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COVID-19 Infection Is Associated With Poor
Outcomes in Patients With Intracerebral
Hemorrhage

Daniela Renedo @, MD*; Audrey C. Leasure (@, MD*; Rebecca Young @, MS; Cyprien A. Rivier 2, MD, MSc;
Brooke Alhanti (2, PhD; Brian Mac Grory 2, MB, BCh, BAO, MHSc, MRCP; Steven R. Messe @2, MD;
Mathew J. Reeves @@, MD; Ameer E. Hassan ©@DO; Lee Schwamm @, MD; Adam de Havenon &2, MD, MSc;
Charles C. Matouk @, MD; Kevin N. Sheth @, MD™; Guido J. Falcone @, MD, ScD, MPHT

BACKGROUND: Patients with ischemic stroke and concomitant COVID-19 infection have worse outcomes than those without
this infection, but the impact of COVID-19 on hemorrhagic stroke remains unclear. We aimed to assess if COVID-19 worsens
outcomes in intracerebral hemorrhage (ICH).

METHODS AND RESULTS: We conducted an observational study of ICH outcomes using Get With The Guidelines Stroke data.
We compared patients with ICH who were COVID-19 positive and negative during the pandemic (March 2020—February 2021)
and prepandemic (March 2019—-February 2020). Main outcomes were poor functional outcome (defined as a modified Rankin
scale score of 4 to 6 at discharge), mortality, and discharge to a skilled nursing facility or hospice. The first stage included
60091 patients with ICH who were COVID-19 negative and 1326 COVID-19 positive. In multivariable analyses, patients with
ICH with versus without COVID-19 infection had 68% higher odds of poor outcome (odds ratio [OR], 1.68 [95% ClI, 1.41-2.01]),
51% higher odds of mortality (OR, 1.51 [95% ClI, 1.33-1.71]), and 66% higher odds of being discharged to a skilled nursing
facility/hospice (OR, 1.66 [95% ClI, 1.43-1.93]). The second stage included 62 743 prepandemic and 64 681 intrapandemic
cases with ICH. In multivariable analyses, patients with ICH admitted during versus before the COVID-19 pandemic had 10%
higher odds of poor outcomes (OR, 1.10 [95% CI, 1.07-1.14]), 5% higher mortality (OR, 1.05 [95% ClI, 1.02-1.08]), and no sig-
nificant difference in the risk of being discharged to a skilled nursing facility/hospice (OR, 0.93 [95% ClI, 0.90-0.95]).

CONCLUSIONS: The pathophysiology of the COVID-19 infection and changes in health care delivery during the pandemic played
a role in worsening outcomes in the patient population with ICH.
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eases through activation of the coagulation cas-
cade, activation of platelet-related pathways, and
exacerbation of inflammatory responses.'-® Several
studies have shown that COVID-19 leads to a higher

COVID—19 can significantly worsen vascular dis-

risk of, and worse outcomes after, ischemic stroke.*~"
However, the role of COVID-19 in hemorrhagic stroke
remains understudied, largely due to the difficulty of
attaining the necessary sample size to meaningfully
study this question in a relatively rare stroke subtype. A

Correspondence to: Guido J. Falcone, MD, ScD, MPH, Department of Neurology, Yale School of Medicine, 100 York Street, Office 111, New Haven,

CT 06511. Email: guido.falcone@yale.edu
*D. Renedo and A. C. Leasure are co-first authors.
K. N. Sheth and G. J. Falcone jointly supervised this work.

Preprint posted on MedRxiv May 05, 2023. doi: https://doi.org/10.1101/2023.05.03.23289488.
This article was sent to Neel S. Singhal, MD, PhD, Associate Editor, for review by expert referees, editorial decision, and final disposition.
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.030999

For Sources of Funding and Disclosures, see page 9.

© 2024 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2024;13:e030999. DOI: 10.1161/JAHA.123.030999


https://orcid.org/0000-0003-4120-6649
https://orcid.org/0000-0002-9462-5022
https://orcid.org/0000-0002-5694-5308
https://orcid.org/0000-0002-1148-1829
https://orcid.org/0000-0003-4243-8062
https://orcid.org/0000-0003-3914-8419
https://orcid.org/0000-0003-3108-5441
https://orcid.org/0000-0002-8019-6343
https://orcid.org/0000-0002-7148-7616
https://orcid.org/0000-0003-0592-9145
https://orcid.org/0000-0001-8178-8597
https://orcid.org/0000-0003-3234-9541
https://orcid.org/0000-0003-2003-5473
https://orcid.org/0000-0002-6407-0302
mailto:
mailto:guido.falcone@yale.edu
https://doi.org/10.1101/2023.05.03.23289488
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.030999
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.123.030999&domain=pdf&date_stamp=2024-01-31

720z ‘T Areniged uo Aq Bio'sfeulnofeye//:dny woly papeojumoq

Renedo et al

CLINICAL PERSPECTIVE
What Is New?

e This observational study, based on a large data
set from the multicenter Get With The Guidelines
Stroke registry, demonstrates that patients with
spontaneous intracerebral hemorrhage who
also have COVID-19 infection experience signifi-
cantly worse outcomes than those without this
infection.

What Are the Clinical Implications?

e These findings suggest that the pathophysi-
ology of COVID-19 infection and changes in
health care delivery during the pandemic have
adversely affected outcomes in this patient
population. This highlights the importance of
mitigating the effects of COVID-19 infection in
patients with intracerebral hemorrhage and
adjusting health care delivery protocols during
pandemic situations.

Nonstandard Abbreviations and Acronyms

GWTG-Stroke Get With The Guidelines
Stroke

ICH intracerebral hemorrhage

previous study showed that patients with spontaneous
intracerebral hemorrhage (ICH) or nontraumatic sub-
arachnoid hemorrhage and comorbid COVID infection
were more likely to have diabetes, to be obese, and
to have higher rates of death when compared with
controls.®

To address these limitations, we employed the
American Heart Association GWTG (Get With The
Guidelines)-Stroke, an ongoing national registry of pa-
tients hospitalized for stroke.® With data contributions
from more than 2000 hospitals across the country,
GWTG significantly facilitates new discoveries in areas
of stroke research where the stroke type, exposure, or
outcome are rare or infrequent.®°

In this context, we conducted an observational
study with 2 main objectives. Our primary research
question was to explore the differences in outcomes
between patients with ICH who were COVID-19 pos-
itive and negative. Second, we aimed to investigate
whether there were differences in outcomes in patients
with ICH before and during the pandemic. By leverag-
ing the unique platform of the GWTG-Stroke registry,
this study seeks to shed light on the clinical evolution
of patients with primary, nontraumatic ICH during the
COVID-19 pandemic.

J Am Heart Assoc. 2024;13:e030999. DOI: 10.1161/JAHA.123.030999
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METHODS

The data that support the findings of this study are
available from the GWTG-Stroke registry. These data
are housed in the Precision Medicine Platform (https://
precision.heart.org/about) and can be accessed upon
request and approval by their commission. The meth-
ods used in this study are included within the article.

Study Design

We performed a retrospective, observational, cohort
study using data from patients with ICH enrolled in
GWTG-Stroke, an ongoing registry that currently in-
cludes more than 2000 hospitals and more than 4 mil-
lion patients.®"? Each participating hospital received
either human research approval to enroll cases with-
out individual patient consent under the common rule
or a waiver of authorization and exemption from sub-
sequent review by their institutional review board. In
addition, the institution-wide institutional review board
for the American Heart Association determined that
this study is exempt from oversight. Deidentified pa-
tient data from participant hospitals is entered into the
GWTG-Stroke database. Variables collected include
demographic characteristics, medical history, clini-
cal outcomes, mortality, and discharge destination.
Using these data, we carried out a 2-stage analysis
using the data collected. In the first stage, we focused
on patients with ICH who were admitted during the
pandemic period from March 2020 to February 2021.
We compared the functional outcomes and mortality
rates between those patients who were infected with
COVID-19 and those who were not.

In the second stage of our analysis, we aimed to
provide a comprehensive overview of the pandemic’s
impact on ICH outcomes by comparing prepandemic
and pandemic periods. Importantly, this compari-
son included all patients with ICH admitted during
these periods, regardless of their COVID-19 status.
Although this approach does not isolate the direct ef-
fect of COVID-19 infection on outcomes, it allows us
to capture the full scope of the pandemic’s impact,
including potential indirect effects such as changes
in health care delivery. We believe this comprehen-
sive approach provides a more realistic picture of
the challenges faced by patients with ICH during the
pandemic.

This 2-stage design allowed us to examine both the
specific impact of COVID-19 on patients with ICH and
the general impact of the pandemic on ICH outcomes.

Ascertainment of ICH Cases

In GWTG-Stroke, trained hospital personnel ascer-
tained ICH cases of patients 18years of age or older
using a combination of clinical data available in the


https://precision.heart.org/about
https://precision.heart.org/about
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patient’'s medical chart, review of neuroimaging and
review of discharge International Classification of
Diseases, Ninth Revision and Tenth Revision (ICD-9 and
ICD-10) codes. For clarity, the ICH variable used in our
study encompasses all types of (ICHs). However, we
specifically excluded aneurysmal subarachnoid hemor-
rhage and spontaneous subdural hemorrhage from our
analysis. Data are entered in the Patient Management
Tool, a web-based tool designed to facilitate and stand-
ardize the collection of relevant data for each case.®

Ascertainment of COVID-19

Patients were considered COVID-19 positive if they
were positive at the time of admission or at any point
during the hospitalization. A dedicated variable for
COVID-19 status was added to the GWTG-Stroke
platform on April 1, 2020.®

Outcomes

Our primary outcome of interest was post-ICH func-
tional status, evaluated through the modified Rankin
scale at discharge, a 6-category (including 0) scale
where O=complete recovery with no residual symp-
toms; 1=no significant disability, able to carry out all
usual activities despite some symptoms; 2=slight
disability, able to look after own affairs without as-
sistance, but unable to carry out all previous activi-
ties; 3=moderate disability, requires some help but
able to walk unassisted; 4=moderately severe dis-
ability, unable to attend to own bodily needs without
assistance and unable to walk unassisted; 5=severe
disability, requires constant nursing care and at-
tention and is bedridden/incontinent; and 6=death.
Secondary outcomes included in-hospital death, dis-
charge disposition (dichotomized as skilled nursing
facility [SNF] or hospice versus home, inpatient reha-
bilitation facility, intermediate care, or long-term care)
and length of stay.

Covariates

Other variables used in this study included demo-
graphic characteristics (age, sex, and race or ethnic-
ity), medical history (prior coronary artery disease,
atrial fibrillation, heart failure, stroke, and chronic kid-
ney failure), vascular risk factors (hypertension, dia-
betes, hypercholesterolemia, smoking, sleep apnea,
and alcohol/drug abuse), pre-ICH medications (anti-
platelets and anticoagulants), pre-ICH functional sta-
tus; baseline physiological variables (blood pressure,
heart rate, and respiratory rate), and information re-
lated to the admission (arrival via emergency medical
services, arrival on or off hours, admission National
Institutes of Health Stroke Scale score, baseline labo-
ratory values).

J Am Heart Assoc. 2024;13:e030999. DOI: 10.1161/JAHA.123.030999
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Statistical Analysis

We used counts (percentages [%]) to describe discrete
variables and mean (SD) to describe continuous varia-
bles. For unadjusted associations, we used chi-square
or Wilcoxon rank-sum tests, as appropriate. We used
multivariable logistic regression models when evalu-
ating post-ICH functional status, in-hospital mortality,
and discharge disposition. Multivariable models were
adjusted for universal confounders (patient age, sex,
and race or ethnicity), vascular risk factors (hyperten-
sion, hyperlipidemia, diabetes, smoking, and obesity),
comorbidities (prior coronary artery disease, atrial fibril-
lation, heart failure, stroke, and chronic kidney failure),
relevant medications (antiplatelets and anticoagulants),
and pre-ICH functional status. For the analysis of length
of stay, we used a negative binomial regression model
with a log link, suitable for overdispersed count data.
This model facilitated the comparison of the ratio of
means both between the prepandemic and pandemic
periods and between patients who were COVID-19
positive and those without documented infection dur-
ing the pandemic.

In our study, we also conducted a sensitivity anal-
ysis where we limited our cohort to patients with ICH
admitted solely to comprehensive stroke centers. The
rationale behind this decision was to control for po-
tential variations in care and outcomes that might be
associated with the level of resources and expertise
available at different types of hospitals. Comprehensive
stroke centers typically have more resources and ex-
perienced personnel to deal with complex stroke
cases, which could influence patient outcomes.

All analyses used a complete case approach, where
study participants with available data for the outcome,
exposure, and covariates of interest are included in the
analysis. Statistical analyses were conducted using
SAS 9.4.

We adhered to the Strengthening the Reporting
of Observational Studies in Epidemiology guidelines
to ensure transparent and complete reporting of our
study. To this end, we used the checklists to guide the
reporting of our study design, methods, results, and
conclusions.'

RESULTS

Differences Between Patients With ICH
With and Without COVID-19 Infection
Admitted During the Pandemic

The first stage of this study, focused on compar-
ing patients with ICH with and without concomitant
COVID-19 admitted during the pandemic, evaluated
a total of 61417 patients with ICH (mean age 67.4
[SD 15.3], female sex n=28923 [46.1%]), including
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1326 with concomitant infection and 60091 without
(Table 1). Compared with patients with ICH who were
not infected, those with concomitant infection were
younger (65 versus 69years of age) and more likely to
be Black (21 versus 18%) or Hispanic (18 versus 10%,
all P<0.05; Table 1) (Table S1).

We found evidence of significant differences in out-
comes when comparing patients with ICH with and
without concomitant COVID-19 infection admitted
during the pandemic (Table 2). In unadjusted regres-
sion analyses, patients with ICH with versus without
concomitant COVID-19 infection had 62% higher odds
of poor outcome (odds ratio [OR], 1.62 [95% ClI, 1.38-
1.92)), 48% higher odds of mortality (OR, 1.48 [95% Cl,
1.31-1.67]), and 41% higher odds of being discharged
to an SNF/hospice (OR, 1.41 [95% CI, 1.23-1.61)).
Similar results were observed in multivariable regres-
sion analyses, where patients with ICH with versus
without concomitant COVID-19 infection had 68%
higher odds of poor outcome (OR, 1.68 [95% Cl, 1.40—
2.01]), 50% higher odds of mortality (OR, 1.50 [95% ClI,
1.33-1.71]), and 66% higher odds of being discharged
to an SNF (OR, 1.66 [95% CI, 1.43-1.92]). Sensitivity
analyses restricting the study population to 27943
cases with ICH enrolled at stroke centers (Table S2)
yielded similar results for all analyses, including poor
outcome (OR, 1.52 [95% ClI, 1.13-2.05]), mortality (OR,
119 [95% ClI, 0.97-1.47]), and discharge to an SNF (OR
1.66 [95% ClI, 1.33-2.01)).

Differences Between Patients With
ICH Admitted Before and During the
Pandemic
The second stage of the present study, focused on
comparing ICH cases that took place before and
during the COVID-19 pandemic, evaluated a total of
127 424 patients with ICH (mean age 67.7 [SD 15.3], fe-
male sex Nn=59 270 [46.5%)), including 62 743 during the
prepandemic period and 64681 during the pandemic
(Table 3). The baseline characteristics of patients with
ICH admitted before and during the pandemic were
overall similar, despite some statistically significant re-
sults expected given the large sample size but which
corresponded to small differences (Table 3) (Table S3).
We also found evidence of significant differences in
outcomes when comparing patients with ICH admit-
ted before and during the pandemic (Table 4). In unad-
justed regression analyses, patients with ICH admitted
during versus before the COVID-19 pandemic had 5%
higher odds of poor outcome (OR, 1.04 [95% ClI, 1.01-
1.07]) and lower odds of being discharged to an SNF/
hospice (OR, 0.92 [95% ClI, 0.88-0.95]). No statistically
significant differences were observed in mortality (OR,
1.00 [95% CI, 0.98-1.03]) or discharge. Similar results
were observed in multivariable regression analyses

J Am Heart Assoc. 2024;13:e030999. DOI: 10.1161/JAHA.123.030999
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that indicated that patients with ICH admitted during
versus before the COVID-19 pandemic had 10% higher
odds of poor outcome (OR, 1.10 [95% ClI, 1.06-1.14)),
with no significant changes observed in discharge to
an SNF/hospice (OR, 0.90 [95% CI, 0.88-0.92]). In
contrast to univariate analyses, multivariable regres-
sion demonstrated higher odds of mortality (OR, 1.04
[95% CI, 1.01-1.07]). Sensitivity analyses restricting the
study population to 57787 cases with ICH enrolled at
comprehensive stroke centers (Table S4) yielded com-
parable results, including a significant association for
poor outcome (OR, 114 [95% CI, 1.08-1.21]) and no
statistically significant differences for mortality (OR,
1.03 [95% ClI, 0.98-1.07]).

DISCUSSION

This study provides a comprehensive analysis of the
consequences of COVID-19 in patients with ICH. We
leveraged a large observational data set to investigate
2 key aspects: the outcomes of patients with ICH with
and without concomitant COVID-19 infection dur-
ing the pandemic and a comparison of patients with
ICH admitted during similar periods before and dur-
ing the pandemic. Our findings indicate that patients
with ICH who also had COVID-19 had higher risks of
poor functional outcomes, death, and discharge to
SNFs or hospice. We also observed that patients with
ICH admitted during the pandemic had slightly worse
outcomes compared with those admitted before the
pandemic.

Existing research strongly suggests that COVID-19
infection worsens the outcomes of various cardiovas-
cular diseases, including myocardial infarctions and
acute ischemic strokes, with patients infected with
COVID-19 experiencing significantly higher mortality
rates.’>'® Furthermore, during the pandemic, pre-
ventive measures potentially affected acute ischemic
stroke management, leading to treatment delays and
subsequently influencing early adverse outcomes in
patients with acute ischemic stroke.'® However, the im-
pact of COVID-19 on hemorrhagic stroke, specifically
ICH, is less well studied and primarily derived from
smaller, single-center studies.'*?9-22° Similar findings
have been reported in our study, further highlighting
the devastating impact of the COVID-19 pandemic on
health care outcomes. The exact mechanisms behind
this observation remain unclear. Specifically, it is not
yet known whether these adverse outcomes are at-
tributable to the direct impact of the virus on cerebral
vessels or if they are due to the overall effect of the
virus on the patient’s bodily functions.?®

We also observed that patients with ICH who were
COVID-19 positive were typically younger and more
likely to belong to underrepresented racial or ethnic
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Table 1. Description and Comparison of Baseline Characteristics Among Patients With ICH Who Are COVID-19 Positive
Compared With Those With No Documented COVID-19 Infection

J Am Heart Assoc. 2024;13:e030999. DOI: 10.1161/JAHA.123.030999

Overall Positive for COVID-19 Negative for COVID-19
Variable 61417 N=1326 N=60091 P value
Patient demographics, n (%)
Age, y, mean (SD) 67.4 (15.3) 64.1 (15.9) 67.4 (15.2) <0.0001
Female sex 28923 (46.1%) 589 (44.4%) 28334 (46.1%) 0.215
Race or ethnicity <0.0001
White 37603 (59.9%) 625 (47.1%) 36978 (60.2%)
Black 11234 (17.9%) 281 (21.1%) 109583 (17.8%)
Hispanic 64,42 (10.2%) 244 (18.4%) 6198 (10.1%)
Asian 33,94 (5.4%) 64 (4.8%) 3330 (5.4%)
Other 40,44 (6.4%) 112 (8.4%) 3932 (6.4)
Missing 26 (0.04%) 0(0.0%) 26 (0.04%)
Vascular risk factors
Hypertension 45683 (73.4%) 970 (73.2%) 44713 (73.4%) 0.901
Yes
Dyslipidemia 24109 (38.7%) 488 (36.8%) 23621 (38.7%) 0.154
Yes
Diabetes 16515 (26.5%) 451 (34.0%) 16064 (26.3%) <0.0001
Yes
Obesity/overweight 18809 (30.2%) 415 (31.3%) 18394 (30.2%) 0.370
Yes
Smoker 8277 (13.3%) 141 (10.6%) 8136 (13.3%) 0.004
Yes
Missing 515 (0.8%) 2 (0.1%) 513 (0.8%) -
Comorbidities
Previous stroke/transient ischemic attack 14818 (23.8%) 314 (23.7%) 14504 (23.8%) 0.933
Yes
Carotid stenosis 1112 (1.7%) 21 (1.5%) 1091 (1.7%) 0.577
Yes
Atrial fibrillation/flutter 10208 (16.4%) 208 (156.7%) 9995 (16.4%) 0.495
Yes
Coronary artery disease/prior myocardial 9815 (15.7%) 195 (14.7%) 9620 (15.8%) 0.291
infarction
Yes
Chronic renal insufficiency 6489 (10.4%) 167 (12.6%) 6322 (10.3%) 0.008
Yes
Missing 515 (0.8%) 2 (0.1%) 513 (0.8%) -
Medications before admission
Antithrombotic 25726 (42.1%) 510 (39.0%) 25216 (42.1%) 0.023
Antiplatelets 18522 (29.5%) 357 (26.9%) 18165 (29.5%) 0.036
Anticoagulants 10712 (17.%) 234 (17.6%) 10478 (17.0%) 0.574
Antihypertensives 29480 (46.9%) 647 (48.7%) 28833 (46.9%) 0.182
Cholesterol reducers 23484 (37.4%) 476 (35.9%) 23008 (37.%) 0.244
Diabetes medications 10826 (17.2%) 298 (22.4%) 10528 (17.1%) <0.0001
Missing 1653 (2.6%) 20 (1.5%) 1633 (2.6%)
Admission vital signs
Heart rate (30-200), bpm* 84.9 (19.3) 86.2 (19.3) 84.9 (19.3) 0.021
Missing 35.4% 30.0% 35.5%
Systolic BP (50-250), mm Hg* 163.5 (34.6) 159.3 (35.3) 163.6 (34.6) <0.0001
Missing 33.3% 28.5% 33.4%
Diastolic BP (20-200), mm Hg* 91.7 (23.9) 89.3 (23.2) 91.7 (23.3) 0.001
(Continued)



720z ‘T Areniged uo Aq Bio'sfeulnofeye//:dny woly papeojumoq

Renedo et al

COVID-19 Infection and Poor Outcomes in ICH

Table 1. Continued

Missing 32.2% 27.6% 32.3%
Admission laboratory values
Blood glucose (20-800), mg/dL* 151.60 (68.9) 162.6 (78.2) 151.3 (68.6) <0.0001
Missing 32.3% 29.0% 32,4%
Hemoglobin Alc (0-20), %* 6.2 (1.6) 6.7 (2.0) 6.2 (1.6) <0.0001
Missing 63.8% 59.7% 63.8%
Low-density lipoprotein (30-500), mg/dL* 94.8 (38.7) 92.9 (36.3) 94.9 (38.7) 0.347
Missing 60.5% 60.3% 60.06%
Serum creatinine (0-150), mg/dL* 1.4 (4.0) 1.5 (4.3) 1.4 (4.0) 0.065
Missing 35.5% 30.8% 35.6%
Arrival information
Off-hour arrival (6 Pm to 7 av) 37569 (59.8%) 819 (61.7%) 36750 (59.8%) 0.156
Transferred in from other hospital 23421 (37.4%) 526 (39.6%) 22895 (37.%) 0.089
Initial National Institutes of Health Stroke Scale 11.9 (10.8) 13.9 (10.7) 11.9 (10.8) <0.0001
score (0-42)*
Length of stay 9.0 (11.7) 12.8 (14.9) 8.9 (11.6) <0.0001
Hospital information
Annual volume of ICH stroke admission 62742 (7.6%) 1326 (79.7%) 61416 (76.7%)
Missing 0 0 0
Academic hospital 52175 (84.4%) 1135 (87.1%) 51040 (84.3%) 0.062
Missing 963 (1.5%) 24 (1.8%) 939 (1.5%)

BP indicates blood pressure; and ICH, intracerebral hemorrhage. *= mean (SD).

groups, consistent with previous studies on ischemic
stroke patients.?*?® It is important to note that although
we observed a higher prevalence of diabetes among
patients who were COVID-19 positive, the reasons
behind this observation are outside the scope of our
current study. Potential explanations such as immune
system response, shared risk factors, chronic inflam-
mation, and medication effects could be explored in
future research.?®

Although the primary focus of this study is on the
clinical outcomes associated with COVID-19 and ICH,
it is important to contextualize our findings within
the broader framework of cerebrovascular diseases.
Previous literature has elucidated that one of the pri-
mary cerebrovascular manifestations of COVID-19
is the promotion of thrombosis, suggesting a proco-
agulant effect of the virus on the vascular system.?’
This has led to acute ischemic strokes being more

Table 2. Prevalence and Odds Ratios of Outcomes in Patients Who Are COVID-19 Positive Compared With Those With No

Documented Infection (Reference)

Discharge to skilled nursing facility or hospice Adjusted* 47693 (77.65%) 1.66 1.43-1.92
Unadijusted 49167 (80.05%) 1.40 1.23-1.60
Length of stay™* Adjusted* 58481 (95.22%) 1.32 1.25-1.39
Unadjusted 60278 (98.15%) 1.43 1.35-1.51
High modified Rankin Scale score (4, 5, 6) Adjusted*” 39668 (64.59%) 1.68 1.40-2.01
Unadijusted 40718 (66.30%) 1.62 1.37-1.91
Mortality Adjusted* 60894 (99.15%) 1.50 1.33-1.71
Unadijusted 61417 (100.0%) 1.47 1.31-1.66

*The following covariates were used in the adjusted models: age, sex, race or ethnicity, antiplatelet or anticoagulant before admission, hypertension,
diabetes, heart failure, coronary artery disease/myocardial infarction, prior stroke, renal insufficiency, atrial fibrillation, smoking, alcohol/drug abuse, sleep
apnea, prestroke modified Rankin Scale score, hypertensive, arrival via emergency medical services, arrival on vs off hours, admission National Institutes of
Health Stroke Scale score, region, teaching hospital, number of beds, annual stroke volume, rural location, stroke center status.

The estimate is a relative risk (with its 95% Cl), not odds ratio when the outcome is length of stay.
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Table 3. Description and Comparison of Patient Baseline Characteristics Data Among Patients With ICH Who Were
Admitted to a Hospital Before the COVID-19 Pandemic and Time-Matched Patients During the COVID-19 Pandemic

J Am Heart Assoc. 2024;13:e030999. DOI: 10.1161/JAHA.123.030999

Before the COVID-19 During the COVID-19
Overall pandemic pandemic
Variable 127424 62743 64681 P value
Patient demographics
Age, y, mean (SD) 67.6 (15.9) 68.0 (15.3) 67.3 (15.9) <0.0001
Female sex 59270 (46.5%) | 30347 (46.9%) 28923 (46.1%) 0.003
Race or ethnicity 7861 (6.1%) 3817 (5.9%) 4044 (6.4%) <0.0001
White 77146 (60.5%) 39543 (61.1%) 37603 (59.9%)
Black 22715 (17.8%) 11481 (17.7%) 11234 (17.9%)
Hispanic 12783 (10.0%) | 6341 (9.8%) 6442 (10.2%)
Asian 6852 (5.3%) 3458 (5.3%) 3394 (5.4%)
Other 77146 (60.5%) | 39543 (61.1%) 37603 (59.9%)
Missing 67 (0.05%) 41 (0.06%) 26 (0.04%)
Vascular risk factors
Hypertension 93370 (73.7%) 47687 (74.1%) 45683 (73.4%) 0.002
Dyslipidemia 48428 (38.2%) | 24319 (37.8%) 24109 (38.7%) <0.0001
Diabetes 33305 (26.3%) | 16790 (26.1%) 16515 (26.5%) 0.084
Obesity/overweight 36251 (28.6%) | 17442 (27.1%) 18809 (30.2%) <0.0001
Smoker 16693 (13.1%) 8416 (13.09%) 8277 (13.3%) 0.264
Missing 897 (0.7%) 382 (0.5%) 515 (0.8%)
Comorbidities
Previous stroke/transient ischemic attack 30728 (24.2%) 15910 (24.7%) 14818 (23.8%) <0.0001
Carotid stenosis 2202 (1.7%) 1090 (1.7%) 1112 (1.7%) 0.212
Atrial fibrillation/flutter 21132 (16.7%) 10929 (17.0%) 10203 (16.4%)
CAD/Prior MI 20385 (16.1%) 10570 (16.4%) 9815 (15.7%) 0.001
Chronic renal insufficiency 12943 (10.2%) | 6454 (10.0%) 6489 (10.4%) 0.022
Missing 897 (0.7%) 382 (0.5%) 515 (0.8%)
Medications before admission
Antithrombotic 53175 (42.8%) | 27449 (43.6%) 25726 (42.1%) <0.0001
Antiplatelets 38667 (30.3%) | 20145 (31.1%) 18522 (29.5%) <0.0001
Anticoagulants 21782 (17.0%) 11070 (17.1%) 10712 (17.0%) 0.842
Antihypertensives 60205 (47.2%) | 30725 (47.5%) 29480 (46.9%) 0.064
Cholesterol reducers 48035 (37.7%) | 24551 (37.9%) 23484 (37.4%) 0.051
Diabetic medications 21337 (16.7%) 10511 (16.2%) 10826 (17.2%) <0.0001
Missing
Admission vital signs
Heart rate (30-200), bpm"* ‘ 84.4 (19.1) ‘ 83.9 (18.9) ‘ 84.9 (19.3) ‘ <0.0001
Missing
Systolic BP (50-250), mm Hg* ‘ 1631 (34.5) ‘ 162.6 (34.3) ‘ 163.5 (34.6) ‘ <0.0001
Missing
Diastolic BP (20-200), mm Hg* | 912282 | 907 (23.0) | 917 233) | <0.0001
Missing
Admission laboratory values
Blood glucose (20-800), mg/dL* ‘ 150.7 (68.4) ‘ 149.8 (67.9) ‘ 151.60 (68.9) ‘ <0.0001
Missing
Hemoglobin Afc (0-20), %" | 62(16) | 6215 | 62(16) | 0.003
Missing
Low-density lipoprotein (30-500), mg/dL* ‘ 94.4 (38.1) ‘ 94.1 (37.5) ‘ 94.85 (38.7) ‘ 0.182
(Continued)
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Table 3. Continued
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Before the COVID-19 During the COVID-19
Overall pandemic pandemic
Variable 127424 62743 64681 P value
Missing
Serum creatinine (0-150), mg/dL* 1.4 (3.9 1.4 (3.9 1.4 (4.0) 0.001
Missing
Arrival information
Off-hour arrival (6 Pm to 7 Am) 76397 (569.9%) 38828 (60.0%) 37569 (59.8%) 0.578
Missing
Transferred in from other hospital 48024 (37.7%) 24603 (38.1%) 23421 (37.4%) 0.013
Missing
Initial National Institutes of Health Stroke Scale score (0-42) 11.7 (10.8) 11.5 (10.7) 11.9 (10.8) <0.0001
Missing
Length of stay 8.8 (11.5) 8.6 (11.3) 9.0 (11.7) <0.0001
Missing
Hospital information
Annual volume of ICH stroke admission 127,42 (77.76%) | 64680 (78.6%) 62742 (76.8%) <0.0001
Missing
Academic hospital 106564 54389 (85.3%) 52175 (84.4%) <0.0001
(84.9%)
Missing

BP indicates blood pressure; and ICH, intracerebral hemorrhage.

*The following covariates were used in the adjusted models: age, sex, race or ethnicity, antiplatelet or anticoagulant before admission, hypertension,
diabetes, heart failure, coronary artery disease/myocardial infarction, prior stroke, renal insufficiency, atrial fibrillation, smoking, alcohol/drug abuse, sleep
apnea, prestroke modified Rankin Scale score, hypertensive, arrival via emergency medical services, arrival on vs off hours, admission National Institutes of
Health Stroke Scale score, region, teaching hospital, number of beds, annual stroke volume, rural location, stroke center status.

commonly linked to COVID-19 than hemorrhagic cere-
brovascular diseases.?® Additionally, although studies
have shown that COVID-19 can induce ICH, prevalent
risk factors play a substantial role in its onset.?%2°

Our study is unique in that it focuses on patients with
ICH during the pandemic, a group that has not been
extensively studied in the current literature. However,
due to the nature of our data set, we cannot definitively

conclude whether the observed outcomes are due to
the direct biological effects of COVID-19, the health
care system being overwhelmed due to the pandemic,
or a combination of both. It is plausible that the severe
respiratory disease or acute thromboembolic episodes
triggered by accelerated inflammatory responses from
COVID-19 could contribute to worse outcomes. Future
research could further investigate these possibilities.

Table 4. Prevalence and Odds Ratios of Outcomes During the COVID-19 Pandemic Versus Before (Reference) the

Pandemic

Stroke outcome at discharge Model type No. and (%) available data Odds ratio Cl

Discharge to skilled nursing facility or hospice Adjusted*® 97043 (76.16%) 0.90 0.88-0.92
Unadjusted 99884 (78.39%) 0.92 0.89-0.95

Length of stay'* Adjusted*® 118964 (93.36%) 1.01 1.00-1.02
Unadjusted 122407 (96.0%) 1.04 1.03-1.05

High modified Rankin Scale score (4, 5, 6) Adjusted*® 79519 (62.41%) 1.10 1.06-1.14
Unadjusted 81646 (64.07%) 1.04 1.01-1.07

Mortality Adjusted* 123869 (97.21%) 1.04 1.01-1.07
Unadjusted 127424 (100.0%) 1.00 0.97-1.03

*The following covariates were used in the adjusted models: age, sex, race or ethnicity, antiplatelet or anticoagulant before admission, hypertension,
diabetes, heart failure, coronary artery disease/myocardial infarction, prior stroke, renal insufficiency, atrial fibrillation, smoking, alcohol/drug abuse, sleep
apnea, prestroke modified Rankin Scale score, hypertensive, arrival via emergency medical services, arrival on vs off hours, admission National Institutes of
Health Stroke Scale score, region, teaching hospital, number of beds, annual stroke volume, rural location, stroke center status.

The estimate is a relative risk (with its 95% Cl), not odds ratio when the outcome is length of stay.
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Strengths of our study are the uniquely large sam-
ple size, allowing the appropriate evaluation of clinical
and biological differences in these patients; the multi-
institutional design, which increases the generalizabil-
ity of our findings; and the prespecified data collection
strategy, which allows the effective harmonization of
data across the multiple institutions involved. We ac-
knowledge several limitations, including potential
selection bias due to the specific set of hospitals par-
ticipating in the GWTG-Stroke program, lack of de-
tailed data on COVID-19 diagnosis and treatment, and
potential for residual confounding.

CONCLUSIONS

In conclusion, our study highlights the negative impact
of the COVID-19 pandemic on outcomes in patients with
ICH. These findings underscore the need for further re-
search to understand the mechanisms driving these out-
comes and to develop strategies to improve outcomes
for patients with ICH during times of health crisis.
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