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Background

Intracerebral hemorrhage is the least treatable form of stroke. We performed this 
phase 3 trial to confirm a previous study in which recombinant activated factor VII 
(rFVIIa) reduced growth of the hematoma and improved survival and functional 
outcomes.

Methods

We randomly assigned 841 patients with intracerebral hemorrhage to receive pla­
cebo (268 patients), 20 μg of rFVIIa per kilogram of body weight (276 patients), or 
80 μg of rFVIIa per kilogram (297 patients) within 4 hours after the onset of stroke. 
The primary end point was poor outcome, defined as severe disability or death ac­
cording to the modified Rankin scale 90 days after the stroke.

Results

Treatment with 80 μg of rFVIIa per kilogram resulted in a significant reduction in 
growth in volume of the hemorrhage. The mean estimated increase in volume of the 
intracerebral hemorrhage at 24 hours was 26% in the placebo group, as compared 
with 18% in the group receiving 20 μg of rFVIIa per kilogram (P = 0.09) and 11% in 
the group receiving 80 μg (P<0.001). The growth in volume of intracerebral hemor­
rhage was reduced by 2.6 ml (95% confidence interval [CI], −0.3 to 5.5; P = 0.08) in 
the group receiving 20 μg of rFVIIa per kilogram and by 3.8 ml (95% CI, 0.9 to 6.7; 
P = 0.009) in the group receiving 80 μg, as compared with the placebo group. Despite 
this reduction in bleeding, there was no significant difference among the three 
groups in the proportion of patients with poor clinical outcome (24% in the pla­
cebo group, 26% in the group receiving 20 μg of rFVIIa per kilogram, and 29% in 
the group receiving 80 μg). The overall frequency of thromboembolic serious adverse 
events was similar in the three groups; however, arterial events were more frequent 
in the group receiving 80 μg of rFVIIa than in the placebo group (9% vs. 4%, 
P = 0.04).

Conclusions

Hemostatic therapy with rFVIIa reduced growth of the hematoma but did not im­
prove survival or functional outcome after intracerebral hemorrhage. (ClinicalTrials.
gov number, NCT00127283.)
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Intracerebral hemorrhage is the most 
devastating form of stroke. Approximately 
40% of patients with intracerebral hemor­

rhage die within 30 days, and the majority of sur­
vivors are left with severe disability.1,2 Hematoma 
growth occurs in up to 70% of patients who have 
intracerebral hemorrhage documented by comput­
ed tomographic (CT) scanning performed within 
3 hours after the onset of symptoms.3,4 Further­
more, hemorrhage expansion is an independent 
determinant of death and disability.4 In addition 
to intracerebral-hemorrhage growth, other predic­
tors of poor outcome include age, baseline vol­
ume of the hemorrhage, Glasgow Coma Scale 
score, intraventricular hemorrhage, and infraten­
torial location.5

There is no proven treatment for intracerebral 
hemorrhage.6 Given its prognostic significance, 
hematoma expansion is an attractive therapeutic 
target.7 Factor VIIa acts locally at sites of tissue 
injury and vascular-wall disruption by binding to 
tissue factor and thus generating small amounts 
of thrombin sufficient to activate platelets. At 
pharmacologic doses, recombinant activated fac­
tor VII (rFVIIa) directly activates factor X on the 
surface of activated platelets, resulting in a throm­
bin burst and acceleration of coagulation.8

We previously found that rFVIIa reduced the 
growth of intracerebral hemorrhage when admin­
istered within 4 hours after the onset of symp­
toms.9 In addition, rFVIIa resulted in improved 
survival and functional outcome at 90 days. In the 
current study, we evaluated the effects of 20 μg 
and 80 μg of rFVIIa per kilogram of body weight 
on rates of death and severe disability after intra­
cerebral hemorrhage.

Me thods

The Factor Seven for Acute Hemorrhagic Stroke 
(FAST) trial was a multicenter, randomized, dou­
ble-blind, placebo-controlled trial conducted be­
tween May 2005 and February 2007 at 122 sites 
in 22 countries. Written informed consent was 
obtained from each patient or a legally accept­
able surrogate, and the trial was approved by local 
institutional review boards and national regula­
tory authorities, as applicable. The authors de­
signed the trial protocol, directed the data analy­
sis, and wrote the manuscript, whereas the sponsor 
was responsible for trial operations, including data 
analysis. The principal investigator (Dr. Mayer) 

assumes full responsibility for the veracity and 
completeness of the reported data.

PATIENTS

Patients 18 years of age or older with spontane­
ous intracerebral hemorrhage documented by CT 
scan within 3 hours after the onset of symptoms 
were eligible for enrollment. The exclusion crite­
ria were a Glasgow Coma Scale score of 5 or less; 
surgical evacuation of hematoma planned within 
24 hours; secondary intracerebral hemorrhage re­
sulting from trauma, arteriovenous malformation, 
or other causes; known use of oral anticoagulant 
therapy, thrombocytopenia, or coagulopathy; acute 
sepsis, crush injury, or disseminated intravascu­
lar coagulation; pregnancy; previous disability 
(prestroke modified Rankin scale score >2); and 
known recent (<30 days before enrollment) throm­
boembolic disease (angina, claudication, deep-vein 
thrombosis, cerebral infarction, or myocardial 
infarction).

TREATMENT

The patients underwent block randomization ac­
cording to site to receive a single intravenous dose 
of placebo or of rFVIIa (NovoSeven, Novo Nordisk) 
at a dose of 20 μg or 80 μg per kilogram. Treat­
ment was administered within 1 hour after the 
baseline CT scan and no later than 4 hours after 
the onset of symptoms. The study drug was sup­
plied as a freeze-dried powder and was reconsti­
tuted in sterile water before being administered 
intravenously over a period of 2 minutes. Dosing 
was based on estimated body weight. It was rec­
ommended that medical management conform 
with the 1999 American Stroke Association guide­
lines for intracerebral hemorrhage.10

CT SCANNING

Follow-up CT scans were performed at target in­
tervals of 24 hours (range, 21 to 27) and 72 hours 
(range, 66 to 78) after drug administration. When 
a 24-hour scan was not available within the spec­
ified time period, the first follow-up scan per­
formed within 48 hours was analyzed. Digital CT 
data were analyzed with the use of Analyze soft­
ware (Mayo Clinic) by two neuroradiologists who 
were unaware of the treatment assignment. The 
volumes of intracerebral hemorrhage, intraven­
tricular hemorrhage, and edema were calculated 
with the use of computerized planimetric tech­
niques and were evaluated as secondary end points. 
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We have previously shown that the interobserver 
reliability of this method is excellent.11

CLINICAL ASSESSMENTS

Clinical assessments were performed at enroll­
ment; at 1 hour and 24 hours after drug admin­
istration; on days 2, 3, and 15 of hospitalization 
(or at discharge if earlier); and on day 90 after the 
stroke. Neurologic deficit was assessed accord­
ing to scores on the Glasgow Coma Scale, which 
range from 15 (normal) to 3 (deep coma),12 and 
the National Institutes of Health Stroke Scale 
(NIHSS), which range from 0 (normal) to 42 (coma 
with quadriplegia).13 The primary outcome mea­
sure was the score on the modified Rankin scale 
at day 90.14 The modified Rankin scale evaluates 
global disability and handicap; scores range from 
0 (no symptoms or disability) to 6 (death). Second­
ary end points at day 90 included the Barthel index 
(ranging from 100 [independent in all activities 
of daily living] to 0 [completely dependent]),15 the 
Extended Glasgow Outcome Scale,16 the NIHSS, 
the EuroQol scale,17 and the Revised Hamilton 
Rating Scale for Depression.18 At the 90-day fol­
low-up, patients who had died were assigned a 
Barthel index score of 0, and the last recorded 
NIHSS score was carried forward.

SAFETY ASSESSMENTS

We recorded all adverse events until discharge and 
all serious adverse events until day 90. Medical 
events of special interest, defined as myocardial 
infarction, ischemic stroke, deep-vein thrombo­
sis, and pulmonary embolism, were subject to de­
tailed reporting and expedited review. All medi­
cal events of special interest and serious adverse 
events identified by local investigators were re­
ported to an independent data and safety monitor­
ing committee. In addition, all electrocardiograms, 
centrally analyzed cardiac troponin I values, and 
72-hour CT scans were reviewed by the data and 
safety monitoring committee in order to identify 
unreported cases of myocardial or cerebral ische­
mia. The data and safety monitoring committee 
compared the results for death, serious adverse 
events, and medical events of special interest in 
the three treatment groups after the enrollment 
of every 75 patients.

STATISTICAL ANALYSIS

All analyses were based on the intention-to-treat 
principle. The primary efficacy end point was se­

vere disability or death, defined as a modified 
Rankin scale score of 5 or 6 at day 90. The study 
was powered to detect an odds ratio of poor out­
come of 0.53 or less with active treatment as com­
pared with placebo (on the assumption of a fre­
quency of poor outcome of 45% in the placebo 
groups and 30% in the treatment groups) on the 
basis of a one-sided chi-square test, with a beta 
level of 0.10 and an alpha level of 0.025. After a 
planned sample-size review midway through the 
trial that evaluated the proportion with poor 
90-day outcomes in the pooled group of patients 
receiving placebo and those receiving 80 μg of 
rFVIIa per kilogram, the study population was 
increased by 123 patients to a new target of 816. 
The primary outcome measure was analyzed by 
logistic regression, with treatment, age, sex, base­
line volume of intracerebral hemorrhage, pre­
stroke modified Rankin scale score, and location 
(supratentorial or infratentorial) as covariates ac­
cording to a prespecified statistical-analysis plan. 
For surviving patients with missing outcome data, 
the last observation was carried forward. The 
scores on the Barthel index and the NIHSS were 
analyzed with the use of an analysis-of-variance 
model with the same covariates, with the base­
line score on the Glasgow Coma Scale used in­
stead of the modified Rankin scale score.

Lesion volumes on CT were analyzed with the 
use of linear mixed models to yield estimated 
mean values. The patient and the two scan read­
ers were included as random effects, and treat­
ment, baseline volume of intracerebral hemor­
rhage, time from onset of symptoms to baseline 
CT scan, and time from baseline CT scan to treat­
ment were included as fixed-effect covariates. 
Percentage increases were log-transformed to ob­
tain normality after the addition of 100 to elimi­
nate negative values. The chi-square test was 
used to compare the frequencies of arterial, ve­
nous, and all thromboembolic serious adverse 
events in the three treatment groups at day 90. 
Exploratory post hoc analyses were performed to 
determine how the timing of treatment influ­
enced the hemostatic effect of rFVIIa; whether 
stratification according to age, baseline volume 
of the hemorrhage, or timing of treatment influ­
enced the clinical response to rFVIIa treatment; 
and whether baseline predictors of thromboem­
bolic serious adverse events could be identified. 
All analyses were performed with SAS software, 
version 8.2, on a UNIX platform.
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R esult s

BASELINE CHARACTERISTICS

A total of 8886 patients with intracerebral hemor­
rhage were screened; 841 were enrolled and un­
derwent randomization, and 821 received the 
study drug (Fig. 1). Baseline data from 20 pa­
tients who did not receive the study drug were 
included in the intention-to-treat analysis; no data 
for 90 days after the stroke were available for 
these patients. The mean age was 65 years (range, 
23 to 97), and 62% of the patients were male, 
69% were white, 19% were Asian, and 9% were 

black. The median Glasgow Coma Scale score 
was 14 (range, 6 to 15), and the mean NIHSS 
score was 13 (range, 0 to 38). The deep gray mat­
ter was involved in 78% of cases, and the lobar 
regions were involved in 22%. The baseline char­
acteristics of the three treatment groups were 
similar, except that intraventricular hemorrhage 
and, to a lesser extent, left ventricular hypertro­
phy (according to electrocardiographic criteria) 
and coma (Glasgow Coma Scale score, 6 to 8) 
occurred more frequently in the two groups re­
ceiving rFVIIa (Table 1). The mean volume of the 
intracerebral hemorrhage at baseline for all pa­
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Figure 1. Enrollment and Follow-up.

ICH denotes intracerebral hemorrhage, and rFVIIa recombinant activated factor VII.
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tients was 23.2 ml (range, 0.3 to 153.4) and was 
similar in the three groups (Table 2).

The mean time from onset of symptoms to 
baseline CT scan was 109±39 minutes, the mean 
time from baseline CT scan to treatment was 
51±17 minutes, and the mean time from onset 
of symptoms to treatment was 160±37 minutes. 
Seventeen percent of patients were treated with­
in 2 hours after the onset of symptoms and 72% 
within 3 hours; only one patient was treated out­
side the 4-hour time window. The timing of treat­
ment was similar in the three groups (Table 1).

RADIOGRAPHIC OUTCOMES

A total of 819 CT scans performed at baseline and 
794 performed at 24 hours were available for 

analysis. The estimated mean increase in the vol­
ume of intracerebral hemorrhage was 26% in the 
placebo group and 11% in the group receiving 
80 μg of rFVIIa per kilogram; the increase in the 
volume of hematoma was 3.8 ml less in the group 
receiving 80 μg of rFVIIa than in the placebo 
group (95% confidence interval [CI], 6.7 to 0.9; 
P = 0.009) (Table 2). The increase in the volume of 
intracerebral hemorrhage in patients receiving 
20 μg of rFVIIa per kilogram was 2.6 ml less than 
that in patients receiving placebo (95% CI, 5.5 to 
−0.3; P = 0.08). In a post hoc analysis, the abso­
lute reduction in the growth of intracerebral-
hemorrhage volume in patients receiving 80 μg 
of rFVIIa per kilogram as compared with those 
receiving placebo was even greater among patients 

Table 1. Baseline Characteristics and Timing of Treatment.*

Variable

rFVIIa,  
20 µg/kg
(N = 276)

rFVIIa,  
80 µg/kg
(N = 297)

Placebo 
(N = 268)

Age (yr) 65±14 65±13 65±14

Male sex (%) 61 61 63

Race or ethnic group (%)†

White 72 69 67

Black 9 9 9

Asian 16 18 21

Unknown or other 3 3 3

Location of hemorrhage (%)‡

Deep gray matter 77 80 78

Lobar regions 23 20 20

Cerebellum 2 2 4

Brain stem 3 2 3

Intraventricular hemorrhage (%) 35 41 29

Glasgow Coma Scale score§

Median 14 14 15

Range 6–15 6–15 6–15

Glasgow Coma Scale score of 6–8 (%) 6 6 3

NIHSS score¶ 13±7 13±7 13±6

Systolic blood pressure at treatment (mm Hg) 179±30 182±32 180±28

Left ventricular hypertrophy on baseline ECG (%) 31 30 23

Time from onset of symptoms to treatment (min) 161±37 160±36 160±38

Treated ≤3 hr after onset of symptoms (%) 72 74 72

*	Plus–minus values are means ±SD. Percentages may not add to 100 because of rounding. ECG denotes electrocardio-
gram, NIHSS National Institutes of Health Stroke Scale, and rFVIIa recombinant activated factor VII.

†	Race or ethnic group was reported by the patient or a family member.
‡	More than one region could be involved in a given patient.
§	Scores range from 15 (normal) to 3 (deep coma).
¶	Scores range from 0 (normal) to 42 (coma with quadriplegia).
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treated within 3 hours after the onset of symp­
toms (−4.5 ml; 95% CI, −8.0 to −1.0) and was 
greater still among those treated within 2 hours 
after onset (−5.6 ml; 95% CI, −13.1 to −2.0). How­
ever, there was no significant interaction between 
treatment effect and the time from onset of symp­
toms to treatment.

Although the intraventricular-hemorrhage vol­
ume at 24 hours doubled in the placebo group 
and was essentially unchanged in the group re­
ceiving 80 μg of rFVIIa per kilogram, the differ­
ence between the groups was not statistically 
significant. Growth in volume of the total lesion 
(intracerebral hemorrhage, intraventricular hem­
orrhage, and edema) was 7 ml less in the group 
receiving 80 μg of rFVIIa per kilogram than in 
the placebo group (P = 0.06). However, the final 
total lesion volumes at 72 hours were similar in 
the three groups (Table 2). There were no sig­
nificant differences among the three groups in 
edema volume at 72 hours.

CLINICAL OUTCOMES

Mortality at 3 months was approximately 20% in 
the three groups (Table 3 and Fig. 2). The primary 
outcome measure (the proportion of patients 
who died or were severely disabled) did not differ 
significantly among the three groups (Table 3). 
Similarly, the distribution of outcomes on the 
modified Rankin scale (Fig. 3) and the median 
scores on the Barthel index were similar among 
the three groups. The NIHSS scores were sig­
nificantly lower in the group receiving 80 μg of 
rFVIIa per kilogram than in the placebo group, 
but the magnitude of this difference was small 
(Table 3).

In a series of exploratory post hoc analyses, 
we tested the hypothesis that rFVIIa at a dose of 
80 μg per kilogram may have benefited a sub­
group of younger patients with smaller hemor­
rhages treated within an earlier time window. 
The cutoff points for age (65, 70, 75, and 80 years), 
volume of intracerebral hemorrhage (60 ml), intra­

Table 2. Hemorrhage Volumes at Baseline and Follow-up.*

Variable

rFVIIa,  
20 µg/kg
(N = 276)

rFVIIa,  
80 µg/kg
(N = 297)

Placebo 
(N = 268)

Volume of intracerebral hemorrhage 

At baseline — ml 24±26 23±26 22±24

At 24 hr — ml 28±30 25±28 28±31

Estimated percent increase from baseline — mean (95% CI) 18 (13 to 24) 11 (6 to 17) 26 (20 to 32)

P value vs. placebo 0.09 <0.001 —

Estimated milliliters of increase from baseline — mean (95% CI) 4.9 (2.9 to 7.0) 3.7 (1.7 to 5.7) 7.5 (5.4 to 9.6)

P value vs. placebo 0.08 0.009 —

Volume of intraventricular hemorrhage

At baseline — ml 3.6±8.0 5.3±11.7 2.7±7.5

At 24 hr — ml   5.8±17.2 5.4±10.8   4.6±10.3

Estimated milliliters of increase from baseline — mean (95% CI) 2.0 (0.6 to 3.3) 1.0 (−0.2 to 2.3) 1.6 (0.3 to 3.0)

P value vs. placebo 0.74 0.51 —

Volume of intracerebral hemorrhage plus intraventricular 
hemorrhage plus edema

At baseline — ml 46±45 46±49 42±47

At 72 hr — ml 71±69 65±66 68±67

Estimated milliliters of increase from baseline — mean (95% CI) 26 (21 to 31) 22 (17 to 27) 29 (23 to 34)

P value vs. placebo 0.53 0.06 —

*	Plus–minus values are means ±SD. For estimated mean increases, 95% confidence intervals (CIs) are derived from a 
linear mixed model with the patient and the reader as random effects and baseline volume of the hemorrhage, time 
from onset of symptoms to baseline CT scan, and time from baseline CT scan to treatment as fixed effects. CT scans at 
24 hours were missing for 12 patients receiving placebo, 17 receiving 20 µg of rFVIIa (recombined activated factor VII) 
per kilogram, and 12 receiving 80 µg of rFVIIa per kilogram.
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ventricular-hemorrhage volume (5 ml), and time 
from onset of symptoms to treatment (2.0, 2.5, 
and 3.0 hours) were tested alone and in combina­
tion. Among subjects 70 years of age or younger 

with a baseline volume of intracerebral hemor­
rhage of 60 ml or less, an intraventricular-hemor­
rhage volume of 5 ml or less, and a time from 
onset of symptoms to treatment of 2.5 hours or 

Table 3. Clinical Outcome and Thromboembolic Serious Adverse Events at 90 Days.*

Variable

rFVIIa, 
20 µg/kg
(N = 276)

rFVIIa, 
80 µg/kg
(N = 297)

Placebo  
(N = 268)

Death — no. of patients (%) 50 (18) 62 (21) 51 (19)

Odds ratio for survival (95% CI) 0.8 (0.5–1.4) 1.1 (0.7–31.8)

P value vs. placebo 0.38 0.75

Modified Rankin scale score†    

Poor outcome (score 5 or 6) — no. of patients (%) 69 (26) 84 (30) 62 (24)

Odds ratio for poor outcome (95% CI)‡ 1.0 (0.6–1.6) 1.4 (0.9–2.2) —

Barthel index score§

Median 72.5 70.0 70.0

P value vs. placebo 0.54 0.91 —

NIHSS score¶

Median 5.0 4.0 5.0

P value vs. placebo 0.20 0.02 —

Thromboembolic serious adverse events — no. of patients affected (%)‖

Total 24 (9) 31 (10) 21 (8)

Arterial** 14 (5) 25 (8) 11 (4)

Myocardial infarction 11 (4) 14 (5) 8 (3)

Cerebral Infarction 4 (1) 10 (3) 4 (1)

Venous 10 (4) 7 (2) 11 (4)

Deep-vein thrombosis 7 (3) 7 (2) 9 (3)

Pulmonary embolism 4 (1) 3 (1) 2 (1)

*	 The numbers of patients at the top of the columns represent the intention-to-treat population. Percentages of patients with a poor outcome 
(modified Rankin scale score of 5 or 6) were calculated on the basis of the number of patients with nonmissing day 90 values (264 in the 
20-µg/kg group, 293 in the 80-µg/kg group, and 262 in the placebo group). Percentages of patients with one or more thromboembolic se-
rious adverse events are based on the safety population (patients exposed to a study agent): 265 patients in the 20-µg/kg group, 293 in the 
80-µg/kg group, and 263 in the placebo group. NIHSS denotes National Institutes of Health Stroke Scale, and rFVIIa recombinant activated 
factor VII.

†	 The modified Rankin scale evaluates global disability and handicap; scores range from 0 to 6. A score of 0 indicates no symptoms or dis-
ability, a score of 5 indicates bed-bound and incontinent, and a score of 6 indicates death. Outcome scores at day 15 were used according to 
the principle of the last observation carried forward for 9 patients receiving placebo, 9 patients receiving 20 µg of rFVIIa per kilogram, and 
13 patients receiving 80 µg of rFVIIa per kilogram (3.7% of patients overall) for whom scores at day 90 were missing. Modified Rankin 
scale scores were not available for one patient receiving placebo and one patient receiving 20 µg of rFVIIa per kilogram.

‡	 Odds ratios were adjusted for prestroke modified Rankin scale score, baseline volume of intracerebral hemorrhage, location of intracerebral 
hemorrhage (infratentorial or supratentorial), age, and sex. The primary analysis used a one-sided chi-square test, under the hypothesis 
that rFVIIa was superior to placebo. Since the estimated effect of rFVIIa went in the opposite direction, the one-sided P value was greater 
than 0.50 and could not be determined exactly in the logistic-regression analysis because of the nonsymmetry of the chi-square distribution.

§	 A score of 100 indicates complete independence in activities of daily living, and 0 indicates total dependence; patients who died before day 
90 were assigned a score of 0. The treatment groups were compared with the placebo group by an analysis of variance on the ranks. Scores 
for day 15 were analyzed when scores for day 90 were missing (3.9% of patients overall).

¶	 A score of 0 indicates no neurologic deficit, and a score of 42 indicates coma with quadriplegia. Treatment groups were compared with the 
placebo group by an analysis of variance on the ranks. For patients who died before day 90 (24.3% of patients overall), the last recorded 
NIHSS score was carried forward.

‖	 A patient could have more than one event.
**	 Arterial events include one case each of renal-artery thrombosis, intracardiac thrombus, and retinal-artery occlusion, all in the group re-

ceiving 80 µg of rFVIIa per kilogram. The frequency of arterial events was significantly increased in the group receiving 80 µg of rFVIIa per 
kilogram as compared with the placebo group (P = 0.04 by the chi-square test).

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 358;20  www.nejm.org  may 15, 20082134

less (19% of the original study population), the 
adjusted odds ratio for poor 90-day outcome with 
rFVIIa was 0.28 (95% CI, 0.08 to 1.06; P = 0.03).

ADVERSE EVENTS

The frequency of thromboembolic serious adverse 
events reported by the investigators was similar 
in the three groups (Table 3). There was no in­
crease in the frequency of venous complications 
with rFVIIa treatment; there was an absolute in­
crease of 5% in the frequency of arterial throm­
boembolic serious adverse events in the group 
receiving 80 μg of rFVIIa per kilogram as com­
pared with the placebo group (P = 0.04) (Table 3). 
The frequency of elevated troponin I values was 
15%, 13%, and 22%, and the frequency of ST-
segment elevation myocardial infarction was 1.5%, 
0.4%, and 2.0% in the placebo group and the 
groups receiving 20 μg and 80 μg of rFVIIa per 
kilogram, respectively. CT evidence of acute cere­
bral infarction was identified by the data and 
safety monitoring committee in 2.2%, 3.3%, and 
4.7% of patients in the placebo group and the 
groups receiving 20 μg and 80 μg of rFVIIa per 
kilogram, respectively. Also identified as risk fac­
tors for thromboembolic serious adverse events 
in a post hoc analysis were age (odds ratio per 
5-year increase, 1.1; 95% CI, 1.0 to 1.2; P = 0.02) 
and previous use of an antiplatelet agent (odds 
ratio, 1.9; 95% CI, 1.1 to 3.0; P = 0.01), but not 
rFVIIa treatment.

Discussion

In this study, rFVIIa given within 4 hours after 
the onset of symptoms of intracerebral hemor­
rhage significantly reduced growth of the hema­
toma but failed to improve survival or functional 
outcome at 90 days. This result contrasts with 
the clinical benefit demonstrated in our phase 2b 
trial, in which rFVIIa treatment produced a rela­
tive reduction in mortality of 38%.9 Possible ex­
planations for these discrepant findings include 
randomization imbalances, an increase in arte­
rial thromboembolic events with rFVIIa treatment, 
the inclusion of very elderly patients at high risk 
for non-neurologic causes of death, and substan­
tially better outcomes in the placebo group as 
compared with our previous trial.

Our phase 2b trial compared doses of 40, 80, 
and 160 μg of rFVIIa per kilogram with placebo 
in 399 patients.9 All three rFVIIa doses produced 
a reduction in intracerebral-hemorrhage growth 
at 24 hours, from 29% in the placebo group to 
14% in patients who received rFVIIa. We found 
a similar hemostatic effect with the 80 μg per 
kilogram dose in the present trial, with a reduc­
tion in the mean estimated increase in the vol­
ume of intracerebral hemorrhage from 26% to 
11%. The dose of 20 μg per kilogram was associ­
ated with an 18% increase in the volume of bleed­
ing, a result consistent with the dose-related 
hemostatic effect observed in the phase 2b study. 
Earlier treatment with 80 μg of rFVIIa per kilo­
gram was associated with larger reductions in 
the growth of intracerebral-hemorrhage volume, 
which probably reflects the diminishing pro­
portion of patients with active bleeding as time 
elapses after the onset of symptoms. This find­
ing suggests that rFVIIa might be more likely to 
have clinical benefits if it were given earlier.

Patients with intracerebral hemorrhage who 
are treated with rFVIIa are at increased risk for 
arterial thromboembolic complications, most 
commonly cerebral infarction and myocardial is­
chemia, as indicated by elevated troponin I con­
centrations.19 In our phase 2b trial, 5% of the 
patients who were treated with rFVIIa had an ar­
terial thromboembolic serious adverse event, as 
compared with none of those who received pla­
cebo, and there was no increase in venous throm­
boembolic events. In the FAST trial, we found an 
identical absolute increase of 5% in arterial throm­
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A possible small benefit of early treatment with recombinant activated factor 
VII (rFVIIa) was evident at 15 days. This benefit disappeared beyond 1 month 
after treatment.
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boembolic serious adverse events in the group 
receiving 80 μg of rFVIIa per kilogram as com­
pared with the placebo group (9% vs. 4%), with 
a higher overall frequency of events that was most 
likely due to centralized screening of cardiac tro­
ponin levels. In a pooled analysis of 371 patients 
with intracerebral hemorrhage treated with rFVIIa 
at doses ranging from 5 to 160 μg per kilogram, 
doses of 120 μg per kilogram or more were as­
sociated with a greater risk of arterial thrombo­
embolic events.19 This finding had an important 
role in our decision in the FAST trial to select 
80 μg per kilogram as the optimal dose for bal­
ancing the hemostatic effect of rFVIIa against the 
risk of thromboembolic complications. We includ­
ed patients with a history (>30 days previously) 
of thromboembolic disease; this group was ex­
cluded midway through our phase 2b trial. In the 
present study, a post hoc analysis identified age 
and previous use of antiplatelet agents, but not 
rFVIIa treatment or a history of thromboembol­
ic disease, as risk factors for a thromboembolic 
serious adverse event. Since the safety profile of 
rFVIIa in the present trial is similar to that in 
our phase 2b trial, it seems unlikely that rFVIIa-
related complications can explain the lack of a 
beneficial treatment effect.

The patients enrolled in our two trials were 
similar and were typical of patients with sponta­
neous intracerebral hemorrhage. In the present 
trial, however, potentially important randomiza­
tion imbalances were present. The most conspic­
uous of these is the proportion of patients with 
intraventricular hemorrhage at baseline, which 
varied from 29% in the placebo group to 41% in 
the group receiving 80 μg of rFVIIa per kilo­
gram. Intraventricular hemorrhage is a well-estab­
lished determinant of poor outcome after intra­
cerebral hemorrhage,20,21 and we previously found 
that intraventricular hemorrhage blunts the clin­
ical benefits of rFVIIa treatment.21 Other imbal­
ances include the greater frequency of coma, the 
greater frequency of left ventricular hypertrophy 
according to baseline electrocardiography (Ta­
ble 1), and the greater total lesion volume (intra­
cerebral hemorrhage, intraventricular hemorrhage, 
and edema) at baseline (Table 2) in the group 
receiving 80 μg of rFVIIa per kilogram as com­
pared with the placebo group. The imbalance in 
total lesion volume may explain in part why the 
present trial did not reproduce the significant 

reduction in 72-hour total lesion volume demon­
strated in our phase 2b study (53 ml for all rFVIIa 
groups combined vs. 69 ml in the placebo group). 
Although these randomization imbalances may 
have contributed to the lack of clinical benefit 
with rFVIIa treatment that we observed in this 
trial, they are most likely only a minor part of 
the explanation.

The placebo group in the FAST trial had much 
more favorable outcomes than the placebo group 
in the phase 2b trial. In the placebo group of the 
FAST trial, the mortality rate was 19% and the 
frequency of severe disability or death (modified 
Rankin scale score of 5 or 6) was 24%, as com­
pared with a 29% mortality rate and a 45% fre­
quency of severe disability or death in the phase 
2b trial.9 This discrepancy may reflect the higher 
proportion of patients receiving placebo who 
had intraventricular hemorrhage in the phase 2b 
trial as compared with the FAST trial (44% vs. 
29%). Other possible explanations include prac­
tice variations in the phase 3 trial resulting from 
expansion to more sites, improvements in neuro­
intensive care, or greater reluctance to withdraw 
support from severely injured patients. The poor 
outcome of the placebo group in the phase 2b 
study may have also been a chance result, a pos­
sibility supported by the 20% overall mortality 
rate in two trials of neuroprotective treatment 
for intracerebral hemorrhage with study popu­
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The modified Rankin scale evaluates global disability and handicap; scores 
range from 0 (no symptoms or disability) to 6 (death). There was no signifi-
cant difference between the groups receiving recombinant activated factor VII 
(rFVIIa) and the placebo group.
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lations similar to ours that yielded negative re­
sults.22,23 As the outcome of intracerebral hemor­
rhage continues to improve, trial end points may 
need to evaluate the full range of functional out­
come, rather than focus specifically on mortality 
and severe disability.

In summary, rFVIIa reduced hematoma growth 
but did not reduce the rate of death or severe 
disability after intracerebral hemorrhage. Wheth­
er this hemostatic effect can translate to clinical 
benefit in a subgroup of patients at high risk for 
active bleeding, either by treatment within an 
earlier time window or by demonstration of intra­
hematomal contrast extravasation after CT angi­
ography,24,25 deserves further study.
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— T.G. Brott, Jacksonville, FL (chair); Per Grande, Copenhagen; T.P. Bleck, Charlottesville, VA; M. Escobar, Houston; P. Wester, Umeå, 
Sweden; J. Verter, Rockville, MD. Neuroradiologists — J. Tsiousis, New York; J. Maldjian, Winston-Salem, NC; R. von Kummer, Dres­
den, Germany; Clinical Centers (with numbers of patients in parentheses; centers for which the number of patients is zero are listed in 
the Supplementary Appendix [available with the full text of this article at www.nejm.org]) — Y. Wang, Beijing Tiantan Hospital, Beijing 
(73); D. Selchen, Trillium Health Centre, Mississauga, ON, Canada (25); J. Álvarez Sabin, Hospital Vall d’Hebron, Barcelona (24); T. 
Steiner, Universitätsklinikum und Medizinische Fakultät Heidelberg, Heidelberg, Germany (22); M. Hill, Foothills Medical Centre, 
Calgary, AB, Canada (21); J. Serena, Hospital Universitario Dr. Josep Trueta, Girona, Spain (21); A. Chamorro, Hospital Clinic i Proven­
cial, Barcelona (19); A. Dávalos, Hospital Germans Trias i Pujol, Barcelona (17); Y. Samson, Groupe Hospitalier Pitié-Salpêtrière, Paris 
(17); M. Hennerici, Universitätsklinikum Mannheim, University of Heidelberg, Mannheim, Germany (16); B. Ng Hua, National Neuro­
science Institute, Singapore (16); G. Andersen, Aarhus Sygehus, Aarhus, Denmark (14); M.-G. Bousser, Hôpital Lariboisière, Paris (14); A. 
Shuaib, University of Alberta Hospital, Edmonton, AB, Canada (14); D. Tanne, Chaim Sheba Medical Center, Tel Hashomer, Israel (14); J. 
Pettersson, Universitetssjukhuset MAS, Malmö, Sweden (13); D. Schneider, Universitätsklinikum Leipzig, Leipzig, Germany (13); S. 
Davis, Royal Melbourne Hospital, Parkville, Australia (12); C. Franke, L Atrium MC, Heerlen, the Netherlands (12); J. Gomes, Hartford 
Hospital, Hartford, CT (12); K. Keizer, Catharina Ziekenhuis, Eindhoven, the Netherlands (11); S. Kasner, Hospital of the University of 
Pennsylvania, Philadelphia (10); M. Kaste, Helsinki University Hospital, Helsinki (10); S. Silliman, University of Florida Health Science 
Center, Jacksonville (10); D. Toni, Università La Sapienza, Rome (10); A. Woolfenden, Vancouver General Hospital, Vancouver, BC, 
Canada (10); G. Agnelli, Università degli Studi di Perugia, Perugia, Italy (9); P. Amarenco, Groupe Hospitalier Bichat–Claude Bernard, 
Paris (9); N. Bornstein, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel (9); M. Flaherty, University of Cincinnati, Cincinnati (9); J. 
Glahn, Klinikum Minden, Minden, Germany (9); C. Hall, Medical College of Georgia, Augusta (9); D. Gladstone, Sunnybrook and 
Women’s College Health Sciences Centre, Toronto (9); Y. Roos, Academic Medical Center Amsterdam, Amsterdam (9); E. Schmutzhard, 
Universitätsklinikk für Neurologie, Innsbruck, Austria (9); A. Zazulia, Washington University, St. Louis (9); H.-C. Diener, Univer­
sitätsklinikum Essen, Essen, Germany (8); L. Kappelle, Jaap UMCU, Utrecht, the Netherlands (8); W.-R. Schäbitz, Universitätsklinikum 
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Shanghai Renji Hospital, Shanghai, China (6); M. Nash, Dekalb Neurology Associates, Decatur, GA (6); L. Wechsler, University of 
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Boston (5); N. Wahlgren, Karolinska Universitetssjukhuset i Solna, Stockholm (5); V. Babikian, Boston University School of Medicine, 
Boston (4); D. Brock, Thomas Jefferson University Hospital, Philadelphia (4); M. Callander, Universitetssjukhuset i Linköping, 
Linköping, Sweden (4); N. Chou, National University Hospital, Singapore (4); V. Hachinski, London Health Sciences Centre, London, 
ON, Canada (4); M. Hoffmann, Tampa General Hospital, Tampa, FL (4); L.N. Hopkins, Kaleida Hospital Millard Fillmore Gates Circle, 
Buffalo, NY (4); D. Howse, Thunder Bay Health Sciences Centre, Thunder Bay, ON, Canada (4); L. Spikol, Lehigh Valley Physician 
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(3); M. Tremwell, Sparks Regional Medical Center, Fort Smith, AR (3); G. Vanhooren, AZ Sint-Jan AV, Brugge, Belgium (3); F. van 
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Mobile (1). Additional FAST trial centers that did not enroll patients are listed in the Supplementary Appendix, available with the full 
text of this article at www.nejm.org.
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