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Abstract

Background/Objective: Recent studies indicated that functional outcome after intracranial hemorrhage (ICH)
related to direct oral anticoagulation (DOAC-ICH) is similar, if not better, than vitamin K antagonist (VKA)-related ICH
(VKA-ICH) due to a smaller initial hematoma volume (HV). However, the association with hematoma expansion (HE)
and location is not well understood.

Methods: We retrospectively analyzed 102 consecutive patients with acute non-traumatic ICH on oral anticoagula-
tion therapy to determine HV and HE stratified by hematoma location, and the relation to the 90-day outcome.

Results: DOAC-ICH (n=25) and VKA-ICH (n=77) had a similar admission HV and HE (unadjusted p>0.05, each).
Targeted reversal strategies were used in 93.5% of VKA-ICH versus 8% of DOAC-ICH. After adjustment, an unfavorable
90-day functional outcome (modified Rankin scale score 4-6) was independently associated with a lower admission
Glasgow Coma Scale score (OR 1.63;95% Cl 1.26-2.10; p<0.001) and greater HV (OR 1.03; 95% confidence interval (Cl)
1.00-1.05; p =0.046). After exclusion of patients without follow-up head computed tomography to allow for adjust-
ment by occurrence of HE, VKA-ICH was associated with an approximately 3.5 times greater odds for a poor 90-day
outcome (OR 3.64; 95% Cl 1.01-13.09; p=0.048). However, there was no significant association of the oral anticoagu-
lant strategy with 90-day outcome in the entire cohort (OR 2.85; 95% Cl 0.69-11.86; p=0.15).

Conclusions: DOAC use did not relate to worse HE, HV, and functional outcome after ICH, adding to the notion that
DOAC is a safe alternative to VKA even in the absence of access to targeted reversal strategies (which are still not
universally available).
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Introduction

Stroke prevention with oral anticoagulation is key to
non-valvular atrial fibrillation treatment [1] as clinical
trials involving > 60,000 patients demonstrated that oral
anticoagulation reduces stroke risk by at least 62% over
control and 37% over antiplatelet therapy [2]. How-
ever, clinicians frequently underuse oral anticoagulants
particularly due to a perceived risk of major bleeding
complications, the most feared being intracranial hem-
orrhage (ICH) [3, 4].

Several phase III multicenter randomized tri-
als reported similar or superior efficacy of direct oral
anticoagulation (DOAC) as compared to vitamin K
antagonist (VKA)-based anticoagulation in prevent-
ing thromboembolic complications including stroke
[5]. Nevertheless, there has been particular concern for
worse outcomes in the setting of DOAC-related ICH
(DOAC-ICH) due to lack of universal access to tar-
geted reversal agents for DOAC [6]. Yet, recent stud-
ies have found no difference in functional outcome
and mortality between DOAC-ICH and VKA-related
ICH (VKA-ICH) [7-9]. Furthermore, data from several
studies suggested that DOAC-ICH is associated with
smaller hematoma volumes (HV) and lower incidence
of hematoma expansion (HE) as compared to VKA-ICH
[10-14]. However, observations from a small case series
indicated the difference in HV between DOAC versus
VKA-ICH may be driven by smaller subcortical ICHs
[13]. This may be an important observation because
in this study lobar hemorrhages were relatively more
frequent among subjects taking VKA [13]. Yet, avail-
able studies examining the association between HE and
HV have not accounted for hematoma location (such
as lobar vs. non-lobar) [8, 12], which is a critical deter-
minant of HE and initial functional deficit severity as
assessed by the Glasgow Coma Scale (GCS) [10-13].
Lastly, most studies estimated the HV by the ABC/2
method, which has been shown to be less precise than
planimetric quantification in the setting of oral anti-
coagulant-related ICH with frequent irregular shapes
[15-17], as well as categorized HE as absent versus
present or used a semiquantitative approach without
accounting for hematoma location [11-13].

To address this issue, we therefore sought to deter-
mine potential differences in HV and HE in subjects
with DOAC-ICH versus VKA-ICH and their rela-
tion to the 90-day modified Rankin scale (mRS) score
by accounting for the hematoma location as well as
by using planimetric quantification of the HE and HV.
We hypothesized that VKA-ICH is associated with
worse HV, HE, and 90-day outcome as compared to
DOAC-ICH.

Methods

Study Cohort

Using local stroke registries, we retrospectively iden-
tified adult patients with spontaneous ICH that were
consecutively hospitalized at the University of Mas-
sachusetts Memorial Medical Center (UMMMC),
Worcester, MA (January 2013 to July 2017) and Spec-
trum Health, Grand Rapids, MI (January 2016 to Sep-
tember 2017). Data were analyzed between March 23,
2018, and June 25, 2018. A priori defined exclusion
criteria were ICH not related to anticoagulant therapy,
subdural and subarachnoid hemorrhage, as well as
ICH related to vascular malformations, primary brain
tumors, metastases, septic emboli, and hemorrhagic
transformation of an ischemic stroke. Furthermore,
we excluded subjects with ICH related to anticoagula-
tion with unfractionated heparin, low molecular weight
heparin, and argatroban. Finally, we excluded subjects
who presented more than 48 h from last known well
(LKW) because none demonstrated HE and the time of
LKW was uncertain.

Age, gender, GCS score, preexisting conditions (hyper-
tension, hyperlipidemia, diabetes, history of previous
stroke, atrial fibrillation, coronary artery disease), pre-
admission medications (including the type of anticoagu-
lation and concomitant antiplatelet or statin therapy),
clinical (admission blood pressure, weight, LKW, time
to baseline computed tomography [CT] of the brain)
and laboratory (International Normalized Ratio [INR],
creatinine, glucose, platelet count) data on admission,
and ICH etiology after completion of diagnostic evalu-
ation were collected from each participant. Members of
the stroke team certified in National Institutes of Health
Stroke Scale (NIHSS) scoring graded the severity of
stroke at presentation. Lastly, we collected information
on the type of reversal strategy used (idarucizumab, vita-
min K, fresh frozen plasma, prothrombin complex con-
centrates, recombinant activated factor VII [rFVIIa]). We
considered idarucizumab targeted reversal for dabigatran
(recombinant modified human coagulation factor Xa was
not available during the study period) and all other thera-
pies as targeted reversal for VKA.

Image Review and Analysis

All CT sequences at UMMMC were obtained on a 64-row
detector scanner (Philips Medical Systems, Best, the Neth-
erlands) using a non-helical mode at 120 KvP and 200 mA
with data reconstruction at 4- or 5-mm axial slices. All CT
sequences at Spectrum Health were obtained on a 64-row
detector scanner (GE Discovery 750 HD, Schenectady, NY,
USA) using a helical mode at 80 KvP and 200 mA with
data reconstruction at 5-mm axial slices.
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All CT scans were reviewed to determine the ICH
location categorized to (1) lobar (cortical and cortico-
subcortical and not involving any of the deep gray mat-
ter structures) versus non-lobar (i.e., basal ganglia,
thalamus, brainstem, cerebellum) and (2) supra- versus
infratentorial. The presence of intraventricular extension
was noted. ICH volumes were quantified using manual
planimetry by carefully outlining ICH on each CT slice.
HE was calculated by subtracting the baseline HV from
the first available follow-up CT obtained during hospi-
talization. If more than one follow-up scan was obtained
during hospitalization, we used the scan showing the
greatest hematoma extent to calculate HE. HV and HE
were quantified in milliliters (mL) and included as con-
tinuous variable in all analyses. In addition to the abso-
lute HE, we also defined substantial HE as HE >33% of
the baseline HV [9]. The time from last LKW to acquisi-
tion of the first and follow-up scan were also noted. All
image analyses were done by investigators masked to
clinical variables and functional outcome.

Risk Factor Definitions

We collected information on hypertension (use of anti-
hypertensive medications, or systolic blood pressure of
> 140 mm Hg or diastolic blood pressure of >90 mm Hg
on 2 separate occasions), hypercholesterolemia (use of
lipid-lowering agents, or fasting blood total cholesterol
level of >200 mg/dl, or low-density lipoprotein choles-
terol of >130 mg/dL), coronary artery disease (history
of myocardial infarction within the past 20 years, multi-
vessel coronary disease with symptoms or with history of
stable or unstable angina, history of percutaneous coro-
nary intervention or multivessel coronary artery bypass
graft surgery), and diabetes mellitus (history of fasting
glucose >126 mg/dL or current use of hypoglycemic
drugs) using definitions by the National Diabetes Data
Group and World Health Organization [18].

Functional Outcome

We abstracted the pre-admission, discharge, and 90-day
mRS from the medical record, which is routinely docu-
mented per institutional protocol by a stroke-trained
physician or stroke study nurse certified in mRS via
structured in-person or telephone interview [19]. When
the mRS was unavailable, the same observers recon-
structed the score from the case description according to
the mRS criteria [20]. The 90-day outcome was dichoto-
mized to favorable (mRS score 0—3) versus unfavorable
(mRS score 4-6) [9]. Finally, we determined in-hospital
death and whether patients’ status was changed to com-
fort measures only (CMO).

Statistics

Unless otherwise stated, continuous variables are
reported as mean=+S.D. or median (25th—75th percen-
tile). Normality of data was examined using Kolmogo-
rov—Smirnov test, review of the distribution graphically
(via histograms, boxplots, and Q—-Q plots), and assess-
ment of skewness and kurtosis. Categorical variables are
reported as proportions. Between-group comparisons for
continuous and ordinal variables were made with Mann—
Whitney U test and Kruskal-Wallis one-way analysis of
variance (ANOVA) on ranks as appropriate. Categorical
variables were compared using the y>-test. Analysis of
covariance (ANCOVA) investigated whether the associa-
tion between time from LKW to first CT and HV differed
between oral anticoagulant treatments. We cube-root-
transformed the HV to achieve a more suitable distribu-
tion for ANCOVA [21, 22]. After the transformation, the
variance was close to the mean (skewness=0.23; kur-
tosis=—0.85; p=0.15). For ANCOVA, assumptions of
homogeneity of variance as well as regression slopes were
tested and met. Multivariable logistic regression analy-
sis was performed to determine factors independently
associated with an unfavorable 90-day mRS (dependent
variable). Analyses were adjusted for oral anticoagulant
strategy (VKA vs. DOAC), treatment with a targeted
reversal strategy, age, sex, pre-admission mRS, admission
GCS, HV, HE, lobar hemorrhage location, and presence
of an intraventricular hemorrhage. To avoid overfitting,
a parsimonious model was created by backward elimi-
nation of factors (p>0.1). Collinearity diagnostics were
performed (and its presence rejected) for all multivari-
able regression models. Model calibration was assessed
by Hosmer—Lemeshow test and model fit determined by
examining the — 2 log-likelihood statistic and its associ-
ated Chi-square statistics.

Additional sensitivity analyses were conducted (1)
by excluding patients that did not have a follow-up CT
for testing associations of the anticoagulant treatment
with HE, as well as (2) excluding patients that were lost
to follow-up for testing association with the 90-day
outcome.

Two-sided significance tests were used throughout and
unless stated otherwise a two-sided p<0.05 was con-
sidered statistically significant. All statistical analyses
were performed using IBM® SPSS® Statistics Version 22
(IBM®-Armonk, NY).

Results

Study Cohort

We identified 819 patients (n =615 at UMMMC; n =204
at Spectrum Health) diagnosed with spontaneous ICH.
Of these, 102 patients (77 patients on VKA and 25
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819 Patients with spontaneous ICH

694 Patients excluded:

103 SAH or SDH
575 not on anticoagulant therapy prior to the ictus

8 hemorrhagic transformation of ischemic stroke
6 metastases to the brain or primary brain tumor
2 septic emboli

125 Anticoagulant related ICH

10 LMW heparin or unfractionated heparin use

13 presenting >48h from last known well

(therapeutic dose) <48h preceding the ictus

l }

77 prior use of 25 prioruse of
VKA DOAC

Fig. 1 Flowchart of study design and patient selection. DOAC direct oral anticoagulant, /CH intracerebral hemorrhage, LMW low molecular weight,
SAH subarachnoid hemorrhage, SDH subdural hematoma, VKA vitamin K antagonist

patients on DOAC) fulfilled the study criteria and were
included for analysis (Fig. 1). Data were complete for
all variables except for body weight (n=5 [5%] miss-
ing), follow-up CT (n=32 [31%] had none performed),
and the 90-day mRS (n=28 [27%] lost to follow-up). To
allow a complete-case analysis, we imputed body weight
by using the cohort median, and the 90-day mRS by car-
rying forward the discharge mRS where missing. For
patients without follow-up CT, we used a conservative
approach to impute the HE by defining the HE as zero
mL (n=16 were clinically stable and n=16 were made
CMO [median ICH volume 70.2 mL; interquartile range
(IQR) 37.4-98.0 mL]).

Comparison of Baseline Characteristics of DOAC-ICH Versus
VKA-ICH

Table 1 summarizes the baseline characteristics of the
studied population. Overall, there were no differences in
vascular risk factors, baseline laboratory values, and pre-
admission medications between subjects treated with
VKA versus DOAC. Furthermore, there were no differ-
ences in the admission GCS, admission NIHSS, as well
as systolic and diastolic blood pressure between groups
(p>0.05, each). Among subjects treated with VKA, the
admission INR was subtherapeutic (INR<2.0) in seven
subjects (median 1.7 [IQR 1.1-1.8]), therapeutic (INR
2.0-3.0) in 41 subjects (median 2.4 [IQR 2.2-2.8]), and
supratherapeutic (INR>3.0) in 29 subjects (median 4.0
[IQR 3.5-5.1]). Of the 7 patients with subtherapeutic
INR, 5 had an INR of 1.6—1.9. The other two subjects were
reversed at an outside hospital and arrived with an INR

of 1.1 at our institution (the original INR could not be
determined).

Overall, 8 (32%) DOAC patients received no rever-
sal agent and only two patients (8%) received a targeted
reversal agent (idarucizumab). Fifteen (60%) DOAC
patients were administered prothrombin complex con-
centrate of whom one (4%) additionally received vitamin
K. Among VKA-treated patients, 72 (93.5%) received at
least one of the following reversal treatments: vitamin K
in 66 (85.7%), fresh frozen plasma in 43 (55.8%), rFVIla
in 29 (37.7%), and prothrombin complex concentrate in
18 (23.4%) cases. Forty (51.9%) VKA-treated patients
received 2 and 22 (28.6%) subjects received 3 reversal
therapies. There were no differences in the baseline char-
acteristics of DOAC patients recruited from UMMMC
(n=7) versus Spectrum Health (n=18; data not shown).
Furthermore, there were no differences in the admission
GCS (p=0.30), time to first CT (p=0.50), HV (p=0.39),
presence of HV>60 mL (p=0.36), HE (p =0.30), pres-
ence of substantial HE (p=0.49), lobar ICH location
(p=0.20), CMO status (p=1.00), availability of follow-
up CT (p=0.60), and 90-day mRS (p =0.53).

Time to First CT and Hemorrhage Location in VKA- Versus
DOAC-Treated Patients

There was no difference in the time from LKW to
first CT between VKA versus DOAC groups (5.7 h
[IQR 2.1-13.1] vs. 3.5 h [IQR 1.3-11.0]; p=0.22).
Likewise, there was no difference in the relative fre-
quency of VKA-ICH and DOAC-ICH patients pre-
senting within each hour from LKW (p = 0.65; y*-test,
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Table 1 Baseline characteristics of the studied patient population as stratified by the type of anticoagulant used

ICharacteristics

All patients (n=102)

VKA-ICH (n=77) DOAC-ICH (n=25)

Age, years 79 (71-84)
Age, > 75 years old 70 (68.6)
Female sex 42 (41.2)
Weight, kg 82.7 (68.1-113.4)
Admission GCS 3(7-15)
Admission NIHSS 3 (4-25)
SBP on admission, mmHg 172 (151-203)
DBP on admission, mmHg 91 (73-105)
Preexisting risk factors

Hypertension 99 (97.1)
Diabetes 36 (35.3)
Prior stroke or TIA 31(304)
Coronary artery disease 42 (41.2)
Hyperlipidemia 72 (70.6)
Atrial fibrillation 92 (90.2)
Pre-admission medications

Statin 70 (68.6)
Antihypertensive 97 (95.1)
Antiglycemic 26 (25.5)
Antiplatelets 41 (40.2)
Laboratory data

Creatinine, mg/dL .9 (0.8-1.4)
GFR, ml/min/1.73 m? 63 (45— 88)
GFR<30 ml/min/1.73 m? 9(88)
PLT, 10%cells/uL 186 (151-233)
Random glucose, mg/dL 138 (109-177)
Targeted reversal strategy used 74 (72.5)
Any reversal strategy used 89 (87.3)
Reversal strategies used

Vitamin K 67 (65.7)
Fresh frozen plasma 43 (42.2)
Prothrombin complex concentrate 33(324)
rFVila 43 (42.2)
Idarucizumab 2(2.0)
Radiological characteristics

Supratentorial hemorrhage 78 (76.5)
Lobar hemorrhage 47 (46.1)

IVH present 46 (45.1)

80 (72-85) 78 (68.5-82) 0.141
(70,1 ) 16 (64) 0.623
3(42.9) 9(36.0) 0.643
80.5 (66,5—93.4) 9.0 (73.7-104.9) 0.053
2(6-15) 14 (10-15) 0334

4 (4-28) 10 (3-22) 0436
173 (148-204) 68 (160-203) 0.966
91 (71-103) 89 (75-112) 0.898
74 (96.1) 25 (100.0) 0574
26 (33.8) 10 (40.0) 0.633
22 (28.6) 9(36.0) 0.617
33 (42.9) 9(36.0) 0.643
51 (66.2) 21 (84.0) 0.129
67 (87.0) 25(100.0) 0.114
2(67.5) 18 (72.0) 0.854
(9 8) 24 (96.0) 1.000
(27 3) 5(20.0) 0.601
0(39.0) 11 (44.0) 0.815
0(0.8-14) 0.94 (0.8-1.2) 0.747

60 (41-86) 69 (56-93) 0.105
9(11.7) 0(0.0) 0.108
187 (149-236) 185 (165-233) 0481
138 (111-176) 137 (105-192) 0.762
72(93.5) 2(8.0) <0.001

72 (93.5) 7 (68.0) 0.003

6 (85.7) 1(4.0) <0.001
43 (55.8) 0(0.0) <0.001
8(234) 15 (60.0) 0.001
29(37.7) 0(0) <0.001
0(0.0) 2(8.0) 0.058
56 (72.7) 22 (82.0) 0.175
34 (44.2) 13(52.0) 0.645
35 (45.5) 11 (44.0) 1.000

Data are n (%) or median (25th-75th quartile)

DBP Diastolic blood pressure, DOAC-ICH direct oral anticoagulation-related intracerebral hemorrhage, GCS Glasgow Coma Scale, GFR glomerular filtration rate, IVH
intraventricular hemorrhage, NIHSS National Institutes of Health Stroke Scale, PLT platelet count, rFVila recombinant activated factor VII, SBP systolic blood pressure,
TIA transient ischemic attack, VKA-ICH vitamin K antagonist-related intracerebral hemorrhage

Fig. 2a). Lastly, there was no difference in the asso-
ciation between the (cube-root-transformed) HV and
time from LKW to CT between VKA-ICH and DOAC-
ICH (p=0.19; ANCOVA, Fig. 2b). The median time
from admission CT to follow-up CT was 13.5 h (IQR
5.6-23.2 h), and there was no difference in the time

from admission CT to follow-up CT between VKA and
DOAC groups (p=0.744). Overall, lobar hemorrhage
location (p = 0.65), supratentorial hemorrhage location
(p=0.18), and intraventricular extension (p=1.00)
were similar between VKA-ICH and DOAC-ICH
groups (Table 1).
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Fig. 2 Imaging and hematoma characteristics. a There was no dif-
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HV on Admission in VKA- Versus DOAC-Treated Patients

We found no difference in the HV on admission between
VKA-ICH and DOAC-ICH (18.5 mL [IQR 3.9-53.3] vs.
23.0 mL [IQR 9.45-72.5]; p=0.19). Results were simi-
lar when we further stratified VKA-ICH according to
the INR by <3 versus >3 (overall test statistics p =0.07;
Fig. 2¢) and initial HV (<60 mL vs. >60 mL; p>0.05 for
VKA vs. DOAC in each stratum). Lastly, there was no

difference in the initial HV between anticoagulant groups
for patients who had their head CT within 6 h (n=57;
p=057),3h (n=39; p=0.82), and 1 h (n=8; p=0.06)
from LWK.

HE in VKA- Versus DOAC-Treated Patients

The number of patients that were made CMO or died
before a second CT was obtained was similar (p=0.53,
X° test) between VKA-ICH (n=11 [14.3%]) and DOAC-
ICH groups (n=5 [20.0%]). In 16 (20.8%) VKA-treated
patients, no follow-up CT was obtained because the
patient remained clinically stable throughout hospitaliza-
tion (and all survived to the 90-day follow-up).

In the complete-case analysis (with missing data
imputed), there was no difference in median volume of
HE between VKA-ICH and DOAC-ICH (0.2 mL [IQR
0.0-4.2] vs. 1.0 mL [IQR 0.0-3.5]; p=0.33). Results were
similar when we excluded DOAC patients that received
idarucizumab (p=0.48) as well as when we strati-
fied VKA-ICH according to the INR by <3 versus >3
(Fig. 3a), lobar versus non-lobar hemorrhage location
(Fig. 3b), and the initial HV (<60 mL vs.>60 mL; Fig. 3¢),
respectively (p>0.05 for all multigroup comparisons).
There was no difference in the HE between anticoagu-
lant groups for patients who had their head CT within
6h(n=57;,p=091),3h (n=39;p=0.82),and 1 h (n=8;
p=0.69) from LWK. Lastly, there was no statistical dif-
ference in the number of patients with substantial HE
between VKA-ICH and DOAC-ICH groups (18.2% vs.
8.0%; p=0.35).

To account for the fact that 50% of patients without
available follow-up CT were made CMO or died, we con-
ducted a sensitivity analyses that excluded these patients
(n=16). Overall, results did not meaningfully change
from the complete-case analyses. There was no differ-
ence in median HE volume between patients treated with
VKA and DOAC (0.7 mL [IQR 0.0-6.8] vs. 1.7 mL [IQR
0.6-8.7]; p>0.05), and the presence of substantial HE was
similar between groups (21.2% vs. 10.0%; p =0.34). When
we further restricted these analyses to patients with avail-
able follow-up CT (n=70), we found no difference in
median HE volume between patients treated with VKA
and DOAC (2.3 mL [IQR 0.2-12.2] vs. 1.7 mL [IQR 0.6—
7.3]; p=0.79), and the presence of substantial HE was
similar between groups (28.0% vs. 10.0%; p=0.13). There
was no difference in HE between DOAC-ICH and VKA-
ICH groups when we further stratified VKA-ICH accord-
ing to the INR by <3 versus > 3, lobar versus non-lobar
hemorrhage location, and the initial HV (<60 mL vs.
>60 mL), respectively (p>0.05 for all multigroup com-
parisons). There was no difference in the HE between
anticoagulant groups for patients who had their head CT
within 6 h (n=37; p=0.36), 3 h (n=26; p=0.46), and
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1 h (n=4; p=0.33) from LWK. Finally, results did not
meaningfully change when we further excluded DOAC
patients treated with idarucizumab (not shown).

Factors Associated with the 90-day Outcome

In univariable analyses, patients with an unfavora-
ble 90-day outcome (mRS 4-6; n=>59 [58%]) had a
lower admission GCS (p<0.001), higher HV at admis-
sion (p<0.001), worse HE (p=0.009), earlier admission
CT (p=0.012), and more frequently had a HV>60 mL
(p<0.001) and presence of intraventricular hemorrhage
(p<0.001) than patients with a favorable 90-day outcome.
There was no significant difference between patients
with a favorable versus unfavorable 90-day outcome in
any other baseline and imaging-related variable (p >0.05,
each). Results were similar when we restricted our analy-
ses to patients with available follow-up information (data
not shown).

In unadjusted analyses, there was a shift toward a
lower 90-day mRS in DOAC-ICH patients as compared
to VKA-ICH patients (p=0.017; Fisher’s Exact test).
After adjustment, a lower admission GCS (p<0.001) and
greater HV (p=0.046), but not the oral anticoagulant
strategy (p=0.15), were independently associated with
an unfavorable 90-day outcome in our cohort (Table 2).
After exclusion of subjects that were lost to follow-up
(n=28), only a lower admission GCS (p=0.001) and
the HV (p=0.040) were significantly associated with an
unfavorable 90-day outcome (Table 2). Finally, when we
repeated these analyses restricted to subjects with avail-
able follow-up CT (to allow for adjustment for HE),
a lower admission GCS (OR 1.56; 95% CI 1.24-1.97;
p<0.001) and VKA-ICH (OR 3.64; 95% CI 1.01-13.09;
p=0.048) were significantly related to an unfavorable
90-day outcome (data not shown).

Discussion
The most important finding of our study was that the
planimetrically quantified HV at admission as well as
HE did not differ between subjects with VKA-ICH and
DOAC-ICH and that these findings were consistent
across key hematoma characteristics associated with HE.
Our finding of a similar HV at admission between
DOAC-ICH and VKA-ICH is consistent with previous
studies [7-9, 23]. This is an important finding because
the initial HV is considered the most powerful predictor
of functional outcome and mortality in spontaneous and
anticoagulant-related ICH [24, 25]. This observation may
in part explain the overall similar functional outcome
between the two different anticoagulant strategies in this
study, as well as previous studies comparing DOAC-ICH
and VKA-ICH [9]. This highlights that prediction tools
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Table 2 Multivariable logistic regression analysis for factors independently associated with a poor 90-day outcome

Independent variable Crude OR (95% ClI)
All subjects®

GCS (per point)? 1.87 (1.43-2.43)

HV (per mL) 1.05 (1.03-1.07)
VKA treatment 2.11(0.84-5.26)
Subjects with available follow-up mRS (n= 74)¢

GCS (per point)® 1.78 (1.36-2.32)

HV (per mL) 1.05 (1.02-1.08)
VKA treatment 240 (0.90-641)

p value Adjusted OR (95% Cl) p value
<0.001 1.63 (1.26-2.10) <0.001
<0.001 1.03 (1.00-1.05) 0.046

0.110 2.85 (0.69-11.86) 0.150
<0.001 1.54 (1.19-1.98) 0.001
<0.001 1.03 (1.00-1.05) 0.040

0.082 - -

The 90-day mRS was imputed in n=28 subjects by carrying forward the discharge mRS

Cl confidence interval, GCS glasgow coma scale, HY hematoma volume, mL milliliters, mRs modified Rankin scale, OR odd ratios, VKA vitamin K antagonist

2 The glasgow coma scale (GCS) score and hematoma volume (HV) were entered into the model as continuous variables, and we inverted the GCS for more intuitive
interpretation of the odd ratios (OR). We used p > 0.1 as criteria for backward steps. Blank cells with dashes represent variables that were dropped as nonsignificant

during stepwise selection.
b Hosmer-Lemeshow goodness-of-fit x* 8.26, p=0.409
¢ Hosmer-Lemeshow goodness-of-fit x* 3.29, p=0.915

that include information on the HV likely remain valid
for outcome prediction after DOAC-ICH.

Early after the introduction of DOAC in clinical prac-
tice, a major concern was that DOAC-ICH would result
in poor outcomes because of the absence of reversal
strategies and thus unmitigated HE [6]. However, consist-
ent with recent observations, we found that HE did not
differ between patients treated with VKA and DOAC.
We further extend prior findings by showing that this
observation was consistent across different HE defini-
tions (absolute and relative), as well as when we stratified
by key hematoma characteristics that have been asso-
ciated with outcome after ICH [24-26]. Furthermore,
because more than 90% of patients treated with DOAC
in our cohort did not receive targeted reversal therapies,
our data may provide additional reassurance that lack of
universal access to targeted reversal strategies [27, 28]
(which is still a reality in many rural and community hos-
pitals [29]), should not be a key determinant to render
decisions regarding the choice of anticoagulant strategy.

In this respect, our data are in line with mounting
preclinical and clinical data that even without targeted
reversal, rates of HE, as well as overall functional out-
come, are similar for DOAC-ICH and VKA-ICH [7, 9,
14, 23, 30, 31]. Consistent with these studies, we found
no difference in the presence of an unfavorable 90-day
outcome between DOAC-ICH and VKA-ICH groups,
after adjustment for confounders. Furthermore, in sec-
ondary analyses, we excluded patients without follow-up
CT to allow adjustment for the admission HV and rates
of HE. In this subgroup analysis, we found that VKA-ICH
was associated with an approximately 3.5 times greater
odds of a poor 90-day outcome as compared to DOAC-
ICH, which is consistent with recent observations [14].

However, because this was a sensitivity analysis, the
most conservative interpretation of our results is that
DOAC-ICH is associated with similar 90-day functional
outcomes as VKA-ICH. Further study is required to
determine whether severity of DOAC-related ICH and
functional outcomes may be further improved [32, 33]
with increasing availability of targeted reversal agents
for both dabigatran and direct factor Xa inhibitors [27,
28], particularly since the use of rapid reversal strategies
has not consistently translated to improvement in over-
all outcome and mortality in VKA-ICH [34]. Moreover,
in light of recent improvements in ICH treatment (such
as aggressive blood pressure management and rapid
OAC reversal) [35], it would be interesting to compare
patients with non-oral anticoagulant-related ICH with
DOAC- and VKA-ICH patients as the known differ-
ences between these ICH categories may have changed.
Given the high cost of DOAC reversal agents, it would
be particularly important to understand whether the
natural history DOAC-ICH is worse than that of non-
OAC. Lastly, although we found no difference in the HV
and HE in patients who had their CT done within early
time strata (6, 3, and 1 h from LKW ), we were unable to
determine the exact time to reversal in treated patients.
Therefore, it will be important to understand whether the
time to reversal (e.g., early vs. delayed) impacts ultimate
outcome.

Strengths of our study relate to the detailed characteri-
zation of our cohort as well as planimetric assessment of
HV and HE, which is less prone to error in the setting of
irregularly shaped anticoagulant-related ICH when com-
pared to the more commonly used ABC/2 method [15-
17]. In addition, we included patients from two different
hospital cohorts in different areas of the country, which
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increases the generalizability of our results. Lastly, we
conducted detailed analyses stratified by key hematoma
characteristics that have been associated with the out-
come after ICH including the ICH location, initial HV,
and INR range and that are frequently not reported.

Limitations of our study include those inherent to its
retrospective design, for which reason results should be
considered hypothesis generating only. Furthermore,
our sample size was modest, which likely reduced the
power of our analyses. Nevertheless, the number of
included DOAC patients falls within the range of previ-
ously reported studies and in fact exceeds those of most
[8, 10, 12]. Although admission blood pressures did not
differ between DOAC and VKA groups, we were unable
to determine the time to adequate blood pressure in our
cohort, which may be a source of unmeasured bias. A
further limitation relates to the fact that DOAC-specific
coagulation assays were not routinely conducted at our
institution, and we had no reliable information available
on the time from last DOAC dose to presentation, which
may have biased our results. Lastly, almost one-third of
patients were lost to follow-up. However, this attrition
rate is comparable to previous reports. Furthermore, we
used a conservative approach to impute missing data,
and additional sensitivity analyses on patients with avail-
able follow-up data were consistent with the complete-
case analysis.

Conclusions

In conclusion, we found no difference in HV, HE, and
90-day functional outcomes after ICH caused by DOAC
versus VKA in a cohort of patients that infrequently
received specific DOAC reversal treatment. Our obser-
vations add to mounting data that DOAC is a safe alter-
native to VKA even in the absence of access to targeted
reversal strategies, which are still not universally available.
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