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Summary

Introduction: Coagulopathy in injured patients is common and is generally treated
with fresh frozen plasma (FFP). Response can be variable, thus complete correction
may take hours and require large volumes of fluids. High-dose recombinant factor VIIa
(FVIIa, Novoseven, Novo Nordisk, Bagsvaerd, Denmark) has been used off-label to
treat severe coagulopathy following trauma. Expense has limited use. Recently, we
began administering low dose FVIIa (1.2 mg) to patients with mild to moderate
coagulopathy after trauma, hypothesising that it would be effective and safe.
Patients and methods: We retrospectively reviewed consecutive patients who
received a low dose of 1.2 mg of FVIIa over a 2-year period. Factor VIIa is administered
after approval by a gatekeeper at the discretion of the treating physician. Demo-
graphics, injury and laboratory data were abstracted as were indications for use,
source of coagulopathy, effectiveness, and complications. A two-tailed paired t-test
was used to determine significant changes in coagulation parameters and blood
product utilisation.
Results: Eighty-one patients received 84 low doses of FVIIa. The mean age of the
patients was 51 (�22) with a mean ISS of 29 (�11). Seventy-three per cent were male
and 67% had a traumatic brain injury (TBI) as their primary injury. The aetiology of the
coagulopathy in the study population included; TBI (40%), warfarin use (22%), and
cirrhosis (13%). Mean prothrombin time (PT) fell from 17.0 s (�3.2) to 10.6 s (�1.4)
( p < 0.0001). All patients had a good clinical response with no bleeding complica-
tions. Utilisation of packed red blood cells and fresh frozen plasma were significantly
less in the 24 h after FVIIa administration as compared to the 24 h prior. Subsequent
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thromboembolic events were observed in 12 of the 81 patients (15%) and included;
cerebrovascular accident (CVA) (6), mesenteric thrombosis (2), myocardial infarction
(MI) (1), pulmonary embolism/deep venous thrombosis (PE/DVT) (2), and atrial
thrombus (1). Only four of these events were thought to be related to the FVIIa
administration, with two of the four contributing to a lethal outcome.
Conclusions: Low dose FVIIa rapidly and effectively treats mild to moderate coagulo-
pathy following injury. This low dose (1.2 mg) FVIIa is the smallest available unit dose.
It costs approximately the same as 8 units of plasma and may be cost-effective in
patients who require high volume factor administration. Low dose FVIIa may be
effective in coagulopathic trauma patients who are not in shock but require rapid
normalisation of clotting function.
# 2008 Elsevier Ltd. All rights reserved.
Introduction

Coagulopathy is common in injured patients. Most
typically, it is associated with severe haemorrhage
and the dilutional coagulopathy that occurs as a
result of massive transfusions and ongoing haemor-
rhage. Recombinant factor VIIa (FVIIa; Novoseven,
Novo Nordisk, Bagsvaerd, Denmark) has been used as
an adjunctive therapy for this form of coagulopathy
in trauma patients on an off-label basis for several
years.12,13 Numerous case reports and case series
have been published describing the use of rFVIIa
for this indication.7,12,13,17,20,25,26,33,34 Recently, a
randomised prospective trial was published that
demonstrated efficacy in blunt trauma patients in
terms of blood product utilisation.5 Additional trials
are currently underway in an effort to demonstrate
that FVIIa is a safe and effective adjunctive treat-
ment for patients with traumatic coagulopathy.

There are, however, a number of other aetiolo-
gies of more mild to moderate forms of abnormal
coagulation in injured patients. Commonly, trauma
patients have pre-morbid conditions, such as cirrho-
sis, or take medication, such as warfarin, that cause
abnormalities of clotting. Patients with traumatic
brain injury (TBI) may have abnormal coagulation
simply as a result of the brain injury itself and the
resulting release of tissue thromboplastin and
abnormalities of fibrinolysis.7,8,12,22,43 Additionally,
multiple organ dysfunction syndrome and sepsis,
which are not uncommon sequelae of severe injury,
may cause coagulopathies secondary to liver and
bone marrow dysfunction.

In the injured patient, these more mild forms of
coagulation dysfunction often require rapid reversal
in order to prevent or attenuate bleeding or to allow
for bedside or operative procedures to be performed
safely. Typically fresh frozen plasma has been used
to normalise coagulation in these patients, but may
require large volumes and often take several hours
to administer and may not fully correct the coagulo-
pathy. Additionally, there are infectious risks asso-
Please cite this article in press as: Stein DM, et al., Low-
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ciated with blood product administration as well as
the risk of fluid overload secondary to large volume
administration. Some patients, most typically Jeho-
vah’s Witness patients, will not accept any blood
products, which leaves clinicians with little in their
armamentarium to normalise coagulation.

The typical doses of FVIIa for use in trauma
patients with severe coagulopathy and haemorrha-
gic shock range from 50 to 200 mcg/kg.5,14,17,25,26,40

The lowest unit dose of FVIIa available is a 1.2 mg
vial. We began administering FVIIa in this lower dose
to injured patients who required rapid reversal of
mild to moderate coagulopathy at our institution in
2004. We hypothesised that low dose FVIIa is a safe,
rapid, and effective therapy to reverse mild to
moderate coagulopathy in injured patients.

Patients and methods

At the R Adams Cowley Shock Trauma centress (STC),
FVIIa is requested by the treating attending surgeon,
intensivist, or anaesthetist. Release by the pharmacy
requires approval of an institutional gatekeeper
(TMS, RPD, JRH). The gatekeepers monitor usage
and determine dose to be given based on provided
clinical information. The low dose (1.2 mg) FVIIa is
approved for patients who require rapid reversal of
mild tomoderate coagulopathy, but are not in shock.
The drug is then reconstituted and administered
according to themanufacturer’s instructions. A data-
base is maintained by the gatekeepers of all patients
in our institution to whom FVIIa is administered.
Thromboembolic prophylaxis is provided for all
patients in accordance with an institutional protocol
that uses immediate mechanical prophylaxis in all
patients on admission to the in-patient unit and low
molecular weight heparin as soon as a stable haema-
tocrit is achieved or 72 h from admission in patients
with TBI or spinal cord contusion.

Following approval by the University of Maryland
Institutional Review Board, patients who received
dose recombinant factor VIIa for trauma patients with
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Table 1 Demographics of study population

Mean S.D.

Age (years) 51 22
ISS 29 11
TRISS 0.728 0.299
LOS (days) 17.1 18.2
ICU LOS (days) 9.9 9.9
Dose (mcg/kg) 15.8 4.2

n %

Gender
Male 59 73
Female 22 27

Primary anatomic injury
TBI 54 67
LE Fx 7 9
Spine 4 5
Multiple 4 5
Other 12 15

Discharge disposition
Died 25 31
Rehabilitation facility 52 64
Home 4 5

ISS: injury severity score; LOS: length of stay; ICU: intensive
care unit; TBI: traumatic brain injury; LE Fx: lower extremity
fracture.

Figure 1 Timing of administration of FVIIa.
1.2 mg as a single dose at STC were identified from
the database. The medical records of these patients
were then reviewed and demographics, injury-spe-
cific data, laboratory values, blood product utilisa-
tion, and timing of FVIIa administration were
abstracted. A two-tailed paired t-test was used to
determine significant changes in coagulation pro-
files before and after administration, as well as
differences in blood product utilisation. A p value
of<0.05 was considered significant for all statistical
tests.

Results

From June 2004 to 2006, 81 patients were identified
who received 84 low doses (1.2 mg) of FVIIa at our
institution. The three patients who received more
than one dose of FVIIa were administered the second
dose several days (>72 h) after thefirst for correction
of a new or recurrent coagulopathy. Table 1 presents
the demographics of the patients in this study group.
The majority of patients were male and mean injury
severity score (ISS)was 29 (�11).Mortalitywas 31% in
this study population. Mechanism of injury was blunt
in 69 patients (85%) (35 from falls, 20 from motor
vehicle collisions, 6 pedestrians stuck, 6 assaults, and
2 motorcycle crashes). Four patients (5%) sustained
penetrating injuries and 8 patients (10%) were given
FVIIa during readmissions to the trauma centre. The
mean weight of the patients was 81.0 kg (�23.2,
range 48—191) and the mean dose administered
was 15.6 mcg/kg (�4.2). Sixty-seven per cent of
patients had a traumatic brain injury (TBI) as their
most severe primary injury.

The aetiology of the coagulopathy in this patient
population included TBI (40%), pre-injury warfarin
use (22%), cirrhosis (13%), multiple organ dysfunc-
tion syndrome (5%), ongoing haemorrhage (5%), pre-
injury antiplatelet medication (4%), and uraemia
(1%). Five per cent had multiple causes of their
coagulopathy and 4 patients (5%) were administered
low dose FVIIa secondary to refusal to accept blood
products due to religious beliefs (Jehovah’s Wit-
nesses). Fig. 1 depicts the timing of administration
of FVIIa in this patient population.

In this cohort, the most frequent primary indica-
tion for low dose FVIIa administration was rapid
reversal of coagulopathy in 54 patients with TBI.
Sixty-one per cent of these had mild coagulopathy
from the TBI itself and 30% were intentionally antic-
oagulated with warfarin prior to their injury. Seven
per cent of these patients with TBI had coagulation
abnormalities secondary to cirrhosis. Low dose FVIIa
was administered to 11 mild to moderately coagulo-
pathic patients who required urgent operative inter-
Please cite this article in press as: Stein DM, et al., Low-
coagulopathy, Injury (2008), doi:10.1016/j.injury.2008.03.0
vention for fracture stabilisation. Four patients with
coagulopathy from multiple organ dysfunction syn-
drome (MODS) and ongoing haemorrhage also
received low dose FVIIa. These patients were criti-
cally ill patients in the intensive care unit who failed
to respond to conventional therapy and large
volume plasma administration. These patients
required invasive procedures, such as tube thora-
costomy or oesophagogastroscopy for upper gastro-
intestinal bleeding. Four additional patients with
platelet dysfunction from either anti-platelet med-
iation or uraemia were given 1.2 mg of FVIIa.
Despite the obvious abnormalities of clotting seen
in these patients, the coagulation profiles (PT and
INR) of these patients on antiplatelet medication
(aspirin and clopidogrel) and with uraemia were
dose recombinant factor VIIa for trauma patients with
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Figure 2 Prothrombin time before and after FVIIa
administration.
relatively normal, as would be expected. Despite
the normal PTand INR, these patients, had a favour-
able clinical response to FVIIa administration. An
additional 4 of the 81 patients in this study had
normal coagulation profiles and were not thought be
coagulopathic, but required surgical intervention
that would potentially subject them to significant
bleeding and will not take blood products secondary
to religious beliefs.

All patients had a good clinical response to FVIIa
administration with no procedural or operative
bleeding complications reported after low dose
FVIIa administration. Coagulation profiles were
available for all except for one patient before and
after FVIIa administration. Mean prothrombin time
(PT) was 17.0 s (�3.2, range 12.6—28.5) prior to
FVIIa administration and was 10.6 s (�1.4, range
8.3—14.5) after administration. Two-tailed paired
t-test demonstrated a p value of <0.00001 for
change in PT. Fig. 2 graphically depicts this change.
Mean international normalised ratio (INR) was 1.9
(�0.67, range 0.9—4.7) prior to administration and
was 0.8 (�0.21, range 0.4—1.4) after ( p < 0.0001).

Packed red blood cell (PRBC) and FFP adminis-
tration was statistically less in the 24 h following
1.2 mg FVIIa than in the 24 h preceding (p = 0.0019
and p < 0.0001, respectively). There was no statis-
tically significant difference in number of units of
Please cite this article in press as: Stein DM, et al., Low-
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Figure 3 Mean units of blood products transfused 24 h
before and after FVIIa administration.
platelets (PLT) transfused before and after FVIIa
administration. Fig. 3 demonstrates the blood pro-
duct utilisation in this study population.

The incidenceof thromboembolic complications in
this study population was 14.8%. There were 12
thrombotic complications observed. These included
6 cerebrovascular accidents (CVA), 2 mesenteric
thromboses with infarction, 1 pulmonary embolism
(PE), 1 deep venous thrombosis (DVT), 1 myocardial
infarction (MI), and 1 atrial thrombus. Four of these
events were judged to have a medium or high asso-
ciation with the FVIIa dose because the timing of
administration closely preceded the event, and
because of a lack of other potential causes. Two of
the six patients who had CVAs had blunt cerebrovas-
cular injuries, one had severe atherosclerotic disease
of the carotid arteries, and three had infarctions in
the area of herniated brain secondary to decompres-
sive craniectomies. Both patients with mesenteric
thrombosis had major mesenteric vascular injuries
and the patient with a pulmonary embolism had a
pre-morbid history of PE and DVTandwas readmitted
with a new PE 20 days after discharge following
nonoperative treatment of TBI. Seven of the patients
with thromboembolic complications died, but in only
two of the patients was the thromboembolic event
thought to be related to mortality.

Discussion

Recombinant factor VIIa was originally described for
the treatment of bleeding in haemophiliacs with
inhibitors.21 Since that time, its use has extended
to a wide variety of patient populations with active
bleeding, bleeding diathesis, and risk of recurrent or
refractory bleeding in both elective and emergent
circumstances. FVIIa has been widely used on an off-
label basis for the treatment of coagulopathy in
trauma patients since the first report of its use in
1999.25 Since that time the literature has been
replete with case reports and case series describing
its use in coagulopathy associatedwith haemorrhagic
shock following injury.7,12,13,17,20,25,26,33,34 Addition-
ally, case reports and series have been published of
FVIIa use in coagulopathic patients at risk of bleeding
as well.3,16,32,37,41,42,49,47 FVIIa use has been
described in patients taking antiplatelet medica-
tions, with cirrhosis, on warfarin, and with thrombo-
cytopenia.1,3,4,9,11,14,15,18,27,30,36—38,41,42,47,50,51

In the trauma population, often these pre-morbid
or mediation-related bleeding diatheses and coagu-
lopathies are present. Additionally, injuries such as
TBI can directly cause mild to moderate coagulo-
pathies.7,8,12,43 In these patients, rapid reversal and
normalisation of the coagulation cascade is essential
dose recombinant factor VIIa for trauma patients with
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in order to allow for intrinsic clotting and bleeding
cessation and to prevent procedural and operative
bleeding complications. We have found that this low
dose rapidly and effectively reverses mild to mod-
erate coagulopathy in these patients. Uniformly, the
PTand INR normalise, but more clinically relevant is
the lack of bleeding associated with the invasive
procedures performed in these patients. PRBC and
plasma utilisation is significantly decreased follow-
ing FVIIa administration, as well.

FVIIa is expensive and this high cost has, to some
degree, limited widespread use. In the doses
described for haemorrhagic shock, the acquisition
cost in our institution ranges from $3240 USD for a
single 50 mcg/kg dose to $12,960 USD for a
200 mcg/kg dose. In coagulopathic patients without
active haemorrhage, the literature describes a wide
range of doses utilised; from 5 to 120 mcg/kg for
cirrhotics undergoing ‘‘minor procedures’’ to doses
of 40—120 mcg/kg in patients requiring neurosurgi-
cal intervention.2,10,24,30,42,44 The patients
described in this study with mild to moderate coa-
gulopathy were treated with a single, non-weight
based dose of 1.2 mg of FVIIa. This is the smallest
unit dose available and costs approximately
$1000 USD. At our institution, this is equivalent to
approximately 8 units of plasma at $120 USD per unit
for acquisition and administration cost. As part of an
ongoing project, we have determined that this dose
of FVIIa will normalise the INR in a patient receiving
warfarin for approximately 6 h, or 3 half-lives of the
drug (J. Hess, personal communication, 2006). One
small prospective study from Italy used the 1.2 mg
dose in cardiac surgery patients and demonstrated a
reduction in postoperative bleeding.45 The correc-
tion of coagulation that occurs following low dose
FVIIa administration is extremely rapid and does not
subject the patient to the risks associated with high
volume administration of plasma, such as fluid over-
load and congestive heart failure, particularly in
older patient populations and those with preexisting
cardiac disease.

In this cohort themost frequent indication for low
dose FVIIa administration was rapid reversal of coa-
gulopathic patients with TBI. At our institution,
neurosurgeons are reluctant to place anymonitoring
device or to perform emergency craniotomy for
evacuation of mass lesions without complete nor-
malisation of the coagulation profile. Many of these
patients fail to normalise their coagulation profiles
despite aggressive plasma administration. The
1.2 mg dose of FVIIa rapidly and effectively accom-
plishes this and allow for prompt intervention.
Plasma is then administered concomitantly, but
slowly, to allow for ongoing normalisation of coagu-
lation after the termination of the FVIIa effect.
Please cite this article in press as: Stein DM, et al., Low-
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Successful reversal of TBI-related coagulopathy
with FVIIa administration has been reported, but
generally at doses that are much higher than used in
our patient population.39,42 Additionally, a number
of patients in our study population with elevated PT
secondary to warfarin use were administered low
dose FVIIa who did not require intervention. In these
cases, the FVIIa was used to rapidly correct the
coagulation abnormality to prevent worsening of
the patient’s primary injury secondary to lack of
intrinsic clotting. A number of case reports have
similarly documented successful use of FVIIa for
rapid reversal of warfarin therapy in the setting
of both traumatic and nontraumatic intracranial
haemorrhage.6,15,30,46

Another frequent use of low dose FVIIa in our
cohort was in mild to moderately coagulopathic
patients who required urgent operative intervention
for fracture stabilisation. Several of these patients
were older and at risk for congestive heart failure. In
these patients, 1.2 mg of FVIIa rapidly corrected
their coagulation abnormalities without rapid large
volume administration of plasma that might subject
them to fluid overload and subsequent respiratory
compromise.

The subset of patients in whom we have used low
dose FVIIa is in patients without will not take blood
products secondary to religious beliefs but require
operative intervention that would subject them to
risk of significant haemorrhage. The use of FVIIa in
injured Jehovah’s Witness patients has previously
been described at our institution, as well as in
others.19,23,48 Other studies have looked at prophy-
lactic FVIIa use in noncoagulopathic patients and
demonstrated reductions in operative blood loss and
transfusion requirements.16,31 All of the Jehovah’s
Witnesses in this study who received FVIIa for pre-
vention of excessive surgical bleeding had a good
clinical response and all but one, who was severely
injured, were discharged to home without compli-
cations.

Despite the effectiveness of this approach in
correctingmild tomoderate coagulopathy in injured
patients, there was a real risk of thromboembolic
events. The thromboembolic complication rate was
nearly 15% in this study population. Althoughmost of
these complications were not thought to be directly
related to the FVIIa administration, some likely
were. FVIIa is a powerful procoagulant and one
randomised study of patients receiving FVIIa for
intracerebral haemorrhage demonstrated an
increased incidence of thromboembolic events.35

The prospective randomised trial in trauma patients
failed to demonstrate a difference in thromboem-
bolic events in patients who received the study drug
versus placebo.5 The patients in the trauma trial
dose recombinant factor VIIa for trauma patients with
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were younger than those in the trial of intracerebral
haemorrhage however, which may have accounted
for some of the differences. The patients in this
current study were older than those in the study by
Boffard et al. (51 vs. 38 years) largely due to the
large percentage of older patients on warfarin. A
recent systematic review that looked at clinical
studies in which FVIIa was used reported a 1—2%
incidence of thrombotic complications.28 Another
study which reviewed safety data from company
sponsored clinical trials revealed a thrombotic
adverse event rate of 5.3% which was not different
from placebo-treated patients.29 A study that has
recently been published from our institution has
examined this association of thromboembolic
events and FVIIa administration at all doses. Over-
all, there was a 9% incidence of these events, with a
3% incidence of complications thought to be directly
associated with FVIIa administration.49

There are certainly significant limitations to this
study. First and foremost, we were unable to iden-
tify a control group to match this diverse patient
population. This lack of a control group makes
determination of efficacy impossible. We have been
able to demonstrate a decrease in blood product
utilisation following administration, but cannot
determine what the outcome may have been in
these patients had conventional therapy alone been
used. Clearly blood product utilisation would be
expected to be highest in the 24 h immediately
following admission in all injured patients and
therefore this effect cannot be attributed solely
to the FVIIa administration in those patients who
received the drug soon after admission. In those
patients who received FVIIa later in their hospital
course, the decreases in blood product utilisation
should be a valid measure of efficacy. Additionally,
we were able to demonstrate laboratory normal-
isation following administration of low dose FVIIa,
but are well aware that a statistically significant
decrease in coagulation profile does not necessarily
correlate with correction of in vivo coagulopathy.
Second, we were unable to obtain data concerning
the rapidity of intervention following FVIIa admin-
istration that we feel is one of the great advantages
of this approach to the mild to moderately coagulo-
pathic patient. Third, the lack of an appropriate
control group in this current study makes it impos-
sible to determine what the risk of thromboembolic
events would be without FVIIa administration.

Conclusions

This case series is simply designed to detail our
successful experience with a novel therapeutic
Please cite this article in press as: Stein DM, et al., Low-
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approach to a difficult and frequent clinical
dilemma. Low dose FVIIa administration may be
beneficial in patients with these mild to moderate
coagulopathies who require rapid and effective
correction of their coagulation profile. The cost
of this intervention is equivalent to approximately
8 units of plasma. Low dose FVIIa administration
does not subject the patient to high volumes of
fluid or the risks of blood product administration
and allows for almost instantaneous reversal of the
coagulopathy. Additionally, there is a certain per-
centage of patients that despite high volume fac-
tor administration fail to completely correct their
coagulopathy. Low dose FVIIa uniformly normalises
the prothrombin time in these patients. The high
number of thromboembolic complications, how-
ever, are concerning. Clearly, FVIIa, even at these
low doses, should be administered with extreme
caution in patients at risk of thromboembolic
events.

Conflict of interest statement

Drs. Stein, Dutton, and Scalea have received
research funding from Novo Nordisk, Inc., the man-
ufacturers of Novoseven. Dr. Dutton has served as a
consultant to Novo Nordisk for research study
design, and has been a member of their speaker’s
bureau. None of the authors holds any financial
interest in Novo Nordisk.

References

1. Barnes C, Blanchette V, Canning P, et al. Recombinant FVIIa in
the management of intracerebral haemorrhage in severe
thrombocytopenia unresponsive to platelet-enhancing treat-
ment. Transfus Med 2005;15(April (2)):145—50.

2. Bernstein DE, Jeffers L, Erhardtsen E, et al. Recombinant
factor VIIa corrects prothrombin time in cirrhotic patients: a
preliminary study. Gastroenterology 1997;113(December
(6)):1930—7.

3. Berntorp E, Stigendal L, Lethagen S, et al. NovoSeven in
warfarin-treated patients. Blood Coag Fibrin 2000;11(Suppl.
1):S113—5.

4. Billio A, Morello E, Amaddii G, et al. Treatment of refractory
thrombocytopenic bleeding with rFVIIa: a case report. Blood
2002;100:83b.

5. Boffard KD, Riou B, Warren B, et al. Recombinant factor VIIa
as adjunctive therapy for bleeding control in severely injured
trauma patients: two parallel randomized, placebo-con-
trolled, double-blind clinical trials. J Trauma 2005;59(July
(1)):8—15 [discussion 15-8].

6. Brody DL, Aiyagari V, Shackleford AM, et al. Use of recombi-
nant factor VIIa in patients with warfarin-associated intra-
cranial hemorrhage. Neurocrit Care 2005;2(3): 263—7.

7. Carrick MM, Tyroch AH, Youens CA, Handley T. Subsequent
development of thrombocytopenia and coagulopathy in mod-
erate and severe head injury: support for serial laboratory
dose recombinant factor VIIa for trauma patients with
32

http://dx.doi.org/10.1016/j.injury.2008.03.032


Low-dose recombinant factor VIIa 7

JINJ-3596; No of Pages 8
examination. J Trauma 2005;58(April (4)):725—9 [discussion
729-30].

8. Cortiana M, Zagara G, Fava S, Seveso M. Coagulation abnorm-
alities in patients with head injury. J Neurosurg 1986;30(July—
September (3)):133—8.

9. Culic S. Recombinant factor VIIa for refractive haemorrhage
in autoimmune idiopathic thrombocytopenic purpura. Br J
Haematol 2003;120(March (5)):909—10.

10. da Silva Viana J. Recombinant factor VIIa in major abdominal
surgery and liver transplantation. Transplant Proc 2006;38
(April (3)):818—9.

11. Deveras RAE, Kessler CM. Reversal of warfarin-induced exces-
sive anticoagulation with recombinant factor VII concen-
trate. Ann Intern Med 2002;137:884—8.

12. Dutton RP, Hess JR, Scalea TM. Recombinant factor VIIa for
control of hemorrhage: early experience in critically ill
trauma patients. J Clin Anesth 2003;15:184—8.

13. Dutton RP, McCunn M, Hyder M, et al. Factor VIIa for
correction of traumatic coagulopathy. J Trauma 2004;57:
709—19.

14. Eikelboom JW, Bird R, Blythe D, et al. Recombinant activated
factor VII for the treatment of life-threatening haemorrhage.
Blood Coag Fibrin 2003;14:713—7.

15. FreemanWD, Brott TG, Barrett KM, et al. Recombinant factor
VIIa for rapid reversal of warfarin anticoagulation in acute
intracranial hemorrhage. Mayo Clin Proc 2004;79(December
(12)):1495—500.

16. Friederich PW, Henny CP, Messelink EJ, et al. Effect of recom-
binant activated factor VII on perioperative blood loss in
patients undergoing retropubic prostatectomy: a double-blind
placebo-controlled randomized trial. Lancet 2003;361:201—5.

17. Geeraedts Jr LM, Kamphuisen PW, Kaasjager HA, et al. The
role of recombinant factor VIIa in the treatment of life-
threatening haemorrhage in blunt trauma. Injury
2005;36(April (4)):495—500 [Epub 2004 December 8]..

18. Gerotziafas GT, Zervas C, Gavrielidis G, et al. Effective
hemostasis with rFVIIa treatment in two patients with severe
thrombocytopenia and life-threatening hemorrhage. Am J
Hematol 2002;69:219—22.

19. Haan J, Scalea T. A Jehovah’s Witness with complex abdom-
inal trauma and coagulopathy: use of factor VII and a review
of the literature. Am Surg 2005;71(May (5)):414—5.

20. Harrison TD, Laskosky J, Jazaeri O, et al. ‘‘Low-dose’’ recom-
binant activated factor VII results in less blood and blood
product use in traumatic hemorrhage. J Trauma 2005;59(July
(1)):150—4.

21. Hedner U. Factor VIIa in the treatment of hemophilia. Blood
Coag Fibrin 1990;1:307—17.

22. Hulka F, Mullins R, Frank E. Blunt brain injury activates the
coagulation process. Arch Surg 1996;131(September (9)):
923—7 [discussion 927-8].

23. Jabbour N, Gagandeep S, Peilin AC, et al. Recombinant
human coagulation factor VIIa in Jehovah’s Witness patients
undergoing liver transplantation. Am Surg 2005;71(February
(2)):175—9.

24. Jeffers L, Chalasani N, Balart L, et al. Safety and efficacy of
recombinant factor VIIa in patients with liver disease under-
going laparoscopic liver biopsy. Gastroenterology 2002;123
(July (1)):118—26.

25. Kenet G, Walden R, Eldad A, Martinowitz U. Treatment of
traumatic bleeding with recombinant factor VIIa. Lancet
1999;354:1879.

26. Khan AZ, Parry JM, CrowleyWF, et al. Recombinant factor VIIa
for the treatment of severe postoperative and traumatic
hemorrhage. Am J Surg 2005;189(March (3)):331—4.

27. Klamroth R, Gottstein S, Landgraf H. Successful use of
recombinant factor VIIa to prevent bleeding during major
Please cite this article in press as: Stein DM, et al., Low-
coagulopathy, Injury (2008), doi:10.1016/j.injury.2008.03.0
surgery in a patient with severe immune thrombocytopenia.
Blood 2002;100:77b.

28. Levi M, Peters M, Buller H. Efficacy and safety of recombinant
factor VIIa for treatment of severe bleeding: a systemic
review. Crit Care Med 2005;33(April (4)):883—90.

29. Levy JH, Fingerhut A, Brott T, et al. Recombinant factor VIIa
in patients with coagulopathy secondary to anticoagulant
therapy, cirrhosis, or severe traumatic injury: review of
safety profile. Transfusion 2006;46(June (6)):919—33.

30. Lin J, HaniganWC, Tarantino M, et al. The use of recombinant
activated factor VII to reverse warfarin-induced anticoagula-
tion in patients with hemorrhages in the central nervous
system: preliminary findings. J Neurosurg 2003;98(April
(4)):737—40.

31. Lodge JP, Jonas S, Oussoultzoglou E, et al. Recombinant
coagulation factor VIIa in major liver resection: a rando-
mized, placebo-controlled, double-blind clinical trial.
Anesthesiology 2005;102(February (2)):269—75.

32. Lodge P, Jonas S, Jaeck D, et al. Recombinant factor VIIa in
partial hepatectomy: a randomized placebo-controlled, dou-
ble-blind clinical trial. J Hepatol 2003;36:177.

33. Martinowitz U, Kenet G, Lubetski A, et al. Possible role of
recombinant activated factor VII (rFVIIa) in the control of
hemorrhage associated with massive trauma. Can J Anaesth
2002;49:S15—20.

34. Martinowitz U, Kenet G, Segal E, et al. Recombinant acti-
vated factor VII for adjunctive hemorrhage control in trauma.
J Trauma 2001;51:431—9.

35. Mayer SA, Brun NC, Begtrup K, et al. Recombinant activated
factor VII for acute intracerebral hemorrhage. N Engl J Med
2005;352(February (8)):777—85.

36. Mindikoglu AL, Anantharaju A, George M, et al. Acute intra-
cranial hemorrhage in a cirrhotic controlled with recombi-
nant factor VIIa. Dig Dis Sci 2003;48:1130—5.

37. Mindikoglu AL, Anantharaju A, Villanueva J, et al. Pericar-
diocentesis and pancreatic aspiration needle biopsy in coa-
gulopathic and thrombocytopenic cirrhotic patient. Chest
2003;123:956—8.

38. Minniti C, Weinthal J. Use of recombinant activated factor VII
(rFVIIa) in two children with idiopathic thrombocytopenia
pupura (ITP). Blood 2001;98:62b.

39. Morenski JD, Tobias JD, Jimenez DF. Recombinant activated
factor VII for cerebral injury-induced coagulopathy in pedia-
tric patients. Report of three cases and review of the litera-
ture. J Neurosurg 2003;98(March (3)):611—6.

40. O’Connell NM, Perry DJ, Hodgson AJ, et al. Recombinant FVIIa
in the management of uncontrolled hemorrhage. Transfusion
2003;43:1711—6.

41. Pardo M, Bartolome J, Carreno V, et al. Benefit of rFVIIa
administration for cirrhotic patients undergoing surgery.
World J Surg 2003;27:758—9.

42. Park P, Fewel ME, Garton HJ, et al. Recombinant activated
factor VII for the rapid correction of coagulopathy in nonhe-
mophiliac neurosurgical patients. Neurosurgery 2003;53:
34—8.

43. Pathak A, Dutta S, Marwaha N, et al. Change in tissue
thromboplastin content of brain following trauma. Neurol
India 2005;53(June (2)):178—82.

44. Powner DJ, Hartwell EA, Hoots WK. Counteracting the effects
of anticoagulants and antiplatelet agents during neurosurgi-
cal emergencies. Neurosurgery 2005;57(November (5)):823—
31 [discussion 823-31].

45. Romagnoli S, Bevilacqua S, Gelsomino S, et al. Small-dose
recombinant activated factor VII (NovoSeven) in cardiac
surgery. Anesth Analg 2006;102(May (5)):1320—6.

46. Sørensen B, Johansen P, Nielsen GL, et al. Reversal of the
International Normalized Ratio with recombinant activated
dose recombinant factor VIIa for trauma patients with
32

http://dx.doi.org/10.1016/j.injury.2008.03.032


8 D.M. Stein et al.

JINJ-3596; No of Pages 8
factor VII in central nervous system bleeding during warfarin
thromboprophylaxis: clinical and biochemical aspects. Blood
Coag Fibrin 2003;14:469—77.

47. Surudo T, Wojcicki M, Milkiewicz P. Rapid correction of
prothrombin time after low-dose recombinant factor VIIa
in patients undergoing orthotopic liver transplantation.
Transplant Proc 2003;35:2323—5.

48. Tanaka KA, Waly AA, Cooper WA, Levy JH. Treatment of
excessive bleeding in Jehovah’s Witness patients after car-
diac surgery with recombinant factor VIIa (NovoSeven1).
Anesthesiology 2003;98:1513—5.
Please cite this article in press as: Stein DM, et al., Low-
coagulopathy, Injury (2008), doi:10.1016/j.injury.2008.03.0
49. Thomas GOR, Dutton RP, Hemlock B, et al. Thromboembolic
complications associated with factor VIIa administration. J
Trauma 2007;62(3):564—9.

50. Waddington DP, McAuley FT, Hanley JP, et al. The use of
recombinant factor VIIa in a Jehovah’s Witness with auto-
immune thrombocytopenia and post-splenectomy haemor-
rhage. Br J Haematol 2002;119(October (1)):286—8.

51. Watson H, Salamat A, Tait. et al. Successful treatment of life
threatening haemorrhage with rVIIa during autologous per-
ipheral blood stem cell transplantation complicated by pla-
telet refractoriness. Blood 2002;100:78b.
dose recombinant factor VIIa for trauma patients with
32

http://dx.doi.org/10.1016/j.injury.2008.03.032

	Low-dose recombinant factor VIIa for trauma patients with coagulopathy
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusions
	Conflict of interest statement
	References


