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We report a series of 108 elective orthopedic surgical procedures in hemophilia patients with inhibitors, comprising 88
cases in which radiosynoviorthesis was performed and 20 cases in which major orthopedic procedures were carried out.
Hemostatic cover was provided by recombinant factor VIIa (rFVIIa, NovoSeven�, Novo Nordisk, Bagsvaerd, Denmark)
in 17 cases, and by FVIII anti-inhibitor product (FEIBA, Baxter Corp, Toronto, Canada) in the remaining three
procedures. A total of 51 patients from nine centers worldwide were included. The results of the procedures were
characterized as good (82 procedures), fair (15), or poor (11). Postoperative bleeding complications requiring further
surgical intervention occurred in three (15%) of the 20 major orthopedic procedures; all three procedures used rFVIIa
as a hemostatic agent. Despite these complications, however, our study has shown that rFVIIa allows hemophilic
patients with high inhibitor titers to undergo elective orthopedic surgery (EOS) with a greater expectation of success,
leading to an improved quality of life. Thorough analysis of each case as part of a multidisciplinary team will help to
identify further inhibitor patients in whom EOS can be performed both safely and effectively.
Semin Hematol 41(suppl 1):109-116. © 2004 Elsevier Inc. All rights reserved.

THE DEVELOPMENT of alloantibodies (inhibi-
tors) to factor VIII (FXIII) or factor IX (FIX) is

the commonest, and most serious, complication of
replacement therapy in patients with hemophilia A or
B.28 Inhibitor development results from the use of
virus-inactivated, plasma-derived concentrates (such
as prothrombin complex concentrates [PCCs], acti-
vated prothrombin complex concentrates [aPCCs])
or recombinant products (such as rFVIII or rFIX).
When present, the inhibitor neutralizes the biological
activity of infused FVIII or FIX, which renders clas-
sical substitution therapy ineffective.

It is estimated that inhibitors develop in 10% to
30% of patients with severe hemophilia A2,5,7,21 and
in 2% to 5% of patients with severe hemophilia B or
mild/moderate hemophilia A.17 The presence of the
inhibitor is detected and monitored using the Be-
thesda assay, which is performed as part of the regu-
lar follow-up for all hemophilic patients treated with
plasma-derived or recombinant products. In patients
with inhibitors, the inhibitor titer decreases and may
become undetectable if no FVIII- or FIX-containing
products are used for a long period. However, subse-
quent challenges with such products typically pro-
duce an anamnestic response, in which the inhibitor
rapidly reappears.

Two approaches for the management of patients
with inhibitors have been proposed. The first option
is the use of immune tolerance induction, which
involves the administration of high-dose FVIII or FIX
once or twice daily for a period of a few months to
several years. This procedure may completely elimi-
nate the inhibitor, allowing the patient to be treated
effectively with FVIII or FIX once again.1,4 However,

immune tolerance induction fails in around 20% of
cases, and is not recommended for all patients due to
the high probability of failure or adverse events. Fur-
thermore, this procedure is very costly.

The second option is to treat bleeding episodes
with PCCs or aPCCs, such as anti-inhibitor coagulant
complex (Autoplex, Baxter Healthcare Corp, Glen-
dale, CA) and FVIII anti-inhibitor product (FEIBA,
Baxter Corp, Toronto, Canada).9,12,13 More recently,
recombinant activated factor VIIa (rFVIIa; Novo-
Seven�, Novo Nordisk, Bagsvaerd, Denmark) has
presented an effective therapeutic option for inhibi-
tor patients.8,10,25,34

In those situations where aPCCs or rFVIIa are
ineffective in controlling life- or limb-threatening
bleeds, or where they fail as first-line treatments for
major bleeds, human FIX or high-dose human6 or
porcine3 FVIII may be efficacious if the inhibitor titer
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is low, or if it can be reduced using plasmapheresis19

or protein A immunoadsorption.11 Such treatment
will, however, provoke an anamnestic response and
subsequent rise in inhibitor levels, ensuring that
treatment becomes ineffective within a few days. The
patient may then become resistant to rescue therapy
with FVIII or FIX for months or even years.

The presence of inhibitors presents further com-
plications during surgery in hemophilic patients. Un-
til 10 years ago, major procedures such as elective
orthopedic surgery (EOS) were rarely undertaken in
inhibitor patients, but recent advances in our knowl-
edge of effective hemostatic agents have addressed
the urgent need for products that enable such proce-
dures to take place. Agents such as aPCCs, porcine
FVIII, and high-dose human FVIII have all been used
during orthopedic surgical procedures in hemophilia
patients with inhibitors. Despite the long-standing
availability of these products, however, there is little
existing information regarding their use during sur-
gical procedures in inhibitor patients. For example,
although aPCCs have been available for more than 20
years, the literature contains very few reports of their
use in major EOS.18,23 Similarly, there are few re-
ported instances in which porcine FVIII has been
used to provide hemostatic cover for inhibitor pa-
tients undergoing EOS. In one study, porcine FVIII
was used in 19 orthopedic procedures in hemophilia
A patients with inhibitors. Despite fair or good re-
sults, the inhibitor titer for both human and porcine
FVIII increased in several patients.6

A small number of reports describe the use of
high-dose human FVIII in EOS, with or without
previous lowering of the inhibitor titer by plasma-
pheresis or protein A immunoadsorption.1,11,34 How-
ever, even if the inhibitor titer allows an effective
level of circulating FVIII and the treatment provides
efficient hemostatic cover, the anamnestic rise in
inhibitor levels induces an increased risk of rebleed-
ing in the second postoperative week.1,11 Conse-
quently, the number of elective orthopedic proce-
dures carried out using high-dose human FVIII
remains low.

These observations imply that there is a clear need
for an alternative hemostatic agent, with favorable
safety and efficacy profiles, for use during EOS in
inhibitor patients. We report a nine-center experi-
ence of EOS in hemophilia patients with inhibitors,
using either rFVIIa or FEIBA to provide hemostatic
cover.

Materials and Methods

Data have been collected on 51 hemophilia patients
with inhibitors undergoing EOS in nine centers
worldwide. Of 108 surgical procedures examined, 88
involved radiosynoviorthesis and 20 were major or-

thopedic procedures. The average age of the entire
patient group was 22.5 years (range, 5 to 40) and the
average follow-up period was 2 years (range, 1 to 5).

Radiosynoviorthesis was performed in 88 joints of
41 patients (33 knees, 29 elbows, and 26 ankles). A
total of 20 joints were injected with radioactive gold
(198Au), 25 with yttrium (90Y), 42 with phosphorus
(32P), and one with erbium (169Er). The average age
of patients in this group was 14.3 years (range, 5 to
40), and the average follow-up period was 6.5 years
(range, 1 to 10). Of the 88 joints undergoing the
procedure, 31 were covered using rFVIIa (one dose of
150 �g/kg before the procedure, followed by three
doses of 150 �g/kg at 2-hour intervals post-surgery),
47 with FEIBA (100 U before surgery, a further 100 U
6 hours later, and 50 U at 12-hour intervals for 4 to 5
days postsurgery), and 10 with other methods (high-
dose FVIII or FIX with or without cyclophospha-
mide, or immune tolerance induction according to
the Malmö model with or without protein A adsorp-
tion).

A total of 20 major orthopedic procedures were
performed in 10 patients, including six total knee
arthroplasties, four fixations of bone fractures (one
femoral neck fracture, one fracture of the patella, one
supracondylar fracture of the femur, and one meta-
carpal fracture), two total hip arthroplasties, two

Figure 1. Hemophilic pseudotumor of the leg in a patient with
inhibitors.
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removals of pseudotumors (Figs 1 to 4), and one each
of the following: hip osteotomy (varus osteotomy);
removal of hip osteotomy osteosynthetic material;
ankle arthrodesis; elbow synovectomy; forearm fas-
ciotomy; and knee arthroscopic debridement. Re-
combinant FVIIa was used to provide hemostatic
cover in 17 of the surgical procedures (eight pa-
tients), and FEIBA was used in the remaining three
procedures (two patients). The decision to use rFVIIa
or FEIBA was based upon each investigator’s prefer-
ence; rFVIIa was chosen in the majority of cases due
to previous experience of greater efficacy during or-
thopedic procedures.

Follow-up evaluation used the clinical and radio-
logical classification of the Orthopedic Advisory

Committee of the World Federation of Hemophilia
(WFH).24 This classification considers pain, bleed-
ing, clinical features, and radiographical changes
(Tables 1 and 2).

Results

The results of this study are summarized in Table 3.
The clinical and radiological condition of the treated
joints was evaluated prior to treatment and during
follow-up. A good result was considered to be a
decrease of more than 5 points on the classification
and grading system; a fair result was no change or a
decrease of up to 5 points; and a poor result was any
increase in the joint score.24 Overall, there were 82
good results, 15 fair, and 11 poor.

In the radiosynoviorthesis group, there were good
results in 66 procedures, fair results in 14, and poor
results in eight. No complications were encountered
in this group (Table 3). Among the 31 procedures
using rFVIIa, there were 23 good results, five fair
outcomes, and three poor results. FEIBA was used in
47 procedures, leading to 37 good, six fair, and four
poor outcomes.

Figure 2. Aspiration of the pseudotumor contents.

Figure 3. Filling the pseudotumor with hydroxyapatite.

Figure 4. The pseudotumor 3 months after surgery.
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Of the 20 major orthopedic procedures performed,
16 produced good results, one produced fair results,
and the remaining three led to a poor outcome. A
total of 17 procedures were undertaken using rFVIIa
as a means of hemostatic cover, leading to 14 good
results, one fair result, and two poor outcomes
(Table 3). FEIBA was used in three procedures,
producing two good results and one poor outcome
(Table 3).

Postoperative complications were observed fol-
lowing three procedures. In two cases of total knee
arthroplasty, postoperative bleeding required further
surgical intervention involving surgical drainage of
the joint. In one of the four procedures involving
fixation of fractures (femoral neck fracture), the pres-
ence of a hemophilic pseudotumor in the thigh ne-
cessitated surgical removal by means of a second
procedure (Table 3).

Discussion

In this multicenter study, 108 elective orthopedic
procedures were performed on 51 hemophilic pa-
tients with inhibitors. Radiosynoviorthesis was per-
formed on 88 joints of 41 patients suffering from
chronic hemophilic synovitis and recurrent hemar-
throses. The outcome was considered to be good (66
procedures), fair (14), or poor (8). Of the 88 joints
undergoing radiosynoviorthesis, 31 were treated
with rFVIIa, resulting in 23 good, five fair, and three
poor outcomes. Of 47 procedures performed using
FEIBA, there were 37 good results, six fair outcomes,
and four poor results. The remaining 10 procedures
were covered with other methods (either high-dose
FVIII or FIX with or without cyclophosphamide, or
immune tolerance induction according to the Malmö
model with or without protein A adsorption)
(Table 3).

Table 1. Clinical Classification and Grading of the Hemophilic
Joint, as Proposed by the WFH19

Pain
Grade 0 No pain, no functional deficit
Grade 1 Mild pain; does not interfere with normal use;

occasional analgesia
Grade 2 Moderate pain; some interference with normal

use; occasional analgesia
Grade 3 Severe pain; interference with normal use;

frequent analgesia-narcotic
Bleeding

Grade 0 No hemorrhages
Grade 1 No major hemorrhages; 1-3 minor

hemorrhages
Grade 2 1-2 major hemorrhages; 4-6 minor

hemorrhages
Grade 3 �3 major hemorrhages; �7 minor

hemorrhages

Clinical Features (total score: 0-12) Score

Swelling
Nil 0
Present 2

Muscle atrophy
Nil 0
Present 2

Axial deformity
Nil 0
20-30° valgus (5° varus) 1
�30° valgus (�5° varus) 2

Joint crepitus
Nil 0
Present 1

Range of movement (ROM)
�10% loss of total ROM 0
10-30% loss 1
�30% loss 2

Flexion contracture
�15° 0
�15° 2

Instability
Nil 0
Present; function unaffected 1
Present; interferes with function 2

Reprinted from Pettersson and Gilbert24 with permission of
Springer-Verlag.

Table 2. Radiographical Classification, as Proposed
by the WFH19

Type of Change Finding Score

Osteoporosis Absent 0
Present 1

Enlarged epiphysis Absent 0
Present 1

Irregular subchondral bone Absent 0
Surface partly involved 1
Surface totally involved 2

Narrowing of joint space Absent 0
Joint space �1 mm 1
Joint space �1 mm 2

Subchondral cyst formation Absent 0
1 cyst 1
�1 cyst 2

Erosions at joint margins Absent 0
Present 1

Incongruence of joint surface Absent 0
Slight 1
Pronounced 2

Joint deformity Absent 0
Slight 1
Pronounced 2

Reprinted from Pettersson and Gilbert24 with permission of
Springer-Verlag.
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There were 20 procedures involving major EOS
(10 patients). In this group, there were 16 good
results, one fair outcome, and three poor results (Ta-
ble 3). Recombinant FVIIa was used in 17 (eight
patients) of the 20 procedures undertaken, leading to
14 good, one fair, and two poor results. The remain-
ing three procedures (two patients) used FEIBA, re-
sulting in two good outcomes and one poor result
(Table 3).

We believe that this series of 108 major EOS pro-
cedures is the largest ever reported in hemophilic
patients with inhibitors, despite the long-standing
availability of traditional hemostatic agents, such as
aPCCs, porcine FVIII, and high-dose human FVIII.
The literature contains few reports in which these
agents are used successfully and safely during EOS in
inhibitor patients, suggesting that there exists a need
for an alternative agent that can be used to provide
safe and effective hemostatic cover in this indication.

As the current series confirms, the use of rFVIIa
allows such procedures to be performed safely and
effectively in patients with high-titer inhibitors (�5
Bethesda units [BU]/mL). Without rFVIIa, the major-
ity of the procedures undertaken in our study may
not have been possible, due to the likelihood that
even high doses of human or porcine FVIII would
have been unable to overcome the inhibitor.

Our study therefore reflects the findings of previ-
ous reports describing the successful use of rFVIIa
during EOS in hemophilic inhibitor patients. The
first such documented case involved a surgical knee
synovectomy in a patient with hemophilia A and a

high inhibitor titer.9 The procedure was performed
under general anesthesia, and without a tourniquet.
In addition to rFVIIa, hemostasis was managed using
fibrin glue locally along with general antifibrinolytic
drugs, but without electrocoagulation. The result was
considered to be excellent, with no abnormal bleed-
ing during or after surgery, and no adverse events.
Subsequently, two open surgical synovectomies
(knee and ankle) were performed using rFVIIa, anti-
fibrinolytic drugs, and fibrin glue, with an excellent
outcome.31 A complex orthopedic surgical procedure
(knee synovectomy, hamstring release, posterior cap-
sulotomy, proximal and distal realignment of the
extensor mechanism, and supracondylar extension-
varus osteotomy stabilized with a blade-plate sliding
screw) was performed in a young hemophilic patient
with inhibitors to correct a 90-degree flexion contrac-
ture of the right knee associated with a valgus defor-
mity, which rendered the patient unable to walk and
confined to a wheelchair.22 The procedure lasted 3
hours, 160 minutes of which were under ischemic
conditions. Recombinant FVIIa and antifibrinolytic
agents provided hemostatic cover during the pre-,
peri-, and postoperative periods. The surgical treat-
ment produced excellent results, and no bleeding
complications were observed.

Based on findings from these early case studies on
the use of rFVIIa in EOS,9,22,31 a recommended dose
of 90 �g/kg body weight rFVIIa every 2 hours for 24
to 48 hours was proposed for surgical procedures in
hemophilic patients.

Later reports14-16,27,29,30 described further experi-

Table 3. Main Results: 108 Cases of EOS

Procedure
No. of

Procedures
Hematological

Treatment Result* Complications

Radiosynoviorthesis 88 FEIBA: 47 Good:66 None
rFVIIa: 31 Fair:14
Other: 10 Poor: 8

Major EOS
Total knee arthroplasty 6 rFVIIa Good: 3 2 postoperative bleedings

Fair: 1
Poor: 2

Fixation of fractures 4 rFVIIa Good: 4 Thigh pseudotumor following fixation
of femoral neck fracture

Total hip arthroplasty 2 rFVIIa Good: 2 None
Hip osteotomy (varus osteotomy) 1 FEIBA Good None
Removal of osteosynthetic material 1 FEIBA Good None
Ankle arthrodesis 1 rFVIIa Good None
Elbow synovectomy 1 rFVIIa Good None
Removal of pseudotumor 2 rFVIIa Good: 2 None

Forearm fasciotomy 1 rFVIIa Good None
Knee arthroscopic debridement 1 FEIBA Poor None

* Good: a decrease of more than 5 points on the classification and grading system; fair: no change or a decrease of up to 5 points; poor:
an increase in the joint score.
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ences or data analyses of elective orthopedic proce-
dures using rFVIIa in hemophilic inhibitor patients.
A total of 53 major surgical procedures were re-
ported. Most were performed using the standard
rFVIIa treatment regimen of 90 �g/kg body weight
every 2 hours for 24 to 48 hours,16,22,31 with an
increasing interval between doses after the first 2 days
(as recommended by the European Approval for
rFVIIa). In contrast, some procedures used continu-
ous infusion of rFVIIa.27,29,30 In most cases, oral
antifibrinolytic drugs were used in combination with
rFVIIa.

The efficacy and clinical tolerance of rFVIIa were
considered to be excellent in the majority of these
cases. Moderate bleeding complications were ob-
served in two patients treated with continuous infu-
sion of rFVIIa.29,30 Additionally, some moderate
bleeding complications were seen in a prospective,
randomized trial of rFVIIa in hemophilia patients
with inhibitors undergoing EOS. The study com-
pared the efficacy of the standard dosing regimen (90
�g/kg body weight every 2 hours) with that of a lower
dose (35 �g/kg body weight every 2 hours).33 In the
90-�g/kg group, 83% of patients undergoing major
surgery demonstrated satisfactory postoperative he-
mostasis until day 5. However, efficacy of the 35-
�g/kg dose dropped from 80% at postoperative day 1
to 40% at day 5. A hemarthrosis was observed at
postoperative day 7 following knee arthroplasty in a
patient treated according to the standard regimen,
and postoperative bleeding was observed in three
patients treated with the lower dose (bleeding in the
early postoperative period in two patients, and mod-
erate bleeding at day 19 in a third). Rescue therapy
was initiated with aPCCs in the first case (postoper-
ative hemarthrosis), with human or porcine FVIII in
the two cases of early postoperative bleeding, and
with antifibrinolytic agents in the final case.33

To date, there have been no reports of serious
adverse events associated with rFVIIa use in hemo-
philic inhibitor patients undergoing EOS, with the
exception of one case of disseminated intravascular
coagulation in a patient treated with continuous
infusion of rFVIIa for excision of an infected
pseudotumor.30

The safety and efficacy data available in the current
literature on rFVIIa use in hemophilic inhibitor pa-
tients undergoing EOS are reflected in the findings of
the current study. Radiosynoviorthesis was per-
formed in 88 joints (41 patients), and hemostatic
cover was provided by rFVIIa in 31 (35%) proce-
dures. No adverse events or complications were ob-
served.

Of the 20 major orthopedic surgical procedures
performed in our series (Table 3), three (15%) re-
sulted in severe complications that required further
surgical intervention. All three procedures in which

complications arose were performed under rFVIIa
cover. In two cases, development of hemarthroses
followed two total knee arthroplasties, necessitating
surgical evacuation of the intra-articular bleeding.
The third complication involved a hemophilic
pseudotumor in the thigh following fixation of a
femoral neck fracture. The pseudotumor was re-
moved by a new surgical procedure, with satisfactory
results.

Data from the current study support the theory
that rFVIIa represents an alternative option for use in
major EOS in hemophilia patients with inhibi-
tors.14,32 The standard dose is 90 �g/kg body weight
every 2 hours for 24 to 48 hours postoperatively, with
increasing intervals between doses after this period.
Lower doses appear to be less effective,15 and admin-
istration by continuous infusion is not yet approved,
as several bleeding episodes and one case of dissem-
inated intravascular coagulation have been reported
following this administration method.29,30 A recent
study investigating inhibitor patients undergoing or-
thopedic surgery found that continuous infusion of
rFVIIa must maintain plasma FVII:C levels at �30
IU/mL in order to secure hemostasis.20 This requires
an initial bolus dose of 90 �g/kg followed by contin-
uous infusion of 50 �g/kg/h, a treatment regimen that
is more expensive than the standard bolus dose of 90
�g/kg every 2 to 3 hours. Additional studies are
required to investigate further the safety and efficacy
of continuous rFVIIa infusion.

An ongoing study from the Centers for Disease
Control and Prevention in the United States is inves-
tigating 123 orthopedic procedures performed under
rFVIIa cover on 65 hemophilic patients with inhibi-
tors (personal communication with Bruce Evatts).
Radiosynoviorthesis has been carried out in 59 cases,
and the remaining procedures involved other types of
orthopedic surgery (14 joint replacements, 13 arthro-
scopic synovectomies, seven cases of arthrodesis, six
open synovectomies, and 23 other procedures). The
results of this large study are eagerly awaited, as they
will provide a significant contribution to the current
knowledge of rFVIIa use in hemophilic inhibitor pa-
tients undergoing EOS. It is expected that such in-
creased knowledge, combined with current data and
observations, will facilitate the performance of major
EOS in a greater number of hemophilia patients with
inhibitors.

Conclusions

Orthopedic surgery requires effective hemostasis in
order to reduce the incidence of wound hematomas,
which may become infected and jeopardize the long-
term outcome. Success depends not only on appro-
priate drug therapy, but also on the preparations
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undertaken prior to surgery as well as adequate sur-
veillance during and after the procedure.

Until a decade ago, major surgery in patients with
hemophilia and inhibitors was extremely rare. Since
that time, however, substantial experience of various
agents that provide hemostatic cover during surgical
procedures has been gained, and recent and contem-
porary advances in the orthopedic and hematological
arenas have allowed us to successfully perform major
orthopedic operations on hemophilic patients with
inhibitors. As shown by our series of cases, and by
data in the current literature, provision of effective
hemostatic cover facilitates such procedures in he-
mophilic patients with a success rate that could not
have been expected until relatively recently, leading
to significant improvements in quality of life. During
EOS, however, there still remains a higher risk of
bleeding complications in hemophilic patients with
inhibitors than in those without.14,26,27

The current study suggests that rFVIIa allows he-
mophilic patients with high inhibitor titers to safely
undergo EOS, with a greater expectation of success.
Thorough analysis of the cases presented in this arti-
cle will help to identify further opportunities in
which EOS can be performed both safely and effec-
tively, and will allow a wider range of hemophilic
inhibitor patients to receive the EOS that they need.
Although these preliminary data are encouraging, a
larger, prospective, randomized, multicenter study is
needed to confirm the findings of this study.
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