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Abstract 
The development of inhibitors is the most severe complication of treating hemophilia patients with Factor VIII or IX, 
and providing effective hemostasis for inhibitor patients is challenging. Patients with high responding inhibitors (titer 
>5 BU/mL) are usually treated with recombinant activated Factor VII (rFVIIa), 90–120 μg/kg every 2–3 hours, or 
plasma-derived activated prothrombin complex concentrate. The aim of this study was to assess the efficacy and safety 
of a single dose of 270 μg/kg rFVIIa in inhibitor patients with joint or soft tissue bleeds treated at the Department of 
Paediatric Hematology and Oncology and the Department of Hematology and Transplantology. 7 inhibitor patients 
(3 adults aged 23–33 and 4 children aged 3–14) were included in the study. The hemostatic efficacy and tolerability 
of a single high dose of rFVIIa for home treatment of moderate or severe bleeds was evaluated. Treatment with 
rFVIIa effectively stopped bleeding in all patients without any adverse events. In most cases a single dose of rFVIIa  
270 μg/kg was more effective than 3 or 4 lower doses (90 μg/kg) and less traumatic for pediatric patients. Based on 
present studies, it can be concluded that a single dose of rFVIIa is effective and well tolerated in the treatment of 
intra-articular bleeds in patients with hemophilia complicated by the presence of inhibitors (Adv Clin Exp Med 
2012, 21, 4, 519–524).
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Streszczenie
Najcięższym powikłaniem leczenia czynnikiem VIII i IX pacjentów chorych na hemofilię jest powstawanie inhibi-
tora. Nowe sposoby leczenia tej grupy pacjentów są dużym wyzwaniem dla leczącego. Pacjenci z wysokim mianem 
inhibitora (> 5 BU/ml) są zwykle leczeni lekami omijającymi inhibitor, takimi jak: rekombinowany czynnik VIIa 
(rFVIIa),w dawce 90–120 μg/kg co 2–3 godziny lub aktywowanymi koncentratami zespołu protrombiny. Oceniono 
skuteczność i bezpieczeństwo pojedynczej dawki rFVIIa – 270 μg/kg u pacjentów z inhibitorem i krwawieniami 
do stawów lub tkanek miękkich, leczonych w Klinice Pediatrii Hematologii i Onkologii i Klinice Hematologii 
i Transplantologii. Do badania włączono 7 pacjentów powikłanych inhibitorem (3 osoby dorosłe w wieku 23–33 lat  
i 4 dzieci w wieku 3–14 lat). Oceniono skuteczność i tolerancję pojedynczej dużej dawki rFVIIa w leczeniu domo-
wym umiarkowanych lub ciężkich krwawień. Leczenie rFVIIa skutecznie hamowało krwawienie u wszystkich 
pacjentów bez wystąpienia skutków ubocznych. W większości przypadków pojedyncza dawka rFVIIa – 270 μg/kg 
była bardziej skuteczna niż 3 lub 4 mniejsze dawki (90 μg/kg) i mniej urazowa dla pacjentów pediatrycznych, co 
wiązało się z mniejszą liczbą iniekcji. Na podstawie obserwacji własnych można powiedzieć, że pojedyncza dawka 
rFVIIa jest skuteczna i dobrze tolerowana w leczeniu krwawień do stawów u pacjentów chorych na hemofilię powi-
kłaną inhibitorem (Adv Clin Exp Med 2012, 21, 4, 519–524).
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The development of Factor VIII (FVIII) or Fac-
tor IX (FIX) alloantibodies (inhibitors) is a serious 
complication during the treatment of patients with 

hemophilia with exogenous factor replacement. It 
mainly affects patients with a severe form of the 
disease.
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The first occurrence of an inhibitor following 
transfusion of factor VIII (FVIII) in a hemophilia 
A patient was reported by Lawrence and Johnson 
in 1941 [1]. The circulating anticoagulant was de-
tected by its ability to prolong the clotting of nor-
mal blood. It was only several years later that the 
nature of this novel type of inhibitor was estab-
lished. It was first demonstrated that the inhibitor 
activity was associated with the gamma globulin 
fraction of serum [2]. In 1947, Craddock and Law-
rence [3] finally established that the anticoagulant 
identified was an antibody, recognizing the pro-
tein called at that time “antihaemophilic globulin” 
and later FVIII. Indeed, they demonstrated that 
gamma globulin present in the patient’s plasma 
precipitated a protein in the FVIII concentrate. 
This phenomenon, called a “precipitin reaction”, 
was then considered the hallmark of the presence 
of the antibody. Craddock and Lawrence therefore 
concluded that inhibitor antibodies appeared in 
response to exposure to the protein lacking in the 
plasma of hemophilia A patients (3). reports by 
several groups further confirmed the presence of 
anticoagulants, which caused a precipitin reaction 
with antihemophilic globulin [4].

 The incidence of inhibitor development in re-
sponse to replacement therapy has been reported in 
various studies as high as 33% in hemophilia A and 
up to 6.5% in hemophilia B [5]. The treatment of 
patients with hemophilia complicated by inhibi-
tors is difficult and expensive, and should aim to 
both treat the bleeds and eliminate the inhibitors. 
To achieve this, a concentrate of FVIII/FIX should 
be administered systematically over many months, 
including the use of immune tolerance induction 
(ITI) therapy to eliminate the inhibitors when pos-
sible. Instead of replacement therapy, preparations 
that bypass the need for FVIII/FIX in the blood-
clotting process can be used to ensure hemosta-
sis. Thus, patients with high responding inhibitors 
(inhibitor titer > 5 Bethesda Units/mL [BU/mL]) 
are usually treated with bypassing agents such as 
recombinant activated Factor VII (rFVIIa) and 
plasma-derived activated prothrombin complex 
concentrate (aPCC). 

The use of plasma-derived FVIIa was first re-
ported for the treatment of hemophilia complicat-
ed by high-titer alloantibodies in 1983 [6].

recombinant activated factor VII (rFVIIa 
NovoSeven®, Novo Nordisk A/S, Bagsvaerd, Den-
mark) is a bypassing agent that enhances throm-
bin formation and promotes hemostasis through 
direct activation of factor X on the surface of acti-
vated platelets, even in the absence of factors VIII 
or IX. Pharmacological doses enhance thrombin 
generation and the formation of a stable fibrin 
plug [7]. Data from clinical trials has demonstrat-

ed the safety and efficacy of rFVIIa for bleeding 
episode management in patients with congenital 
hemophilia with inhibitors [8–10]. This data rep-
resents experience with standard and higher-dose 
rFVIIa regimens, and primarily reflect in joint and 
muscle bleeds. 

When used to treat intra-articular bleeding, 
rFVIIa is most frequently administered in a dosage 
regimen of 90–120 μg/kg every 2–3 hours. Accord-
ing to data from published literature, a single ad-
ministration of a higher 270-μg/kg dose of rFVIIa 
is equally efficacious and has a similar safety profile 
[3–5]. The European Medicines Agency also ap-
proved this treatment regimen for mild or moderate 
bleeds in hemophilia patients with inhibitors [14].

Here the authors report on the hemostatic effi-
cacy and tolerability of a single high dose of rFVIIa 
for home treatment of moderate or severe bleeds in 
3 adult (23–33 years of age) and 4 pediatric (3–14 
years of age) inhibitor patients in Poland. The ef-
ficacy of rFVIIa was judged by whether there was 
a need for additional hemostatic treatment and by 
patient-reported effectiveness. The treatment was 
described as “effective” when bleeding stopped 
completely after administration of the factor, and 
“partially effective” when it was necessary to repeat 
the dose. The tolerability of a high dose of rFVIIa 
was assessed by the occurrence of adverse events 
and bleeding complications. 

The demographic details of the 7 patients  
(6 with hemophilia A and 1 hemophilia B patient) 
from 2 centers in Poland are provided in Table 1. 

The first patient, a 3-year-old boy diagnosed 
with severe hemophilia A during his first month, 
was first treated with 25 IU/kg FVIII for gingival 
bleeds and bleeds from the frenulum of the tongue 
during his second year. He subsequently received 
repeated treatment with FVIII for soft tissue and 
right tarsal joint hemorrhages. The patient was 
hospitalized for gingival bleeds when he was 2 years  
of age, despite prophylactic administration of  
40 U/kg FVIII every 12 hours. Following admis-
sion to the hospital on June 18th, 2007, his acti-
vated partial thromboplastin time was found to be  
108 seconds after administration of 40 U/kg FVIII. 
As there was a suspicion that he had developed 
FVIII inhibitors, the patient was initially given 
100 μg/kg rFVIIa. When no improvement in the 
severe bleeding was observed after 15 minutes, an 
additional dose of 170 μg/kg rFVIIa was adminis-
tered, and the bleeding stopped within 3 minutes 
(cumulative dose: 270 μg/kg rFVIIa). His inhibitor 
levels were found to be 320 BU/mL. 

The second patient, a 12-year-old boy with se-
vere hemophilia A and FVIII inhibitors (14 BU/ 
/mL), was first diagnosed at the age of 6 years. He 
had previously been treated repeatedly with ei-
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ther 70–80 IU/kg aPCC (once daily or once every 
12 hours) or 90 μg/kg rFVIIa (2–3 doses, usually 
given at 0, 2, and 5 hours after bleeding onset) 
for bleeds into his muscles and recurrent hemor-
rhages into his right knee and right elbow joints. 
After a hemorrhage into his right elbow joint, he 
received home treatment with a single dose of  
270 μg/kg rFVIIa within 15 minutes of the first 
symptoms of bleeding. The hemorrhage disap-
peared within 40 minutes and the patient did not 
require further hemostatic treatment. His inhibitor 
level at the time of the hemorrhage was 23 BU/mL.

Case 3, a 14-year-old boy with severe he-
mophilia B, had been treated with FIX concen-
trates from the age of 3 years because of bleeds, 
mainly into his right elbow joint. Within the next  
12 months, the presence of FIX inhibitors was 
recorded at a level of 14 BU/mL, after which 
the patient received standard doses of rFVIIa or  
aPCC (70–80 IU/kg) for bleeds into his knee and 
elbow joints. At 13 years of age, during a bleed 
into a knee joint, he received home treatment with 
a single dose of 270 μg/kg rFVIIa, 25 minutes after 
the occurrence of the first symptoms. This resulted 
in a faster reduction of bleeding than he had ex-
perienced with the standard-dose rFVIIa regimen. 
The patient did not require an analgesic or another 
dose of rFVIIa. Between April and November 2008, 
when aged 14 years, without apparent reason, he 
suffered 4 hemorrhages into target joints. In all 

cases, he was treated at home with a single dose of  
270 μg/kg rFVIIa. One hour after rFVIIa adminis-
tration, the patient stated that his pain was “better” 
and rated the hemostasis as “partially effective” in 
2 cases, and “effective” in the other 2 cases. In all 
four cases, hemostasis was still rated as “effective” 
at 3, 6, and 9 hours after a single dose of rFVIIa 
administration.

Case 4, a boy diagnosed with severe hemophil-
ia A at 7 months of age, and then with inhibitors  
3 months later (12 BU/mL), was treated with aPCC 
(usually 70–90 IU/kg twice on day 1 post-bleed-
ing; sometimes repeated once on day 2) or rFVIIa 
(usually 0, 2, and 5 hours after bleeding onset) for 
recurrent bleeds into elbow and knee joints and 
soft tissues. ITI therapy was started at 1 year of age, 
but was not successful. At the age of 3 years, the 
boy received aPCC prophylaxis (80 IU/kg three 
times a week) for 1 year, followed by daily doses of  
90 μg/kg rFVIIa for 3 months. Intra-articular 
bleeding occurred frequently despite the prophy-
laxis. In the 2 years from 2007 (when the patient 
was aged 10 years), his recurrent hemorrhages 
were treated (on separate occasions) 14 times with 
aPCC 70–90 IU/kg twice daily, 18 times with stan-
dard doses of rFVIIa (70–90 μg/kg usually given 0, 
2, and 5 hours after bleeding onset), and 23 times 
with a single 270 µg/kg dose of rFVIIa. The efficacy 
of the therapy was comparable, irrespective of the 
dose, bypassing agent administered, and hemor-

Table 1. Summary of patient data

Tabela 1. Podsumowanie wyników badań

Case  
(Przy-
padek)

Age at 
diagnosis of 
hemophilia  
(Wiek  
w chwili 
rozpoznania 
hemofilii)

Age at diagno-
sis of inhibitor  
(Wiek w chwili 
wykrycia  
inhibitora)

Number of 
exposure days 
before inhibi-
tor diagnosed  
(Liczba dni 
ekspozycji 
przed  
wykryciem 
inhibitora)

Titer at inhibi-
tor diagnosis  
(Miano  
w czasie 
wykrycia 
inhibitora) 
BU/mL

Started ITI  
(rozpo- 
częcie ITI)

ITI dose 
and dura-
tion  
(Dawka  
i czas 
trwania ITI)

ITI suc-
cessful  
(Skuteczne 
ITI)

1 1 month 21 months 4 320 yes 200 qd (18 
months)*

yes

2 4 months 72 months 57 14 no – –

3 15 months 23 months 16 21 yes 100 qd (2 
months)

yes

4 7 months 10 months 10 12 yes 200 qd (12 
months)

no

5 24 months 18 years 590 82 no – –

6 26 months 20 years >1000 7000 no – –

7 22 months 18 years 680 30 no – –

ITI = immune tolerance induction. * Inhibitor eliminated after 18 months. Patient currently continuing ITI but lower doses 
are being given.
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rhage site. However, on an inquiry form complet-
ed by the patient between April and October 2008, 
the evaluation of pain after a single-dose 270 μg/kg 
rFVIIa treatment was most frequently recorded as 
“the same” after 1 hour and “better” after 3 hours. 
For the evaluation of bleeding control with 270 μg/ 
/kg rFVIIa, he commonly selected “partially effec-
tive” after 1 hour, and “partially effective” or “ef-
fective” after 3 hours. The average time from the 
occurrence of the hemorrhage to administration 
of 270 µg/kg rFVIIa was 15–30 minutes.

The fifth patient, a 23-year-old patient with se-
vere hemophilia A, had been diagnosed at 2 years  
of age, and had since been treated at home with 
pd-FVIII concentrates (doses of 20–40 U/kg). 
However, the patient now reported a decrease in 
the efficacy of his FVIII treatment, despite an in-
crease in the dose of FVIII administered per bleed, 
and the presence of inhibitors was diagnosed  
(82 BU/mL). The most frequent bleeds reported 
were into the elbow and knee joints. A single dose 
of 270 µg/kg rFVIIa was used with very good effect, 
as bleeding ceased and pain disappeared in these 
joints within the first hour after rFVIIa adminis-
tration, and a second injection of rFVIIa was not 
required. This treatment regimen was considered 
to be satisfactory for the patient, and single-dose 
rFVIIa was also found to be effective for further 
bleeds.

Case 6, a 33-year-old patient with severe he-
mophilia A with inhibitors (historical titer of 7000 
BU/mL), was treated for many years with either 
aPCC or rFVIIa. He received aPCC at doses of  
50–100 IU/kg once or twice daily (maximum  
200 IU/kg) or rFVIIa during bleeding. Initially, 
the patient self-administered 2–3 doses of 90 µg/ 
/kg rFVIIa at home, and bleeding ceased after 
2–4 hours. The patient subsequently found that it 
required 2–3 doses of rFVIIa to maintain hemo-
stasis. During a further intra-articular bleed, treat-
ment with a single dose of 270 µg/kg rFVIIa was 
recommended. Within 1 hour of administration, 
bleeding had stopped and pain disappeared. The 
patient found this therapy to be more convenient, 
with a smaller number of injections resulting in 
similar or better efficacy. After 2 years of treatment 
with rFVIIa alone, his inhibitor titer decreased to 
80 BU/mL. 

The seventh patient, a 25-year-old patient with 
severe hemophilia A with inhibitors (30 BU/mL), 
was initially treated with aPCC, but as the patient 
showed poor tolerance to this preparation, the use 
of rFVIIa was recommended. After treating an 
oral cavity, a maxillary surgeon advised that the 
patient required 6 teeth to be extracted. Thirty to 
forty minutes prior to each extraction, the patient 
self-administered 270 µg/kg of rFVIIa at home. 

Two teeth were extracted during each procedure 
without any bleeding complications. During this 
time, the patient used 1–2 doses of 90 µg/kg rFVIIa 
every 2–3 hours for small intra-articular bleeds, 
and when the hemorrhages were more extensive 
he increased the dose to 270 µg/kg. Bleeds stopped 
within 1–2 hours after administration of rFVIIa, 
independent of the dosage regimen used.

Results
The authors presented 7 cases of hemophilia 

patients with inhibitors who received treatment 
with single doses of rFVIIa 270 μg/kg. All patients 
had inhibitor titers > 5 BU/mL at the initial detec-
tion of the inhibitor. The rFVIIa was administered 
for joint bleeds in 5 patients, for bleeding in the 
oral cavity in 1 patient, and to provide hemostatic 
cover for planned dental extractions in the final 
patient reported. In all patients, treatment with 
rFVIIa was effective and suitable hemostasis was 
obtained. No adverse events were observed. More-
over, in most cases a single dose of rFVIIa 270 
μg/kg was more effective than 3 or 4 lower doses 
(90μg/kg) of rFVIIa. Present findings are of par-
ticular significance for the pediatric patients, as 1 
single administration of a higher dose of rFVIIa is 
much less traumatic for a child. 

Discussion
The standard dose of rFVIIa used for treating 

bleeds in patients with hemophilia complicated by 
inhibitors is 90–120 µg/kg. In home therapy, the 
dose is usually repeated 3 to 4 times with intervals 
of 2–3 hours until bleeding ceases, with efficacy 
reported to be between 79 and 92% [15, 16]. How-
ever, fibrin clots formed in the presence of high 
amounts of rFVIIa have been reported to be more 
stable and resistant to proteolysis [17]. retrospec-
tive studies of the use of a single high dose of rFVIIa 
[18, 19] reported improved efficacy (whilst retain-
ing a good safety profile), providing the impetus 
for clinical trials on larger patient populations to 
further investigate the efficacy, safety, and cost-
effectiveness of a single-dose therapy. Subsequent 
research by Santagostino and Kavakli at indepen-
dent centers on large groups of inhibitor patients 
showed that a single dose of 270 μg/kg rFVIIa was 
as effective and safe as 3 doses of 90 μg/kg for home 
treatment of hemarthroses in these patients [11, 
12]. Use of a single dose of rFVIIa controlled 90% 
of intra-articular bleeds [11]. A further trial re-
ported by Young et al. compared the effectiveness 
of rFVIIa given as standard dosing (3 × 90 μg/kg)  



Single Higher Dose rFVIIa in Hemophilia 523

or as a single dose (270 μg/kg), vs. aPCC (75 U/ 
/kg) once daily [13]. This trial showed similar use 
of rescue medication with either dosage of rFVIIa 
(8.3% and 9.1% of patients required additional he-
mostatic therapy within 9 hours of 270 μg/kg and 
3 × 90 μg/kg rFVIIa, respectively), with 36.4% of 
patients requiring rescue medication after aPCC 
(P = 0.032 and P = 0.069 for aPCC vs. rFVIIa 270 μg/  
/kg and 3 × 90 μg/kg, respectively) [13]. No safety 
issues were identified with any of the regimens.

Conclusions
Based on the above studies and own observa-

tions in the cases reported in this paper, it can be 

concluded that a single dose of rFVIIa 270 μg/kg 
is effective and well tolerated in the treatment of 
intra-articular bleeds in patients with hemophilia 
complicated by the presence of inhibitors. The ap-
plication of this dose during home therapy, im-
mediately after the onset of the first symptoms of 
hemorrhage, results in more rapid bleeding con-
trol. Furthermore, single-dose therapy is more 
convenient and less painful, as only one venous 
injection is required, resulting in a significant im-
provement for pediatric patients, as this approach 
is much less traumatic for a child. Present expe-
riences, described here, of the efficacy and toler-
ability of a single high dose of rFVIIa in Poland 
suggest that single-dose therapy could also be used 
more frequently in other countries.
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