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Background: Direct oral coagulants (DOAC) have been shown to decrease the
frequency of intracerebral hemorrhage (ICH) compare to warfarin. However, the
precise characteristics, such as the size and locations of the hemorrhage, and outcome
and onset time of ICH in patient taking DOAC are not fully elucidated.

Methods: We retrospectively analyzed the characteristics of symptomatic ICH patients
taking either DOAC or warfarin between January 2012 and December 2015.

Results: Out of consecutive 400 ICH patients, 15 patients were DOAC-ICH and 24
patients were warfarin-ICH. DOAC-ICH was seen in 6 patients with 10 mg
rivaroxaban, 5 patients with 15 mg rivaroxaban, one patient with 10 mg apixaban, 5 mg
apixaban, 30mg edoxaban, and 60 mg edoxaban. Prothrombin time were well
controlled in most of the warfarin-ICH patients (83.3%). The locations of ICH were
similar in the both groups, however median ICH volume was significantly smaller in
DOAC-ICH than warfarin-ICH (p < 0.01) and ICH around basal ganglia seemed to
show great difference between the groups. DOAC-ICH patients showed better
neurological outcome at the time of discharge compared to warfarin patients (p < 0.01)
and the ratio of good prognosis was significantly higher in the DOAC-ICH patients
compare with warfarin-ICH patients (p < 0.01). The onset of warfarin-ICH were
frequently seen in the morning and evening, while DOAC-ICH did not show any
specific onset time.

Conclusion: Patients with DOAC-ICH showed smaller ICH volume and better clinical
outcomes compared with warfarin-ICH, and DOAC-ICH did not show any specific

onset peak.



Intracerebral hemorrhage (ICH) is one of the most serious complications of oral
anticoagulation, with high in-hospital mortality." In large phase 3 trials, patients taking
Direct oral antagonist coagulants (DOAC) showed almost a half frequency of ICH
compared to warfarin, despite the similar efficiency.? However, beside from the data
of hemorrhagic frequency, few data are available on the precise clinical and
neurological characteristics of DOAC-ICH, such as severity of the hemorrhage and
neurological outcome. There is widespread concern that, without any currently
available specific antidotes for most of the DOAC, DOAC-ICH might have larger ICH
volumes and worse clinical outcomes than warfarin-ICH.>*  Furthermore, DOAC are
shown to have shorter plasma half-life compare to warfarin and its magnitude of the
serological change are concerned to be the cause of hemorrhage, but the onset timing of
hemorrhage is also unknown. In this study, we aim to elucidate the characteristics of
DOAC-ICH in comparison with warfarin-ICH patients who were admitted to our single
local comprehensive stroke center.

Methods

Ethical statement

This study was conducted in accordance with the guideline principles of the Declaration
of Helsinki and was approved by the local ethics committee of Otaru General Hospital.
All patients or their families gave either oral or written informed consent to participate
in this study.

Patients

We retrospectively analyzed symptomatic ICH patient who were taking either warfarin
or DOAC at the time of admission between January 2012 and December 2015. The

following clinical factors and outcome at the time of hospital discharge were examined



retrospectively; age; sex; previous history of ischemic stroke/ICH, underlying illness;
type of NOAC; dose of NOAC/warfarin; concurrent anticoagulation; blood test results;
predictive scores for the risk of bleeding (HAS-BLED, ATRIA, ORBIT); number of
positive T2* on magnetic resonance (MR) imaging; ICH-related information (location,
hematoma volume, surgical treatment), and clinical prognosis at the time of discharge
(modified Rankin Scale; mRS). Hematoma volume was calculated with the following
formula using measurements of a plain computed imaging (CT) image of the brain:
maximum length of an ellipsoid representing intracerebral hemorrhage x width
perpendicular to maximum length x thickness of hematoma x 0.5.

Statistical analysis

All data were expressed either as median (interquartile range [IQR]) or average +
standard deviation (SD). Continuous data were compared by unpaired t-test or X* test
between two groups and cluster analysis were done by Kolmogorov Smirnov test.
Values of P < 0.05 were considered statistically significant.

Results

Out of 400 consecutive ICH patients, we have encountered 15 patients (3.8%) with
NOAC-ICH and 24 patients (6.0%) with warfarin-ICH. The median age of the
patients was slightly higher in the warfarin-ICH group (81 years old) compare to
DOAC-ICH group (74 years old) (p=0.05), but there was no sex difference. The
patient with warfarin-ICH had taken 2.9 + 1.0 mg of warfarin at the time of admission
and DOAC-ICH was seen in 6 patients with 10 mg rivaroxaban, 5 patients with 15 mg
rivaroxaban, one patient with 10 mg apixaban, one patient with 5 mg apixaban, one
patient with 30mg edoxaban, and one patient with 60 mg edoxaban. Prothrombin time

international normalized ratio (PT-INR) of the warfarin-ICH was 2.6 (2.1-2.9) and was



well controlled that in 20 out of 24 warfarin-1CH patients (83.3%) were under 3.0, while
PT-INR in the DOAC-ICH were as low as 1.2 (1.1-1.8) and was significantly lower than
warfarin-ICH (P<0.01).  Coexisting illness were examined between the patients, and
the rate of anemia (56.5% vs 13.3%, P<0.01) and chronic renal failure (17.4% vs 0.0%,
P<0.04) were higher in the warfarin-ICH group, however, other coexisting illness such
as congestive heart failure (warfarin vs DOAC; 29.2% vs 26.6), diabetes (29.2% vs
20.0%), hypertension (87.5% vs 90.0%), low total cholesterol (15.4% vs 26.3%),
previous history of ischemic stroke (25.0% vs 26.7%), previous history of ICH (8.3% vs
6.7%), and number of positive T2* on MR imaging (1, [IQR 1-7] vs 2, [IQR 2-11]) did
not show statistical difference between the groups (Table 1). Concomitant use of
antiplatelet drugs were also similar between the groups (p=0.15), which 9 patients were
seen in the warfarin-ICH (7 patients with 100 mg of aspirin, 1 patient with 100 mg of
ticlopidine, and 1 patient with 100 mg of aspirin and 200 mg of cilostazol), and two
patient were seen in the DOAC-ICH group (1 patient with 100 mg of aspirin, and 1
patient with 75 mg of clopidogrel). Because the warfarin-ICH patients were older, and
had higher rate of anemia and renal failure, all the predictive scores for the risk of
bleeding, such as HAS-BLED, ATRIA, ORBIT were shown to be statistically higher in
the warfarin-ICH group.

The locations of ICH were similar in the both groups, such as cerebral cortex, basal
ganglia, and cerebellar nucleus, which resemble hypertensive cerebral hemorrhage.
(figure 1) However the median ICH volume was significantly smaller in DOAC-ICH
(5.9 mL, IQR 3.5-12.3 mL) compared with warfarin-ICH (27.0 mL, IQR7.3 — 39.3
mL)(p <0.01). It seemed that the size of ICH around basal ganglia seemed to be much

smaller in the NOAC-ICH compare to the Warfarin-ICH. Warfarin-ICH showed



higher tendency of emergency surgery for evacuation of ICH (50% vs 26%; p=0.15) and
hospital administration days (31 days vs 20 days; p=0.20)(Table 2). DOAC-ICH
patients showed better neurological outcome at the time of discharge (MRS 2, IQR 1-4)
compared to warfarin-ICH patients (5, IQR 4-5) (p < 0.01), and the ratio of good
prognosis (MRS 0-2 at discharge) was also significantly higher in the DOAC-ICH
patients (53%) compare to warfarin-ICH patients (12.5%) (p < 0.01). When
comparing the onset of ICH between warfarin and DOAC groups, there were several
patients whose onset time were unclear because the patient may live by him/herself, but
according to the data available, warfarin-ICH showed bimodal onset peak in the
morning and evening, while DOAC-ICH did not show any specific onset time, however
cluster analysis using Kolmogorov Smirnov test did not show any difference (P = 0.38)

(figure 2).

Discussion

Our results from this single comprehensive stroke center show that DOAC-ICH is
associated with smaller ICH volume and better clinical outcome than warfarin-ICH.
There were no differences at the site of the hemorrhage between the groups, but
hemorrhage around basal ganglia seemed to be smaller in the DOAC-ICH.
Warfarin-ICH showed bimodal onset peak while NOAC-ICH were seen throughout the
day and did not show any peak onset timing.

Beside from the large amount of evidence regarding the frequency of the ICH in patient
taking DOAC and warfarin, we have found only 2 previous reports on the clinical and
radiologic characteristic of DOAC-ICH compared with warfarin-ICH.>® Hagii et al.

have included 5 patients with rivaroxaban-associated ICH which was shown to be



smaller than warfarin-ICH,> and Wilson et al. compared 11 patients with DOAC-ICH
and 52 patients with warfarin-ICH, and warfarin use was found to be independently
associated with larger ICH volume.® Our data will further confirm the fact that
DOAC-ICH were smaller and clinically better compare to the warfarin-ICH. One of
the interesting point of our data is that most of the warfarin-ICH patients in this trial met
standard PT-INR range which 83.3% of the patients showed PT-INR under 3.0, and this
clearly denotes that usage of warfarin under appropriate range may not protect patient
from ICH in patients with warfarin, and DOAC may also be superior in this point.
However, the mechanism leading to smaller hemorrhage volume in DOAC-ICH
compared with warfarin-ICH needs further clarification. One of the explanations is the
different functional mechanism between the warfarin and DOAC regarding the high
level of tissue factor (TF) around blood vessels in the brain affecting extrinsic and/or
TF-dependent coagulation pathway.” When the vessels are damaged, cells presenting
TF around the vessel come into contact with factor VII (FVII) and active factor VII
(FVI1a) in the blood soon after the vascular injury, and TF binds both FVII and FVIla
with high affinity. TF-FVIla activates factor X (FX) both directly (extrinsic pathway)
and indirectly via activation of factor 1X, leading to fibrin formation.?  Warfarin which
is the vitamin K antagonist inhibit the vitamin K conversion cycle, resulting in reducing
hepatic production of partially decarboxylated vitamin K-dependent coagulation
proteins 11, VII, 1X, and X, concomitant with reduced coagulant activity.® Thus,
warfarin reduces the extrinsic coagulation pathway and subsequent fibrin formation by
reducing the amount of factor VII interacts with TF. On the other hand, DOAC
specifically and competitively inhibit FXa (rivaroxaban, apixaban, and edoxaban) or

thrombin (dabigatran), and reduce the thrombin cascade during the downstream



propagation phase of coagulation or thrombin activity compare to warfarin.’®

DOAC is considered not to affect the initial factor VIl and Vlla interaction with TF, and
may provide an explanation for the smaller hemorrhage volume for DOAC-ICH.
Fleck et al. have reported that the gray matter showed higher amount of TF staining than
white matter and this high amount of TF existence may contribute smaller hemorrhage
volume.® This finding is concomitant with our result which volume of hemorrhage
around basal ganglia is especially reduced in DOAC-ICH compare to warfarin-ICH.
In this report, we did not find difference in location of the hemorrhage. This result
indicates that there is no DOAC interaction with the specific brain vessel to cause vessel
injury. Because of the hemorrhage size, it is quite reasonable to explain that smaller
ICH is associated with better clinical outcome. The difference was quite large that
median mRS at the time of discharge were 2 in the DOAC-ICH compare to 5 in the
warfarin-ICH. This result is compatible with the past literature reported DOAC-ICH
group showed lesser ICH volume and better clinical outcome at the time of discharge
compared to warfarin-ICH.>®

In this report, we have shown that DOAC-ICH did not show any specific timing of
onset, while warfarin-ICH seems to have bimodal peak in the morning and evening as
previously reported’?.  This was different from our previous prediction that
DOAC-ICH have shorter plasma half-lives which may cause abrupt elevation of the
plasma concentration and resulting ICH presumably in the morning or the evening when
the DOAC are being taken.

We understand that there are not a few limitations seen in this study. First, we could
not find the whole population of the patient taking warfarin and DOAC, since most of

the patients receive drugs from the local clinics. This will make it impossible to find



the accurate ICH ratio of the patient who are taking these drugs. However, several
larger cohorts and randomized trials have shown the frequency of ICH and we can
probably estimate that ICH ratio should be lower in DOAC-ICH. Second, our data
showed that warfarin-1CH patients showed slightly higher age and worse renal functions
which may affect the size of the hemorrhage and clinical outcome. We may need to
adjust the patient background using such as cross-sectional observational study,
however it was quite difficult to do this in our small number of patient, and this will
need further larger cohort. Third, the data of the onset timing can only be acquired
from the patient or family and the data may not be accurate that hemorrhage may be
occurred before or after the patient felt illness, since smaller hemorrhage may take time
to show clinical symptom, or other illness may lead to the hemorrhage by elevating
blood pressure. Fourth, because of the lack of analysis regarding cost effectiveness
and others analysis such as QALY, the data does not provide the evidence that the
DOAC usage were superior to that of warfarin in all of the patients who requires
anti-coagulant therapy. Cerebral hemorrhage patient needs extensive social support
which require high cost, but on the other hand, DOAC itself is much expensive than
warfarin.  Further evaluation using meta-data regarding the cost reduction rate of may
be necessary to draw conclusion in the future.

DOAC are associated with reduced ICH volume and better clinical outcome compare to

the warfarin, and DOAC did not seem to associate with specific onset timing.
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Figure legend

Fig. 1. Hemorrhage location of the patient taking either warfarin or NOAC. The
hemorrhage were seen in cerebral cortex, basal ganglia, and cerebellar nucleus.
However, the hemorrhage at basal ganglia seen in DOAC patient were smaller than that
of warfarin patients.

Fig. 2. Onset timing of the warfarin-ICH and DOAC-ICH. While warfarin-ICH
showed bimodal peak in the morning and evening (Black bar), DOAC-ICH did not
show any cluster of onset timing peak.

Table. 1
Baseline characteristics of patients with warfarin-ICH and DOAC-ICH

Table. 2
Clinical outcomes with warfarin-ICH and DOAC-ICH
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Table 1

Warfari n-1 CH n=24) DOAG-1 CH n=15) p val ue
Age, y, Median (IR 81 (75-85) 74 (41-81) 0.05
Male, n (%) 14 ( 58 %) 10 (67%) 0.34
Anti —coagul ants (dose), n (%) R varoxaban (10 ng), 6 (40%)

R varoxaban (15 ng), 5 (33%)
Api xaban (5 ng), 1 (7 %
Api xaban (10 ng), 1 (7 %)
Edoxaban (30 ng), 1 (7 %)
Edoxaban (60 ng), 1 (7 %)

Warfarin 2.9 + 1.0 ng

PT-INR nedian (IQR 2.6 (2.1-2.9) 1.2 (1.1-1.8) <0. 01
APTT, nedian (IGR 39.0 (34.5-47.4) 30. 4 (26.2-36.6) <0. 01
Congestive Heart Failure, % 29. 2% 26. 6% 0.53
D abetes, % 29. 2% 20. 0% 0. 52
Hypertensi on, % 87. 5% 93. 3% 0.55
Chroni c renal failure 17. 4% 0. 0% 0. 04
Anema, % 56. 5% 13. 3% <0. 01
Low total —chol esterol, % 15. 4% 26. 3% 0. 46
Concurrent antipl atel et, % 37. 5% 13. 3% 0.16

Aspirin (100 ng), 7 (29.2%) Aspirin (100 ng), 1 (6.7%) 0. 15
Ti cl opi di ne (100ng), 1
(4. 2%) O opi dogrel (75ng), 1 (6.7%)
Aspirin (100 ng) and
G | ostazol (200 ng), 1

antipl atel ets (dose), n (%)

(4. 2%)
Previ ous i schem ¢ stroke, % 25. 0% 26. 7% 0. 66
Previous ICH % 8. 3% 6. 7% 0.93
Nunber of positive T2% Median (IG 1 (1-7) 2 (2-11) 0. 36
HAS-BLED, nedian (IQR 3 (2-3) 2 (2-3) 0.02
ATR A nedian (IGR 4 (3-6) 3 (1-3) 0. 01
CRBIT, nedian (IGR 1 (1-2) 3 (2-4) <0. 01



Table 2

Warfari n—-1 CH n=24) DQOAC-1 CH n=15) p val ue

Hermat ona vol une,
Emergency surgery,

Medi an (IQR) 27.0 (7.3-39.3) 5.9 (3.5-12.3) <O0. 01

% 50% 26% 0.15

Adnmi ni stration days, Median (IR 31 (16-52) 20 (14-33) 0.20
modi fi ed Rankin Scal e (nRS), Median ( 5 (4-5) 2 (1-4) <0. 01

nRS 0-2 at tine of discharge, % 12. 5% 53% <0. 01
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