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Abstract

Background Trauma is a leading cause of mortality and
morbidity, with traumatic brain injury (TBI) and uncontrolled
hemorrhage responsible for the majority of these deaths.
Recombinant activated factor Vlla (rFVlla) is being investigated
as an adjunctive hemostatic treatment for bleeding refractory to
conventional replacement therapy in trauma patients. TBI is a
common component of polytrauma injuries. However, the
combination of TBI with polytrauma injuries is associated with
specific risk factors and treatment modalities somewhat
different from those of polytrauma without TBI. Although rFVila
treatment may offer added potential benefit for patients with
combined TBI and polytrauma, its safety in this population has
not yet been assessed. We conducted a post hoc sub analysis
of patients with TBI and severe blunt polytrauma enrolled into a
prospective, international, double-blind, randomized, placebo-
controlled study.

Methods A post hoc analysis of study data was performed for
143 patients with severe blunt trauma enrolled in a prospective,
randomized, placebo-controlled study, evaluating the safety and
efficacy of intravenous rFVlla (200 + 100 + 100 pg/kg) or
placebo, to identify patients with a computed tomography (CT)
diagnosis of TBIl. The incidences of ventilator-free days,

intensive care unit-free days, and thromboembolic, serious, and
adverse events within the 30-day study period were assessed in
this cohort.

Results Thirty polytrauma patients (placebo, n=13; rFVlla, n =
17) were identified as having TBI on CT. No significant
differences in rates of mortality (placebo, n = 6, 46%, 90%
confidence interval (Cl): 22% to 71%:; rFVlla, n =5, 29%, 90%
Cl: 12% to 56%; P=0.19), in median numbers of intensive care
unit-free days (placebo = 0, rFVlla = 3; P = 0.26) or ventilator-
free days (placebo = 0, rFVIla = 10; P = 0.19), or in rates of
thromboembolic adverse events (placebo, 15%, 90% CI: 3% to
51%; rFVlla, 0%, 90% CI: 0% to 53%; P = 0.18) or serious
adverse events (placebo, 92%, 90% Cl: 68% to 98%; rFVlla,
829%, 90% CIl: 60% to 92%:; P=0.61) were observed between
treatment groups.

Conclusion The use of a total dose of 400 (200 + 100 + 100)
png/kg rFVlla in this group of hemodynamically unstable
polytrauma patients with TBI was not associated with an
increased risk of mortality or with thromboembolic or adverse
events.

AE = adverse event; AIS = Abbreviated Injury Score; ARDS = acute respiratory distress syndrome; Cl = confidence interval; CNS = central nervous
system; CT = computed tomography; FFP = fresh frozen plasma; GCS = Glasgow Coma Scale; ICH = intracerebral hemorrhage; ICP = intracranial
pressure; ICU = intensive care unit; MOF = multiorgan failure; RBC = red blood cell; rFVlla =recombinant activated factor VII; SAE = serious adverse

event; TBI = traumatic brain injury; TE = thromboembolic; TF = tissue factor.
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Introduction

Trauma is the leading cause of mortality and severe morbidity
among young adults (15 to 44 years of age), with traumatic
brain injury (TBI) and uncontrolled bleeding responsible for the
majority of these deaths [1-3]. Although some progress has
been made in managing traumatically induced surgical bleed-
ing, treatment of the multifactorial coagulopathic component
of traumatic hemorrhage remains a serious clinical challenge.
Hence, uncontrolled bleeding constitutes a leading cause of
in-hospital mortality despite adequate replacement therapy
with fresh frozen plasma (FFP), platelets, cryoprecipitate, and
fibrinogen [4-7]. Recombinant activated factor VIl (rFVlla) has
been reported as a possible adjunctive, 'off label' treatment for
coagulopathic bleeding that is refractory to conventional
replacement therapy in a growing number of case series and
reports, with several expert-opinion guidelines now published
[8-15].

The results of the first prospective, multicenter, randomized,
placebo-controlled studies of rFVlla in blunt and penetrating
trauma have been published recently [16]. The incidence of
adverse events (AEs), thromboembolic (TE) events, and seri-
ous adverse events (SAEs) was evenly distributed between
treatment groups, and no safety concerns for the use of rFVlla
in these patients were raised.

TBIl is a common component of the polytrauma injury complex,
especially among patients with blunt trauma [17]. Patients
sustaining combined TBI with polytrauma constitute a special
subpopulation. These patients typically have a poorer progno-
sis [17] and a higher risk for developing coagulopathy and TE
events and require different treatment considerations. For
instance, permissive hypotension is not recommended for TBI
[18].

Theoretically, rFVilla may be of particular added benefit for
patients with polytrauma and TBIl. As adequate cerebral per-
fusion pressure is an important goal of treatment to prevent
secondary brain insult [19,20], arresting bleeding and main-
taining hemodynamic stability are of even greater importance
in hemodynamically unstable patients with TBI. In addition,
rFVlla may prevent the expansion of traumatic intracerebral
hemorrhage (ICH) in a manner similar to that demonstrated by
the recently published controlled study of spontaneous ICH
patients [21] and as reported by a number of case series
[8,22,23].

Despite these potential advantages and the relative success
and safe profile of rFVlla described in several case series of
isolated TBI and other central nervous system (CNS) bleed-
ings [8,22-31], there is relatively little clinical experience and
therefore very limited safety evaluation of rFVlla use in patients
with combined TBI and polytrauma injuries [8]. In addition,
some safety concerns, specifically regarding TE events, have
arisen following the use of rFVIla in CNS bleeding [21,32,33].
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There are also some theoretical concerns of a possible exces-
sive activation of the clotting system with rFVlla in such inju-
ries, due to the release of tissue factor (TF) in the brain and the
prevalence of consumption coagulopathy or disseminated
intravascular coagulation in brain injuries [34,35].

To assess the safety of rFVlla in polytrauma with TBI, we have
analyzed the safety data for severely injured blunt-trauma
patients who were included in a prospective, international,
double-blind, randomized, placebo-controlled study of rFVlla
[16] and who were diagnosed by the investigators by com-
puted tomography (CT) to have had TBI.

Materials and methods

The methods of the placebo-controlled study have been
reported previously [16]. In brief, patients were evaluated for
inclusion in the trial on admission to the trauma center. Inclu-
sion criteria included receipt of 6 units of red blood cells
(RBCs) within a 4-hour period and known age of between 16
(or legally of age, according to local law) and 65 years. Main
exclusion criteria were cardiac arrest prehospital or in the
emergency or operating room prior to trial drug administration;
gunshot wound to the head; base deficit of greater than 15
mEq/I or severe acidosis with pH of less than 7.00; transfusion
of 8 or more units of RBCs prior to arrival at the trauma center;
injury sustained greater than or equal to 12 hours before ran-
domization; and severe TBI, defined as a Glasgow Coma
Scale (GCS) score of less than or equal to 8, unless in the
presence of a normal head CT scan. The protocol for the pla-
cebo-controlled study was approved by the ethics committee
of each participating institution, and the trial was conducted
according to Good Clinical Practice standards, with appropri-
ate informed consent, as described previously [16].

Eligible patients were randomly assigned to treatment groups
after receiving 6 units of RBCs within a 4-hour period. Treat-
ment arms were either three intravenous injections of rfFVlla
(200, 100, and 100 ng/kg; NovoSeven®; Novo Nordisk A/S,
Bagsveerd, Denmark) or three placebo injections. The first
dose of study drug was administered immediately after trans-
fusion of the eighth unit of RBCs given that the patient, in the
opinion of the attending physician, would require additional
transfusions. The second and third doses followed 1 and 3
hours after the first dose, respectively. Study drug was admin-
istered in addition to standard treatment for injuries and bleed-
ing at the participating hospitals.

Traumatic brain injury post hoc subanalysis

In accordance with protocol inclusion criteria, all patients were
hemodynamically unstable (6 units of RBCs within 4 hours of
admission and ongoing bleeding as determined by the investi-
gator). Treatment priorities in such hemodynamically unstable
patients preclude any clinical or ethical possibility of perform-
ing a prospective baseline head CT, which would be required



for an accurate diagnosis and severity assessment of the head
injury in the majority of these patients.

Therefore, to identify patients with a TBlI component of their
injury, we were obliged to perform a post hoc subanalysis. This
analysis was based on CT imaging findings, which were
obtained at the investigator's clinical judgment, after enroll-
ment, and only upon reaching clinical stabilization of the
patients.

The severity of TBI was prospectively assessed by both the
GCS and Abbreviated Injury Score (AlS). However, for the
purposes of identifying patients with TBI for this analysis, only
the AIS (as reported by investigators) was used for screening.
This is because the AIS is based on the objective anatomical
findings on CT imaging and also because the accuracy of the
GCS assessment is limited in ventilated or pharmacologically
paralyzed patients, such as those enrolled into this analysis.

All data for patients with AIS of any severity (1 to 6) in the ana-
tomical region of the head (region 1) were reviewed manually
by a physician who was blinded to the therapy arm. Patients
who met the criteria of descriptors of injury that fit accepted
definitions of TBI were included in this analysis. The inci-
dences of AEs, SAEs, TE events, ventilator-free days, and
intensive care unit (ICU)-free days were evaluated over the
study period of 30 days.

Statistical analyses

Data are expressed as mean * standard deviation, medians
[minimum-maximum], and percentages with their 90% confi-
dence interval (Cl). Comparison of two means was performed
using the Student t test, comparison of two medians using the
Wilcoxon test, and comparison of two proportions using the
Fisher exact test. All P values were two-tailed, and a P value of
less than 0.05 was considered significant.

Table 1
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Results

Of the 143 blunt polytrauma patients randomly assigned into
the prospective trial [16], a total of 30 (21%) patients were
identified as having a TBl component. The main TBI diagnoses
on CT were subarachnoid hemorrhage, occurring in 10 of 30
(83%) patients; intracerebral contusion or hematoma, occur-
ring in 10 of 30 (33%) patients; and other types of TBI (two
subdural hemorrhages, two depressed fractures, one diffuse
axonal injury, one ischemia, one edema, one intraventricular
hemorrhage, and two unspecified), occurring in the remaining
10 of 30 (33%) patients with TBI. Thirteen (43%) of the
patients with TBI were in the placebo group, and 17 (57%)
were in the rFVlla group. Despite the fact that enrollment was
based on the severity of bleeding caused by the systemic pol-
ytrauma rather than the TBI component of the injury, baseline
characteristics and severity of TBI were similar for patients in
the placebo and treatment groups (Table 1).

Safety assessment

Mortality

The results of the safety assessment are presented in Table 2.
A total of 11 of 30 (37%) patients died during the 30-day fol-
low-up: 6 of 13 (46%; 90% ClI, 22% to 719%) in the placebo
group and 5 of 17 (29%; 90% CI, 12% to 56%) in the rFVlla
group (P=10.19) (Table 2).

Early mortality (less than or equal to 48 hours) was encoun-
tered by 3 of 13 (23%; 90% CI, 7% to 56%) patients in the
placebo group: one death from cardiac contusion within 3
hours of hospital admission, one death from hypovolemic
shock within 5 hours of hospital admission, and one death
from TBI (right middle cerebral artery infarct) within 44 hours
after hospital admission.

Similarly, there were 2 of 17 (12%; 90% ClI, 2% to 43%) early
mortalities reported in the rFVlla group. Both of these deaths

Patient characteristics: baseline parameters

Placebo (n=13) rFVlla (n=17)
Female, number (percentage) 5 (38) 7 (41)
Age, years 32.6+16.8 33.5+13.7
Injury Severity Score 36.8+ 128 38.7 £ 13.7
Abbreviated Injury Score head (region 1) 3 [3-5] 3 [3-5]
Mean arterial pressure, mm Hg 76 £ 22 71+18 (n=16)

Body temperature, °C
pH

35.1+£1.3(n=8) 343+1.8(n=9)

7241012 (n=11) 7.22+£0.10 (h=15)

Baseline refers to predosing. All data are presented as number of patients (percentage) or mean (* standard deviation shown in most cases) or
median [minimum-maximum shown], and n is indicated in cases in which there are missing values. rFVlla, recombinant activated factor VII.
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Table 2

Comparison of safety parameters between placebo- and rFVIla-treated patients

Placebo rFVila P value
Number of patients 13 17
Adverse events 12 (92; 68-98) 15 (88; 67-96) 1
Patients 31 44
Events
Serious adverse events
Patients 12 (92; 68-98) 14 (82; 60-92) 0.61
Events 26 33
Thromboembolic serious adverse events2
Patients 2 (15; 3-51) 0 (0; 0-53) 0.18
Events 2 0
Mortality (total) 6 (46; 22-71) 5 (29; 12-56) 0.19
Early mortality (<48 hours) 3 (23; 7-56) 2 (12; 2-43) 0.63
Late mortality (>48 hours to 30 days) 3 (23; 7-56) 3 (18;5-47) 1
Multiorgan failure 2 (15; 3-51) 3 (18;5-47) 1
Acute respiratory distress syndrome 2 (15; 3-51) 2 (12; 2-43) 1
Intensive care unit-free daysP 0 [0-21] 3 [0-23] 0.26
Ventilator-free daysP 0 [0-25] 10 [0-24] 0.19

Data are presented as number of patients (percentage; 90% confidence interval) or median [minimum-maximum]. 2Both thromboembolic serious
adverse events were part of the entire cohort of 12 serious adverse events reported for the placebo group. PP values apply to the two-sided
Wilcoxon rank test. All other P values apply to the two-sided Fisher exact tests. rFVlla, recombinant activated factor VII.

occurred as a result of hypovolemic shock: one within 5 hours
of hospital admission and the other within 17 hours of hospi-
talization. Therefore, there was no difference in the rate of early
mortality between placebo- and rFVlla-treated patients (P =
0.63).

Late mortality (within 30 days) was encountered by 3 of 13
(23%; 90% Cl, 7% to 56%) patients in the placebo group:
one from brain death 3 days (54 hours) after hospital admis-
sion, one from multiorgan failure (MOF) 5 days (125 hours)
after hospital admission, and one from pulmonary embolism,
confirmed by postmortem, 5 days (114 hours) after
hospitalization.

In the rFVlla group, there were 3 of 17 (18%; 90% CI, 5% to
47%) late mortalities, one of which was from persistent ele-
vated intracranial pressure (ICP) despite two surgical interven-
tions and extensive medical and pharmacological treatment.
The patient died 8 days (188 hours) after admission. Another
death was caused by MOF, confirmed by postmortem, within
3 days (58 hours) of hospital admission. The third death was
caused by sepsis 11 days (270 hours) after hospitalization.
There was no difference in the rate of late deaths between pla-
cebo- and rFVlla-treated patients (P = 1.00).
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Serious adverse events and thromboembolic events

There were no significant differences in the incidence of
reported SAEs and TE events for the two groups. SAEs were
reported for 12 patients (92%) who had received placebo and
14 patients (82%) who had received rFVlla (P = 0.61) (Table
2). Of these SAEs, there were 2 of 13 (15%; 90% ClI, 3% to
51%) TE SAEs reported in the placebo group; one was a fatal
pulmonary embolism and the other a subclavian vein thrombo-
sis that was resolved with treatment. There were no TE AEs
(0%; 90% Cl, 0% to 53%) in the rFVlla group (P = 0.18).
There were no significant differences in the number of patients
who experienced MOF and acute respiratory distress syn-
drome (ARDS) or in the number of ICU-free days or ventilator-
free days (Table 2).

Discussion

Clinical use of recombinant activated factor Vila
General

rFVlla (NovoSeven®; Novo Nordisk A/S) is indicated for the
treatment of bleeding episodes and for the prevention of
bleeding during surgery or invasive procedures in patients with
congenital hemophilia A and B with inhibitors to coagulation
factors VIII (FVIII) or IX (FIX) or in those expected to have a high
anamnestic response to FVIIl or FIX, acquired hemophilia, con-



genital FVII deficiency, and in Europe for Glanzmann's throm-
basthenia refractory to platelet transfusions.

Since the first report of the successful use of rFVlla in an Israeli
patient with a penetrating gunshot wound to the vena cava in
1999 [36], there has been an increasing number of case
reports and series describing the 'off label' treatment of coag-
ulopathic bleeding in a wide array of clinical scenarios. These
publications have described hematological indications [37],
reversal of anticoagulation [38,39], as well as bleeds in criti-
cally ill patients, such as in civilian and military trauma [8-
10,40], cardiac surgery [41], postpartum hemorrhage [42,43],
and other clinical situations in which impaired hemostasis has
posed a serious, and often life-threatening, therapeutic chal-
lenge. A thorough review of these uses is beyond the scope of
this paper and can be found elsewhere [44,45].

Central nervous system bleeds

The clinical use of rFVIla in CNS bleeds has also been pub-
lished. Bleeding in these patients resulted from a variety of eti-
ologies, including TBI, spontaneous ICH, neurosurgery,
anticoagulation medications, and underlying hematological
disease [8,21-31,46].

Traumatic brain injury

Dutton and colleagues [8] described a series of 81 coagulo-
pathic trauma patients treated with rFVlla. Of these, 20
received rFVlla for treatment of coagulopathy related to TBI.
Six of these patients had additional polytrauma. The outcome
of these patients was poor and 15 of 20 patients died. The
authors attributed this high mortality rate to the severity of
brain injury. None of the 81 trauma patients in this series had
any clinical indication of TE events.

Zaaroor and Bar-Lavie [23] reported the first series of five
patients with TBI with a hemorrhagic component in whom
rFVlla treatment was reported to be effective in controlling the
evolution of intracerebral brain contusion and bleeding. Four
patients presented with a penetrating head injury, and one
with a blunt head injury. In all patients, hemorrhagic brain con-
tusion was encountered with the potential for expansion that
could have led to severe neurological deterioration as deemed
by the authors. Limited expansion was noted subsequent to
treatment with 90 to 100 pg/kg rFVlla, and no TE AEs were
attributed to administration of this agent.

Morenski and colleagues [24] described the use of 90 pg/kg
rFVlla in three pediatric TBI cases in which coagulopathy pre-
vented the insertion of an ICP monitor, which was deemed cru-
cial for guiding optimal treatment. The youngest patient was 5
weeks old. In all three patients, coagulopathy persisted
despite treatment with FFP. Administration of rFVlla corrected
the coagulopathy, allowing for the successful insertion of the
ICP monitor with no TE events observed.

Available online http://ccforum.com/content/11/4/R85

Safety of recombinant activated factor Vila

Overall, rFVlla is considered to have a favorable safety profile
in hemophilia and in critical bleedings across a broad array of
clinical scenarios [47-51]. However, because of its prohemo-
static activities, concerns persist over the risk for TE events
during its clinical use [52].

The previously mentioned randomized, controlled studies in
blunt and penetrating trauma [16], which forms the basis for
this analysis, have demonstrated no safety concerns when
using rFVlla in trauma patients. Thus, TE events occurred in
4% (6 of 138) of the placebo-treated patients as compared
with 4% (6 of 139) of the rFVlla-treated patients. The inci-
dence of fatal TE events was low and did not differ between
the treatments groups (1% in the placebo group versus 1% in
the rFVlla group) [16,49].

In a recent review based on 13 different controlled clinical tri-
als in which rFVlla has been studied in patients with coagulop-
athy secondary to the use of anticoagulant therapy, cirrhosis,
or severe trauma (including a detailed safety profile of the
study by Boffard and colleagues [16] described within this
paper), it was found that there was no significant difference
between placebo-treated and rFVlla-treated patients with
respect to TE AEs, either in the individual trials or when the
study populations were combined (5.3% (23 of 430) of pla-
cebo-treated patients and 6.0% (45 of 748) of rFVlla-treated
patients; (P = 0.57) [49].

This safety profile can probably be attributed to the localized
activation of coagulation at the site of injury [49-51]. At phar-
macological doses, rFVlla induces hemostasis by binding
either to TF or directly to activated platelets, which are the
physiological markers of tissue injury. This initiates a cascade
that results in a thrombin burst and the formation of a stable
fibrin plug [37,563].

Despite this encouraging safety profile, several publications
regarding the use of rFVlla in CNS bleeding have raised some
safety concerns:

In a recently published controlled study of rFVlla in spontane-
ous ICH [21], 399 patients received placebo or 40, 80, or 160
ng/kg rFVlla. A significant reduction in hematoma size, mortal-
ity, and morbidity was observed in the rFVlla-treated group. TE
AEs, mainly myocardial or cerebral infarction, occurred in 7%
of the rFVlla-treated patients compared with 2% in the pla-
cebo group (P=0.12). There were no arterial TE SAEs in the
placebo group; the overall frequency of such events was 5%
among the rFVlla-treated patients (P = 0.01 by Fisher exact
test). However, TE SAEs that were possibly or probably
related to treatment and that were fatal or disabling occurred
equally (2%) in the rFVlla-treated group and the placebo
group. An ongoing phase lll study is likely to provide a better
evaluation of safety in this patient population.
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Pickard and colleagues [33] conducted an open-label, dose-
escalation safety study of rFVlla in the prevention of re-bleed-
ing following aneurysmal subarachnoid hemorrhage. The trial
was designed to include 15 patients who would be treated
with either a single bolus of 80 pg/kg rFVlla or a bolus of 80
ng/kg followed by a continuous infusion at either 3.5 or 7 ng/
kg per hour compared with controls. The 10th consecutive
enrolled patient developed a middle cerebral artery branch
thrombosis contralateral to the aneurysm. This patient had
received the 80 pg/kg bolus of rFVlla followed by a continuous
infusion of 7 pg/kg per hour. He developed hemiparesis ipsi-
lateral to the aneurysm on day 4, approximately 2.5 hours after
the rFVlla treatment was stopped. The study was discontinued
as a result of this thrombotic event despite the higher inci-
dence of thrombotic events reported for the overall subarach-
noid hemorrhage population [55].

Siegel and colleagues [32] reported on a 19-year-old poly-
trauma patient suffering from an open shaft fracture of the
femur, pneumothorax, lung contusion, and a mild TBI (GCS =
15) with no intracranial pathology on initial CT. The patient
was treated with 60 pg/kg rFVlla to control bleeding from his
thigh 12 hours after orthopedic surgery for stabilizing his frac-
ture. The patient was on prolonged ventilation due to his lung
contusion. Upon the achievement of spontaneous ventilation,
there were changes in his level of consciousness. A CT per-
formed on day 5 revealed a small frontal contusion. On day 21,
after a complicated neurological work-up, the patient was
diagnosed with a cerebral sinus thrombosis, from which he
gradually recovered. The authors concluded that due to the
short half-life of rFVIla, a direct relationship between rFVlla and
the thrombus was unlikely, but they could not completely rule
out a possible correlation.

Thomas and colleagues [56] have retrospectively reviewed TE
events in 285 patients who received rFVlla for a variety of clin-
ical indications in their institution from 2001 to 2006. Most
patients were treated with rFVlla for acute hemorrhagic shock
(n=142;50%), TBI (n = 100; 33%), and reversal of warfarin
therapy (n = 7; 2%). Twenty-seven patients (9.4%) had TE
complications, and nine of these events (3.1%) were thought
by a panel of experts evaluating causality retrospectively to be
highly related to rFVlla. Eighteen of the TE events were attrib-
uted to a combination of rFVlla and a definable, high-energy
vascular injury. The authors noted that in addition to the sub-
jectivity of their assessment, the time gap (>24 hours)
between rFVIla administration and the majority of TE complica-
tions hindered their ability to ascertain a relationship with the
short-acting rFVlla, especially in the high-risk trauma popula-
tion and without the benefit of a control group to allow com-
parisons. They recommend earlier surveillance for TE
complications and the publication of 'off label' experience from
large trauma centers.
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Additional safety concerns were raised by O'Connell and col-
leagues [53], who recently reviewed 168 spontaneous reports
that were sent to the U.S. Food and Drug Administration con-
cerning TE events, of which 151 occurred in 'off label' clinical
use in adults and children. Although such events were rela-
tively uncommon, they often resulted in serious morbidity and
mortality. The analysis of the relationship between AEs and
rFVila was hindered by concomitant medications and pre-
existing medical conditions and was confounded by various
indications and the inherent limitations of passive surveillance.
They concluded that randomized, controlled trials are needed
to establish the safety and efficacy of rFVlla in patients without
hemophilia.

We report the first safety data collected in the setting of a ran-
domized, controlled study for patients sustaining TBI with pol-
ytrauma. Our results showed no significant differences in
mortality, TE AEs, SAEs or AEs, ARDS, MOF, ICU-free days,
or ventilator-free days between the rFVlla and placebo groups.
It is important to note that the safety profile demonstrated in
this subanalysis was achieved despite the administration of a
significantly higher rFVlla dose regime (200 + 100 + 100 pg/
kg) in comparison with all previously reported case series, in
which the dosage of rFVlla used in both trauma or CNS bleed-
ings ranged from 16 to 120 pg/kg.

Study limitations

Our study has some inherent limitations. Our findings are
based on a subgroup analysis with a sample size that was not
powered to exclude a safety signal between the two treatment
arms. Indeed, the randomized, controlled trauma study was
designed specifically to exclude severe TBI in order to avoid
adding heterogeneity to the already heterogeneous trauma
population. Nevertheless, it should be noted that the safety
profile for rFVIla in patients with TBI and polytrauma injuries is
similar in nature to that of the entire cohort of 277 polytrauma
patients, in whom no safety differences were found between
those treated with rFVlla and with placebo [16]. A larger phase
Il study in polytrauma which allows for the inclusion of a sub-
group of patients with TBI is ongoing and is likely to provide
additional safety data for the subgroup of patients with TBl and
polytrauma.

Another limitation of our analysis is the lack of any data con-
cerning the effect of rFVlla on the actual TBI. This inherent lim-
itation of our study stems from the hemodynamic instability of
these injuries. This predicament precludes any clinical or ethi-
cal possibility of obtaining baseline and periodically repeated
head CT imaging in a timely fashion, which would be required
to evaluate any significant clinical data on the course of the
head injury itself and on the potential safety and efficacy of
rFVlla in the treatment of this type of injury.

Although the present study adds to our ability to assess safety
with regard to rFVlla and TBI, more information is needed.



Data concerning the safety and possible efficacy of rFVlla in
patients with polytrauma and TBI will need to be deduced from
studies in hemodynamically stable patients with TBI. A dose-
escalation study aimed primarily at assessing the safety of
rFVlla in TBI has recently been completed, and data analysis is
ongoing.

Conclusion

The use of rFVlla in this subgroup of hemodynamically unsta-
ble patients suffering from blunt polytrauma with TBI injuries
was not associated with an increased risk of mortality, TE
events, or SAEs. Ongoing studies will provide additional data
to improve the safety assessment of rFVlla.

Key messages

* Traumatic brain injury (TBI) and uncontrolled hemor-
rhage are responsible for the majority of trauma deaths.

* Recombinant activated factor Vlla (rFVlla) is being
investigated as an adjunctive hemostatic treatment for
bleeding refractory to conventional therapy in trauma
patients.

* Although rFVlla treatment may offer added potential
benefit for patients with combined TBI and polytrauma,
its safety in this population has not yet been assessed.

* A post hoc analysis was performed for 143 patients
with severe blunt trauma enrolled in a prospective, rand-
omized, placebo-controlled study, evaluating the safety
and efficacy of intravenous rFVlla (200 + 100 + 100
ug/kg) or placebo to identify patients with a computed
tomography diagnosis of TBI.

* No significant differences in rates of mortality, theme-
dian numbers of intensive care unit-free days or ventila-
tor-free days, or rates of thromboembolic adverse
events or serious adverse events were observed

between treatment groups.

Competing interests

YK, BR, and KDB have received lecture and/or consultancy
fees from Novo Nordisk A/S (Bagsveerd, Denmark). RR has
received lecture and/or consultancy fees from Novo Nordisk
A/S and has received lecture sponsorship from Novo Nordisk
A/S. SBR has received lecture and/or consultancy fees from
Novo Nordisk A/S and is a member of the Scientific Advisory
Board for rFVlla. MT is an employee of Novo Nordisk A/S. BW
and PITC declare that they have no competing interests. Novo
Nordisk A/S is financing the article-processing charge.

Authors' contributions

All authors made substantive intellectual contributions to the
preparation of this manuscript. YK, BR, RR, SBR, KDB, PITC,
and BW were co-principal investigators in the original Rand-
omized Control Trial, made substantial contributions to the
conception and design of the study and to the analysis and

Available online http://ccforum.com/content/11/4/R85

interpretation of data, and were involved in drafting the manu-
script and revising it critically. MT made substantial contribu-
tions to the conception and design of the study and to the
analysis and interpretation of data and was involved in drafting
the manuscript and revising it critically. All authors read and
approved the final manuscript.

Acknowledgements

The authors thank Brett E Skolnick, of Novo Nordisk Inc., for his substan-
tial contribution to this manuscript and Winnie McFazdean, of PAREXEL
MMS (Hackensack, NJ, USA), for medical writing services in the prepa-
ration of this manuscript, which were financially supported by Novo Nor-
disk A/S.

References

1. Centers for Disease Control and Prevention (CDC): Rates of hos-
pitalization related to traumatic brain injury - nine states, 2003.
MMWR Morb Mortal Wkly Rep 2007, 56:167-170.

2. Hoyt DB: A clinical review of bleeding dilemmas in trauma.
Semin Hematol 2004, 41:40-43.

3. Sauaia A, Moore FA, Moore EE, Moser KS, Brennan R, Read RA,
Pons PT: Epidemiology of trauma deaths: a reassessment. J
Trauma 1995, 38:185-193.

4. Hoyt DB, Bulger EM, Knudson MM, Morris J, lerardi R, Sugerman
HJ, Shackford SR, Landercasper J, Winchell RJ, Jurkovich G, et al.:
Death in the operating room: an analysis of a multi-center
experience. J Trauma 1994, 37:426-432.

5.  Koh MB, Hunt BJ: The management of perioperative bleeding.
Blood Rev 2003, 17:179-185.

6. Grounds M: Recombinant factor Vlla (rFVlla) and its use in
severe bleeding in surgery and trauma: a review. Blood Rev
2003, 17:S11-S21.

7. Lynn M, Jeroukhim |, Klein Y, Martinowitz U: Updates in the man-
agement of severe coagulopathy in trauma patients. /ntensive
Care Med 2002, 28:5S241-S247.

8.  Dutton RP, McCunn M, Hyder M, D'Angelo M, O'Connor J, Hess
JR, Scalea TM: Factor Vila for correction of traumatic
coagulopathy. J Trauma 2004, 57:709-718.

9.  Martinowitz U, Kenet G, Segal E, Luboshitz J, Lubetsky A, Ingerslev
J, Lynn M: Recombinant activated factor VIl for adjunctive hem-
orrhage control in trauma. J Trauma 2001, 51:431-438.

10. Martinowitz U, Michaelson M: Guidelines for the use of recom-
binant activated factor VII (rFVIla) in uncontrolled bleeding: a
report by the Israeli Multidisciplinary rFVila Task Force. J
Thromb Haemost 2005, 3:640-648.

11. Harrison TD, Laskosky J, Jazaeri O, Pasquale MD, Cipolle M: "Low-
dose" recombinant activated factor VIl results in less blood
and blood product use in traumatic hemorrhage. J Trauma
2005, 59:150-154.

12. American Society of Anesthesiologists Task Force on Periopera-
tive Blood Transfusion and Adjuvant Therapies: Practice guide-
lines for perioperative blood transfusion and adjuvant
therapies: an updated report by the American Society of
Anesthesiologists Task Force on Perioperative Blood Transfu-
sion and Adjuvant Therapies. Anesthesiology 20086,
105:198-208.

13. Spahn DR, Cerny V, Coats TJ, Duranteau J, Fernandez-Mondéjar
E, Gordini G, Stahel PF, Hunt BJ, Komadina R, Neugebauer E,
Task Force for Advanced Bleeding Care in Trauma, et al.: Man-
agement of bleeding following major trauma: a European
guideline. Crit Care 2007, 11:R17.

14. Rizoli S, Nascimento B, Osman F, Netto FS, Kiss A, Callum J, Bren-
neman FD, Tremblay L, Tien HC: Recombinant activated coagu-
lation factor VIl and bleeding trauma patients. J Trauma 20086,
61:1419-1425.

15. Vincent JL, Rossaint R, Riou B, Ozier Y, Zideman D, Spahn DR:
Recommendations on the use of recombinant activated factor
VIl as an adjunctive treatment for massive bleeding - a Euro-
pean perspective. Crit Care 2006, 10:R120.

16. Boffard KD, Riou B, Warren B, Choong PI, Rizoli S, Rossaint R,
Axelsen M, Kluger Y, NovoSeven Trauma Study Group: Recom-
binant factor Vlla as adjunctive therapy for bleeding control in

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17332728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17332728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14872420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7869433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8083904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8083904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8083904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12818228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14697209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14697209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12404093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12404093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15514523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15514523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11535886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11535886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15842347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15842347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15842347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16096555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16096555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16096555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16810012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16810012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16810012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17298665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17298665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17298665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17159685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17159685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16919168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16919168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16919168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16096533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16096533

Critical Care Vol 11 No 4 Kluger et al.

20.

21.

22.

23.

24,

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

severely injured trauma patients: two parallel randomized, pla-
cebo-controlled, double-blind clinical trials. J Trauma 2005,
59:8-15.

Dereeper E, Ciardelli R, Vincent JL: Fatal outcome after poly-
trauma: multiple organ failure or cerebral damage? Resuscita-
tion 1998, 36:15-18.

Soereide E, Deakin CD: Pre-hospital fluid therapy in the critically
injured patient - a clinical update. /njury 2005, 36:1001-1010.
Maas AIR, Dearden M, Teasdale GM, Braakman R, Cohadon F,
lannoti F, Karimi A, Lapierre F, Murray G, Ohman J, et al.: EBIC
guidelines for management of severe head injury in adults.
Acta Neurichir 1997, 139:286-294.

Vincent JL, Berré J: Primer on medical management of severe
brain injury. Crit Care Med 2005, 33:1392-1399.

Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN,
Skolnick BE, Steiner T, Recombinant Activated Factor VIl Intracer-
ebral Hemorrhage Trial Investigators: Recombinant activated fac-
tor VIl for acute intracerebral hemorrhage. N Eng/J Med 2005,
352:777-785.

Hawryluk GW, Cusimano MD: The role of recombinant activated
factor VII in neurosurgery: hope or hype? J Neurosurg 2006,
105:859-868.

Zaaroor M, Bar-Lavie Y: The use of recombinant factor Vlla in
head injury: a report of five cases. Semin Hematol 2004, 41(1
Suppl 1):175-176.

Morenski JD, Tobias JD, Jimenez DF: Recombinant activated fac-
tor VIl for cerebral injury-induced coagulation in pediatric
patients. Report of three cases and review of the literature. J
Neurosurg 2003, 98:611-616.

Park P, Fewel ME, Garton HJ, Thompson G, Hoff JT: Recombinant
activated factor VIl for the rapid correction of coagulopathy in
nonhemophilic neurosurgical patients. Neurosurgery 2003,
53:34-38.

Lin J, Hanigan WC, Tarantino M, Wang J: The use of recombinant
activated factor VIl to reverse warfarin-induced anticoagula-
tion in patients with hemorrhages in the central nervous sys-
tem: preliminary findings. J Neurosurg 2003, 98:737-740.
Heisel M, Nagib M, Madsen L, Alshiekh M, Bendel A: Use of
recombinant factor Vlla (rFVlla) to control intraoperative
bleeding in pediatric brain tumor patients. Pediatr Blood
Cancer 2004, 43:703-705.

Karadimov D, Binev K, Nachkov Y, Platikanov V: Use of activated
recombinant factor VIl (NovoSeven) during neurosurgery. J
Neurosurg Anesthesiol 2003, 15:330-332.

Gerlach R, Marquardt G, Wissing H, Scharrer |, Raabe A, Seifert
V: Application of recombinant activated factor VIl during sur-
gery for a giant skull base hemangiopericytoma to achieve
safe hemostasis. Case report. J Neurosurg 2002, 96:946-948.
Veshchev |, Elran H, Salame K: Recombinant coagulation factor
Vlla for rapid preoperative correction of warfarin-related coag-
ulopathy in patients with acute subdural hematoma. Med Sci
Monit 2002, 8:CS98-CS100.

Wong WY, Huang WC, Miller R, McGiinty K, Whisnant JK: Clinical
efficacy and recovery levels of recombinant FVila (Novo-
Seven) in the treatment of intracranial haemorrhage in severe
neonatal FVII deficiency. Haemophilia 2000, 6:50-54.

Siegel LJ, Gerigk L, Tuettenberg J, Dempfle CE, Scharf J, Fiedler
F: Cerebral sinus thrombosis in a trauma patient after recom-
binant activated factor VIl infusion. Anesthesiology 2004,
100:441-443.

Pickard JD, Kirkpatrick PJ, Melsen T, Andreasen RB, Gelling L,
Fryer T, Matthews J, Minhas P, Hutchinson PJ, Menon D, et al.:
Potential role of NovoSeven in the prevention of rebleeding
following aneurysmal subarachnoid haemorrhage. Blood
Coagul Fibrinolysis 2000, 11:S117-S120.

Pathak A, Dutta S, Marwaha N, Singh D, Varma N, Mathuriya SN:
Change in tissue thromboplastin content of brain following
trauma. Neurol India 2005, 53:178-182.

Stein SC, Smith DH: Coagulopathy in traumatic brain injury.
Neurocrit Care 2004, 1:479-488.

Kenet G, Walden R, Eldad A, Martinowitz U: Treatment of trau-
matic bleeding with recombinant factor Vlla. Lancet 1999,
354:1879.

Hedner U: Mechanism of action, development and clinical
experience of recombinant FVlla. J Biotechnol 2006,
124:747-757.

Page 8 of 8

(page number not for citation purposes)

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Levi M, Bijsterveld NR, Keller TT: Recombinant factor Vlla as an
antidote for anticoagulant treatment. Semin Hematol/ 2004,
41:65-69.

Deveras RA, Kessler CM: Reversal of warfarin-induced exces-
sive anticoagulation with recombinant human factor Vlla
concentrate. Ann Intern Med 2002, 137:884-888.

Martinowitz U, Zaarur M, Yaron BL, Blumenfeld A, Martonovits G:
Treating traumatic bleeding in a combat setting: possible role
of recombinant activated factor VII. Mi/ Med 2004, 169:16-18.
Warren O, Mandal K, Hadjianastassiou V, Knowlton L, Panesar S,
John K, Darzi A, Athanasiou T: Recombinant activated factor VII
in cardiac surgery: a systematic review. Ann Thorac Surg 2007,
83:707-714.

Segal S, Shemesh 1Y, Blumental R, Yoffe B, Laufer N, Mankuta D,
Mazor M, Zohar S, Schiff E, Martinovitz U: The use of recom-
binant factor Vlla in severe postpartum hemorrhage. Acta
Obstet Gynecol Scand 2004, 83:771-772.

Ahonen J, Jokela R: Recombinant factor Vlla for life-threatening
post-partum haemorrhage. Br J Anaesth 2005, 94:592-595.
Welsby 1), Monroe DM, Lawson JH, Hoffmann M: Recombinant
activated factor VIl and the anaesthetist. Anaesthesia 2005,
60:1203-1212.

Midathada MV, Mehta P, Waner M, Fink LM: Recombinant factor
Vlla in the treatment of bleeding. Am J Clin Pathol 2004,
121:124-137.

Arkin S, Cooper HA, Hutter JJ, Miller S, Schmidt ML, Seibel NL,
Shapiro A, Warrier |: Activated recombinant human coagulation
factor VIl therapy for intracranial hemorrhage in patients with
hemophilia A or B with inhibitors. Results of the novoseven
emergency-use program. Haemostasis 1998, 28:93-98.
Roberts HR: Recombinant factor Vlla: how safe is the stuff?
Can J Anaesth 2005, 52:8-11.

Abshire T, Kenet G: Recombinant factor Vlla: review of efficacy,
dosing regimens and safety in patients with congenital and
acquired factor VIl or IX inhibitors. J Thromb Haemost 2004,
2:899-909.

Levy JH, Fingerhut A, Brott T, Langbakke IH, Erhardtsen E, Porte
RJ: Recombinant factor Vlla in patients with coagulopathy sec-
ondary to anticoagulant therapy, cirrhosis, or severe traumatic
injury: review of safety profile. Transfusion 2006, 46:919-933.
Levi M, Peters M, Biiller HR: Efficacy and safety of recombinant
factor Vlla for treatment of severe bleeding: a systematic
review. Crit Care Med 2005, 33:883-890.

Levi M: Recombinant factor Vlla: a general hemostatic agent?
Not yet. J Thromb Haemost 2004, 2:1695-1697.

Roberts HR, Monroe DM 3rd, Hoffman M: Safety profile of
recombinant factor Vlla. Semin Hematol 2004, 41:101-108.
O'Connell KA, Wood JJ, Wise RP, Lozier JN, Braun MM: Throm-
boembolic adverse events after use of recombinant human
coagulation factor Vlla. JAMA 2006, 295:293-298.

Hoffman M, Monroe DM 3rd: A cell-based model of hemostasis.
Thromb Haemost 2001, 85:958-965.

Romano JG, Forteza AM, Concha M, Koch S, Heros RC, Morcos
JJ, Babikian VL: Detection of microemboli by transcranial Dop-
pler ultrasonography in aneurysmal subarachnoid
hemorrhage. Neurosurgery 2002, 50:1026-1030.

Thomas GO, Dutton RP, Hemlock B, Stein DM, Hyder M, Shere-
Wolfe R, Hess JR, Scalea TM: Thromboembolic complications
associated with Factor VII administration. J Trauma 2007,
62:564-569.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16096533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16096533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9547838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9547838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16098325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16098325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15942361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15942361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15728810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15728810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17405256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17405256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12650436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12691397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12691397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12691397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15390292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15390292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15390292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14508176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14508176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12005404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12005404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12005404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12503044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12503044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12503044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14739822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14739822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10850576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10850576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10850576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16010055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16010055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16010055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16174954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10584732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10584732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16697480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16697480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14872424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14872424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12458988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12458988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12458988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15651435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15651435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15651435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17258029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17258029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15255852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15255852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15708871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15708871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14750250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14750250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10087434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10087434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10087434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15625249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15140125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15140125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15140125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16734808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16734808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16734808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15818119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15818119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15818119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15456476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15456476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14872430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14872430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16418464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16418464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16418464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11434702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11950405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11950405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11950405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17414329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17414329

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Traumatic brain injury post hoc subanalysis
	Statistical analyses

	Results
	Safety assessment
	Mortality
	Serious adverse events and thromboembolic events


	Discussion
	Clinical use of recombinant activated factor VIIa
	General
	Central nervous system bleeds
	Traumatic brain injury

	Safety of recombinant activated factor VIIa
	Study limitations

	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

