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1. Introduction

Recombinant activated factor VII (rFVIIa) (NovoSeven;
Novo Nordisk Pharmaceuticals, Bagsværd, Denmark) was
originally developed for the treatment of hemophilic
patients with inhibitors and then used successfully for treat-
ing hemorrhages in patients with acquired hemophilia [1-6].
In the last few years, along with the improvement in the
knowledge of its mechanisms of action, rFVIIa has also
been used with benefit as a “universal hemostatic agent” in
many other nonhemophilic bleeding situations, including
congenital FVII deficiencies, quantitative and qualitative
platelet disorders, hepatic failure, liver transplantation,
major surgery, and trauma [7-12]. This review briefly ana-
lyzes the clinical experience regarding rFVIIa treatment
and focuses particularly on the newer uses, for which there
are only a few randomized, controlled clinical trials. Table 1
summarizes the current approved and “off-label” clinical
applications of rFVIIa.

2. Mechanisms of Action of rFVIIa

FVIIa is an important contributor to the initiation of
hemostasis [12]. According to a cell-based model of coagula-
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tion [13,14], tissue factor (TF) is exposed to circulating blood
following injury to the vessel wall, and TF-FVIIa complexes
are formed on the TF-bearing cells, where they activate fac-
tor X (FX) to produce activated FX (FXa), leading to the
conversion of prothrombin to thrombin. The limited amount
of thrombin formed activates FV, FVIII, and FXI, as well as
platelets, which in turn change shape and expose negatively
charged phospholipids, such as phosphatidylserine. These
activated platelets provide the template for further FX acti-
vation and full thrombin generation with a positive feedback
on FV, FVIII, and FXI [15,16]. The extra formation of
thrombin results in the activation of thrombin-activatable
fibrinolysis inhibitor (TAFI), which protects the fibrin clot
from premature lysis by down-regulating fibrinolysis [17]. In
summary, a full thrombin burst is essential for the formation
of a stabile fibrin hemostatic plug that is resistant to prema-
ture fibrinolysis. In fact, only an initial, limited amount of
thrombin dependent on the TF-FVIIa complex is generated
in hemophilia, and this amount of thrombin is insufficient to
consolidate and sustain the fibrin plug [18]. In a cell-based in
vitro model, the addition of increasing amounts of rFVIIa
(between 50 and 150 nM) to activated platelets in the pres-
ence of FX has been shown to produce a linear increase in
the generation of FXa independently of the presence of TF
on the platelet surface [15,19-21]. This dose-response mecha-
nism can lead to the generation of significant amounts of
thrombin, even in the absence of FVIII and FIX, thus
explaining the mechanism of action of rFVIIa in hemophilia
patients [12]. The direct activation of FIX on activated
platelets in the absence of TF, resulting in improved throm-
bin generation, may also explain the mechanism of rFVIIa
action in acquired coagulopathy following trauma, surgery,
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Table 1.
Approved and Potential Clinical Applications of Recombinant
Activated Factor VII

Hemophilia and clotting defects
Hemophilia with inhibitors*
Acquired hemophilia*
Congenital factor VII deficiency*
Glanzmann thrombasthenia*
Other platelet disorders (qualitative and quantitative)
Other coagulation factor defects (factor XI and von Willebrand 
disease)

Emergency bleeds
Intracerebral hemorrhage
Upper gastrointestinal bleeds
Trauma
Oral anticoagulant-induced hemorrhage

Surgery
Liver resection
Orthotopic liver transplantation
Neurosurgery
Cardiac surgery

*Currently approved in Europe.

or other events [22]. Moreover, the binding of rFVIIa to acti-
vated platelets may explain why rFVIIa is localized only to
the site of bleeding [12,14]. However, other mechanisms of
rFVIIa action have been proposed [23]. In fact, ten Cate and
colleagues and subsequently van ’t Veer and coworkers pro-
posed a TF-dependent mechanism of rFVIIa action [24,25].
This model was strengthened more recently by the work of
Butenas and colleagues, who reported that the local function
of rFVIIa was mediated by the combined effect of TF expres-
sion and platelet accumulation at the site of a vascular lesion
[26,27]. Lisman and De Groot recently analyzed the experi-
mental data available and concluded that both proposed
mechanisms of rFVIIa action (ie, TF-dependent and TF-
independent) are plausible [23]. In fact, if the TF pathway
is usually required for the action of rFVIIa, an rFVIIa-
mediated thrombin generation can also occur on the acti-
vated platelet surface independently of TF. Moreover, the
same authors observed that the enhanced formation of
thrombin from rFVIIa not only accelerates clot formation
but also inhibits fibrinolysis via TAFI activation [28] and
enhances platelet adhesion and aggregation under flow con-
ditions [29]. This last piece of evidence may explain the ther-
apeutic effect of rFVIIa in thrombocytopenic patients. In
conclusion, our current knowledge indicates that rFVIIa
induces hemostasis by enhancing thrombin generation on
thrombin-activated platelet surfaces, thereby providing the
formation of a stable, tight fibrin clot that is resistant to pre-
mature fibrinolysis.

3. Pharmacokinetics, Pharmacodynamics, and
Monitoring of rFVIIa

Some peculiar features of the in vivo decrease of FVIIa
have very important implications for its therapeutic use.
rFVIIa is known to compete with plasma FVII for binding to
TF, for which both factors have a strong affinity. Once the
TF-rFVIIa complex has been formed, it binds to and acti-
vates FX (to produce FXa). The TF-rFVIIa-FXa complex is

subsequently inhibited by its binding with the TF plasmino-
gen inhibitor [30]. The rapid decrease of rFVIIa level in vivo
means that this drug must be given as frequent bolus injec-
tions (every 2-4 hours) or as a continuous infusion [31]. How-
ever, because the steady state of any drug can be reached
only if the dose administered is the same as the drug’s clear-
ance (CL) plus the desired increase (minimum level of
hemostasis) multiplied by the interval between the bolus
doses (tau), it is clear that the most economical form of
administering rFVIIa is by continuous infusion, during which
tau reaches its lowest possible value. In fact, continuous infu-
sion allows an rFVIIa savings of greater than 30% because,
unlike bolus injections, continuous infusion does not produce
peak drug concentrations greater than the predetermined
minimum level of hemostasis, which are not necessary and
can be dangerous [32]. However, the recent introduction of
single megadoses capable of causing considerable bursts of
thrombin has challenged the use of continuous infusions,
even though no results of any controlled trials comparing the
efficacies of the 2 regimens have been published. It is impor-
tant to emphasize that each patient’s CL must be measured
before either method of rFVII administration is used,
because there is wide interindividual and intraindividual
variability in this parameter. Pharmacokinetic investigations
aimed at designing tailored therapy have undoubted finan-
cial advantages and are particularly important before the
start of prophylaxis or if surgery is being considered [33].The
pharmacokinetic studies published so far have documented
that the CL of rFVIIa is much higher than that of FVIII or
FIX and that the mean residence time (MRT) and half-life
are considerably shorter. Lindley and colleagues performed
the first pharmacokinetic study in 1994 on 15 adult patients
with hemophilia A or B, with or without inhibitors, and dur-
ing bleeding episodes or in the nonbleeding state [30]. The
median CL was 31 mL/h per kilogram in nonbleeding peri-
ods and 32.5 mL/h per kilogram during bleeding episodes. In
nonbleeding periods, the median MRT was 3.44 hours, and
the median half-life was 2.89 hours. The elimination rate
appeared to be higher during bleeding episodes, because the
median MRT was 2.97 hours and the median half-life was
2.30 hours. In 1996, Shulman and colleagues reported the first
experience with continuous rFVIIa infusion and demon-
strated a great variability in the CL, which decreased in one
patient from 86.4 to 24.7 mL/h per kilogram [32]. In complete
contrast were the results of Ludlam and colleagues, who
conducted a multicenter study in 2003 with 9 patients with
severe hemophilia A and FVIII inhibitors who underwent
elective major orthopedic surgery and received rFVIIa by
continuous infusion (initial preoperative bolus of 90 �g/kg
followed by continuous infusion at a fixed rate of 50 �g/kg
per hour) [34]. The median total rFVIIa clearance in these 9
patients remained stable during the period of continuous
rFVIIa infusion [34]. A pharmacokinetic study of rFVIIa
conducted with 28 volunteers anticoagulated with aceno-
coumarol found interindividual variabilities of 20% for the
CL and 16% for the volume of distribution area (VdArea);
the latter appeared to be significantly dose dependent [35].
More recently, a randomized controlled multicenter trial
compared the pharmacokinetic profiles of rFVIIa (90 or
180 �g/kg) in 12 children and 6 adults with hemophilia A
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and found that the CL was faster and the VdArea was larger
in children than in adults (78 versus 53 mL/h per kilogram for
CL and 164 versus 128 mL/kg for VdArea), suggesting that
higher rFVIIa doses may be needed in children to achieve
the same plasma levels as in adults [36]. Finally, Berrettini
and colleagues conducted a pharmacokinetic evaluation of
rFVIIa (15 or 30 �g/kg) in 5 patients with severe FVII defi-
ciency and found higher dose-independent values of CL and
VdArea than those observed in adult hemophilic patients or
in volunteers on anticoagulant therapy [37]. These results,
which were similar to those observed in hemophilic children,
were explained by the absence of competition between the
patient’s FVII zymogen and infused rFVIIa for binding to
TF in such patients. However, in spite of the rapid CL for
the TF-rFVIIa complex from the plasma, the faster binding
of infused rFVIIa to TF may account for the higher efficacy of
rFVIIa and for the lower doses (20 �g/kg) required to
achieve hemostatic efficacy in such patients compared with
those with hemophilia.

As regards laboratory methods for monitoring rFVIIa
therapy, measurements of postinjection prothrombin time
and FVII activity (FVII:C) have been suggested, although
adequate hemostatic levels have not been defined [38].
Recently, an alternative hemostatic laboratory method (the
thromboelastogram) has been proposed [39,40]. However, to
date no assay has been developed with results that correlate
adequately with clinical outcomes in a sufficiently large sam-
ple of patients.

4. Use of rFVIIa in Hemophilic Patients with
Inhibitors

Thanks to its ability to bypass the intrinsic coagulation
pathway by activating FX directly and independently of the
presence of FVIII or FIX, rFVIIa has dramatically changed
the treatment of hemophilic patients with inhibitors, thus
permitting previously contraindicated major surgery (eg,
orthopedic operations) [41,42].

4.1. The Use of rFVIIa in Surgery

After the first report in 1988 of an open knee joint syn-
ovectomy successfully managed with rFVIIa [43], many
other elective major surgical procedures have been per-
formed in hemophilic patients with inhibitors. In a prospec-
tive double-blind study published in 1998 of hemophilic
patients with inhibitors who underwent surgery (29 episodes,
18 minor and 11 major surgeries), Shapiro and colleagues
demonstrated that an rFVIIa dose of 90 �g/kg is an effective
first-line option [44]. Hedner and colleagues reported the
successful use of rFVIIa at a dose of 60 to 90 �g/kg every 3
to 4 hours in 6 of 7 patients who underwent dental surgery
[45]. In a prospective study published in 1998, Lusher and
colleagues used rFVIIa in 103 surgery procedures (21 major
and 7 minor surgeries, and 25 dental extractions) with excel-
lent/effective responses in 81%, 86%, and 92% of major,
minor, and dental surgical procedures, respectively [1]. In the
majority of patients, the initial dose was 90 �g/kg. Subse-
quently, Scharrer reported 22 major/minor surgical proce-
dures with an overall effective response to treatment

(median dose, 90 �g/kg) of 91% [46]. Recently, Quintana-
Molina and colleagues, reporting on their own 20-year expe-
rience of surgery on hemophilic patients with inhibitors, doc-
umented their good results with rFVIIa (67% in major
surgeries and 80% in minor surgeries) [47]. Other data from
the literature indicate that rFVIIa is effective in providing
hemostatic prophylaxis for central catheter insertion: rFVIIa
prophylaxis was judged excellent or effective in 83% (25/30)
of evaluable procedures in one case series [48] and in 87%
(26/30) of evaluable procedures in another series [49].

4.2. The Use of rFVIIa for Treatment of Joint, Muscle,
and Mucocutaneous Bleeding

A randomized double-blind, dose-finding multicenter
study conducted in 1998 by the rFVIIa Study Group com-
pared 35 �g/kg versus 70 �g/kg of rFVIIa in treating joint,
muscle, and mucocutaneous bleeding episodes in patients
with inhibitors against FVIII or FIX [50]. Although both
doses achieved excellent/effective results in 71% of
hemarthrosis cases, the higher dose achieved a greater num-
ber of excellent responses than the lower dose in severe joint
bleeds and bleeding in target or damaged joints, and in
peripheral intramuscular hemorrhages. In the same year, a
study on home treatment of hemophilic patients with
inhibitors with rFVIIa showed that a mean of 2.2 injections of
90 �g/kg at 3-hour intervals was effective at controlling mild
to moderate bleeding episodes [51]. The importance of early
intervention during home treatment with rFVIIa shown in
this study was further outlined by Santagostino and col-
leagues in a subsequent report that evaluated 53 bleeding
episodes in patients with high-titer FVII inhibitors [52]. In
fact, earlier treatment with rFVIIa (started within 6 hours
from the onset of bleeding) was associated with a better ther-
apeutic response and a smaller number of required doses.
Effective home treatment in which hemostasis was achieved
in most patients after 2 to 3 bolus injections was also reported
by other groups [53,54]. Overall, home treatment with rFVIIa
has been shown to be effective in 79% to 92% of mild/mod-
erate hemorrhages in hemophilic patients with inhibitors.

4.3. The Use of rFVIIa for Treatment of Severe
Bleeding

The evidence for the use of rFVIIa in the treatment of
severe bleeding is mainly drawn from prospective, uncon-
trolled compassionate-use studies of patients with hemo-
philia A or B with inhibitors [42].An article presented results
relating to serious bleeding episodes in 9 hemophilia A
patients with high-responding inhibitors who were treated
with rFVIIa under a compassionate-use program in Australia
between 1991 and 1994 [55]. Treatment with rFVIIa resulted
in successful outcomes in all 8 potentially life-threatening
retroperitoneal, intracranial, and gastrointestinal bleeds. A
second article presented results for patients who received
rFVIIa for limb-threatening joint or muscle bleeds as part of
the compassionate-use program [3]. Overall, rFVIIa was
effective or partially effective in controlling 97% (34/35) of
these bleeding episodes. It was effective in 82% (14/17)
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of muscle bleeds and 89% (16/18) of joint bleeds.Another article
reported on the use of rFVIIa as part of the compassionate-
use program to control severe abdominal bleeding in 4
patients with severe hemophilia A with inhibitors who had
previously been unresponsive to other therapies [56]. All of
these bleeding episodes were successfully controlled with
rFVIIa. Similar results were described in another report [57].
Other studies have found that rFVIIa is also effective as
treatment for central nervous system (CNS) hemorrhage in
hemophilic patients with inhibitors [58]. In fact, Rice et al,
presenting pooled data from 2 uncontrolled trials on the use
of rFVIIa for serious CNS bleeding, reported a mortality rate
of 3%, which compares favorably with an overall mortality
rate of 20% to 50% for CNS bleeds in hemophilic patients
with and without inhibitors [59].

4.4. Bolus versus Continuous Administration of rFVIIa

The dosing schedules of rFVIIa must take into account
this agent’s short half-life (approximately 2.9 hours), which
necessitates frequent bolus injections [5]. All published stud-
ies show that treatment with rFVIIa can be effective at doses
between 35 and 120 �g/kg [5]. Effective doses are independ-
ent of the inhibitor titer, with the standard recommended
dose being 90 �g/kg given as a bolus and repeated after 2
hours. When more than 2 doses are necessary to ensure and
maintain hemostasis in uncomplicated bleeding episodes, the
dose interval may be prolonged to every 4 hours for 1 to 2
days and then every 6 hours until discontinuation, depending
on the size and severity of the bleed. In surgical cases or cases
of complicated bleeding, rFVIIa must be administered every
2 hours for the first 24 hours, and then the interval is gradu-
ally lengthened (from 2 to 6 hours over the next 3 days),
depending on the type of surgery [5,11,60]. In most of the
surgical trials reported in the literature, rFVIIa was given in
association with antifibrinolytic therapy [61-63]. To optimize
doses, many groups have considered administering rFVIIa by
continuous infusion [64-75]. A commonly used continuous-
infusion regimen includes an initial bolus dose of 90 to 180
�g/kg followed by continuous rFVIIa administration at a
rate of 10 to 50 �g/kg per hour [54]. However, the results are
still controversial: a broad range of doses has been used, and
the efficacy percentages vary considerably in the different
studies (between 63% and 100%) [76]. Moreover, a clear cor-
relation between the doses used and hemostatic efficacy is
not always present [34,70,72]. Santagostino and colleagues
[75] reported on 25 patients with hemophilia and high-
responding inhibitors and 3 patients with nonhemophilic
FVIII inhibitors who collectively received 35 courses of
rFVIIa by continuous infusion for 10 spontaneous bleeding
episodes, 11 major surgical procedures, and 14 minor surgical
procedures. A satisfactory hemostatic response was achieved
in 30 (88%) of the 35 treatment courses. Disappointing
results were conversely obtained by Smith and colleagues
[72] for 8 patients with FVIII inhibitors who underwent elec-
tive surgery: effective hemostasis was achieved in only 1 of 2
minor procedures and 2 of 6 major operations. Studies are
currently evaluating the optimal dose for continuous infu-
sion. This route of rFVIIa administration may be beneficial
for prolonged treatment and for surgical procedures.

4.5. Standard versus High Dose of rFVIIa

Cooper et al [77] described the efficacy and the absence of
side effects of rFVIIa treatment (at a dosage of 160 to 180
�g/kg every 2 to 3 hours and of a single bolus dose of 320 �g/
kg) for a hemophilic child with inhibitors and severe articu-
lar bleeding refractory to the standard rFVIIa dosage. Since
this report, other studies have used an rFVIIa “megabolus”
for treating bleeding episodes in high-titer inhibitor patients
with hemophilia. O’Connell et al described the use of rFVIIa
at doses of 200 �g/kg to achieve perioperative hemostasis for
the resection of a massive pseudotumor in a patient with
high-titer inhibitor hemophilia A [78]. One recent study com-
pared a continuous-infusion protocol with the administration
of a single-bolus “megadose” of rFVIIa (300 �g/kg) [79] and
found that efficacy was higher, resolution of hemarthrosis
was quicker, and rFVIIa consumption was lower with the lat-
ter schedule. Data from the Hemophilia and Thrombosis
Research Society Registry documenting the results of
rFVIIa treatment for 555 bleeding episodes in 38 hemophilia
patients with inhibitors have recently been published [80].
The patients were divided into 4 groups, depending on the
rFVIIa dose range (<100 �g/kg, 100-150 �g/kg, 150-200 �g/
kg, and >200 �g/kg). A complete response (cessation of
bleeding) was observed in 97% of the bleeding episodes in
the highest-dose group (>200 �g/kg), compared with 84% in
the 3 lower-dose groups. Treatment with a single megabolus
of rFVIIa may be particularly suitable for the home treat-
ment of hemophilia patients with inhibitors. In fact, although
home treatment with repeated boluses of rFVIIa enables
faster intervention, it does require adequate compliance
from the patient, who must administer the infusions at short
intervals and have suitable venous access. These factors can
considerably limit the correct use of this therapy, particularly
in pediatric patients [81,82]. An ongoing Italian trial
(NODOP, or NovoSeven Dose Optimization Study) involv-
ing the Italian Association of Hemophilia Centers aims to
optimize the home treatment of mild/moderate hemorrhages
in hemophilia patients with inhibitors. The results of this
study, which compares a single rFVIIa megabolus dose of 270
�g/kg with the standard regimen of repeated doses of 90 �g/
kg, will contribute to improving the home clinical manage-
ment of hemophilic patients with inhibitors, particularly
pediatric patients who usually require higher doses of rFVIIa
because of the higher clearance and shorter half-life of the
drug in this age group [60,83].

5. Use of rFVIIa in Acquired Hemophilia

After the first successful experiences with rFVIIa in the
treatment of hemophilic alloantibody inhibitors, some cen-
ters experimented with this drug in the treatment of sporadic
cases of acquired hemophilia and obtained positive results
[84-90]. In a multicenter retrospective study, Hay and col-
leagues [91] described the results of rFVIIa treatment of
hemorrhages in 38 patients with acquired hemophilia. A
good response was noted in all 14 bleeds in which rFVIIa
was used as first-line therapy. In the 60 bleeding episodes for
which rFVIIa was administered as salvage therapy, the
response was good in 75% of the cases, partial in 17%, and
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poor in 8%.The conclusion of the analysis was that rFVIIa is
a safe, useful, and effective treatment for bleeding in patients
with acquired hemophilia. Recently, Baudo and colleagues
[92] reported the data collected from the Italian Registry of
Acquired Hemophilia. Bleeding was controlled in 90% of
the 20 cases in which rFVIIa was used (as first-line therapy
in 19 cases and as salvage treatment in 1 case), thus suggest-
ing the drug’s efficacy for this clinical condition. More
recently, Watts described the case of a patient with hemo-
philia A and a high-titer inhibitor who underwent an emer-
gency fasciotomy. The initial treatment with FVIII
inhibitor–bypassing activity was unsuccessful in controlling
bleeding, whereas hemostasis was successfully obtained with
rFVIIa treatment [93].

6. Use of rFVIIa in Congenital FVII Deficiency

FVII deficiency is a rare coagulation disorder that is char-
acterized by spontaneous bleeding episodes in severely
affected patients and bleeding after surgical procedures or
trauma in mildly affected ones [94]. Historically, these patients
were treated with fresh frozen plasma (FFP) or prothrombin
complex concentrates [94]. The development of plasma-
derived FVII concentrates represented a substantial improve-
ment in the management of FVII-deficient patients [95,96].
The recent evidence [97-100] on the efficacy of rFVIIa (Novo-
Seven) in the treatment of bleeding episodes in patients with
congenital FVII deficiency has allowed the drug’s registration
in Europe for the treatment of this rare coagulation defect.
Mariani and colleagues [98] reported the results of a random-
ized study of 17 FVII-deficient patients who were treated with
rFVIIa for 27 spontaneous bleeding episodes, 7 major surgical
operations, and 13 minor interventions. These investigators
found that a mean rFVIIa dose of 22 to 26 �g/kg was sufficient
in all patients for effective hemostasis under these situations.
Thus, according to this and other similar evidence [46,101], the
most effective dose for rFVIIa-replacement therapy in con-
genital FVII deficiency can be considered 20 to 25 �g/kg.
Finally, the successful prophylactic treatment of severely
FVII-deficient patients with rFVIIa given 2 to 3 times per
week has recently been described [102,103].A possible expla-
nation for this phenomenon, apparently paradoxical given the
short half-life of rFVIIa, is that the postinfusion levels of FVII
are able to generate the necessary thrombin burst required to
maintain hemostasis in these patients [102].

7. Use of rFVIIa in Platelet Disorders

The hemostatic effect of pharmacologic doses of rFVIIa
seems to be to enhance the rate of thrombin generation on
thrombin-activated platelet surfaces, thus providing the
thrombin necessary for the formation of a stable fibrin
hemostatic plug [6,23]. On the basis of this information,
rFVIIa has been employed to treat disorders characterized
by impaired thrombin generation, such as quantitative and
qualitative platelet defects [104-118]. Kristensen and col-
leagues [106] studied 74 patients with moderate to severe
thrombocytopenia due to impaired platelet production or
immune destruction to evaluate the effect of rFVIIa admin-
istration. rFVIIa given at a dose of 50 or 100 �g/kg shortened

the Ivy bleeding time in approximately 50% of the patients,
and all 8 patients with overt bleeding had a clinical benefit
from rFVIIa administration. No further results of clinical tri-
als have been published since then, and only case reports
have appeared in the literature [107,108,119]. rFVIIa had
also been used successfully in oncohematologic patients who
experienced thrombocytopenia following chemotherapy
with or without stem cell transplantation and who had severe
bleeding refractory to standard hematologic or hemostatic
support. Blatt and colleagues [120] used rFVIIa (boluses of
90-270 �g/kg with subsequent doses of 90 �g/kg every 4-24
hours for 3-14 days) for the treatment of severe hemorrhage
in 3 transplantation patients, 2 of whom had transient clinical
responses. De Fabritiis and colleagues [121] reported on the
use of rFVIIa for the treatment of severe bleeding episodes
in 7 patients with hematologic malignancies and thrombocy-
topenia following chemotherapy and documented 2 com-
plete responses, 3 partial responses, and 2 treatment failures.
Hicks and coworkers [122] documented the efficacy of
rFVIIa for the treatment of diffuse alveolar hemorrhage fol-
lowing bone marrow transplantation.

As regards inherited thrombocytopenia, rFVIIa was
reported to enhance local fibrin deposition and to partially
restore platelet aggregates in Glanzmann thrombasthenia
(GT) and Bernard-Soulier syndrome (BSS), conditions
characterized by impaired thrombin generation [105].
These data supported the use of rFVIIa as a potential
hemostatic agent for such conditions. Since the first report
in 1996 of a child with GT and severe epistaxis, rFVIIa has
been successfully used for the treatment and prophylaxis of
bleeding in such patients with and without antibodies to
glycoprotein IIb-IIIa [109-116]. Poon and colleagues [110]
successfully treated 24 bleeding episodes and prevented
bleeding during surgery in 4 children with GT by adminis-
tering 89 to 116 �g/kg of rFVIIa every 2 hours in associa-
tion with antifibrinolytic drugs. In contrast to these reports
of success, Almeida and colleagues [117] found that rFVIIa
was less satisfactory in the management of 28 acute bleeds
and 5 surgical interventions in 7 children with inherited
platelet function disorders (5 GT cases, 1 BSS case, and 1
case of storage pool disease). Most children received 3 rFVIIa
doses of 100 �g/kg at 90-minute intervals and tranexamic
acid. Although the patients with BSS and storage pool dis-
ease responded well to rFVIIa therapy, the children with
GT had variable results, with an excellent or good response
obtained during surgery or when the severity of bleeding
was mild and a poor or ineffective response obtained in
severe bleeding episodes. An international registry has
been established to obtain more data on the safety, efficacy,
optimal dose, and interval of rFVIIa administration in
inherited platelet disorders. Data collection is continuing,
and updates are published periodically [112,123]. The last
update [124] was an analysis of rFVIIa use of during 34
surgical/invasive procedures and 108 bleeding episodes in
59 GT patients. On the basis of the results (rFVIIa was
found to be effective in 93% [29/31] of evaluable proce-
dures and in 75% [77/103] of evaluable bleeding episodes),
the authors concluded that rFVIIa seems to be a valid
alternative to platelet transfusion in GT patients, especially
in those with platelet refractoriness. Peters and colleagues
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[125] reported on a 5-year-old boy with BSS and severe
epistaxis who was unresponsive to standard therapy and
who was successfully treated with rFVIIa. Finally, a patient
with pseudo–von Willebrand disease was reported to have
been treated effectively with rFVIIa [126].

8. Use of rFVIIa in Liver Disorders

Bleeding complications are a common cause of morbid-
ity and mortality in patients with liver disease. Bleeding
sources include gastrointestinal, variceal, and intracerebral
vessels. The coagulopathy of liver disease is multifactorial.
Decreased synthesis of vitamin K–dependent coagulation
factors (particularly FVII, protein C, and protein S),
increased fibrinolysis, and thrombocytopenia may all play a
role [127]. Traditional therapies include vitamin K, FFP,
desmopressin, and platelets [127,128]. Limited data are
available in the literature as regards the hemostatic effect
of rFVIIa for the treatment of bleeding in patients with
liver disease [8]. Moreover, a wide range of dosages
(between 5 and 120 �g/kg) has been applied in the differ-
ent studies, thus making any comparison of results difficult
[128]. A preliminary trial conducted by Bernstein and col-
leagues in 1997 [129] found that rFVIIa transiently cor-
rected prolonged prothrombin time in a group of non-
bleeding cirrhotic patients. A randomized double-blind
multicenter trial investigated 71 patients with advanced
liver disease who underwent laparoscopic liver biopsy
under the cover of rFVIIa treatment. These patients were
randomly assigned to receive one of 4 doses of rFVIIa (5,
20, 80, or 120 �g/kg); 48 (74%) of 65 patients achieved
hemostasis within 10 minutes [130]. The authors concluded
that this procedure, otherwise contraindicated because of
the coagulopathy, could be performed safely in such
patients, thanks to the use of rFVIIa. The European Study
Group on rFVIIa in Upper Gastrointestinal Haemorrhage
recently published the results of a randomized double-
blind trial on the use of rFVIIa in 245 cirrhotic patients
with upper gastrointestinal bleeding who were randomly
assigned to receive 8 rFVIIa doses of 100 �g/kg or placebo
in addition to standard pharmacologic and endoscopic
treatment [131]. Although there was no significant differ-
ence between the 2 groups for the primary composite end
point (failure to control bleeding, failure to prevent
rebleeding, and death), there was a significant reduction in
the composite end point among the patients with variceal
bleeding and more severe liver disease who received
rFVIIa. Other studies have examined the use of rFVIIa in
patients with cirrhosis and active variceal bleeding [132-
134]. Two single-center open-label studies involving small
numbers of patients have reported that rFVIIa is effective
in controlling variceal bleeding when used as an adjunct to
standard treatment [132,133]. In contrast, in a retrospective
analysis of the NovoSeven extended-use registry, O’Con-
nell and colleagues [134] found that 6 of the 8 patients who
did not respond to rFVIIa had liver disease (3 acute bleeds
and 3 liver transplants) with a complex coagulopathy.
rFVIIa was also shown to be more effective than conven-
tional therapy with plasma for treating coagulopathy in ful-
minant hepatic failure [135].

9. Use of rFVIIa in Trauma and Surgery

A number of hemostatic changes occur in patients sub-
jected to extensive surgery with substantial bleeding or in
patients with acute, severe trauma with profuse bleeding
requiring multiple transfusions. These hemostatic changes
result in defective thrombin generation [9,136]. In 1999,
Kenet and colleagues were the first to successfully use
rFVIIa infusions to manage acute, life-threatening traumatic
bleeding [137]. Since then, many reports have been published
on the use of rFVIIa in posttrauma [138-146], obstetric
[147,148], and surgical [149-159] patients. Martinowitz and
colleagues [138] reported on 7 massively bleeding, multi-
transfused, and coagulopathic trauma patients who were suc-
cessfully treated with a median of 2 rFVIIa doses ranging
from 40 to 120 �g/kg. In a recent report by the Israeli Multi-
disciplinary rFVIIa Task Force of a prospective analysis of
rFVIIa use in 36 multitrauma patients, a group of investiga-
tors with the same lead author observed a positive effect
(cessation of bleeding) in 72% (26/36) of patients and a sur-
vival rate of 61% (22/36) [160]. Recently, Mayo and col-
leagues [139] observed a reduction of blood transfusion
requirements after the use of rFVII (2 doses of 90-120 �g/kg)
in 13 patients with acute, uncontrolled life-threatening bleed-
ing. Geeraedts and colleagues published a retrospective
analysis of 8 blunt-trauma patients treated with rFVIIa for
uncontrolled bleeding. In all cases, the treatment reduced or
stopped bleeding, thus significantly decreasing the require-
ment for blood components [161].A large placebo-controlled
trial of rFVIIa (400 �g/kg in 3 doses) in 301 patients with
severe blunt and/or penetrating trauma and aiming to
achieve a reduction in transfusion requirements has recently
been completed. A preliminary report regarding this study
showed a significant reduction in red cell transfusions in
patients with blunt trauma and a trend toward a reduced
incidence of multiple organ failure and acute respiratory dis-
tress syndrome in the patients who received rFVIIa. The
mortality rate in the blunt-trauma patients who received
rFVIIa was 25%, compared with 30% in the placebo group
(not statistically significant) [145]. Similar results have been
observed in a recent randomized double-blind multicenter
Novo Nordisk–sponsored trial (study 2159) involving 277
patients with blunt or penetrating trauma who received the
same dose of rFVIIa (400 �g/kg in 3 doses) [162]. In blunt-
trauma cases, rFVIIa significantly reduced the number of red
blood cell, FFP, and platelet transfusions and the require-
ment for massive transfusions (>20 red blood cell units). A
significant decrease in the incidence of acute respiratory dis-
tress syndrome and multiple organ failure was also observed.
Similar trends with respect to transfusion end points,
although not statistically significant, were found for pene-
trating trauma.The use of rFVIIa for blunt trauma is actually
under registration by the European Medicines Agency.
rFVIIa was also used as a “last chance” in a case of pul-
monary hemorrhage after major trauma associated with
coagulopathy, heavy transfusion requirements, and multiple
organ failure [142]. The bleeding stopped with resolution of
the hemothorax after 2 rFVII doses of 60 �g/kg. A prospec-
tive randomized double-blind trial of rFVIIa (a single dose
of 20 �g/kg or 40 �g/kg) versus placebo in 36 patients who
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underwent radical retropubic prostatectomy found that the
patients who received rFVIIa had significantly and dose-
dependently less total perioperative blood loss than the
placebo recipients [155]. Similar conclusions were drawn by
Lodge and colleagues [158] in a double-blind, placebo-
controlled multicenter study evaluating the hemostatic effi-
cacy and safety of rFVIIa in 204 patients who underwent
partial hepatectomy for neoplasia. The patients were ran-
domly assigned to receive a preoperative injection of either
placebo or rFVIIa (20 �g/kg or 80 �g/kg) followed by a sec-
ond dose 5 hours after surgery began if the anticipated sur-
gery time exceeded 6 hours. Park and colleagues reported
on 9 patients with coagulopathy who required urgent neuro-
surgery. These patients were treated preoperatively with
rFVIIa (40-90 �g/kg) and had no bleeding or thromboem-
bolic complications [159]. A number of studies have investi-
gated the role of rFVIIa in cardiac surgery, which is often
associated with profuse hemorrhage [150-154].Aggarwal and
coworkers [144] reported on a series of 8 surgical patients
with intractable bleeding, 6 of whom underwent cardio-
pulmonary bypass. Bleeding stopped after the administration
of 90 �g/kg of rFVIIa in all but one patient, who required a
further bolus. Al Douri and colleagues [150] and Hendricks
and colleagues [151] reported that a single rFVIIa dose was
an effective treatment for severe intractable bleeding in
patients undergoing heart surgery. In a recent study, Karkouti
and colleagues compared the outcomes of 51 cardiac surgery
patients who received rFVIIa for intractable blood loss with
the outcomes of 51 matched control patients and found that
rFVIIa at a dose of 35 to 70 �g/kg was effective in reducing
intractable hemorrhage after cardiac surgery [152]. Similar
positive results were observed by Razon and coworkers [163]
and Halkos and colleagues [164] for small series of pediatric
and adult patients treated with rFVIIa for excessive blood
loss after cardiovascular surgery. Other reports [153,154]
have described the efficacy of rFVIIa in controlling severe
bleeding following implantation of mechanical cardiac-assist
devices. However, the safety of rFVIIa in cardiac surgery
patients was questioned by Dietrich and Spannagl, who
claimed that because of the hypercoagulable state following
systemic TF activation during cardiac procedures, rFVIIa
treatment could be dangerous in such patients [165].Another
situation in which excessive bleeding can occur is during
orthotopic liver transplantation.There are reports that rFVIIa
treatment is safe and reduces transfusion requirements when
administered immediately before the start of transplantation
in patients with severe coagulopathy [166-168]. Kalicinski
and colleagues [166] reported on 2 pediatric patients who
underwent urgent liver transplantation for fulminant liver
failure. Conventional therapy with plasma and cryoprecipi-
tate had failed, but the children were successfully treated
with 100 �g/kg of rFVIIa prior to transplantation (one child
received an additional intraoperative dose). In another small
series, Hendriks and colleagues [167] reported on 6 adult
patients who underwent liver transplantation for cirrhosis
and received a single rFVIIa dose of 80 �g/kg prior to skin
incision.The authors noted that these patients required signi-
ficantly fewer red cell and FFP transfusions than the controls.
However, 1 patient developed a postoperative hepatic artery
thrombosis. These results were contrasted with those of a

recent randomized multicenter study conducted by Planinsic
and colleagues [169], who reported no difference in peri-
operative red cell or FFP transfusions in 83 patients who
underwent orthotopic liver transplantation and received
placebo or a single prophylactic rFVIIa dose of 20 to
80 �g/kg. In summary, the experience with rFVIIa use in
trauma with excessive bleeding as well as in postoperative
profuse bleeding seems to indicate that 1 or 2 rFVIIa doses
of 20 to 120 �g/kg can have a hemostatic effect [146].

10. Use of rFVIIa for Reversal of Anticoagulant
Therapy

rFVIIa has also been employed in the reversal of warfarin
therapy in cases in which the administration of vitamin K
alone was found to be insufficient [160-176]. Warfarin is a
Coumadin anticoagulant used to treat or prevent primary and
secondary venous and arterial thromboembolism. Through
vitamin K antagonism, it induces low levels of vitamin
K–dependent coagulation factors, in particular FVII, which
has been shown to be the earliest and the most sensitive of the
coagulation factors to be affected by oral anticoagulant ther-
apy [8]. Spontaneous hemorrhages occur in approximately
10% to 20% of individuals receiving oral anticoagulant ther-
apy [6]. The use of rFVIIa in the reversal of warfarin therapy
was first described by Diness and colleagues in 1990 in an ani-
mal model [170]. In 1998, a study of 28 healthy volunteers who
received warfarin to produce an international normalized
ratio (INR) >2 demonstrated that doses from 5 to 320 �g/kg
normalized the INR for periods ranging from 12 to 24 hours
[171]. A spontaneous nosebleed in a patient on warfarin with
an INR of 2.9 reportedly was treated successfully with 2
rFVIIa doses of 80 �g/kg [172]. In 2 uncontrolled case series,
one of 13 patients with an elevated INR with or without
bleeding [173] and the other of 6 patients with CNS bleeding
during warfarin prophylaxis [174], rFVIIa treatment (dose
range, 10-40 �g/kg and 15-90 �g/kg, respectively) rapidly cor-
rected the INR in all cases. In conclusion, rFVIIa at doses
between 15 and 90 �g/kg has been shown to markedly
shorten prothrombin time and improve hemostasis in
patients with warfarin intoxication [12]. However, because
rFVIIa does not influence the other vitamin K–dependent
clotting factors (FII, FIX, and FX) [173], only a clinical assess-
ment can be considered as a reliable parameter to assess
rFVIIa efficacy. On the other hand, the efficacy of rFVIII in
such a situation further confirms the hypothesis that the
“thrombin burst” generated on activated platelet surfaces is
critical to the hemostatic success of this drug.

11. Use of rFVIIa in Other Conditions

There are reports on the use of rFVIIa for a great number
of severe bleeding conditions [177-193]. As regards inherited
bleeding disorders, Ciavarella and colleagues [177] reported
on 2 patients with type III von Willebrand disease and a von
Willebrand factor inhibitor who were successfully managed
with rFVIIa for dental procedures. Other case reports have
described the successful use of rFVIIa for preventing surgi-
cal bleeding in patients with severe FXI deficiency with or
without inhibitors [178-182]. A pilot study conducted by
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O’Connell and colleagues [182] on 14 patients with severe or
partial FXI defect who underwent surgical procedures
demonstrated that the association of tranexamic acid and
rFVIIa (given preoperatively at a dose of 90 �g/kg and then
every 2-4 hours for 2-13 doses, depending on the type of sur-
gery) is effective in preventing bleeding after surgical proce-
dures in such patients.

Recombinant FVIIa has been successfully used for the
management of severe hemorrhage in Jehovah’s Witnesses,
who refuse blood transfusions on religious grounds [183-
187]. Tanaka and coworkers [186] described the successful
use of 45 to 60 �g/kg of rFVIIa in 2 Jehovah’s Witnesses who
bled after cardiac surgery. Similarly, rFVIIa was effective in
avoiding blood transfusions after a life-threatening intestinal
hemorrhage in an elderly woman with ulcerative colitis and
B-cell chronic lymphocytic leukemia [187].

The documented efficacy of rFVIIa in the treatment of
CNS bleeding in hemophilia patients with inhibitors [59] led
to the extension of its use to nonhemophilic patients with
CNS bleeding. Tobias [188] reported the successful use of
rFVIIa, after antifibrinolytics and FFP had failed, in the
treatment of bleeding complications in 2 children who
underwent posterior spinal fusion. In a recent randomized,
double-blind, placebo-controlled dose-escalation trial [189],
48 patients with intracranial hemorrhage were treated with
placebo or rFVIIa (10, 20, 40, 80, 120, or 160 �g/kg).
Although no positive effect on hematoma volume was
observed with any rFVIIa dose, there was no biochemical or
clinical evidence of increased thromboembolic complica-
tions. In a more recent double-blind, placebo-controlled
multicenter trial involving 399 patients who had primary
intracerebral hemorrhage without coagulopathy and had
been assigned to receive one of 3 doses of rFVIIa (40, 80, or
160 �g/kg) or placebo, the group with the highest rFVIIa
dose had a significantly smaller increase in the hematoma
volume at 24 hours than the placebo group. Moreover, the
combined rFVIIa groups had a lower mortality rate at 3
months than the placebo group (18% versus 29%, P = .02).
However, these positive results were tempered by the fact
that the incidence of serious thromboembolic adverse events
was 3 times greater in the rFVIIa groups than in the placebo
group (7% versus 2%) [190].

Recombinant FVIIa has also been employed in preterm
neonates, a category of patients at particular risk for devel-
oping bleeding complications because their frequent low lev-
els of coagulation factor result in a prolonged INR [9].
Greisen and colleagues [191] estimated the effect of rFVIIa
on the INR in 16 preterm neonates and observed that the
reduction in the INR was dose dependent and significantly
better than that achieved with FFP.

Finally, other studies have documented the success of
rFVIIa in controlling bleeding in patients with extensive
burns [192] or uremia [193].

12. Safety of rFVIIa

Relatively few adverse events have been associated with
the use of rFVIIa in hemophilia and nonhemophilia settings
[6,60]. However, the primary concern regarding the safety of
rFVIIa is its potential to induce thrombotic events [194,195],

considering that the concentration of circulating rFVIIa is
approximately 1000 times greater than normal when admin-
istered at a pharmacologic dose [7,196]. Between 1996, the
year in which rFVIIa was licensed, and 2004, more than
750,000 rFVIIa doses of 90 �g/kg were administered to
patients with congenital or acquired FVIII or FIX inhibitors;
the reported rate of serious adverse events was less than 1%
[196]. A similar rate of serious side effects was observed in a
study by the Hemophilia Research Society of North America
of 1939 bleeding episodes in 298 patients treated with rFVIIa
[196]. Isolated thrombotic events (myocardial infarctions,
cerebrovascular accidents, venous thromboembolic events,
and cases of disseminated intravascular coagulation) have
been reported in such patients in the last few years [196-198].
However, most of the cases reported involved patients with
coexisting risk factors (previous cardiovascular disease,
advanced age) that may have contributed to the thrombotic
event. Recently,Abshire and Kenet revised the clinical expe-
rience with rFVIIa in acquired and congenital hemophilia
published between 1996 and 2003 and collected 25 throm-
botic episodes (7 of acute myocardial infarction, 7 of cere-
brovascular thrombosis, 4 of deep vein thrombosis, 1 of pul-
monary embolism, 1 of deep vein thrombosis and pulmonary
embolism, and 5 of disseminated intravascular coagulation).
Most (80%) of these episodes, however, occurred in patients
with an additional thrombotic risk factor (ie, age >70 years,
concomitant therapy with activated prothrombin complex
concentrates and/or antifibrinolytic agents) [60]. Aledort, in
reporting data extracted from the MedWatch pharmacovigi-
lance program of the US Food and Drug Administration and
supplemented with published case reports, described an inci-
dence rate for thrombotic events of 24.6 per 105 rFVIIa infu-
sions and reported a higher frequency of cerebrovascular
thrombosis than of myocardial infarction and disseminated
intravascular coagulation (6.24 versus 1.99 and 0.95 per 105

infusions, respectively) [195]. Thrombotic complications fol-
lowing rFVIIa administration have also been described
rarely in nonhemophilic patients. Bui and colleagues [199]
described a death attributed to thrombosis in a lung trans-
plant recipient with postoperative massive bleeding who had
received rFVIIa and activated prothrombin complex con-
centrate. In describing a clinical trial involving patients with
FXI deficiency who underwent surgery under the cover of
rFVIIa treatment (90 �g/kg before and after operation),
O’Connell [200] reported an acute cerebral vascular accident
in an elderly patient with a previous history of acute myocar-
dial infarction. One of the 10 patients enrolled in a trial to
prevent rebleeding after subarachnoid hemorrhage experi-
enced cerebral artery thrombosis after receiving rFVIIa
[201]. d’Oiron and colleagues [202] reported on a patient
with GT who developed a thromboembolic complication
that was attributed to the high continuous rate of rFVIIa
infusion and the prolonged treatment period. Finally, Laffan
and colleagues [203] reported 3 cases of thrombosis after
rFVIIa treatment among 40 patients at high risk of throm-
bosis and thus concluded that this drug is safe and effective
in patients without a preexisting coagulopathy. However,
there are no reports of thrombotic complications involving
high-dose rFVIIa regimens [196]. Together, the available
data reported in the literature indicate that rFVIIa is a safe
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way of inducing hemostasis in patients with defective throm-
bin generation and that the risk of thromboembolic compli-
cations due to rFVIIa is low.

13. Conclusions

From the analysis of the data in the literature, it appears
clear that rFVIIa is a well-established, safe, and effective
treatment for patients with FVIII or FIX inhibitors, congen-
ital FVII deficiency, and GT. In the last few years, the mech-
anism of action for rFVIIa has been clarified, and rFVIIa has
been successfully employed in a great number of critical
bleeding situations characterized by impaired thrombin gen-
eration. However, only a few randomized double-blind,
placebo-controlled trials have been conducted so far, and
most of the published studies are reports on single cases or
small series. Larger randomized controlled trials are needed
to assess the efficacy, safety, and dosage of rFVIIa in these
newer “off-label” clinical applications.
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