
ORIGINAL ARTICLE Inhibitors

Experience of recombinant activated factor VII usage
during surgery in patients with haemophilia with inhibitors
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Summary. Inhibitor development is one of the most
challenging complications of haemophilia management.
Haemostatic control in patients with haemophilia with
inhibitors can be difficult, and is especially risky
in those undergoing surgical interventions. Most
haemophilia patients with inhibitors suffer from
chronic joint disease requiring surgical correction due
to recurrent bleeding episodes. The aim of this study
was to assess the use of recombinant activated factor
VII (rFVIIa) as haemostatic therapy during orthopaedic
surgery in haemophilia patients with inhibitors. A
series of case reports was retrospectively collected to
describe clinical experience of rFVIIa use in inhibitor
patients undergoing a range of orthopaedic surgical
procedures at a single centre. All surgeries were
performed using standard methods. All patients
received rFVIIa at a starting dose of 120 lg kg�1 with

the subsequent regimens depending on the type of
surgery. rFVIIa provided effective haemostasis in 23
patients with haemophilia A and inhibitors (15 with
high inhibitor titres) undergoing orthopaedic surgery.
The majority (70%) of surgical procedures were major
(joint and extra-articular surgery). The doses and
intervals of rFVIIa treatment used varied depending on
the severity of bleeding, and the type (major or minor)
or site of surgery. In all cases, administration of rFVIIa
achieved good haemostasis. In all 23 patients with
haemophilia with inhibitors, rFVIIa treatment in
orthopaedic interventions proved to be an efficient
haemostatic agent, providing effective intra-operative
and postoperative haemostasis.
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Introduction

The development of inhibitors to factor VIII (FVIII) or
FIX is one of the most challenging complications of
managing patients with haemophilia A and B respec-
tively. Inhibitor development occurs in 10–35% of
patients with haemophilia A and 3–5% of patients with
haemophilia B [1–5]. Infused deficient factor concen-
trates are rapidly inactivated by inhibitors. In addition,
the infusion stimulates the synthesis of new antibodies,
thereby increasing inhibitor titre and activity in the cir-
culation. As a result, bleeding becomes uncontrolled,
and may lead to tragic consequences, despite the cur-
rent availability of haemostatic therapies.
The presence of inhibitors causes some inversion in

the course of haemophilia disease, increasing its sever-
ity. The lack of appropriate prophylactic treatment
and, in some instances, the low efficiency of haemo-

static therapy can play an important role in this
process [6]. Haemophilia patients with inhibitors fre-
quently develop haemarthrosis, fractures, purulent
infection and haematomas, which can transform into
pseudotumours. Furthermore, the number of patients
with inhibitors, including teenagers, that have multiple
joint lesions requiring surgical or orthopaedic correc-
tion is increasing [7,8].
In patients with inhibitors undergoing orthopaedic

surgery, a catabolic phase of wound healing is charac-
terized by unstable homeostasis, tissue inflammation
in the operational field and rapid consumption of
coagulation factors [7]. Depending on the severity of
the surgical intervention, this period usually lasts
3–5 days after surgery and requires intensive haemo-
static therapy. It is, therefore, necessary to maintain
good haemostasis throughout the catabolic phase in
patients after major orthopaedic surgery.
Currently, different therapeutic approaches are used

to achieve haemostasis during surgery in inhibitor
patients [9–13]. One of the most effective haemostatic
agents in patients with haemophilia with inhibitors
undergoing orthopaedic surgery is the bypassing agent,
recombinant activated factor VII (rFVIIa; NovoSeven®;
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Novo Nordisk A/S, Bagsværd, Denmark) [14–17]. This
is a recombinant agent, free of human pathogens, that
stops bleeding at the site of injury regardless of
whether patients are deficient in FVIII (haemophilia A)
or FIX (haemophilia B). rFVIIa acts by forming a com-
plex with tissue factor on subendothelial cells, which
provides fast and reliable haemostasis. Thus, rFVIIa
treatment has a minimal risk of systemic activation of
coagulation, and patients do not require additional
treatment, such as plasmapheresis or immunosuppres-
sive drugs to reduce inhibitor titre. The prescribing
information for rFVIIa recommends that the therapy is
given immediately before the intervention and then
repeated at 2-h intervals during major or minor sur-
gery, with different postsurgical regimens depending
on whether the surgery is minor or major [17]. In our
practice, the dose and frequency of rFVIIa administra-
tion therefore vary depending on the location, severity
of bleeding and type of surgery.
This series of case reports presents our retrospective

experience of using rFVIIa as haemostatic therapy in
patients with haemophilia with inhibitors undergoing
a range of orthopaedic surgical procedures in the
Department of Reconstructive-Restorative Orthopae-
dics, Hematology Research Centre, Russian Academy
of Medical Sciences, Moscow, Russia.

Materials and methods

All patients presented in this article required hospital-
ization and received haemostatic therapy as accepted
in our medical institution and according to accepted
reports for treating haemophilia patients in our coun-
try. All patients gave written informed consent to
treatment.
rFVIIa was administered as a haemostatic agent in

23 patients with haemophilia A with inhibitors under-
going orthopaedic surgery: 16 major surgery and
seven minor surgery (Table 1). Fifteen of the patients
had a high inhibitor titre [>5 Bethesda units (BU)],
among whom were six with knee endoprosthesis,
three with pseudotumour removal, one with osteosyn-

thesis of the left femur with a Dynamic Hip Screw
(DHS), one with amputation of the leg and four with
sinoviorthosis with rifampicin. All surgical procedures
were performed by standard conventional methods
[18]. All patients received rFVIIa at a starting dose of
120 lg kg�1 with the subsequent regimens depending
on the type of surgery.
The haemostatic efficacy of rFVIIa was evaluated

based on clinical data (i.e. the volume of blood loss
during the operation and in the postoperative period;
development and volume of haematoma; and pain). In
addition, inhibitor titre (BU) and FVIII concentration
(%) were measured in all patients(Table 2).
In the early postoperative period, 17 patients

received antibiotic therapy with broad-spectrum anti-
biotics to prevent surgical wound infection. Antifibrin-
olytic agents and heparin were not administered.
Six patients with chronic synovitis (knee n = 5,

elbow n = 1) received intra-articular injections with
rifampicin at a dose of 300 mg in the knee or 150 mg
in the elbow. Treatment consisted of five injections at
7-day intervals.

Results and discussion

Two major types of musculoskeletal surgery were
performed in the patients with haemophilia with
inhibitors: joint surgery and extra-articular surgery
(Table 1). Most (70%) of the surgeries conducted
under rFVIIa haemostasis were major surgical proce-
dures.

Treatment with rFVIIa

All the inhibitor patients in our centre received haemo-
static therapy with rFVIIa immediately before and dur-
ing orthopaedic surgery at 120 lg kg�1 every 2 h (Day
1). The rFVIIa dose was then reduced to 100 lg kg�1

every 3 h on Day 2 and 90 lg kg�1 every 3 h from Day
3 until the end of the catabolic phase. None of the
patients experienced re-bleeding during this phase. Dur-
ing the anabolic phase (i.e. until major reparative pro-
cesses in the damaged tissues were complete), patients
who underwent high- and medium-risk surgical inter-
ventions received rFVIIa at a dose of 90 lg kg�1 every
4 h, with intervals gradually increasing to 6 h. In all
cases, rFVIIa provided effective haemostasis.

Corrective hip osteotomy

Two patients with low inhibitor titre and severe bony
ankylosis of the knee underwent epicondylic osteotomy
of the hips with good results. Both patients received
haemostatic therapy with rFVIIa 120 lg kg�1 immedi-
ately before and after 2 h, then 90 lg kg�1 every 2 h
during the first day. On Days 2 and 3 postsurgery, they
received rFVIIa at a dose of 90 lg kg�1 every 4 h, after

Table 1. The orthopaedic surgical interventions performed in haemo-

philia patients with inhibitors under haemostatic rFVIIa therapy.

Surgical indication

Number of cases

Major Minor Total

Knee endoprosthesis 6 6

Corrective hip osteotomy 2 2

Achilloplasty 1 1

Pseudotumour removal 4 4

Knee arthrolysis 1 1

Osteosynthesis 2 2

Sinoviorthosis with rifampicin 6 6

Amputation of the leg

(up to the upper third of the thigh)

1 1

Total 16 7 23
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which rFVIIa was administered at 6-h and then 8-h
intervals. There was good haemostasis in both cases.

Sinoviorthosis with rifampicin

Currently, we use chemical synovectomy (sinoviortho-
sis) with repeated rifampicin injections in patients
with chronic synovitis of large joints [19–22]. Rifam-
picin causes sclerosis of the synovial membrane and
decreases its vascularization. Following sinoviorthosis,
arthropathy does not usually progress. This method
has several advantages: (i) it can be performed as an
outpatient treatment, (ii) it has a lower requirement
for haemostatic agents than open surgical interven-
tions, and (iii) there is no deterioration of joint func-
tion after the end of the course of treatment.
In the six inhibitor patients with chronic synovitis,

sinoviorthosis with intra-articular rifampicin injection
was performed with concomitant rFVIIa administra-
tion. Two doses of rFVIIa (120 lg kg�1) were admin-
istered immediately before and one dose 4 h after the
first rifampicin injection. One patient developed an
intermuscular haematoma in the lower third of the
thigh at the site of the fourth rifampicin injection on
Day 4. In all these cases of sinoviorthosis, rFVIIa
treatment provided good results (i.e., cessation of
haemarthrosis was achieved).

Knee endoprosthesis

In parallel with changes in the synovial membrane in
haemophilic arthropathy, progressive destruction of

cartilage and bone components of joints also occurs.
Six patients with Stage IV–V haemophilic arthropa-
thy underwent total knee joint replacement; one of
these patients had bony ankylosis of the affected
joint. One of the patients (‘Patient P’) underwent
two-stage arthroplasty of both knee joints (Fig. 1).
All patients had marked adhesions with fibro-vascu-
larized scar tissue growth in the joint cavity. In
Patient P, there was a gross deformation of the artic-
ulating surfaces, with formation of intra-osseous
cysts, and the complete absence of cartilage (Fig. 2).
Endoprosthesis in patients with marked joint changes
is usually accompanied by increased bleeding from
the scar tissue; in patients with haemophilia with
inhibitors, this may lead to uncontrolled bleeding.
However, blood loss in inhibitor patients who under-
went arthroplasty of the knee with haemostatic
rFVIIa therapy in our clinic was comparable to that
in patients with classic haemophilia undergoing this
type of intervention.
In all cases of knee endoprosthesis with haemostat-

ic rFVIIa therapy, good haemostasis was achieved.
An integrated rehabilitation programme, developed in
our Hematology Research Centre to restore motion
in the operated joint, was initiated 3–4 days after en-
doprosthesis, not 2–3 days as used in patients with
classic haemophilia. One patient required removal of
prosthesis 1 year after knee endoprosthesis due to
reactivation of endogenous infection following unsuc-
cessful treatment; compression arthrodesis of the
knee was performed in this patient with good
results.

Table 2. Characteristics of the patients.

Age

(year)

Type of

haemophilia

Inhibitor

peak (BE)

Titre of inhibitor

previous to the

surgery (BE) Type of the operation

Initial dose

of rFVIIa

(lg kg�1)

Number

of doses

of rFVIIa

Duration of

treatment of

rFVIIa (days)

Total dose

of rFVIIa

(lg kg�1)

16 A 3 2 Corrective hip osteotomy 120 38 7 3780

17 A 3 1,2 Corrective hip osteotomy 120 38 7 3780

21 A 5 5 Sinoviorthosis with rifampicin 120 15 10 1800

24 A 4 4 Sinoviorthosis with rifampicin 120 15 10 1800

27 A 40 23 Sinoviorthosis with rifampicin 120 15 10 1800

10 A 27 15 Sinoviorthosis with rifampicin 120 15 10 1800

28 A 60 18 Sinoviorthosis with rifampicin 120 15 10 1800

23 A 46 20 Sinoviorthosis with rifampicin 120 27 11 2880

21 A 40 23 Knee endoprosthesis 120 94 14 9180

23 A 17 8 Knee endoprosthesis 120 94 14 9180

24 A 17 12 Knee endoprosthesis 120 94 14 9180

47 A 25 11 Knee endoprosthesis 120 94 14 9180

22 A 19 18 Knee endoprosthesis 120 94 14 9180

37 A 27 25 Knee endoprosthesis 120 94 14 9180

23 A 12 2 Pseudotumour removal 120 56 8 5130

23 A 20 7 Pseudotumour removal 120 67 8 6090

32 A 27 6,7 Pseudotumour removal 120 67 8 6090

24 A 28 12 Pseudotumour removal 120 94 15 9060

20 A 18 12 Osteosynthesis 120 60 12 5430

24 A 5 4 Osteosynthesis 120 60 12 5430

39 A 5 2 Achilloplasty 120 45 14 4140

23 A 3 3 Knee arthrolysis 120 72 14 6480

25 A 28 20 Amputation of the leg 120 94 14 9180
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Hip pseudotumour removal

Arthropathy is the main, but not the only, long-term
manifestation of haemophilia. Haemorrhages in the
musculoskeletal system and their consequences can be
much more severe and more diverse. Pseudotumour
development from a haematoma, with its inherent
clinical and radiological symptoms, is pathognomonic
only for severe haemophilia. Due to the current avail-
ability of haemostatic therapies, pseudotumours are
extremely rare.
Pseudotumour complications can vary and depend

on the localization of the pathological process. The
following may occur in the affected limbs: fracture,

lysis of bone fragments, internal capsule rupture with
bleeding into the surrounding tissue and risk of limb
ischaemia, and rupture of the necrotic pseudotumour
contents out through the capsule and soft tissues. In
addition, generalized infection and uncontrolled bleed-
ing can develop. Without appropriate surgical treat-
ment, the patient may die from haemorrhagic shock
and sepsis.
Surgical treatment of a pseudotumour should include

total removal of its capsule and non-viable tissue, thus
avoiding re-bleeding. Effective local haemostasis is an
important step in pseudotumour extirpation. During
the operation, we used local haemostatic therapies, such
as fibrin glue (Tissucol®; Baxter AG, Vienna, Austria).
In our department of reconstructive-restorative

orthopaedics, four inhibitor patients with a pseudotu-
mour of the lower extremities (hip n = 3, knee n = 1)
underwent surgical pseudotumour extirpation with
haemostatic rFVIIa therapy. Three patients had a high
inhibitor titre (>5 BU). One patient (inhibitor titre 3
BU), with pseudotumour and pathological fracture in
the middle third of the femur, underwent simulta-
neous pseudotumour extirpation and intramedullary
fixation with an unreamed femoral nail (UFN). In all
cases, after pseudotumour extirpation, postoperative
wounds were treated by a semi-open method through
cavity squeezing with gauze tissue and antiseptic solu-
tion. The gauze was removed from the wound accord-
ing to residual cavity reduction. In all cases of
pseudotumour extirpation with haemostatic rFVIIa
therapy, good haemostasis was achieved. All patients
were free from re-bleeding, and maintained function
in the operated limb.

Fig. 2. Photograph of Patient P, showing Stage IV haemophilic arthropa-

thy of the knee with marked deformity of the articular surfaces, destruction

of the sliding zone with bone cysts formation and absence of cartilage.

(b)

(a) 

Fig. 1. X-rays of Patient P (a) prior to surgery,

showing Stage IV haemophilic arthropathy of the

knees, and (b) of the right and left knee joints aft-

er knee replacements showing that the extremity

axis is correct and components of endoprosthesis

are stable.
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Amputation of the leg

In 1995, one patient with inhibitors (‘Patient T’) had
an extensive pseudotumour in the left thigh and knee.
As a result, the patient developed necrosis of the soft
tissues and femur, with neurovascular bundle com-
pression, and a pseudotumour infection that had a
spontaneous rupture accompanied by massive bleed-
ing. The patient’s life was saved at that time. How-
ever, ischaemic contracture with limb hypoplasia
(shortening of the leg by 20 cm) and marked femur
defect subsequently developed, and the limb became
completely dysfunctional (Fig. 3). In addition, he
experienced recurrent pseudotumours of the left foot
accompanied by massive life-threatening bleeding epi-
sodes (Fig. 4). Therefore, the patient’s left leg was
amputated up to the upper third of the thigh. Haemo-
static therapy with rFVIIa was administered during
surgery and the postoperative period. Good haemosta-
sis was achieved and the patient did not have further
bleeding. The wound healed well without inflamma-
tion or necrosis and a good stump formed that in

current conditions allows limb prosthetics, with an
external prosthesis, to be used.

Osteosynthesis

One patient with a high inhibitor titre (12 BU) under-
went osteosynthesis with a DHS plate because of an
intertrochanteric fracture of the left femur. Another
patient undergoing osteosynthesis also had an intertro-
chanteric fracture of the left femur, but had a low
inhibitor titre (4 BU). In both cases there were no
bleeding complications during surgery or in the post-
operative period. After 1.5–2.0 months, the patients
experienced complete consolidation of the bone frag-
ments and currently have an active life and are in
employment.

Achilloplasty

One patient with an equinus deformation of the left
foot and haemophilia with low titre inhibitor (2 BU)
underwent achilloplasty with a good outcome. After
the operation, the foot was fixed in a plaster bandage
for 6 weeks.

Knee arthrolysis

One patient with Stage III-IV haemophilic arthropa-
thy, which was accompanied by pain and restricted
movement, had declined total knee joint replacement.
This patient underwent arthrolysis of the target joint;
there were no complications during the operation or
in the postoperative period.

Conclusion

In all 23 patients with haemophilia with inhibitors,
rFVIIa treatment in orthopaedic interventions proved
to be an efficient haemostatic agent, providing effec-
tive intra-operative and postoperative haemostasis.
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Fig. 4. Photograph of Patient T, showing suppurating and spontaneous

rupture of the left foot pseudotumour.

Fig. 3. Photograph of Patient T, showing ischaemic contracture with limb

hypoplasia following extensive pseudotumour, resulting in a dysfunctional

left leg.
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