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ABSTRACT

Objective: To examine whether antiplatelet medication use at onset of intracerebral hemorrhage
(ICH) is associated with hemorrhage growth and outcome after spontaneous ICH using a large,
prospectively collected database from a recent clinical trial.

Methods: The Cerebral Hemorrhage and NXY-059 Treatment trial was a randomized, placebo-
controlled trial of NXY-059 after spontaneous ICH. We analyzed patients in the placebo arm, and
correlated antiplatelet medication use at the time of ICH with initial ICH volumes, ICH growth in
the first 72 hours, and modified Rankin Score at 90 days. Patients on oral anticoagulation were
excluded.

Results: There were 282 patients included in this analysis, including 70 (24.8%) who were taking
antiplatelet medications at ICH onset. Use of antiplatelet medications at ICH onset had no asso-
ciation with the volume of ICH at presentation, growth of ICH at 72 hours, initial edema volume, or
edema growth. In multivariable analysis, there was no association of use of antiplatelet medica-
tions with any hemorrhage expansion (relative risk [RR] 0.85 [upper limit of confidence interval
(UCI) 1.03], p � 0.16), hemorrhage expansion greater than 33% (RR 0.77 [UCI 1.18], p � 0.32),
or clinical outcome at 90 days (odds ratio 0.67, 95% confidence interval 0.39–1.14, p � 0.14).

Conclusions: Use of antiplatelet medications at intracerebral hemorrhage (ICH) onset is not asso-
ciated with increased hemorrhage volumes, hemorrhage expansion, or clinical outcome at 90
days. These findings suggest that attempts to reverse antiplatelet medications after ICH may not
be warranted. Neurology® 2009;72:1397–1402

GLOSSARY
CHANT � Cerebral Hemorrhage and NXY-059 Treatment; CI � confidence interval; ICH � intracerebral hemorrhage; IQR �
interquartile range; mRS � modified Rankin Scale; RR � relative risk; UCI � upper limit of confidence interval.

Intracerebral hemorrhage (ICH) is a devastating stroke subtype. About 50% of patients die
within the first month and only 20% of patients are living independently at 6 months.1,2 Larger
volume of hemorrhage predicts poor outcome.1 Over one-third of patients have significant
expansion of their hemorrhage in the first 24 hours.3,4 Ongoing hemorrhage expansion is an
independent predictor of mortality and poor functional outcome.3,5

Other than warfarin use,6,7 the factors involved in hemorrhage expansion have been difficult
to identify. One report found an association of elevated blood pressure with expansion8 but this
was not confirmed in another systematic study.9 Shorter time from symptom onset, an irregu-
larly shaped hematoma, depressed level of consciousness, heavy alcohol use, and low fibrinogen
levels have been associated with hemorrhage expansion.10 A recent analysis from a trial of
recombinant activated Factor VII found shorter time from symptom onset, larger initial vol-
ume of hemorrhage, and elevated blood glucose associated with expansion in most of their models
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and use of study medication associated with less
growth.11 Contrast extravasation on CT angiog-
raphy may predict hemorrhage expansion.12,13

Whether antiplatelet medication use at the
time of ICH influences hemorrhage expan-
sion has been controversial. Multiple articles
with different study designs, exclusion crite-
ria, and numbers of patients have reported
conflicting results.11,14-21 The purpose of this
study was to use the data from a large prospec-
tive clinical trial with predefined inclusion crite-
ria, standardized timing of imaging acquisition
and blinded analysis of volumes, and standard-
ized outcome assessment to analyze the effect of
prior antiplatelet medication use on hemorrhage
and edema expansion and functional outcome.

METHODS We analyzed data from the prospective cohort
defined by the placebo arm of the Cerebral Hemorrhage and
NXY-059 Treatment (CHANT) trial, a randomized, double-
blind, placebo-controlled trial testing the safety and tolerability
of NXY-049, a potential neuroprotectant, in patients with acute
ICH. The study design and primary results have been described
previously.22 Briefly, 607 patients over age 18 years with ICH
onset within 6 hours were randomized to receive NXY-059 or
placebo and followed for 3 months. All patients received a non-
contrast head CT scan or MRI at presentation and a follow-up
scan at 72 hours. Patients were treated according to the local
standard of care and all concomitant medications taken at the
time of enrollment and during the study were recorded.

Neuroimaging was analyzed by Perceptive Informatics,
Waltham, MA. Scans were digitized and volumes calculated cen-
trally by semiautomatic planimetry and reconstruction using
proprietary software (Alice). The reviewer was blinded to clinical
information.

Patients were categorized as taking antiplatelet medications if
they reported current use of aspirin, clopidogrel, dipyridamole,
triflusal, or indobufen at hospital presentation. Patients on oral
anticoagulation were excluded from this analysis because of the
overwhelming effect of anticoagulation on hemorrhage volume
and outcome. Patients who underwent surgical evacuation prior
to neuroimaging at 72 hours were not included in the analysis on
hemorrhage volume at 72 hours.

Analysis of ICH volumes was planned using nonparametric
tests, since ICH volumes were not expected to be normally dis-
tributed. We tested and confirmed non-normality prior to anal-
ysis. Calculations of power and detectable differences are not
readily calculated under this condition, though with one pub-
lished method23 we had 80% power to detect a 6.5 mL difference
in ICH expansion between the groups, using alpha � 0.05 and
SD of 16 mL.

Univariate analysis was performed using t tests for normally
distributed continuous variables, Wilcoxon rank sum for non-
normal continuous variables, and �2 or Fisher exact tests as ap-
propriate for categorical data. Multivariable analysis was
performed to determine factors independently associated with
any hemorrhage expansion and hemorrhage expansion greater
than 33% using the log-binomial model to estimate relative
risks.24 Multivariable analysis to determine factors independently

associated with the modified Rankin score at 90 days was per-

formed using ordered logistic regression after confirming the

proportional odds assumption was upheld. All variables known to

predict outcome and those significantly associated with antiplatelet

medication use at p � 0.10 were included in the multivariable mod-

els. For outcomes related to hemorrhage size, one-sided tests

were performed since the only expected outcome was hemor-

rhage expansion. For clinical outcomes, two-sided tests were per-

formed since antiplatelet agents could potentially lead to either

harm or benefit. All final models used p � 0.05 to determine

significance. Statistical analysis was performed using Stata/IC 10

(StataCorp, College Station, TX).

This study was reviewed by the institutional review board of

the University of Pennsylvania but as it involved only analysis of

an existing data set provided under a data use agreement it was

deemed not to require institutional review board approval.

RESULTS There were 282 patients included in this
analysis, including 70 (24.8%) patients who were
taking antiplatelet medications at ICH onset. Of
these, 56 patients were taking aspirin alone, 5 pa-
tients were taking clopidogrel alone, 3 were taking
aspirin and clopidogrel, 2 were taking aspirin and
dipyridamole, 2 were taking triflusal, 1 was taking
dipyridamole alone, and 1 was taking indobufen.
None of the patients on antiplatelet medications re-
ceived platelet transfusions. All patients except one
were functionally independent before the hemor-
rhage occurred. Five patients had surgical evacuation
of their hemorrhages (all supratentorial); one had
been on an antiplatelet medication, four were not.

In univariate analysis, older age and male sex were
significantly associated with antiplatelet medication
use. Patients taking antiplatelet medications were
also more likely to have a history of hypertension and
prior stroke. The baseline characteristics are shown
in table 1.

There were 270 patients with complete imaging
data. Two additional patients were excluded because
of neurosurgical evacuation prior to follow-up imag-
ing, leaving 268 patients in the analysis on hemor-
rhage expansion. Overall, 26% of patients had greater
than 33% increase in hemorrhage volume and 65% of
patients had some increase in hemorrhage volume be-
tween the initial and follow-up imaging. The overall
mean percent change in hemorrhage volume was 29%.
Use of antiplatelet medications had no association
with initial hemorrhage volume, likelihood to have
follow-up imaging, hemorrhage volume at 72 hours,
or hemorrhage or edema growth� table 2). Patients
on aspirin, as compared to those on any other anti-
platelet medication, had similar hemorrhage volumes
(initial hemorrhage volume median 13.3 [interquar-
tile range (IQR), 8.0–32.7] mL) and rates of expan-
sion (hemorrhage volume at 72 hours median 14.0
[IQR 7.7–39.1] mL, 56% of patients had some hem-
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orrhage expansion, and 24% had hemorrhage expan-
sion greater than 33%).

There were 279 patients with clinical outcome
assessment (modified Rankin scale [mRS]) and 282
patients with mortality data at 90 days. Use of anti-
platelet medications had no association with mRS,
mortality, or need for surgical evacuation (table 2
and figure).

In order to account for the differences in baseline
characteristics by antiplatelet medication use, multi-
variable models were created for any hemorrhage ex-
pansion, hemorrhage expansion greater than 33%,
and clinical outcome including age, history of hyper-
tension, prior stroke, sex, and use of antiplatelet
medications. We also included time from symptom
onset to neuroimaging in the models on hemorrhage
expansion and variables known to predict outcome
after ICH in the model on mRS score at 90 days.
The relative risk of antiplatelet medication use for
any hemorrhage expansion was 0.85 (upper limit of
confidence interval [UCI] 1.03), p � 0.16. The rela-
tive risk for hemorrhage expansion greater than 33%
was 0.77 (UCI 1.18), p � 0.32. Time from symp-
toms to CT scan was significantly associated with
any hemorrhage expansion (odds ratio, per minute
0.994 [UCI 0.998], p � 0.004). Age, initial volume
of hemorrhage, Glasgow Coma Scale score at presen-
tation, presence of intraventricular hemorrhage
(IVH), and infratentorial location of hemorrhage
were significantly associated with clinical outcome,
but antiplatelet medication use was not (table 3).

DISCUSSION CHANT was the largest published
study of patients with ICH followed with prospective
imaging and long-term functional assessments. In

the placebo-treated group, we found no association
between use of antiplatelet medication at the time of
ICH and initial hemorrhage or edema volumes,
hemorrhage or edema expansion at 72 hours, or
functional outcome at 90 days. We defined growth
from baseline to 72 hours in four ways: absolute
change in ICH volume, percent change in ICH vol-
ume (absolute change divided by initial volume), any
increase in ICH volume, and 33% or greater increase
in ICH volume. Multiple measures were presented to
allow for comparisons with other studies and to en-
sure that both small (any change on a continuous
scale) and large (�33% categorical change) effects
were considered. In the multivariable models the
point estimates for risk of any hemorrhage expan-
sion, hemorrhage expansion greater than 33%, and
higher (worse) mRS scores at 90 days were all less
than one. If one considers the highest potential risk
of harm as the UCIs on hemorrhage expansion, one
would conclude the upper boundary of potential risk
is 3% for any hemorrhage expansion and 18% for
hemorrhage expansion greater than 33%, while con-
ceding that the majority of the CIs for both out-
comes were below one. Thus we conclude there was
no significant association between clinical or radio-
logic outcome and antiplatelet medication use, and
potential harm due to antiplatelet medication use is
very small.

Our results confirm other findings. The most re-
cent study reported factors associated with hemor-
rhage growth in the phase II trial of recombinant
factor VIIa in acute ICH, another randomized clini-
cal trial with prespecified inclusion criteria and stan-
dardized timing of neuroimaging.11 The authors

Table 1 Baseline patient characteristics by antiplatelet medication use

On antiplatelet
medication (n � 70)

Not on antiplatelet
medication (n � 212) p

Age, y 71 (63–77) 63 (54–73) �0.0001

% Male 77.1 62.3 0.02

% With history hypertension 91.4 80.2 0.02

% With prior stroke 21.4 6.1 0.001

Mean arterial pressure on presentation, mm Hg 116.0 � 22.2 120.0 � 20.4 0.16

Admission glucose, mmol/L 7.2 (6.2–9) 6.85 (6–8.2) 0.20

Platelet count, n/�L 192.5 (157–241.5) 204.5 (170.5–240.5) 0.21

International normalized ratio 1 (0.8–1.1) 1 (0.9–1.1) 0.90

Time from symptoms to CT scan, min 111.5 (77–171) 120.5 (83–176) 0.35

NIH Stroke Scale score at presentation 13 (9–18) 13 (9–17) 0.97

Glasgow Coma Scale score at presentation 14 (14–15) 15 (14–15) 0.21

% Lobar 14.3 13.2 0.82

Values are presented as mean � SD when normally distributed, median (interquartile range) when not normally distrib-
uted, or %.
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constructed five models of hemorrhage expansion
(absolute ICH volume change, percent volume
change, percent of patients with volume change

�33%, absolute ICH � IVH volume change, and
percent ICH � IVH volume change) and found that
antiplatelet medication use had no association with
hemorrhage growth in four of the five models, but
was associated with a higher percentage of patients
with �33% growth. We could not replicate this
finding. However, the trial of recombinant factor
VIIa enrolled patients presenting within 3 hours of
symptom onset, while CHANT enrolled within 6
hours. Therefore, the mean time from symptom on-
set to CT scan was 114 � 35 minutes in the recom-
binant factor VIIa trial4 compared to 134 � 66
minutes in CHANT. Although the data were not
normally distributed, we presented the mean vol-
umes to allow comparison of the studies and the re-
sults are quite similar. The mean percent change in
hemorrhage volume was 29% in both studies.4 The
mean absolute change in hemorrhage volume was 6.5
mL in CHANT and the statistically predicted mean

Table 2 Volume and outcome data by use of antiplatelet medications

On antiplatelet
agent (n � 70)

Not on antiplatelet
agent (n � 212) p

Initial ICH volume

Median (IQR) 13.1 (7.9–27.3) 15.7 (7.9–31.4) 0.37

Mean � SD 19.2 � 16.7 22.2 � 19.6

Initial edema volume

Median (IQR) 8.2 (4.9–13.9) 9.0 (4.7–16.3) 0.97

Mean � SD 12.2 � 11.5 12.3 � 11.5

% With intraventricular hemorrhage 35.7 33.5 0.73

% With CT scan at 72 h 97.1 95.8 1.0

Absolute ICH volume change

Median (IQR) 0.81 (�0.79–3.71) 0.92 (�0.19–5.93) 0.32

Mean � SD 5.7 � 15.1 6.7 � 17.6

Percent ICH volume change

Median (IQR) 4.8 (�7.8–23.1) 7.5 (�3.4–38.1) 0.26

Mean � SD 25.7 � 69.2 31.1 � 76.0

% With any ICH growth 59.1 67.3 0.18

% With ICH growth >33% 24.2 26.2 0.75

ICH volume at 72 h

Median (IQR) 14.0 (7.7–35.2) 17.6 (8.3–39.2) 0.38

Mean � SD 24.1 � 23.7 28.7 � 29.6

Edema volume at 72 h

Median (IQR) 19.2 (9.3–39.3) 21.6 (12.0–42.5) 0.32

Mean � SD 26.7 � 23.5 30.0 � 27.1

% Surgically evacuated 1.4 1.9 0.64

% Mortality at 90 d 14.3 17.7 0.51

% mRS <3 at 90 d 47.1 50.0 0.68

Volumetric data (expressed in mL) are not normally distributed so results presented as median (IQR); mean � SD included
for ease of comparison to other studies. All p values are based on nonparametric comparisons (Wilcoxon rank sum test) for
continuous variables, or chi square or Fisher exact test for binary variables.
ICH � intracerebral hemorrhage; IQR � interquartile range; mRS � modified Rankin Scale.

Figure The distribution of modified Rankin
Scale scores at 90 days by use of
antiplatelet medications at the time
of intracerebral hemorrhage

Outcome scores are grouped as 0 –1 (no symptoms or mini-
mal symptoms without disability), 2–3 (some symptoms but
able to look after own affairs or walk independently), 4 –5
(unable to walk or attend to own affairs without assistance
to bed bound requiring constant nursing care), and 6 (dead).
p � 0.96 By ordered logistic regression.
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was 8.7 mL (95% CI 4.9–12.4) in the factor VIIa
trial.4 The ICH volumetric data from the factor VIIa
trial was from follow-up scans at 24 hours, but since
most hemorrhage expansion occurs within the first
24 hours, the values are likely comparable.

Another large study with similar results is a pro-
spective country-wide registry of 1,691 patients with
ICH in Germany.14 There was no association of anti-
platelet medication use on in-hospital mortality or
discharge mRS when adjusting for age and preexist-
ing disability. In addition, a prospective study per-
formed at 34 hospitals in Asia included 783 patients
and found no association of in-hospital mortality and
antiplatelet medication use.15 However, only 4.3%
were on antiplatelet medications, which may have
limited the power of the study. Finally, a prospective
study performed at two hospitals including 457 pa-
tients reported no difference in the proportion of pa-
tients with mRS 4 or 5 at discharge between the
antiplatelet users and nonusers.16

In a related study, the pooled analysis of the Chi-
nese Acute Stroke Trial and the International Stroke
Trial found that 773 (2%) patients were randomized
to aspirin or placebo after an ICH because a CT scan
was not required for entry into the trial.25 There was
no increased risk of death in these patients.

Other studies have reported conflicting results. A
retrospective chart review of 251 patients reported
that antiplatelet medication use was associated with
greater hemorrhage expansion; however, the volumes
of ICH on day two CT scans were not different be-
tween the antiplatelet medication users and nonus-

ers.17 This raises the question of whether the
antiplatelet medication users presented earlier or if
there was another confounding variable associated
with early hemorrhage growth. Mortality rate did
also not differ between the two groups.

Another prospective study included 194 patients
and found an association of antiplatelet medication
use on 30-day mortality in multivariable analysis in-
cluding age, GCS, admission glucose level, ICH vol-
ume, and presence of IVH.18 One study included all
patients with ICH admitted to a local hospital plus
all autopsy-confirmed cases of ICH in the community.19

Of the 208 patients, only 103 had follow-up CT
scanning and all at different times. Aspirin use was
associated with hemorrhage expansion and mortality,
but not with functional outcome at 3 months. An-
other post hoc analysis of a trial included patients
with traumatic or spontaneous ICH who were not
ambulatory or had a contraindication to pneumatic
compression devices and found prior antiplatelet
therapy was associated with mortality.20 There were
no data on ICH volumes. Finally, patients admitted
with ICH who were treated with tranexamic acid and
nicardipine were reported to have an increased rate of
hemorrhage growth (defined as �20%) if on anti-
platelet therapy.21 However, only eight patients had
hemorrhage expansion and one was on warfarin and
aspirin and included in the antiplatelet analysis.

Our study adds a significant amount of informa-
tion to a topic of considerable uncertainty. The
strengths of this analysis include a large number of
patients, rigorous baseline data collection, standard-
ized imaging timing, centralized, blinded analysis of
both hemorrhage and edema volumes, and standard-
ized outcome assessment at 90 days. In addition,
since no patient on antiplatelet medications received
a platelet transfusion, there is no chance of obscura-
tion of effect by medication reversal, a potential issue
not addressed in most other studies.

There are several limitations to this study. It as-
sumes that all patients who reported taking the anti-
platelet medication were actually compliant, since
poor compliance would potentially dilute the delete-
rious effects of the medication on outcome. While
we attempted to ascertain if any the factors known to
contribute to poor outcome were associated with an-
tiplatelet medication use, there is the possibility of
confounding by an unknown and unmeasured fac-
tor. The majority of patients had small to moderate
hemorrhages, consistent with the fact that uncon-
sciousness at presentation was an exclusion criterion
for the CHANT clinical trial. Therefore it is possible
that some patients with very large hemorrhages due to
or exacerbated by antiplatelet medication use were sys-
tematically missed. However, if this were true we would

Table 3 Multivariable ordered logistic
regression of factors associated
with modified Rankin Scale score at
90 days

Odds
ratio

95%
Confidence
interval p

Antiplatelet medication
use

0.67 0.39–1.14 0.14

Age, per year 1.06 1.04–1.08 �0.0001

Initial ICH volume,
per mL

1.04 1.03–1.06 �0.0001

Initial Glasgow Coma
Scale score, per point

0.83 0.72–0.97 0.02

Presence of IVH 2.51 1.56–4.04 �0.0001

Infratentorial ICH 7.36 1.84–29.45 0.005

Adjusted for all factors associated with antiplatelet medi-
cation use at p � 0.10 (age, sex, history of hypertension,
history of prior stroke) and known predictors of outcome.
The odds ratio reflects the relative odds of having a one
step increase (worse outcome) in the modified Rankin Scale
score.
ICH � intracerebral hemorrhage; IVH � intraventricular
hemorrhage.
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have expected to see larger hemorrhages within the
antiplatelet medication group in the trial. We also
could not ascertain whether antiplatelet medications
had any effect on IVH growth, as there is no vali-
dated way to quantify IVH and these volumes were
not collected in the CHANT trial. Finally, no com-
ment can be made about hemorrhage expansion and
outcome in patients on two antiplatelet agents com-
pared to monotherapy because of the small number
of patients on dual therapy in this study.
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