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Abstract

Background and Purpose: While the thrombotic complications of COVID-19 have been well described, there are
limited data on clinically significant bleeding complications including hemorrhagic stroke. The clinical characteristics,
underlying stroke mechanism, and outcomes in this particular subset of patients are especially salient as therapeutic
anticoagulation becomes increasingly common in the treatment and prevention of thrombotic complications of
COVID-19.

Methods: We conducted a retrospective cohort study of patients with hemorrhagic stroke (both non-traumatic
intracerebral hemorrhage and spontaneous non-aneurysmal subarachnoid hemorrhage) who were hospitalized
between March 1, 2020, and May 15, 2020, within a major healthcare system in New York, during the coronavirus
pandemic. Patients with hemorrhagic stroke on admission and who developed hemorrhage during hospitalization
were both included. We compared the clinical characteristics of patients with hemorrhagic stroke and COVID-19 to
those without COVID-19 admitted to our hospital system between March 1, 2020, and May 15, 2020 (contemporary
controls), and March 1, 2019, and May 15, 2019 (historical controls). Demographic variables and clinical characteristics
between the individual groups were compared using Fischer’s exact test for categorical variables and nonparametric
test for continuous variables. We adjusted for multiple comparisons using the Bonferroni method.

Results: During the study period in 2020, out of 4071 patients who were hospitalized with COVID-19, we identified
19 (0.5%) with hemorrhagic stroke. Of all COVID-19 with hemorrhagic stroke, only three had isolated non-aneurysmal
SAH with no associated intraparenchymal hemorrhage. Among hemorrhagic stroke in patients with COVID-19,
coagulopathy was the most common etiology (73.7%); empiric anticoagulation was started in 89.5% of these patients
versus 4.2% in contemporary controls (p <.001) and 10.0% in historical controls (p <.001). Compared to contemporary
and historical controls, patients with COVID-19 had higher initial NIHSS scores, INR, PTT, and fibrinogen levels. Patients
with COVID-19 also had higher rates of in-hospital mortality (84.6% vs. 4.6%, p <0.001). Sensitivity analyses excluding
L patients with strictly subarachnoid hemorrhage yielded similar results.
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of therapeutic anticoagulation in patients with COVID-19.

hemorrhage, Coagulopathy
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Conclusion: We observed an overall low rate of imaging-confirmed hemorrhagic stroke among patients hospitalized
with COVID-19. Most hemorrhages in patients with COVID-19 infection occurred in the setting of therapeutic antico-
agulation and were associated with increased mortality. Further studies are needed to evaluate the safety and efficacy

Keywords: Coronavirus, COVID-19, Pandemic, Hemorrhagic stroke, Intracerebral hemorrhage, Subarachnoid

Introduction

Coronavirus disease 2019 (COVID-19) is an interna-
tional pandemic, caused by the severe acute respira-
tory syndrome CoV-2 coronavirus (SARS-CoV-2). As of
May 22, 2020, over 1.5 million people in the USA have
been infected with the virus, and over 95,000 have died
as per the Center for Disease Control [1]. In New York
State, over 350,000 people have contracted the disease
and more than 29,000 have died [1]. Based on these sta-
tistics, New York State currently accounts for approxi-
mately 30% of all COVID-19-related deaths reported
thus far in the USA.

While there have been some observational studies
identifying cerebrovascular disease as a clinical mani-
festation of COVID-19, hemorrhagic stroke has not
been well studied in this population [2-8]. A recent
study characterized 33 COVID-19-positive patients
with hemorrhagic stroke at our institution as parenchy-
mal with mass effect and herniation (15.2%), punctate
(25%), and small- to moderate-sized (60.7%) and large
hemorrhages without evidence of herniation (14.3%),
but this study included patients with hemorrhagic
transformation of ischemic infarcts and did not include
a comparator group [2].

Identifying factors associated with hemorrhagic
stroke in patients with COVID-19 can facilitate under-
standing of the mechanisms contributing to hemor-
rhagic stroke and assist in bleed prevention, diagnosis,
and management. As many intensive care units are
developing empiric anticoagulation protocols to
address the hypercoagulable state associated with
COVID-19, understanding the mechanisms predispos-
ing patients to bleeding is imperative. Moreover, there
are limited data on the incidence of hemorrhagic stroke
patients with COVID-19.

In this study, we aim to characterize hemorrhagic
stroke in patients with COVID-19 from a large health-
care system with a diverse patient population in the
New York metropolitan area and compare these param-
eters to those of both contemporary and historical
controls without COVID-19. We expand upon previ-
ous studies from our institution [2] over a larger time
period with the addition of the comparator groups.

Methods

Study Population

Institutional review board approval was obtained from
NYU Langone Health, and informed consent was waived.
Data from the study are available for sharing upon rea-
sonable request to the corresponding author. This is a
retrospective observational study including all consecu-
tive patients with radiologic confirmation of acute hem-
orrhagic stroke during the specified time frame patients
admitted to one of three comprehensive stroke centers
in New York: NYU Langone Manhattan, NYU Langone
Brooklyn (Sunset Park, Brooklyn), and NYU Langone
Winthrop (Mineola, Long Island) with hemorrhagic
stroke (intracerebral hemorrhage (ICH) or non-aneu-
rysmal subarachnoid hemorrhage (SAH)) hospitalized
between March 1, 2020, and May 15, 2020. Patients with
hemorrhagic stroke on admission and who developed
hemorrhage during hospitalization were both included.
Patients with positive reverse-transcriptase polymerase
chain reaction (RT-PCR) SARS-CoV-2 test were included
in the study group. Patients with negative RT-PCR SAR-
SCoV-2 were included in the contemporary control
group. We included consecutive patients from NYU Lan-
gone Manhattan and NYU Langone Brooklyn who were
discharged with a diagnosis of non-traumatic acute hem-
orrhagic stroke (ICH and SAH) between March 1, 2019,
and May 15, 2019, as a historical control group. Patients
with confirmed hemorrhagic transformation of ischemic
stroke, traumatic intracranial hemorrhage, or aneurysmal
SAH were excluded from this study.

Stroke Assessment and Classification

Patients underwent a standard diagnostic evaluation
including brain imaging and intracranial vascular imag-
ing for clinical purposes. Hemorrhagic stroke was clas-
sified as either ICH or non-aneurysmal SAH. Bleed
etiology was classified as secondary to hypertension,
brain metastases, coagulopathy, vascular abnormality
(arteriovenous malformation), other (including cerebral
amyloid angiopathy), or unknown. ICH location was
defined as primarily deep, primarily cortical, deep and
cortical, or multifocal. Size of hemorrhage was calcu-
lated by two independent adjudicators using the ABC/2
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method [9]. ICH score was calculated for primary intrac-
erebral hemorrhages [10].

Study Variables

We abstracted demographic, clinical, laboratory, and
imaging variables, in-hospital events and treatments, and
discharge outcomes from the medical records of all study
patients.

Demographic variables included age, sex, and race/eth-
nicity. Clinical variables included history of hypertension,
diabetes mellitus, hyperlipidemia, atrial fibrillation, prior
intracerebral hemorrhage, home medications (including
antiplatelets and anticoagulants), presenting symptoms,
initial National Institutes of Health Stroke Scale (NIHSS)
score, date of likely stroke symptom onset (based on last
known well or abstractors’ clinical judgment), ICH score,
and the systolic blood pressure (closest to the time of
hemorrhagic stroke diagnosis). Laboratory variables were
obtained closest to the time of hemorrhagic stroke diag-
nosis and included platelet count, D-dimer level, C-reac-
tive protein level, international normalized ratio (INR),
prothrombin time (PT), activated partial thromboplastin
time (aPTT), and fibrinogen. Neutrophil-to-lymphocyte
ratio (NLR) was calculated by dividing absolute neutro-
phil count by absolute lymphocyte count on the complete
blood count differential. Imaging variables included loca-
tion of hemorrhage (deep, cortical, deep and cortical, or
multifocal), volume of ICH (in cubic centimeters), and
presence or absence of intraventricular hemorrhage. In-
hospital events and treatments included use of antico-
agulant therapy, mechanical ventilation, interval between
initiation of anticoagulation or antiplatelet therapy and
onset of hemorrhagic stroke (in days), and seizure. Dis-
charge outcome was in-hospital mortality.

COVID-19 Screening and Diagnosis

Evaluation for all patients at first provider contact
included history of recent COVID-19 exposure, history
of symptoms associated with COVID-19, and a chest
x-ray. Patients with a positive screen underwent formal
testing using a RT-PCR SARS-CoV-2 test with a naso-
pharyngeal swab. This test established COVID-19 status
as either positive or negative.

Statistical analysis

We divided patients into three groups: Group A included
patients with hemorrhagic stroke and COVID-19 (cases),
group B included contemporary patients with hemor-
rhagic stroke without COVID-19 (contemporary con-
trols), and group C included historical patients with
hemorrhagic stroke without COVID-19 over the same
time frame (historical controls). We compared demo-
graphic variables and clinical characteristics between the

individual groups using Fischer’s exact test for categori-
cal variables and nonparametric test for continuous vari-
ables. We adjusted for multiple comparisons using the
Bonferonni method. Analysis was performed using SPSS
version 25.0 (Chicago, IL), and a two-sided p<0.05 was
considered significant.

Results

Characteristics of Patients with COVID-19 and Hemorrhagic
Stroke

Among a total of 4071 patients who were hospitalized
with confirmed COVID-19 during the study period,
we identified 34 patients with hemorrhagic stroke; 15
of these were excluded due to a definitive diagnosis of
hemorrhagic transformation of ischemic stroke and 19
(0.5%) were included (Fig. 1). A clinical summary of all
COVID-19 patients with hemorrhagic stroke is included
in Table 1. The median age of patients with COVID-
19-associated hemorrhagic stroke was 60 years; 78.9%
were men. Prior to diagnosis of hemorrhagic stroke,
these patients were empirically started on the following
treatments: hydroxychloroquine (73.6%; 14/19), inter-
leukin-6 inhibitor (26.3%; 5/19), and lopinavir/ritonavir
(5.26%; 1/19). Patients with COVID-19 and hemorrhagic
stroke were critically ill; 84.2% required mechanical ven-
tilation; and the mortality rate at hospital discharge was
84.6% and, at the time of last follow-up, was 57.9%. Of
all COVID-19 with hemorrhagic stroke, only three had
isolated non-aneurysmal SAH with no associated intra-
parenchymal hemorrhage. Coagulopathy was the most
common etiology of hemorrhagic stroke in patients with
COVID-19 at 73.7%. Two patients were not on any anti-
coagulation prior to hemorrhage. Of the 17 COVID-19
patients on anticoagulation, the goal intensity was full
therapeutic range. While on anticoagulation therapy
and within 5 days prior to hemorrhagic stroke diagno-
sis 58.8% (10/17) were supratherapeutic, 29.4% (5/17)
were consistently in therapeutic range, and 11.8% (2/17)
were at some point therapeutic range but subtherapeu-
tic just prior to diagnosis. The indication for antico-
agulation was suspected COVID-19 hypercoagulability
based on our internal protocol in 64.7% (11/17) patients.
All other indications are summarized in Table 1. No
patients across any cohort had history of SAH, and only
one patient in the historical control group had history of
ischemic stroke.

Univariate Analyses

The characteristics of patients with COVID-19 hemor-
rhagic stroke as compared to contemporary and history
controls are summarized in Table 2. Compared to con-
temporary controls, patients with COVID-19 and hem-
orrhagic stroke had higher initial NIHSS scores [median
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(IQR) NIHSS score: 28 (23-30) vs. 13 (3-20), p <0.001)],
were less likely to have strictly deep hemorrhage [6.25%
vs. 56.0%, p=0.002], and had lower systolic blood pres-
sure (SBP) closest to time of ICH diagnosis [median
(IQR) SBP: 133 (114-136) vs. 158 (140-176), p=0.001].
These patients were more likely to have been on antico-
agulation prior to diagnosis of hemorrhagic stroke [89.5%
vs 4.2%, p=0.001] (identified in Fig. 1D and depicted
in Fig. 2) and had higher INR levels [median (IQR): 1.3
(1.2-2.7) vs. 1.1 (1.0-1.1), p<0.001], higher PTT lev-
els [median (IQR): 64.9 (37.7-94.6) vs. 31.7 (28.7-37.1),
p=0.001], and higher fibrinogen levels [median (IQR):
669 (578-785) vs. 336 (249-422), p=0.004] closest to
time of ICH diagnosis. There was a higher rate of in-
hospital mortality for patients with COVID-19 [84.6%
vs. 4.6%, p <0.001]. Hypertension was the most common
etiology for contemporary controls (45.8%).

Compared to historical controls, patients with COVID-
19 and hemorrhagic stroke had higher initial NIHSS
scores [median (IQR) NIHSS score: 28 (23-30) vs. 6
(1-13), p<0.001)] and higher ICH scores [median (IQR):
2 (1-4) vs. 2 (1-3), p=0.015)]. They were less likely to
have history of hypertension [42.1% vs. 80.0%, p=0.022],
were less likely to have strictly deep ICH [6.25% vs.
56.5%, p=0.002], and had lower SBP closest to time of

ICH diagnosis [median (IQR) SBP: 133 (114—-136) vs. 157
(131-180), p =0.006]. Patients with COVID-19 and hem-
orrhagic stroke were more likely to have been on antico-
agulation prior to diagnosis of hemorrhagic stroke [89.5%
vs 10.0%, p <0.001] and had higher INR levels [median
(IQR): 1.3 (1.2-2.70) vs. 1.1 (1.0-1.2), p<0.001], PTT
levels [median (IQR): 64.9 (37.7-94.6) vs. 31.9 (29.8—
34.2), p<0.001], and fibrinogen levels [median (IQR):
669 (578-785) vs. 319 (292-397), p=0.004] closest to
the time of hemorrhagic stroke diagnosis. Patients with
COVID-19 and hemorrhagic stroke had a higher rate of
in-hospital mortality than historical controls [84.6% vs.
5.0%, p<0.001]. Hypertension was the most common
etiology for historical controls (35.0%). Though patients
with COVID-19 had higher median NLR ratios, there
was no significant difference in NLR ratios when com-
pared to either control group.

Sensitivity Analyses

In sensitivity analyses excluding strictly SAH patients
when compared to contemporary controls, patients
with COVID-19 and hemorrhagic stroke were more
likely to be on anticoagulation therapy (90.9% vs. 5.0%,
p<0.001), were less likely to have strictly deep intra-
parenchymal hemorrhage (9.1% vs. 65.0%, p =0.004),
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Table 2 Demographic and Clinical Characteristics of Patients with Hemorrhagic Stroke and COVID-19 versus Contempo-
rary and Historical Controls without COVID-19 infection

COVID-19 posi- Contemporary Historical p value (A vs.B) pvalue (Avs.C)
tive (A) (n=19) controls (B) controls (C)
(n = 24) (n = 20)

Hypertension 0% (0) 45.8% (11) 35.0% (7)
Brain tumor 0% (0) 12.5% (3) 0% (0)
Vascular malformation 5.26% (1) 8.3% (2) 15.0% (3)
Coagulopathy 73.7% (14) 0% (0) 5.0% (1)
Other 5.26% (1) 8.3% (2) 25.0% (5)
Unknown 15.8% (3) 25.0% (6) 20.0% (4)

COVID-19, coronavirus disease 2019; CRP, C-reactive protein measured in ng/mL; D-dimer is measured in ng/mL, fibrinogen in mg/dL; ICH, intracerebral hemorrhage;
INR, international normalized ratio; IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; PTT, partial thromboplastin time measured in seconds;
SBP, systolic blood pressure

and had higher mortality at discharge (77.8% vs. 5.6%, Discussion

p<0.001). Furthermore, when compared to histori- Main Findings

cal controls, patients with COVID-19 and hemor-  Our study demonstrates that the risk of hemorrhagic
rhagic stroke were more likely to be on anticoagulation  stroke in patients hospitalized with COVID-19 infec-
therapy (90.9% vs. 11.8%, p <0.001), were less likely to  tion is low. Coagulopathy in the setting of therapeu-
have strictly deep intraparenchymal hemorrhage (9.1%  tic anticoagulation use, as evidenced by elevated PTT
vs. 71.4%, p=0.004), and had higher mortality at dis- and INR levels, may be a driving factor in patients
charge (77.8% vs. 5.9%, p <0.001). with hemorrhagic stroke in the setting of COVID-19



756

Fig. 2 Two patients with hemorrhagic stroke in the setting of coronavirus disease 2019 (COVID-19). The left column shows thoracic X-ray, and the
right column shows brain non-contrast CT for both patients. CT demonstrates primarily peripheral, parenchymal hematomas in patient 1 (top row),
including a large, dominant paramedian parietal hemorrhage on the right and generalized sulcal effacement and cerebral edema. Patient 2 (bot-
tom row) demonstrates a solitary but large parenchymal hematoma in the perirolandic vertex of the right hemisphere with severe, unilateral sulcal
effacement. Thoracic imaging in both patients revealed severe, multifocal airspace disease consistent with atypical pneumonia

(89.5%) when compared to contemporary controls
(4.2%) and historical controls (10.0%). Strictly deep
intracerebral hemorrhages were less common in
patients with COVID-19 when compared to contem-
porary and historical controls, in line with the lower
rate of hypertension and the lower systolic blood pres-
sure at the time the hemorrhage was diagnosed.

Mechanisms of Hemorrhage

There are multiple possible mechanisms contributing to
hemorrhagic stroke in patients with COVID-19. COVID-
19 has been associated with modest decreases in platelet
count, and prolonged prothrombin time. [11]. In addi-
tion, evidence suggests the overactivation of the fibrino-
lytic cascade in patients with COVID-19 [11]. In fact,
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patients with severe acute respiratory syndrome corona-
virus (SARS-CoV-1) were reported to have increased tis-
sue plasminogen activator and thrombomodulin plasma
levels [12], both of which are associated with increased
propensity for hemorrhagic complications. Therefore, it
is possible that a coagulopathy in the setting of activation
of intrinsic and extrinsic fibrinolytic processes predis-
posed these patients to hemorrhagic stroke.

Most importantly, the majority of patients with
COVID-19 (89.5%) in this study were started on full-
dose anticoagulation per our internal protocol due to
elevated D-dimer levels (most commonly unfraction-
ated heparin) for prevention of thrombotic complications
associated with COVID-19 that are increasingly being
reported [11, 13, 14]. Multiple societal guidelines, which
were developed after our study period, specifically from
the American Society of Hematology and American Soci-
ety of CHEST Physicians do not recommend full-dose
anticoagulation for prevention of thromboembolism
in COVID-19 given the unclear benefits and potential
high risk of bleeding in this vulnerable population [15,
16]. Of note, majority of the COVD-19 patients in our
study cohort were found to be supratherapeutic while on
anticoagulation prior to hemorrhagic stroke diagnosis,
suggesting inadvertent outcomes of being on full-dose
therapy. Moreover, the benefit of preventing thrombosis
in these patients cannot be determined in this study.

In addition, it is possible that SARS-CoV-2 has both
direct and indirect effects on the cerebrovascular system
that increases the risk of hemorrhage through various
potential mechanisms [3, 17, 18]. The presence of SARS-
CoV-1 virus has been demonstrated in human brains,
and there are multiple cases of central nervous system
involvement of other similar coronaviruses, highlight-
ing its neuro-invasive potential [17]. SARS-CoV-2 binds
to ACE2 receptors, which are expressed by neurons and
glial cells, raising the possibility of direct viral neurologic
injury [15]. Additionally, ACE2 receptors are highly con-
centrated on the endothelial cells of blood vessels, and
when attacked by SARS-CoV-2, may result in disruption
of the blood brain barrier and abnormal cerebral autoreg-
ulation [19]. A recent case series demonstrated signifi-
cant vascular angiogenesis in the lungs of patients with
COVID-19, underscoring the need for additional autopsy
data to validate similar changes in cerebral vasculature
[20].

Another proposed mechanism involves indirect injury
from massive cytokine release which can result in break-
down of the blood brain barrier, increasing the risk of
hemorrhagic stroke [18]. Interestingly, the median NLR
trended higher for COVID-19 patients as compared to
contemporary and historical controls although not sig-
nificantly different, possibly due to the size of our study.

Further, it has been suggested that pulmonary edema
seen in early phases of COVID-19 infection is due to
activation of bradykinin receptors on vascular endothe-
lial cells, a pathway that is dysregulated in the setting
of ACE2 deficiency; there may be similar vascular leak-
age occurring in small blood vessels of the brain [21].
An important consideration is that while we excluded
hemorrhages that were clearly the result of hemorrhagic
transformation of ischemic stroke, it remains possible
that some of the hemorrhages in our cohort are the result
of hemorrhagic conversion of primary ischemic strokes
or hypoxic injury, especially as early anticoagulation [22,
23] and bridging therapy [24] with low molecular weight
heparin is associated with an increased risk of hemor-
rhagic transformation.

Potential Therapeutic Implications

Our data have several salient implications for clinical
care. First, rapid neurologic assessment of patients with
COVID-19 must be prioritized as many hemorrhagic
strokes were incidentally identified. Attempting to wean
or stop sedation for interval neurologic examinations,
especially if there is clinical suspicion for acute stroke,
and particularly for patients on therapeutic anticoagu-
lation is imperative. In patients who are intubated and
sedated, it is reasonable to obtain a screening CT prior
to initiation of therapeutic anticoagulation, especially to
evaluate for evidence hypoxic ischemic injury. In patients
with abnormal elevation in coagulation laboratories,
a lower threshold for obtaining a screening CT may be
considered, especially when the neurologic examination
is confounded by sedation.

COVID-19 patients are at risk of thrombotic events
and often require either prophylactic or therapeutic
anticoagulation at some point during their hospitali-
zation. In this setting, clinicians must weigh the risk of
hemorrhagic stroke when deciding on the agent and
timing of anticoagulation initiation. Additional rand-
omized controlled studies are needed, such as the ongo-
ing PROTECT COVID clinical trial, to support the use
of therapeutic anticoagulation for primary prevention of
thrombotic complications in patients with COVID-19.
Moreover, it is important that anticoagulation proto-
cols account for the risk of hemorrhagic stroke given its
association with anticoagulation use in our study and the
increased mortality of hemorrhagic stroke which may
have been partially related to the occurrence of hemor-
rhagic stroke in our study.

Strengths and Limitations

There are a number of limitations inherent to our
study. First, our sample size is small, retrospective,
and observational, with the potential for selection
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bias. Importantly, in order to capture all hemorrhagic
strokes in the time period specified across our hospi-
tal system, we included both ICH and non-aneurysmal
SAH patients, two distinct disease processes with very
different clinical courses and mortality risks which
introduces additional bias. This decision was made
as non-aneurysmal SAH can often be attributed to a
coagulopathy, and we felt it was important to include
these patients in our analysis. It is important to note
in sensitivity analysis eliminating purely SAH patients,
the mortality was still significantly higher than prior
controls. Though all efforts were made to include rel-
evant laboratory and diagnostic data, we do not have
complete data for all study patients and thus may have
missing alternate etiologies of hemorrhagic stroke.
However, given several patients were diagnosed with
hemorrhagic stroke incidentally rather than based on
a change in neurologic status, the time at which hem-
orrhagic stroke occurred and how it relates to the
study variables, captured at time closest to diagnosis,
involves some degree of error. Our study may have
missed hemorrhagic stroke diagnosis in COVID-19
who faced several barriers to diagnostic stroke workup
due to multiple factors including hemodynamic insta-
bility, impaired consciousness, or withdrawal of life-
sustaining therapies. Many patients were sedated for
treatment of COVID-19, and since neurologic examina-
tions occurred sparsely, the probability of missing neu-
rologic changes increases. Moreover, given we did not
obtain screening intracranial imaging in all COVID-19
patients, it is possible that many patients expired with
undiagnosed hemorrhagic stroke. Additionally, we
used the ABC/2 method to measure hematoma vol-
ume. While some studies support its use, there is some
evidence suggesting this method is not as accurate as
volumetric or planimetric measurement methods [25,
26]. The FDA revoked emergency use of Hydroxychlo-
roquine, after our study period. As such, larger studies
are needed to determine how these medications affect
mortality. Finally, while our current internal protocol
recommends dose adjustment of unfractionated hepa-
rin based on anti-Xa levels, we collected PTT as a bet-
ter validated marker of coagulopathy in our historical
sample.

Our study on the other hand has several strengths.
While the low number of patients with hemorrhagic
stroke limits the generalizability of this study, our cohort
of 4071 COVD-19 patients is one of the largest published.
It reports several clinical characteristics of a diverse
patient population with hemorrhagic stroke in the setting
of COVID-19 and, to our knowledge, is the first study to
compare these factors to COVID-19-negative contempo-
rary and historical controls.

Conclusion

We observed a relatively low rate of hemorrhagic stroke
in hospitalized patients with COVID-19. The major-
ity of hemorrhagic strokes in patients with COVID-
19 were thought to be secondary to coagulopathy, as
89.5% of these patients were on therapeutic dose anti-
coagulation, a significantly higher percentage than
contemporary or historical controls without COVID-
19. Hemorrhagic stroke in the setting of COVID-19
was associated with an increase in hospital mortality.
Larger studies are needed to further validate the clini-
cal characteristics we found significant and further
studies to evaluate the risks and benefits of therapeutic
anticoagulation in stroke patients with COVID-19.
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