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ABSTRACT

Background: Among patients with intracerebral hemorrhage (ICH), warfarin use before onset
leads to greater mortality. In a retrospective study, we sought to determine whether warfarin use
is associated with larger initial hematoma volume, one determinant of mortality after ICH.

Methods: We identified all patients hospitalized with ICH in the Greater Cincinnati region from
January through December 2005. ICH volumes were measured on the first available brain scan
by using the abc/2 method. Univariable analyses and a multivariable generalized linear model
were used to determine whether international normalized ratio (INR) influenced initial ICH volume
after adjusting for other factors, including age, race, sex, antiplatelet use, hemorrhage location,
and time from stroke onset to scan.

Results: There were 258 patients with ICH, including 51 patients taking warfarin. In univariable
comparison, when INR was stratified, there was a trend toward a difference in hematoma volume
by INR category (INR �1.2, 13.4 mL; INR 1.2–2.0, 9.3 mL; INR 2.1–3.0, 14.0 mL; INR �3.0,
33.2 mL; p � 0.10). In the model, compared with patients with INR �1.2, there was no difference
in hematoma size for patients with INR 1.2–2.0 (p � 0.25) or INR 2.1–3.0 (p � 0.36), but patients
with INR �3.0 had greater hematoma volume (p � 0.02). Other predictors of larger hematoma
size were ICH location (lobar compared with deep cerebral, p � 0.02) and shorter time from
stroke onset to scan (p � 0.001).

Conclusion: Warfarin use was associated with larger initial intracerebral hemorrhage (ICH) vol-
ume, but this effect was only observed for INR values �3.0. Larger ICH volume among warfarin
users likely accounts for part of the excess mortality in this group. Neurology® 2008;71:1084–

1089

GLOSSARY
AAICH � anticoagulant-associated intracerebral hemorrhage; GERFHS � Genetic and Environmental Risk Factors for Hem-
orrhagic Stroke; HR � hazard ratio; ICH � intracerebral hemorrhage; INR � international normalized ratio; IVH � intraventric-
ular hemorrhage.

Warfarin use at the onset of intracerebral hemorrhage (ICH) is an independent predictor of
mortality among ICH patients.1,2 Understanding the mechanism by which warfarin worsens
ICH outcome is important because anticoagulant-associated intracerebral hemorrhage
(AAICH) has become more common in the past two decades and now accounts for approxi-
mately 20% of all ICH.1,3

Among the factors influencing ICH outcome, hematoma volume at presentation to medical care,
intraventricular extension of hemorrhage, and hematoma expansion after presentation are impor-
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tant variables that could be influenced by warfa-
rin use. If hematoma expansion after
presentation to medical care is a major cause of
morbidity and mortality among AAICH pa-
tients, agents that promote rapid hemostasis and
prompt reversal of coagulopathy could improve
outcome. However, if the majority of excess
mortality associated with warfarin use is caused
by larger hematomas or more frequent intraven-
tricular hemorrhage (IVH) at presentation,
these therapies may be less effective because the
window for intervention has passed.

Studies of the effect of warfarin on ICH
volume to date have generally been small or
referral based and have provided conflicting
results.4-8 We sought to determine 1) the pre-
dictors of initial hematoma volume among
patients with ICH in a large population-based
stroke study and 2) the relationship of INR
and initial hematoma volume.

METHODS This article analyzes a group of patients with

ICH ascertained as part of the Genetic and Environmental Risk

Factors for Hemorrhagic Stroke (GERFHS) study. The method-

ology of the GERFHS study has been previously described.9 The

institutional review board for each participating hospital system

approved the GERFHS study.

For this report, we attempted to ascertain all persons aged

�18 years from the five-county Greater Cincinnati/Northern

Kentucky area who were hospitalized with ICH between January

1 and December 31, 2005. Cases were identified by retrospective

review of primary and secondary International Classification of
Diseases, 9th Revision, codes 430 through 438.9. Study nurses

also maintained active surveillance (“hot pursuit”) at several hos-

pitals that treat most ICH in the area by reviewing neurosurgery

logs and patient rosters several times each week.9 All potential

cases were abstracted by study nurses and reviewed in detail by

study physicians. Patients living outside the five counties of in-

terest were excluded from this analysis by zip code of residence.

Other exclusion criteria were previous ICH, traumatic ICH,

hemorrhagic cerebral infarction, and hemorrhage associated with

brain tumor, encephalitis, recent endarterectomy, and thrombo-

lytic treatment of ischemic stroke. Patient demographics and pu-

tative risk factors for ICH, including warfarin and antiplatelet

drug use before stroke onset, were recorded by chart review. The

first available international normalized ratio (INR) value upon

medical presentation was recorded. For all patients, the first

available CT or MRI scan was reviewed.

Radiographs were reviewed by one of two authors (H.T. or

M.L.F.). Hemorrhage volumes were measured by using the

abc/2 method.10 IVH was not included in volume calculations.

The intraclass correlation for hemorrhage volume was tested for

31 scans and was found to be 0.97 for the difference between the

two reviewers. The degree of IVH was documented by using an

ordinal scale described by Graeb, where the amount of blood in

each ventricle is determined and the scores from each ventricle

are summed.11-13 The intraclass correlation for IVH score was

again tested for 31 scans and was found to be 0.99 for the differ-
ence between the two reviewers.

Hematoma volumes were log transformed to approximate
normality. To identify potential predictors of initial hematoma
volume, univariable analyses for categorical variables were per-
formed by using t tests or analysis of variance as appropriate. The
continuous variables of age and time from stroke onset to first
scan were tested with a general linear model. Tested categorical
variables are presented in table 1. Patients were both dichoto-
mized as using or not using warfarin and were stratified by INR
level (INR �1.2, 1.2–2.0, 2.1–3.0, �3.0).

A multivariable generalized linear model was constructed to
determine whether INR influenced ICH volume after adjusting
for other factors. Variables from table 1 with p � 0.20 were
included in the multivariable model and backward eliminated to
a significance level of p �0.10. Age (p � 0.013) and stroke onset
to scan time (p � 0.001) were also significant in univariable
analysis and were included in the multivariable model. Warfarin
use was not included in the multivariable model because of co-
linearity between the stratified INR values and the dichotomized
warfarin variable. The referent values in the multivariable model
were deep cerebral location, INR �1.2, and initial scan 2 hours
after stroke onset.

The relationship between warfarin use and IVH was tested
by using warfarin as a dichotomized variable and also by stratify-
ing INR (�1.2, 1.2–2.0, 2.1–3.0, �3.0). This association was
tested by using both IVH as a dichotomized variable (“yes” or
“no”) and using the full spectrum of IVH scores via ordinal
logistic regression.

To better understand the effect of INR on outcome after
ICH, we analyzed the relationships between clinical and radio-
graphic variables and 90-day mortality. Variables tested in univa-
riable analysis were age, race, sex, history of diabetes, history of
hypertension, history of heart disease, antiplatelet drug use, pres-
ence of IVH, location of hemorrhage, volume of hemorrhage,
baseline Glasgow Coma Scale score, and INR stratified as �1.2
(referent), 1.2–2.0, 2.1–3.0, and �3.0. Variables with p �0.20
in univariable analysis were entered into a Cox proportional haz-
ards model, and variables with p � 0.10 were then backward
eliminated from this model.

RESULTS There were 277 patients with ICH be-
tween January 1 and December 31, 2005, who met
study criteria. After exclusion of 8 patients whose
hemorrhages occurred while they were using heparin
or low-molecular-weight heparin without concomi-
tant warfarin use, 6 patients with pure IVH, and 5
patients who were not of black or white race, there
were 258 patients with ICH (51 taking warfarin) re-
maining for analysis. Initial imaging was a CT scan
for 256 of 258 patients. The mean age was 68.5 years
(SD 16.4 years). The mean time from stroke onset to
first scan was 14.5 hours (SD 30.6 hours). The me-
dian time from stroke onset to first scan was 4.7
hours. There were 22 patients without INR results.
Because none of these patients were taking warfarin
or other anticoagulants, they were assigned INR val-
ues of 1.0. The mean INR was 3.1 (SD 2.0) for war-
farin users, compared with 1.1 (SD 0.2) among other
patients (p � 0.001). The median INR was 2.7 for
warfarin users and 1.0 for other patients. Among
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warfarin users, 2 (4%) had INR levels �1.2, 14
(27%) had INR values of 1.2–2.0, 18 (35%) had
INR values of 2.1–3.0, and 17 (33%) had INR val-
ues �3.0. Among patients not documented to be
taking warfarin, 175 (85%) had INR values �1.2,
29 (14%) had INR values of 1.2–2.0, 3 (1%) had
INR values of 2.1–3.0, and 0 had INR values �3.0.
Of all patients, 107 (41%) had some degree of IVH.

Univariable analyses for hematoma volume are
presented in table 1. When INR was stratified, there
was a trend toward a difference in hematoma vol-
umes by INR category (p � 0.10). When patients
were dichotomized according to warfarin use, pa-

tients taking warfarin had larger hematomas than
those not taking warfarin (p � 0.03). Increasing sys-
tolic blood pressure (p � 0.003) and increasing glu-
cose levels (p � 0.005) at presentation were both
associated with larger hematoma size in univariable
analysis, but these variables were not included in our
multivariable model because we were uncertain
whether their relationship to hematoma size was
cause or effect.

The multivariable generalized linear model is pre-
sented in table 2. Compared with patients with INR
�1.2, there was no difference in hematoma size for
patients with INR 1.2–2.0 (p � 0.25) or INR 2.1–

Table 1 Univariable analyses of initial hematoma volume

Variable No. of patients Mean ICH volume* Lower CI† Upper CI† p Value

Race 0.14

Black 52 9.7 5.9 15.9

White 206 14.6 11.5 18.6

Sex 0.31

Male 118 15.2 11.3 20.5

Female 140 12.1 8.9 16.6

History of hypertension 0.65

Yes 182 13.9 10.8 17.9

No 76 12.4 8.1 19.0

History of diabetes 0.34

Yes 51 16.7 10.2 27.2

No 207 12.8 10.0 16.3

Antiplatelet drug use 0.19

Yes 85 16.6 11.6 23.7

No 173 12.1 9.3 15.9

Warfarin use 0.03

Yes 51 22.1 14.3 34.2

No 207 11.9 9.3 15.2

INR 0.10

<1.2 177 13.4 10.4 17.4

1.2–2.0 43 9.3 5.6 15.5

2.1–3.0 21 14.0 5.7 34.3

>3.0 17 33.2 14.0 78.7

ICH location �0.001

Deep cerebral 122 13.7 10.1 18.4

Lobar 89 19.9 13.9 28.5

Cerebellum 25 13.1 7.9 21.9

Brainstem 22 2.6 1.1 6.2

History of high cholesterol 0.51

No 183 12.4 9.5 16.2

Yes, statin treatment 61 16.8 11.0 25.9

Yes, but no statin treatment 14 14.5 7.3 28.4

*Expressed as the antilog of the mean in cubic centimeters.
†Confidence interval (CI) of antilog values.
ICH � intracerebral hemorrhage; INR � international normalized ratio.
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3.0 (p � 0.36), but patients with INR �3.0 had
greater hematoma volume (p � 0.02). When pa-
tients with INR 1.2–3.0 who were not taking warfa-
rin were excluded from the analysis, the mean
hematoma volume in the INR 1.2–3.0 group in-
creased, but results of the multivariable model were
similar. As an example of the effect of anticoagula-
tion, the expected hematoma volume of a deep cere-
bral ICH with INR �1.2 and CT scan 2 hours after
stroke onset is 15.33 mL. The expected volume of a
deep cerebral ICH with INR �3.0 imaged 2 hours
after onset is 15.33 mL � 2.64 � 40.47 mL. The
effect of INR in this instance is illustrated in the fig-
ure, which shows hemorrhages of 15 and 40 mL.

We also modeled hematoma volume (nontrans-
formed) against the actual INR values and a second-
order term (square of INR) to examine whether the
relationship between hematoma volume and INR
was nonlinear. We used all the other factors that were
previously included in the multivariable model and

backward eliminated to include only those that had
p �0.10. The p values for the linear term and the
quadratic term for INR were 0.002 and 0.02. This
suggests that the volume of hemorrhage was nonlin-
early related to the INR.

Other factors that independently predicted larger
hematoma size were lobar location (p � 0.02) and
shorter time from stroke onset to scan (p �0.001).
Antiplatelet drug use showed a trend toward associa-
tion with larger hematoma volume in univariable
analysis but fell out of multivariable analysis. When
forced into the final model, the p value for antiplate-
let drug use was 0.36.

In univariable analysis, warfarin users were not
more likely to have IVH than other patients (45% vs
41%; p � 0.58). There was no association between
warfarin use and degree of IVH as measured by the
Graeb scale (p � 0.72), or between stratified INR
values and the presence or degree of IVH.

The relationships between INR strata and 90-day
mortality after ICH are presented in table 3. In both
univariable and multivariable analyses, compared
with INR �1.2, initial INR of 1.2–2.0 was not asso-
ciated with worse outcome, while INR of 2.1–3.0
and INR �3.0 were associated with worse outcome.
Multivariable analyses are presented with and with-
out initial hemorrhage volume included in the
model. The INR stratum of �3.0 conferred the
highest point estimate of risk in univariable analysis.
This effect was attenuated in multivariable analyses,
especially when volume was included in the model.

DISCUSSION Warfarin anticoagulation is increas-
ingly relevant to the care of patients with ICH.3 Dur-
ing 2005, nearly 20% of patients with ICH in
Greater Cincinnati were taking warfarin, with a
much smaller number receiving heparin anticoagula-

Table 2 Multivariable generalized linear model of initial hematoma volume*

Variable Estimate Antilog Lower CI† Upper CI† p Value

Intercept‡ 2.73 15.33 11.21 20.98 �0.001

INR 1.2–2.0 �0.32 0.73 0.42 1.26 0.25

INR 2.1–3.0 �0.35 0.70 0.33 1.51 0.36

INR >3.0 0.97 2.64 1.16 6.01 0.02

Lobar 0.57 1.77 1.10 2.83 0.02

Brainstem �1.63 0.20 0.09 0.41 �0.001

Cerebellum �0.01 0.99 0.49 2.00 0.98

Stroke onset to scan§ �0.01 0.99 0.98 0.99 �0.001

*For ease of interpretation, antilog values are supplied (antilog column) in addition to the log-transformed analysis (estimate
column). Because of the antilog function, variables of interest in this column should be multiplied by the intercept value
rather than added or subtracted as is customary for linear models.
†Confidence interval (CI) of antilog values.
‡Referent values are deep cerebral location, international normalized ratio (INR) �1.2, and onset to scan time of 2 hours.
§Unit of change is 1 hour.

Figure Comparison of 15- and 40-mL
intracerebral hematomas

CT scans from 15-mL (A) and 40-mL (B) deep cerebral intra-
cerebral hemorrhages (ICHs). This approximates the differ-
ence between an ICH with an international normalized ratio
(INR) �1.2 and an ICH with an INR �3.0 as seen in the multi-
variable generalized linear model.
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tion. Mortality is increased for AAICH patients. In
Greater Cincinnati from 1998 to 2003, the 1-day
mortality rate among AAICH patients was 33%,
compared with 16% for ICH patients without co-
agulopathy.14 This mortality gap remained constant
through 1 year.

Patients with AAICH are on average older and
have more medical comorbidities than other ICH
patients, factors that likely contribute to worse out-
comes.14 In addition to these factors, three important
influences on outcome after ICH that may be af-
fected by warfarin use are initial hematoma volume,
IVH, and hematoma growth.

Hematoma growth has received considerable at-
tention as a target for therapeutic intervention using
ultra-early hemostatic therapy.15,16 Although pro-
spective data are lacking, small retrospective studies
suggest that warfarin-associated ICH is more likely
to expand and expand for a longer duration than
ICH without coagulopathy.8,17 Ultra-early hemo-
static therapy and rapid reversal of anticoagulation
are therefore attractive targets for improving out-
come after AAICH.

Our study found that warfarin anticoagulation
with INR values �3.0 was associated with larger ini-
tial hematoma volumes. This association and the
finding of a nonlinear relationship between hema-
toma volume and INR suggest there may be a thresh-
old for the effect of INR on hematoma volume.
However, interpretations should be tempered by the
relatively small numbers of patients in our upper
INR strata. Confirmation of our results in another
population-based study of ICH patients would be
helpful.

Although hemostasis and anticoagulant reversal
remain important targets to improve outcome
among AAICH patients, our findings indicate that
some of the excess mortality among AAICH patients
will not be remediable by these strategies. In a re-
cently published multivariable model of ICH out-
come among 218 patients without coagulopathy, for
each 1.0-mL increase in baseline hematoma volume,
the hazard ratio for death increased by 1%.18 When

modeling hematoma size in our population, patients
with INR �3.0 had initial hematoma volumes ap-
proximately 25 mL greater than those of patients
without coagulopathy, enough to produce a potent
effect on mortality in this group. Subjects with INR
of 2.1–3.0 had greater risk of death but did not have
larger initial hematomas than subject with lower
INR, indicating that hematoma expansion or medi-
cal comorbidities likely contribute to mortality for
subjects with INR �2.0. Again, because of relatively
small numbers in the higher INR strata, replication
in an independent, population-based data set would
help substantiate these findings.

Intraventricular hemorrhage is an additional fac-
tor that leads to poor outcome after ICH. Both IVH
at presentation and growth of IVH over time have
been reported to negatively affect prognosis.19 We
did not find an effect of warfarin on initial presence
or severity of IVH, but we cannot exclude the possi-
bility that warfarin produces more IVH growth with
time.

Some studies have found antiplatelet drug use to
be an independent predictor of death after ICH,20,21

whereas others have not.2,22,23 Our data do not show
an association between antiplatelet use and initial he-
matoma volume. This indicates that an adverse effect
of antiplatelet use on survival, if present, is due to
another mechanism. The larger size of lobar hemor-
rhages relative to deep cerebral hemorrhages has been
reported. However, deep cerebral ICH is more likely
to rupture into the ventricular system than is lobar
ICH.24,25 These counterbalancing influences may ex-
plain why prognoses after lobar ICH and deep cere-
bral ICH are similar.1 Finally, patients with larger
and more devastating ICH are likely to present to the
emergency department more rapidly, explaining the
relationship between onset to scan time and initial
hematoma volume.

Our study is limited by its retrospective nature.
However, it is strengthened by our population-based
case ascertainment, which includes patients receiving
only one brain scan, patients not referred to tertiary
centers, and patients receiving comfort care after di-

Table 3 Relationships between INR and mortality after ICH

Initial ICH volume excluded from
model

Initial ICH volume included in
model

INR*
Univariate analysis,
HR (95% CI) p Value

Multivariate analysis,
HR (95% CI) p Value

Multivariate analysis,
HR (95% CI) p Value

1.2–2.0 1.2 (0.7–1.9) 0.55 1.2 (0.7–2.1) 0.52 1.4 (0.8–2.4) 0.23

2.1–3.0 1.8 (1.0–3.2) 0.04 2.9 (1.5–5.7) 0.002 3.3 (1.7–6.6) 0.001

>3.0 3.0 (1.7–5.4) 0.003 2.4 (1.2–4.5) 0.009 2.0 (1.0–3.7) 0.04

*Referent � international normalized ratio (INR) �1.2.
HR � hazard ratio; ICH � intracerebral hemorrhage.
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agnosis. We do not have data on the timing of anti-
coagulant reversal. INR testing was likely undertaken
before the initiation of reversal in most cases. Pa-
tients who had their warfarin reversed before a blood
draw for INR may have partially confounded our
results. We did not review all scans subsequent to
emergency department presentation for all patients.
Therefore, we cannot determine whether warfarin-
related hemorrhages expand or rupture into the ven-
tricles more frequently than other hematomas do
after initial presentation, nor can we estimate the po-
tential benefit of hemostatic therapy in this setting.
Ideally, a prospective study will be undertaken that
includes all ICH patients in a defined population
and obtains standardized, serial scans over time, al-
lowing comparison of the natural history of ICH
with and without anticoagulant use.
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