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CABG = coronary artery bypass grafting; ICU = intensive care unit; INR = international normalized ratio; MOF = multiple organ failure; RBC = red
blood cell; rFVIIa = recombinant activated factor VII.
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Abstract
In this article we describe the current use of recombinant activated
factor VII (rFVIIa; NovoSeven®) in trauma patients. Emphasis is
placed on current uses as defined by key studies, efficacy data,
and safety data. Most published studies in trauma patients are
retrospective case studies and reports, although an international,
double-blind, randomized, controlled, phase II study has been
conducted that reported on the efficacy of rFVIIa in reducing the
amount of blood products transfused in blunt trauma patients. That
study demonstrated the efficacy and safety profile of this
hemostatic agent as compared with placebo as adjunctive therapy
in the management of severe bleeding associated with trauma.
Further prospective, randomized, and placebo-controlled clinical
trials will yield more information on the role of rFVIIa in the
management of traumatic bleeding.

Introduction
Trauma mortality has been described to have a trimodal or
bimodal distribution [1-4]. Of trauma deaths 50% occur at
the scene of injury because of massive head injury or
exsanguination [3,4]. There is then a second peak, which
represents 30% of the deaths that occur early, half of which
are due to uncontrollable hemorrhage [3,4]. A third phase of
later deaths, related to multiple organ failure (MOF)
associated with prolonged shock, massive transfusion, and
infection [5,6], is also seen, although improvements in trauma
care have seen figures fall. Life-threatening traumatic
hemorrhage that occurs is often due to surgical and
coagulopathic bleeding. Successful surgical control of
bleeding has been assisted by the evolution and refinement
of angioembolization [5,6]. The coagulopathy of trauma has
remained problematic and its etiology is multifactorial,
involving hypothermia, acidosis, consumption of clotting
factors, and dilution [7,8]. If a patient develops the lethal triad

of hypothermia, acidosis, and coagulopathy, then surgical
control is less likely to be effective alone [9]. Coagulopathy in
trauma may also be due to traumatic brain injury, fat embolus
syndrome, or pre-existing comorbidities requiring oral anti-
coagulation. Attempts to minimize transfusion of blood and
blood products have led clinicians to look at alternate means
of restoring hemostasis [10].

Use of recombinant activated factor VII in trauma
Recombinant activated factor VII (rFVIIa; NovoSeven®; Novo
Nordisk A/S, Bagsværd, Denmark) has been used to control
life-threatening traumatic bleeding that has been uncorrected
by other means. rFVIIa acts to amplify coagulation at the local
site of injury where tissue factor and phospholipids are
exposed, accelerating the tissue factor-dependent pathway
and generating a thrombin burst along with platelet surface
interactions [11,12]. The first published account of the use of
rFVIIa in trauma was a case report from Kenet and coworkers
[13] published in 1999, documenting the first successful use
of rVIIa in a soldier with traumatic coagulopathy following a
high velocity gunshot wound to the inferior vena cava. The
first case report in the USA was that by O’Neill and
coworkers [14] published in 2002, which described the use
of rFVIIa in a patient sustaining multiple stab wounds who
was transfused with more than 100 units of blood before
receiving a single dose of rFVIIa. This patient’s coagulopathy
did resolve, but she later succumbed to sepsis.

In 2001 Martinowitz and coworkers [15] reported on the use
of rFVIIa in experimental grade V liver trauma in coagulopathic
swine. In this experimental model, in which liver packing was
combined with rFVIIa treatment, post-treatment blood loss
was significantly less and the prothrombin time decreased
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Dutton and colleagues [18] used rFVIIa in nine patients with
severe traumatic hemorrhage and coagulopathy from use of
warfarin. Five of the nine patients died, four from their
traumatic brain injury and one from MOF. In 2002, a report of
13 patients with an elevated international normalized ratio
(INR) secondary to warfarin use underwent treatment with
rFVIIa either for a critically prolonged INR of 10 or greater or
bleeding complications [28]. All patients were noted to
exhibit correction of coagulation parameters, and bleeding
complications were treated. A review of the use of rFVIIa to
reverse anticoagulant therapy was recently published [29];
however, data on the timing of treatment and standardized
dosing are lacking.

There have also been reports of patients receiving rFVIIa for
treatment of traumatic brain injury without prehospital use of
warfarin. Again, a clinical improvement in hemorrhage was
seen by Dutton and colleagues [18] in all 20 patients, but
there was a 75% mortality in this group, most likely
attributable to their brain injury. Similarly, another case series
of nine patients undergoing neurosurgical intervention, two
with coagulopathy and traumatic brain injury, three on
warfarin for atrial fibrillation and four with end-stage liver
disease, was reported in 2003 [30]. That study demonstrated
a clinical improvement in coagulation parameters with early
rFVIIa use before neurosurgical intervention [30]. There were
no procedural or operative complications, and no post-
operative hemorrhagic complications were reported.

Therapy with rFVIIa has also been used for septic
coagulopathy associated with MOF [18]. All patients clinically
stopped bleeding; however, the average prothrombin time
was only 14 s before treatment with rFVIIa. Three out of the
four patients survived. Similar findings were reported by
Holcomb and coworkers [31] in a case report of a patient
with septicemia.

Dose
Because of the off-label use of rFVIIa in trauma, the
appropriate dosing and repeat dosing is currently unknown.
The dosage of rFVIIa in the trauma literature varies from 40 to
212 µg/kg (Table 1) [12-14,17-22,32]. The double-blind
study in patients with blunt and penetrating trauma used an
initial dose of 200 µg/kg, followed by an additional 100 µg/kg
if bleeding persisted and a further 100 µg/kg if required, but
there is currently no label for rFVIIa in trauma [23,25]. The
recommended dose in hemophilia is 90 µg/kg. When it is
administered to a trauma patient, nonsurgical bleeding
treated with rFVIIa appears to be controlled relatively quickly
(within 10–15 min) or stops at once, but if bleeding is noted
to resume then additional doses have been given. The serum
half-life of rFVIIa is 2.7 hours. The more common dosing for
acute traumatic hemorrhage is 50–100 µg/kg. More recently
doses as low as 10 µg/kg have been described [28]. Most of
the lower doses have been used for reversal of anti-
coagulation and intracranial bleeds [28,33].

Currently, there are too few data to speculate on a minimum
effective dose in trauma, particularly given all the potential
variables and confounders in this mixed patient group.
Perhaps the greatest reported drawback of treatment with
rFVIIa is the cost. An average dose of 4.8 mg (50 µg/kg in a
70 kg adult) costs US$3000–4000. Most agree that there is
a financial burden of cost for rFVIIa in a trauma population,
which is difficult to quantify secondary to its immeasurable
benefit in terms of patient survival.

Laboratory monitoring
Coagulation parameters have not been well studied with use
of rFVIIa. At the University of Maryland, the typical prothrombin
time decreased from 17.5 to 9.3 s and the INR dropped from
2.2 to 0.58 [18]. Thromboelastogram recordings before and
after rFVIIa use have been utilized to determine the quality of
the clot formed. Thromboelastogram demonstrated an
improvement in the time to onset of clotting, the rate of clot
formation, the maximum amplitude, the time to reach stable
clot, and the rate of subsequent clot lysis [18]. There are no
conclusive studies recommending the best therapeutic
monitoring modality for rFVIIa, so should the need for repeated
dosing be based on clinical response? Platelets are required
for the formation of a stable clot and appear to be a necessary
component of rFVIIa-induced coagulation. Dutton and
coworkers observed several patients with platelet counts
below 50,000 cells/l who did not clinically form clot after
rFVIIa administration until they received a platelet transfusion.
The authors recommended that the platelet count at the time
of FVIIa administration be verified, and that platelets be given
concurrently if the count is under 50,000 cell/l [18].

In their case series Martinowitz and coworkers [12] reported
that the median fibrinogen level in patients before rFVIIa admini-
stration was 150 mg/dl (25–75 quartile range: 110–195 mg/dl),
whereas the normal range is 200–400 mg/dl. Despite the
lowered fibrinogen levels, adequate hemostasis was achieved
in these patients.

Safety
Because of a current lack of level I evidence, potential risks,
benefits, and costs should be considered before rFVIIa is
used. During the period 1996–2000 more than 140,000
doses of rFVIIa were administered for hemophilia, with a
complication rate of less than 0.02% [34]. An adverse effect
is the potential for thromboembolism, which has been
associated with advanced atherosclerotic disease, septi-
cemia, crush injury, and disseminated intravascular coagu-
lation. The two main safety concerns specifically in trauma
patients are an increased risk for deep vein thrombosis and
pulmonary embolism, and increased microvascular
coagulation and subsequent acute lung injury and MOF.

A recent study conducted by Roberts and coworkers [34]
suggested that inappropriate thrombosis occurring after
rFVIIa administration is unlikely to be due to the need for
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exposed tissue factor at the site of vascular injury as well as
activated platelets. Despite theoretic concerns, no increased
incidence of prothrombotic complications has been reported
[35]. In a recently published, matched, case–control
investigation into the use of rFVIIa to manage intractable
blood loss after cardiac surgery [36], 51 treated patients had
undergone a variety of procedures, including – either singly
or in combination – coronary artery bypass grafting (CABG)
surgery (n = 21), valve replacement and/or repair (n = 28),
ascending aorta or aortic arch replacement and/or repair
(n = 15), complex congenital abnormality repair (n = 8), heart
transplantation (n = 4), or insertion of a left ventricular assist
device (n = 1). In this series, the rFVIIa dosing was 4.8 mg
(approximately 70 µg/kg) intravenous bolus for patients with
severe, uncontrolled blood loss and 2.4 mg (approximately
35 µg/kg) intravenous bolus for patients with less severe,
controlled blood loss. In the 21 patients who underwent
CABG surgery, rFVIIa therapy was not associated with an
increased risk for myocardial infarction, end-organ failure, or
death, but it was associated with some measures of morbidity
(renal dysfunction and length of ICU and hospital stay). This
increased morbidity in patients undergoing CABG may be
due to the effects of rFVIIa therapy, the greater blood loss in
the rFVIIa-treated patients, or a combination of the two
factors.

The safety profile reported by Roberts and coworkers [34]
has not validated a substantial risk for diffuse thrombosis. In
the series reported by Martinez and coworkers [21] there
was one deep vein thrombosis. No thrombotic events were
reported by Eikelboom and coworkers [19]. One iliac artery
thrombosis in patients with aortoiliac disease was reported
by Sifri and coworkers [22]. In studies utilizing rFVIIa for a
variety of indications, the incidence of thrombotic
complications is slightly higher than when trauma patients
are studied alone, suggesting that despite the slightly higher
risk for a hypercoaguable state in trauma patients an
increased rate of thrombotic complications has not been
observed.

Conclusion
There remain numerous open questions about the use of
rFVIIa in the setting of trauma. What is the best timing for
administration? How many units of blood and/or blood
products should be transfused? What is the proper dose?
How many doses should be used? What are the indications
and contraindications of rFVIIa use? When is the use of
rFVIIa futile? Although rFVIIa has been shown to be a
valuable tool in the armamentarium of trauma resuscitation
with rescue from coagulopathic bleeding, reduction in
intracranial hemorrhage, and reversal of anticoagulants, more
prospective studies are needed to confirm that rFVIIa use is
safe. There is no doubt that a large prospective, placebo-
controlled trial will answer some as yet unanswered
questions in trauma patients as well as delineate the drug’s
anticipated efficacy.
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