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Abstract
Background: Patients undergoing anticoagulation therapy often experience intracerebral 
hemorrhages (ICHs), and warfarin in particular is known to increase hematoma expansion in 
ICHs, which results in a poor outcome. Recent studies reported that, in comparison with war-
farin, direct oral anticoagulants (DOACs) cause fewer ICHs with better functional outcome. 
However, since it is still unknown whether DOACs are associated with a smaller hematoma 
volume of ICHs, we aimed to compare the volume, hematoma expansion, and outcomes as-
sociated with ICHs treated with DOACs and warfarin. Methods: We performed a prospective 
multicenter cross-sectional study. The subjects included patients with acute ICHs who re-
ceived either DOACs or warfarin. We evaluated the clinical characteristics, and measured initial 
and follow-up ICH volumes. The volume of ICHs and hematoma expansion were compared 
between the DOAC and warfarin groups. Mortality and modified Rankin score at discharge 
were evaluated as outcomes. Results: There were 18 patients in the DOAC group and 71 in 
the warfarin group. The baseline characteristics were similar between the 2 groups. Initial me-
dian hematoma volume of ICHs in the DOAC group was significantly lower than that in the 
warfarin group (6.2 vs. 24.2 mL, respectively; p = 0.04). In cases involving follow-up computed 
tomography scanning, the median hematoma volume of ICHs at follow-up was lower in the 
DOAC group than in the warfarin group (initial: DOACs 4.4 vs. warfarin 13.5 mL; follow-up: 5.0 
vs. 18.4 mL, respectively; p = 0.05). Further, the hematoma in ICHs associated with DOACs did 
not expand. Although the mortality of ICHs associated with DOACs (11%) was lower than that 
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associated with warfarin (24%), this difference was not statistically significant. The univariate 
analysis showed that the anticoagulant type (DOACs vs. warfarin) and sex (male vs. female) 
were associated with ICH volume. The multivariable linear regression showed that the use of 
DOACs (compared to warfarin; β: –0.23, p = 0.03) and female sex (compared to male; β: –0.25, 
p = 0.02) were associated with a small hematoma volume. Conclusions: Based on the results 
of the present study, in terms of the risks associated with ICHs, the use of DOACs appears to 
be safer than warfarin for anticoagulation therapy. Further studies are required to validate 
these findings. © 2017 The Author(s)

Published by S. Karger AG, Basel

Introduction

Patients undergoing anticoagulation therapy often experience intracerebral hemor-
rhages (ICHs). Further, anticoagulation therapy with warfarin, in particular, increases 
hematoma expansion in ICHs, which leads to a poor outcome [1–4]. The incidence of ICHs is 
higher in warfarin-treated Asian populations in comparison with non-Asian populations [5, 
6]. Recently, it has become possible to use direct oral anticoagulants (DOACs) as anticoagu-
lation therapy for atrial fibrillation. All clinical trials using DOACs reported a significantly 
lower incidence of ICHs [7–10], which was evident in Asian populations [11–13]. In several 
small Japanese studies [14, 15], DOACs were associated with fewer ICHs and better functional 
outcomes compared with warfarin. However, the hematoma volume of ICHs and hematoma 
expansion were not statistically compared between those treated with DOACs and those 
treated with warfarin. Therefore, it has not been established if DOACs are associated with 
smaller hematoma volume in ICHs or if the associated functional outcomes are better with 
DOACs than warfarin. Thus, the aim of the current study was to clarify and compare the char-
acteristics of ICHs associated with DOACs and warfarin, by prospectively observing hematoma 
volume, hematoma expansion, and clinical outcomes of ICHs.

Methods

Subjects
The Saiseikai Stroke Database is a registry of data of acute stroke patients collected 

during the first 7 days from onset. The Saiseikai Stroke Research Group consists of 25 hospitals 
belonging to the Social Welfare Organization Saiseikai Imperial Gift Foundation in Japan. Our 
group was the first to register with the Saiseikai Stroke Database on April 1, 2013. We collected 
patient data and stroke profiles, including age, sex, and stroke type (ischemic stroke, hemor-
rhagic stroke, or subarachnoid hemorrhage). Hemorrhagic strokes were classified as hyper-
tensive, amyloid angiopathy, and other factors. Subarachnoid hemorrhages were classified as 
aneurysmal and other factors. During the first year, while we recorded stroke type alone, we 
subsequently began recording all baseline clinical characteristics, treatments, and prognoses 
at discharge from the second year onward. Therefore, in the current study, we selected 
consecutive patients with ICHs entered into the database from April 1, 2014 to March 31, 
2015. This study was approved by the medical ethics board in each institute of the Saiseikai 
Stroke Research Group. Since we obtained general consent to use clinical data from each 
subject on admission, individual written informed consent was not obtained at the time of the 
study based on the Ethical Guideline for Medical and Health Research Involving Human 
Subjects outlined by the Ministry of Education, Culture, Sports, Science and Technology and 
the Ministry of Health, Labor and Welfare in Japan. 
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Risk Factors and Clinical Assessments
We recorded data pertaining to hypertension, diabetes mellitus, dyslipidemia, chronic 

kidney disease, congestive heart failure, smoking status, and alcohol intake. The diagnosis of 
vascular risk factors (hypertension, diabetes mellitus, and dyslipidemia) was made according 
to the Japanese diagnostic criteria. Hypertension was defined as a history of hypertension or 
use of medication for hypertension, as were diabetes and dyslipidemia. Chronic kidney 
disease was defined as an estimated glomerular filtration rate <60 mL/min; proteinuria was 
not assessed. Congestive heart failure was defined as a history of heart failure and its current 
treatment. Smoking was defined as current smoking status and alcohol intake was defined as 
the consumption of more than 1 drink per day. 

We recorded the current medications of each patient on admission. Antithrombotic 
agents included the following: warfarin, DOACs (dabigatran, apixaban, rivaroxaban, and 
edoxaban), aspirin, clopidogrel, cilostazol, antihypertensive agents, statins, and oral hypogly-
cemic agents. 

On admission, we recorded consciousness disturbance using the Japan Coma Scale [16], 
as well as systolic and diastolic blood pressure, and calculated the onset time of stroke and 
arrival time at the hospital, i.e., the onset-to-arrival time. We recorded all treatments 
performed for stroke. In cases of hemorrhagic stroke, the use of either operative therapy or 
conservative therapy was recorded. At discharge, the modified Rankin Scale (mRS) score and 
death due to any cause were recorded as prognostic outcomes. Further, we also recorded 
medication at discharge, namely treatment with antiplatelet agents, warfarin, DOACs, antihy-
pertensive agents, and statins. 

Measurement of Hematoma Volume
We obtained brain computed tomography (CT) images from all patients with ICHs on 

admission, and follow-up brain CT images from all patients who were available for assessment. 
We calculated the volume of hematoma using the ABC/2 method from axial CT images [17]. 
The measurement of hematoma, which was an initial assessment, was not performed in a 
blinded fashion.

Statistical Analysis
Baseline characteristics were compared between the DOAC and warfarin groups using 

the χ2 test and Student t test. We compared the actual measured hematoma volume of the 
initial CT images between the DOAC group and the warfarin group using the Mann-Whitney 
U test. The frequency of hematoma volume expansion between the initial and follow-up CT 
scans was compared between the DOAC and warfarin groups using the χ2 test, while 
changes in hematoma volume between initial and follow-up CT scans were assessed using 
the Wilcoxon signed-rank test. Hematoma volume was converted by logarithmic transfor-
mation to satisfy statistical normality. Univariate and multivariable linear regression 
analyses were performed using logarithmic-transformed hematoma volume and antico-
agulants as the dependent and independent variables, respectively. Other independent 
variables were stroke characteristics associated with ICH volume, risk factors of cerebral 
hemorrhage, and factors related to anticoagulant therapy. We selected age, sex, and 
histories of hypertension and cerebral infarction. The mRS score and the frequency of 
death at discharge were compared between the DOAC and warfarin groups using the χ2 
test. All statistical analyses were performed using JMP 10 software (SAS Institute, Co. Ltd., 
Cary, NC, USA).
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Results

Baseline Characteristics
A total of 10,524 patients were included in the registry, of whom 1,193 experienced ICH. 

The mean age of the patient cohort in the current study was 71.2 ± 13.9 years, and included 
682 men (mean age: 68.4 ± 13.4 years) and 511 women (mean age: 75.1 ± 13.3 years). Hyper-
tensive hemorrhage occurred in 802 cases (76.9%), while amyloid angiopathy occurred in 58 
cases (5.6%). 

On admission, 89 patients were prescribed oral anticoagulants, namely, 18 were 
prescribed DOACs (i.e., 2 dabigatran, 10 rivaroxaban, and 6 apixaban) and 71 warfarin. The 
baseline characteristics of the patients are shown in Table 1 (refer to online suppl. Table 1 for 
the distribution of the Japan Coma Scale; see www.karger.com/doi/10.1159/000462985 for 
all online suppl. material). Although the majority of baseline characteristics were comparable 
between the DOAC and warfarin groups, the mean hospital stay of the DOAC group (23 days; 
interquartile range [IQR] 13.5–34.3) was significantly longer than that of the warfarin group 
(16 days; IQR 9.0–28.0; p = 0.04). The frequency of congestive heart failure in the DOAC group 
was lower than that in the warfarin group, but this difference was not statistically significant. 
Finally, although the frequency of ICH per region was similar between the DOAC and warfarin 
groups, there were no cases of subcortical hemorrhage in the DOAC group. 

Table 1. Baseline characteristics of DOAC-ICHs and warfarin-ICHs

Variables DOAC (n = 18) Warfarin (n = 71) p value

Age, years 76.3±2.3 77.9±1.2 0.55
Male 10 (56) 40 (56) 0.95
Onset-admission time, h 1.8 (1–3.4) 1.7 (1–5.4) 0.82
Level of consciousness (JCS) 13 (72) 38 (54) 0.28
Systolic blood pressure, mm Hg 170±27 164±29 0.44
Diastolic blood pressure, mm Hg 96±21 90±22 0.26
Hypertension 17 (94) 56 (79) 0.18
Diabetes 3 (17) 9 (13) 0.70
Dyslipidemia 6 (33) 15 (21) 0.35
Smoking (never) 12 (67) 55 (77) 0.63
Atrial fibrillation 13 (72) 41 (58) 0.43
Congestive heart failure 1 (6) 20 (28) 0.06
CKD/HD 2 (11) 12 (17) 0.72
Past stroke

Cerebral infarction 5 (28) 21 (30) –
Cerebral hemorrhage 2 (11) 5 (7) –
Both 0 1 (1) –
Hypertensive hemorrhage 16 (88) 52 (73) 0.16
Amyloid angiopathy 0 3 (4) –

Hemorrhage region
Deep 11 (61) 29 (41) –
Subcortical 0 19 (27) –
Infratentorial 5 (28) 13 (18) –

Hospital stay, days 23 (14–34) 16 (9–28) 0.04
Hospital stay (alive outcome), days 26 (21–37) 21 (10–36) 0.57
Hospital stay (fatal outcome), days 2 (2–2) 4 (2–14) 0.16

Figures are means ± SD, medians with IQRs in parentheses or numbers with percentages in parentheses. 
IQR, interquartile range; JCS, Japan Coma Scale [16]; CKD/HD, chronic kidney disease/hemodialysis; DOAC, 
direct oral anticoagulant; ICH, intracranial hemorrhage.
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Initial Hematoma Size and Hematoma Expansion
Data concerning the initial hematoma volume, follow-up hematoma volume, and 

frequency of hematoma expansion are shown in Table 2. A dot plot chart of hematoma 
volume in the DOAC and warfarin groups is shown in Figure 1. The initial hematoma volume 
of ICHs in the DOAC group (median: 6.2 mL; IQR 2.3–18.4) was significantly lower than in 
the warfarin group (median: 24.2 mL; IQR 5.1–48.2; p = 0.04). Operative therapy and early 
death due to a large ICH (among other reasons) did not involve follow-up CT scanning (online 
suppl. Table 2). A follow-up CT scan was performed in 14 cases in the DOAC group and in 53 
cases in the warfarin group. The median interval between the initial and follow-up CT scans 
was not different between the DOAC (9.5 h; IQR 2.75–21) and warfarin (14.0 h; IQR 3.25–20) 
groups. The change in hematoma volume between initial and follow-up assessments was 
compared in the cases that could be followed up. At follow-up, although the hematoma 
volume was lower in the DOAC group (median: 5.0 mL; IQR 3.6–28.0) than in the warfarin 
group (median: 18.4 mL; IQR 6.5–44.5), this difference was not statistically significant (p = 
0.05) (Table 3). The frequency of hematoma expansion was also not significantly different 
between the 2 groups (Table 3). However, when assessing the difference between initial and 
follow-up hematoma volume, the enlargement of the hematoma volume (from 13.5 to 18.4 
mL) was greater in the warfarin group (p < 0.01) than in the DOAC group (from 4.4 to 5.0 
mL) (Fig. 1).

In the warfarin group, the median international normalized ratio on admission was 2.09 
(IQR 1.7–2.8). The international normalized ratio was not correlated with initial hematoma 
volume (online suppl. Fig. 1). In the DOAC group, we were able to identify and estimate the 
time from the last dose to admission in several patients. Apixaban and dabigatran were 
administered twice a day, while rivaroxaban was administered once a day. The number of 
subjects and the median time from the last dose to admission was as follows: apixaban, 4 
patients, 9 h (IQR 3.8–11.7); dabigatran, 1 patient, 5 h; rivaroxaban, 11 patients, 12 h (IQR 
5.7–12). Furthermore, activated partial thromboplastin time and prothrombin time in the 
DOAC group was not correlated with initial hematoma volume (online suppl. Fig. 2).

In the univariate analysis, the type of anticoagulant (i.e., DOAC vs. warfarin) and the sex 
of the patient (i.e., male vs. female) were associated with ICH volume (Table 4). In the multi-
variable linear regression, age, sex, anticoagulant type, hypertension, the incidence of previous 
ischemic stroke, the use of DOAC (compared to warfarin; β: –0.23, p = 0.03) and being female 
(compared to male; β: –0.25, p = 0.02) were associated with a small hematoma volume. 

Prognosis and Mortality
At discharge, the frequency of an mRS score of 0–3 was not significantly different between 

the 2 groups (i.e., 33% in DOACs vs. 17% in warfarin). Other functional prognoses at discharge 
were also not significantly different between the 2 groups (Fig. 2). Although the rate of 

Table 2. Initial hematoma volume, prevalence of hematoma expansion, and mortality

DOAC (n = 18) Warfarin (n = 71) p value

Initial hematoma volume, mL 6.2 (2.3–18.4) 24.2 (5.1–48.2) 0.04
Prevalence of surgery 2 (11) 3 (4)
Mortality 2 (11) 17 (24) 0.34

Figures are median with IQR in parentheses or numbers with percentages in parentheses. DOAC, direct 
oral anticoagulant; IQR, interquartile range.
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Fig. 1. Hematoma volume of ICHs associated with DOACs and warfarin. Correlation between hematoma vol-
ume and anticoagulants. Dot plots show the hematoma volume of each subject and the boxplot shows me-
dian and interquartile range of hematoma volume. a Initial hematoma volume of ICHs with DOAC and war-
farin. b Follow-up hematoma volume of ICHs with DOAC and warfarin. c Change in hematoma volume be-
tween initial and follow-up. Left graph shows ICHs with DOAC, and right graph shows ICHs with warfarin. 
Graph shows median and interquartile range of hematoma volume. * p < 0.01. ICH, intracranial hemorrhage; 
DOAC, direct oral anticoagulants.

Table 3. Initial hematoma volume, follow-up hematoma volume, and prevalence of hematoma expansion in 
follow-up cases

DOAC (n = 14) Warfarin (n = 53) p value

Initial hematoma volume, mL 4.4 (2.3–14.1) 13.5 (3.7–41.6) 0.04
Follow-up hematoma volume, mL 5.0 (3.6–27.9) 18.4 (2.7–44.5) 0.05
Prevalence of hematoma expansion 9 (64) 27 (51) 0.54
Initial to follow-up time, h 9.5 (2.75–21) 14 (3.25–20) 0.48
Mortality 2 (11) 17 (24) 0.34

Figures are medians with IQRs in parentheses or numbers with percentages in parentheses. DOAC, direct 
oral anticoagulant; IQR, interquartile range.
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mortality, due to any cause, at discharge was higher in the warfarin group (17 cases; 24%) 
than in the DOAC group (2 cases; 11%), this difference was not statistically significant 
(Table 2). 

Discussion

In this prospective multicenter cross-sectional study, we showed that the initial hematoma 
volume in patients treated with DOACs was significantly lower than in those treated with 
warfarin. The follow-up hematoma volume and the mortality rates were also lower in the 
DOAC group than in the warfarin group (although these differences were not statistically 
significant). 

Previous randomized controlled trials of DOACs showed that the incidence of ICHs with 
the use of DOACs was significantly lower than with warfarin [7–10]. We hypothesized that 
the incidence of ICHs would be lower following therapy with DOACs and that the hematoma 
volume associated with DOACs would be lower compared with warfarin. Our results supported 
these hypotheses. In some previous Japanese studies, it was reported that ICHs associated 
with DOAC were small and had good clinical outcomes compared to those associated with 
warfarin [14, 15]. Recently, Wilson et al. [18] reported that, compared with warfarin, the 
hematoma volume of ICHs associated with DOACs was significantly lower, with better func-
tional outcomes. Importantly, the authors also suggested that these results could be gener-
alized to other populations [18]. The findings of the current study corroborated these findings. 

Table 4. Univariate analysis of predictors associated with mean ICH volume

Predictor Mean ± SD 95% CI p value

Age, <75 vs. ≥75 years 2.85±1.50 vs. 2.52±1.48 2.30–3.39 vs. 2.12–2.92 0.33
Anticoagulant type, DOAC vs. warfarin 2.00±1.54 vs. 2.80±1.44 1.02–2.61 vs. 2.21–3.11 0.040
Sex, female vs. male 2.20±1.52 vs. 2.97±1.39 1.24–2.51 vs. 2.03–2.98 0.015
Hypertension, yes vs. no 2.62±1.51 vs. 2.69±1.44 1.93–2.77 vs. 1.29–2.97 0.88
Previous ischemic stroke, yes vs. no 2.68±1.37 vs. 2.56±1.76 1.78–2.83 vs. 1.48–2.86 0.73

ICH, intracerebral hemorrhage; DOAC, direct oral anticoagulant; SD, standard deviation; CI, confidence 
interval.

Warfarin 
(n = 71)

DOAC 
(n = 18)

mRS

1 (5)

0

0 1 2 3 4 5 6

20 40 60 80 100 %

3 (4) 4 (6) 5 (7)

5 (27) 4 (22)

22 (31) 20 (28) 17 (24)

6 (33) 2 (11)

Fig. 2. Proportion of modified 
Rankin Scale (mRS) score at dis-
charge. mRS at discharge com-
pared between ICHs associated 
with DOAC and warfarin. Each 
number is n (%). ICH, intracranial 
hemorrhage; DOAC, direct oral 
anticoagulants.
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The results of the current study and several previous studies [14, 15, 18] also suggest that 
ICHs associated with DOACs are smaller than those associated with warfarin, which is true in 
different populations, including the Asian population, a high-risk population for ICHs asso-
ciated with anticoagulant therapy. 

In the multivariate analysis, the use of DOACs and being female were associated with a 
small hematoma volume. In females, the hematoma volume of ICHs was not different between 
the DOAC group and warfarin group. Conversely, in males, the hematoma volume of ICHs in 
the DOAC group was significantly lower in comparison with the warfarin group (data shown 
in online suppl. Fig. 3). The reasons for this result are unknown and require further study.

We also demonstrated that at follow-up, the hematoma volume of ICHs associated with 
DOAC was lower than that associated with warfarin, and that enlargement of the hematoma 
volume was much greater in the warfarin group. This is a novel finding, which we postulate 
is related to the different mechanism of action of DOACs and warfarin [18–21]. 

In the current study, the mortality rate associated with DOAC-induced ICHs at discharge 
was lower than that associated with warfarin-induced ICHs. In the original clinical trials on 
DOACs (RE-LY [7], ARISTOTLE [9], ROCKET AF [8], and ENGAGE AF TIMI 48 [10]), although 
the incidence of ICHs associated with DOAC was significantly lower than the incidence of ICHs 
associated with warfarin, there was no difference in the mortality rate [7–10]. The reasons 
for this were not explored. The results of the present study are important because they 
demonstrate the safety of DOACs in real-world clinical situations. However, given the small 
sample, we could not demonstrate a statistically significant difference in terms of mortality 
rate. Thus, we believe that future studies with a larger patient cohort will help establish if 
there are mortality differences due to ICHs associated with these 2 treatments.

There are some limitations in the present study. First, the follow-up hematoma volume 
was not measured in all subjects, as we could not perform follow-up brain CT scans for 
patients who underwent emergency surgery or experienced death due to a massive ICH. We 
believe that it was acceptable not to perform follow-up CT scans for these patients since there 
was no clinical need to reevaluate hematoma volume. Second, the evaluation of mortality and 
prognoses was performed at discharge rather than at a fixed time point. Previous studies 
revealed that death related to ICHs usually occurred within the first week from onset [22]. 
The median length of hospital stay was 23 days in the DOAC group and 16 days in the warfarin 
group. Therefore, we thought that mortality at discharge sufficiently estimated the early 
prognosis of ICHs. Finally, acute-phase management of ICHs was not consistent among the 
institutes included in the study. However, since the management of ICHs tends to vary among 
institutes in actual clinical practice, we considered it an advantage, as the results of this obser-
vational study was not based on an idealized treatment scenario. We believe that the results 
of the present study are closer to real-world clinical practice than those of previously published 
reports. However, further studies are required to validate the results of the present study. 
Future research should also evaluate individual DOACs in order to determine if these drugs 
are equivalent in terms of the risks associated with ICHs.

In conclusion, the initial hematoma volume in patients treated with DOACs was signifi-
cantly lower than that in patients treated with warfarin, which was true at follow-up. DOACs 
appear to offer advantages in terms of better safety over warfarin for anticoagulation therapy. 
Further studies involving a larger patient sample size are required to confirm these findings.
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