
© Schattauer 2016 Thrombosis and Haemostasis 115.5/2016

913

Practical considerations in choosing a factor VIII prophylaxis regimen: 
Role of clinical phenotype and trough levels
Rolf Ljung1; Kathelijn Fischer2,3; Manuel Carcao4; Elena Santagostino5; Marilyn J. Manco-Johnson6; Prasad Mathew7,8; on behalf of 
the INPH* group
1Lund University, Department of Clinical Sciences Lund – Pediatrics, Skåne University Hospital, Malmö, Sweden; 2Van Creveldkliniek, Department of Internal Medicine and 
 Dermatology, University Medical Center, Utrecht, Netherlands; 3Julius Center for Health Sciences and Primary Care, University Medical Center, Utrecht, Netherlands; 4Division of 
Haematology/Oncology, Department of Pediatrics, Child Health Evaluative Sciences, Research Institute, The Hospital for Sick Children, Toronto, Ontario, Canada; 5Angelo Bianchi 
Bonomi Haemophilia and Thrombosis Centre, IRCCS Cà Granda Foundation, Maggiore Hospital Policlinico, Milan, Italy; 6Hemophilia & Thrombosis Center, Department of Pediatrics, 
University of Colorado Denver, Aurora, Colorado, USA; 7University of New Mexico, Albuquerque, New Mexico, USA; 8Bayer HealthCare, Whippany, New Jersey, USA

Summary
Current therapy for haemophilia A is guided by severity of the disease, 
which in turn is best reflected in patients’ endogenous factor VIII ac-
tivity levels. For patients with severe haemophilia (particularly 
children), prophylaxis with continuous routine factor replacement has 
become standard of care in developed countries and is gradually be-
coming the standard of care in developing countries. The question 
arises then: what is an appropriate prophylaxis regimen to prevent 
bleeding events and arthropathy, while also maximizing patient 
quality of life and taking into consideration the costs of prophylaxis? 
Should all patients be treated with one standard, fixed prophylaxis 
regimen, or should prophylaxis be individualised for each patient? If 

so, what factors need to be considered in choosing the appropriate 
dose and frequency of factor administration? If prophylaxis is tailored 
to the individual patient, then patient-related factors (bleeding pheno-
type, activity profiles, age, joint status) and product-specific factors 
(half-life of the replacement factor in the individual patient) will deter-
mine the choice of regimen, whether it be a fixed-regimen prophylaxis 
or prophylaxis that is tailored to patient activity and bleeding risk. Re-
gardless of the choice of prophylaxis regimen, for any regimen to be 
effective, adherence to therapy is key to optimising outcomes.
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Introduction

Prophylaxis in persons with haemophilia denotes the continuous 
routine infusion of replacement clotting factor to prevent any and 
all bleeding. Prophylaxis may be primary if it is initiated before the 
age of three years and before the second joint haemorrhage; sec-
ondary if it is initiated after the age of three years or after two or 
more joint haemorrhages but before the development of structural 
or functional arthropathy; and tertiary if initiated with established 
arthropathy (1). The goal of prophylaxis therapy in patients with 
severe haemophilia is to enable patients to have practically normal 
life activities (in school, play, and adult employment) and social 
participation (psychosocial development of children, relationships, 
and family life) while being protected from recurrent bleeding 
events. Such bleeding events primarily affect joints and muscles 
but can also be life threatening, involving intracranial, spinal, and 
retroperitoneal compartments (2).

Current therapy for haemophilia is guided by disease severity, 
which correlates with patients’ endogenous factor VIII coagulant 

activity (FVIII:C) level. Patients with < 1 % FVIII:C develop fre-
quent and spontaneous bleeding resulting in a 90 % rate of arthro-
pathy by young adulthood (3). Hence, the length of time a patient 
spends with an undetectable or very low FVIII:C level is an impor-
tant determinant of the risk of breakthrough bleeding on prophy-
laxis (4). This time is primarily driven by the patient-specific re-
placement factor half-life, frequency of infusions, and treatment 
adherence; dose and volume of distribution are less important (4). 
However, the propensity of patients with severe haemophilia A to 
bleed when FVIII:C falls below a target threshold following a pro-
phylactic dose is variable (5, 6). Breakthrough bleeding on prophy-
laxis is also dependent on physical activity level, body build (i.e. 
muscle status), trauma, the presence or absence of target joints 
with synovial hypertrophy, the degree of haemophilic arthropathy, 
and other parameters of haemostasis. In addition, by definition, 
primary and secondary/tertiary prophylaxis are targeted to differ-
ent patient populations based on age and joint status; hence, the 
goals in choosing a regimen are therefore different in the different 
age groups.
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As haemophilia A is a single protein deficiency disorder, it 
would be most desirable to replace all patients with FVIII:C defi-
ciency to the normal range as soon as possible after birth and 
continuing lifelong. The current limitations to replacement ther-
apy in clinical practice are the requirement for intravenous ad-
ministration, short factor half-life of standard FVIII concen-
trates, and cost. Infants and young children, who are most vul-
nerable to the onset of arthropathy, often require indwelling ve-
nous access devices to support continuous prophylaxis, with con-
comitant risks of infection, thrombosis, and mechanical device 
failure. These limitations of current replacement therapy have 
spurred attempts to identify predictors of joint disease to enable 
the delay of physical and psychological trauma related to fre-
quent venipuncture due to prophylaxis, while avoiding bleeding-
related damage.

This consensus includes different perspectives regarding when 
patients should best commence prophylaxis; prophylaxis may be 
initiated before the onset of joint or any bleeding, or one might 
allow 1 or 2 joint bleeds before initiating prophylaxis. Whereas 
moderate haemophilia is defined by a FVIII:C level of 1 % to 5 %, 
many patients with FVIII:C between 1 % and < 3 % exhibit a bleed-
ing pattern similar to those with < 1 % FVIII:C (3). In contrast, 
most patients with mild haemophilia (FVIII:C between 6 % and 
40 %) exhibit a bleeding phenotype at a later age, and bleeding 
events are generally related to trauma (3,7). In addition to timing 
of initiation of prophylaxis, choices must also be made regarding 
the frequency of prophylactic therapy. This article discusses three 
approaches to guide initiation, monitoring, and adjustment of pro-
phylactic regimens.

Factors to consider in prescribing a 
 prophylactic regimen
Identifying clinical bleeding phenotype
There is wide variability in clinical phenotype among patients with 
severe haemophilia. Bleeding phenotype is suggested by the age 
when joint bleeding is first manifest, which in one study varied be-
tween 0.2 and 5.8 years (8). In a single-centre study of 171 patients, 
children who experienced their first haemarthrosis earlier (≤ 1.8 
years) had higher annual clotting factor utilisation years later 
(p< 0.01) and had a trend toward more arthropathy (p=0.08) than 
those who experienced their first joint bleed later (> 1.8 years; 
p< 0.01) (8). This observation was confirmed in the Canadian 
Haemophilia Prophylaxis Study (CHPS) in which early age at first 
joint bleed was an important predictor of more severe bleeding 
later in life (9).

In severe haemophilia A, the FVIII gene mutation correlates 
moderately with endogenous FVIII:C. The effect of mutation on 
haemophilic phenotype was shown recently in a large cohort of 
newborns with severe haemophilia A, in which babies with non-
null mutations experienced their first haemarthrosis on average 
2.3 months later than those with null mutations (10). In addition, 
coexisting inherited prothrombotic traits such as FV Leiden or the 
prothrombin mutation (G20210A) have also been reported to 

delay the presentation of clinical bleeding by six months (11). To 
date, plasma levels of other proteins involved in clot formation and 
clot lysis have not explained bleeding phenotype in severe hae-
mophilia A (12). Currently there is no clinical rationale for ex-
tended coagulation testing in persons with severe haemophilia A. 
Blood group, particularly later on in life when a patient is on pro-
phylaxis, is likely to have an effect on predicting who needs more 
or less frequent prophylaxis injections; individuals with O blood 
type are likely to need more frequent infusions due to their more 
rapid clearance of von Willebrand factor and FVIII than individu-
als with non-O blood type (13, 14).

In addition to the genetic modifiers of clinical bleeding pheno-
type, there are likely to be behavioural determinants (e.g. patient’s 
level of caution, activity, and agility) and environmental determi-
nants (e.g. protectiveness of caregivers, etc.) of bleeding pheno-
type. Other biologic host factors impact individual patient suscep-
tibility to joint damage from bleeding. Osteochondral changes 
have been detected on magnetic resonance imaging (MRI) in 
joints of some patients using on-demand therapy who have not ex-
perienced clinical haemarthroses; this has rarely been seen in pa-
tients using prophylaxis (15, 16). In contrast, some joints have ex-
perienced more than 10 episodes of haemorrhage without struc-
tural damage on MRI (16). These paradoxical findings suggest the 
phenomenon of subclinical “microbleeding” in patients with se-
vere haemophilia not on prophylaxis, as well as variability in indi-
vidual susceptibility to bone and cartilage damage in response to 
blood in the joint (16).

Variability in phenotype is also found in moderate haemophi-
lia. A report from a single-centre cohort of 75 patients with mod-
erate haemophilia with a median age of 37 years and with 15 years 
of follow-up showed that 45 % of patients had not experienced any 
joint bleeding in five years, while 29 % of such “moderate” patients 
required prophylaxis to suppress frequent bleeding (17). Use of 
prophylaxis correlated more with age at first joint bleed (p< 0.01) 
than with baseline FVIII:C (p=0.12); these data confirm the im-
portance of age at first joint bleeding event over baseline FVIII:C 
as a predictor of phenotype (17).

The initiation of prophylaxis after the onset of joint bleeding 
carries some limitations. A joint bleed in an infant or young child 
has a propensity to rapidly reoccur. A target joint is, according to a 
recent paper on definitions from the FVIII/IX subcommittee of 
the Scientific and Standardisation Committee (SSC) of the Inter-
national Society on Thrombosis and Haemostasis (ISTH), defined 
as a single joint with three or more spontaneous bleeds within a 
consecutive six-month period (18). On imaging and histology, tar-
get joints show synovial hypertrophy (synovitis) with haemosider-
in deposition. Clinical experience has shown that patients with 
target joints need a higher dose and more frequent factor replace-
ment to suppress bleeding at initiation of prophylaxis, which may 
be tapered later after several months without bleeding (19). For 
long-term prophylaxis, patients with preexisting synovitis require 
higher troughs to prevent bleeds. However, some adult patients do 
well with lower trough levels, whether because of absence of syn-
ovitis, a lifestyle with fewer traumatic sports and activities, a better 
developed muscular system, or compromised mobility with 
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 end-stage joint fibrosis (20). Nevertheless, for both children and 
adults using primary, secondary, or tertiary prophylaxis, adherence 
to prophylaxis is critical to outcome.

Age of initiation of prophylaxis

Age of initiation of prophylaxis has been determined to be a strong 
predictor of clinical outcome. Astermark et al. showed that arthro-
pathy was best prevented if prophylaxis was initiated before the 
age of three years (21). These results were supported by similar 
Swedish, Dutch, and German data (22–24).

Prophylaxis dose and dose frequency

By definition, dose, frequency of dosing, and half-life determine 
FVIII:C levels during prophylaxis. Pharmacokinetically, more fre-
quent FVIII dosing results in the most conservative use of factor 
product (25). Because of rapid early decrease in FVIII:C following 
infusion due to a rapid distribution phase, increases in dose are 
less efficient to increase the trough level compared with increases 
in dose frequency. Despite the superiority of frequent infusions 
over infrequent infusions, frequent dosing is problematic when 
initiating prophylaxis in young children due to limitations in ve-
nous access. Consequently, most very young children are started 
with once-weekly infusions and then the infusion frequency is es-
calated to twice per week and finally to every-other-day dosing. 
However, there are two different philosophies to escalation of pro-
phylaxis therapy: the Swedish protocol aims to escalate patients 
within a matter of months regardless of whether they show de-
monstrable bleeding, whereas the Dutch and French protocols es-
calate after each bleed, and the Canadian protocol only escalates 
patients if they demonstrate repeated bleeding. The Swedish 
protocol has demonstrated the best reported joint outcomes (26). 
The Canadian prophylaxis study, which maintained infrequent in-
fusions while tolerating a larger number of joint haemorrhages 
(27), resulted in osteochondral damage in 12/24 boys at a mean 
age of 8.8 years (28). Astermark et al. reported that the mean ± 
SEM annual number of joint haemorrhages decreased from 2.6 ± 
0.4 on once-weekly infusions to 1.6 ± 0.3 (range 0–15.4) with 2-3 
infusions per week (p< 0.005) (21).

Relevance of trough levels

Trough factor activity level is that measured just before a routine 
replacement infusion. The original severity classification of hae-
mophilia was based on the observation that persons with ≥ 1 % 
FVIII:C had far less arthropathy than those with < 1 % (3, 7). 
Extrapolating from this, the goal of prophylaxis initially was to in-
fuse regular replacement doses of FVIII to convert a person with 
undetectable FVIII:C to one who continually had some measur-
able factor and as such was phenotypically more like a person with 
moderate or mild haemophilia. For individual patients, however, 
there is much debate on what the optimal trough level should be 
(20, 29, 30). Time below a targeted trough level is primarily driven 
by the patient-specific terminal half-life of the replacement factor, 

the frequency of infusions, and treatment adherence, while dose 
and volume of distribution contribute less to trough levels (4). In 
the study by Collins et al. (2009), it was demonstrated that increas-
ing time with a FVIII below 1 IU/dl was associated with increased 
total bleeds and haemarthroses and that lack of adherence to the 
intended frequency of injections was the most important determi-
nant for low FVIII and increased bleedings. In children aged 1–6 
years, the rate of bleeding was also influenced by FVIII half-life 
and clearance (4). However, FVIII:C does not completely predict 
bleeding, and the propensity of patients with severe haemophilia A 
to bleed when FVIII:C falls below a target threshold following a 
prophylactic dose is variable (20, 29).

Studies on the association of FVIII:C trough levels and bleeding 
in patients with severe haemophilia have shown conflicting results. 
A Swedish analysis of 232 treatment-years in 43 patients on “full-
dose prophylaxis” found no association between trough levels and 
bleeding frequency, although bleeding rates were low in all pa-
tients in this study (20). In a post-hoc analysis of data from studies 
on the pharmacokinetics (PK), safety, and efficacy of a recombi-
nant FVIII (rFVIII) product in 143 patients with severe haemophi-
lia, trough levels ≥ 1 % prevented joint bleeding in 90 % of children 
aged 1-6 years but in only 50 % of patients aged 10-65 years (29). 
The authors postulated that preexisting synovitis/arthropathy in 
the older cohort predisposed them to more frequent joint bleeding 
on prophylaxis compared with young children with normal joint 
architecture (29). Patients with severe haemophilia using a Dutch 
prophylaxis regimen, which used lower and less-frequent dosing 
that was not adjusted based on trough levels, were determined to 
have joint outcomes that were slightly inferior to that of moderate 
haemophilia patients, but physical activity and quality of life in 
these patients were similar to patients with moderate haemophilia 
as well as the general population (30).

With current availability of safe recombinant replacement fac-
tors, there is a demand for prophylaxis adequate to support sports 
and activities practised in the community at large, and this has 
brought into question the adequacy of a 1 % trough level. Based on 
data from 195 patients with moderate and mild haemophilia, it 
was shown that as endogenous FVIII:C increased above 1 %, the 
age at diagnosis, age at first treatment, and age at first joint bleed-
ing increased linearly (31). The number of joint bleeds decreased 
to minimal rates at FVIII:C > 10 % and approximated 0 in patients 
with an endogenous FVIII:C of 15 % (31). Regression analysis 
showed an 18 % reduction (rate ratio, 0.82; 95 % confidence inter-
val [CI], 0.77–0.86) of bleeding frequency with every IU/dl in-
crease (above 1 %) in endogenous FVIII:C (31). A single-centre co-
hort study of 411 Dutch patients suggested that a minimum level 
of 15 % is needed to achieve an annual joint bleed rate of 0 (32). Of 
note, the incremental improvement in bleeding rate is far greater 
comparing troughs of 1 % and 5 % than that achieved comparing 
troughs of 10 % and 15 %, and the increased cost of factor and in-
creased number of infusions required to achieve a trough of 15 % 
using conventional products is substantial. Most importantly, good 
adherence to treatment regimen is key to success, and any dis-
cussion of minimal required trough becomes irrelevant if doses are 
regularly missed (33).
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Pharmacokinetics of FVIII and relevance of PK in 
 dosing

Pharmacokinetics can be used to increase precision in FVIII:C 
dosing. The effect of half-life on FVIII:C levels in patients aged 10 
to 65 years was studied by mathaematical modelling (29). In this 
model, the time taken to reach 1 % after infusing 30 IU/kg was  
59 hours (h) longer in patients with a long half-life (95th percen-
tile) compared with patients with a short half-life (5th percentile) 
(▶ Figure 1). Thus, in an adult who has received an infusion of  
30 IU/kg, the FVIII:C level at 48 h may vary between 2 % and 12 %, 
and the time to reach a 1 % FVIII:C trough can vary between 51 
and 110 h. In adults on alternate-day replacement with 20–40 IU/
kg, the median FVIII:C trough at 48 h was shown to be > 6 % (34).

Half-life of an infused FVIII product is dependent on many fac-
tors, some of which are known, such as age, blood group, and von 
Willebrand factor levels, and some of which are not (25, 29, 35, 
36). Half-life increases with age, with the median (P25-P75) elim-
ination half-life for FVIII being 9.3 (8–10.9) h in 1- to 6-year-old 
children, 10.9 (9.5–12.5) h in 10- to 17-year-olds, and 11.5 
(10.3–13.3) h in adults (18- to 65-year-olds); this is related to in-
creased clearance in young children with age-related physiologic 
maturation in metabolic processes (37–39). Furthermore, not only 
is half-life shorter in younger patients, but, additionally, younger 
and smaller children have larger volumes of FVIII distribution and 
thus lower incremental recovery. The combination of lower re-
coveries and shorter half-lives in younger and smaller children 
leads to lower trough levels in younger children. To somewhat 
mitigate this, younger children are often given higher doses (on a 
per-weight basis and available vial sizes).

When tailoring prophylaxis to PK, the patient’s activity sched-
ule needs to be taken into account, and both peaks and troughs are 
important for active participation. An Australian study deter-
mined that the highest risk of bleeding in active children with se-
vere haemophilia was in the hour following sports participation 

(40); these data suggest that bleeding risk associated with activity 
can be predicted and may be prevented by achieving a threshold 
peak FVIII activity before participation. Evidence supports that 
the trough factor level required to prevent haemarthroses varies 
among patients and that 1 % is not universally adequate. PK is an 
important tool in optimising haemophilia treatment but is not a 
substitute for clinical assessment.

Tailoring prophylaxis to FVIII:C PK involves determination of 
the half-life of the infused product in the individual patient; this 
requires repeated blood sampling, which may prove challenging in 
very young children. The Bayesian approach to half-life evalu-
ation, which is based on population PK and requires a small 
number of samplings in any individual patient, may circumvent 
some of the challenges of frequent blood sampling and permit ea-
sier determination of a patient’s half-life (41).

Anticipated impact of new longer-acting FVIII:C 
 recombinant products

Recently, a number of novel molecules have been developed to 
prolong the plasma half-life of FVIII:C (42–47). Two strategies 
that have reached advanced stages of clinical development are 
fusion molecules and pegylation (42–47). Clinical trials with these 
molecules have shown that, for most of these extended half-life 
FVIII:C products, there is an approximately 50 % prolongation in 
half-life over standard rFVIII. The impact of the extended half-life 
FVIII:C products on prophylaxis adoption, adherence, and patient 
satisfaction is currently unknown but is expected to be substantial.

Paradigms for prophylactic regimens

The goal of all prophylaxis regimens for people of all ages and all 
degrees of joint damage is similar: to reduce or completely prevent 
all bleeding while allowing the person to lead an active life and 

Figure 1: Predicted probability of having no 
bleeds per year dependent on time per 
week spent with factor VIII < 1 IU/dl. The 
 calculated probability of having no bleeds per 
year is shown compared with increasing time per 
week spent with factor VIII less than 1 IU/dl. 
Open circles (°) and asterisks (*) represent hae-
marthroses in patients aged 1 to 6 and 10 to 65 
years, respectively. (Reproduced with permission 
from Collins et al. J Thromb Haemost 2009; 7: 
413–420.)
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achieve good quality of life. There are three basic approaches to the 
initiation and adjustment of prophylaxis, as follows:

1. Early standard full-dose prophylaxis that is not 
tailored to either bleeding or PK

This philosophy espouses initiation of prophylaxis for babies with 
severe haemophilia A beginning before any bleeding events, as 
young as ≤ 12 months of age, and maintained on a continuous 
schedule. Initial dosing is 25 to 40 IU/kg three times weekly to 
every other day. In principle, this regimen is designed to keep the 
FVIII:C trough level > 1 % but is generally adjusted by clinical 
bleeding frequency rather than PK numbers. Prophylaxis may be 
initiated weekly but is rapidly escalated based on any clinical 
bleeding that occurs. This approach to prophylaxis will achieve the 
best joint outcomes and allows for close to normal activities of 
daily living, but it is associated with the highest factor utilisation 
and necessitates more central venous access devices (CVADs, Port-
A-Cath) and hospitalisations for port placements and removals; 
factor utilisation is of lesser concern in small infants. A disadvan-
tage to this approach is that it may over-treat some patients who 
have a milder phenotype. Novel products may increase the feasi-
bility of this approach. A fixed regimen of 25 to 40 IU/kg every 
other day to 3 times weekly results in factor utilisation of 4562 to 
7300 IU/kg/year.

2. Prophylaxis adjusted on the basis of clinical 
 bleeding/phenotype

This approach is used for severe haemophilia A patients of all ages. 
The rationale behind tailoring prophylaxis to patient bleeding pat-
terns is the considerable inter-patient heterogeneity in bleeding 
phenotype arising from a variety of factors as discussed previously. 
Tailoring prophylaxis might allow the right amount of prophylaxis 
to be given to the right patient. Such tailored prophylaxis might 
lead to some patients using less prophylaxis than they otherwise 
would if placed on a “one size fits all” regimen, while still protect-
ing their joints. A starting regimen, which can be of any frequency, 
is selected, and patients are carefully monitored for bleeding, es-
pecially into joints. However, this strategy depends heavily on the 
bleeding criteria used to adjust treatment. Some use bruising as a 
surrogate for bleeding, while others adjust at the occurrence of un-
provoked joint/muscle bleeding only. Dose and particularly dose 
frequency are adjusted as needed to suppress clinical bleeding; fac-
tor utilisation can vary widely. In the Joint Outcomes Study (JOS), 
by age 6, factor utilisation for children on 25 IU/kg every other day 
(calculated 4562 IU/kg/y) reached 6000 IU/kg/year, accounting for 
extra dosing for bleeding events, traumas, and procedures (16). 
The Dutch and Canadian regimens tolerate some degree of joint 
bleeding and utilise between 2000 and 3500 IU/kg/year. The disad-
vantage of tailoring according to bleeding phenotype is that it de-
mands that some patients experience bleedings in order to reveal 
their more severe phenotype. In some patients, but not all, these 
bleeds may result in long-term joint damage. Furthermore, a 
regimen with one or two injections per week will not offer a 

measurable FVIII:C at all times and may consequently put the 
 patient at risk of a serious bleed (e.g. an intracranial bleed).

3. Prophylaxis adjusted on the basis of PK

Pharmacokinetic-based prophylaxis dosing requires knowledge of 
the terminal half-life of a specific product in a specific patient. PK-
based dosing is focused on the concept of maintaining a patient’s 
FVIII:C trough above a certain predetermined level. This target 
trough level goal generally ranges from 1 % to 5 % based on bleed-
ing history and activity level of the individual. Trough levels are 
monitored periodically, and dose frequency adjustments are made 
based on laboratory results. PK-guided dosing is predicted by 
some to result in the most cost-effective use of product (4, 25). 
Modified assessments including peak, trough, and two additional 
levels beyond 24 h give data that can estimate PK reasonably well 
and are feasible even in young children (41). A regimen of 30 IU/
kg given to maintain FVIII > 1 % requires dosing every two days or 
every four days (representing the 5th and 95th percentile of FVIII 
half-life in adults) and utilizes 2300 or 4500 IU/kg/year (41). This 
regimen has the advantage that patients are treated with the same 
intensity with cost savings. However, the major limitation with this 
approach is that it focuses solely on one attribute that contributes 
to bleeding (trough FVIII:C) and ignores all the other differences 
among patients, including their physical activity levels as well as 
FVIII:C at the time of maximal physical activity and related trau-
ma. When tailoring prophylaxis to PK, it is important that the pa-
tient’s activity schedule be taken into account, as both peaks and 
troughs are important for active participation (40).

Considerations for sports and activities

Using a prophylactic regimen, there is evidence that children can 
safely participate in many sports, including collision sports (40, 48, 
49). Broderick et al. demonstrated that the risk of bleeding is with-
in 1 h of sports participation and can be effectively mitigated by 
FVIII:C levels of 30 % to 40 % (40). Sports participation may be 
better supported by attention to FVIII:C level at the time of par-
ticipation rather than by trough level alone. Any type of factor 
product may be used for athletic children and adults, including 
native and modified recombinant proteins, as long as dosing is al-
tered to achieve target peak level prior to sports participation.

Considerations for synovitis and courses of 
 rehabilitation

As stated above, individuals with inflammatory synovitis require a 
higher trough level to suppress clinical bleeding and allow re-
covery of the synovitis. In these individuals, prophylaxis can be 
tailored clinically to suppress bleeding at initiation of prophylaxis 
and physical therapy. Once joint inflammation is reduced, prophy-
laxis dose and frequency can usually be reduced.

Commonly used prophylactic regimens are highlighted in 
▶ Table 1. Below are a few case summaries to illustrate the 
 approaches discussed above.
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Case 1: The Malmö regimen of prophylaxis

A one-year-old white male with severe haemophilia A caused by 
an intron 22 inversion mutation was diagnosed at birth because of 
known haemophilia in the family. He developed frequent haema-
tomas in the skin after beginning to walk but did not require treat-
ment with FVIII. Recombinant FVIII was initiated at the age of 
one year at a dose of approximately 25 U/kg (1 vial of 250 U) once 
per week to get the child and parents accustomed to venipuncture. 
The frequency was increased over a few months to reach the goal 
of every second day. The parents were educated by the nurse as 
soon as possible to perform the venipuncture themselves. 
 Although the intent is to avoid ports, when venous access is prob-
lematic, a port will be inserted. Surgical procedures are avoided 
before the first 20 exposure days because of the potential for in-
creasing the risk of inhibitor development. With this approach, a 
central line is needed in approximately 30 % of the children.

Case 2: Initiation and dose adjustment of prophylaxis 
tailored to clinical bleeding pattern

Patient S, born 1997 to an unknown carrier of severe haemophilia, 
had a suspected first joint bleed at eight months, but diagnosis of 
severe haemophilia was only made after a second joint bleed at 11 
months of age. He was then started on prophylaxis with 25 IU/kg 
twice weekly. He needed a Port A Cath from age 23 months to six 
years. At the time of joint bleeding at age 2.5 years, his prophylaxis 
was increased to 20 IU/kg three times weekly. He had rare trauma-
induced joint haemorrhages, and dosing was increased for weight. 
At age 15, he suffered a spontaneous elbow bleed on day 3 follow-
ing an infusion, and prophylaxis was increased to 20 IU/kg every 
other day. There have been no joint bleeds or other bleeds since 
then. At age 17, he had a trough level of 3 % with no limitations in 
physical activity and has a 5° limitation of extension in the left 
elbow; x-ray of this elbow at age 13 years and six months showed 
no abnormalities.

Case 3: PK-tailored prophylaxis

A 10-year-old boy wants to use (and adjust) prophylaxis to partici-
pate in soccer. He undergoes a full PK study with his current treat-
ment product. The PK results are used to predict that a certain 
dose will achieve a peak level (in this case 40 %) immediately be-

fore soccer participation and will be adequate for activities of daily 
living the following morning. Based on a recovery of 2.2 %/IU 
FVIII/kg infused and a half-life of 12 h, he infuses 17 IU/kg (based 
on vial size used) after school on weekday afternoons just before 
soccer practice, achieves a 37 % FVIII:C for soccer participation, 
and reaches a trough level of 2 % before his next dose. During the 
sports season, he engages in no organised activity on weekends 
and does not infuse these days. He completes a 10-week sport sea-
son with no bleeding events and returns to his usual schedule of  
25 IU/kg three times weekly. FVIII utilisation during soccer sea-
son was 85 IU/kg/week, which is minimally greater than his usual 
75-IU/kg/week consumption.

Summary

Choosing a prophylaxis regimen for patients with severe hae-
mophilia A (and for the many patients with moderate haemophilia 
who manifest a bleeding phenotype) necessitates that a clinician 
consider many factors. There is likely no one regimen that is best 
for all patients and for all economies. General principles that 
should guide all prophylactic decisions include the following:
• Prophylaxis should be started early in life.
• Frequent infusions of factor are likely to be more protective of 

bleeding than infrequent infusions of factor.
• Peak as well as trough levels are important to optimise preven-

tion of spontaneous and traumatic bleeds.
• Prophylaxis is generally more efficient when factor is given in 

mornings rather than in evenings.
• Prophylaxis needs of patients may change over time and 

throughout life, particularly with changes in patient activity 
levels.

• Prophylaxis can be tailored in different ways: both PK and 
clinical bleeding-based dosing can be employed.

• Ultimately, as clinicians, we should “treat a patient rather than a 
laboratory result/factor level.”

The laboratory, clinical, and lifestyle issues discussed must be con-
sidered when deciding about dosing and may be useful in develop-
ing individualised treatment protocols. Availability of extended half-
life FVIII concentrates will also change the regimens used for pro-
phylaxis, with the possibility of maintaining higher FVIII trough 
levels between infusions as well as the possibility of higher peaks.

Table 1: Commonly used prophylaxis dosing 
regimens.

Prophylactic dosing 
regimen

Swedish (Malmö) high-dose 
protocol (24, 50, 51)

Utrecht (intermediate-dose) 
protocol (2, 52)

Canadian dose-escalation 
protocol (27)

Dose

25–40 IU/kg

15–30 IU/kg

50 IU/kg

Dosing frequency

3 times weekly 
or every other day

2 or 3 times weekly

Once weekly

Dosing adjustments

Dosing adjusted to maintain FVIII 
levels > 1 %

Dosing adjusted based on  patient’s 
bleeding pattern

Escalate to 30 IU/kg twice weekly or 
25 IU/kg on alternate days based on 
patient’s bleeding  frequency
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