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Abstract

Background: In spite of recent major advances in the understanding and treatment of inhibitor development in
patients with haemophilia, multidisciplinary management of many of these patients remains suboptimal and highly
heterogenous across Europe.

Methods: Following a series of multidisciplinary meetings and a review of the literature, the European haemophilia
community of health professionals and patients jointly defined practical optimum standards for ensuring and
harmonizing treatment and care for patients with an inhibitor.

Results: Ten complementary principles for the management of inhibitors in haemophilia have been developed,
emphasizing the importance and benefits of a centralized, multidisciplinary, expert and holistic approach.

Conclusions: This document will serve as a benchmark to improve the multidisciplinary and practical management
of patients with inhibitor. Implementation and adherence to each of these principles should have a major positive
impact on the management and outcomes of patients developing an inhibitor.
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Background
Haemophilia A and B are inherited bleeding disorders
caused by deficiencies of coagulation factors VIII (FVIII)
and IX (FIX) respectively [1]. The hallmark of the severe
phenotype is recurrent and spontaneous haemarthrosis,
which can eventually result in arthropathy, impaired mo-
bility and chronic pain.
Inhibitor development is an immunological reaction of

the body to exogenous factor VIII or IX. It is now the
most serious complication in haemophilia, following the
effective elimination of the risk of transmission of blood
borne pathogens such as HIV or hepatitis C. The presence
of circulating neutralizing antibodies against FVIII or FIX
inactivates infused coagulation factor proteins, thus
impairing their clinical efficacy [2]. Inhibitors are classified
into low (<5Bethesda Units [BU])/ml) and high (>5BU)

titre. Antibodies may be further classified as either low- or
high-responding, according to whether the titre rises sig-
nificantly after treatment with factor VIII. In cases where
a patient with non-severe hemophilia develops inhibitors
against factor VIII, endogenous clotting factor may also be
inactivated. This can result in the change of a previously
moderate/mild disorder into a severe phenotype [3].

Discussion
While the importance of inhibitor management in the
care of people with haemophilia was highlighted almost a
decade ago in the European Principles of Care [4], that
document focused principally on medical treatment and
eradication of inhibitors. This document proposes ten
principles of comprehensive inhibitor management, which
involve all aspects of care and treatment (Table 1).

Methods
This document is the result of an initiative of healthcare
professionals and patients representing the European Asso-
ciation for Haemophilia and Allied Disorders (EAHAD)
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and the European Haemophilia Consortium (EHC). Follow-
ing a series of multidisciplinary meetings with European ex-
perts in haemophilia care and a review of publications in
the field, ten principles for the multidisciplinary manage-
ment of inhibitors in haemophilia have been developed. It is
hoped that this document will serve as a benchmark to im-
prove the management of patients with inhibitors.

Awareness of the incidence of inhibitors and risk factors
across the life-span
The incidence of inhibitor development is approximately
30% amongst patients with severe haemophilia A [5], but
significantly lower in patients with non-severe haemo-
philia at around 3–13% [6]. The incidence of inhibitor de-
velopment amongst patients with haemophilia B is much
lower than in haemophilia A, in the range of 1–6%. Whilst
the definition of incidence relates to the number of pa-
tients who ever develop an inhibitor, the prevalence indi-
cates the proportion of affected patients at a specific time
point. The reported overall prevalence of inhibitors in
haemophilia is 5–7%. This lower figure reflects the fact
that inhibitors disappear in many patients, either spontan-
eously or after immune tolerance induction therapy.
Some patients are more likely to develop inhibitors

due to two classes of specific risk factors-genetic or en-
vironmental. Genotype constitutes the principal risk fac-
tor, with gene deletions carrying the highest risk [7]. A
positive family history and African-American ethnicity
are also recognized risk factors [2]. The environmental
risk factors are less clearly understood although there is
some evidence that intensity of early treatment may be a
risk factor in previously untreated patients (PUPs) [8]. A
recent prospective randomized study documented a
higher incidence of inhibitor development among PUPs
treated with recombinant factor VIII compared to those
treated with plasma-derived products which contained
von Willebrand factor [9]. Change of treatment product
(for example after a national tender) has not been shown

to increase the risk of inhibitor development in previ-
ously treated patients (PTPs) [10]. Discussions on treat-
ment options should take place with the parents of
PUPs before starting treatment.
The first 50 exposure days (EDs) constitute the highest

risk period for the development of inhibitors in PUPs
with severe haemophilia after starting treatment. After
this time, the risk falls off very considerably although a
second but much smaller peak of inhibitor development
has been observed in older patients in their 60s and be-
yond [11]. In patients with non-severe haemophilia A
the risk of inhibitor development seems to be much
lower, but when exposure days are taken into account
the risk increases up to 13% at 100 ED [3]. The risk of
inhibitor development does not reduce after 50 ED in
patients with non-severe hemophilia and therefore life-
long vigilance is required in adults with non-severe
haemophilia. Some F8 genotypes seem to be associated
with inhibitor development in these patients. The poten-
tial risk factors for individual patients should be consid-
ered, especially in the case of children who are about to
embark upon treatment for the first time.

Early recognition and accurate diagnosis
Early recognition and accurate diagnosis are essential for
successful management. Inhibitors can be detected by
performing a Bethesda assay with the Nijmegen modifi-
cation [12]. Heat treatment of the test plasma improves
the sensitivity of the test [13].
All previously untreated patients (PUPs) should be

closely monitored and regularly screened for inhibitors.
The first 50 exposure days (ED) represent the high-risk
period. In severe haemophilia A patients, the initial screen-
ing should be performed every three exposure days (EDs)
until 20 EDs; then every 10 EDs until 50 EDs; and later on
at least two times a year until 150 EDs, after which the risk
of inhibitor development is very low indeed. However, it is
recommended that periodic screening should continue to
be performed as part of the routine follow-up process on
an annual basis [14]. Screening should also be performed
prior to surgery or other invasive procedures and whenever
the clinical response to conventional treatment is deemed
inadequate. It is also recommended to perform inhibitor
screening both before and some weeks after a switch in
treatment product, although the risk associated with prod-
uct switching appears to be very low [10]. It is essential for
patients and treatment centres to keep records relating to
product usage by individual patients in order to facilitate
retrospective analysis.
Recent studies have highlighted the risk of inhibi-

tor development after intensive treatment of patients
with mild and moderate haemophilia [6]. In the light
of this, it is recommended that patients with non-
severe hemophilia A should be proactively screened

Table 1 Ten European Principles of Inhibitor Management

1. Awareness of the incidence of inhibitors and risk factors throughout life

2. Early recognition and accurate diagnosis

3. Optimal organization of care and communication between all
stakeholders

4. Haemostatic treatment with bypassing agents in inhibitor patients

5. Inhibitor eradication by immune tolerance induction (ITI) therapy

6. Access to, and optimal preparation for, surgery and other invasive
procedures

7. Provision of specialist nursing care

8. Provision of tailored physiotherapy care and monitoring

9. Access to psychosocial support

10. Involvement in research and innovation
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for inhibitors approximately 6 weeks after surgery or
treatment for a major bleed.
In the case of haemophilia B, it is recommended to iden-

tify the underlying genotype through DNA analysis in order
to identify subjects potentially at higher risk for inhibitor
development [15]. Inhibitor development in patients with
haemophilia B is often associated with anaphylactic reac-
tions. In cases where a high risk is identified (e.g. large gene
deletion), or if the genotype is unknown, precautions may
then be taken such as ensuring that the first 20 or so
infusions are only given in a hospital setting with close
monitoring.
If an initial inhibitor screening test based on a APTT

(activated partial thromboplastin time) mix is positive,
the result should be confirmed with Bethesda method
(Nijmegen modification) on a fresh sample and the pa-
tient monitored closely in the meantime. Validated and
reliable laboratory testing is an essential component of
assessing and monitoring an inhibitor. Inhibitor detec-
tion and titration are essential for planning the optimal
treatment and this requires a specialized laboratory. If
the local laboratory is not able to identify or titrate in-
hibitors with confidence, a sample should be sent (or the
patient referred) to a laboratory in an expert centre.

Organization of care and communication between all
stakeholders
The coordination and organization of multidisciplinary in-
hibitor management, and regular communication between
the multidisciplinary care providers, are the key elements
of effective management. Once diagnosed, every patient
who has developed inhibitors should be followed up in
one of the certified European Haemophilia Comprehen-
sive Care Centres (EHCCC) or European Haemophilia
Treatment Centres (EHTCs), where all the major deci-
sions regarding treatment and care should be made [16].
Local care may be offered if the patient cannot be followed
up in an expert centre, but only when there is effective
communication with the EHCCC/EHTC. As a part of
multidisciplinary care, peer support should be offered to
those affected by inhibitors. Patients should be informed
by the specialists at the treatment centres about patient
organizations at the local and national levels.

Haemostatic treatment with bypassing agents
In patients with low titre inhibitor (< 5 BU/ml), treatment
with high doses of FVIII or FIX may stop the bleeding.
However, this therapy is very likely to be ineffective in per-
sons with high titre inhibitors (> 5 BU/ml) and such treat-
ment may also subsequently boost the titre. These
patients should be treated with bypassing agents in order
to secure haemostasis.
There are currently only two licensed bypassing agents:

activated prothrombin complex concentrate (aPCC)

(FEIBA®, Shire) and recombinant activated factor VII
(rFVIIa) (NovoSeven®, Novo Nordisk). Typical initial doses
are 50–100 units/kg of FEIBA and 90 μg/kg of NovoSeven.
Both products have been demonstrated to be similarly ef-
fective in treating patients with inhibitors [17]. It is advisable
for haemophilia treatment centres to have both products
readily available as some patients seem to respond to one
agent better than the other [18].
NovoSeven® is regarded as the preferred product for treat-

ment of bleeds before starting immune tolerance induction
as FEIBA contains trace amounts of FVIII which may pro-
mote an anamnestic response and rise in inhibitor titre [19].
The use of desmopressin in patients with non-severe

haemophilia will help to reduce the chance of inhibitor
development [15].
Prophylactic treatment with bypassing agents should

be considered in patients with persistent inhibitors who
fail to achieve immune tolerance (see next section). This
is now regarded as the optimal approach, as it has been
demonstrated to decrease the number of bleeding epi-
sodes and increase quality of life [15].

Inhibitor eradication by immune tolerance induction (ITI)
therapy
Currently the only way to eradicate an inhibitor is through
prolonged exposure to FVIII (or FIX) by frequent admin-
istration of these concentrates at high dosage. Successful
Immune Tolerance Induction (ITI) suppresses the im-
mune response and restores tolerance to exogenous FVIII
or FIX and enables the treatment with these factors con-
centrates. Different modalities of ITI employ different dos-
ages and intervals of factor administration, ranging from
12 hourly up 3 times a week. An international randomized
study in haemophilia A compared outcome after treat-
ment with 200 iu/kg factor VIII daily with 50 iu/kg three
times weekly [20]. The overall outcome was similar for
both regimes, with some 70% achieving immune tolerance
with loss of inhibitor and a further 5% achieving a partial
response. However, the time to achieve remission was sig-
nificantly faster with the higher dose regime and, further-
more, there was an higher risk of breakthrough bleeds
associated with the lower dose regime. It is usual to start
ITI with the same product as the one being used when the
inhibitor developed. If the patient begins treatment with a
recombinant product and no response is evident after ap-
proximately 6 months, the possibility of switching to a
plasma-derived won Willebrand factor containing concen-
trate should be considered. The most important prognos-
tic indicator of a likely good response is an inhibitor titre
of < 10 BU/ml. Interruption of regular infusions must be
avoided as this has been shown to prejudice the final out-
come [15]. Breakthrough bleeds should be treated with
bypassing agents, given on demand or prophylactically in
selected patients. The likelihood of achieving tolerance in
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haemophilia B is much lower than in haemophilia A and
ongoing treatment with factor IX concentrates may pro-
voke nephrotic syndrome [15].
ITI is a demanding and resource-heavy treatment, and

the patient (or parents) should receive detailed and reli-
able information about modalities, implications and suc-
cess rate before initiation of ITI. An indwelling venous
access device may need to be implanted. The multidis-
ciplinary care team should carry out an assessment of
patient’s suitability for ITI, taking into account commit-
ment, stability and potential adherence of the patient.
In patients with non-severe hemophilia A, the inhibi-

tor may disappear spontaneously as a result of the im-
munologically tolerizing effect of endogenous circulating
FVIII. However, this does not imply that the patient is
tolerant for FVIII concentrate and so an anamnestic re-
action may occur when the patient is re-challenged with
factor concentrate [21].
A plan should be in place for the management of those

patients who fail to respond to ITI. One option is prophy-
laxis with bypassing agents. Typical initial regimes include
85 u/kg FEIBA® on alternate days and NovoSeven® 90 μg
daily [15]. Regular consideration should be given to
whether novel agents may be suitable for these patients,
preferably within the setting of a clinical trial.

Access to, and optimal preparation for, surgery and other
invasive procedures
Patients with inhibitors are often denied surgery or any
invasive procedures as these entail high cost and are also
perceived to carry a significant risk of bleeding. How-
ever, there is now an extensive body of evidence proving
that surgery may be carried out safely and effectively
under cover of bypassing agents [22, 23]. This may also
prove cost-saving in the long term.
The multidisciplinary care team should help the patient

to reach a well-informed decision about surgery or other
invasive procedure. Any invasive procedure will require the
relevant expertise and consultation within the entire multi-
disciplinary team, as well as carefully anticipated logistics
and treatment plan developed together with the patient.
Surgery can be only performed if a proper rehabilitation
programme, tailored to the individual patient, is in place.
Regular dental reviews are strongly recommended along

with effective methods of preventative home care [24].
Regular check-ups and timely preventative interventions
will considerably reduce the development of dental disease
and the risks and costs of dental procedures. Local fibrin
sealants and anti-fibrinolytic agents are particularly helpful
in reducing blood loss duringdental surgery.

Provision of specialist nursing care
Provision of high quality specialist nursing care for
haemophilia patients with inhibitors is of the utmost

importance as the nurse has a central role in
organization and the ongoing management of the condi-
tion [25]. This consists of coordinating input from differ-
ent members of the multidisciplinary care team and
interagency liaison when required, this being especially
important with younger patients who are in early educa-
tion. A key nursing responsibility is the administration
of replacement factor and bypassing agents through both
peripheral venous access and central venous access de-
vice. This incorporates their own practice but also train-
ing for self-treatment, and the maintenance of safe
standards of administration in order to prevent avoid-
able risks such as infection [26]. The nurse offers sup-
port throughout the inhibitor management process,
assessing coping abilities and adherence, and gains
insight into the personal situation/individual needs of
each patient and their family whilst acting as their main
contact point for the multidisciplinary care team. The
development of an inhibitor affects the whole family, es-
pecially when diagnosed in a young child, so additional
support should be offered to the family to aid effective
functioning [27]. This may include facilitating peer sup-
port by other individuals/families more experienced at
living with an inhibitor, and signposting to national/local
haemophilia patient organisations, as well as assessment
of the patient for referral to other health and social pro-
fessionals. The nurse plays an important role in evaluat-
ing the patients’ (and family members’) understanding of
inhibitors and periodically educating them regarding the
latest developments in inhibitor care in order to facili-
tate their informed choice and consent to treatment.

Provision of tailored physiotherapy care and monitoring
Provision of physiotherapy is focused on maintaining op-
timal musculoskeletal function. In patients with inhibi-
tors, especially children, bleeds are more difficult to
control. Assessment and management of bleeds requires
a careful balance of rest and activity; often with slower
progress than with inhibitor-free patients [28]. If optimal
functional recovery after every bleed is not achieved,
both in joint [29] and muscle bleeds [30], the long-term
consequences will be significant.
Physical monitoring requires regular measurement of

body shape and function as well as activities. Inhibitor
patients should have easy access to different musculo-
skeletal experts (occupational therapists, rehabilitation
specialists and orthopaedic surgeons) within the multi-
disciplinary team as indicated by their needs.
Physiotherapy involvement should be flexible and

carefully tailored to the individual patient, ensuring
haemostatic cover at all times. The physiotherapist and
haematologist should maintain regular contact with each
other, to align the timing of factor infusions with more
advanced exercises.
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The rehabilitation of inhibitor patients after serious
trauma or surgery is more complex and may require a dif-
ferent and slower approach than in non-inhibitor patients.
The goals of rehabilitation should be tailored and function-
focused and should be steered by the musculoskeletal ex-
pert who can communicate fully the aims with the rest of
the team, as well as with the patients and his family.

Access to psychosocial support
The treatment and care of haemophilia with inhibitors
represents a major burden for the patient, as well as for
the family and caregivers, and the immediate social net-
work, e.g. school or work [31]. Elements of life which
may be psychologically challenging for the patient and
the family/caregiver are the unpredictability of bleed,
successful transitioning to self-care, family life and re-
productive choices, as well as pain and fear of pain.
These may cause low self-esteem, anger and frustration,
and subsequently anxiety and depression in patients and
caregivers in the family [32]. Social challenges, such as
social isolation and exclusion due to frequent absence
from school or work, poor access to insurance etc. in-
crease the psychological burden. Support for patients
and their families should be provided: this should en-
compass psychological support as well as advice on em-
ployment and social security benefits. Members of the
multidisciplinary care team should be proactive and refer
patients to a social worker and/or psychologist when any
needs are identified. Local and national patient organisa-
tions are also a very good source of advice and support.

Involvement in research and innovation
Improvements in clinical outcomes for inhibitor patients
will increasingly depend on future research and innovation.
It is highly desirable that patients with inhibitors are regis-
tered with treatment centres where innovations and contri-
bution to research are accessible. National patient registers
can help to identify eligible patients for relevant clinical
trials.
Up-to-date information about the timeline and enroll-

ment procedures of clinical trials is available on the web-
site of the EUHANET project (www.haemophiliacentral.
org), and should be further disseminated by the patient
organisations.
Pharmacovigilance is an essential aspect of innovation

in terms of patient safety [33]. Adverse event reporting
through the European Haemophilia Safety Surveillance
(EUHASS, www.euhass.org) platform should be encouraged
by the healthcare professionals and patient organisations.

Conclusions
It is hoped that this document will serve as a benchmark
to improve the multidisciplinary and practical manage-
ment of patients with haemophilia and inhibitors.

Abbreviations
APTT: Activated partial thromboplastin time; BU: Bethesda Units;
DNA: Deoxyribose nucleic acid; EAHAD: European Association for
Haemophilia and Allied Disorders; ED: Exposure days; EHC: European
Haemophilia Consortium; EHCCC: European Haemophilia Comprehensive
Care Centre; EHTC: European Haemophilia Treatment Centre; HIV: Human
Immunodeficiency virus; ITI: Immune tolerance induction; PTP: Previously
treated patient; PUP: Previously untreated patient

Acknowledgements
The European Haemophilia Consortium (EHC) and European Association for
Haemophilia and Allied Disorders (EAHAD) wish to acknowledge the
contribution of the following health care professionals (in alphabetical order)
to the development of these guidelines:
J. Astermark (Centre for Thrombosis and Haemostasis, Skåne University Hospital,
Malmö, Sweden); A. Bok (European Haemophilia Consortium, Brussels, Belgium);
M. Crato (Portuguese Haemophilia Association, Lisbon, Portugal); R. d’Oiron
(Hôpital Bicêtre AP-HP, Paris XI University, Le Kremlin-Bicêtre, France); A. Dougall
(Dublin Dental University Hospital, Dublin, Ireland); K. Fijnvandraat (Department of
Pediatric-Hematology, Emma Children’s Hospital, Academic Medical Centre (AMC),
Amsterdam, The Netherlands); S. Grønhaug (Centre for Rare Disorders, Department
of Rare Disorders and Disabilities, Oslo University Hospital, Rikshopitalet, Oslo,
Norway); V. Jiménez-Yuste (Hospital Universitario La Paz, Unidad de Coagulopatías,
Servicio de Hematología, Universidad Autonoma de Madrid, Madrid, Spain); M.
Jokić (Serbian Haemophilia Society, Belgrade, Serbia); S. Lobet (Haemostasis and
Thrombosis Unit, Division of Haematology, Haemophilia Clinic, Saint-Luc University
Hospital, Brussels, Belgium); B. Nolan (Department of Haematology, Our Lady’s
Children’s Hospital, Dublin, Ireland); F. Peyvandi (Angelo Bianchi Bonomi
Hemophilia and Thrombosis Centre, Fondazione IRCCS Ca′ Granda Ospedale
Maggiore Policlinico, Milan, Italy); A. Ryan (European Association for Haemophilia
and Allied Disorders, Brussels, Belgium).

Funding
No funding received.

Authors’ contributions
All authors participated in the meetings referred to in the text and
contributed to the text of the manuscript. PG was responsible for
drafting of the final version of the manuscript, which was also
reviewed and approved by all co-authors.

Ethics approval and consent to participate
Not applicable.

Competing interests
PG has received consultancy and/or lecture fees from Bayer, Biotest,
CSL Behring, NovoNordisk, Pfizer and Shire within the last year. CH has
received consultancy and/or lecture fees from Bayer, CSL Behring,
NovoNordisk, Pfizer, Shire, SOBI, LFB, OctaPharma within the last year.
MB is currently a member of the Roche/Chugai Haemophilia A
Advisory Board and is in receipt of funding from Pfizer for an
investigator-initiated research study. JB has received speaker’s fees
and/or served as a consultant for NovoNordisk, Shire, Octapharma,
Pfizer and Roche within last year. CH, BO’M, PdK, AB and KJ state that
they have no competing interests to report.

Author details
1European Haemophilia Consortium, Rue de l’Industrie, B-1000 Brussels,
Belgium. 2University of Oxford, Oxford, UK. 3Haemostasis and Thrombosis
Unit, Division of Haematology, Cliniques Universitaires Saint-Luc, Brussels,
Belgium. 4Trinity College, Dublin, Ireland. 5Department of Rehabilitation,
Nursing Science and Sports, University Medical Center Utrecht, Utrecht, The
Netherlands. 6Canterbury Christ Church University, Kent, UK. 7National
Hemophilia Center, Department of Hematology and Transfusion Medicine,
School of Medicine of Comenius University and University Hospital,
Bratislava, Slovakia. 8Children’s University Hospital Brno, Brno, Czech Republic.

Giangrande et al. Orphanet Journal of Rare Diseases  (2018) 13:66 Page 5 of 6

http://www.haemophiliacentral.org
http://www.haemophiliacentral.org
http://www.euhass.org


Received: 5 December 2017 Accepted: 6 April 2018

References
1. Soucie J, Evatt B, Jackson D. Occurrence of hemophilia in the United States.

The Hemophilia Surveillance System Project Investigators. Am J Hematol.
1998;59:288–94.

2. Astermark J. Overview of inhibitors. Semin Hematol. 2006;43(Suppl. 4):S3–7.
3. Eckhardt CL, van Velzen AS, Peters M, Astermark J, Brons PP, et al. Factor VIII

gene (F8) mutation and risk of inhibitor development in nonsevere
hemophilia A. Blood. 2013;122:1954–62.

4. Colvin B, Astermark J, Fischer K, Gringeri A, Lassila R, et al. European
principles of care. Haemophilia. 2008;14:361–74.

5. Mancuso ME, Mannucci PM, Rocino A, Garagiola A, Tagliaferri A,
Santagostino E. Source and purity of factor VIII products as risk factor for
inhibitor development in patients with hemophilia A. J Thromb Haemost.
2012;10:781–90.

6. van Velzen AS, Eckhardt CL, Peters M, Leebeek FWG, Escuriola C, Hermans C,
Keenan R, Astermark J, Male C, Peerlinck K, le Cessie S, van der Bom JG,
Fijnvandraat K, for the INSIGHT consortium. Intensity of factor VIII treatment
and the development of inhibitors in nonsevere hemophilia A patients: results
of the INSIGHT case-control study. J Thromb Haemost. 2017;15:1422–9.

7. Oldenburg J, Schroder J, Brackmann H, Müller-Reible C, Schwaab R,
Tuddenham E. Environmental and genetic factors influencing inhibitor
development. Semin Hematol. 2004;41(1 Suppl. 1):82–8.

8. Mannucci PM, Mancuso ME, Franchini M. Tailoring hemostatic therapies to
lower inhibitor development in previously untreated patients with severe
haemophilia A. J Thromb Haemost. 2016;14:1330–6.

9. Peyvandi F, Mannucci PM, Garagiola I, El-Beshlawy A, Elalafy M, et al. A
randomized trial of factor VIII and neutralizing antibodies in hemophilia A. N
Engl J Med. 2016;374:2054–64.

10. Hay CR, Palmer BP, Chalmers EA, Liesner R, Rangarajan S, Talks K, et al. The
incidence of factor VIIII inhibitors in severe haemophilia A following a major
switch from full-length to B-domain deleted factor VIII: a prospective cohort
comparison. Haemophilia. 2015;21:219–26.

11. Hay CR, Palmer B, Chalmers E, Liesner R, Maclean R. Incidence of factor VIII
inhibitors throughout life in severe haemophilia A in the United Kingdom.
Blood. 2011;117:6367–70.

12. Verbruggen B, Novakova I, Wessels H, Boezeman J, van den Berg M, Mauser-
Bunschoten E. The Nijmegen modification of the Bethesda assay for factor
VIII:C inhibitors: improved specificity and reliability. Thromb Haemost. 1995;
73:247–51.

13. Miller CH. Improving the performance of factor VIIII inhibitor tests in
hemophilia A. Thromb Res. 2015;136:1047–8.

14. de Moerloose P, Fischer K, Lambert T, Windyga J, Batorova A, et al.
Recommendations for assessment, monitoring and follow-up of patients
with haemophilia. Haemophilia. 2012;18:319–25.

15. Collins PW, Chalmers E, Hart DP, Liesner R, Rangarajan S, Talks K, et al.
Diagnosis and treatment of factor VIII and IX inhibitors in congenital
haemophilia. Br J Haematol. 2013;160:153–70.

16. Giangrande P, Calizzani G, Menichini I, Candura F, Mannucci PM, Makris M.
The European standards of Haemophilia Centres. Blood Transfus. 2014;
12(Suppl. 3):s525–30.

17. Matino D, Makris M, Dwan K, D’Amico R, Iorio A. Recombinant factor VIIa
concentrate versus plasma-derived concentrates for treating acute bleeding
episodes in people with haemophilia and inhibitors. Cochrane Database
Syst Rev. 2015; https://doi.org/10.1002/14651858.CD004449.pub4.

18. Astermark J, Donfield SM, DiMichele DM, Gringeri A, Gilbert SA, et al. A
randomized comparison of bypassing in hemophilia complicated by an
inhibitor: the FEIBA NovoSeven Comparative Study (FENOC). Blood. 2007;
109:546–51.

19. Jiménez-Yuste V, Alvares MT, Martín-Salces M, Quintana M, Rodriguez-
Merchan C, et al. Prophylaxis in 10 patients with haemophilia A and
inhibitor: different approaches for different clinical situations. Haemophilia.
2009;15:203–9.

20. Hay CR, DiMichele DM. The principal results of the International Immune
Tolerance Study: a randomized dose comparison. Blood. 2012;119:1335–44.

21. van Velzen AS, Eckhardt CL, Hart DP, Peters M, Rangarajan S, et al. Inhibitors
in nonsevere haemophilia A: outcome and eradication strategies. Thromb
Haemost. 2015;114:46–55.

22. Rangarajan S, Austin A, Goddard NJ, Négrier C, Rodriguez-Merchan EC,
Stephensen D, et al. Consensus recommendations for the use of FEIBA in
haemophilia A patients with inhibitors undergoing elective orthopaedic and
non-orthopaedic surgery. Haemophilia. 2013;19:294–303.

23. Santagostino E, Escobar M, Ozelo M, Arkhammar P, Lee H-Y, Rosu G,
Giangrande P. Recombinant activated factor VII in the treatment of bleeds
and for the prevention of surgery-related bleeding in congenital
haemophilia with inhibitors. Blood Rev. 2015;29(Suppl 1):S9–18.

24. Anderson JA, Brewer A, Creagh D, Hook S, Mainwaring J, et al. Guidance on
the dental management of patients with haemophilia and congenital
bleeding disorders. Br Dent J. 2013;215:497–50.

25. Schrijvers L, Bedford M, Elfvinge P, Andritschke K, Leenders B, Harrington C,
et al. The role of the European haemophilia nurse. J Haemophilia Pract.
2014;1:24–7.

26. Harrington C, Bedford M, Andritschke K, Barrie A, Elfvinge P, Grønhaug S,
Mueller-Kagi E, Leenders B, Schrivers L. A European curriculum for nurse
working in haemophilia. Haemophilia. 2016;22:103–9.

27. Lindvall K, von Mackensen S, Elmståhl S, Khair K, Stain AM, Ljung R, Berntorp
E. Increased burden on caregivers of having a child with haemophilia
complicated by inhibitors. Pediatr Blood Cancer. 2014;61:706–11.

28. Bladen M. Chapter 14: inhibitors in children: functional consequences: 128-
135. In: de Kleijn P, Mauser-Bunschoten EP, editors. Physiotherapy
management in haemophilia. Utrecht: HH Global/GVO; 2017. ISBN 978-90-
731-0805-9.

29. Bladen M, Main E, Hubert N, Koutomanou E, Liesner R, Khair K. Factors
affecting the Hemophilia Joint Health Score in children with severe
haemophilia. Haemophilia. 2013;19:626–31.

30. Sørensen B, Benson GM, Bladen M, Classey S, Keeling DM, et al.
Management of muscle haematomas in patients with severe haemophilia
in an evidence-poor world. Haemophilia. 2012;18:598–606.

31. Canclini M, Saviolo-Negrin N, Zanon E, Bertoletti R, Girolami A, Pagnan A.
Psychological aspects and coping in haemophilic patients: a case-control
study. Haemophilia. 2003;9:619–24.

32. Cassis FR. Psychosocial care for people with hemophilia. Montreal: World
Federation of Hemophilia; 2007. Available from: http://www1.wfh.org/
publications/files/pdf-1198.pdf. Accessed 24 Oct 2017

33. Berntorp E. Future of haemophilia outcome assessment: registries are key to
optimized treatment. J Int Med. 2016;279:498–501.

Giangrande et al. Orphanet Journal of Rare Diseases  (2018) 13:66 Page 6 of 6

https://doi.org/10.1002/14651858.CD004449.pub4
http://www1.wfh.org/publications/files/pdf-1198.pdf
http://www1.wfh.org/publications/files/pdf-1198.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Discussion
	Methods
	Awareness of the incidence of inhibitors and risk factors across the life-span
	Early recognition and accurate diagnosis
	Organization of care and communication between all stakeholders
	Haemostatic treatment with bypassing agents
	Inhibitor eradication by immune tolerance induction (ITI) therapy
	Access to, and optimal preparation for, surgery and other invasive procedures
	Provision of specialist nursing care
	Provision of tailored physiotherapy care and monitoring
	Access to psychosocial support
	Involvement in research and innovation

	Conclusions
	Abbreviations
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Author details
	References

