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Surgical Experience with rFVIIa (NovoSeven) in congenital
haemophilia A and B patients with inhibitors to factors VIII
or IX
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Summary. Patients with congenital haemophilia with
inhibitors are at risk of peri-operative bleeding compli-
cations, since replacement of the missing coagulation
factor is ineffective, presenting a therapeutic challenge
in elective or emergency surgery. Therefore, the man-
agement of peri-operative bleeding requires the use of
bypassing agents, such as recombinant activated FVII
(rFVIIa, NovoSeven�). This article presents an updated
evaluation of the safety and effectiveness of rFVIIa in
the treatment of peri-operative bleeding in this patient
population. Surgical and other medical procedures
managed with rFVIIa from two randomized clinical
trials, the Hemophilia Research Society/Hemophilia and
Thrombosis Research Society (HRS/HTRS) registry
databases and the medical literature were analysed.
There were 395 rFVIIa-treated procedures (261 surgi-
cal, 89 dental and 45 other medical procedures)
reported for 263 congenital haemophilia patients with
inhibitors. In trials, initial rFVIIa dosing was 35–

90 mcg kg)1 bolus injection or 50 mcg kg)1 h)1 con-
tinuous infusion. Dosing in the registries and literature
was more variable. Recombinant FVIIa effectiveness
was comparable across data sources, with an overall
rate of 84% (333/395). The incidence of thrombotic
events was very low (0.4% of patients and 0.025% of
procedures). Prior to the US approval of rFVIIa in 1999,
surgical procedures in congenital haemophilia patients
with inhibitors were often considered too risky.
Recombinant FVIIa has consistently demonstrated
effectiveness in treatment of bleeding in these patients
during such procedures. Thrombotic events were rare.
This analysis confirms the value of corroborating
clinical trial results with post-marketing surveillance
registries to assess small patient populations with
clinically challenging management decisions.

Keywords: dental, inhibitors, operative haemostasis, ortho-
paedic, rFVIIa, surgery

Introduction

Advances in the treatment of haemophilia with recom-
binant factors has eliminated the danger of infectious
diseases such as HIV and hepatitis, previously associ-
ated with plasma product factor replacement therapy.
The development of neutralising antibodies (inhibitors)
directed against factor VIII (FVIII) or IX (FIX) is now
the most common complication of replacement therapy
in haemophilia patients. Between 10–30% of patients
with haemophilia A and 2–5% of patients with

haemophilia B develop an inhibitor to FVIII or FIX,
complicating the management of bleeding episodes.

Frequent joint haemorrhages in inhibitor patients
predispose them to joint disease, which has a negative
impact on their everyday quality of life (QoL). A few
studies have reported on the health-related QoL issues
in inhibitor patients. A prospective, longitudinal, mul-
ticentre cost of care study of 52 Italian inhibitor patients
found that approximately 50–70% of the patients
reported orthopaedic problems such as reduced joint
mobility, crepitus on motion, flexion contractures, joint
instability and swelling [1]. Approximately 67% of the
patients reported ‘some/moderate’ problems in their
physical sphere, specifically for mobility and pain/
discomfort, 50% of them had problems in performing
usual activities, whereas 33% reported ‘some/moderate
problems’ in self-care and anxiety/depression. Further-
more, the Cost of Care Inhibitors Study (COCIS) also
found that scores obtained from questionnaires (EQ-5D
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and SF-36) designed to evaluate health-related QoL
were significantly correlated with the orthopaedic joint
score, even after adjustment for patient age [2]. In a
recent observational, European study [3] it was found
that in comparison to the non-inhibitor patients, inhib-
itor patients had greater severity of arthropathy, more
frequent hospitalisation due to orthopaedic and mus-
culoskeletal complications and greater difficulties with
mobility and daily activities due to pain/discomfort.

The indications for surgery, namely chronic pain and
immobility, are the same in both inhibitor and non-
inhibitor patients. However, it has been suggested that,
due to the higher bleeding risks associated with surgery
for inhibitor patients, surgery might be deferred until
inhibitor patients who suffer from increasingly severe
pain and/or progressive physical incapacity find no
other options. [4].

Prior to 1999, therapeutic interventions in inhibitor
patients in the United States had included replacement
therapy with massive FVIII infusion (useful in patients
with low titre low responding inhibitors only) [5], use of
activated and non-activated prothrombin complex con-
centrates and porcine FVIII, plasmapheresis with or
without antibody absorption [6,7], and if time and
resources have permitted, immune tolerance therapy. All
of these interventions have had significant drawbacks,
including high cost, transmission of blood-derived infec-
tions and thromboembolic complications [7]. These
issues take on greater significance for patients with
inhibitors during surgery. These patients are at a partic-
ularly high risk of intra- and post-operative bleeding
complications, since replacement of the missing coagu-
lation protein is ineffective, presenting a therapeutic
challenge. Hence, a barrier to considering elective surgi-
cal treatment was lack of a therapy that could effectively
maintain haemostasis during surgery in inhibitor patients
while eliminating or greatly reducing complications.

Approved by the US Food and Drug Administration
(FDA) in 1999, treatment with recombinant activated
factor VII (rFVIIa, NovoSeven�, Novo Nordisk A/S,
Bagsvaerd, Denmark) has been proven to stop or
prevent bleeding episodes in the majority of haemo-
philia patients with inhibitors as it bypasses the need for
factors VIII and IX. Recombinant FVIIa is registered in
most regions of the world (including Europe, North and
South America, Japan and Australia) for the treatment
of bleeding episodes in patients with haemophilia A and
B with inhibitors to factors VIII or IX. The use of rFVIIa
before and after surgery was a logical clinical extension
of its approved use for the treatment of bleeding
episodes in the same patient population. In 2005, the
FDA approved the use of rFVIIa for prevention of
bleeding in surgical interventions or invasive procedures
in haemophilia A or B patients with inhibitors to factor
VIII or factor IX based upon two clinical trials, the
Hemophilia Research Society (HRS) registry data, and
case reports in the literature.

Herein, we present an updated evaluation of the
safety and effectiveness of rFVIIa in congenital haemo-
philia patients with inhibitors undergoing surgery and
other medical procedures, including previously unpub-
lished post-marketing surveillance data from the Hemo-
philia and Thrombosis Research Society (HTRS)
registry obtained since the approval of the new indica-
tion for surgery. As the population of patients with
haemophilia with inhibitors is small, recruitment for
clinical trials is difficult and as such trial sample sizes
are also small. For this overview, clinical trial data from
the two randomized trials are supplemented with the
most up to date patient data available in post-marketing
surveillance registries (HRS and HTRS) and published
literature.

Methods

During the clinical development programme for rFVIIa,
two clinical trials (Study 1 and Study 2) were completed
evaluating the use of rFVIIa during surgery in patients
with haemophilia A or B with inhibitors.

Study 1

Study 1 (as reported by Shapiro et al. [8]) was a multi-
centre, randomized, double-blinded, parallel-group trial
to evaluate the safety and efficacy of two doses (35 or
90 mcg kg)1) of rFVIIa in initiating and maintaining
haemostasis, in haemophilia A or B patients with
inhibitors [8]. Twenty-eight haemophilia patients with
inhibitors, hospitalised for pre-planned surgical proce-
dures, were randomized to treatment with rFVIIa at
doses of either 35 or 90 mcg kg)1 for 5 days. The
patients had a historical inhibitor titre of at least 5
Bethesda units (BU) or had an inadequate haemostatic
response to 250 U kg)1 of FVIII or FIX and required
pre-planned surgery (both major and minor). The
majority of the major surgeries were orthopaedic (10
orthopaedic and one kidney biopsy). All the 17 minor
surgeries were either placement or removal of a subcu-
taneous venous access device.

Efficacy of rFVIIa treatment was evaluated during the
first 5 days, which constituted the primary study
period. During this primary study period, doses were
administered intravenously in a double-blinded manner
starting just before surgery, intra-operatively as re-
quired, and then every 2 h for the next 48 h beginning
at wound closure. Dosing continued in a blinded
manner every 2–6 h for an additional 3 days to
maintain haemostasis. If uncontrolled bleeding oc-
curred at any time, an additional dose (blinded
allocated dose) was administered. If bleeding persisted
at 30 min after this repeated dose, an open-label dose of
rFVIIa (up to 180 mcg kg)1), was administered every
2 h until satisfactory haemostasis was achieved. After a
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maximum of 5 days of double-blinded treatment,
patients received open-label rFVIIa at a dose of
90 mcg kg)1 every 2–6 h until the time when patients
were discharged from the hospital with adequate
haemostasis, switched to alternative therapy (at the
discretion of the Investigator) or discontinued rFVIIa
therapy due to an adverse event.

Haemostasis was assessed throughout the intra-oper-
ative and post-operative periods until day five. Haemo-
stasis was assessed by the surgeon intra-operatively by
comparing blood loss for the same procedure performed
on a ‘typical’ non-haemophilia patient. Grading was ‘as
expected’, ‘less than expected’ and ‘more than expected’.
Haemostasis was also assessed as ‘effective’, ‘partially
effective’, or ‘ineffective’ following closure of the wound
at specified time points up to 5 days after wound closure.
Adverse event profiles were also assessed.

An intent-to-treat analysis was performed, using the
Mantel-Haenszel chi-squared test with the last value
carried forward (LVCF) procedure to account for
subjects who completed earlier or discontinued the
study.

Study 2

Study 2 (as reported by Pruthi et al. [9]) was an open-
label, randomized, parallel-group, multi-centre trial
comparing the safety and efficacy of rFVIIa when
administered as a repeated intravenous bolus injection
(BI) or via continuous IV infusion (CI) to 23 haemo-
philia A or B patients with inhibitors during and after
surgery [9]. The patients had a historical inhibitor titre
of at least 5 BU or had an inadequate haemostatic
response to 250 U kg)1 of FVIII or FIX and required
pre-planned surgery (both major and minor). These
patients underwent 33 major (25 orthopaedic, two
pseudotumour removal in abdomen/low pelvis, two
inguinal hernia repairs, one craniotomy and tumour
removal, one tonsillectomy/adenoidectomy, one mitral
valve repair and one orchidectomy) and two minor
(circumcision, entropion/ectoprion repair) surgeries.

All patients received a pre-operative bolus dose of
90 mcg kg)1 rFVIIa followed by either continuous
infusion (50 mcg kg)1 h)1 through day 5, then
25 mcg kg)1 h)1 from days 6 to 10) or bolus injection
(90 mcg kg)1 administered every 2 hours during sur-
gery through day 5, then every 4 h from days 6 to 10). If
haemostasis was not achieved for either treatment
group, up to two additional bolus doses of 90 mcg kg)1

rFVIIa could be administered during any 24-h period.
Treatments requiring more than two additional doses of
rFVIIa were considered ineffective. The control group
consisted of 12 haemophilia A or B patients without
inhibitors undergoing surgery and treated with FVIII or
FIX (based on current standard of care and physician’s
choice).

The primary efficacy endpoint was the Investigator’s
assessment of haemostasis as ‘effective’ or ‘ineffective’
at the time of discontinuation of therapy or post-
operative day 10 (whichever was earlier) and was
termed the ‘global haemostasis treatment evaluation’.
Additional assessment of haemostasis as ‘effective’ or
‘ineffective’ made at specific intervals starting from
the time of wound closure were also part of the efficacy
analyses. Adverse event profiles were also assessed.

Statistical analyses for treatment comparisons were
performed for the Intent-to-Treat (ITT) population by
using the Fisher’s exact test with the LVCF procedure to
account for subjects who completed earlier or discon-
tinued the study. A two-sided test with 5% significance
level was used.

Hemophilia Research Society and Hemophilia and
Thrombosis Research Society Registry

In October 1999, the HRS registry was implemented as
a national registry for the collection of data on
treatment of patients with coagulation disorders,
particularly, congenital haemophilia. Hemophilia
Treatment Centers entered de-identified patient data
(socio-demographical, disability, acute haemorrhage,
surgery, immune tolerance, adverse event and mortality)
into this database in an attempt to gain information that
would lead to a better understanding of the clinical
management, and outcomes of patients with coagula-
tion disorders. The registry was re-launched on January
1, 2004 as the HTRS Registry, with a new Internet
platform and revised case report forms. Until August
2008, information for surgeries and other procedures
was entered in acute bleeding forms with very little
descriptive information required about the procedures.
Since the bleeding location field was not applicable for
surgeries, it was expected that the location would be
entered as ‘other’ with the procedure name entered as
free text. Hence, the procedures have been simply
classified here according to the procedure type entered,
as ‘surgical (non-dental)’, ‘dental’ or ‘other medical
procedures (e.g. venipuncture, diagnostic procedure and
injection)’. These categories were established by the
HTRS and represent the CRF choices available; no
other definitions were provided to sites. After August
2008, a specific surgical form was created to capture
additional information.

In HRS, individual doses had been entered at an
identified time and bleeding outcome was assessed by the
treating physician at 72 h after treatment. Bleeding
outcomes were categorized as ‘bleeding stopped’, ‘bleed-
ing slowed but not stopped’, or ‘no improvement’. In
HTRS, doses were entered as a series of regimens (dose,
frequency, number of doses, start date) and bleeding
outcome was assessed after each dosing regimen.
Bleeding outcomes categories remained as ‘bleeding
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stopped’, ‘bleeding slowed but not stopped’, or ‘no
improvement’.

Reports for a total of 23 rFVIIa-treated procedures (11
patients) identified from the HRS registry from 1999 to
November 2004 are considered here. These procedures
were entered into the database prior to the licensure of
rFVIIa use to mitigate bleeding during surgery of
congenital haemophilia patients. In addition, a total of
143 procedures (66 patients) including surgery (44
procedures), dental (54 procedures) and other medical
procedures (45) from the ongoing HTRS registry (2004–
2008) are also considered. Doses administered reflect the
pre-, peri- and post-operative care periods and are
reported based upon the total dose, number of infusions,
number of days of treatment and average infusion dose
for the treatment period around each procedure. Efficacy
in the HTRS registry database was assessed for each
treatment regimen (product, dose, frequency, number of
doses) including factor and non-factor products; one or
more regimens were reported for each procedure. One
dental procedure treated with a single dose of rFVIIa was
entered into both the HRS and HTRS registries. This
overlapping procedure was excluded from the HRS
registry, but included within the HTRS registry data set.

Published literature

A cross-database literature search (BIOSIS, Current
Contents, EMBASE, MEDLINE) from 1988 through
May 2008 was used to identify publications describing
rFVIIa use during surgery for haemophilia A or B
patients with inhibitors. The search terms included
‘surgery(ies)’ and ‘h(a)emophilia and inhibitor(s)’ with
‘recombinant activated factor VII (± human)’ ‘rFVIIa’,
‘rhFVIIa’, ‘FVIIa’, and ‘NovoSeven’. Only English lan-
guage literature was considered. Fifty articles were
subsequently identified [10–57]. Underlying coagulo-
pathy and/or the results of rFVIIa treatment in congenital
haemophilia patients with inhibitors could be ascer-
tained in only 46 of the 50 articles identified. Two of the
four manuscripts excluded were larger case reports by
Santagostino et al. [44] (28 patients, 35 procedures with
CI) and Scharrer et al. [45] (17 patients, 22 procedures).
In addition, in a report by Rodriguez-Merchan et al.
[42], data from 31 procedures receiving rFVIIa during
radiosynoviorthesis were not included as it was not
possible to discern the treatment results specifically
attributable to rFVIIa. Efficacy and safety assessments
provided here are those reported by the authors.

Results

Demographics and overview

A total of 263 patients from the combined data sources
were evaluated. Table 1 provides patient demographical

characteristics across the five data sources. Most
patients described within these publications had little
or no demographical information available. Overall,
54% of the patients were <16 years of age. Caucasians
comprised 38% of the patients for whom ethnicity was
reported.

The 263 congenital haemophilia patients with inhib-
itors were treated with rFVIIa for 395 surgical proce-
dures (Table 2). Orthopaedic and catheter insertion/
removal procedures comprised the larger sub-groups of
procedures reported in the clinical trials and published
literature, while dental procedures represented the
majority of procedures reported in the registries.

Recombinant FVIIa dosing and exposure

Recombinant FVIIa dosing for the double-blinded
randomized clinical study reported by Shapiro et al.
(Study 1) [8], is summarized in Table 3a. For major
surgery, the 90 mcg kg)1 group required a lower
median (range) duration of treatment than the
35 mcg kg)1 group (9.5 [8–17] days vs. 15 [2–26] days)
and fewer median (range) number of injections (81 [71–
128] vs. 135 [11–186]). For minor surgery, the duration
of dosing and number of injections was similar for the
90 mcg kg)1 and 35 mcg kg)1 groups; however, the
median (range) total dose administered was greater for
the 90 mcg kg)1 than the 35 mcg kg)1 group (80 [31–
706] mg vs. 42 [10–70] mg). This is partially attributed
to one outlier in the 90 mcg kg)1 group who required
13 days of treatment and a total rFVIIa dose of 706 mg
(98 injections) for a Hickmann catheter placement,

Table 1. Demographical information across data sources.

Number of patients, n (%)

Clinical trial Registry

Literature TotalStudy 1 Study 2 HRS* HTRS�

Subjects 28 23 11 66 135 263

Age (years)

0–4 9 (32) 0 5 (46) 33 (50) 55 (41) 102 (39)

5–16 13 (46) 6 (26) 2 (18) 20 (30) - 41 (16)

17–59 6 (21) 16 (70) 4 (36) 12 (18) 65 (48) 103 (39)

>59 - 1 (4) 0 1 (2) - 2 (1)

Unknown - - - - 15 (11) 15 (6)

Gender

Male 28 (100) 23 (100) 1 (9) 66 (100) 68 186 (71)

Female 0 0 0 0 0 0

Unknown - - 10 (91) - 67 77 (29)

Race

Caucasian 20 (71) 14 (61) 9 (82) 44 (67) 12 99 (38)

Black 8 (29) 8 (35) 2 (18) 15 (23) 2§ 35 (13)

Asian 0 0 (0) 0 7 (11)� 1 8 (3)

Other 0 1 (4) 0 0 0 1 (0)

Unknown - - - - 120 120 (46)

*HRS, Hemophilia Research Society.
�HTRS, Hemophilia and Thrombosis Research Society.
�Includes Asian/Pacific Islander.
§Includes 1 African-Caribbean and 1 African-American.
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about 6 times more rFVIIa than that used for other
patients in the same group.

Recombinant FVIIa dosing in the open-label clinical
trial reported by Pruthi et al. (Study 2) [9], is summa-
rized in Table 3b. The mean duration of exposure was

approximately twice as long for the 50 mcg kg)1 h)1 CI
treatment group as for the 90 mcg kg)1 BI group (18.3
vs. 9.7 days). However, this difference was largely
attributable to a single outlier who experienced severe
bleeding and received rFVIIa for 116 days.

Table 2. Summary of procedures and

rFVIIa efficacy by data source.

No. of

Procedures

n (%)

rFVIIa effectiveness*

Effective

n (%)

Partially

effective

n (%)

Ineffective

n (%)

Not

determined

n (%)

Clinical trials�

Study 1 (N = 28) 28 (100) 24 (85.7) 2 (7.1) 2 (7.1)

Surgical procedures

Orthopaedic� 10 (35.7) 8 (80.0) 1 (10.0) 1 (10.0)

Catheter placement/removal 17 (60.7) 15 (88.2) 1 (5.9) 1 (5.9)

Other§ 1 (3.6) 1 (100.0)

Study 2 (N = 23) 23 (100) 17 (73.9) N/A 6 (26.1)

Surgical procedures

Orthopaedic� 16 (69.6) 11 (68.8) N/A 5 (31.3)

Circumcision 1 (4.3) 1 (100.0) N/A

Pseudotumour removal 1 (4.3) 1 (100.0)

Inguinal hernia repair 2 (8.7) 2 (100.0) N/A

Eye surgery 1 (4.3) 1 (100.0) N/A

Other§ 2 (8.7) 2 (100.0) N/A

Registries

HRS (N = 11) 23 (100) 19 (82.6) 3 (13.0) 1 (0.04)

Surgical procedures

Orthopaedic� 5 (21.7) 2 (40.0) 2 (40.0) 1 (20.0)

Catheter placement/removal 3 (13.0) 3 (100.0)

Circumcision 2 (8.7) 1 (50.0) 1 (50.0)

Other§ 1 (4.3) 1 (100.0)

Dental procedures 12 (52.2) 12 (100.0)

HTRS (N = 66) 143 (100) 130 (90.9) 13 (9.1)

Surgical procedures

Surgical (non-dental), not specified 44 (30.8) 39 (88.6) 5 (11.4)

Dental procedures 54 (37.8) 51 (94.4)** 3 (5.6)

Other medical procedures– 45 (31.5) 40 (88.9)** 5 (11.1)

Published literature

Publications (N = 135) 178 (100) 147 (82.6) 10 (5.6) 14 (7.9) 7 (3.9)

Surgical procedures

Orthopaedic� 69 (38.8) 51 (73.9) 6 (8.7) 7 (10.1) 5 (7.2)

Catheter placement/removal 53 (29.8) 50 (94.3) 3 (5.7)

Circumcision 2 (1.1) 2 (100.0)

Plastic surgery, grafts, debridement 4 (2.5) 4 (100.0)

Pseudotumour removal 2 (1.1) 2 (100.0)

Inguinal hernia repairs 2 (1.1) 2 (100.0)

Cholecystectomy 4 (2.5) 4 (100.0)

Fasciotomy 2 (1.1) 1 (50.0) 1 (50.0)

Eye surgery 7 (3.9) 7 (100.0)

Other§ 10 (5.6) 8 (80.0) 1 (8.3) 1 (8.3)

Dental procedures 23 (12.9) 18 (78.3) 3 (13.0) 2 (8.7)

N = number of patients; n = number of procedures.
*Efficacy data was consolidated by converting 3-category rating scales to correspond with the

‘Effective’, ‘Partially Effective’ and ‘Ineffective’ categories (i.e., for registry data, ‘Bleeding

Stopped’ = ‘Effective’; ‘Bleeding Slowed but Not Stopped’ = ‘Partially Effective’; and ‘No Improve-

ment’ = ‘Ineffective’) and converting 2-category rating scales to correspond with the ‘Effective’ and

‘Ineffective’ categories. The ‘Partially Effective’ category was reported as ‘N/A’ where not applicable.
�Clinical trials used a Last Value Carried Forward Approach.
�‘Orthopaedic’ includes knee arthroplasty, knee synovectomy, total knee replacement, radial head

excision, hip replacement, hip arthroplasty, elbow synovectomy, foreign body removal and Achilles

lengthening, knee joint manipulations, knee cartilage repair, femur bone graft, knee amputation, knee

evacuation, osteotomy, shoulder surgery, radiosynoviorthesis and those not otherwise specified.
§‘Other’ includes laparoscopic renal biopsy, tonsillectomy, mitral valve repair, craniotomy, gastrec-

tomy, hernioplasty, liver biopsy, neuroplegia and Linton tube insertion, radical prostatectomy, heart

transplantation, removal of redivac drains, staples, muscle, appendectomy (2), cholecystectomy by

coelioscopy, partial colectomy, haemorrhoidectomy, and a procedure not otherwise specified.
–‘Other medical procedures’ include venipuncture, diagnostic procedure and injection.
**There was 1 patient who underwent 1 dental procedure and one other medical procedure after

which bleeding stopped but re-bleeding occurred within 48 h.
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Patients in the HRS registry enrolled from October
1999 to November 2004 were treated with bolus
rFVIIa for 20 of the 23 procedures, and with CI for two
procedures. Recombinant FVIIa dosing information
was not available for one procedure. For the 20
procedures treated by rFVIIa BI, the median (range)
bolus dose was 114.0 (58–226) mcg kg)1, with a
median (range) of 8.5 (1–78) injections. For all proce-
dures in which the dosing interval was known, rFVIIa
doses were administered at median (range) interval of 3
(0–23.5) h. For the two patients treated with CI, the
total dose for the treatment period for the first patient
was 188 mcg kg)1 body weight and for the second,
120 mcg kg)1.

A total of 413 patients in the HTRS registry were
entered between January 2004 and November 2008. Of
these patients there were 2,041 bolus rFVIIa-treated
episodes including 54 dental, 44 surgical and 45 other
medical procedures (e.g., venipuncture, diagnostic pro-
cedure and injection) reported for 66 patients. For
dental procedures, the median (range) total rFVIIa dose
for the treatment period was 366 (60–4,795) mcg kg)1,
with a median (range) of 3 (1–35) injections over a
median (range) of 1 (1–35) day. The median (range)

average dose per infusion across the 54 dental proce-
dures was 122 (60–295) mcg kg)1. For orthopaedic and
other surgical procedures, the median (range) total
rFVIIa dose for the treatment period was 2,408 (55–
8,525) mcg kg)1, with a median (range) of 21 (1–64)
injections over a median (range) of 6 (1–29) days. The
median average dose per infusion across the 44 surgical
procedures was 111 (55–193) mcg kg)1. For other
medical procedures, the median (range) total rFVIIa
dose was 450 (90–8760) mcg kg)1 for the treatment
period with a median (range) of three (1–79) injections
over 1.8 (1–19) days. The median (range) average
infused dose across 45 other medical procedures was
102 (71–300) mcg kg)1. Single doses were used for 15
dental, two non-dental surgeries, and seven other
medical procedures.

While the predominant treatment for the surgical,
dental and other medical procedures in the HTRS
registry reported above was rFVIIa, site reports indicate
the sporadic use of one or more doses of concomitant
haemostatic agents (including antifibrinolytics) either
before, during or after rFVIIa treatment. Concomitant
haemostatic medications were reported in 20/44 (45%)
surgeries (one to four adjuvants per procedure, most
common - FVIII in 12/20 procedures), 25/54 (46%)
dental procedures (one to three adjuvants per proce-
dure, most common - aminocaproic acid in 21/25
procedures) and 9/44 (20%) other medical procedures
(one to two adjuvants per procedure, most common -
pd-APCC in 3/9 procedures).

Patients in publications were treated with rFVIIa
before, during and/or following surgical procedures and
rFVIIa was administered by either BI or CI. Overall,
doses for BI ranged from 35–300 mcg kg)1 at 1–24 h
intervals for 1–25 days; CI doses ranged from 2.5–
50 mcg kg)1 h)1 for 1–34 days.

Effectiveness

Table 2 describes the overall efficacy of rFVIIa for
various surgical, dental and other medical procedures
by data source. Overall treatment was deemed effective
in the majority of procedures by all sources: Study 1

Table 3a. Recombinant FVIIa* dosing by

surgery category and dose group in study 1�.Major Surgery Minor Surgery

35 mcg kg)1

(n = 5)

90 mcg kg)1

(n = 6)

35 mcg kg)1

(n = 9)

90 mcg kg)1

(n = 8)�

Days of dosing

Median (range) 15 (2–26) 9.5 (8–17) 4 (3–6) 6 (3–13)

No. of bolus injections

Median (range) 135 (11–186) 81 (71–128) 29 (24–44) 39.5 (26–98)

Total dose, mg

Median (range) 656 (31–839) 569 (107–698) 42 (10–70) 74 (31–706)

*Recombinant FVIIa: Recombinant activated factor VII.
�Shapiro et al. [8].
�There was one outlier who required 13 days of dosing and received a total rFVIIa dose of 706 mg in

98 injections for a Hickmann catheter insertion.

Table 3b. Recombinant FVIIa* dosing by treatment group in study 2§.

90 mcg kg)1

Bolus Injection

(n = 11)

50 mcg kg)1 h)1

Continuous

Infusion (n = 12)–

Days of dosing

Median (range) 10 (4–15) 10 (2–116)

No. of bolus injections�,�

Median (range) 38 (36–40) 1 (0–3)

Total dose�,�, mg

Median (range) 272 (130–460) 297 (125–492)

No. of additional bolus injections�

Median (range) 0 (0–3) 0 (0–4)

Additional bolus dose�

Median (range) 0 (0–17) 0 (0–25)

*Recombinant FVIIa: Recombinant activated factor VII.
�From the intraoperative period to 72-hours post-operative.
�Includes the 2 additional, allowable 90 mcg kg)1 bolus doses that could be

administered during any 24-hr period to achieve haemostasis.
§Pruthi et al. [9].
–There was one outlier underdoing arthroscopic synovectomy who experi-

enced severe bleeding and received rFVIIa for 116 days.
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(86%), Study 2 (74%), HRS (83%) and HTRS (91%)
registries and published literature (83%).

In the two randomized clinical trials, haemostasis was
achieved in 40 of 51 (78%) haemophilia patients with
inhibitors who completed the studies. These included 21
of 25 patients (84%) receiving 90 mcg kg)1 bolus
injections, nine of 14 (64%) receiving 35 mcg kg)1 BI
and 10 of 12 patients (83%) receiving CI at
50 mcg kg)1 h)1.

Analysis of efficacy by dose and type of surgery
reported by Shapiro et al. (Study 1) [8] suggests that
90 mcg kg)1 is more effective, particularly for major
surgeries, as indicated by decreased numbers of injec-
tions, reduced days of dosing and numbers of treatment
failures seen compared to the 35 mcg kg)1 dose. In the
report by Pruthi et al. (Study 2) [9], both BI and CI of
rFVIIa were nearly equally effective in achieving and
maintaining haemostasis through day 10. Treatment
was effective in 73% (8/11) of subjects treated with BI
and 75% (9/12) of subjects treated by CI. Efficacy
ratings (effective/ineffective) at pre-specified time points
following wound closure through day 10 also indicated
very high response rates (75–100%). There was one
case each of treatment failure for both BI and CI
treatment methods.

Within the HRS registry (October 1999 through
November 2004) 11 patients with haemophilia with
inhibitors were treated with rFVIIa for 23 surgical
procedures. Bleeding was reported as ‘stopped’ after
treatment with rFVIIa in 19 of the 23 procedures
(83%). Bleeding slowed, but did not stop, for three
procedures, and outcome was not reported for one
procedure. There was no observable effect of dose on
outcomes. For the three procedures in which bleeding
slowed but did not stop, one knee surgery was treated
with doses ranging from 58 to 130 mcg kg)1, one knee
surgery with doses ranging from 115 to 173 mcg kg)1,
and 1 circumcision/catheter placement with doses
ranging from 151 to 226 mcg kg)1.

Within the registry (January 2004 to November
2008), efficacy was specifically assessed for all rFVIIa-
containing regimens. Bleeding was reported as
‘stopped’ in 94% of dental, 89% of surgical and
89% of other medical procedures. Bleeding was
reported to have slowed but not stopped in 6% of
dental, 11% of surgical and 11% of other medical
procedures. For one procedure, when rFVIIa was
administered as first-line of treatment, plasma de-
rived-activated prothrombin complex concentrates
(pd-APCC) was also administered to stop bleeding.
In the HTRS registry, rFVIIa was administered as
second-line rescue therapy in 12 procedures (three
surgical, five dental and four other medical proce-
dures). In these instances, the first-line of treatment
was either pd-APCC (five procedures) or aminocaproic
acid (five procedures) or aminocaproic acid/rFVIII (one
procedure) or rFVIII (one procedure).

Data in the HTRS registry (January 2004 to Novem-
ber 2008) also did not demonstrate an apparent effect of
dose on effectiveness. Within each procedural category
(surgical, dental or other medical procedures), a range
of doses and dosing regimens were used. While surgical
procedures used the highest median total dose of
2408 mcg kg)1, dental and other medical procedures
used a median total dose of 366 mcg kg)1 and
450 mcg kg)1. However, with these differences in
dosing, the effectiveness of rFVIIa remained within
89–94% for all three categories of procedures.

For the 178 surgical procedures described in the
published literature, treatment with rFVIIa was effective
in 147 (83%), partially effective in 10 (6%), and
ineffective in 14 (8%) procedures. Treatment effect was
not reported for seven (4%) procedures. There was no
observable effect of dose on effectiveness either. Of the
14 procedures for which treatment was rated as
ineffective, eight were treated with bolus doses ranging
from 75 to 240 mcg kg)1, five were treated with CI
doses ranging from 16.5 to 50 mcg kg)1 h)1 and one
was treated with a bolus dose of 90 mcg kg)1 and then
CI of 16.5 mcg kg)1 h)1.

Safety

Across the five data sources, 263 patients reported 434
adverse events (AEs). For the two clinical trials, any
adverse events were reported irrespective of relationship
to treatment. Shapiro et al. (Study 1) [8] reported that
17 rFVIIa-treated haemophilia patients with inhibitors
(seven in 35 mcg kg)1 and 10 in 90 mcg kg)1 dose
groups) experienced 80 AEs. The AEs occurred in 10/11
patients who underwent major surgery and 7/17
patients who underwent minor surgery. Forty-three
percent of the AEs experienced in eight patients (four
minor surgery patients and four major surgery patients)
were assessed by investigators as probably or possibly
related to rFVIIa treatment, of which two were serious
(right internal jugular thrombosis and hemarthrosis).
The thrombotic event occurred in a 4-year old, 2 days
after port-a-cath placement. This patient received
35 mcg kg)1 rFVIIa for a total daily dose of 6.67 mg
and 7.89 mg.

Pruthi et al. (Study 2) [9] reported a total of 305 AEs
(83 in the 90 mcg kg)1 BI group and 222 in the
50 mcg kg)1 h)1 CI group) for 23 surgical patients
who were treated with rFVIIa. It should be noted that
one patient in the 50 mcg kg)1 h)1 CI treatment group
experienced 34% (130/305 events) of the total AEs.
Only 5% of the AEs (six in the 90 mcg kg)1 bolus
injection group and nine in the 50 mcg kg)1 h)1 con-
tinuous infusion group) were assessed by investigators
as possibly or probably related to rFVIIa treatment. Of
these, three were serious adverse events related to
bleeding (haemarthrosis, haemorrhage, haematoma).
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One non-serious event of thrombophlebitis of moderate
severity occurred in a patient treated with 90 mcg kg)1

BI. This event was considered possibly related to rFVIIa
treatment.

There were no AEs or thrombotic events reported for
rFVIIa-treated surgical patients in the HRS and the
HTRS Registries. From the published literature evalu-
ated, 16% (21) of surgical patients treated with rFVIIa
experienced 56 AEs. Nine events were considered
unlikely to be related to rFVIIa treatment but could
not be determined for the remaining 12 events. Four
(two mild and two severity not reported) events of
thrombophlebitis were reported in three patients
[28,29,49].

Discussion

To date, the data from clinical trials indicate that rFVIIa
is effective and safe for the management of bleeding in
haemophilia A or B patients with inhibitors undergoing
surgery. Consistently beneficial effects of rFVIIa have
been observed for use in surgical situations in haemo-
philia patients with inhibitors, despite variability in
severity and location of bleeding, treatment episodes
and regimens and patients. The approval of rFVIIa for
use in surgery was based on a total of 145 haemophilia
patients with inhibitors who received rFVIIa during and
after surgical procedures: 53 patients from two clinical
trials (two with acquired inhibitors), 15 patients from
the HRS Registry (including two with platelet defects,
one with factor V deficiency), and 82 patients from
published literature sources. These 145 patients under-
went 182 surgical procedures. The analyses presented
for approval of the surgery indication demonstrated
rFVIIa treatment was effective in 148 (81%) of these
procedures.

Subsequent to FDA approval, additional post-mar-
keting surveillance data gathered through the HTRS
registry from 2004–2008 for 66 patients report efficacy
of 89–94% for 143 dental, surgical and other medical
procedures. While some of the procedures might have
also involved use of antifibrinolytic agents, this efficacy
is specific to the site-reported outcomes with one or
more rFVIIa treatment regimens for each procedure. In
addition, published literature reports since 2004 include
information on 53 patients with reported efficacy in 60
of 71 (85%) procedures.

A principal consideration in the management of
surgery for haemophilia patients with inhibitors is the
potential for re-bleeding, even in patients where rFVIIa
has demonstrated efficacy at times soon after surgery.
Such concerns are typical in the haemophilia patient
population irrespective of inhibitor status. For these
reasons, contingency plans for haemostasis around
surgery that avoid re-bleeding are essential and can
include initiating haemostatic coverage for physical

therapy sessions or closely monitoring and optimising
dose timing. While the possibility of thrombotic events
does not appear to present an overriding clinical risk
(one event in 263 patients [0.4%] treated for 395
procedures [0.25%]), patients treated with any pro-
coagulant therapy should be observed closely for signs
and symptoms of disseminated intravascular coagula-
tion and/or other thrombotic events.

A recent consensus guideline has been published
specifically highlighting issues around elective ortho-
paedic procedures in patients with inhibitors [58].
Giangrande et al. [58] published guidelines instituted
in the UK and Ireland based upon review of literature
and experiences of a group of expert physicians. In their
review, the authors provide data on 13 procedures in 10
inhibitor patients (9 haemophilia A and one acquired
haemophilia) over a 2 year period. The final outcome
was rated by the reporting clinicians as ‘excellent’ or
‘extremely satisfactory’ in 100% of the cases. The
guidelines suggest the use of a higher initial bolus dose
of 120–180 mcg kg)1. Takedani et al., [59] also
reported 9 ‘excellent’ and 1 ‘fair’ haemostatic evalua-
tion for 10 orthopaedic procedures using a mean dose of
114 mcg kg)1. Both the guidelines and the Takedani
et al. study differ from the dosing studied in trials and
the currently approved rFVIIa labeling which recom-
mends 90 mcg kg)1 rFVIIa immediately before surgery
and every 2 h during surgery. The post-surgical dosing
for minor surgery is 90 mcg kg)1 rFVIIa every 2 h for
48 h and then every 2–6 h, until healing has occurred.
For major surgery, the post-surgical dosing is
90 mcg kg)1 every 2 h for the first 5 days and then
every 4 h, until healing has occurred [60].

Both reviews provide expert commentary on a variety
of factors including pre-operative planning, surgical
technique, institution of physical therapy and manage-
ment of post-operative bleeding that can impact the
effectiveness and safety of orthopaedic and, by infer-
ence, other surgical procedures.

Analysis of surgical outcomes by combining multiple
types of data is not without limitations. First, patients
with inhibitors represent a very small population in
which surgical procedures and particularly major inter-
ventions, are infrequent. The two clinical studies
reported here on the use of rFVIIa in inhibitor patients
undergoing pre-planned surgery represent the only
clinical studies of their kind in this population [8,9].
This raises the importance of including data from post-
marketing registries and the literature. While this
strategy allows us to provide a comprehensive overview
of the current treatment practices and outcomes, it also
increases the heterogeneity of the data being presented
and limits the ability to perform formal meta-analysis or
combine sources. In addition, standard efficacy outcome
scales for the prevention of perioperative bleeding
have yet to be developed. Currently, there is little
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standardisation of haemostatic efficacy assessments,
even in clinical studies of acute bleeding where there
is a greater need, resulting in varying efficacy endpoints
that permit only qualitative comparisons. Lastly, despite
the willingness of treatment centres to submit registry
data or publish their results, there is limited data around
the specific procedures and patient comorbidities. This
likely accounts for the presence of significant outliers
within each data set that lack the details required for
further analysis or study.

In patients undergoing orthopaedic procedures,
which are often major surgical interventions, the pro-
portion of procedures with effective haemostasis was
slightly lower across all data sources compared to other
procedures. This could be attributed to the complicated
and invasive nature of orthopaedic procedures, as well
as the desire to promptly ambulate the patient post-
operatively through physical therapy sessions. Further-
more, individual details about these surgeries (apart
from the clinical trials), the time course and intensity of
rehabilitation (all sources) and the temporal relation-
ship of any post-operative bleeding due to physical
activity were not captured. Particularly, for the early
registry data (HRS), details were entered on ‘acute
bleeding’ report forms since the surgery indication for
rFVIIa for prevention of bleeding during and after
surgery had not yet been approved. Therefore, there
may have been a bias towards reporting on treatment of
post-operative bleeding (instead of prevention of bleed-
ing around surgery) or major procedures, and exclusion
of patients who received one or more doses for simple
procedures like radionuclide synovectomies.

Just over a decade ago, the thought of performing
surgery, let alone a complicated elective orthopaedic

procedure, on a patient with haemophilia complicated
by inhibitors was daunting. With the introduction of
rFVIIa, the successful completion of two randomized
trials describing the use of rFVIIa to provide haemo-
static coverage in the peri-and post-operative periods,
and the increasing volume of literature reporting on the
completion of joint arthroplasty and subsequent func-
tional outcome, the evidence around use of rFVIIa for
major and elective procedures is increasing. While
performing surgery on patients with inhibitors will
always be different than in those without inhibitors
where factor levels can be tracked, haemophilia treat-
ment centres are developing more expertise and comfort
and are able to offer appropriate surgical interventions
to their patients.
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