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Purpose: The purpose of this study was to investigate the role of low-dose recombinant factor VIIa (rFVIIa)
(20 μg/kg) in reversing coagulopathy in patients with isolated traumatic brain injury (TBI).
Materials and methods: Patients with isolated TBI and coagulopathy at admission were enrolled prospectively
from January 2010 to December 2011. The patients were divided into 2 groups: the rFVIIa and the no-rFVIIa

groups. In the rFVIIa group, patients received a single dose of 20 μg/kg rFVIIa intravenously to reverse their
coagulopathy in addition to blood products. Patients in the no-rFVIIa group received only blood products to
correct the coagulopathy. The clinical outcome variables evaluated included changes in coagulation
parameters after administration for reversing coagulopathy, the occurrence of progressive hemorrhagic
injury (PHI), intensive care unit length of stay, the incidence of thromboembolic complications, inhospital
mortality, and 90-day Glasgow Outcome Scale.
Results: Eighty-seven patients were ultimately included in this study. Of them, 49 patients were treated with
blood products alone, whereas 38 patients also received rFVIIa to reverse their coagulopathy. The
improvement in international normalized ratio was greater in the rFVIIa group (0.26 [0.18-0.39]) than in
the no-rFVIIa group (0.06 [−0.11 to 0.30]) (P= .001). In addition, the improvement in lactatewas also greater
in the rFVIIa group (0.33 [−0.18 to 0.54]) than in the no-rFVIIa group (0.04 [−0.25 to 0.20]) (P= .029). During
the period after we began to correct the coagulopathy, PHI occurred in 19 patients (38.8%) in the no-rFVIIa
group, which was significantly higher than that in the rFVIIa group (7, 18.4%; P = .040). The rate of cerebral
infarctionwas similar in both groups (10.2% vs 5.3%). Therewas a trend indicating that low-dose rFVIIa therapy
was associated with a lower mortality, but the association was not statistically significant (P = .266).
Conclusions: The use of low-dose rFVIIa (20 μg/kg) is effective for correcting coagulopathy in patients with TBI
without an increase in thromboembolic events.Moreover, it ismore effective for preventing the occurrenceof PHI.

© 2014 Elsevier Inc. All right reserved.
1. Introduction

Traumatic brain injury (TBI) is a leading cause of injury-related
hospitalization, disability, and death worldwide [1]. Coagulopathies
are common in patients with TBI [2,3]. In a previous study, we
demonstrated that coagulation abnormalities were present in about
50% of patients with severe TBI [4]. The occurrence of coagulopathies
in patients with TBI often precludes safe neurosurgical intervention
and may result in secondary brain injury, which may be responsible
for a significant proportion of inhospital mortality and unfavorable
outcomes [5-9]. Patients with TBI with coagulopathies suffer a 10- to
30-fold increased risk of mortality [2]. In addition, early diagnosis and
ry, Huashan Hospital, Fudan
, People’s Republic of China.
reversal of coagulation abnormalities may generally benefit patients
with head injuries [10].

Coagulopathies are typically reversed with the use of fresh-frozen
or thawed fresh plasma and vitamin K. However, even this may result
in slow correction times and a delay in vital therapy. The volume of
plasma required to normalize coagulation is variable and unpredict-
able, and added plasma carries a risk of intravascular volume overload
and heart failure due to the large volume of plasma necessary to
correct the international normalized ratio (INR). In addition, several
studies have documented worse outcomes in patients who required
transfusions of large volumes of plasma during acute care hospital-
izations [11-14]. Thus, to reverse coagulopathies, an alternative to
blood component therapy is desirable.

In recent years, recombinant factor VIIa (rFVIIa), which is
approved for use in patients with hemophilia, has been used off-
label for the treatment of coagulopathies in trauma patients [15-17].
Recombinant factor VIIa can promote thrombus formation by binding
to exposed tissue factor (TF), thus limiting hemorrhagic lesions.
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Although many studies have shown that rFVIIa can quickly normalize
INR in patients with intracranial bleeding and allow more rapid
neurosurgical intervention, the dose of rFVIIa used in these studies
was variable, and the optimal dose of FVIIa (factor VIIa) to reverse
coagulopathies remains unclear [18-23].

Hoffmanet al [24] reported that TF in the brain is not saturatedwith
FVIIa, unlike in other organs. The affinity of TF for FVIIa is quite high.
Thus, the concentration of FVIIa required for optimal hemostasis will
likely bemuch lowerwhen FVIIa acts in a TF-dependentmanner in the
brain. Mayer et al [25] investigated the use of rFVIIa as an adjunctive
treatment for patients with spontaneous intracranial hemorrhage.
They found that doses of rFVIIa as low as 20 μg/kg showed a similar
trend in reducing hematomas, and the risk of arterial thrombosis
appeared to increase with increasing dose. Thus, it seems that FVIIa
may play a role in the management of coagulopathies, and a low-dose
regimen may be of particular benefit. A low dose of rFVIIa was
described as being effective for coagulopathic trauma patientswho are
not in shock but require normalization of clotting function [26].
However, that study did not focus on patients with TBI with
coagulopathy. Thus, in this study, we investigated the role of low-
dose rFVIIa (20 μg/kg) in reversing coagulopathy in patients with
isolated TBI.

2. Methods

This study was conducted at Shanghai Neurotrauma Center in
HuashanHospital, one of the largest tertiarymedical centers in eastern
China. Patients with isolated TBI and coagulopathy at admission were
enrolled prospectively from January 2010 to December 2011. The
inclusion criteria were (1) age 16 to 70 years, (2) Glasgow Coma Scale
(GCS) score less than 13, (3) an extracranial Abbreviated Injury Scale
(AIS) score less than 3, (4) admission within 8 hours after injury,
(5) intracranial hemorrhagic lesions seen on head computed tomog-
raphy (CT), and (6) coagulopathy, defined as an INR more than 1.2
and/or activated partial thrombin time (APTT) more than 36 and/or
platelet count less than 100 × 109/L [27]. Exclusion criteria were
(1) expected survival period less than 24 hours; (2) bodyweightmore
than120kg; (3) knownhistory of intracranial diseases; (4) preexisting
hypercoagulative state or thromboembolic events (TEs), including
ischemic stroke, deep vein thrombosis (DVT), pulmonary embolism
(PE), or myocardial infarction (MI); (5) known history of thrombo-
cytopenia (platelet count less than 50 × 109/L) or decreased plasma
fibrinogen (FIB) level (b0.1 g/L); (6) concurrent use of anticoagulant
or antiplatelet agents, including warfarin, aspirin, or clopidogrel;
(7) concurrent acidosis (pH b7.35) or hypothermia (T b35°C); or
(8) pregnancy. The University Hospital Medical Ethics Board approved
the research protocol.

The patients were nonrandomly divided into 2 groups: the rFVIIa
and the no-rFVIIa groups. In the rFVIIa group, patients received a
single dose of 20 μg/kg rFVIIa intravenously to reverse their
coagulopathy in addition to blood products. Patients in the no-rFVIIa
group received only blood products to correct the coagulopathy. The
blood products administered included red blood cells (RBCs), fresh-
frozen plasma (FFP), cryoprecipitate, and platelets. All patients were
treated in accordance with the 2007 Guidelines of the Brain Trauma
Foundation [28-30]. In patients who needed to undergo intracranial
pressure (ICP) monitoring, we placed intraventricular drainage
catheters (CodmanMicrosensors ICP Transducer, Codman & Shurtleff,
Raynham, MA). Intracranial pressure was maintained at less than
20 mm Hg, and cerebral perfusion pressure was maintained at more
than 60 mm Hg. Variables collected included age, sex, body mass
index (BMI), mechanism of injury, GCS at admission, type of injury,
neurosurgical intervention, and blood product use. Laboratory
coagulation parameters, levels of platelets, lactate, and hemoglobin
level before and after administration for correcting the coagulopathy
were also recorded.
Thromboembolic complications were defined as the presence of
cerebral infarction (CI), MI, PE, or DVT within 72 hours after
administration of rFVIIa and/or blood products. Head CT scans were
used to screen for CI. Dynamic electrocardiogram andmulti–end point
screening assessment of myocardial proteins were used to screen for
MI. Pulmonary embolism was judged clinically based on a combina-
tion of physical examination, chest CT, and laboratory tests. Deep vein
thrombosis was assessed mainly by ultrasound screening of the lower
extremities and a physical examination. In our study, head and chest
CT scan was routinely obtained on admission and at 6 hours, 24 hours,
48 hours, and 7 days after admission. When the examination of
patients changed, immediate CT scanning was also performed.

Progressive hemorrhagic injury (PHI) was defined as the follow-up
CT scan showing any increase in size or number of hemorrhagic
lesions, including newly developed ones [31]. The normal value of INR
in this study was defined as 0.89 to 1.13. The Glasgow Outcome Scale
(GOS) was used to analyze long-term functional outcome, at 90 days
postinjury in a structured telephone interview. Glasgow Outcome
Scale 1, 2, or 3 was considered unfavorable, whereas GOS 4 or 5 was
deemed favorable.

The primary outcome in the study was the changes in coagulation
parameters after administration for reversing coagulopathy. In
addition, the occurrence of PHI, intensive care unit length of stay,
the incidence of thromboembolic complications (DVT, PE, cerebro-
vascular accident, or cardiac arrest), inhospital mortality, and 90-day
GOS were also evaluated.

All analyses were performed using the SPSS software (SPSS Inc.,
Chicago, IL) (version 16.0). Continuous variables are expressed as
medians (interquartile ranges) and categorical variables as percent-
ages. The 2-tailed paired Student t test or paired nonparametric test
was used to assess significant changes in laboratory parameters
before and after administration. The unpaired Student t test or
unpaired nonparametric test was used to assess differences in other
continuous variables. The χ2 test was used to compare categorical
variables. A P b .05 was considered to indicate statistical significance.
3. Results

During the 2-year period, 342 patients with TBI with coagulopathy
were screened. Of them, 197 patients arrived at our center more than
8 hours after injury and 58 patients identified as having multiple
traumawere excluded. Hence, 87 patients were ultimately included in
this study. Of them, 49 patients were treated with blood products
alone, whereas 38 patients also received rFVIIa to reverse their
coagulopathy.

Baseline characteristics are shown in Table 1. Themedian age of all
patients was 44 years (33-56 years), and 67 patients (77.0%) were
males. The severity of TBI was classified into 2 levels according to the
GCS: severe (GCS 3-8) and moderate (GCS 9-12). Most patients were
severe TBI cases (61, 70.1%). Motor vehicle accidents (45, 51.7%) were
the major cause of injury; other causes included falls from a height
(14, 16.1%), stumble and fall (16, 18.4%), and assault (12, 13.8%).
Intraparenchymal hemorrhage was the most frequent type of injury,
and ICP monitoring was performed in more than half of the patients
(47, 54.0%).

There was no difference in sex, age, weight, height, BMI, GCS score,
mechanism of injury, or subtype of hemorrhage between the 2 groups.
Compared with the no-rFVIIa group, more patients in the rFVIIa group
underwent ICP monitor or decompressive craniectomy, and less
patients in the rFVIIa group underwent only conservative treatment.
There was also no significant difference in INR, APTT, dimerized
plasmin fragment D, FIB or hemoglobin level before administration to
correct the coagulopathy, whereas lactate was significantly higher in
the rFVIIa group. Level of platelet was significantly lower in the rFVIIa
group (Table 1).



Table 1
Baseline characteristic of all patients with TBI in the study

Total No-rFVIIa
group

rFVIIa group P

No. of patients 87 49 38 –

Sex, male, n (%) 67 (77.0) 41 (83.7) 26 (68.4) .094
Age (y) 44 (33-56) 39 (32-54) 49 (34-58) .153
Weight (kg) 64 (55-72) 60 (55-75) 65 (60-70) .502
Height (cm) 170 (164-175) 170 (164-175) 171 (165-175) .877
BMI (kg/cm2) 23.0 (20.2-24.8) 22.3 (19.1-25.3) 23.3 (22.0-24.4) .243
GCS score 6 (4-10) 5 (4-9) 7 (5-10) .203
Severe (GCS 3-8), n (%) 61 (70.1) 37 (75.5) 24 (63.2) .212
Moderate
(GCS 9-12), n (%)

26 (29.9) 12 (24.5) 14 (36.8)

Mechanism of injury,
n (%)

.694

Motor vehicle
accident

45 (51.7) 26 (53.1) 19 (50.0)

Fall from a height 14 (16.1) 9 (18.4) 5 (13.2)
Stumble and fall 16 (18.4) 9 (18.4) 7 (18.4)
Assault 12 (13.8) 5 (10.2) 7 (18.4)
Subtype of hemorrhage,
n (%)
Epidural 24 (27.6) 15 (30.6) 9 (23.7) .473
Subdural 46 (52.9) 23 (46.9) 23 (60.5) .208
Subarachnoid 51 (58.6) 25 (51.0) 26 (68.4) .102
Intraparenchymal 66 (75.9) 35 (71.4) 31 (81.6) .272
Neurosurgical
intervention, n (%)
Conservative only 31 (35.6) 24 (49.0) 7 (18.4) .003
ICP monitoring 47 (54.0) 20 (40.8) 27 (71.1) .005
Decompressive
craniectomy

35 (40.2) 14 (28.6) 21 (55.3) .012

INR 1.28 (1.21-1.42) 1.26 (1.20-1.43) 1.31 (1.22-1.42) .279
APTT(s) 34.3 (27.2-42.4) 32.8 (27.1-43.7) 34.4 (28.1-39.1) .935
D-dimer (mg/L) 1.61 (1.08-3.20) 1.61 (0.96-2.53) 1.87 (1.42-3.47) .314
FIB (g/L) 1.40 (0.90-2.10) 1.50 (1.10-2.10) 1.30 (0.80-2.30) .341
Platelet (×109/L) 133 (87-178) 154 (99-192) 109 (67-158) .013
Lactate (mmol/L) 2.15 (1.50-3.46) 1.91 (1.20-3.41) 3.00 (1.69-3.69) b .001
Hemoglobin level (g/L) 125 (106-135) 125 (105-135) 125 (108-147) .373

Values expressed as median (interquartile range) or number (percentage). The
unpaired Student t test or unpaired nonparametric test was used to assess the
differences in continuous variables. The χ2 test was used to compare categorical
variables. D-dimer, dimerized plasmin fragment D.
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In the no-rFVIIa group, the INR and FIB both improved significantly
after conventional therapy alone. In the rFVIIa group, significant
improvements were also found in INR and FIB. However, levels of
platelet and hemoglobin were decreased significantly after rFVIIa
therapy (Table 2).

We also compared the changes in coagulation profiles before and
after administration between the 2 groups. The improvement in INR
was greater in the rFVIIa group (0.26 [0.18-0.39]) than in the no-rFVIIa
group (0.06 [−0.11 to 0.30]) (P= .001). In addition, the improvement
in lactatewas greater in the rFVIIa group (0.33 [−0.18 to 0.54]) than in
the no-rFVIIa group (0.04 [−0.25 to 0.20]) (P= .029). However, there
was no difference between the mean changes in other parameters.
After stratifying according to GCS at admission, we found that the
Table 2
Comparison of changes in laboratory parameters after administration for reversing coagulo

No-rFVIIa group

Before After

INR 1.26 (1.20-1.43) 1.25 (1.12-1.31)
APTT(s) 32.8 (27.1-43.7) 27.7 (24.3-36.0)
D-dimer (mg/L) 1.61 (0.96-2.53) 1.35 (0.90-2.00)
FIB (g/L) 1.50 (1.10-2.10) 2.10 (1.45-3.00)
Platelet (×109/L) 154 (99-192) 158 (122-217)
Lactate (mmol/L) 1.91 (1.20-3.41) 1.88 (1.38-3.23)
Hemoglobin level (g/L) 125 (105-135) 118 (106-131)

Values expressed as median (interquartile range). The paired nonparametric test was used
improvement of INR was also greater in the rFVIIa group than in the
no-rFVIIa group in both of the 2 subgroups (Table 3). We also found
that there were 27 patients (71.1%) in the rFVIIa group who have
normal INR after administration for reversing coagulopathy,
which was significantly higher than that in the no-rFVIIa group
(14, 28.6%; P b .001; Table 4).

We examined the total amount of transfusion after we began to
correct the coagulopathy. There were no significant differences in
total amount of RBCs or FFP administered between the groups. The
groups also showed similar lengths of intensive care unit stay (15 vs
20 days, P = .364). During the period after we began to correct the
coagulopathy, PHI occurred in 19 patients (38.8%) in the no-rFVIIa
group, which was significantly higher than that in the rFVIIa group
(7, 18.4%; P = .040; Table 4).

No TEs were reported except CIs. Infarction lesions were detected
on head CT scans after administration in 5 (10.2%) and 2 (5.3%)
patients in the control and rFVIIa groups, respectively. The difference
was not statistically significant (P = .658; Table 4).

According to the record at discharge, 17 patients (34.7%) in the no-
rFVIIa group and 9 (23.7%) in the rFVIIa group died; there was a trend
indicating that low-dose rFVIIa therapy was associated with a lower
mortality, but the associationwas not statistically significant (P=.266).
Glasgow Outcome Scalemeasures for patients recorded at 90 days after
injury showed that there was no significant difference in the
unfavorable outcome between the 2 groups (55.1% vs 55.3%, P = .988;
Table 4).

4. Discussion

This is the first reported prospective study to investigate the role of
low-dose rFVIIa (20 μg/kg) in reversing coagulopathy in patients with
isolated TBI. We found that low-dose rFVIIa significantly improved
INR and was more effective for preventing PHI than only received
blood products, which is consistent with other reports of higher doses
of rFVIIa.

One concern about extending the use of rFVIIa to different patient
groups is the potential for adverse effects and, in particular, the risk of
TEs, which are already known to be a common complication and
negative prognostic factor for patients with TBI [32]. A meta-analysis
regarding rFVIIa for the prevention and treatment of bleeding in
patients without hemophilia showed that a significant increase in
total arterial events was observed in the rFVIIa group [33]. However,
the total dose administered in most of the included studies was
greater than 20 μg/kg. Moreover, Mayer et al [25] found that arterial
events were more frequent in patients with intracerebral hemorrhage
receiving 80 μg/kg rFVIIa than in placebo patients, but there were no
significant differences between the 20 μg/kg and placebo groups.
Thus, in our study, we used the 20 μg/kg dose of rFVIIa to assess its
effectiveness for reversing coagulopathy.

In previous studies, low-dose rFVIIa has been described as rapid
and effective for the treatment of coagulopathy after injury [26]. A
small prospective study from Italy also used the low dose in cardiac
pathy in rFVIIa group and no-rFVIIa group, respectively

rFVIIa group

P Before After P

.023 1.31 (1.22-1.42) 1.04 (0.92-1.15) b .001

.054 34.4 (28.1-39.1) 30.7 (28.6-36.3) .384

.052 1.87 (1.42-3.47) 1.78 (0.77-2.71) .185

.007 1.30 (0.80-2.30) 2.00 (1.38-2.73) .010

.541 109 (67-158) 86 (69-110) .019

.292 3.00 (1.69-3.69) 2.67 (1.56-3.30) .065

.623 125 (108-147) 109 (92-133) .003

to assess the differences in continuous variables.



Table 3
Comparison of changes in laboratory parameters after administration for reversing
coagulopathy between rFVIIa group and no-rFVIIa group

No-rFVIIa group
(n = 49)

rFVIIa group
(n = 38)

P

INR All 0.06 (−0.11 to 0.30) 0.26 (0.18 to 0.39) .001
GCS 3-8 0.06 (−0.12 to 0.30) 0.27 (0.18 to 0.40) .005
GCS 9-12 0.03 (−0.10 to 0.29) 0.25 (0.16 to 0.37) .040

APTT(s) All 1.4 (−4.8 to 12.2) 2.7 (−6.6 to 6.6) .483
GCS 3-8 3.0 (−5.1 to 14.8) 2.5 (−7.1 to 6.3) .265
GCS 9-12 0.4 (−4.4 to 9.5) 3.0 (−1.6 to 10.3) .662

D-dimer (mg/L) All 0.26 (−0.37 to 1.09) 0.30 (−0.52 to 0.89) .719
GCS 3-8 0.14 (−0.37 to 0.96) 0.30 (−0.82 to 0.95) .976
GCS 9-12 0.57 (−0.65 to 4.45) 0.26 (−0.52 to 0.89) .572

FIB (g/L) All 0.50 (−0.25 to 1.30) 0.45 (−0.15 to 1.20) .942
GCS 3-8 0.50 (−0.15 to 1.45) 0.40 (−0.23 to 1.10) .610
GCS 9-12 0.25 (−0.38 to 1.10) 0.85 (−0.15 to 1.55) .246

Platelet (×109/L) All −2 (−71 to 54) 19 (−14 to 73) .052
GCS 3-8 −15 (−75 to 23) −2 (−15 to 71) .111
GCS 9-12 35 (−7 to 82) 53 (17 to 73) .797

Lactate (mmol/L) All 0.04 (−0.25 to 0.20) 0.33 (−0.18 to 0.54) .029
GCS 3-8 0.04 (−0.12 to 0.46) 0.32 (−0.10 to 0.62) .106
GCS 9-12 0.04 (−0.32 to 0.04) 0.33 (−0.96 to 0.53) .097

Hemoglobin
level (g/L)

All 7 (−18 to 23) 12 (4 to 29) .074
GCS 3-8 4 (−21 to 23) 10 (4 to 32) .184
GCS 9-12 7 (−12 to 22) 16 (2 to 28) .268

Values expressed as median (interquartile range). The unpaired nonparametric test
was used to assess the differences in continuous variables.

Table 4
Outcome of patients between the rFVIIa group and no-rFVIIa group

No-rFVIIa
group

rFVIIa group P

No. of patients 49 38 –

The amount of transfusion (mL)
RBC 800 (400-800) 800 (400-1300) .403
FFP 600 (400-800) 800 (400-1050) .197

Normal INR after administration, n (%) 14 (28.6) 27 (71.1) b .001
Length of ICU stay (d) 15 (5-30) 20 (13-26) .364
PHI, n (%) 19 (38.8) 7 (18.4) .040
CI, n (%) 5 (10.2) 2 (5.3) .658
Inhospital mortality, n (%) 17 (34.7) 9 (23.7) .266
90-day GOS, n (%) .988
Unfavorable outcome 27 (55.1) 21 (55.3)
Favorable outcome 22 (44.9) 17 (44.7)

Values expressed as median (interquartile range) or number (percent). The unpaired
nonparametric test was used to assess the differences in continuous variables. The χ2

test was used to compare categorical variables. ICU, intensive care unit.
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surgery patients and demonstrated a reduction in postoperative
bleeding [34]. In this study, we found that the improvement of INR
was greater in the rFVIIa group than in the no-rFVIIa group. Moreover,
we did not record any clinically significant TEs other than CI, which
happened exclusively in already critical patients. There was a trend
but no statistical significance in greater CI rate in the rFVIIa group
(10.2% vs 5.3%). Thus, this suggests that the correction of coagulation
that occurred after low-dose rFVIIa administration is extremely rapid
and effective for TBI and does not subject the patient to increased risk
of TEs. However, this was a small and nonrandomized study.
Therefore, the results should be interpreted cautiously.

Recently, an experimental study showed that most or all of the TF
around vessels in the skin has bound FVIIa, even in the absence of
injury. Thus, no TF-dependent enhancement of hemostasis by
exogenous FVIIa would be expected because TF is already saturated
with endogenous FVII. However, the situation may be different in the
central nervous system. That same study found that the level of “free”
TF (TF not bound to FVII) was high in the brain and that the affinity of
TF for FVIIa was quite high [24]. Thus, low-dose rFVIIa (20 μg/kg) may
be as effective as higher doses for reducing hematoma expansion and
correcting coagulopathies in patients with TBI.

Coagulopathy after TBI is not uncommon [35], and patients with
TBI are more susceptible. Progressive hemorrhagic injury is the major
outcome of coagulopathy after TBI. The relationship between
hematoma expansion and poor outcome is well known [31]. rFVIIa
has been studied extensively in various clinical hemorrhagic situa-
tions other than hemophilia and has been demonstrated to be
effective for reducing hematoma growth [16,36,37], consistent with
our results. In our study, there were a higher overall proportion of
patients with severe TBI than prior studies on coagulopathy and TBI.
Previous studies have shown that the severity of TBI is closely related
with the incidence of coagulopathy [38,39]. Therefore, the patients in
our study may be more representative.

However, the effects of rFVIIa on outcome in patients with
intracranial hematoma are still controversial [33]. Results from a
recent Cochrane systematic review showed that rFVIIa did not
improve outcome. In our study, the inhospital mortality and 90-day
unfavorable outcome also did not differ substantially, although a
trend toward less mortality was seen. However, the patients with TBI
were extremely heterogeneous in nature. The prognosis of TBI is
affected by many factors [40]. The effects of any single medical option
on outcome are easily neutralized or even overturned over the long
term. To achieve sufficient sensitivity and specificity for 1 treatment
would demand a far larger sample size. Thus, the results of this 1 study
should be interpreted cautiously.

Transfusion with FFP and other blood products is the traditional
(and still effective) way to treat coagulopathy. Hemorrhagic TBI
frequently requires a swift correction of the coagulopathy to permit
further interventions, for which transfusion alone is often insufficient.
Stein et al [38] reported that there were significant differences in total
units of RBCs, plasma, and platelets administered during hospitaliza-
tion between an rFVIIa group and a no-rFVIIa group. In contrast to
previous studies, we found no statistically significant difference in the
amount of RBCs or FFP transfused between the groups. Several factors
might have contributed to this. First, previous studies usually enrolled
patients with TBI on anti–vitamin K agents, where rFVIIa is a more
established and powerful treatment. We focused on TBI-associated
coagulopathy and excluded patients with pre-existing coagulation
disorders. The underlying mechanism may be more difficult for rFVIIa
alone to manage. Second, patients in previous studies tended to have
higher median GCS scores or were enrolled with severe TBI as an
exclusion criterion. However, our patient groups were composed
mostly of patients with severe TBI. Furthermore, the rFVIIa group has
more patients who had undergone surgical interventions. As a result,
any effect on reducing the amount of blood products was probably
reversed by other treatment necessities.

In this study, the rFVIIa group had higher levels of lactate and
lower platelets at baseline. This may be due to those patients having a
higher level of critical illness. We also found that levels of platelet and
hemoglobin were decreased significantly after rFVIIa therapy. This
may be attributed to the level of platelet that was significantly lower
in the rFVIIa group before administration to correct the coagulopathy.
In addition, the rFVIIa group has more patients who had undergone
surgical interventions, which may be another possible cause.

This study has several limitations. First, this was a small, single-
center, and nonrandomized study. Thus, its generalizability is limited
by the constraints of sample size, selection bias, confounding by
indication, and the presence of unmeasured confounders. Second,
there was no difference in sex, age, weight, height, BMI, GCS score,
mechanism of injury, or subtype of hemorrhage between the groups,
but lactate was significantly higher in the rFVIIa group, and levels of
platelet were significantly lower in the rFVIIa group before adminis-
tering anything to correct the coagulopathy. Thus, selection bias may
have favored administration of low-dose rFVIIa to sicker or, more
apparently, patients with coagulopathy. In addition, the rFVIIa group
had more ICP monitoring placed and decompressive craniectomies



120 Q. Yuan et al. / Journal of Critical Care 30 (2015) 116–120
performed. This may have been a treatment bias due to an unblinded
study. Third, rFVIIa should theoretically reduce transfusions if the
rFVIIa group and control group were truly equivalent, but in fact the
rFVIIa group received transfusions similar to those of the control
group. Thus, the rFVIIa group may represent a higher risk cohort than
the control group. These limitations will certainly be better addressed
in larger randomized trials in the future.

5. Conclusions

The use of low-dose rFVIIa is effective for correcting coagulopathy
in patients with TBI without an increase in TEs. Moreover, it is more
effective for preventing the occurrence of PHI. The heterogeneous
nature of patients with TBI likely made it difficult to detect a durable
benefit of the treatment. A larger randomized, controlled trial with
carefully selected patient groups is warranted to find the best target
candidates for treatment.
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