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Abstract

Background. Hypertension is the most important modifiable risk factor for intracerebral hemorrhage (ICH), but blood
pressure (BP) management during the acute phase of ICH is still controversial. Approximately one-fourth of ICHs occur
during treatment with warfarin or aspirin. Aim. This study was designed to determine the effect of admission BP on the
early prognosis of ICH patients by dividing them into three groups (warfarin, aspirin, and no drugs). Methods. Three
hundred and sixty-nine patients with supratentorial ICH were divided into three groups according to medication. Each
group was evaluated in terms of prognosis and the risk for mortality based on the modified Rankin Scale (mRS) score
at discharge (good prognosis: mRS ≤ 3; poor prognosis: mRS > 3). The effect of admission BP on prognosis was
evaluated for each group. Results. The inhospital mortality rate was 72% for ICH patients treated with warfarin, 41.6%
for ICH patients treated with aspirin, and 35% for ICH patients treated with no drugs. Admission mean arterial blood
pressure (MABP) values were higher in patients with poor prognosis compared with patients with good prognosis for
the aspirin (P = .002) and no-drug (P = .001) groups, but not in the warfarin (P = .067) group. Conclusion. A high MABP
at admission was found to be an independent predictor of poor prognosis for ICH patients treated with aspirin or with
no drugs, but not for ICH patients treated with warfarin.
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INTRODUCTION

Intracerebral hemorrhage (ICH) is a life-threatening
condition associated with substantial morbidity and
mortality. The annual incidence of ICH varies between
10 and 20 cases per 100 000 people in the general pop-
ulation and up to 200 cases per 100 000 people in the
elderly population (1,2). Although hypertension is the
most important modifiable risk factor for ICH, blood
pressure (BP) management during the acute phase of
ICH is still controversial (3,4). High BP at admission
has been reported to be associated with poor outcome
in some, but not all, studies (5–8). High admission BP
has also been reported as a risk factor for hematoma
enlargement (9). For this reason, BP is often lowered
in patients with ICH. However, in some ICH studies,
it is reported that reducing BP could lead to neurologi-
cal deterioration due to ischemia in hypoperfused brain
regions adjacent to the hematoma (10).
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Aspirin-associated ICH (AAICH) or warfarin-
associated ICH (WAICH) constitutes approximately
one-fourth of all cases of ICH. Aspirin is widely used to
decrease the risk of occlusive arterial events in patients
with atherosclerosis. Although the benefits of aspirin
outweigh its hemorrhagic risks for patients at high risk
of vascular diseases, the prolonged use of aspirin is asso-
ciated with an increased risk of ICH (11). Warfarin
sodium therapy is frequently used for patients with car-
diac arrhythmias, pulmonary embolism, artificial heart
valves, or deep vein thrombosis to prevent throm-
boembolic complications. Warfarin-associated ICH is
becoming more common with the increased use of this
medication in the aging population (12). The incidence
of ICH in patients treated with warfarin is reportedly
7–10 times higher than in those not receiving war-
farin (13). The risk of WAICH may reach 1%–2%
per year. Warfarin use increases the risk of death from
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ICH (14,15). Although it has been reported that tak-
ing aspirin or warfarin may increase the incidence of
ICH and may result in a poorer outcome, recent studies
reported conflicting results about the effects of warfarin
and aspirin on the prognosis of ICH (12,15–17).

The aim of this study is to estimate the effect
of aspirin or warfarin treatment on the prognosis of
ICH and to evaluate the impact of admission BP on
the short-term prognosis of ICH patients treated with
aspirin, warfarin, or no drugs. This study is the first to
investigate and compare the effect of initial BP on the
prognosis of ICH patients by dividing them into three
groups (aspirin, warfarin, and no drugs) according to
their previous medications.

MATERIALS AND METHODS

Patients
The study series comprised of 424 patients with ICH
admitted to the Department of Neurology, School of
Medicine, University of Trakya in Turkey between
January 2004 and January 2010. Patients who had
ICH due to brain tumors, aneurysms, vascular malfor-
mations, hematological malignancies, coagulation dis-
orders, head trauma, thrombolytic therapy, or hem-
orrhagic transformations of cerebral infarctions were
excluded. In pontine and cerebellar hemorrhages, the
outcome is highly dependent on the size and location
of the hemorrhage in a very confined space. Therefore,
patients with these types of hemorrhages (10 patients
with brainstem hemorrhages and 24 patients with cere-
bellar hemorrhages) were excluded from the study
because it is not accurate to compare hematoma vol-
umes located in infra- and supratentorial regions.
Twenty-one patients were excluded due to late admis-
sion after ICH (>12 h of onset) and surgical hematoma
evacuation.

The hospital records of the remaining 369 patients
were reviewed for details about age, gender, medi-
cations, initial mean arterial blood pressure (MABP)
values, hematoma enlargement, extension to the ven-
tricular system, comorbid conditions (ischemic heart
disease, previous stroke, diabetes mellitus, hyperten-
sion, atrial fibrillation, heart failure), reasons for anti-
coagulation and antiplatelet medication, and the inter-
national normalized ratio (INR) at first presentation.
Warfarin and aspirin use by patients at the time of bleed-
ing was recorded. Initial BP values were obtained during
transfer or immediately after the patients’ arrival in the
emergency room by a trained nurse using a calibrated
sphygmomanometer. For almost all patients, at least six
BP readings during the first 12 h after ICH onset were
available. Of these, the highest one was chosen as the
admission BP. The MABP was calculated by adding
one-third of the pulse pressure (systolic–diastolic) to the
diastolic pressure. The patients were considered to be
hypertensive if their BP readings preceding the ICH had
at least twice exceeded 160/95 mm Hg in accordance

with the World Health Organisation/International Soci-
ety of Hypertension (WHO/ISH) statement or if they
were taking antihypertensive medication (18). Addi-
tional antihypertensive medication was considered only
if the MABP exceeded 140–145 mm Hg. The patients
were recorded as having diabetes mellitus if they were
taking oral hypoglycemic agents or insulin at ICH onset.
The patients were divided into three groups accord-
ing to the medication being taken at the time of ICH:
group 1 — AAICH; group 2 — WAICH; and group 3
— no-drug-associated ICH (NDAICH).

Neuroradiological Methods
Intracerebral hemorrhage was verified by computed
tomography (CT) for all patients within an hour after
admission and this was repeated if sudden clinical dete-
rioration occurred. All CT scans were analyzed and re-
analyzed, and the locations of the hematoma, hematoma
volumes, and extensions into the ventricular system
were measured. Follow-up CT and/or magnetic reso-
nance imaging were used to search for secondary struc-
tural abnormalities when necessary. Angiography was
performed if arteriovenous malformation or aneurysmal
bleeding was suspected. The volume of ICH was mea-
sured manually using the previously described AxBxC/2
method (19). Hematoma locations were classified as fol-
lows: (i) basal ganglionic, (ii) lobar, (iii) thalamic, (iv)
cerebellar, and (v) brainstem.

The three groups (AAICH, WAICH, and NDAICH)
were compared for the prognosis of ICH within the
duration of hospital stay and the effect of BP on the
prognosis was evaluated for each group. Functional out-
comes were assessed using the modified Rankin Scale
(mRS) and accepted as good (score of 0–3) or poor
(score of 4–6) at discharge.

Treatment
The patients with admission MABP >140–145 mm Hg
received BP-lowering therapy with labetalol, nifedip-
ine, furosemide, or metoprolol. Some patients received
more than one drug. Mannitol (20%) was used to
lower intracranial pressure, if necessary. Reversal of INR
was achieved by administration of vitamin K and fresh
frozen plasma, if necessary.

Statistical Analysis
Statistical analysis was performed using the SPSS 11.0
statistical software package (SPSS Inc., Chicago, IL,
USA). Descriptive statistics are reported as frequen-
cies and percentages for categorical variables and as
median and range for continuous variables. Compari-
son of the parameters between groups was performed
using χ2 tests for categorical variables and using anal-
ysis of variance (ANOVA) for continuous variables. To
identify the relationship between admission MABP and
the outcome at discharge for the AAICH, WAICH, and

© 2012 Informa Healthcare USA, Inc.
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NDAICH groups, the patients were divided into two
groups according to mRS scores (mRS: 0–3 and mRS:
4–6). For univariate analysis, associations between prog-
nosis and various continuous variables were assessed
using the Wilcoxon rank-sum test. Further multivari-
ate linear regression was used to assess predictors of
poor prognosis. Continuous values are expressed as
mean ± SD. P value <.05 was accepted as statistically
significant.

RESULTS

Of the 369 patients (168 women, 201 men) reviewed,
32 (8.7%) were being managed with warfarin and 48
(13%) were being managed with aspirin. The mean age
of the patients was 67.5 ± 11.1 years (range: 34–93)
and no significant difference was found for age or gen-
der between the three groups (Table 1). The mean INR
value of the 32 patients being managed with warfarin
was 3.62 ± 2.1 (ranging from 1.46 to 10.7), and the
INR values of 13 (40%) of the patients taking war-
farin were in the therapeutic or infra-therapeutic range.
The hematoma was located in the basal ganglia in
157 (42.5%) patients, in the thalamus in 141 (38.2%)
patients, and in the lobar region in 71 (19.3%) patients.
Basal ganglia and thalamic hematomas were more com-
mon in the AAICH and NDAICH groups, respectively.
However, the hematoma was more likely to be located
in the lobar region (47%) and intraventricular hemor-
rhage was most frequent in the WAICH group (69%)
compared with the AAICH (P = .042) and NDAICH
(P = .02) groups (Table 1).

The most common indications for warfarin use were
previous cardioembolic strokes with or without atrial
fibrillation (15 patients); atrial fibrillation with no pre-
vious stroke (seven patients); mechanical heart valves
(three patients); pulmonary embolism (one patient);
and deep venous thrombosis (two patients). The indi-
cation of warfarin use could not be determined for four
patients. The most common indications for aspirin use
were previous atherothrombotic stroke (13 patients);
coronary artery disease (18 patients); and transient
ischemic attacks (nine patients). The indication of
aspirin use could not be determined for eight patients.

Hypertension (88.6%) was the most prevalent
comorbid disease according to patients’ medical histo-
ries, followed by diabetes mellitus (17.3%), cerebrovas-
cular disease (16%), coronary artery disease (12.5%),
congestive heart failure (7.8%), and chronic renal fail-
ure (4.3%). A history of cardiac disease (P < .001) or
stroke (P < .001) was significantly more common in
the AAICH and WAICH groups than in the NDAICH
group (Table 1).

The WAICH (40.4 ± 25.4 mL) group had
significantly larger hematoma volumes than the
AAICH (25.0 ± 21.4 mL; P = .003) and NDAICH
(26.9 ± 18.2 mL; P = .004) groups. However, no
significant difference was found for hematoma volume
between the AAICH and NDAICH groups (P = .193).

No significant difference was found for MABP
between the AAICH and NDAICH groups (P = .857).
The MABP was significantly higher among patients
in the AAICH (131.2 ± 16.1 mm Hg) and NDAICH
(131.6 ± 16.4 mm Hg) groups than among those in the

Table 1. Clinical characteristics and outcomes of 369 patients with ICH according to the medication (aspirin,
warfarin, and no drugs)

Characteristics AAICH group (n = 48) WAICH group (n = 32) NDAICH group (n = 289)

Age 70.1 ± 10.9 69.6 ± 10.6 67.2 ± 11.2
Male gender 20 (42%) 15 (46%) 130 (45%)
MABP (mm Hg) 131.2 ± 16.0 99.9 ± 13.3 131.6 ± 16.4
Volume of

hematoma (mL)
25.0 ± 21.4 40.4 ± 25.4 26.9 ± 18.2

Intraventricular
hemorrhage

25 (52%) 22 (69%) 136 (47%)

Localization of ICH
Basal ganglia 20 (42%) 9 (28%) 128 (44%)
Thalamus 21 (44%) 8 (25%) 112 (39%)
Lobar 7 (14%) 15 (47%) 49 (17%)

Poor prognosis (mRS >3) 30 (62.5%) 28 (87.5%) 199 (69%)
Mortality 20 (41.6%) 23 (72%) 103 (35%)
Inhospital stay (days) 11.0 ± 5.4 10.2 ± 6.6 12.5 ± 6.5
Previous diseases

Hypertension 40 (8.3%) 20 (62%) 267 (92%)
Diabetes mellitus 11 (23%) 7 (22%) 46 (16%)
Heart failure 3 (6.2%) 6 (19%) 20 (7%)
Coronary artery disease 13 (27%) 8 (25%) 25 (8%)
Previous stroke 13 (27%) 15 (47%) 31 (11%)
Chronic renal failure 0 1 (3%) 15 (5%)

Abbreviations: ICH – intracerebral hemorrhage; AAICH – aspirin-associated intracerebral hemorrhage; WAICH
– warfarin-associated intracerebral hemorrhage; NDAICH – no-drug-associated intracerebral hemorrhage; MABP
– mean arterial blood pressure; mRS – modified Rankin Scale.
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WAICH group (99.9 ± 13.3 mm Hg) (P < .001). The
clinical severity (mRS scores: 0–6) of the patients and
admission MABP values had a linear relationship in the
AAICH and NDAICH groups, but not in the WAICH
group (Figure 1).

The mean duration of inhospital stay was 12.2 ±
6.3 days for the 369 patients. The mean duration of
inhospital stay was significantly shorter for the patients
who died (8.4 ± 5.8 days) than for those who survived
(14.7 ± 6.1 days) (P < .001). Inhospital mortality was
39% and the groups differed significantly in terms of
prognosis at discharge (P = .01). Mortality was most
common in the WAICH group (72%), followed by
the AAICH (41.6%) and NDAICH groups (35%).
The mortality rate of patients within the first 24 h
was 12.4% (46 patients). Twenty-eight patients (7.5%)
had clinical deterioration due to hematoma enlarge-
ment after admission (7 [22%] of WAICH patients,
6 (12.5%) of AAICH patients, and 15 [5%] of
NDAICH patients).

When the patients in each group were divided into
two groups according to good mRS scores (mRS: 0–3)
and poor mRS scores (mRS: 4–6), univariate analysis
showed a significant association between the prog-
nosis at hospital discharge and hematoma volume
(P < .001), intraventricular extension (P = .001), and
MABP (P = .002) in the AAICH group. Univariate
analysis indicated a significant association between the
prognosis and hematoma volume (P = .001) and intra-
ventricular extension (P = .019) in the WAICH group,
and a significant association between the prognosis
and hematoma volume (P < .001), intraventricular
extension (P < .001), MABP (P < .001), and history
of hypertension (P = .002) in the NDAICH group.
Admission MABP values were higher in patients with

poor prognosis compared with those with good prog-
nosis in the AAICH (136.3 ± 16.6 mm Hg vs. 122.7
± 11.2 mm Hg, P = .002) and NDAICH (135.7 ±
16.2 mm Hg vs. 121.7 ± 12.1 mm Hg, P < .001)
groups. However, no significant difference was found
for MABP values between the patients with good and
poor prognosis in the WAICH group (101.1 ± 5.0 mm
Hg vs. 95.7 ± 6.7 mm Hg, P = .067) (Table 2).

Multivariate logistic regression analysis, including
variables significant in univariate analysis, showed a sig-
nificant association between prognosis and hematoma
volume (P < .001) and MABP (P = .029) in the
AAICH group. Multivariate logistic regression analysis
indicated a significant association between prognosis
at discharge and hematoma volume (P = .014) and
intraventricular extension (P = .048) in the WAICH
group, and a significant association between prognosis
and hematoma volume (P < .001), intraventricular
extension (P < .001), MABP (P = .038), and history
of hypertension (P = .009) in the NDAICH group.

DISCUSSION

Blood pressure management during the acute phase
of ICH is controversial (7,9,10,20). Admission MABP
was found to be a prognostic factor in most previous
ICH studies (21). Some previous investigations showed
that high BP at admission predicts high mortality and
poor neurological outcome (22,23). Ohwaki et al. (9)
reported that a systolic BP of at least 160 mm Hg was
frequently associated with poor prognosis. In another
study, high admission MABP (>127 mm Hg) was
found to be significantly associated with death within
the first 2 days after ICH (5). However, some studies
did not confirm the predictive association between high
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Figure 1. The relationship between clinical severity at hospital discharge and MABP at admission. Abbreviations: MABP – mean arterial
blood pressure; mRS – modified Rankin Scale.
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Table 2. The comparison of MABP and volume of hematoma between the patients with good and poor prognosis

Good prognosis
mRS (0–3)

Poor prognosis
mRS (4–6)

Univariate
analysis P value MLRA P value

AAICH group (n = 48) n = 18 n = 30
MABP (mm Hg) 122.7 ± 11.2 136.3 ± 16.6 .002 .029
Volume of hematoma (mL) 9.8 ± 6.5 34.1 ± 22.1 <.001 <.001

WAICH group (n = 32) n = 4 n = 28
MABP (mm Hg) 95.7 ± 6.7 101.1 ± 13.7 .06
Volume of hematoma (mL) 17.0 ± 12.2 43.8 ± 25.1 .001 .014

NDAICH group (n = 289) n = 117 n = 172
MABP (mm Hg) 121.7 ± 12.1 135.7 ± 16.2 <.001 .038
Volume of hematoma (mL) 8.9 ± 5.0 34.3 ± 16.4 <.001 <.001

Abbreviations: MLRA – multivariate logistic regression analysis; AAICH – aspirin-associated intracerebral hemorrhage;
WAICH – warfarin-associated intracerebral hemorrhage; NDAICH – no-drug-associated intracerebral hemorrhage; MABP
– mean arterial blood pressure; mRS – modified Rankin Scale.

admission BP and poor prognosis (24). In these stud-
ies, it is reported that most of the patients with ICH
had chronic hypertension that increased the lower limit
of cerebral blood flow autoregulation, and a sudden BP
decline after ICH was reported to be associated with
poor prognosis and high mortality rates, particularly as
a result of hemodynamic infarctions (20). Tetri et al.
(25) reported that patients with untreated hypertension
had the best outcome, although they had the highest
MABP values at admission. In a recent study, Ohwaki
et al. (26) reported that both high and extremely low
BP values were likely to adversely affect neurological
status, and they demonstrated a “U”-shaped relation-
ship between minimum systolic BP at admission and
poor prognosis in patients with acute ICH, with the low-
est risk for early neurological deterioration occurring
at a minimum systolic BP of 123 mm Hg. In most of
these studies, the effect of hypertension was analyzed
in patients with spontaneous ICH, but not by dividing
the patients according to their medication at the time of
hemorrhage onset. This study aimed to look separately
at the effect of BP on the prognosis of patients with ICH
by dividing them into three groups according to their
previous medications (warfarin, aspirin, and no drugs).

Increasing age, location and volume of hematoma,
intraventricular extension, and comorbid diseases such
as ischemic heart disease, atrial fibrillation, and dia-
betes mellitus were previously reported to be inde-
pendent risk factors for the poor outcome of ICH
patients (5,13,27,28). Tetri et al. (5) investigated the
role of a high admission MABP and plasma glucose
level, together with other predictors of early death for
379 patients with spontaneous ICH. They reported
that diabetes mellitus, cardiac disease, advanced age,
and the use of warfarin or aspirin were significantly
more common among the patients who died within
3 months. In our study, no statistically significant
difference was found for age and gender between
the patients with good and poor prognosis in each
subgroup. However, aspirin and warfarin users were
more likely to have ischemic heart disease or to have
had a previous stroke, as reported in the study by

Hanger et al. (29). Hematomas were more commonly
found in the lobar region (47%) and hematoma vol-
ume was greater (40.4 ± 25.4 mL) in the WAICH
group compared with the other two groups. We
demonstrated a significant association between poor
prognosis (mRS > 3), hematoma volume, and intraven-
tricular extension in all three groups. We also found an
association between poor prognosis and initial MABP
in the AAICH and NDAICH groups, but not in the
WAICH group. Finally, we demonstrated a significant
association between poor prognosis and a history of
hypertension in the NDAICH group only.

Mortality rates and poor prognosis were much higher
in the WAICH group compared with the AAICH
and NDAICH groups. The high mortality rate in the
WAICH group (72%) was found to be consistent with
previously reported studies (in which it ranged from
52% to 68%) (13,30). Saloheimo et al. (31) investigated
mortality in ICH patients and found an overall mortal-
ity rate of 32.7% within 3 months. The mortality rates
of warfarin users in their study were inconsistent with
our study (73.1% vs. 72%), but their follow-up period
was significantly longer. Hanger et al. (29) studied the
effect of aspirin and warfarin on early survival after
ICH in 253 patients; the mortality rates at days 7, 14,
and 28 were 34.8%, 38.7%, and 42.3%, respectively. In
our study, mortality rates at hospital discharge (39%)
were in accordance with the study by Hanger et al. In
their study, the mortality rates of aspirin users, warfarin
users, and non-users of aspirin or warfarin were 38%,
50%, and 36%, respectively, at day 14. In our study, the
inhospital mortality rates of the AAICH (41.6%) and
NDAICH (35%) groups were similar to those in the
study by Hanger et al., but the mortality rates in the
WAICH (72%) group were significantly higher.

Fric-Shamji et al. (32) examined the effect of admis-
sion MABP on prognosis in anticoagulated patients
and they reported that MABP was an independent and
modifiable risk factor for prognosis. However, in our
study, the MABP was significantly lower in the WAICH
group compared with the other two groups. In a recent
study by Zubkov et al. (14), clinical and radiological
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information for 88 patients with WAICH was studied,
and BP at admission was not found to be associated
with functional outcome at discharge. Hanger et al.
(29) reported the use of warfarin prior to ICH was
independently associated with increased early mortal-
ity. However, Hanger et al. (29) and Flibotte et al.
(15) could not explain this effect of warfarin on prog-
nosis by the volume of hematoma. Contrary to these
studies, the mortality and poor prognosis in WAICH
patients were found to be associated with a larger
hematoma volume in this study. Although the WAICH
patients had poorer prognosis associated with larger
hematoma volumes, we could not demonstrate a linear
relationship between the level of INR and hematoma
volume; however, higher INRs may increase the risk
of ICH. Moreover, 13 patients (40%) in the WAICH
group had INR values that were either in the thera-
peutic or infra-therapeutic range. This ratio was signif-
icantly lower than that reported by Fric-Shamji et al.
(87.6%) (32).

Saloheimo et al. (31) reported that regular aspirin
use before the onset of primary ICH was a significant
independent predictor for death (2–3 times) within the
first 3 months after acute ICH. We found there was
poorer prognosis but not as poor as in the study by
Saloheimo et al. for AAICH patients compared with
NDAICH patients (mortality rates: 41.6% vs. 35%).
Nilsson et al. (3) also reported a non-significant trend
for aspirin to predict mortality may be seen after omit-
ting warfarin users. Saloheimo et al. (31) explained the
high mortality in AAICH patients was because of a pre-
disposition to hematoma enlargement. However, in this
study, the hematoma volumes in the AAICH group were
the same as in the NDAICH group. Other studies have
also reported that the hematoma volume in patients
using aspirin is no greater than that in patients not
using such drugs (15). This poor prognosis may be due
to the factors causing aspirin use (comorbid diseases
such as diabetes mellitus, previous ischemic stroke, and
ischemic cardiac diseases), which were more common
in the AAICH group.

The main limitations of our study are that it was
retrospective, and was not a randomized controlled
study. Although our follow-up period (approximately 2
wk) was sufficient to evaluate the early stage progno-
sis because early deaths following an ICH are thought
to be due to neurological deterioration, the long-term
outcome of patients was not assessed (31). We used the
A×B×C/2 method which has been well validated, rather
than more precise computerized planimetry techniques
for measuring hematoma volumes.

In conclusion, a strong relationship between
hypertension and poor prognosis was confirmed in
AAICH and NDAICH patients but not in WAICH
patients. However, in WAICH patients who had the
worst prognosis, hematoma volume had no association
with admission BP. Patients who are placed on warfarin
or aspirin treatment tend to have closer BP control

because of the threat of ICH. Controlled trials are
needed to determine the effect of BP on ICH that
occurs during treatment with aspirin, warfarin, or no
drugs.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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