment and prophylaxis

The initiation of prophylaxis according to birth cohort is shown in Table 1. The median age at 

initiation of prophylaxis decreased from 1.6 years in the first birth cohort, to 1.3 years in the 

last birth cohort (P<0.01). Concomitantly, the proportion of patients on prophylaxis before age 

three years increased from 45% to 84% (P<0.01). At the time of their 50th ED, 62%, 75%, 82%, 

and 93% of patients were on prophylaxis in the four respective birth cohorts (P<0.01). At the 

same time, the median age of receiving the 50th ED decreased from 3.1 years in the first birth 

cohort, to 2.1 years in the last birth cohort (P<0.01).

Table 1. Initiation of prophylaxis according to birth cohort.

Bleeding before prophylaxis

The first joint bleed occurred at a median of 1.7 years (IQR 1.0-2.8; survival analysis censored 

at inhibitor development or start of prophylaxis). Bleeding before the initiation of prophylaxis 

according to birth cohort is shown in Table 2. The time from the first joint bleed until the initia-

tion of prophylaxis decreased from a median of 0.5 years in the first birth cohort, to a median 

of 0.1 years in the last birth cohort (P<0.01). Over time, fewer bleeds were accepted before 

initiating prophylaxis. The median number of bleeds before initiation of prophylaxis progres-

sively decreased over time from 6.5 bleeds, including 2 joint bleeds, in the first birth cohort, to 

3 bleeds, including 1 joint bleed, in the last birth cohort (P<0.01). The proportion of patients 

starting prophylaxis before any joint bleed increased from 29% to 43% (P=0.06). Joint bleed-

ing before prophylaxis is shown in Figure 1. It demonstrates that over the four birth cohorts, 

Bleeding before prophylaxis

Values are numbers (n), medians (IQR) and percentages (%).
† Kaplan-Meier survival analysis censored at inhibitor development.

Birth cohort 1990-94 1995-99 2000-04 2005-09  P trend

Patients (n) 138 172 302 307 -

Age at start of prophylaxis (years) 1.6 (1.1-3.1) 2.1 (1.1-2.9) 1.4 (1.1-2.1) 1.3 (0.9-1.9) <0.01

On prophylaxis at 50ED† (%) 62% 75% 82% 93% <0.01

On prophylaxis at age 3 years† (%) 45% 59% 75% 84% <0.01
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especially the proportion of patients starting prophylaxis after no or only a single joint bleed 

increased, while the proportion starting after two or more joint bleeds decreased. As a result, 

the proportion of patients starting before the second joint bleed increased from 43% to 72% 

(P<0.01). Concomitantly, the proportion of patients starting prophylaxis before the third joint 

bleed increased from 65% to 85% (P<0.01). 

The proportion of patients receiving primary prophylaxis according to the first PedNet defini-

tion [14] increased from 65% in the first, to 88% in the last birth cohort (P<0.01). The 1999 

PedNet definition includes a maximum age or a maximum number of joint bleeds. As the 

WFH definition of primary prophylaxis restricts both age and number of joint bleeds, fewer 

patients started primary prophylaxis according to the WFH definition, yet the proportion still 

doubled from 35% to 70% (P<0.01). The WFH definition however, excludes the 21% of patients 

who were older than three years at the time of their first joint bleed and initiated prophylaxis 

afterwards.

Table 2. Bleeding before prophylaxis and primary prophylaxis according to birth cohort.

Values are numbers (n), medians (IQR) and percentages (%).

 

 

Chapter 2

Birth cohort 1990-94 1995-99 2000-04 2005-09 P trend

Patients on prophylaxis (n) 74 101 202 238 -

Bleeding before prophylaxis

   Bleeds before prophylaxis (n) 6.5 (3.0-12.0) 4.0 (1.0-12.0) 4.0 (1.5-9.0) 3.0 (1.0-7.0) <0.01

   Joint bleeds before 
   prophylaxis (n)

2.0 (0.0-4.0) 1.0 (0.0-3.0) 1.0 (0.0-2.0) 1.0 (0.0-2.0) <0.01

   Time from 1st joint bleed to    
   prophylaxis (years)

0.5 (0.3-1.4) 0.5 (0.1-1.3) 0.3 (0.0-0.7) 0.1 (0.0-0.5) <0.01

   Without joint bleeds before  
   prophylaxis (%)

29% 40% 42% 43% 0.06

Primary prophylaxis

   PedNet definition (%) 65% 67% 86% 88% <0.01

   WFH definition (%) 35% 49% 67% 70% <0.01
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Figure 1. Joint bleeding before prophylaxis according to birth cohort.

Initiating prophylaxis: how

Despite the earlier start of prophylaxis, cumulative CVAD use in patients on prophylaxis was 

relatively stable of over time (P=0.85). At the age of four years, about 40% of patients who 

started prophylaxis had used a CVAD. Three out of 31 centres used CVADs in all patients.

Figure 2 demonstrates a large shift in initial prophylactic regimen. Around 2000, following the 

Swedish publication showing that early prophylaxis started with once weekly infusions result-

ed in good outcome [11], prophylaxis was increasingly started using once weekly regimens: 

from only 18% in the early 1990s to 59% in the last birth cohort (P<0.01). Concomitantly, start-

ing prophylaxis ≥3x/week decreased from 41% to 18% (P<0.01). A few years later, following 

the first presentations on low dose prophylaxis [18,24], prophylaxis was increasingly started 

with a dose of 250 IU per infusion (median 25 IU/kg): from 12% in the 1990-1995 cohort to 

27% in the 2005-2009 cohort (P<0.01). At the same time, the proportion of patients starting 

with infusions of 1000 IU or more decreased from 16% to 5% (P<0.01). However, the majority 

of the patients in all birth cohorts (around 62%), started prophylaxis with a dose of 500 IU per 

infusion and the median infused dose remained stable around 45 IU/kg/infusion.

 

Bleeding before prophylaxis
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Figure 2. The use of low dose and low frequency in initial prophylaxis regimen according to birth cohort.

Discussion

This multicentre cohort study is the first to assess paradigm shifts in the initiation of pro-

phylaxis for patients with severe haemophilia A. Over the last two decades prophylaxis was 

started at an increasingly younger age (reaching a median of 1.3 years in the last birth cohort) 

and after fewer bleeds (85% of patients starting prophylaxis before the third joint bleed in the 

last birth cohort), resulting in increased use of primary prophylaxis. In the last decade, the 

regimens used showed an increasing tendency to start prophylaxis with once weekly infusions 

and lower doses per infusion. The proportion of patients on prophylaxis who used a CVAD 

however remained stable at around 40%.  

Study design

To appreciate these findings, some aspects of study design need to be discussed. Selection 

bias was avoided by including all patients from the specified birth years being diagnosed and 

treated in the participating centres only, while excluding children referred because of special 

problems or inhibitor development. As this study focused on prophylaxis initiated within the 

first 50 EDs, results should not be extrapolated to starting prophylaxis later in life. However, it 

is expected that the 38%-25% of patients without inhibitors in the first two birth cohorts and 

the 18%-7% of patients in the last two birth cohorts have started prophylaxis since. Therefore, 

limiting the window of observation to the first 50 EDs will have resulted in an underestimation 

Chapter 2
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of the overall age at starting prophylaxis and the number of bleeds incurred before prophy-

laxis, especially in the earlier cohorts. Differences between the first and last two cohorts could 

therefore be larger than presented in this study. 

Comparison with other studies- initiation of prophylaxis

The observed earlier start of prophylaxis is in line with reports in other studies [2,25-27]. Two 

different approaches to the timing of starting prophylaxis early have been described: accord-

ing to age (e.g. before the age of three years [1,11]) and according to a patient’s bleeding 

pattern (e.g. before the second [13] or third joint bleed [12]). Following these approaches, 

national guidelines and recommendations were issued in several European countries to start 

prophylaxis early [11,14,19-21,28-30], often combining criteria of both age and number of 

bleeds at the initiation of prophylaxis. The results of this study confirm that prophylaxis is not 

only increasingly started before the age of three years or before the third joint bleed, but also 

that more patients start on primary prophylaxis. Even though the term primary prophylaxis 

was already used in publications in the 1990s, PedNet was the first to formally publish a defi-

nition in 1999 [14]. The two circulating definitions have different benefits and drawbacks. The 

1999 PedNet definition uses a maximum age of two years or a maximum of 1 joint bleed, and 

therefore potentially includes patients suffering many joint bleeds before the age of two years. 

The WFH definition, on the other hand, uses a maximum age of three years and a maximum of 

1 joint bleed [7]. This makes it impossible to ‘start primary prophylaxis’ in the 21% of patients 

who had their first joint bleed after the age of three years, while still treated on-demand. The 

PedNet definitions were updated and refined in 2006 [31], specifying primary prophylaxis in 

two categories, and was therefore not used in the present analysis.

Comparison with other studies- prophylactic regimen & CVAD use

The idea to initiate prophylaxis with once weekly infusions, originated in Sweden where it was 

applied with the aim of reducing the need for CVADs [11,16]. This approach was subsequently 

adopted in several countries [17,19-21,29]. Our findings confirmed that once weekly infusions 

are increasingly used and that this strategy is now used in the majority of patients, even in 

countries without a formal protocol advising this strategy. The strategies used to subsequently 

increase prophylaxis extend beyond the first 50 EDs and have to be studied separately. 

The reported CVAD use in this study was stable over time (40% up to the age of four years). 

The two trends, starting prophylaxis earlier and starting with once weekly infusions, likely bal-

ance out and cause the stable use of CVADs. Stable CVAD use over a period of 14 years was 
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also observed in a French audit on the use of early prophylaxis [27].

The observed trend towards starting prophylaxis with low dose infusions (250 IU), especially 

in children born after 2004, might be driven by the 2007 publication on the benefits of pro-

phylaxis regarding inhibitor development and the risks of higher dosing [23], but also that 250 

IU vials became more available on the market. An early low-frequency, low-dose prophylactic 

regimen (1x/week 250 IU) in Germany reported low incidences of inhibitors [18,24]. However, 

reduction of inhibitor incidence on this regimen was not confirmed in a prospective study [32]. 

Aside from attempting to prevent inhibitor development, this trend could also be driven by 

pharmaco-economic considerations. After all, a double dose only adds one half-life of protec-

tion to the patient, which is around 9 hours in young children [33].

Future research

These findings demonstrate that it is feasible to start prophylaxis early. The next step is to ad-

dress the effects of the initial prophylactic regimens, while taking into account the subsequent 

strategies to intensify prophylaxis to reach the full protection of infusions 3x/week or every 

other day. This knowledge may be used to develop the optimum prophylactic strategy for 

preventing arthropathy. Concomitantly, this information can be used to develop a universal 

definition of primary, secondary and tertiary prophylaxis. 

In conclusion 

Publications in the late 1990s on the importance of early prophylaxis have led to a paradigm 

shift in clinical practice. Less bleeding is now accepted before the initiation of prophylaxis and 

consequently more patients are started before the third joint bleed and before three years 

of age. In addition, initial prophylactic regimens increasingly use once weekly infusions and 

smaller doses per infusion. To determine the consequences of the different regimens used to 

start prophylaxis, subsequent treatment and outcome need to be documented and analysed.
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Abstract

Introduction: To facilitate early prophylaxis, step-up regimens starting prophylaxis with infu-

sions 1x/week were introduced. Choice of initial regimen may affect outcome. This study aims 

to classify initial prophylactic regimens and compare them on short-term outcome. 

Methods: From the “European Paediatric Network for Haemophilia Management” (PedNet) 

registry, patients with severe haemophilia A without inhibitors, born 2000-2012, receiving 

prophylaxis were included. Treatment centres were classified according to the initial frequen-

cy of prophylactic infusions and the age at reaching infusions ≥3x/week. Bleeding, and Central 

Venous Access Device (CVAD) use were compared at age four years.

Results: In 21 centres with 363 patients, three regimens were identified: I) start prophylax-

is with ≥3x/week infusions before age three (full: 19% of centres, 18% of patients); II) start 

1-2x/week, increasing frequency as soon as possible (asap), reaching ≥3x/week before age 

three (43% of centres, 36% of patients); III) start 1-2x/week, increasing frequency according to 

bleeding (phenotype), reaching ≥3x/week after age three (38% of centres, 46% of patients).

Prophylaxis was started at median 1.2 years on the full and asap regimen vs 1.8 years on the 

phenotype regimen. Complete prevention of joint bleeds was most effective on the full regi-

men (32% full vs. 27% asap and 8% phenotype), though at the cost of using most CVADs (88% 

full vs. 34% asap and 22% phenotype).

Conclusion: The three prophylaxis regimens identified had different effects on early bleeding 

and CVAD use. This classification provides the first step towards establishing the optimum 

prophylactic regimen.
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Introduction

Long-term prophylaxis for severe haemophilia is used more and started at a progressively 

younger age since the 1970s [1-3]. Swedish data have shown that prophylaxis is most effective 

if started before reaching the age of three years [4] and suggested that starting at low fre-

quencies facilitates early prophylaxis and reduces the need for central venous access devices 

(CVADs) [5]. Since then different step-up regimens starting at lower frequencies (1-2x/week) 

have been introduced to facilitate early prophylaxis [6-10] and/or reduce inhibitor develop-

ment [11,12]. 

To evaluate effects of different strategies to start prophylaxis, subsequent treatment must 

be included. The common objective is progressing to 3-3.5 infusions per week to maintain 

minimum factor levels for optimum protection against bleeding. The Swedish reported good 

long-term outcome of starting prophylaxis once weekly and stepping up as soon as venous ac-

cess allows [4]. French and Canadians subsequently introduced formal protocols stepping up 

according to bleeding [6,7,10]. Where the French step up after one spontaneous joint bleed 

[7,10], the Canadians step up only after a minimum of three joint bleeds within three months 

[6]. Systematic outcome assessment was reported for the Canadian regimen only: after sev-

en years of follow-up, outcome at physical examination appeared favourable [13], but MRI 

showed structural joint changes in 50% of boys [14]. 

The optimum regimen for starting prophylaxis in young children with severe haemophilia has 

not yet been established. The aim of this study is to identify regimens used to start prophylaxis 

in European treatment centres and to compare their effect on bleeding, number of infusions, 

clotting factor consumption and CVAD use in the first four years of life.

Methods

Design and study population

The “European Paediatric Network for Haemophilia Management” (PedNet) registry provided 

data for this prospective observational cohort study. Only data from 21 centres providing fol-

low-up after the first 75 EDs were included; resulting in a cohort of 468 patients with severe 

haemophilia A (FVIII<1IU/ml), born between 01.01.2000 and 01.12.2012. The PedNet regis-

try includes full (birth) cohorts of patients, including all consecutive patients diagnosed and 

treated in each centre. Patients referred to a centre because of inhibitor development were 

excluded to avoid selection bias. All patients are treated according to their local centres’ pro-

tocol. All centres obtained local ethical approval and written informed consent was obtained 

before inclusion. Data collection for the PedNet registry was retrospective up to 2004 and 
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prospective afterwards, including formal data monitoring. More details of the design of the 

PedNet Registry have been described elsewhere [15].

Data 

Anonymised data on patients’ demographics, bleeding and treatment were collected until 

May 1st 2013. For the present analysis, patients were followed from birth until age seven or 

the last evaluation recorded. Data were censored at the development of a clinically relevant 

inhibitor.

An exposure day (ED) was defined as a calendar day during which one or more infusions of 

FVIII were given. For all factor administrations up to the 75th ED, dates, doses of infusion and 

reasons of treatment (prophylaxis, bleed, surgery, and follow-up treatment) were document-

ed. After the 75th ED, treatment and bleeding data were documented only at regular patient 

visits [15]. Dose per kg bodyweight was calculated using WHO Child Growth Standards for 0-5 

years [16] and for 5-10 years [17]. Cumulative number of factor administrations was approxi-

mated by the cumulative number of EDs. Cumulative clotting factor consumption was derived 

from the treatment data.

Prophylaxis was defined as the use of clotting factor product in the absence of bleeding, with 

regular intervals, at least once weekly, for at least two consecutive months. As start of prophy-

laxis was not explicitly specified in the CRF, data were derived from individual ED records. By 

applying the definition of prophylaxis to this data, two researchers independently assessed 

the start date, frequency and dose of prophylaxis for each patient. Discrepancies were re-

solved by discussion.

Classification of treatment regimens

The aim of this study was to identify current strategies to start prophylaxis. At starting prophy-

laxis the paediatrician balances bleeding risk, venous access problems and treatment accep-

tance of patient and parents. The first decision is to start with once weekly infusions or more 

frequently; and if starting once weekly, when to increase the frequency of prophylactic infu-

sions. In intensifying prophylaxis from 1 to 3-3.5x/week, two approaches are taken: escalation 

of frequency as soon as possible, or based on individual bleeding phenotype. 

Each paediatrician has a preferred strategy, but in clinical practice starting prophylaxis is deter-

mined both by the preferred treatment strategy as well as patient characteristics: e.g. heavy 

bleeders generally step up to full prophylaxis earlier. Analysing regimens at patient level would 

therefore introduce selection bias (confounding by indication): heavy bleeders would be over-
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represented in more stringent regimens. Instead, prophylactic strategies were classified at 

centre level, including full cohorts of patients with different bleeding phenotypes. For each 

centre the most prevalent regimen was determined by calculating the median initial frequen-

cy, and median age at reaching prophylaxis with 3-3.5 infusions per week. Based on these two 

values, each centre was categorised. The age of three years was used as a cut-off in reaching 

prophylaxis with 3-3.5 infusions/week, as it has been established that starting prophylaxis be-

fore the age of three years is most effective in preventing arthropathy [4].

Data analysis

Data were analysed only if prophylaxis was started before seven years of age. Simple descrip-

tive analyses were performed for prophylactic regimen characteristics, including percentages, 

median values and interquartile ranges. Strategies were compared using the Kruskal-Wallis test 

for medians or Fischer’s Exact test for proportions. Effects on cumulative numbers of bleeds 

were analysed using univariable regression analysis with a negative binomial distribution and 

a log-linear link function [18]. To account for differences in follow-up, Kaplan Meier survival 

analysis was used to calculate cumulative incidences of reaching ≥3 infusions per week and 

CVAD use. The survival curves were compared using the log-rank test. A P-value of <0.05 was 

considered statistically significant and all reported P-values are two-sided. 

Results

Patients

The PedNet registry contained data on 468 patients with severe haemophilia A, born 

01.01.2000 to 01.12.2012. Details on inclusion and exclusion are shown in Figure 1. Out of 

468 patients, 20 patients were excluded for not having data on exposure days. Of the 448 

remaining patients, 363 started prophylaxis before the age of seven years and in the absence 

of inhibitory antibodies. One patient started prophylaxis at 9.4 years only. The 26 patients 

who did not start prophylaxis, nor developed an inhibitor, were median 3.1 years at the end 

of follow-up (IQR 0.6-4.2).
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Prophylactic regimens

At centre level, three regimens were identified based on the strategy used in the majority of 

patients (Figure 2): 

I) starting prophylaxis with ≥3x/week infusions before three years of age (full); 

II) starting prophylaxis 1-2x/week and stepping up as soon as possible, reaching ≥3x/week 

before three years of age (asap); 

III) starting prophylaxis 1-2x/week and stepping up according to bleeding, reaching ≥3x/week 

usually after three years of age (phenotype). 

No centres started prophylaxis with ≥3x/week infusions after three years of age.

 

Figure 2. Prophylactic treatment decisions and corresponding strategies.

Figure 1. Inclusion flow chart.
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Out of the 21 centres, 4 centres (66 patients) applied the full regimen. The other 17 centres 

started prophylaxis at lower frequencies (1-2x/week): 9 centres (130 patients) applied the 

asap regimen and 8 centres (167 patients) applied the phenotype regimen. Patient and treat-

ment characteristics according to regimens are presented in Table 1. Median age at first treat-

ment was similar across all regimens (P=0.49). 

Table 1. Patient and treatment characteristics according to prophylactic strategies.

Start of prophylaxis

At starting prophylaxis, the predominant frequency of the specified regimen was followed by 

83-86% of patients only. These data reflect the clinical reality of starting prophylaxis. Even in 

a centre usually starting 1x/week, heavy bleeders would generally step up to full prophylaxis 

earlier, whereas in a centre usually starting 3x/week, some patients may refuse frequent infu-

sions or venous access may be limiting. 

While the full and asap regimens started prophylaxis at a similar age, patients on the pheno-

type regimen were the last to start prophylaxis at a median age of 1.7 years (P<0.01). The ma-

jority of patients first started prophylaxis before the age of 3 years: 92%, 96% and 84% in the 

Values are numbers, proportions, medians (IQR) and P-values across strategies.
* Due to clinical circumstances not all patients in a centre started prophylaxis according to the local regimen.

Prophylactic strategy FULL
Full prophylaxis

ASAP
As soon as possible

PHENOTYPE
According to 

bleeding

P-value 
across strategies 

Number of centres (%) 4 (19%) 9 (43%) 8 (38%) -

Number of patients on 
prophylaxis (%)

66 (18%) 130 (36%) 167 (46%) -

Age at 1st treatment (years) 0.8 (0.3-1.1) 0.9 (0.6-1.1) 0.8 (0.5-1.1) 0.49

At starting prophylaxis

   Age (years) 1.3 (0.9-1.8) 1.2 (0.9-1.5) 1.7 (1.2-2.6) <0.01

   Frequency 1x/week (%) 9%* 49% 55% <0.01

   Frequency 2x/week (%) 8%* 35% 31% <0.01

   Frequency ≥3x/week (%) 83% 16%* 14%* <0.01

   Infusion dose (IU/kg) 52 (40-87) 46 (28-51) 41 (32-48) <0.01

At reaching ≥3x/week

   Age (years) 1.3 (0.9-1.8) 1.8 (1.2-3.1) 3.9 (2.3-6.0) <0.01

   Time to reach ≥3x/week   
   since starting (years)

0.0 (0.0-0.0) 0.4 (0.1-1.9) 1.6 (0.2-3.8) <0.01

   Infusion dose (IU/kg) 51 (39-88) 34 (24-47) 29 (23-37) <0.01
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full, asap and phenotype regimen respectively (P<0.01). All regimens started prophylaxis with 

a median dose of 500 IU per infusion. Although statistically significant, differences in median 

infusion dose/kg were small and considered clinically insignificant (P<0.01).

Reaching ≥3x/week

The age at reaching ≥3x/week prophylaxis varied significantly across the three regimens (Fig-

ure 3a; P<0.01). At the age of four years, 87% of patients on the full regimen had reached 

prophylaxis ≥3x/week, compared to 65% and 38% on the asap and phenotype regimens. Com-

pared to the full regimen, patients on the asap regimen reached ≥3x/week 0.5 years later and 

those on the phenotype regimen 2.6 years later (Table 1). Concurrently, patients on the asap 

regimen reached ≥3x/week within six months after starting prophylaxis, while patients on the 

phenotype regimen took more than 1.5 years (P<0.01). All regimens still used a median dose 

of 500 IU per infusion at reaching ≥3x/week. As patients on asap and phenotype regimens 

were older at the time, their dose/kg/infusion was significantly lower (P<0.01). 

CVAD use

Figure 3b shows that the majority of patients (88%) on the full regimen were using CVADs to 

start prophylaxis ≥3x/week, versus 27% in regimens starting at lower frequencies (34% on 

asap and 22% on phenotype; P<0.01). Most CVADs were implanted before three years of age. 

On the asap and phenotype regimens, the proportions requiring CVAD implantation were sim-

ilar when starting prophylaxis in the first 1.5 years of life (40%), versus 97% on the full regimen. 

After CVAD implantation, 54% of patients on asap and phenotype regimens did not directly 

step up to ≥3x/week. 
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Prophylaxis ≥3x/week

Figure 3. Cumulative incidence of (a) reaching ≥3x/week and  (b) central venous access device (CVAD) use ac-
cording to regimen. The Kaplan Meier one minus survival function estimates cumulative incidences, adjusted 
for inhibitor development and incomplete follow-up.
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Bleeding

Bleeding and treatment up to age four years according to prophylactic strategy is shown in 

Table 2. Only on the asap regimen, the majority of patients started prophylaxis before the on-

set of joint bleeding, while patients on the full and phenotype regimens experienced a median 

of one joint bleed before starting prophylaxis (P<0.01). Starting prophylaxis before the third 

joint bleed was achieved in 89% of patients on the full regimen and 93% of patients on the 

asap regimen, but only in 68% of patients on the phenotype regimen (P<0.01).

By four years of age, life-time joint bleeding history was similar for the full and asap regimens: 

patients on both regimens had experienced median 1 joint bleed and around 30% still had suf-

fered no joint bleeds. By then, patients on the phenotype regimen had experienced more joint 

bleeds: median 3 joint bleeds and only 14/167 (8%) patients had never suffered joint bleeds. 

Differences in bleeding in the period between starting prophylaxis and reaching ≥3x/week 

were pronounced: 64% of patients on the asap regimen had not experienced a joint bleed 

between starting prophylaxis and reaching ≥3x/week, compared to 31% on the phenotype 

regimen (P<0.01). On the full and asap regimens, no additional joint bleeds occurred in the 

median 2.5 years between reaching ≥3x/week and four years of age (median 0 joint bleeds, 

IQR 0-0.5), showing that ≥3x/week prophylaxis offers good protection against joint bleeds. 

The majority (25 out of 26) of intracranial bleeds in the 363 study patients occurred before 

starting prophylaxis. Only one intracranial bleed occurred in a patient on once weekly pro-

phylaxis at 3,8 years of age who did not follow the regular protocol in a centre using the asap 

regimen. This bleed prompted immediate stepping-up to infusions every other day. Overall, 

the proportion of intracranial bleeds and the age at which they occurred were similar across 

the three prophylactic regimens. No other potentially life-threatening bleeds were observed 

in the cohort. 

Factor administrations and consumption

At the age of four years, the cumulative number of infusions received was close to 400 for both 

the full and asap regimens, while significantly lower on the phenotype regimen (223; P<0.01). 

Concurrently, the total clotting factor consumption at age four years was around 174000 IU on 

the full and asap regimens and about half of that on the phenotype regimen (P<0.01). 
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Table 2. Bleeding and treatment up to age 4 years according to prophylactic strategy.

Discussion

Principal findings

Three different regimens for starting prophylaxis were identified in European centres: starting 

with ≥3x/week before the age of three years (full), starting prophylaxis with lower frequencies 

(1-2x/week) and stepping up to ≥3x/week before the age of three years (as soon as possible: 

asap) or later (according to patient’s bleeding phenotype). 

Full and asap regimens showed similar bleeding and treatment intensity. However, patients 

on the asap regimen reached ≥3x/week six months later and used much less CVADs (88% vs. 

34%). Patients on the phenotype regimen reached ≥3x/week last and experienced two addi-

tional joint bleeds at age four years, but needed fewer CVADs (22%) and infusions.

Internal and external validity

Analyses were based on the high-quality detailed database from the repeatedly checked and 

monitored PedNet registry; data on exposure days was missing in 4% only [15]. Start of pro-

phylaxis was easy to assess, as it generally occurred within the first 75 EDs that were docu-

Values are numbers, proportions, medians (IQR) and P-values across strategies.
ICHs, intracranial haemorrhages.

Prophylactic strategy FULL
Full prophylaxis

ASAP
As soon as possible

PHENOTYPE
According to 

bleeding

P-value 
across strategies 

Number of patients 66 130 167

Before starting prophylaxis

  Cumulative number of 
  joint bleeds

1 (0-1) 0 (0-1) 1 (1-3) <0.01

  Without joint bleeds (%) 42% 65% 20% <0.01

  Number of ICHs
  (% of all patients)

8 (10%) 7 (5%) 10 (5%) 0.22

At four years of age

   Cumulative number of 
   joint bleeds

1 (0-2) 1 (1-3) 3 (1-5) <0.01

   Without joint bleeds (%) 32% 27% 8% <0.01

   Cumulative number of  
   infusions

360 (186-500) 402 (275-496) 223 (119-343) <0.01

   Cumulative clotting factor 
   consumption (in 1000IU)

177 (72-340) 172 (109-238) 90 (53-149) <0.01
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mented in detail. Follow-up of outcome data on bleeding, number of infusions and clotting 

factor consumption was limited to age four years, as it was available for the majority of pa-

tients and by then most patients had reached prophylaxis ≥3x/week. 

The classification of regimens at centre level is an essential part of this study. Selection bias 

(confounding by indication) was avoided by analysing strategies at centre level, including full 

cohorts of patients with different phenotypes. 

The classification of prophylactic regimens was based on published data showing the strong 

independent effect of age at starting prophylaxis on outcome [4,19]. Differences between cen-

tres, other than prophylaxis start regimen, may affect outcome, but are unlikely to be the main 

driver of differences between regimens. 

The classification was verified with the treating physicians at the centres. Although few cen-

tres have formal protocols, all treating physicians agreed with the classification of their pro-

phylactic strategy.

These data represent treatment in countries with good access to treatment and medical care 

and no restrictions in clotting factor consumption only. It is likely that prophylactic treatment 

strategies, including the introduction of prophylaxis, are different elsewhere.

Other studies

Most information on effective prophylaxis is available on starting prophylaxis before age three 

years or before the third joint bleed [4,19]. This is reflected in current clinical practice: all three 

regimens generally started prophylaxis before the age of three years and before the third joint 

bleed. However, to improve prophylactic treatment, it is important to study outcome of differ-

ent regimens beyond the initiation phase of prophylaxis.

The full regimen can be compared to the randomized trials of the Joint Outcome Study (n=32) 

[20] and the ESPRIT study (n=21) [21] which started prophylaxis with 3-3.5x/week. However, 

as they started prophylaxis at older ages than those on the full regimen in this study, outcome 

cannot be compared.

The asap regimen originated in Sweden in the 1990s. Outcome of Swedish patients starting 

prophylaxis before the age of three years is good [4,22]. The UK guideline suggests the use of 

the asap regimen [23], unfortunately outcome data is unavailable.

The phenotype regimen may be compared to the Canadian tailored prophylaxis [6] and French 

national guidelines [7,10] which increase frequency of prophylactic infusions according to 

bleeding criteria. However, French outcome data is unavailable and evaluation of clinical prac-

tice in France suggested prophylaxis was actually escalated as soon as possible [24]. Outcome 

on the Canadian step-up protocol showed reason for concern: after seven years of follow-up 
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most boys had osteochondral and soft-tissue changes in joints on MRI evaluation [14]. How-

ever, the Canadian protocol is much less intensive than the phenotype regimen in PedNet: 

step up criteria are more lenient and prophylaxis ≥3x/week is reached a median age of 9.7 

years only, compared to 3.9 years for the phenotype regimen.

To ‘train the vein’ and avoid CVAD use was the original aim of starting prophylaxis with once 

weekly infusions, but data on CVAD use in Sweden were not reported [4,5]. The current study 

effectively established that step-up regimens lowered CVAD use from 88% to 27%. As the 

majority of patients using CVADs on asap and phenotype regimens did not directly switch 

to ≥3x/week after implantation, avoiding CVAD use was not the only reason to start at lower 

frequencies. Introducing prophylaxis at lower frequencies is also thought to increase patients’ 

and parents’ acceptance of treatment [25]. 

Clinical implications

To move towards more optimal treatment strategies, it is important to assess regimens used in 

clinical practice. The data presented provide extensive experience in starting early prophylaxis 

for severe haemophilia A. Comparing short-term benefits and burden across regimens, the 

asap regimen seems to provide the best of both worlds: low CVAD use, less stressful start of 

prophylaxis and no additional bleeding compared to the full regimen by the age of four years. 

At that age, patients on the phenotype regimen incurred less infusions, however at the cost 

of two additional joint bleeds. The key question is whether these additional bleeds result in 

differences in joint outcome and at what age such differences become apparent at physical 

examination (HJHS) or imaging (ultrasound, MRI, X-rays). The next important step is to system-

atically assess long-term outcome using tools that are sensitive to early joint changes. 

Conclusion

Three prophylactic regimens were identified based on the frequency at start of prophylaxis 

(1-2x/week vs ≥3x/week) and age at reaching ≥3x/week (before vs after age three years). Regi-

mens starting prophylaxis at lower frequencies were associated with reduced CVAD use (27% 

vs 88%). Starting at lower frequencies and subsequently stepping up to ≥3x/week according 

to bleeding, resulted in about 50% reduction of infusions and clotting factor consumption, but 

also two additional joint bleeds at the age of four years. To identify the optimum prophylactic 

regimen more information on the long-term outcome of different regimens, including the ad-

ditional risk of early joint bleeding, is needed.
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Abstract

Introduction: Haemophilia Joint Health Score (HJHS) is the most sensitive validated score for 

physical examination of joint health in haemophilia. HJHS performed at regular intervals can 

be used for clinical monitoring as well as for comparative outcomes research. 

Aim: to determine whether routinely collected HJHS could be used to compare outcome of 

three different prophylactic regimens in children with severe haemophilia A (primary) and 

which parameters caused variability in HJHS (secondary).

Methods: International retrospective observational multi-centre study comparing routine 

HJHS in 127 children with severe haemophilia A born 1995-2009, from London, Stockholm 

and Utrecht centres. Patient and treatment data were collected from the PedNet registry and 

patient files. The independent effects of regimens, physiotherapists, age, and inhibitor status 

on HJHS were explored using multivariable regression analysis.

Results: Prophylaxis varied across participating centres, with differences in initial frequency 

of infusions (1x/week vs. 3x/week), age at reaching infusions ≥3x/week, and dose/kg/week 

at HJHS assessment. Evaluation at median age of 11 years showed an illogical association of 

HJHS with treatment regimen: the least intensive regimen had the lowest HJHS. The HJHS 

increased with age and history of inhibitor, as expected (internal validity). But the compari-

son of prophylactic regimens was obscured by systematic differences in assessment, between 

physiotherapists, both within and between centres.

Conclusion: Inter-physiotherapist discrepancies in routine HJHS hamper comparison of scores 

between treatment regimens. For multi-centre research, additional inter-observer standardi-

sation for HJHS scoring is needed.
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Introduction

Several centres have adopted the Haemophilia Joint Health Score (HJHS) for routine monitor-

ing of joint status in children with severe haemophilia. It is the most sensitive validated score 

for physical examination of joint health in haemophilia [1,2]. The HJHS increases with the cu-

mulative number of bleeds and age [3-5]. 

Whereas the HJHS is increasingly used in single centre reports of outcome [3,6-11], it has only 

been used in two international comparative studies, in which HJHS physiotherapists joined a 

standardisation session before starting [12] or HJHS was scored by a single observer [5].

It has been established that the initiation of prophylaxis has a strong effect on the develop-

ment of arthropathy [13,14]. Previously, in centres participating in the “European Paediatric 

Network for Haemophilia Management” (PedNet) registry, three different regimens for start-

ing prophylaxis were identified by their median initial frequency, and median age at reaching 

prophylaxis with 3-3.5 infusions per week [15]: (I) ‘full’ regimen: start with ≥3x/week infusions; 

and two regimens starting with infusions 1-2x/week and stepping up to ≥3x/week as soon as 

possible (II: ‘asap’), or according to bleeding (III: ‘phenotype’). By 4 years of age, patients on 

the ‘phenotype’ regimen had suffered more joint bleeding compared to patients on the ‘full’ 

and ‘asap’ regimens: median 3 vs. 1 joint bleed and 8% vs. 30% without any joint bleeding [15]. 

Subsequent treatment was not reported. It is well known that joint damage due to (subclini-

cal) bleeding into joints only manifests itself over time. The question is: do the differences in 

early bleeding and subsequent treatment result in differences in long-term joint health? To 

adequately compare the different prophylactic regimens, information on long-term outcome 

is needed. As certain PedNet centres routinely assess HJHS in all paediatric patients, this data 

provides a unique opportunity to study the effects of different regimens of prophylaxis.

The aim of this international pilot study was to determine whether routinely collected HJHS 

could be used to compare prophylactic regimens in children with severe haemophilia A and 

which parameters caused variability in HJHS.

Methods

Study population

The study population consisted of all children with severe haemophilia A, born 1995-2009 

with HJHS available in three haemophilia treatment centres that routinely measure HJHS as 

part of their clinical practice: Great Ormond Street in London, Paediatric Department of Co-

agulation Disorders at Karolinska University Hospital in Stockholm and Van Creveldkliniek in 

Utrecht. Each centre started prophylaxis with a different regimen [15]: London applied the 
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‘full’ regimen, Stockholm the ‘asap’ regimen, and Utrecht the ‘phenotype’ regimen.

Patients with a history of inhibitors were included as an important subgroup, as they have 

likely had increased bleeding and therefore an increased risk of arthropathy. To avoid inclu-

sion of patients with a transient increase in scores, data on patients with (suspected) clinical 

synovitis, a recent bleed or trauma (within two weeks prior to evaluation) were excluded. No 

patients had reported bleeding in the 2 weeks before assessment: one patient had a bleed one 

month prior to evaluation and another had twisted his ankle a few months before evaluation. 

Data collection

Diagnosis, date of birth, prophylactic treatment data (excluding details of immune tolerance 

induction), inhibitor history, onset of joint bleeding, cumulative number of joint bleeds in the 

last five years, and circumstances causing a transient increase in HJHS were collected from 

patient files. Data on treatment and joint bleeds for patients born 2000-2009 were extracted 

from PedNet; for patients born 1995-2000 this data was collected from the patient files using 

standard case report forms. Joint bleeds were extracted from patient diaries, and defined as 

any complaint in a joint, characterized by any pain, swelling and/or restriction of function, re-

quiring treatment [16]. Inhibitor development was defined as at least two consecutive positive 

inhibitor titres and a FVIII recovery <66% of expected. Long-standing inhibitors lasted ≥1 year, 

short-standing inhibitors lasted <12 months [16]. 

For each patient a single HJHS assessment (date, scores) was collected. The most recent rou-

tine assessment was selected. At each centre HJHS (version 2.1) was performed by one of two 

senior paediatric physiotherapists during scheduled visits to the clinic. Although all physio-

therapists had full access to the HJHS instruction manual and DVD, pre-study training varied 

considerably. The UK physiotherapists (MB and NH) participated in a formal day-long HJHS 

training workshop conducted by P. Hilliard and N. Zourikian, co-developers of the HJHS [2]. 

They regularly assess patients together and/or discuss the assessments between each other. 

In contrast, the Dutch and Swedish senior physiotherapists (JN and B.M. Bergstrom) offered 

their respective colleagues (BB and MP) informal HJHS training on the job. The Swedish senior 

physiotherapist B.M. Bergstrom was one of the co-developers of the HJHS, but did not fully 

participate in the discussions, clarifications and update process of HJHS’s current version 2.1. 

The Dutch physiotherapist JN is the co-chair of the IPSG physiotherapy group and participated 

in the HJHS validation study [1]. Both Dutch paediatric physiotherapists (JN, BB) only per-

formed annual assessments but were not part of the regular haemophilia treatment team.

Chapter 4
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Data analysis

HJHS was evaluated at patient level (total score), and at the sub-score level of global gait. As 

many parameters had a skewed distribution, all parameters were presented as medians and 

interquartile ranges (IQR). Annual joint bleed rates were calculated from the cumulative num-

ber of bleeds five years preceding evaluation. When comparing scores on different patients 

at group level, only differences larger than the inter-observer variation, expressed as limits 

of agreement [17], represent clinically significant group differences. Inter-observer limits of 

agreement reported for the HJHS 2.1 were ± 6.4 points in haemophilia patients aged 14–30 

years [18] and ±9.6 points in children aged 4-17 years [19,20]. To determine the proportion 

of clinically abnormal HJHS scores, the proportion of scores higher than the minimal inter-

observer limits of agreement of 6 points was calculated. Differences in patient- and treatment 

characteristics between centres were compared using the non-parametric Kruskal-Wallis for 

continuous variables and Fisher’s Exact Test for categorical variables. Differences in HJHS by 

centre, age, inhibitor status and physiotherapist were analysed both with univariable and mul-

tivariate regression using a Poisson distribution and log-linear link function. All data were ana-

lysed using IBM® SPSS® Statistics version 20.

Results

Patients

Out of 155 patients with HJHS measurements, scores of 12 patients were excluded due to sy-

novitis (n=2), trauma (n=3) or a bleed (n=7) in the two weeks prior to evaluation. Data on 143 

patients were analysed: 60 from London, 29 from Stockholm and 54 from Utrecht.

Regimens

Initial prophylactic regimens were significantly different between centres (Table 1) and consis-

tent with regimens previously identified [15]: patients in London were on the most intensive 

prophylaxis regimen, starting prophylaxis at least three times weekly at young age (median 

1.7 years). In Stockholm and Utrecht patients started prophylaxis with once weekly infusions; 

starting at a younger age in Stockholm than in Utrecht (median 1.3 vs. 2.1 years). While in 

Stockholm patients reached ≥3x/week before the age of three years, Utrecht patients reached 

≥3x/week after three years of age. Differences in median weekly dose of prophylaxis at HJHS 

assessment were consistent with the intensity of the initial prophylactic regimens, with Lon-

don using the highest and Utrecht the lowest weekly dose.
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Patient characteristics

Patients were evaluated at approximately 11 years in all three centres (range 4-18 years). The 

proportion of patients with a history of inhibitors varied from 17% to 28%, but was not signifi-

cantly different across centres/regimens (P=1.00). Median joint bleed frequencies in the last 

five years were low, but significantly higher in patients from Utrecht where the prophylactic 

regimen was least intensive (P<0.01). 

Table 1. Regimen and patient characteristics, and HJHS per centre.

Values are numbers, proportions or medians (IQR).
HJHS, Haemophilia Joint Health Score; NA, not applicable; IQR, interquartile range.
* ‘full’ regimen: start ≥3 infusions per week before 3 years of age; ‘asap’ regimen: start 1-2 infusions per week 
and stepping up to ≥3x per week as soon as possible, before median age 3 years; ‘phenotype’ regimen: start 1-2 
infusions per week and stepping up to ≥3x per week according to bleeding, after median age 3 years.
† Log-linear regression with Poisson distribution, adjusted for age at HJHS measurement.

Centre London Stockholm Utrecht P-value

Patients (n, included + excluded) 62 (60 + 2) 34 (29 + 5) 59 (54 + 5) NA

Regimen characteristics full* asap* phenotype*

    Initial frequency of  
prophylactic infusions (/week)

3 (3-3) 1 (1-1) 1 (1-3) <0.01

    Age at start of prophylaxis (years) 1.7 (1.0-2.5) 1.3 (1.0-1.5) 2.1 (1.4-3.3) <0.01

   Age at reaching ≥3x/week (years) 1.7 (1.0-3.1) 2.6 (2.0-3.7) 3.3 (2.2-4.5) <0.01

   Weekly dose of prophylaxis at  
   evaluation (IU/kg/week)

140 (110-166) 102 (77-119) 63 (54-78) <0.01

Patient characteristics

   Age at evaluation (years) 10.8 (8.1-14.0) 10.9 (9.0-14.1) 11.7 (8.7-14.2) 0.65

   History of inhibitors (%) 17% 28% 28% 1.00

   Joint bleeds (/year) 0.4 (0.2-0.8) 0.6 (0.2-1.0) 1.0 (0.4-1.6) <0.01

HJHS

   Physiotherapist (PT1 vs. PT 2 in %) 80% / 20% 59% / 41% 78% / 22% 0.09

   HJHS total score (0-124) 1 (0-5) 3 (2-8) 0 (0-1) <0.01†

   With HJHS total score > 6 (%) 17% 35% 2% <0.01

   Global gait sub score (0-4) 1 (0-2) 0 (0-1) 0 (0-0) <0.01

   Global gait sub score > 0 (%) 53% 32% 6% <0.01

Chapter 4
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HJHS on detecting differences

In London and Utrecht one physiotherapist assessed the majority of children, while in Stock-

holm assessments were almost equally divided between two physiotherapists. HJHS scores 

did not show a consistent association with treatment strategy: patients on the least intensive 

‘phenotype’ regimen in Utrecht had the lowest HJHS. At the same time, patients on the me-

dium intensive ‘asap’ regimen in Stockholm started prophylaxis first, yet had the highest over-

all HJHS. This inconsistency remained when considering the proportion of clinically abnormal 

HJHS scores (i.e. total score >6 points): only 2% in Utrecht, versus 35% in Stockholm and 17% 

in London. When assessing the HJHS sub score on global gait (range 0-4), a different ranking 

appeared, yet still inconsistent with treatment strategy: Utrecht still scored lowest (6% with a 

global gait score>0), while London scored highest (53% with a global gait score>0).

Table 2 shows univariable (crude) and multivariable (adjusted) regression analysis for determi-

nants of HJHS total scores. As joint damage is dependent on the cumulative number of joint 

bleeds [21], HJHS is expected to increase with age and long-standing inhibitor status. This was 

confirmed both in univariable and multivariable regression analysis, although statistical signifi-

cance was not reached for inhibitor status in multivariable regression (P=0.43; most likely due 

to low patient numbers). In univariable regression analysis, Stockholm patients (on the ‘asap’ 

regimen) scored higher and Utrecht patients (‘phenotype’ regimen) scored lower than London 

patients (‘full’ regimen). In addition, significant differences were observed in HJHS total scores 

between physiotherapists from Utrecht and Stockholm. After adjustment for age, inhibitor 

status and physiotherapist, Utrecht patients still scored lowest, while London and Stockholm 

patients scored similarly. Multivariate regression showed that scoring differences between the 

Stockholm physiotherapists have, at least partially, attributed to the differences in HJHS total 

scores between the London and Stockholm centres. Only in London physiotherapists seemed 

to score patients similarly, independent of other factors affecting HJHS.
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Table 2. Univariable and multivariate regression analysis for determinants of HJHS total scores.

 

Discussion

Principal findings

Three different prophylactic regimens were compared using routinely administered HJHS. 

HJHS scores were low across regimens and did not show a consistent association with treat-

ment strategy: the least intensive regimen had the lowest HJHS scores. The sensitivity of the 

HJHS for age and inhibitor status was confirmed. Systematic differences (independent of age, 

inhibitor status and treatment strategy) were found between physiotherapists within and be-

tween centres. This inter-observer variability obscured potential differences in HJHS between 

the three early prophylactic regimens.

Source of inconsistent findings

Why did we find an inconsistent association between HJHS and early prophylactic regimens? 

Most likely this was caused by observer bias: there were structural scoring differences be-

tween physiotherapists. Differences in HJHS training and experience of the physiotherapists 

Patients 
(n)

Crude exp(B) 
(95% CI)

P-value Adjusted exp(B)*
(95% CI)

P-value

Age 143 1.1 (1.1-1.1) <0.01 1.1 (1.1-1.2) <0.01

Inhibitors

  Non-inhibitors, short inhibitors 129 1 1

  Long-standing inhibitors 14 1.4 (1.1-1.9) 0.02 1.1 (0.8-1.5) 0.43

Centre (regimen)

  London (‘full’) 60 1 1

  Stockholm (‘asap’) 29 1.6 (1.3-2.0) <0.01 1.0 (0.7-1.3) 0.76

  Utrecht (‘phenotype’) 54 0.3 (0.2-0.4) <0.01 0.2 (0.1-0.3) <0.01

Physiotherapists

  London 1 48 1 1

  London 2 12 1.0 (0.7-1.4) 0.91 1.3 (0.9-1.8) † 0.20

  Stockholm 1 17 1.1 (0.8-1.5) 0.42 1

  Stockholm 2 12 2.2 (1.7-2.9) <0.01 3.0 (2.1-4.2) † <0.01

  Utrecht 1 42 0.2 (0.1-0.3) <0.01 1

  Utrecht 2 12 0.5 (0.3-0.8) <0.01 2.3 (1.2-4.1) † 0.01

HJHS, Haemophilia Joint Health Score; CI, confidence interval.
* Adjusted for age, inhibitor status, centre, and physiotherapist.
† In multivariate regression physiotherapists were compared within centres only.
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may have induced this bias. UK physiotherapists were trained by the Toronto team in a day-

long workshop, while Dutch and Swedish senior physiotherapists trained their respective col-

leagues. As opposed to the UK physiotherapists, the Dutch and Swedish senior physiothera-

pists both participated in the development of the HJHS. Stockholm’s senior physiotherapist 

however, did not fully participate in the development of the latest HJHS version 2.1. Even if 

the changes in the HJHS were limited, this may have contributed to the observed differences. 

Moreover, full access to the HJHS instruction manuals and DVD to all physiotherapists did not 

guarantee equal use of these materials, nor similar interpretation of its contents. It is pos-

sible that regularly assessing and discussing patients together helped keeping the scores of 

London physiotherapists consistent and calibrated. On the other hand, structural differences 

in prior knowledge of the patient (history) could have introduced additional bias as well: e.g. 

an observer involved in routine patient care would be more focussed on a joint with a recent 

problem. In contrast to the setting in Stockholm and London, the two physiotherapists from 

Utrecht were not involved in routine patient care and only saw patients during their annual 

check-up, perhaps contributing to lower scores in Utrecht patients.

In addition to the observer bias, the lack of a clear trend in HJHS across different regimens may 

be explained by the fact that the regimens were similar or that differences in outcome at age 

11 were too small to be detected. However, our results clearly show that the regimens were 

different, at initiation as well as evaluation. Nevertheless, patients may have been too young 

to detect differences in outcome across/between regimens. In patients on the most intensive 

regimen (‘full’ regimen) joint changes measured by HJHS only appeared after the age of 13 

years [3]. In patients treated on-demand, HJHS was already increased before the age of 10 

years, and afterwards significant worsening of HJHS was observed [6]. It therefore seems likely 

that larger differences between treatment groups, such as when comparing prophylaxis and 

on-demand treatment [5,22], would have been picked up despite inter-observer variability.

Differences between physiotherapists within one centre may be caused by a different case 

mix, i.e. if one physiotherapist scored the more problematic patients, but would not introduce 

differences between centres. A case mix problem across centres seems unlikely, as all centres 

measure HJHS at least once a year as part of routine clinical practice. Nevertheless, it is sug-

gested that Stockholm patients may be more motivated to see the physiotherapist in case of 

problems. 

Differences in adherence could have attributed to differences in HJHS scores as well. Unfortu-

nately this potential source of bias cannot be addressed, as we have no data on adherence to 

the regimes in the three centres. However, adherence is generally high in paediatric patients, 
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and we have no indication that there are differences in adherence between the centres.

Furthermore, a problem with the HJHS itself seems unlikely. The HJHS is a validated tool and 

showed a consistent association between joint damage due to age and a positive history of 

inhibitors against FVIII in this data set. 

Inter-observer variation

How much difference is true difference? Only differences of more than 6 points between 

treatment groups are clinically significant, as inter-observer limits of agreement for the HJHS 

2.1 were at least ± 6.4 points [18-20]. Differences in median HJHS scores between the three 

centres in this study were 3 points and did therefore not reflect significant differences be-

tween centres, even if results had been consistent with treatment strategies. When consid-

ering proportions of patients with HJHS scores above 6 points only, findings were still not 

consistent with treatment intensity. In addition, statistically significant differences between 

physiotherapists within centres interfered with the interpretation of the data. It is expected 

that assessment of all patients by a single physiotherapist or a joint standardisation session 

including all physiotherapists would reduce variation in assessment within the centres; this 

may change the results of the present comparison. 

Unfortunately the source of differences between physiotherapists’ HJHS assessments cannot 

be studied in this pilot study, as each patient was assessed by one physiotherapist only. The 

aim was not to study the reliability of the HJHS, but to assess if the HJHS, collected as part 

of routine clinical practice, could be used to compare treatment strategies between centres.

Clinical implications and conclusion

Large inter-centre and inter-physiotherapist discrepancies in routine HJHS assessment biased 

the comparison of scores between different treatment strategies. These data suggest that 

routinely collected HJHS data can only be used to monitor patients’ joint status over time or 

to compare patients within centres and maybe even per physiotherapist. To be able to con-

duct research with HJHS in a multi-centre setting, prior standardisation and testing for inter-

observer agreement of the HJHS assessment is warranted.
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Abstract

Introduction: Early initiation of prophylaxis in severe haemophilia is critical for effective pre-

vention of arthropathy. However, the optimum time for starting prophylaxis has not been es-

tablished yet. 

Aim: This study assessed long-term effects of age at starting prophylaxis and joint bleeding 

before prophylaxis on haemophilic arthropathy.

Methods: In patients with severe haemophilia (FVIII/IX <0.01 IU/ml), born between 1965 and 

2000, haemophilic arthropathy was evaluated on X-rays. Patient groups were compared by 

multivariable regression analysis, adjusted for bleeding phenotype and lifetime intensity of 

prophylaxis.

Results: 124 Patients were evaluated at a median age of 22 years. When comparing patients 

according to age at starting prophylaxis, starting before age 6 years was significantly better 

than starting later (P<0.01), but no additional benefit of starting before age 3 years was dem-

onstrated. The number of joint bleeds before prophylaxis had a stronger association with 

arthropathy than age at starting prophylaxis. Starting prophylaxis before the onset of joint 

bleeding resulted in the best long-term outcome (P≤0.02); starting after one joint bleed ap-

peared to have acceptable long-term outcome. The difference between starting after 0-1 and 

2-5 joint bleeds was notable, but statistical significance was not reached (P=0.15).

Conclusion: Future research with more patients on early prophylaxis will have to clarify wheth-

er starting prophylaxis before joint bleeding is superior.
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Introduction

The main objective of prophylaxis with clotting factor VIII/IX (FVIII/FIX) in children with severe 

haemophilia (FVIII/FIX<0.01 IU/ml) is the prevention of joint bleeds and subsequent haemo-

philic arthropathy [1–3]. Early initiation of prophylaxis proved to be critical for effective pre-

vention of arthropathy [2, 4] and consequently prophylaxis has been started at an increas-

ingly younger age and after fewer (joint) bleeds [5]. However, the optimum time for starting 

prophylaxis in young children with severe haemophilia has not yet been established. While 

some advocate starting prophylaxis before the age of three years [6, 7], others suggest starting 

before joint bleeding or after the first or second joint bleed [8–10].

Prophylaxis in very young children is often hampered by problematic venous access. Central 

venous access devices (CVADs) can provide an alternative route of infusion, but require costly 

surgery and are associated with a considerable risk of infections and thrombotic complications 

[11]. As bleeding patterns vary among patients with severe haemophilia, CVAD use can be 

minimized by initiating prophylaxis based on individual bleeding phenotype [12].

In clinical practice the need for frequent infusions and problems with venous access compete 

for dominance in starting prophylaxis. To choose the optimum time of starting prophylaxis 

more information is needed, specifically on the effects of bleeding before prophylaxis and/or 

the age at initiation of prophylaxis. Long-term follow-up in haemophilia patients on prophy-

laxis is needed, as joint damage takes time to develop and differences in outcome between 

prophylactic regimens are small. As a consequence, guidelines are based on limited evidence 

[3, 13]. This retrospective single centre cohort study assessed the long-term effects of age at 

starting prophylaxis and number of joint bleeds before starting prophylaxis on haemophilic 

arthropathy.

Methods

Study population

177 eligible patients had severe haemophilia A and B (FVIII/IX <0.01 IU/ml), were born be-

tween 1-1-1965 and 1-1-2000, and treated at the Van Creveldkliniek. In total, 53 patients were 

excluded because of long-term (>12 months) or high titre (≥5 BU/ml) inhibitor development 

(n=26), unavailable X-rays (n=21), significant other disorders (platelet function disorder (n=2), 

Von Willebrand disease(n=1), Ehlers-Danlos (n=1)), or not starting prophylaxis (n=2). The 

eventual population for analysis comprised 124 patients, including 76 patients born until 1985 

studied previously for the effects of postponing prophylaxis [14]. The study was approved by 

the Medical Ethics Committee of the University Medical Centre Utrecht.
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Treatment strategy

Prophylaxis was defined as the regular administration of FVIII/IX at least once a week [3, 15]. 

Over time prophylaxis was started earlier [5] and has intensified [14]. At the Van Creveldkli-

niek, generally one joint bleed is allowed for before starting prophylaxis. After starting, fre-

quency and dose of prophylactic infusions are increased according to a patient’s activity level 

and bleeding phenotype [3, 15], with an average of 10-20 IU/kg FVIIII 3x/week or 20-40 IU/kg 

FIX 2x/week, resulting in a median weekly dose of 46 IU/kg [16]. 

Data collection

All patients visited the clinic at least annually. At each visit infusion and bleeding logs were 

checked and number of bleeds, treatment type, dose and frequency of treatment document-

ed. Data on clotting factor consumption, first treatment, first joint bleed, start of prophylaxis 

and number of joint bleeds before starting prophylaxis were extracted from the patients’ med-

ical files. Outcome was the degree of haemophilic arthropathy in knees, elbows and ankles on 

X-rays as measured by the Pettersson score; a validated radiological scoring system assessing 

osteochondral changes [17]. A patient’s Pettersson score is the sum of the six joints (range 

0–78; 13 per joint), with higher scores indicating more joint damage [17, 18]. X-rays were gen-

erally taken at 5-year intervals and scored by two assessors (good inter-observer agreement 

of 0.88, K. Fischer personal communication) blinded for patient and treatment characteristics. 

Patients were followed from diagnosis until the last Pettersson score, or until prophylaxis was 

stopped for a cumulative duration of at least six months. The most recent Pettersson score, 

or the last before stopping prophylaxis for a cumulative duration of >6 months, was analysed.

Data analysis

As the distribution of the values of most parameters was skewed, data are presented as me-

dians with interquartile range (IQR: 25th and 75th percentiles). Weekly dose of prophylaxis and 

annual clotting factor use were calculated for all years on prophylaxis.

Two indicators of postponing prophylaxis were studied for their long-term effects on haemo-

philic arthropathy: age at starting prophylaxis and number of joint bleeds before starting pro-

phylaxis. Cut-off points for categories of these indicators were chosen according to clinical 

relevance and categories published in the literature [6, 14]. For age at start of prophylaxis, 

patients were categorized as: started early (<3 years), late (3-5 years), or very late (≥6 years), 

according to the strata previously used by Astermark et al (1999). The number of joint bleeds 

before starting prophylaxis, available for 75 patients, was categorized into three categories: 

Chapter 5
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few (0-1), some (2-5), and many (≥6) joint bleeds before prophylaxis. A second analysis con-

sisted of four categories to gain more detailed information on the effect of bleeding before 

prophylaxis: the separate effects of no (0) or a single joint bleed (1) before prophylaxis, as well 

as some (2-5), and many (≥6) joint bleeds before prophylaxis. 

The association between outcome (Pettersson score) and the two indicators for postponing 

prophylaxis (age at start of prophylaxis and number of joint bleeds before prophylaxis) was 

assessed using multivariable generalized linear regression modelling with a negative binomial 

distribution and a log link function to generate an optimal fit of the right skewed outcome data 

[19]. All regression models included age at Pettersson score, age at first joint bleed and weekly 

dose of prophylaxis (for the entire follow-up) to adjust for age at evaluation [18], bleeding phe-

notype and lifetime intensity of prophylaxis. In regression analysis, missing data on age at first 

joint bleed (n=24) and weekly doses of prophylaxis (n=2) were imputed with overall median 

values. To compare the performance of the regression models with age at starting prophylaxis 

and number of joint bleeds before starting prophylaxis, the Akaike information criterion (AIC) 

was used. The AIC is a measure of how good a model fits the data, compared to other mod-

els that are fitted; with the lowest AIC being the “better” model to explain the data [20]. To 

illustrate the effect of different categories of postponing prophylaxis on the development of 

arthropathy over time, regression curves were plotted. Predicted Pettersson scores according 

to age were calculated using the regression model parameter estimates and median values of 

the parameters that were adjusted for. All data were analysed using SPSS (IBM SPSS Statistics 

version 21.0, Armonk, NY: IBM Corp).

Results

Patient characteristics and outcome

Patient and treatment characteristics are presented in Table 1. Out of 124 patients with severe 

haemophilia, 111 (90%) had haemophilia A. In this cohort of patients born since 1965, the 

median age at the first joint bleed was 2.0 years (IQR 1.3-3.0; range 0.5-5.8). The median time 

between the first joint bleed and starting prophylaxis was 2.0 years (IQR 0.5-4.5). At a median 

age of 22 years (IQR 15.6-29.5; range 5.3-49.1 years), joint health was favourable with a me-

dian Pettersson score of 3 points (IQR 0-14), including 41% with a score of zero.
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Table 1. Patient characteristics and treatment.

Age at start of prophylaxis

Table 2 shows patient characteristics and outcome according to age at start of prophylactic 

treatment. 24% of patients started prophylaxis early (<3 years), 40% started prophylaxis late 

(3-5 years), and 35% very late (≥6 years). Most patients who started prophylaxis early, started 

shortly after the first joint bleed. Patients who started prophylaxis later were older at evalua-

tion and experienced their first joint bleed later, but also experienced more joint bleeds before 

starting prophylaxis. This was reflected in the Pettersson scores: scores increased when the 

start of prophylaxis was postponed. 

Multivariable analysis of the effect of age at starting prophylaxis on outcome showed that 

with every year prophylaxis was postponed, the Pettersson score increased with 18% (relative 

increase 1.18; 95% confidence interval 1.07-1.29; P <0.01). The regression curves in Figure 1 

show the effect of age at starting prophylaxis on outcome according to age at evaluation, in-

dependent of bleeding phenotype and lifetime intensity of prophylaxis. These curves showed 

that scores for those who started prophylaxis early (<3 years) and those who started late (3-5 

years) were similar (P=0.63), but both groups had significantly better outcome than patients 

who started prophylaxis very late (≥6 years; P<0.01).

 IQR: interquartile range.
1  Estimated with Kaplan-Meier survival analysis independent of start of prophylaxis; based on 100 patients  

with date 1st joint bleed available.
2 For all years on prophylactic treatment.

Patients (n=124) Median IQR

 Age at last Pettersson evaluation (years) 22.0 15.6-29.5

 Age at 1st joint bleed1 (years) 2.0 1.3-3.0

Treatment

 Age at 1st treatment (years) 1.1 0.8-1.5

 Age at start of prophylaxis (years) 4.7 3.0-7.4

 Time between 1st joint bleed and start of prophylaxis (years) 2.0 0.5-4.5

 Joint bleeds before start of prophylaxis (n) 6 1-21

 Duration of prophylactic treatment (years) 18.2 10.2-22.5

 Weekly dose of prophylaxis2 (IU/kg/wk) 39 30-48
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Table 2. Outcome and patient characteristics according to age at start of prophylactic treatment.

 

Age at start of prophylaxis (years) Early: 
<3 (years)

Late: 
3-5 (years)

Very late: 
≥6 (years)

Patients

 Number 30 50 44

 Age at last Pettersson score (years) 16.8 (14.1-21.0) 24.0 (14.8-36.6) 25.6 (17.0-32.8)

 Age at 1st joint bleed1 (years) 1.3 (0.9-1.5) 2.0 (1.3-3.0) 2.5 (1.6-3.7)

Treatment

 Age at start of prophylaxis (years) 1.5 (1.2-2.1) 4.3 (3.8-5.0) 8.8 (7.0-11.6)

 Time between 1st joint bleed
 and start of prophylaxis (years)

0.1 (-0.3 - 0.5) 2.1 (1.3-3.3) 6.3 (4.5-8.3)

 Started before the 1st joint bleed (%) 27 6 0

 Joint bleeds before start of prophylaxis2 (n) 1 (0-4) 9 (3-19) 58 (31-108)

Outcome

 Last Pettersson score (0-78) 0 (0-5) 1 (0-5) 16 (2-28)

 Last Pettersson = 0 (%) 63 44 23

Values are numbers (n), percentages (%) or medians with IQR (interquartile range).
1  Estimated with Kaplan-Meier survival analysis independent of start of prophylaxis; based on 100 patients with 

date 1st joint bleed available.
2 Based on 75 patients with number of joint bleeds until prophylaxis available.
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Figure 1. Predicted Pettersson scores by age, according to age at start of prophylaxis.
Lines represent predicted Pettersson scores for the different groups, independent of the effect of prophylactic 
dose and onset of joint bleeding (as a proxy for bleeding phenotype).
Statistical testing:
- starting prophylaxis before 3 years vs. starting after ≥6 years of age (P<0.01),
- starting prophylaxis between 3-5 years vs. starting after ≥6 years of age (P<0.01). 

Number of joint bleeds before starting prophylaxis

Information on number of joint bleeds before the start of prophylaxis was available for 75 pa-

tients. Table 3 shows outcome and patient characteristics according to number of joint bleeds 

until start of prophylaxis. 16% of patients started prophylaxis before suffering any joint bleed, 

13% started prophylaxis after a single joint bleed, 19% started prophylaxis after some/2-5 joint 

bleeds, and 52% after many/≥6 joint bleeds. There was no indication that the sub-group of 

patients who started before any joint bleeding were different from the other patients in this 

cohort: no intra-cranial haemorrhages were reported, nor had they received more intense 

treatment (initial prophylactic treatment ranged from 1x/week 250IU to 2x/week 500IU, and 

median weekly dose on prophylaxis ranged from 29 to 55 IU/kg per patient (group median 43 

IU/kg/week)). There was some indication that patients starting prophylaxis after more joint 

bleeds may have included milder phenotypes, as they experienced their first joint bleed later 

(at 1.3, 2.0 and 2.5 years respectively; P<0.01). The trend of starting prophylaxis earlier over the 

last decades was reflected in the younger age of patients starting after less than six joint bleeds. 

Median Pettersson scores were highest (5 points) in patients starting after many joint bleeds 
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(≥6). When comparing the four subgroups of patients, there appeared to be a trend towards 

better outcome in those with less bleeding before prophylaxis, with increased joint damage in 

some older patients included in the group starting prophylaxis after a single joint bleed. 

Table 3. Outcome and patient characteristics according to number of joint bleeds until start of prophylaxis.

Values are numbers (n), percentages (%) or medians with IQR (interquartile range).
1  Estimated with Kaplan-Meier survival analysis independent of start of prophylaxis; based on 62 patients with 

date 1st joint bleed available.

The regression curves in Figure 2 show the effect of number of joint bleeds before starting pro-

phylaxis on outcome according to age at evaluation, independent of bleeding phenotype and 

lifetime intensity of prophylaxis. Predicted Pettersson scores increased according to increasing 

number of joint bleeds before the start of prophylaxis and age at evaluation. Significant differ-

ences were found between patients who started prophylaxis before the onset of joint bleed-

ing and all three categories with one or more joint bleed before starting prophylaxis (P≤0.02). 

Starting after 2-5 joint bleeds did not seem to provide any advantage over starting after six or 

more joint bleeds (P=0.76). When collapsing the lower two categories, significant differences 

in scores were found between patients who started after 0-1 joint bleeds and those who start-

ed prophylaxis after ≥6 joint bleeds (P=0.01; supplemental material). The difference between 

0-1 and 2-5 joint bleeds was notable, but did not reach statistical significance (P=0.15).

Number of joint bleeds before 
start of prophylaxis

0 1 2-5 ≥6

Patients

 Number 12 10 14 39

 Age at last Pettersson score (years) 18.6 (13.6-23.6) 16.8 (11.3-33.6) 17.4 (13.9-21.2) 25.0 (20.8-30.6)

 Age at 1st joint bleed1 (years) NA 1.3 (1.3-3.0) 1.6 (1.4-2.5) 2.3 (1.3-3.1)

Treatment

 Age at start of prophylaxis (years) 1.6 (1.0-3.0) 1.4 (1.2-3.3) 3.1 (1.6-4.3) 5.1 (4.1-6.9)

 Time between 1st joint bleed    
 and start of prophylaxis (years)

-1.6 (-2.8 - -0.5) 0.0 (0.0-0.4) 0.7 (0.3-1.8) 2.8 (1.7-4.5)

 Joint bleeds before start of   
 prophylaxis (n)

0 (0-0) 1 (1-1) 4 (3-5) 20 (11-43)

Outcome

 Last Pettersson score (0-78) 0 (0-1) 3 (0-10) 0 (0-4) 5 (0-14)

 Last Pettersson = 0 (%) 75 40 57 36
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The number of joint bleeds before starting prophylaxis had a stronger association with ar-

thropathy than age at starting prophylaxis: with a much lower AIC of 374.526, the multivari-

able regression model using joint bleeding before starting prophylaxis fitted the data much 

better than the model using age at start of prophylaxis (AIC 674.186). 

 

Figure 2. Predicted Pettersson scores by age, according to joint bleeding before start of prophylaxis.
Lines represent predicted Pettersson scores for the different groups, independent of the effect of prophylactic 
dose and onset of joint bleeding (as a proxy for bleeding phenotype).
Statistical testing:
- starting prophylaxis before any joint bleeds vs. starting after ≥1 joint bleed (P≤0.02), 
- starting after 0-1 joint bleed vs. starting after ≥6 joint bleeds (P=0.01; supplemental material), 
- the difference between starting after 0-1 and 2-5 joint bleeds was notable, but statistical significance was not 
reached (P=0.15; supplemental material).

Discussion

Principal findings

This single centre cohort study is the first to present long-term follow-up until a median age 

of 22 years on the effects of postponing prophylaxis. In multivariable analysis the number of 

joint bleeds experienced before starting prophylaxis had a stronger association with arthropa-

thy than age at starting prophylaxis. Arthropathy increased according to increasing number of 

joint bleeds before starting prophylaxis. Starting before the onset of bleeding resulted in the 

best long-term outcome, however accepting one joint bleed before the start of prophylaxis 

may still yield acceptable long-term joint health. Patients starting prophylaxis before age six 
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years scored significantly better, but no additional benefit of starting before age three years 

could be demonstrated in this cohort.

Strengths and weaknesses

An important strength of the present study is the long follow-up, and the presentation of age-

adjusted analyses of outcome based on X-rays, allowing a reliable evaluation of haemophilic 

arthropathy. Selection bias was avoided by including a cohort of all consecutive patients and 

outcome assessment was performed using routinely collected data. To study the indepen-

dent effect of postponing prophylaxis, multivariable regression analysis was used to correct 

for other determinants for outcome, such as age at evaluation, changes in treatment intensity 

and a patient’s bleeding tendency.

Cut-off points for categories of starting prophylaxis were chosen according to clinical relevance 

and a previous report suggesting that patients who started prophylaxis before three years of 

age had a better joint status on physical examination than patients who started later [6]. It 

is commonly known that allowing many (e.g. ≥6) joint bleeds is detrimental to (long-term) 

outcome. More information on lower numbers of joint bleeds before prophylaxis would be rel-

evant for clinical practice. Unfortunately only small sub-groups of patients with ≤5 joint bleeds 

before prophylaxis could be studied. There were no indications of selection bias: bleeding pat-

tern and prophylactic regimen in the patients who started before the onset of joint bleeding 

were similar to those in patients who started prophylaxis later.

Comparison with other studies 

The results of the present study confirm the detrimental effects of postponing prophylaxis and 

the trend towards the earlier initiation of prophylaxis (both according to age and according to 

number of bleeds before initiation) [2, 5, 14]. Compared with the previous report, prevention 

of arthropathy improved, which may be attributed to a more intense prophylactic regimen. 

Moreover, the current study showed a higher increase in Pettersson with postponing prophy-

laxis: 18% increase/year vs. 8% in the previous study, with overlapping confidence intervals. 

This increase may be the result of the longer follow-up: differences between treatment groups 

are expected to become more prominent over time, as haemophilic arthropathy takes years 

to develop. These results corroborate the observation that haemophilic arthropathy increased 

with age at starting prophylaxis made in a recent cross-sectional study using magnetic reso-

nance imaging (MRI) to assess haemophilic arthropathy [21].

The present study could not reproduce the results from the Swedish report that starting pro-
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phylaxis before age three years resulted in better outcome [6] than starting between 3-5 years. 

While patient numbers were similar (121 vs. 124 in the current study), differences may be at-

tributed to the use of different scoring systems (orthopaedic joint score vs. Pettersson score), 

different scoring frequency (annual joint scores vs. 5-year X-rays), and differences in follow-up 

(median 15 vs. 22 years). Although it was repeatedly shown that the Pettersson score is more 

sensitive to haemophilic arthropathy than the orthopaedic joint score [2, 22, 23], a direct com-

parison cannot be made. The comparison with the Swedish report [6] is further hampered by 

the lack of information on the number of assessors involved in the physical examination and 

the measures of agreement between assessors. The importance of standardization of clini-

cal joint examination is emphasized by a recent report suggesting wide inter-rater variation 

in physical examination interfering with interpretation [24]. Moreover, in the present study, 

differences in outcome between starting prophylaxis before three years and between ages 

3-5 years may have been underestimated due to confounding by indication: patients starting 

prophylaxis later, may have had a milder bleeding phenotype [25]. The effect of a potentially 

milder bleeding phenotype in patients who started prophylaxis later was not very prominent 

in our data; by adjusting for age at first joint bleed and weekly dose on prophylaxis in the 

multivariable analyses we have done everything possible to correct for bleeding phenotype.

Clinical interpretation

The present analyses showed that number of joint bleeds experienced before the start of 

prophylaxis was a stronger risk factor for arthropathy than age at starting prophylaxis. This 

is in accordance with the pathophysiology: arthropathy is caused by joint bleeding, with a 

cumulative effect. On the other hand, the association between age at starting prophylaxis and 

arthropathy is indirect and mediated by repeated bleeding due to postponing prophylaxis. Us-

ing a specific age at starting prophylaxis is therefore less suitable for clinical practice. 

To study the effect of allowing one joint bleed before prophylaxis, starting prophylaxis before 

the onset of joint bleeding and starting after one joint bleed were presented separately. Mul-

tivariable comparisons of patient groups showed the best outcome in patients starting pro-

phylaxis before the first joint bleed (n=12). The difference between starting prophylaxis after 

0-1 (n=22) and 2-5 (n=14) joint bleeds was notable, but did not reach statistical significance 

(P=0.15). Caution is warranted in drawing strong conclusions based on such small groups of 

patients: starting prophylaxis before the onset of joint bleeding is not always possible in clini-

cal practice and allowing one joint bleed may yield acceptable long-term outcome as well. 
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Future research

The present data still represent small patient groups, especially those who started prophylaxis 

before joint bleeding or after a single joint bleed. A definitive comparison of these two groups 

requires larger cohorts of patients with severe haemophilia, who would have to be followed 

into adulthood (Figures 1 and 2). In addition, this comparison would depend heavily on con-

tinued standardized outcome assessment. In this context, newly developed, more sensitive 

imaging modalities such as MRI or ultrasound may prove useful. Performing a randomized 

controlled trial would generate the highest level of evidence, but would take a long time and 

is ethically unacceptable. Using data from large cohort studies such as the PedNet registry 

may be more efficient, as it includes many patients with detailed information on bleeding and 

treatment [26]. However, PedNet patients are still too young (born since 2000), and confound-

ing by indication may occur as data from the PedNet registry represent clinical practice and 

patients are not randomized. 

Conclusion

At a median age of 22 years, the outcome of prophylaxis was highly dependent on its early 

initiation. The number of joint bleeds before prophylaxis showed the strongest association 

with outcome and therefore appears to provide best guidance in clinical decision making on 

starting prophylaxis. The results suggest that starting prophylaxis before the onset of joint 

bleeding is most effective in preventing arthropathy. Future research will have to elucidate 

whether starting before the onset of joint bleeding is indeed superior to starting after the first 

joint bleed.
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Supplemental material

Table 1s. Outcome and patient characteristics according to number of joint bleeds until start of prophylaxis.

Number of joint bleeds before start of 
prophylaxis

0-1 2-5 ≥6

Patients

  Number 22 14 39

  Age at last Pettersson score (years) 16.9 (13.4-25.1) 17.4 (13.9-21.2) 25.0 (20.8-30.6)

  Age at 1st joint bleed1 (years) 1.3 (1.3-3.0)2 1.6 (1.4-2.5) 2.3 (1.3-3.1)

Treatment

  Age at start of prophylaxis (years) 1.4 (1.0-3.0) 3.1 (1.6-4.3) 5.1 (4.1-6.9)

  Time between 1st joint bleed and  
  start of prophylaxis (years)

-0.2 (-1.7 - 0.0) 0.7 (0.3-1.8) 2.8 (1.7-4.5)

  Joint bleeds before start of prophylaxis (n) 0 (0-1) 4 (3-5) 20 (11-43)

Outcome

  Last Pettersson score (0-78) 0 (0-5) 0 (0-4) 5 (0-14)

  Last Pettersson = 0 (%) 59 57 36
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Figure 1s. Regression lines depicting predicted Pettersson scores by age according to three categories of joint 
bleeding before starting prophylaxis. 
Lines represent predicted Pettersson scores for the different groups, independent of the effect of prophylactic 
dose and onset of joint bleeding (as a proxy for bleeding phenotype).
Statistical testing: 
- starting after 0-1 joint bleed vs. starting after ≥6 joint bleeds (P=0.01),
- the difference between starting after 0-1 and 2-5 joint bleeds was notable, but statistical significance was not 
reached (P=0.15).

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80

5 10 15 20 25 30 35 40 45 50

Pr
ed

ic
te

d 
Pe

tt
er

ss
on

 sc
or

e 

Age (years) 

Starting prophylaxis after 0-1 jont bleeds
Starting prophylaxis after 2-5 joint bleeds
Starting prophylaxis after ≥6 joint bleeds 

Chapter 5

Proefschrift_6.indd   70 29/11/15   22:16



CHAPTER 6

Discontinuing early prophylaxis in severe haemophilia leads to 
deterioration of joint status despite low bleeding rates

A. Nijdam, W. Foppen, P. de Kleijn, E.P. Mauser-Bunschoten, G. Roosendaal, 

K.P.M. van Galen, R.E.G. Schutgens, Y.T. van der Schouw, and K. Fischer
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Abstract

Prophylaxis is the recommended treatment for children with severe haemophilia A, but 

whether prophylaxis should be continued in adulthood is still under debate. In a setting of 

starting prophylaxis in early childhood, up to 35% of young adults have been reported to dis-

continue prophylaxis while maintaining low bleeding rates and good joint health after 4 years 

of on-demand treatment. This single-centre observational cohort study assessed the long-

term consequences of discontinuing prophylaxis in patients with severe haemophilia A with-

out inhibitors, born between 1970 and 1988. Patient-initiated changes in prophylaxis were 

recorded from time of starting self-infusion until last evaluation, including all switches to on-

demand treatment for a minimum of two consecutive weeks. 66 Patients were evaluated at 

median 32.4 years: 26% of patients had stopped prophylaxis for a median of 10 years, 15% 

had interrupted prophylaxis and 59% had continued prophylaxis. Annual joint bleeding rate 

(AJBR), Haemophilia Joint Health Score (HJHS 2.1; 0-124 points), radiological Pettersson score 

(0-78 points) and Haemophilia Activities List (HAL; 100-0 points) were compared between pa-

tients who stopped and patients who continued prophylaxis. Although self-reported bleeding 

rates and functional limitations were similar in both groups (AJBR: 1.5 vs. 1.2; HAL: 84 vs. 

84), arthropathy on objective outcome assessment was worse after 10 years of on-demand 

treatment in patients who stopped prophylaxis (HJHS: 23 vs. 14; Pettersson: 16 vs. 5; P<0.01). 

These results support continuation of long-term prophylaxis in adults and demonstrate the 

need for objective tools in monitoring joint status.
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Introduction

To prevent joint bleeding and subsequent haemophilic arthropathy, prophylaxis with clotting 

factor VIII (FVIII) is the preferred treatment for children with severe haemophilia A (FVIII<0.01 

IU/ml) [1–3]. Nevertheless, several studies have reported variable adherence rates to pro-

phylaxis [4–10] especially in teenagers and young adults: in a setting of starting prophylaxis 

in early childhood (early prophylaxis), 22-35% of patients discontinued prophylaxis [7, 9, 10]. 

Whether prophylaxis should be continued in adulthood is still under debate [3, 11–13]. The 

TEEN/TWEN study showed a trend towards worse scores on outcome assessment in late teens 

and young adults who switched to on-demand treatment [14]. On the other hand, previous 

studies with 4-year follow-up after discontinuing long-term prophylaxis suggested that some 

patients with a milder bleeding phenotype could possibly switch to on-demand treatment 

safely [7, 10]. Patients who had stopped prophylaxis at around age 21 years were followed for 

four years. They showed low bleeding rates and similar degrees of arthropathy on X-rays com-

pared with patients who had continued prophylaxis [7, 10]. However, low bleeding rates may 

not guarantee good joint health, as evidence of subclinical joint bleeding causing arthropathy 

in patients on on-demand treatment has been reported [15]. Prophylaxis could prevent or 

attenuate this process. Therefore, additional follow-up is needed to assess whether these pa-

tients may continue on-demand treatment without jeopardizing their joint health. This study 

presents a 10-year detailed follow-up of patient-initiated discontinuation of long-term prophy-

laxis in patients with severe haemophilia A.

Methods

Study population

Patients with severe haemophilia A (FVIII<0.01 IU/ml), born between 1-1-1970 and 1-1-1988, 

treated at the Van Creveldkliniek were eligible. Ethical approval was obtained (number 11-

442); informed consent was waived.

Treatment strategy

Prophylaxis was defined as the regular administration of FVIII at least 1x/week [16]. Following 

the start of self-infusion, all patient-initiated switches to on-demand treatment for ≥2 weeks 

were analysed. At evaluation, patients were classified into three adherence groups: ‘stopped’, 

’interrupted’ or ‘continued’ prophylaxis (Figure 1). At evaluation, only patients in the ‘stopped’ 

group were on on-demand treatment.
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Data collection

All patients kept infusion logs and visited the clinic at least annually. At each visit, the number of 

joint bleeds, treatment type, dose and frequency of treatment were documented in the patient’s 

medical file. Data on clotting factor consumption (CFC), first treatment, start of prophylaxis, start 

of self-infusion, and orthopaedic hospital admissions were extracted from patient’s medical files 

until last visit up to April 2014. The most recent Haemophilia Joint Health Score (HJHS-2.1), Hae-

mophilia Activities List (HAL) questionnaire, and radiological evaluation (Pettersson score, taken 

at 5-year intervals) were collected. 

Patient-reported outcome assessments that were collected included the HAL questionnaire (nor-

malized sum score, basic lower extremity, complex lower extremity, and upper extremity score, 

optimum 100 points) [17, 18], and annual number of joint bleeds (AJBR) [19].

Objective joint health of elbows, knees and ankles was assessed by the HJHS [20], Figure 8 walk 

test [21] and Pettersson score [22]. The HJHS-2.1 is a standardized physical examination, sensi-

tive to early joint damage [20, 23, 24]. Scores range from 0 to 124, with higher scores indicating 

more joint damage. A single physiotherapist assessed all HJHS scores and Figure 8 walk tests on 

the same day; the latter measures the time taken to walk at normal pace around two pylons, 

placed 8 metres apart. The Pettersson score is a validated tool for assessment of osteochondral 

changes on plain X-rays (0-13 points/joint, maximum total score 78), with higher scores indicating 

more joint damage [22, 25]. X-rays were scored by two blinded assessors with a high agreement 

(intraclass correlation 0.88; 95% confidence interval: 0.32-0.97).

Data analysis

Adherence groups were compared for treatment and outcome parameters. Statistical compari-

son was restricted to the ‘stopped’ and the ‘continued’ groups, due to incomplete data and low 

numbers in the ‘interrupted’ group.

Missing data on the start of self-infusion (n=9) were imputed by the median group value of 15.3 

years. Patients were followed until the HJHS assessment or last Pettersson score if no HJHS was 

available. Parameters were presented as medians with interquartile range (IQR). AJBR and CFC 

were calculated from data of the three years preceding evaluation. Groups were compared using 

non-parametric tests (Kruskal-Wallis and Mann-Whitney U tests), Fisher’s Exact Test for categori-

cal variables and log-rank test for survival analysis. Differences in HJHS, Figure 8 walk test, Petters-

son and HAL scores were adjusted for age using generalized linear model regression analysis with 

Poisson distribution for HJHS and Pettersson score and Gamma distribution for HAL and Figure 8 

walk test). A P<0.05 was considered statistically significant; analyses were performed in SPSS v21. 
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Results

Patients

Out of a total of 101 eligible patients, 35 were excluded from analysis because of a history 

of inhibitor development (≥5 BU at any time or 1-5 BU for more than one year; n=17), in-

adequate access to treatment during the first 4 years of life (mostly concerning immigrants; 

n=5), incomplete treatment history (recently joining the clinic; n=5, or visiting for surgical con-

sultation only; n=4), never starting prophylaxis (n=2), starting self-infusion only after the last 

available outcome measurement (n=1), or other pathology influencing bleeding phenotype 

(Ehlers-Danlos; n=1). Overall, 66 haemophilia A patients were followed from start of self-infu-

sion (median age 15.3 years) until last evaluation (HJHS/Pettersson at median age 32.4 years), 

resulting in a median follow-up of 16.6 years. Patients had started prophylaxis at a median 

age of 5.0 years (IQR: 3.4-6.9) and were treated according to the current Dutch intermediate 

dose treatment regimen [26]; in this cohort predominantly 1000IU FVIII 2-3x/week (median 

weekly dose 2400 IU/week; IQR: 1900-2900 IU/week). Only two patients were on once weekly 

prophylaxis at the time of evaluation: one patient from the ‘continued’, and the other from the 

‘interrupted’ group.

All patients had either an HJHS or a Pettersson score, but not all outcome parameters were 

available for all patients (Figure 1). Nine patients had incomplete bleeding logs. Eleven pa-

tients did not have an HJHS and five patients did not have Pettersson scores, as they stopped 

visiting the clinic or it was impossible to combine visits with an appointment with the physio-

therapist or radiology department. Two HJHS scores were excluded, as scoring was affected 

by fibromyalgia combined with neuropathy in one patient and severe back pain in another 

patient. Neither of these patients had previous HJHS scores available.

Adherence to prophylaxis

At the end of follow-up, 66 patients were categorized into three groups (Figure 1): 17 patients 

were on on-demand treatment (stopped, 26%), 10 had interrupted prophylaxis, but had re-

verted back to prophylaxis (interrupted, 15%) and 39 patients continued prophylaxis without 

interruption (59%). Outcome parameters were available for most patients who stopped or 

continued (range: 82%-95%, Figure 1). 
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Figure 1. Patient-initiated discontinuation of prophylaxis and availability of outcome parameters. 

Patient and treatment characteristics according to adherence group

Table 1 shows that patients across the different adherence groups had a similar age at first 

joint bleed, onset of treatment, start of self-infusion and follow-up. Overall, median age at 

first treatment was 1.1 years (IQR: 0.7-1.5 years) and median age at first joint bleed was 2.2 

years (IQR: 1.2-3.5) in all groups. Patients in the ‘continued’ group had started prophylaxis ear-

lier than patients who stopped or interrupted (age 4.2 vs. 6.5 years; P<0.01). The duration of 

prophylaxis since starting self-infusion depended heavily on adherence: patients who stopped 

received only a median of 3.4 years of prophylaxis after starting self-infusion, compared to 

14.8 years in those who continued prophylaxis (P<0.01). These differences were also observed 

in lifetime prophylaxis. At evaluation, patients who continued and those who interrupted pro-

phylaxis used similar prophylactic regimens: median 1000 IU FVIII per infusion, median 3x/

week.
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Table 1. Patient and treatment characteristics according to adherence group.

Values are median years (IQR), unless otherwise stated. 
§ Comparison across all three groups for follow-up since self-infusion and treatment history. 
‡ Estimated with Kaplan-Meier survival analysis, censored for the start of prophylaxis. 
† First discontinuation of prophylaxis.

Characteristics of stopping and interrupting prophylaxis

Patients in the ‘stopped’ group had stopped long-term prophylaxis at a median age of 21.5 

years and were evaluated after median 10.1 years of on-demand treatment. Patients who 

interrupted prophylaxis, first switched to on-demand treatment at a median age of 18.2 years 

and reverted back to prophylaxis after a median of 1.2 years (IQR: 0.4-3.3). Most patients in 

the ‘interrupted’ group, interrupted prophylaxis more than once, resulting in a total of 4.0 

years of on-demand treatment during a follow-up of 20.3 years.

Patient outcome assessment – comparing the ‘stopped’ with the ‘continued’ group

Outcome assessment according to adherence group is shown in Table 2. Age at evaluation 

was similar across adherence groups. FVIII consumption was lower in patients on on-demand 

treatment (P<0.01). The ‘stopped’ and ‘continued’ groups showed similar patient-reported 

outcome parameters: AJBR 1.5 vs. 1.2 (P=0.95), 40% vs. 44% of patients without joint bleeds 

in the year before evaluation (P=1.00), and few limitations in activity (HAL: 84 vs. 84 out of the 

Stopped 
median (IQR)

Interrupted
median (IQR)

Continued
median (IQR)

P-value§

Number of patients, n (%) 17 (26%) 10 (15%) 39 (59%) NA

Follow-up since self-infusion 19.2 (11.0-24.1) 20.3 (12.8-25.5) 14.8 (12.2-18.2) 0.21

Treatment history

Age at 1st treatment 1.1 (0.7-1.7) 1.1 (1.0-1.7) 1.0 (0.7-1.5) 0.80

Age at 1st joint bleed ‡ 2.9 (1.8-3.8) 2.5 (2.1-3.7) 2.0 (0.8-2.7) 0.27

Age at start prophylaxis 7.1 (4.6-10.3) 6.3 (3.4-10.9) 4.2 (3.2-5.1) 0.01

Age at start self-infusion 15.8 (13.6-17.5) 14.9 (13.4-15.7) 15.3 (14.3-16.0) 0.43

Prophylaxis since self-infusion 3.4 (2.1-10.0) 17.4 (8.3-22.0) 14.8 (12.2-18.2) <0.01

Lifetime prophylaxis 15.0 (6.4-18.0) 24.4 (14.4-30.5) 25.3 (22.1-30.5) <0.01

Time on prophylaxis since start of 
prophylaxis (%)

59% 88% 100% <0.01

Stopping/interrupting

Age at start on-demand period 21.5 (18.6-26.8) 18.2 (14.4-22.2)† NA 0.50

Number of on-demand periods, n/patient 1.0 (1.0-2.0) 2.0 (1.0-3.0) NA 0.40

Follow-up after start last 
on-demand period

10.1 (5.9-13.8) 7.6 (3.6-15.5) NA 0.63
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optimum score of 100; P=0.99). Most limitations were reported in subdomain scores on lower 

extremity functions: basic lower extremity 67 vs. 77, complex lower extremity 74 vs. 73, and 

upper extremity 92 vs. 96 points, for the ‘stopped’ and the ‘continued’ groups respectively.

In contrast, the objectively measured outcome parameters HJHS and Pettersson were signifi-

cantly worse for patients who had stopped prophylaxis (HJHS: 23 vs. 14 points; Pettersson: 16 

vs. 5 points; P<0.01). Moreover, patients who stopped had more affected joints on the HJHS 

than patients who continued (median 2 vs. 1; P=0.04). 

Table 2. Patient outcome assessment according to adherence group.

Values are medians (IQR), unless otherwise stated.
§ P-value for the differences between patients who stopped and continued prophylaxis. 
‡ Rounded to the nearest 100. 
† Adjusted for age at evaluation using generalized linear model regression analysis.

The Figure 8 test results were similar in both groups: 13,8 seconds in the ‘stopped’ and 13,9 

seconds in the ‘continued’ group (P=0,42). Patients who had stopped prophylaxis were more 

frequently admitted to the hospital for joint related problems: 35% vs. 10% in those who had 

Chapter 6

Stopped 
median (IQR) 

Continued
median (IQR)

P-value§ Interrupted
median (IQR)

Number of patients, n (%) 17 (26%) 39 (59%) NA 10 (15%)

Age at evaluation, years 34.4 (29.4-39.0) 32.3 (26.9-34.9) 0.08 34.2 (27.8-41.4)

FVIII consumption, IU/kg/year‡ 800 (600-1500) 2200 (1400-2600) <0.01 1600 (1000-2000)

Patient-reported outcome 

 Joint bleeding, n 15 36 6

    AJBR, n/year 1.5 (0.0-5.8) 1.2 (0.3-2.5) 0.95 3.1 (2.2-11.6)

    Last year without joint bleeds, % 40% 44% 1.00 50%

Limitations in activity, n 16 34 6

    HAL score (100-0) 84 (67-98) 84 (78-97) 0.99† 67 (49-79)

Objective outcome

Physical examination, n 14 33 6

    HJHS score (0-124) 23 (11-36) 14 (6-20) <0.01† 35 (26-40)

    Number of joints with score >6, n 2 (1-3) 1 (0-2) 0.04† 3 (2-3)

    Time Figure 8 walk test, seconds 13.9 (13.2-14.6) 13.8 (12.8-15.3) 0.42† 15.8 (14.0-17.5)

Radiological evaluation, n 14 37 10

    Pettersson score (0-78) 16 (4-20) 5 (2-13) <0.01† 25 (20-33)

    Number of joints with score >4, n 1 (1-3) 0 (0-1) 0.35† 3 (2-3)

Hospitalization, n 17 39 10

    for joint related problems, % 35% 10% 0.05 40%
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continued prophylaxis (P=0.05). Indications for hospital admission included: joint drainage, 

arthrodesis, arthroscopy, arthrotomy, debridement, Ilizarov joint distraction, intra-articular yt-

trium injection, surgical synovectomy, observation of joint bleed, and total knee replacement.

Trends in Pettersson scores over time were compared for the ‘stopped’ and the ‘continued’ 

groups (Figure 2). In total, 131 scores were analysed (median 2 scores per patient). These 

data showed a trend towards increasing Pettersson scores with age, with a sharper increase in 

those who stopped prophylaxis. Around the age of 15 years, the difference in median Petters-

son scores between both groups was only small (5 vs. 3 points). At approximately 25 years of 

age, 4 years after stopping prophylaxis, Pettersson scores had increased, but with considerable 

overlap: median 11 points (IQR 4-15) for those who stopped, and 7 points (IQR 2-15) for those 

who continued (P=0.48 adjusted for age at evaluation). At approximately 35 years of age, Pet-

tersson scores for those who stopped had further increased to median 17 points (IQR 5-20), 

while those who continued prophylaxis had remained stable at a median of 6 points (IQR 5-16; 

P<0.01 adjusted for age at evaluation).

Figure 2. Pettersson scores across three age categories according to having stopped or continued prophylaxis. 
Age categories: 15: <20 years; 25: 20-30 years; 35: >30 years. P-value based on generalized linear model 
regression analysis within the age category, adjusted for age at evaluation.
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Patient outcome assessment – the ‘interrupted’ group

At the age of 33 years, patients who had interrupted prophylaxis had a higher Pettersson score 

(25 points, n=10) than patients who stopped or continued prophylaxis. They scored worse 

on all other outcome parameters as well (n=6): they had higher AJBR, HJHS, and HAL scores, 

were slower on the Figure 8 test, and showed more affected joints on Pettersson and HJHS. 

Unfortunately, the small number of patients contributing to these numbers (n≤10; Figure 1), 

prohibited reliable statistical evaluation.

Mild bleeding phenotype

Previously, it has been suggested that patients with a milder bleeding phenotype could safely 

discontinue prophylaxis. These patients were identified by treatment characteristics only: a 

later start of prophylaxis, a lower weekly dose, and a lower joint bleed frequency on prophy-

laxis [7]. Based on treatment characteristics and objective joint assessment, we identified at 

least three patients (5%; 95% CI 1-13%) with a mild bleeding phenotype in this cohort: these 

patients had stopped prophylaxis, reported no joint bleeding and maintained low Pettersson 

scores (≤1 points) and low HJHS scores (≤3 points).

Discussion

Principal findings

 Overall, 41% of young adults discontinued prophylaxis after starting self-infusion, while 26% 

stopped prophylaxis permanently at the age of 21.5 years. Patients who stopped prophylaxis 

reported only 1.2 joint bleeds/year and very few limitations in activity (HAL: 84 points). How-

ever, objective outcome assessment showed significantly worse arthropathy after 10 years 

of on-demand treatment, compared with those who continued prophylaxis (HJHS: 23 vs. 14 

points; Pettersson score: 16 vs. 5 points).

Internal and external validity

Selection bias was avoided by including the entire birth cohort of patients seen at our haemo-

philia treatment centre. Outcome assessment was performed using routinely collected data 

and state-of-the-art outcome measures (HAL, HJHS, and Pettersson scores) [23]. The Figure 8 

test did not seem sensitive enough to pick up significant differences between the adherence 

groups. Data on clotting factor use was objective and reliable, as FVIII is exclusively prescribed 

by the clinic. The availability of outcome measures in the ‘stopped’ and ‘continued’ groups was 

similar. Patient-reported outcome assessment could suffer from reporting bias if patients who 
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stop prophylaxis underreport bleeding and/or limitations on activity (HAL).

The observation that young adults on prophylaxis switch to on-demand treatment has been 

reported both in the Netherlands, and in other European countries [9]. The present study rep-

resents a single-centre experience with intermediate dose prophylaxis initiated at a median 

age of 5 years. As these patients had only minimal joint changes at the time of discontinuing 

prophylaxis, it is expected that these observations can be extrapolated to settings using high 

dose prophylaxis and/or starting prophylaxis earlier.

Other studies

This is the first study to report a 10-year objective assessment of outcome in patients who 

stopped long-term, early prophylaxis. A European survey of prophylactic practice reported 

similar proportions of patient initiated treatment changes: 30% of patients stopped, 12% 

interrupted and 58% continued prophylaxis during 3-72 months of follow-up [9], compared 

with respectively 26%, 15% and 59% in the present study. Discontinuing prophylaxis and its 

consequences were previously reported in a subset of patients from the current study, born 

1970-1980. In this subset, up to 35% of patients stopped prophylaxis at the age of 21.5 years. 

Four years after stopping prophylaxis Pettersson scores were similar in the ‘stopped’ and the 

‘continued’ groups [7, 10]. In the current study only 26% stopped prophylaxis. This difference 

may be explained by the extended follow-up, extension of the cohort with patients born 1980-

1988, and/or exclusion of patients with haemophilia B, as well as a broader definition for pro-

phylaxis used in the current study (i.e. considering infusions ≥1x/week as prophylaxis, in line 

with current definitions [19, 27], instead of ≥2x/week in previous studies). The current study 

corroborated the observation of similar Pettersson scores around age 25 years (Figure 2), but 

also demonstrated that differences in joint health between the ‘stopped’ and the ‘continued’ 

groups become apparent only after longer follow-up. 

Joint bleeding rates were similar in the ‘stopped’ and ‘continued’ groups in this study, as op-

posed to the TEEN/TWEN study, where bleeding rates were lower in those who continued 

prophylaxis [14]. The difference may have been caused by a higher annual clotting factor use 

on prophylaxis in the TEEN/TWEN study (2100-5200 IU/kg/week vs. median 2200 IU/kg/week 

in the current study).

The current study reported less favourable HAL and HJHS scores than a recent report including the 

same birth cohort, reporting a median HJHS score of only 9 points, and a HAL of 93 points [26]. This 

may be explained by the fact that the previous study included younger patients (born 1988-1994) 

and assessed patients at a median age of 25 years as opposed to 32 years in the current study.
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Annual FVIII use in the ‘stopped’ group seemed high for patients on-demand reporting few 

bleeds (800 IU/kg/year), but was in line with other studies reporting on severe patients on 

on-demand treatment: 700 IU/kg/year in a previous study from this centre [10], and 750 IU/

kg/year in a large multicentre European study [28].

Possible mechanisms / Clinical interpretation

It was previously suggested that patients who stopped taking prophylaxis had a mild bleeding 

phenotype, characterized by a later onset of joint bleeding and less intensive prophylactic 

treatment [7, 29]. This was not confirmed in this cohort. The only indicator of a mild bleeding 

phenotype was a low bleeding rate on on-demand treatment, as the onset of joint bleed-

ing was similar for the ‘stopped’ and ‘continued’ groups (P=0.27). In the current cohort, we 

identified only 5% of patients (95% CI: 1-13%) with a truly good joint status on on-demand 

treatment; this is in line with the 3-10% of patients with a mild bleeding phenotype reported 

elsewhere [30–32].

The difference in long-term joint status between the ‘stopped’ and ‘continued’ groups may 

in part be attributed to a three years’ delay of prophylaxis in the ‘stopped’ group (P=0.01). It 

has been suggested that starting prophylaxis before the age of 3 years is an important deter-

minant of long-term joint health [33]. However, more than 75% of patients in the ‘continued’ 

group started prophylaxis after the age of three years (lower quartile ≤3.2 years), suggesting 

that the age at onset of prophylaxis is not the main driver of the differences between the two 

groups. Moreover, the repeated finding of similar radiological joint health around the age of 

25 years [10] corroborates this view and refutes that other systematic treatment differences 

before the start of self-infusion (e.g. interruptions of prophylaxis) attributed to the reported 

differences in long-term joint status. Other possible explanations of worse joint status are 

underreporting of bleeds and/or increased subclinical bleeding while on-demand treatment 

[15]. Assessment of underreporting is very difficult and may be a major limitation of this study. 

Subclinical bleeding is not formally demonstrated in this study, but may be detected on MRI 

[15] or ultrasound. Similar self-reported activity could be explained by the well-known phe-

nomenon of response shift [34]: patients in the ‘stopped’ group adequately adapted to their 

functional limitations and therefore did not consider themselves as limited. Alternatively, it is 

possible that the increased joint damage did not (yet) translate to limitations in performing 

daily tasks. As joint damage in the ‘stopped’ group is expected to further increase with age, it 

is likely that this will eventually lead to reduced physical functioning [35].

Findings in patients who interrupted prophylaxis are more difficult to interpret due to the small 
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group size and incomplete outcome assessment. Even though no statistically reliable conclu-

sions can be drawn, the ‘interrupted’ group seemed to score worst of all adherence groups. 

Why would patients in the ‘stopped’ group score better than those in the ‘interrupted’ group, 

without the benefit of prophylaxis? The data in this study is insufficient to answer this ques-

tion. Our hypothesis is that the difference is explained by a more severe bleeding phenotype in 

those who interrupted prophylaxis compared with those who discontinued prophylaxis. This 

is supported by the higher bleeding frequencies reported in the interrupted group. Although 

the prescribed prophylactic regimen was similar across adherence groups, patients in the ‘in-

terrupted’ group used less clotting factor and had higher bleeding rates on prophylaxis than 

patients who continued prophylaxis. While we have not formally studied this, our hypothesis 

is that this could reflect overall reduced treatment adherence in the ‘interrupted’ group and/

or potentially a more severe bleeding tendency, which might explain their worse joint status.

Future research

As arthropathy is usually progressive, future research should focus on continued follow-up 

of patients on long-term prophylaxis who started immediately after the first joint bleed, with 

careful monitoring of joint status using objective tools. Especially in patients who discontinued 

prophylaxis, MRI or ultrasound may be able to monitor hemosiderin deposition(s) in clinically 

‘bleed free’ joints or to detect early joint damage, which may be reason to continue prophy-

laxis. Orthopaedic surgery can be added to the set of outcome measurements in future assess-

ments. With a median age of 32.4 years, the patients in this cohort were still too young to take 

orthopaedic surgical interventions into account. 

Reasons for stopping were not collected, as they are not a determinant for outcome param-

eters in this study. However, they are relevant to future intervention programs. Especially in 

patients who interrupt prophylaxis, non-adherence to the prophylactic regimen should be ex-

plored.

 

Conclusion

Stopping prophylaxis during early adulthood is a common phenomenon. In this study 26% of 

young adults receiving prophylaxis since childhood stopped prophylaxis, while reporting only 

few joint bleeds. After 10 years of on-demand treatment, patients who stopped prophylaxis 

had developed significantly more arthropathy than those who continued prophylaxis. These 

results support the need for continued long-term prophylaxis for the majority of adults with 

severe haemophilia.
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CHAPTER 7

Evaluating outcome of prophylaxis in haemophilia: 
objective and self-reported instruments should be combined

K. Fischer, A. Nijdam, M. Holmström, P. Petrini, R. Ljung, Y.T. van der Schouw, E. Berntorp
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Abstract

Introduction: Routine outcome assessment of prophylaxis should use validated tools, while 

balancing comprehensiveness and burden. Collecting overlapping information should be 

avoided. 

Aim: To assess correlations between different outcome assessment tools in haemophilia.

Methods: From an international cross-sectional study, data on objective outcome (Haemophil-

ia Joint Health Score (HJHS 2.1, range 0-124), radiological Pettersson score ) and self-reported 

joint bleeding, Haemophilia Activities List (HAL, range 100-0), health related quality of life 

(SF-36, including 5 physical and 5 mental domain scores, range 100-0), and Utility (SF6D and 

EQ-5D, range 1.0-0) were extracted. Spearmans correlations were calculated: ≥0.8 very strong, 

0.60-0.79 strong, 0.40-0.59 moderate.

Results: 90 Patients with severe haemophilia, on prophylaxis since median age 3.4 years, were 

evaluated at median 25.5 years (range 16.0-37.6). Objective outcome was favourable (median 

HJHS 2.1 6 points, Pettersson score 9 points). Self-reported outcome showed a median of 7 

joint bleeds in 5 years, median HALsum 96 points, high scores for physical domains of SF-36 

(median 80-95) and high Utility values (median SF6D 0.87; EQ-5D 0.84).

Physical examination (HJHS 2.1) showed strong correlation with radiological scores, moder-

ate correlation with physical domains of the SF-36 and Utility, but no correlation with self-

reported bleeding or limitations in activities (HAL). Bleeding was not associated with any other 

outcome parameter. The HAL was only correlated with the SF36 ‘Physical functioning’ domain. 

Conclusion: Outcome assessment in patients on prophylaxis should not depend on self-report-

ed bleeding only, but should include objective outcome assessment as well as self-reported 

limitations in activities and quality of life.
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Tools for assessing outcome of prophylaxis

Introduction

The natural history of haemophilia is characterised by repeated bleeding, especially in ankles, 

knees and elbows. Eventually, this leads to blood-induced joint destruction (haemophilic ar-

thropathy), characterised by loss of function, severe pain and disability [1]. Early prophylactic 

replacement therapy with clotting factor concentrates can stop development of haemophilic 

arthropathy by preventing joint bleeding [2]. Yet this treatment is very costly and the burden 

of frequent and regular intravenous injections is considerable. Outcome assessment in pa-

tients receiving prophylaxis is very important to help identify the optimum treatment strategy 

and justify the cost of expensive replacement therapy.

Traditionally, outcome assessment in haemophilia consisted of joint evaluation using radiogra-

phy [3,4] and physical examination [5]. Since then, many new objective and patient-reported 

tools for outcome assessment have been introduced and validated. To capture the full spec-

trum of consequences of a disease, the WHO has proposed the to use the model of Inter-

national Classification of Functioning, Disability and Health (ICF)) [6]. This model identifies 

the four sequential stages of the main disease-disability pathway: Health condition → Body 

Functions and Structures → Activities → Participation. For each of these stages, outcome can 

be measured with specific tools. Health Related Quality of Life (HRQoL) is seen as an overall 

concept and is not disease specific.

Ideally, outcome assessment should be used for both evaluation of treatment at patient level 

and at group level for research. Published recommendations describe different tools, both 

objective- and self-reported, without providing evidence-based guidance on which ones to 

use [7,8]. Objective tools require imaging or evaluation by a professional and are usually time-

consuming, costly, and require scheduled appointments. While objective tools measure the 

consequences of bleeding and may impact treatment decisions, they may not be considered 

very relevant by patients. In contrast, self-reported tools are cheap, easy to use and more rel-

evant to patients, but lack a direct relation with bleeding or arthropathy.

When choosing tools for routine outcome assessment of prophylaxis, only high quality vali-

dated tools should be considered, while measurement comprehensiveness and burden should 

be balanced. To maximise efficiency, it is important to know which instruments provide over-

lapping information and which instruments provide new data. To determine overlap between 

different instruments for outcome assessement, the present study assesses the correlations 

between the instruments using data from an international multicentre study.
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Methods

Patients and setting

A cross-sectional study was performed using data from an observational study with detailed 

outcome assessment in patients with severe haemophiia (FVIII/IX < 1% or <1 IU/dl), born be-

tween 1-Jan-1970 and 1-Jan-1994, treated at the University Medical Center Utrecht, the Neth-

erlands (Van Creveldkliniek), the Karolinska University Hospital in Stockholm, Sweden, and the 

Skåne University Hospital in Malmö, Sweden [9]. Eligible patients had had life-long access to 

care without a history of inhibitors (any inhibitor activity > 0.6 BU with decreased recovery). 

Because the questionnaires in this study were validated from age 16 years onwards, only pa-

tients with a minimum age of 16 years at evaluation were included.

Information on patient characteristics and treatment history were extracted from the medical 

files., Annual clotting factor consumption was extracted from patient logs and hospital phar-

macy records, for the last 5 years before evaluation. 

Outcome 

Objective outcome was focused on ICF domain ‘Body functions and Structure’ clinical and 

radiological joint status of elbows, knees and ankles. Clinical joint status was assessed by the 

centre’s physiotherapist, and scored according the Haemophilia Joint Health Score (HJHS) ver-

sion 1.0 [10,11]. The HJHS is a structured physical examination of elbows, knees, and ankles 

(max 20-26 points per joint) and observation of gait for knees and ankles (0-4 points). The 

total score ranges from 0 (perfect joint health) to 148 points. Standardisation and reliabil-

ity was established during a training session (intra-class correlation (ICC) 0.84) with all three 

designated physiotherapists [12]. In addition, HJHS scores were calculated according to HJHS 

version 2.1; based on new values for normal range of motion [13], more detailed scoring of 

pain and without scoring axial alignment or gait scores for knees and ankles (range 0-124 

points, manual available through the International Prophylaxis Study Group e-mail: www. Ipsg.

ca Audrey.Abad@sickkids.ca). Radiological joint status on X-rays was scored according to the 

additive Pettersson score [14]. The Pettersson score ranges from 0-13 for each joint, resulting 

in a total score of 0 (perfect joint health) to 78 points. Only X-rays made within 2.5 years from 

physical examination were included in the analyses.

Self-reported outcome included bleeding data and questionnaires (HAL, SF36 and EQ5D). 

The annual number of joint – and soft tissue bleeds over the last five years were extracted 

from the patient logs, medical files, and hospital databases by research nurses at each center. 

Bleeds were defined as any complaint requiring treatment with clotting factor concentrate. 
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Joint bleeds were defined as bleeds located in shoulders, elbows, wrists, hips, knees, or ankles. 

Questionnaires were administered during clinic visits. Self-reported limitations in activities 

were assessed using the Haemophilia Activities List (HAL) [15–17]. The HAL measures the ICF 

domains of ‘Activities’ and ‘Participation’, and includes three sub-scores (upper extremities, 

lower extremities, and complex lower extremities) as well as a sumscore, each with a range of 

100 (no limitations) to 0 points. In addition to the ICF domains, Health Related Quality of Life 

(HRQoL) was assessed using the SF36 [18] and the Euroqol (EQ-5D) questionnaires [19]. The 

SF36 assesses HRQoL in four physical domains (‘Physical funtioning’, ‘Role limitations due to 

physical problems’, ‘Bodily pain’, ‘General health’) and four mental domains (‘Social function-

ing’, ‘Role limitations due to emotional problems’, ‘Mental health’, ‘Vitality’) with points rang-

ing from zero to an optimum score of 100 points; as well as a physical and mental component 

score (PCS and MCS) with a mean of 55 points in the normal population [20]. In addition, the 

SF36 derived Utility value (SF6D) was calculated according to Brazier [21]. The EQ-5D assesses 

problems in five domains (mobility, self-care, activities of daily living, pain, and anxiety/de-

pression) to produce a Utility value ranging from zero (death) to one (perfect health). EQ-5D 

utility values were calculated using the Dutch tariff [22].

Statistical Analysis 

For the descriptive analyses of patient characteristics and outcome, medians and interquartile 

ranges (IQR: P25-P75) were calculated to describe both skewed and normally distributed pa-

rameters. Patient characteristics between groups were compared using the Mann Whitney U 

test and Fischers’ exact test.

Correlations between different outcome parameters and –tools at patient level were calcu-

lated using nonparametric Spearman’s Rho correlations. Correlation coefficients of ≥0.8 were 

considered very strong, 0.60-0.79 strong, 0.40-0.59 moderate, 0.20-0.39 weak [23]. Only cor-

relation coefficients

 of >=0.40 were considered relevant and are presented here.

Results

Overall, 90 of 128 patients in the original study cohort were included; 38 patients were ex-

cluded because they did not complete questionnaires (n=27) or were younger than 16 years 

at evaluation (n=11). Patient and treatment characteristics are shown in Table 1. Fifty-two pa-

tients were Dutch and 38 patients were Swedish, the majority (88%) had severe haemophilia 

A. The median age at evaluation was 25.5 years, ranging from 16.0 to 37.6 years. About one 

Proefschrift_6.indd   91 29/11/15   22:16



92

third of patients (34.8%) was HCV-positive, 15.6 % already had a history of orthopedic surgery 

and 5.6% were HIV positive. The majority of patients was treated with prophylaxis 3x/week. 

An overview of objective and self-reported outcome is shown in Table 2. Data on physical 

exam were available for 87 (97%) patiens and Pettersson scores within 2.5 years of physical 

examination were available for 40/52 (77%) of Dutch patients only. Data on bleeding and HAL 

questionnaires were available for all patients, while EQ5D were available for 88 and SF36 for 

89 patients. 

Table 1. Patient and treatment characteristics.

Values are median (IQR) of unit of measurement unless otherwise stated.
† Annual clotting factor consumption was rounded to the nearest 100.

Objective outcome

Overall objective outcome showed favourable total HJHS scores of 6.0 points (range 0-39 for HJHS 

1.0 and 0-33 for HJHS 2.1), and median Pettersson scores of 9.0 points, ranging from 0 to 37. 

Non-parametric correlations between objective outcome parameters are shown in Table 3. As 

expected, the correlation between HJHS 1.0 and HJHS 2.1 was almost perfect. The correlation of 

Pettersson scores with the HJHS scores was strong with correlation coefficients of 0.66 and 0.67, 

respectively (P-value <0.01). 

Median (IQR) or %

No. 90 (52 NL, 38 SE)

Haemophilia A (%) 88%

Age at evaluation (years) 25.5 (20.9-30.4)

Weight (kg) 70 (62-80)

HCV positive (%) 34.8%

HIV positive (%) 5.6%

History of orthopedic surgery (%) 15.6%

Treatment history

   Age at start prophylaxis (years) 3.4 (1.5-5.3)

Treatment during the last 5 years

   On prophylaxis (%) 89%
     Weekly prophylactic dose (IU/kg) 54 (39-80)

   Prophylactic  infusions/week (n) 3.0 (2.0-3.0)
     Annual consumption† (IU/kg/years) 2600 (1800–4000)
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Table 2. Objective and self-reported clinical outcome.

 Median (IQR) or %

Objective outcome-Joint outcome (elbows, knees, ankles)

Loss of function (n=87) 

HJHS 1.0 (max 148 points) 6.0 (2.0-16.0)

HJHS 2.1 (max 124 points) 6.0 (2.0-12.0)

HJHS 2.1 ≥ 10 points 32%

Changes on X-ray, (n=40)

Pettersson score (PS, max 78 points) 9.0 (3.0-15.0)

Time between PS and HJHS (years) 0 (-0.7-+1.0)

Age at Pettersson score (years) 26.5 (20.4-30.6)

Self-reported outcome

Bleeding over the last 5 years (n=90)

Joint bleeds/year, n 1.0 (0.0-2.1)

Joint bleeds in 5 years, n 7.0 (1-15)

Limitations in activities (n=90)

HAL sum (max 100 points) 96 (84-100)

HAL upper extremities 100 (91-100)

HAL lower extremities basic 97 (79-100)

HAL lower extremities complex 95 (75-100)

Health-related quality of life

SF36 (n=89; max 100 points)

SF36-Physical functioning 95.0 (85.0-100)  

SF36-Physical role limitations 100 (75.0-100) 

SF36-Pain 79.6 (67.3-100) 

SF36-General Health 80.0 (65.0-90.0) 

SF36-Social functioning 100 (87.5-100)  

SF36-Emotional role limitations 100 (100-100) 

SF36-Mental Health 84.0 (76.0-92.0) 

SF36-Vitality 75.0 (56.2-85.0) 

SF36-Physical Component Score (PCS) 52.3 (45.6-56.0) 

SF36-Mental Component Score (MCS) 56.6 (53.3-59.4) 

SF6D-utility (max 1.0) 0.87 (0.76-0.94)

Euroqol (EQ-5D, n=88)

EQ-5D utility (max 1.0) 0.84 (0.81−1.00)
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Table 3. Non parametric correlations for objective outcome parameters.

Correlations presented are statistically significant (p-value<0.01)

Self-reported outcome 

Self-reported outcome showed a low annual joint bleed rate and few limitations in activities 

in the HAL questionnaire. Most limitations (scores < 100 points) were reported for the HAL 

Sum score (72%) and the HAL Lower extremities complex score (59%). The eight domains 

of the SF36 showed median scores varying between 75 and 100 points. For the domain of 

‘Physical functioning’ scores were high at a median of 95 points, with 54% reporting problems 

(score <100). The median score for the domain of ‘Pain’ was 79.6 points with 74% of patients 

reporting any pain in the last six weeks. Median scores for the domains of ‘Mental health’ and 

‘Vitality’ were unexpectedly low at 84 and 75 points respectively. Both the Physical (PCS) and 

the Mental (MCS) SF 36 component scores were around the normal average of 55 points. The 

median SF6D Utility value was 0.87, with 92% scoring <1.0. The EQ-5D Utility value was similar 

at 0.84, with scores <1.0 in 53% of patients. When comparing these self-reported outcome 

parameters between Dutch and Swedish patients, bleeding parameters and all HAL subscores 

were significantly different (p-values all <0.02), but all SF36 domains and Utility values were 

similar between the two countries (data not shown) [9].

Self-reported outcome parameters showed a very strong correlation between both bleeding 

parameters (0.87), but no correlation between joint bleeding and any of the questionnaires 

(Table 4). For the HAL questionnaire, the HAL sum score was mostly dependent on the lower 

extremity scores (correlation coefficients 0.92 and  0.96, respectively) and showed moderate 

correlations with SF36 ‘Physical functioning’ (0.43) and the SF6D Utility (0.41). Correlations 

between the SF36 domains and SF6D and EQ5D Utility, were moderate to strong for most 

domains, especially the physical domains. 

Spearmans' correlations HJHS 1.0  

HJHS 2.1 0.99 HJHS 2.1

Pettersson Score 0.66 0.67
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Table 4. Non-parametric correlations for self-reported outcome parameters.

NR: Non Relevant (Spearmans’ rho <0.40)
All correlations presented are statistically significant (p-value<0.01)

Spearmans' 
correlations

annual 
joint 
bleeds

       

5-year joint 
bleeds

0.87 5-year 
joint 
bleeds

      

HAL_sum NR NR HAL_sum      

HAL_upper 
extremities

NR NR 0.76 HAL_up-
per extr

    

HAL_lower 
extremities 
basic

NR NR 0.92 0.61 HAL_lower 
extr basic

   

HAL_lower 
extremities 
complex

NR NR 0.96 0.66 0.90 HAL_lower 
extr complex

SF6D 
Utility

EQ5D 
Utility

SF36 Physical 
functioning

NR NR 0.43 NR NR NR 0.73 0.66 

SF36 Physical 
role limitations

NR NR NR NR NR NR 0.69 0.56

SF36 Pain NR NR NR NR NR NR 0.69 0.64 

SF36 General 
Health

NR NR NR NR NR NR 0.59 0.48

SF36 Social 
functioning

NR NR NR NR NR NR 0.72 0.66

SF36 Emotional 
role limitations

NR NR NR NR NR NR 0.50 0.42

SF36 Mental 
health

NR NR NR NR NR NR 0.72 0.57

SF36 Vitality NR NR NR NR NR NR 0.58 NR

SF36 PCS NR NR NR NR NR NR 0.69 0.67

SF36 MCS NR NR NR NR NR NR 0.45 NR

SF6D Utility NR NR 0.41 NR NR NR - 0.75

EQ-5D Utility NR NR NR NR NR NR 0.75 -
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Correlations between objective and self-reported outcome parameters 

A subset of representative outcome parameters was chosen for the analysis of correlations 

between objective and self-reported outcome. The HJHS 2.1 (current version) and Petters-

son score represented the objective parameters. For self-reported outcome, 5 year bleeding 

(more variability), HAL sum score (most representative), the SF36 physical domains and SF36-

‘Social funtioning’ (may represent participation), as well as SF6D- and EQ5D Utility values were 

selected. 

Correlations between objective and self-reported outcome parameters were very limited 

(Table 5). The HJHS 2.1 showed moderate correlations with physical domains of the SF36 and 

Utility values. None of the objective parameters showed any correlation with bleeding, the 

HAL scores, or the mental domains of the SF36 (data not shown). The Pettersson scores did not 

show any correlation with self-reported outcome (strongest correlation with SF36 ‘Physical 

Functioning’: correlation coefficient 0.36, p value <0.05). These data suggest that both objec-

tive and self-reported outcome should be assessed, as both are independently associated with 

Health Related Quality of Life and Utility.

Table 5. Non-parametric correlations between selected objective and self-reported outcome parameters.

NR: Non Relevant (Spearmans’ rho <0.40)
All correlations presented are statistically significant (p-value<0.01)

Chapter 7

Objective outcome

Self-reported outcome HJHS 2.1 Pettersson Score 

5-year joint bleeds NR NR

HAL_sum NR NR

SF36 Physical functioning -0.59 NR

SF36 Pain -0.41 NR

SF36 Social functioning NR NR

SF36 PCS -0.45 NR

SF6D Utility -0.41 NR

EQ-5D Utility -0.43 NR
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Discussion

Principal findings

In search for the optimum outcome assessment ‘toolkit’ for evaluation of prophylaxis in pa-

tients with haemophilia the present multicentre study assessed the correlations between dif-

ferent outcome parameters. Our data showed that structured physical examination using the 

HJHS 2.1 had strong correlation with radiological scores, moderate correlation with physical 

domains of the SF36 and Utility values, but no correlation with self-reported bleeding or limi-

tations in activities measured by the HAL questionnaire. In this population treated with early 

prophylaxis, self-reported bleeding was not associated with any of the outcome parameters 

collected, and the HAL was only correlated with a single SF36 domain. These results suggest 

that outcome assessment in patients on prophylaxis should not depend on self-reported 

bleeding only, but should include objective outcome assessment as well as self-reported limi-

tations in activities and HRQoL. 

Validity of the study

The present study included prospective standardised outcome assessment using validated 

outcome tools. Prior to this study, a standardisation exercise and reliability assessment was 

performed among the participating physiotherapists [12]; this is very important, as scoring 

variation between individual physiotherapists can be considerable [24]. HJHS 2.1 scores were 

derived from the raw data generating HJHS 1.0 scores; this conversion was possible and reli-

able because there were no patients with abnormalities in axial alignment and only two who 

scored positive on pain. Unfortunately, routine X-rays within 2.5 years of physical examination 

were only available in 40 Dutch patients. The present study included assessment of all ICF 

domains except participation. Participation was covered only indirectly with some items of 

the HAL and the domain of ‘Social functioning’ of the SF36. However, not all currently avail-

able haemophilia specific tools were used in this study. Especially for the interpretation of the 

HJHS 2.1 results, it would be interesting to include more sensitive imaging techniques, such as 

MRI and ultrasound. Likewise, haemophilia specific HRQoL questionnaires were not included; 

it could be expected that disease specific HRQoL would show more correlation with the HAL. 

The FISH (Functional Independence Scale for Haemophilia) is a validated tool that observes 

performance in walking and activities of daily living such as dressing and grooming. This tool 

was not included in the present study, as it,is relatively insensitive to early joint changes. 

External validity of this study was limited by the study population, as it included only adults 

with severe haemophilia treated with early prophylaxis. However, it is this group that needs 
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careful monitoring for treatment adjustment and justification of treatment costs. As correla-

tion coefficients are always low in data that lack variation, it is expected that correlations will 

be stronger when including patients with more prominent arthropathy. 

Comparison with others

The results of the present study were corroborated by a recent report on correlations of ob-

jective outcome with annual joint bleeding in 38 children with severe haemophilia [25]. At a 

median age of 9 years, the HJHS showed moderate correlation with MRI and weak correla-

tion with Pettersson scores; similar to our study, bleeding rates showed no correlations with 

other outcome parameters. The lack of correlation between HJHS and Pettersson scores is in 

contrast with our findings and may be explained by the young age of these patients. So far, 

most other studies reporting correlations of HJHS with other outcome parameters were HJHS 

validation studies. The study by Feldman et al in 226 children with haemophilia showed mod-

erate correlation with life-time bleeding and physicians’ joint assessment, but no correlation 

with self-reported outcome assessed by the modified Child-Health Assessment Questionnaire 

(C-HAQ) [11]. The lack of correlation between HJHS and activities was corroborated by a more 

detailed analysis in the same patients [26]. The HAL however, did correlate with measures 

of joint function in patients with more advanced arthropathy; in Rumanian children pedHAL 

showed strong correlation with HJHS (-0.59) and moderate correlation with the domain of 

physical functioning of CHQ-50(0.40), but not with its mental domains [27]. The SF36 was 

used in a large European study reporting on 1033 patients with a mean age of 36 years. It 

showed that the physical domains of the SF36 can discriminate between haemophilia patients 

and healthy controls, as well as between adult patients on prophylaxis and patients treated 

on demand [28]. However, an earlier comparison [29] and the present study show that these 

domains can not discriminate between different prophylactic regimens. A similar correlation 

of SF36 ‘Physical functioning’ with the HJHS (-0.66) was published for a subgroup (n=22) of 

the present population [12]. Data on Utility values in haemophilia are limited in number, with 

only one study reporting on SF6D Utilities in 71 Belgian patients, and the rest using the EQ-5D. 

Again, only large differences [30,31] between patient groups could be detected by this self-

reported instrument [9]. 

Clinical relevance & future research

This study shows that bleeding rates in patients on prophylaxis do not correlate with any of 

the objective and other self-reported outcome parameters, and that a deterioration in objec-
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tive outcome does not immediately translate into self-reported limitations in activities or loss 

of HRQoL. It also shows good construct validity of the, originally paediatric, HJHS score in 

young adults and further strengthens the assumption that this tool, can be used after child-

hood. When considering outcome tools, their ability to discriminate between different pa-

tient groups should be evaluated. The original study generating these data showed that HJHS, 

bleeding rates, and HAL could discriminate between two prophylactic regimens, but the SF36, 

SF6D and EQ-5D could not [9]. The lack of correlation of the HRQoL measures with objective 

outcome may be due to a non-linear association; it is expected that HRQoL will only deterio-

rate after reaching a certain threshold of joint damage and/or loss of function. As there is no 

golden standard available, this study cannot address the issue of sensitivity and specificity 

of the outcome tools used in this study, nor whether one can replace the other. Outcome 

assessment is also heavily dependent on the population studied: the presence of significant 

arthopathy and/or the use of prophylaxis should be considered when choosing outcome as-

sessment tools [32]. However in the case of early prophylaxis, it is clear that all aspects of 

the ICF should be addressed, and that objective and self-reported outcome should always 

be combined. Presenting objective outcome only would result in underrepresentation of the 

patient perspective, but could detect small differences in joint health. Presenting self-reported 

outcome only could lead to misleading results, as only large differences in joint health can be 

detected [32,33]. 

How about adding new outcome tools? MRI is very sensitive and will be able to detect the 

earliest joint changes even before the onset of any clinical symptoms. However, this modality 

is expensive and time consuming, and will therefore not be available for all patients. In this 

context, ultrasound may be a more accessible alternative. When considering the ICF, formal 

assessment of participation is lacking in the present study. This was partly covered by the HAL, 

which includes many aspects of participation, and showed a strong relation with participation 

in a previous study [34].

In conclusion, this study showed that structured physical examination using HJHS had strong 

correlation with radiological joint changes and physical domains of HRQoL. Self-reported 

bleeding did not correlate with any other outcome parameter, and self-reported activities only 

correlated with HRQoL. Therefore, outcome assessment in patients on prophylaxis should not 

depend on self-reported bleeding only, but should include objective joint assessment as well 

as assessment of activities and health related quality of life. 
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Clotting factor replacement therapy for patients with severe haemophilia has moved from 

on-demand treatment (at the time of clinically evident bleeding) to prophylaxis (regular and 

continuous treatment to prevent bleeding) in countries with the necessary resources [1]. One 

of the most clinically relevant outcomes is haemophilic arthropathy, caused by bleeding into 

joints. Prophylaxis prevents or postpones the development of arthropathy [2] and is therefore 

indicated in all patients with severe haemophilia. However, keeping up regular intravenous 

treatment is very costly and poses a heavy burden on some patients. Modern haemophilia 

care is trying to balance the burden of treatment and optimal joint health. 

As haemophilia is a rare disease, research aimed at improving treatment is complicated by 

the small numbers of patients available. In patients on prophylaxis arthropathy takes years 

to develop, which further complicates research. Many studies use easy-to-collect, short-term 

outcome measures (e.g. patient-reported bleeding frequencies), therefore treatment guide-

lines in haemophilia are often based on limited evidence. The aim of this thesis was to improve 

prophylactic treatment by assessing changes in clinical practice of prophylaxis and their conse-

quences on long-term outcome in patients who started prophylaxis in early childhood.

Regarding the question when to initiate prophylaxis, we demonstrated that the number of 

joint bleeds before starting prophylaxis provides best guidance in starting early prophylaxis. 

Starting after at most one joint bleed resulted in better long-term outcome compared to start-

ing later, but we could not differentiate between starting before or after the first joint bleed. 

Regarding the question which initial prophylactic regimen is best, we identified three differ-

ent initial regimens, depending on frequency at start of prophylaxis (1-2 vs. ≥3x/week infu-

sions) and age at reaching ≥3x/week (before vs. after age three years). Small differences were 

demonstrated in short-term outcome, but differences in long-term outcome could not yet be 

determined. 

Regarding the question whether or not to discontinue prophylaxis in (young) adults, we 

showed that after switching to on-demand treatment patient-reported outcome remained 

favourable, while objectively assessed joint health worsened. These results support continua-

tion of long-term prophylaxis in adults and demonstrate the need for objective tools in moni-

toring joint health.

Outcome assessment

Response shift

Living with chronic disease and subsequent disability is a process of change and adjustment. 

Patient-reported limitations in activities and health related quality of life (HRQoL) are likely to 
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be affected by the so called ‘response shift’ bias [3]: a process in which a patient adapts his 

(or her) internal assessment of quality of life and disability to his/her changing health [4]. Hae-

mophilia patients might do the same and therefore report similar self-reported limitations in 

activities and HRQoL, despite worse objective joint outcomes. Studies on chronic diseases us-

ing patient-reported questionnaires, such as those used in this thesis (Haemophilia Activities 

List [5, 6], SF36 [7] and EuroQol (EQ-5D) [8]), should always take response-shift into account 

when interpretating results from different groups.

Response time 

Outcome measures have different response times, i.e. time between an event and the mea-

surable effect on outcome. In patients on prophylaxis, the effects of bleeding will result in 

detectable arthropathy only years later; joint damage takes time to develop and even more 

time to be picked up by the currently used tools (Haemophilia Joint Health Score (HJHS), radio-

logical Pettersson score). Subsequent limitations in activities become apparent even later and 

might suffer from reporting bias and response shift. Other patient-reported measures (e.g. 

Quality of Life) are also influenced by social circumstances, a patient’s ability to cope with the 

daily impact of haemophilia [9, 10] and co-morbidities [11, 12]. This, however, is outside the 

scope of this thesis. 

The different response times may explain why this thesis (chapter 6 and 7) and other studies 

[13–15] show that bleeding is at most moderately correlated with other outcome measures. 

Other possible reasons include reporting bias, misclassification of joint bleeds, subclinical 

bleeding and/or lack of variation in bleeding rates in patients on early prophylaxis.

The response time of arthropathy depends on the setting. In a setting of (early) prophylaxis, 

arthropathy is postponed and as a consequence, differences in arthropathy will only surface 

years later. Figures 1 and 2 in chapter 5 (differences in age and number of joint bleeds at start-

ing prophylaxis) and figure 2 in chapter 6 (stopping vs. continuing prophylaxis in young adults) 

illustrate that extended follow-up is needed to appreciate differences in arthropathy between 

treatment regimens. HJHS scores are still low in 11 years old patients treated with different 

early prophylactic regimens in chapter 4. Apart from the inter-observer bias, these patients 

may have been too young to detect possible differences in HJHS between the prophylactic 

regimens. In contrast, arthropathy is already prominent in young patients with severe haemo-

philia who have limited or no access to clotting factor products: ten year old Mexican children 

had already significantly decreased functional ability [16] and 19 year old Indian patients with 

severe haemophilia had a median Pettersson score of 18 [17]. 

Chapter 8
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Standardisation of measurement tools

In chapter 4, the comparison of the effects of different prophylactic regimens on joint status 

was hampered by large inter-observer bias on routinely collected HJHS. The HJHS is a validated 

tool that can very well be used to monitor patients’ joint status over time and to compare 

patients within centres if scored by the same physiotherapist. However, the use of validated 

outcome measures alone is not enough to secure valid results. Studies that require more than 

one observer to measure objective outcome should ensure prior standardisation of outcome 

measurement, as well as report inter-observer agreement. Moreover, in treatment centres 

with more than one physiotherapist, HJHS assessments will have to be regularly calibrated 

to ensure reliable patient follow-up. This does not only apply to the use of the HJHS, but 

also to other objective outcome measures, such as the radiological Pettersson score [18, 19], 

MRI scores [20, 21], and the newly developed Haemophilia Early Arthropathy Detection with 

UltraSound (HEAD-US) [22]. Recently a consensus atlas was developed to facilitate uniform 

and reproducible scoring according to Pettersson [23]. The atlas contains reference X-rays of 

different stages of haemophilic arthropathy in elbows, knees, and ankles with descriptions of 

the corresponding Pettersson score items. 

Future research & issues to be addressed in outcome assessment

If we want to optimise prophylaxis, we will have to detect small differences in arthropathy, 

ideally as soon as possible. Therefore future research on prophylactic treatment should focus 

on adequate outcome measurement. Conventional tools to assess haemophilic arthropathy 

(HJHS, Pettersson) are unable to detect early changes in joint health. In developed countries, 

more sensitive imaging techniques, such as MRI, can be used to detect early soft-tissue changes 

such as haemosiderin deposition and synovial hypertrophy. MRI detects more abnormalities 

than conventional X-rays [21, 24–26], but the clinical importance of these findings remains un-

clear. Recently, synovial changes on MRI were shown to be associated with a significantly higher 

rate of joint bleeds and changes on X-rays 5 years later [27]. Unfortunately, the costly and cum-

bersome nature of MRI assessment prevents large-scale application in clinical practice.

Ultrasound is less expensive and a viable alternative in the clinic, but still very much in de-

velopment. In the hands of experienced radiologists using a standardized protocol, it was 

shown to be a reliable tool for assessing soft-tissue abnormalities in joints of haemophilia 

patients. On the other hand, it had variable diagnostic accuracy for assessment of osteochon-

dral changes [28]. Designed for non-expert users, the relatively simple and fast ultrasound 

protocol HEAD-US [22] was capable of detecting early joint changes [29, 30]. Recently, validity 
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and inter-operator reliability of the HEAD-US score were shown to be good (intraclass correla-

tion coefficient 0.72) [31]. This makes HEAD-US a promising tool for routine joint assessments 

in clinical practice.

Starting early prophylaxis

Chapter 5 shows that the number of joint bleeds before starting prophylaxis provides best 

guidance in starting early prophylaxis and suggests that starting before the onset of joint 

bleeding resulted in the best long-term outcome. However, in clinical practice starting before 

joint bleeding is not always possible, especially in patients with a negative family history of 

haemophilia who present with joint bleeding. Moreover, the time of the first joint bleed is 

quite variable: median age 1.7 years, IQR 1.0-2.8. This implies that 25% of patients with a less 

severe bleeding phenotype will have the first joint bleed only after age 2.8 years and suffer 

the unnecessary burden of difficult venous access in starting prophylaxis at a very young age. 

This makes allowing one joint bleed before starting prophylaxis an attractive alternative. Our 

results suggest that this may yield acceptable long-term outcome as well. However, these con-

clusions are based on a small number of patients only. As the trend to start prophylaxis earlier 

and after fewer joint bleeds continues, it may be feasible conduct a similar study in 5-10 years’ 

time, when more children starting prophylaxis after no or a limited number of joint bleeds can 

be included.

When comparing regimens starting prophylaxis with 1-2 weekly infusions, the question 

whether differences in short-term outcome translate to long-term outcome differences re-

mains unanswered (chapter 4). Such a comparison requires repeated and detailed outcome 

assessment, and HJHS assessments can only be used after standardisation. However, this stan-

dardisation is a distant prospect that requires regular training sessions to calibrate scoring 

between the different physiotherapists. Recently, a strong correlation (Spearman’s correla-

tion coefficient 0.70, P < 0.01) between HJHS scores and the ultrasound HEAD-US score was 

demonstrated [29]. If this is confirmed in other settings and/or patient groups, ultrasound 

examination could provide a viable alternative for routine assessment of arthropathy in future 

clinical practice. Until then, a standardised assessment of X-rays may be able fill this gap [23], 

even though these exams are usually taken at longer intervals. 

Stopping early prophylaxis

In chapter 6, a comparison of patients who discontinued early prophylaxis in adulthood with 

those who continued, showed similar patient-reported joint bleeding but increased arthropa-

Chapter 8
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thy in patients who stopped prophylaxis. This difference in objective outcome is in contrast 

with earlier studies suggesting that those who discontinue early prophylaxis while maintaining 

a low bleeding rate represent patients with a milder bleeding phenotype [32]. Nor does it cor-

roborate the higher bleeding frequency of patients who switched to on-demand treatment in 

the TEEN/TWEN study [33]. However, this study population is not comparable to ours, as pa-

tients on early prophylaxis were not included. In our study, the discrepancy between patient-

reported and objectively measured outcome could be caused by reporting bias, if patients 

who stop prophylaxis (un)consciously underreport bleeding. Assessment of underreporting is 

very difficult and may be a major limitation of this study. Schrijvers et al. showed that motiva-

tors for a high adherence to prophylaxis in haemophilia patients are, among others, experienc-

ing symptoms and a positive belief of necessity of treatment [10, 34]. If patients who switched 

to on-demand treatment really experience few bleeds and functional limitations, this might be 

part of the explanation why they are not motivated to continue prophylaxis.

 Alternatively, the reported low joint bleeding frequencies might be due to misclassification of 

joint bleeds. Timmer et al. showed that it is difficult to differentiate between a joint bleed and 

(flare-ups of) haemophilic arthropathy in adult patients due to overlapping symptoms [35]. 

Another report showed that patient-perceived aetiology of joint pain was correct in only ap-

proximately one third of the episodes in adults with established arthropathy [36]. Even though 

misclassification may have occurred, we feel that our study population had less severe ar-

thropathy and is therefore less likely to misclassify joint bleeds as arthropathy flare-ups. 

The occurrence of subclinical bleeding in patients treated on-demand is a possible explana-

tion of worse arthropathy in patients treated on-demand. There is increasing, yet inconclusive 

evidence for subclinical bleeding into joints from studies using very sensitive MRI joint scores 

[13]. Some studies showed joint damage in 19%-38% of clinically bleed-free joints [14, 15, 37], 

while another study did not corroborate occult bleeding into joints [26]. As of yet, subclinical 

joint bleeding warrants further research using MRI or ultrasound to monitor early joint dam-

age in clinically bleed-free joints; especially in the light of low frequency early prophylactic 

regimens that are more and more used to initiate prophylaxis in young children.

Patients who had stopped prophylaxis are expected to use clotting factor only to treat bleeds. 

At the Van Creveldkliniek, joint bleeds are treated with one or more infusions of 25-40 IU/

kg, until bleeding stops. Patients in our study used 800 IU/kg/year, which translates to treat-

ing about 7-12 bleeds in an 80 kg adult patient who needs 3 infusions to resolve bleeding. 

This is much more than the low number of patient-reported bleeds would suggest: overall 

median 3.2 bleeds/year (unreported data), of which 1.5 joint bleeds/year. The clotting factor 
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use of our patients on on-demand treatment was in line with those reported in other studies 

[38, 39]. Danish patients who had switched to on-demand treatment were reported to adopt 

some form of prophylactic administration of clotting factor before engaging in activities with 

a higher risk of injury, such as sports activities or maintenance chores around the house [39]. 

Unfortunately, these data were not collected in our study. To fully explain the clotting factor 

consumption in patients who switched to on-demand treatment, the reasons of factor con-

sumption these patients should be assessed. 

Prophylaxis in the context of new treatment modalities

New treatment modalities, such as long-acting factor and gene therapy, are expected to pro-

foundly change treatment for haemophilia. In the last five years, new bio-engineered long-

acting FVIII and IX products (using pegylation or fusion to Fc/albumin) have been developed 

[40, 41]. This resulted in a 1.5-1.7-fold prolongation of half-life in clotting factor VIII and 3- to 

5-fold in factor IX. Half-life extension could greatly reduce the burden of treatment by reducing 

the frequency of intravenous infusions in patients on prophylaxis. It would thereby facilitate 

the use of, and adherence to prophylaxis in adults who would otherwise switch to on-demand 

treatment. Moreover, it could facilitate the initiation of early prophylaxis in young children. In 

particularly in those with problematic venous access, subcutaneous or oral delivery as alterna-

tive routes of administration are suggested as a future possibility [42]. However, the extended 

half-life products still require life-long (intravenous) treatment and the benefits for patients 

using factor FVIII are still modest. Gene therapy has the potential to cure patients with hae-

mophilia by transferring a normal copy of the defective gene. Although haemophilia A is more 

common, most gene therapy studies have focused on haemophilia B, as the gene encoding 

for FIX is relatively small and its expression pathway less complex than that of the FVIII gene. 

Recently, long-term (1.5 to 4.3 years) therapeutic levels of biologically active FIX were demon-

strated in 10 patients with severe haemophilia B after a single administration of the FIX gene 

[43]. It is expected that with the current rate of progress, gene therapy for haemophilia B will 

be commercially available over the next decade [44]. 

Concluding remarks

Treatment for severe haemophilia has come a long way from the introduction of clotting fac-

tor products to prophylaxis, improving the life expectancy to approach that of the general 

population and allowing patients to lead a near-to-normal life. Nevertheless, there are still 

issues that need to be tackled, as treatment is very costly and adherence sometimes difficult. 

Chapter 8
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The research in this thesis presents small but necessary steps towards optimising treatment 

for severe haemophilia patients.

When to start prophylaxis: Starting prophylaxis in early childhood, after at most one joint 

bleed, seemed to result in good conservation of joint health. More research is needed to dif-

ferentiate between starting prophylaxis before joint bleeding and after one joint bleed.

How to start prophylaxis: Prophylaxis was increasingly started with low frequency infusions. 

The regimens to subsequently step up to the ‘full’ protection of three prophylactic infusions 

per week had different short-term outcomes, but it is not yet clear how these differences 

translate to long-term joint health. In the Van Creveldkliniek the more lenient regimen seems 

to yield good outcome. However in the light of possible subclinical bleeding, we should be 

careful not to focus on clinically evident bleeds only.

Stopping prophylaxis in young adults: In adult patients who discontinue prophylaxis, we should 

not be fooled by first impressions: we have demonstrated that favourable patient-reported 

outcome does not imply good joint health. Regardless the treatment regimen, joint health 

should be closely monitored by objective outcome measures. With the results in this thesis, 

the clinician can strengthen a patient’s belief of necessity of prophylaxis by demonstrating the 

risks of on-demand treatment. 

Finally we have shown that different outcome measures each tell a different part of the story, 

and that only combined the whole picture emerges. Especially in studies assessing the opti-

mum prophylactic regimen, both short-term and long-term outcome, as well as objective and 

patient-reported outcome should be included. 

References
1.    Van Creveld S. Prophylaxis in haemophilia. Lancet 1971; 1: 450.

2.     Fischer K, Van Hout BA, Van der Bom JG, Grobbee DE, Van den Berg HM. Association between joint bleeds 

and Pettersson scores in severe haemophilia. Acta Radiol 2002; 43: 528–32.

3.    Schwartz CE, Andresen EM, Nosek MA, Krahn GL. Response shift theory: important implications for measur-

ing quality of life in people with disability. Arch Phys Med Rehabil 2007; 88: 529–36.

4.     Schwartz CE, Bode R, Repucci N, Becker J, Sprangers M a G, Fayers PM. The clinical significance of adaptation 

to changing health: A meta-analysis of response shift. Qual Life Res 2006; 15: 1533–1550.

5.    Van Genderen FR, Van Meeteren NLU, Van der Bom JG, Heijnen L, De Kleijn P, Van den Berg HM et al. Func-

tional consequences of haemophilia in adults: the development of the Haemophilia Activities List. Haemo-

philia 2004; 10: 565–71.

6.    Van Genderen FR, Westers P, Heijnen L, De Kleijn P, Van den Berg HM, Helders PJM et al. Measuring patients’ 

perceptions on their functional abilities: validation of the Haemophilia Activities List. Haemophilia 2006; 12: 

36–46.

7.     Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and 

Proefschrift_6.indd   111 29/11/15   22:16



112

item selection. Med Care 1992; 30: 473–83.

8.     EuroQol Group. EuroQol--a new facility for the measurement of health-related quality of life. Health Policy 

1990; 16: 199–208.

9.     Binnema M, Schrijvers LH, Bos R, Schuurmans MJ, Fischer K. Coping in adult patients with severe haemo-

philia. Haemophilia 2014; 20: 513–8.

10.   Schrijvers LH, Kars MC, Beijlevelt-van der Zande M, Peters M, Schuurmans MJ, Fischer K. Unravelling adher-

ence to prophylaxis in haemophilia: a patients’ perspective. Haemophilia 2015; 21: 612-21.

11.  Fransen van de Putte DE, Fischer K, Posthouwer D, Mauser-Bunschoten EP. The burden of HCV treatment in 

patients with inherited bleeding disorders. Haemophilia 2011; 17: 791–9.

12.  Fransen van de Putte DE, Fischer K, Posthouwer D, Van Erpecum K, Mauser-Bunschoten EP. Occurrence, 

course and risk factors of depression during antiviral treatment for chronic hepatitis C in patients with inher-

ited bleeding disorders: a prospective study. Haemophilia 2009; 15: 544–51.

13.  Manco-Johnson MJ, Abshire TC, Shapiro AD, Riske B, Hacker MR, Kilcoyne R et al. Prophylaxis versus episodic 

treatment to prevent joint disease in boys with severe hemophilia. N Engl J Med 2007; 357: 535–44.

14.  Lundin B, Ljung R, Pettersson H, Siimens M, Tervahartiala P, Tusell J et al. MRI scores of ankle joints in children 

with haemophilia - Comparison with clinical data. Haemophilia 2005; 11: 116–122.

15.  Kraft J, Blanchette V, Babyn P. Magnetic resonance imaging and joint outcomes in boys with severe hemo-

philia A treated with tailored primary prophylaxis in Canada. J Thromb Haemost 2012; 10: 2494–2502.

16.  Tlacuilo-Parra A, Villela-Rodriguez J, Garibaldi-Covarrubias R, Soto-Padilla J, Orozco-Alcala J. Functional in-

dependence score in hemophilia: A cross-sectional study assessment of Mexican children. Pediatr Blood 

Cancer 2010; 54: 394–397.

17.  Fischer K, Van den Berg HM, Thomas R, Kumar S, Poonnoose P, Viswabandya A et al. Dose and outcome of 

care in haemophilia--how do we define cost-effectiveness? Haemophilia 2004; 10 Suppl 4: 216–20.

18.  Pettersson H, Ahlberg A, Nilsson IM. A radiologic classification of hemophilic arthropathy. Clin Orthop Relat 

Res 1980; 149: 153–9.

19.  Pettersson H, Nilsson IM, Hedner U, Noréhn K, Ahlberg A. Radiologic evaluation of prophylaxis in severe 

haemophilia. Acta Paediatr Scand 1981; 70: 565–70.

20.  Lundin B, Manco-Johnson ML, Ignas DM, Moineddin R, Blanchette VS, Dunn a. L et al. An MRI scale for as-

sessment of haemophilic arthropathy from the International Prophylaxis Study Group. Haemophilia 2012; 

18: 962–970.

21.  Kilcoyne RF, Lundin B, Pettersson H. Evolution of the imaging tests in hemophilia with emphasis on radiogra-

phy and magnetic resonance imaging. Acta Radiol 2006; 47: 287–96.

22.  Martinoli C, Della Casa Alberighi O, Di Minno G, Graziano E, Molinari AC, Pasta G et al. Development and 

definition of a simplified scanning procedure and scoring method for Haemophilia Early Arthropathy Detec-

tion with Ultrasound (HEAD-US). Thromb Haemost 2013; 109: 1170–9.

23.  Foppen W, van der Schaaf IC, Beek FJA, Verkooijen HM, Fischer K. Scoring haemophilic arthropathy on X-rays: 

improving inter- and intra-observer reliability and agreement using a consensus atlas. Eur Radiol 2015; Sep 

24. [Epub ahead of print]

24.  Lundin B, Pettersson H, Ljung R. A new magnetic resonance imaging scoring method for assessment of hae-

mophilic arthropathy. Haemophilia 2004; 10: 383–9.

25.  Funk MB, Schmidt H, Becker S, Escuriola C, Klarmann D, Klingebiel T et al. Modified magnetic resonance 

imaging score compared with orthopaedic and radiological scores for the evaluation of haemophilic ar-

Chapter 8

Proefschrift_6.indd   112 29/11/15   22:16



113

General discussion

thropathy. Haemophilia 2002; 8: 98–103.

26.  Den Uijl IEM, De Schepper AMA, Camerlinck M, Grobbee DE, Fischer K. Magnetic resonance imaging in 

teenagers and young adults with limited haemophilic arthropathy: baseline results from a prospective study. 

Haemophilia 2011; 17: 926–30.

27.  Foppen W, Fischer K. Prognostic value of MRI synovial changes in haemophilia patients: preliminary results.  

Haemophilia. 2015; 21 Suppl 2: 41-2.

28.  Doria AS, Keshava SN, Mohanta A, Jarrin J, Blanchette V, Srivastava A et al. Diagnostic Accuracy of Ultrasound 

for Assessment of Hemophilic Arthropathy: MRI Correlation. Am J Roentgenol 2015; 204: W336–W347.

29.  Foppen W, Van der Schaaf IC, Fischer K. Value of routine ultrasound in detecting early joint changes in 

children with haemophilia using the “Haemophilia Early Arthropathy Detection with UltraSound” protocol. 

Haemophilia 2015; doi: 10.1111/hae.12769. [Epub ahead of print]

30.  Altisent C, Martorell M, Crespo A, Casas L, Torrents C, Parra R. Early prophylaxis in children with severe hae-

mophilia A: clinical and ultrasound imaging outcomes. Haemophilia 2015; doi: 10.1111/hae.12792. [Epub 

ahead of print]

31.  Fischer K, Oldenburg J, Astermark J, Dolan G, Morfini M, Marquardt N et al. Ultrasound evaluation of haemo-

philic joints by haemophilia physicians: a reliability study. J Thromb Haemost 2015; 13: 601.

32.  Fischer K, Van der Bom JG, Prejs R, Mauser-Bunschoten EP, Roosendaal G, Grobbee DE et al. Discontinua-

tion of prophylactic therapy in severe haemophilia: Incidence and effects on outcome. Haemophilia 2001; 

7: 544–550.

33.  Manco-Johnson MJ, Sanders J, Ewing N, Rodriguez N, Tarantino M, Humphries T. Consequences of switching 

from prophylactic treatment to on-demand treatment in late teens and early adults with severe haemo-

philia A: The TEEN/TWEN study. Haemophilia 2013; 19: 727–735.

34.  Schrijvers LH, Uitslager N, Schuurmans MJ, Fischer K. Barriers and motivators of adherence to prophylactic 

treatment in haemophilia: A systematic review. Haemophilia 2013; 19: 355–361.

35.  Timmer MA, Pisters MF, De Kleijn P, De Bie RA, Fischer K, Schutgens RE. Differentiating between signs of 

intra-articular joint bleeding and chronic arthropathy in haemophilia: a narrative review of the literature. 

Haemophilia 2015; 21: 289–96.

36.  Ceponis A, Wong-Sefidan I, Glass CS, Von Drygalski A. Rapid musculoskeletal ultrasound for painful episodes 

in adult haemophilia patients. Haemophilia 2013; 19: 790–8.

37.  Olivieri M, Kurnik K, Pfluger T, Bidlingmaier C. Identification and long-term observation of early joint damage 

by magnetic resonance imaging in clinically asymptomatic joints in patients with haemophilia A or B despite 

prophylaxis. Haemophilia 2012; 18: 369–374.

38.  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: 33–43.

39.  Van Dijk K, Fischer K, Van der Bom JG, Scheibel E, Ingerslev J, Van den Berg HM. Can long-term prophylaxis 

for severe haemophilia be stopped in adulthood? Results from Denmark and the Netherlands. Br J Haematol 

2005; 130: 107–112.

40.  Carcao M. Changing paradigm of prophylaxis with longer acting factor concentrates. Haemophilia 2014; 20 

Suppl 4: 99–105.

41.  Pipe SW. The hope and reality of long-acting hemophilia products. Am J Hematol 2012; 87 Suppl 1: S33–9.

42.  Carr ME. Future directions in hemostasis: normalizing the lives of patients with hemophilia. Thromb Res 

2010; 125 Suppl 1: S78–81.

Proefschrift_6.indd   113 29/11/15   22:16



114

43.  Nathwani AC, Reiss UM, Tuddenham EGD, Rosales C, Chowdary P, McIntosh J et al. Long-Term Safety and 

Efficacy of Factor IX Gene Therapy in Hemophilia B. N Engl J Med 2014; 371: 1994–2004.

44.  Lheriteau E, Davidoff AM, Nathwani AC. Haemophilia gene therapy: Progress and challenges. Blood Rev 

2015; 29: 321-8.

Chapter 8

Proefschrift_6.indd   114 29/11/15   22:16



115

Summary

Proefschrift_6.indd   115 29/11/15   22:16



Proefschrift_6.indd   116 29/11/15   22:16



117

Summary

Clotting factor replacement therapy for patients with severe haemophilia has moved from on-

demand treatment (at the time of clinically evident bleeding) to prophylaxis (regular and con-

tinuous treatment to prevent bleeding) in countries with the necessary resources [1]. Keeping 

up this regular treatment is very costly and poses a heavy burden on some patients, because 

the route of administration is intravenous. Treatment decisions are driven by navigating be-

tween the burden of treatment and risk of arthropathy, both for haemophilia health care pro-

viders as well as patients.

The aim of this thesis was to improve prophylactic treatment by assessing changes in clinical 

practice of prophylaxis and their consequences on long-term outcome in patients who started 

prophylaxis in early childhood. We focussed on two critical points in prophylactic treatment: 

starting prophylaxis in early childhood and stopping prophylaxis in young adults. 

Early initiation of prophylaxis is critical for prevention of arthropathy and can be initiated ac-

cording to age or bleeding. In clinical practice, venous access in young children is challenging. 

Initiating prophylaxis in young children can be facilitated using less frequent infusions and/

or central venous access devices (CVADs). Chapter 2 describes when prophylaxis was started 

over time and how this affected bleeding before prophylaxis and strategies for initiating pro-

phylaxis. In this multicentre longitudinal observational cohort study, data were extracted from 

the “European Paediatric Network for Haemophilia Management” (PedNet) registry. 919 chil-

dren with severe haemophilia A (FVIII<1IU/ml), born between 1990 and 2009, were followed 

until the 50th treatment day or inhibitor development. Trends were analysed across four birth 

cohorts: 1990-1994, 1995-1999, 2000-2004, 2005-2009. Over time, less bleeding was accept-

ed before initiating prophylaxis: the proportion of patients starting before any joint bleeding 

increased from 29% to 43% (P=0.06) and the proportion starting before the third joint bleed 

increased from 65% to 85% (P<0.01). Moreover, the use of primary prophylaxis as defined by 

the WFH (starting before three years of age and the second joint bleed) increased from 35% to 

70% (P<0.01). Concurrently, prophylaxis was increasingly started with once weekly infusions 

(from 18% to 59%; P<0.01), while the use of CVADs remained stable around 40%. The two 

trends, starting prophylaxis earlier and starting with once weekly infusions, likely balanced out 

and caused the stable use of CVADs. In conclusion, since 1990 prophylaxis was started earlier 

and after fewer bleeds, facilitated by using low frequency regimens and CVADs.

The trend to start prophylaxis 1x/week and step up to the ‘full’ protection of 3x/week in-

fusions later, may affect outcome. In chapter 3 early prophylactic regimens were studied in 
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21 centres from the PedNet registry. Data on 363 patients (severe haemophilia A, without 

inhibitors, born between 2000 and 2012, receiving prophylaxis) were studied. Treatment cen-

tres were classified according to the initial frequency of prophylactic infusions and the age at 

reaching three or more infusions per week. Outcome was compared at age four years. Three 

early prophylactic regimens were identified: 

1.   start prophylaxis with ≥3x/week infusions before age three (full: 19% of centres, 18% of 

patients); 

2.   start 1-2x/week, increasing frequency as soon as possible (asap), reaching ≥3x/week before 

age three (43% of centres, 36% of patients); 

3.   start 1-2x/week, increasing frequency according to bleeding (phenotype), reaching ≥3x/

week after age three (38% of centres, 46% of patients).

Prophylaxis was started earlier on the full and asap regimens: at median age 1.2 years vs. 1.8 

years on the phenotype regimen. Complete prevention of joint bleeds at four years of age was 

most effective on the full regimen (32% full vs. 27% asap and 8% phenotype), though at the 

cost of using most CVADs (88% full vs. 34% asap and 22% phenotype). The phenotype regimen 

resulted in about 50% reduction of infusions and clotting factor consumption, but also two 

additional joint bleeds by the age of four years. To identify the optimum prophylactic regimen 

more information on the long-term outcome of different regimens, including the risk of ad-

ditional early joint bleeding, is needed. 

The Haemophilia Joint Health Score (HJHS) is the most sensitive validated score for physical 

examination of joint health in haemophilia available today. Higher HJHS indicates more joint 

damage. HJHS performed at regular intervals can be used for clinical monitoring as well as for 

comparative outcomes research. Chapter 4 assesses whether routinely collected HJHS can 

be used to compare outcome of different early prophylactic regimens and which parameters 

caused variability in HJHS. In this international observational multi-centre study, patient and 

treatment data were collected from the PedNet registry and patient files on 127 children with 

severe haemophilia A, born between 1995 and 2009, from London, Stockholm and Utrecht 

centres. The independent effects of regimen, physiotherapist, age and inhibitor status on HJHS 

were explored. Prophylactic regimens varied across the participating centres, with differences 

in initial frequency of infusions (1x/week vs. 3x/week), age at reaching infusions ≥3x/week, 

and weekly prophylactic dose at HJHS assessment. The HJHS increased with age and history 

of inhibitor, as expected. However, evaluation at a median age of 11 years showed an illogical 

association of HJHS with treatment regimen: the least intensive regimen had the lowest HJHS. 

Summary
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Multivariable regression analysis showed that the comparison of prophylactic regimens was 

obscured by systematic differences in assessment between physiotherapists, both within and 

between centres. We conclude that, for multi-centre research, additional inter-observer stan-

dardization for HJHS scoring is needed.

Chapter 5 assesses how age at starting prophylaxis and joint bleeding before prophylaxis af-

fects long-term joint health. 124 patients with severe haemophilia (FVIII/IX <0.01 IU/ml), born 

between 1965 and 2000, were evaluated at median age 22 years for haemophilic arthropathy 

on X-rays using the Pettersson score. Outcome analyses were adjusted for age at evaluation 

The results showed that the number of joint bleeds before prophylaxis had the strongest asso-

ciation with radiologically evident arthropathy. Arthropathy increased according to increasing 

number of joint bleeds before starting prophylaxis. Starting before the onset of joint bleeding 

resulted in the best long-term outcome, while starting after one joint bleed still appeared to 

have acceptable long-term outcome. However, only 12 patients had started prophylaxis be-

fore any joint bleeding and 10 patients had started after one joint bleed; caution is warranted 

in drawing strong conclusions based on such small groups. Patients starting prophylaxis before 

age six years scored significantly better than patients who started later (P<0.01), but no ad-

ditional benefit of starting before age three years was demonstrated. Future research with 

more patients on early prophylaxis will have to clarify whether starting prophylaxis before 

joint bleeding is superior to starting after one joint bleed.

Prophylaxis is the recommended treatment for children with severe haemophilia A, but wheth-

er prophylaxis should be continued in adulthood is still under debate. In a setting of starting 

prophylaxis in early childhood, up to 35% of young adults have been reported to discontinue 

prophylaxis while maintaining low bleeding rates and good joint health after four years of on 

demand treatment. Chapter 6 assesses the long-term consequences of discontinuing prophy-

laxis in a single-centre cohort of patients with severe haemophilia A without inhibitors, born 

between 1970 and 1988. Patient-initiated changes in prophylaxis were recorded from the time 

of starting self-infusion until last evaluation, including all switches to on demand treatment for 

a minimum of two consecutive weeks. 66 Patients were evaluated at median 32.4 years: 26% 

of patients had stopped prophylaxis for a median of 10 years, 15% had interrupted prophylaxis 

and 59% had continued prophylaxis. Annual joint bleeding rate (AJBR), HJHS (0-124 points), 

radiological Pettersson score (0-78 points) and Haemophilia Activities List (HAL; 100-0 points) 

were compared for patients who stopped and patients who continued prophylaxis. Although 
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self-reported bleeding rates and functional limitations were similar in both groups (AJBR: 1.5 

vs. 1.2; HAL: 84 vs. 84), arthropathy on objective outcome assessment was worse after 10 

years of on demand treatment in patients who stopped prophylaxis (HJHS: 23 vs. 14; Petters-

son: 16 vs. 5; P<0.01). These results support continuation of long-term prophylaxis in adults 

and demonstrate the need for objective tools in monitoring joint status.

Routine outcome assessment of prophylaxis should use validated tools, while balancing com-

prehensiveness and burden. To support choosing the best set of tools, in chapter 7 correla-

tions between different outcome assessment tools in haemophilia were assessed in data from 

an international cross-sectional study. Spearman’s correlation coefficients were calculated 

between objective outcome (HJHS, radiological Pettersson score) and self-reported outcome 

(joint bleeding, HAL, health related quality of life (SF36), and Utility (SF6D and EQ-5D)): ≥0.8 

very strong, 0.60-0.79 strong, 0.40-0.59 moderate, and 0.20-0.39 weak. In 90 patients with 

severe haemophilia, on prophylaxis since median age 3.4 years, objective outcome was fa-

vourable (median scores: HJHS 6, Pettersson 9) at median age of 25.5 years. Self-reported 

outcome showed a median of 7 joint bleeds in the last 5 years, few functional limitations (me-

dian HAL score 96), high scores on physical domains of SF36 (median 80-95), as well as Utility 

values (median 0.87 for SF6D and 0.84 for EQ-5D). HJHS scores showed a strong correlation 

with radiological Pettersson scores, moderate correlation with physical domains of the SF36 

and Utility, but no correlation with self-reported bleeding or limitations in activities (HAL). 

Bleeding was not associated with any of the outcome parameters, and the HAL was only cor-

related with the SF36 ‘Physical functioning’ domain. These results demonstrate that outcome 

assessment in patients on prophylaxis should not depend on self-reported bleeding only, but 

should include objective outcome assessment as well as self-reported limitations in activities 

and quality of life.

In chapter 8 several aspects of outcome assessment, starting and stopping early prophylaxis 

and new treatment modalities are reviewed in a broad context. It provides a general discus-

sion on the findings presented in this thesis, including suggestions for future research.
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Inleiding

Hemofilie is een zeldzame erfelijke bloedstollingsstoornis waarbij de aanmaak van functionerend 

stollingsfactor verminderd of afwezig is. Patiënten met hemofilie A hebben een gebrek aan factor 

VIII (FVIII), terwijl patiënten met hemofilie B een gebrek aan factor IX (FIX) hebben. Hierdoor kun-

nen spontane of trauma-gerelateerde bloedingen optreden. De ernst van de bloedingen hangt af 

van het percentage resterende stollingsfactor, ten opzichte van de normale hoeveelheid: hemo-

filie wordt daarom geclassificeerd als ernstig (minder dan 1%), matig (1-5%) en mild (meer dan 

5%). Bij patiënten met ernstige hemofilie treden bloedingen vaker op en zijn ze ernstiger, terwijl 

de meeste patiënten met matige hemofilie zelden spontane bloedingen ondervinden. Bloedingen 

komen het meest voor in de enkels, knieën en ellebogen, en dienen zo snel mogelijk behandeld 

te worden met intraveneuze toediening van stollingsfactor. Wanneer (recidiverende) gewrichts-

bloedingen niet of niet tijdig behandeld worden, kan onherstelbare gewrichtsschade, oftewel 

hemofilie-artropathie, ontstaan.

Toen in 1965 kwamen stollingsproducten beschikbaar kwamen, werden patiënten “on-demand” 

behandeld: dat wil zeggen alleen bij een bloeding. In de jaren 1970 kwamen stollingsproducten 

in Nederland op grotere schaal beschikbaar. Hierdoor konden hemofiliepatiënten  profylactisch 

worden behandeld door regelmatige infusie van stollingsfactor ter voorkoming van bloedingen. 

Profylaxe gaat gepaard met een hoger verbruik van stollingsproducten en is daardoor duurder. 

Bovendien worden de frequente intraveneuze infusies door sommige patiënten als belastend 

ervaren. Echter, het gebruik van profylaxe resulteert in beter behoud van de gezondheid van ge-

wrichten dan on-demand behandeling; profylaxe wordt daarom aanbevolen bij patiënten met 

ernstige hemofilie. De huidige Nederlandse profylactische behandeling bestaat uit het 3-3,5 in-

fusies FVIII per week bij ernstige hemofilie A en 1-2 infusies FIX per week bij ernstige hemofilie B. 

De ontwikkeling van zogenaamde remmers (antistoffen tegen FVIII/FIX die de functionele activ-

iteit van het stollingsproduct verminderen) is een belangrijke complicatie van behandeling met 

stollingsproducten. Hierdoor is profylaxe minder of niet effectief. Patiënten die (in het verleden) 

een remmer hebben ontwikkeld worden daarom van onderzoek naar de effectiviteit van profy-

laxe uitgesloten. 

In de praktijk navigeren zowel hemofiliebehandelaars als hemofiliepatiënten tussen de belasting 

van behandeling en het risico op artropathie. In dit proefschrift wordt onderzocht hoe profylac-

tische behandeling in de loop van de tijd is veranderd en hoe dit de gezondheid van patiënten 

op lange-termijn heeft beïnvloed. Hierbij richtten we ons op twee cruciale punten in de profylac-

tische behandeling: de start van profylaxe in de vroege kinderjaren en het stoppen van profylaxe 

bij jongvolwassenen.
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Profylaxe kan eenmaal ontwikkelde gewrichtsschade niet herstellen, maar het stabiliseert wel 

de progressie ervan. Het vroeg starten van profylaxe is daarom van cruciaal belang voor effec-

tieve preventie van artropathie bij kinderen met ernstige hemofilie. Echter, in de praktijk kun-

nen frequente intraveneuze infusies in de kleine en fragiele aderen van jonge kinderen prob-

lematisch zijn. Het starten van profylaxe bij jonge kinderen kan worden vergemakkelijkt door 

minder frequente infusies (1-2 keer per week) en/of het gebruik van een centraalveneuze lijn 

(CVL) als alternatieve route van infusie. Helaas gaat de implantatie van een CVL gepaard met 

een operatie en het gebruik ervan met een aanzienlijk risico op infectieuze en trombotische 

complicaties. Vooralsnog is er nog geen overeenstemming over het optimale regime voor het 

van starten profylaxe bij jonge kinderen met ernstige hemofilie. 

Hoofdstuk 2 beschrijft wanneer profylaxe in de loop van de tijd werd gestart en hoe dit het 

aantal doorgemaakte bloedingen voor het starten en de manier van starten heeft beïnvloed. In 

919 kinderen met ernstige hemofilie A, geboren tussen 1990 en 2009, zonder remmerontwik-

keling werden trends over vier geboortecohorten geanalyseerd: 1990-1994, 1995-1999, 2000-

2004, 2005-2009. In de loop van de tijd werden steeds minder bloedingen voor de start van 

profylaxe geaccepteerd: het percentage patiënten dat profylaxe startte voor de eerste ge-

wrichtsbloeding steeg van 29% naar 43% (P=0,06) en het percentage dat startte voor de derde 

gewrichtsbloeding steeg van 65% naar 85% (P<0,01). Bovendien is het starten voor de leeftijd 

van drie jaar en voor de tweede gewrichtsbloeding (primaire profylaxe zoals gedefinieerd door 

de World Federation of Hemophilia) gestegen van 35% naar 70% (P<0,01). Tegelijkertijd werd 

profylaxe steeds vaker gestart met één infusie per week (stijging van 18% naar 59%; P<0,01), 

terwijl het gebruik van CVL’s stabiel bleef rond 40%. Het stabiele gebruik van CVL’s is waarschi-

jnlijk veroorzaakt doordat het eerder starten van profylaxe vergemakkelijkt werd door het 

starten met één infusie per week. 

Het is nog onduidelijk hoe de trend om profylaxe met één infusie per week te starten en 

pas later te verhogen naar de ‘volledige’ bescherming van drie infusies per week, de gezond-

heid van de gewrichten beïnvloedt. In hoofdstuk 3 werd de manier van starten van profylaxe 

onderzocht in 21 internationale hemofiliebehandelcentra, met 363 patiënten (ernstige hemo-

filie A, zonder remmerontwikkeling, geboren tussen 2000 en 2012, behandeld met profylaxe). 

Behandelingscentra werden geclassificeerd naar gelang de meest gebruikte infusiefrequentie 

bij het starten van profylaxe en de leeftijd waarop werd overgestapt naar drie of meer profy-

lactische infusies per week. Drie verschillende regimes werden geïdentificeerd:
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1.    starten met ten minste drie infusies per week vóór de leeftijd van drie jaar (volledig: 19% 

van de centra, 18% van de patiënten);

2.    starten met één tot twee infusies per week, en zo spoedig mogelijk verhogen van infusie-

frequentie (z.s.m.), tot minimaal drie infusies per week vóór de leeftijd van drie jaar (43% 

van de centra, 36% van de patiënten);

3.    starten met één tot twee infusies per week, en verhogen van infusiefrequentie op geleide 

van bloedingen (fenotype), tot minimaal drie infusies per week na de leeftijd van drie jaar 

(38% van de centra, 46% van de patiënten).

Profylaxe werd eerder gestart in de ‘volledig’ en ‘z.s.m.’ regimes: op een mediane leeftijd van 

1,2 jaar, vs. 1,8 jaar op het ‘fenotype’ regime. Het ‘volledig’ regime was het meest effectief in 

de preventie van gewrichtsbloedingen op de leeftijd van vier jaar (32% zonder gewrichtsbloe-

dingen bij ‘volledig’ vs. 27% ‘z.s.m.’ en 8% ‘fenotype’), maar ten koste van CVL-gebruik (88% 

‘volledig’ vs. 34% ‘z.s.m.’ en 22% fenotype). Daarnaast werden op het ‘fenotype’ regime on-

geveer 50% minder infusies en stollingsfactor consumptie gebruikt, maar ten koste van twee 

extra gewrichtsbloedingen op de leeftijd van vier jaar. Om te bepalen of deze gewrichtsbloed-

ingen zich vertalen naar meer gewrichtsschade op latere leeftijd, is onderzoek nodig naar de 

lange-termijn gevolgen van de verschillende regimes.

De Haemophilia Joint Health Score (HJHS) is op dit moment de meest gevoelige gevalideerde 

score voor de evaluatie van gewrichtsgezondheid bij patiënten met hemofilie, op basis van 

lichamelijk onderzoek door een fysiotherapeut. Een hogere score is een aanwijzing voor meer 

gewrichtsschade. Wanneer de HJHS met regelmatige tussenpozen wordt afgenomen, kan de 

score worden gebruikt voor het monitoren van gewrichtsgezondheid in de kliniek en voor 

vergelijkend onderzoek. Hoofdstuk 4 onderzoekt of in de kliniek routinematig verzamelde 

HJHS kan worden gebruikt voor vergelijkend onderzoek naar gewrichtsschade op latere leeftijd 

bij verschillende profylactische regimes. In deze pilotstudie werden drie verschillende behan-

delcentra (Londen, Stockholm en Utrecht) met in totaal 127 patiënten (ernstige hemofilie A, 

geboren tussen 1995 en 2009, mediane leeftijd van 11 jaar) vergeleken. De profylactische re-

gimes in de deelnemende centra verschilden in initiële infusiefrequentie (één vs. drie keer per 

week), leeftijd bij het bereiken van minimaal drie infusies per week, en profylactische weekdo-

sis ten tijde van HJHS evaluatie. Londen hanteerde het meest intensieve en Utrecht het minst 

intensieve regime. De HJHS nam, zoals verwacht, toe met de evaluatieleeftijd en positieve 

remmer-geschiedenis. Echter, de HJHS vertoonde een onlogisch resultaat ten opzichte van re-

gime: het minst intensieve regime had de laagste HJHS (indicatief voor gezondere gewrichten). 
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Multivariabele regressieanalyse liet zien dat de vergelijking van profylactische regimes werd 

vertekend door systematische verschillen in de scores van de afzonderlijke fysiotherapeuten, 

zowel binnen als tussen de centers. We concluderen dat voorafgaand aan vergelijkend onder-

zoek met meerdere fysiotherapeuten, altijd standaardisatie van HJHS evaluatie nodig is mid-

dels bijvoorbeeld een gezamenlijke trainingssessie.

Profylaxe kan op basis van leeftijd of op geleide van bloedingen worden gestart. In hoofdstuk 

5 wordt de effecten van de leeftijd van starten en het aantal gewrichtsbloedingen voor de 

start van profylaxe op de lange-termijn gewrichtsgezondheid onderzocht. In 124 patiënten 

(ernstige hemofilie, geboren tussen 1965 en 2000) werden gewrichten beoordeeld op de 

aanwezigheid van hemofilie-artropathie aan de hand van de radiologische Pettersson score. 

Analyses werden gecorrigeerd voor leeftijd van evaluatie. Op de mediane leeftijd van 22 jaar 

had het aantal gewrichtsbloedingen voor de start van profylaxe de sterkste associatie met 

hemofilie-artropathie op röntgenfoto’s. Hoe meer gewrichtsbloedingen voor de start van pro-

fylaxe waren opgetreden, des te meer gewrichtsschade werd gezien. Starten vóór de eerste 

gewrichtsbloeding (12 patiënten), resulteerde in het beste lange-termijn resultaat, terwijl 

starten na één gewrichtsbloeding (10 patiënten) ook aanvaardbare resultaten op lange ter-

mijn leek te hebben. Echter, voorzichtigheid is geboden bij het trekken van conclusies op basis 

van dergelijke kleine groepen. Patiënten die profylaxe voor de leeftijd van zes jaar waren ge-

start, scoorden significant beter dan patiënten die later waren gestart (P <0,01). Het starten 

voor de leeftijd van drie jaar leek geen extra voordeel op te leveren. Toekomstig onderzoek 

met meer patiënten die op jonge leeftijd met profylaxe zijn gestart, zal moeten uitwijzen of 

het starten vóór de eerste gewrichtsbloeding daadwerkelijk beter is dan het starten na één 

gewrichtsbloeding.

Het belang van profylaxe tijdens de groei is algemeen erkend, maar of profylaxe bij volwas-

senen moet worden voortgezet, wordt door sommigen in twijfel getrokken. Levenslange pro-

fylaxe is een zware belasting voor sommige patiënten, waardoor therapietrouw kan variëren. 

Vooral tieners en jongvolwassenen gaan stoppen met profylactische behandeling. Eerdere 

studies suggereerden dat een deel van de jongvolwassenen, die sinds hun vroege jeugd met 

profylaxe zijn behandeld, wellicht veilig zouden kunnen overstappen naar on-demand behan-

deling. Echter, aangezien hemofilie-artropathie pas in de loop van de tijd zichtbaar wordt, was 

de follow-up van 4 jaar in deze studies wellicht te kort om de gevolgen van het stoppen van 

profylaxe in kaart te brengen. In hoofdstuk 6 worden daarom de gevolgen van het stoppen van 
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profylaxe met een follow-up van 10 jaar geïnventariseerd. In 66 patiënten (ernstige hemofilie 

A, zonder remmerontwikkeling, geboren tussen 1970 en 1988) werden patiënt-geïnitieerde 

veranderingen van profylactische behandeling gedocumenteerd, inclusief onderbrekingen 

van minimaal twee opeenvolgende weken (on-demand behandeling). Op een mediane leeftijd 

van 32,4 jaar was 26% van de patiënten met profylaxe gestopt gedurende mediaan 10 jaar, 

had 15% van de patiënten profylaxe tijdelijk onderbroken en was 59% van de patiënten onon-

derbroken met profylaxe doorgegaan. Patiënten die waren gestopt en patiënten die profylaxe 

ononderbroken hadden voortgezet werden vergeleken op het jaarlijkse aantal gewrichtsbloe-

dingen, HJHS (0-124 punten), radiologische Pettersson score (0-78 punten) en Hemofilie Ac-

tiviteiten Lijst (HAL; 100-0 punten). Hoewel het aantal patiënt-gerapporteerde bloedingen en 

functionele beperkingen in beide groepen vergelijkbaar waren (1,5 vs. 1,2 gewrichtsbloedin-

gen per jaar; HAL: 84 vs. 84), was op objectieve maten meer artropathie te zien bij patiënten 

die met profylaxe gestopt waren (HJHS: 23 vs. 14; Pettersson: 16 vs. 5; P <0,01). Deze resul-

taten onderschrijven het nut van continuering van profylaxe bij volwassen hemofiliepatiënten 

en laten zien dat objectieve maten noodzakelijk zijn om hemofilie-artropathie te monitoren. 

Voor het routinematig monitoren van hemofiliepatiënten in de kliniek moet men gevalideerde 

meetinstrumenten gebruiken. Bij de keuze van meetinstrumenten moet men een afweging 

maken tussen het gebruiken van alle beschikbare meetinstrumenten en belasting van patiënt 

en middelen. Om een gefundeerde keuze te faciliteren, worden in hoofdstuk 7 correlaties 

tussen verschillende instrumenten en uitkomstmaten in hemofilie gepresenteerd. Hierbij 

definiëren wij Spearman’s correlatiecoëfficiënten van ≥0.8 als zeer sterk, 0,60-0,79 als sterk, 

0,40-0,59 als matig, en 0,20-0,39 als zwak. Objectieve uitkomstmaten (HJHS, radiologische 

Pettersson score) werden vergeleken met patiënt-gerapporteerde uitkomstmaten (aantal ge-

wrichtsbloedingen, HAL, gezondheidsgerelateerde kwaliteit van leven: SF36, en utiliteit (SF6D 

en EQ-5D)). Bij 90 patiënten met ernstige hemofilie, op profylaxe sinds de mediane leeftijd 

van 3,4 jaar, waren de objectieve uitkomstmaten gunstig (mediane scores: HJHS 6, Pettersson 

9) op een mediane leeftijd van 25,5 jaar. Patiënt-gerapporteerde uitkomsten: mediaan 7 ge-

wrichtsbloedingen in de afgelopen 5 jaar, weinig functionele beperkingen (mediaan HAL score 

96), en hoge scores op kwaliteit van leven (mediaan 80-95 op fysieke domeinen van SF36; 

mediane utiliteit 0,87 voor SF6D en 0,84 voor EQ-5D). HJHS scores vertoonden een sterke cor-

relatie met radiologische Pettersson scores, matige correlatie met de fysieke domeinen van 

de SF36 en utiliteit, maar geen correlatie met patiënt-gerapporteerde bloedingen of functio-

nele beperkingen (HAL). Het aantal gewrichtsbloedingen was niet gecorreleerd aan één van 
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de andere uitkomstmaten, en de HAL was alleen gecorreleerd met het ‘Lichamelijk function-

eren’ domein van de SF36. Deze resultaten tonen aan dat routinematige evaluatie bij hemo-

filiepatiënten op profylaxe niet enkel uit patiënt-gerapporteerde bloedingen mogen bestaan, 

maar dat ook objectieve uitkomstmaten, patiënt-gerapporteerde functionele beperkingen en 

kwaliteit van leven meegenomen moeten worden.

Tenslotte bevat hoofdstuk 8 een algemene discussie van de bevindingen in dit proefschrift, 

met inbegrip van suggesties voor toekomstig onderzoek. Het zet verschillende aspecten van 

uitkomstevaluatie, starten en stoppen van profylaxe en nieuwe behandelingsmogelijkheden 

in een bredere context.

Samenvatting
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