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Objectives: Patients with comorbidities are at increased risk for poor outcomes in

COVID-19, yet data on patients with prior neurological disease remains limited. Our

objective was to determine the odds of critical illness and duration of mechanical

ventilation in patients with prior cerebrovascular disease and COVID-19.

Methods: A observational study of 1,128 consecutive adult patients admitted to an

academic center in Boston, Massachusetts, and diagnosed with laboratory-confirmed

COVID-19. We tested the association between prior cerebrovascular disease and

critical illness, defined as mechanical ventilation (MV) or death by day 28, using logistic

regression with inverse probability weighting of the propensity score. Among intubated

patients, we estimated the cumulative incidence of successful extubation without death

over 45 days using competing risk analysis.

Results: Of the 1,128 adults with COVID-19, 350 (36%) were critically ill by day

28. The median age of patients was 59 years (SD: 18 years) and 640 (57%)

were men. As of June 2nd, 2020, 127 (11%) patients had died. A total of 177

patients (16%) had a prior cerebrovascular disease. Prior cerebrovascular disease

was significantly associated with critical illness (OR = 1.54, 95% CI = 1.14–2.07),

lower rate of successful extubation (cause-specific HR = 0.57, 95% CI = 0.33–

0.98), and increased duration of intubation (restricted mean time difference = 4.02

days, 95% CI = 0.34–10.92) compared to patients without cerebrovascular disease.
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Interpretation: Prior cerebrovascular disease adversely affects COVID-19 outcomes in

hospitalized patients. Further study is required to determine if this subpopulation requires

closer monitoring for disease progression during COVID-19.

Keywords: cerebrovascular disease, COVID-19, respiratory failure, stroke, history of neurological disease,

intubation, critical illness, outcomes

INTRODUCTION

Disease outcomes associated with the novel coronavirus 2019
(COVID-19) are heterogeneous and include asymptomatic
disease, mild respiratory tract illness, severe pneumonia with
respiratory failure and acute respiratory distress syndrome,
and death (1). It is estimated that one in four patients
infected with SARS-CoV-2 requires supplemental oxygen or
invasive mechanical ventilation (1–5). To date, survival has
been correlated with multiple factors including age, medical
comorbidities, and host response to the virus that may
lead to multiorgan dysfunction, coagulopathy, and elevated
inflammatory markers (1, 4–7).

The prevalence of hospitalized patients with neurological
comorbidities COVID-19 widely varies between 1 and 12%
depending on the cohort and comorbidities studied (8–15). Our
understanding of the risk of COVID-19 critical illness due to
chronic neurological conditions remains limited, with cohorts
from Asia and Europe suggesting a history of ischemic or
hemorrhagic stroke as risk factors for severe events such as
mechanical ventilation (MV) (8) and death (8, 10). Recently,
two meta-analyses reviewed the relationship between the prior
cerebrovascular disease and in-hospital outcomes in COVID-
19, using data derived from Chinese and European cohorts, and
suggested an increase in risk for critical illness (16) and mortality
(17) among patients with prior cerebrovascular disease.

Studies prior to the pandemic suggest that patients with
neurological comorbidities are at increased risk for critical
illness compared to similarly matched older patients (18, 19).
Cerebrovascular comorbidities are common among older adults
in the United States (U.S.) where an estimated 3% of adults
have had a prior ischemic stroke (7.8 million) (20). A recent
study from a U.S. cohort of 3,248 patients suggested an
increased odds of in-hospital death among individuals with
stroke and COVID-19, however, detailed data on other in-
hospital adverse outcomes is largely unknown (21). Given that
prior cerebrovascular disease is one of the most common
neurological comorbidities in hospitalized patients with COVID-
19, information regarding severe outcomes in this population
would be valuable for prioritizing prevention strategies in the
outpatient neurology setting, providing prognostic information
for patients and families, and assisting hospital projections
as countries experience increasing numbers of SARS-CoV-
2 infections.

In this study, we examined the relationship between prior
cerebrovascular diseases and critical illness in the first 28
days of admission and determined the likelihood of successful
extubation over a 45-day in-hospital follow-up among adults
with positive SARS-CoV-2 RNA admitted to an academic
hospital in Boston, Massachusetts, during the first 2 months of

the city’s outbreak. We hypothesized that prior cerebrovascular
disease was a risk factor for critical illness in COVID-19 and a
comorbidity associated with increased duration of mechanical
ventilation (MV).

METHODS

Study Setting and Population
This is an observational study of 1,128 consecutive patients
with laboratory-confirmed SARS-CoV-2 infection hospitalized
at Massachusetts General Hospital (MGH), a single-center
tertiary care facility in Boston, MA. Laboratory confirmation
of SARS-CoV-2 infection was obtained using real-time reverse
transcription-polymerase chain reaction assays with Food
and Drug Administration emergency use authorization. We
identified 1,216 patients seen in the Emergency Department (ED)
or hospitalized between March 1st and May 5th, 2020, given
that the first reported case of SARS-CoV-2 infection in Boston
was March 2nd, 2020 (Figure 1). Patients < 18 years old and
patients classified as being seen in the ED using electronic data
collection but were seen in outpatient clinics after manual review
of cases were excluded from analyses. The institutional review
board approved this study (Protocol #: 2013P001024) with a
waiver of consent for retrospective analyses.

Data Collection
Engineers from the MGH Clinical Data AI Center extracted
COVID-19-related data from the Partners Healthcare Systems
Enterprise Data Warehouse, which comprises electronic medical
record data from the Mass General Brigham network (formerly
Partners Healthcare). Data queried for this study included
demographics, admission, discharge, intubation and extubation
events, diagnosis and International Classification of Diseases,
Tenth Revision, Clinical Modification codes (ICD-10-CM), vital
signs, laboratory values within 48 h of admission, and other data.
Diagnostic categories were created by grouping ICD-10-CM
diagnosis codes using a combination of groupings by SNOMED
CT, an ontology-based terminology owned and maintained by
the standards development organization SNOMED International
and licensed through the National Library of Medicine. Four
clinicians performed a manual chart review of identified cases
of prior cerebrovascular disease up to 7 days before COVID-19
hospital admission (HA, SM, LB, and AN); a new diagnosis of
cerebrovascular disease was recorded if the event occurred within
7 days prior to or after a positive SARS-CoV-2 PCR result.

Of the patients with COVID-19 included in this study, 289
underwent diagnostic neuroimaging after admission (computed
tomography or magnetic resonance imaging of the brain),
with 484 unique studies performed during the study period.
Two radiologists (MDL and MLa) identified evidence of prior
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FIGURE 1 | Cohort diagram.

intracerebral pathology by reviewing neuroradiographic reports
and categorizing intracranial pathology into seven clinical
findings: acute or subacute ischemic infarct, chronic ischemic
infarct, acute or subacute intracranial hemorrhage, chronic
intracranial hemorrhage, post-surgical change (limited to any
intracranial surgery), intracranial mass (metastases or primary
malignancies), and traumatic brain injury. These measures were
used to provide ancillary information on cerebrovascular disease
history in addition to ICD-10-CM codes; all positive imaging data
not identified using ICD-10-CM codes were manually reviewed
to confirm the clinical suspicion of diagnosis (HA and SM), and
added 14/289 additional cases.

The date of intubation was obtained using ventilator
flowsheets, marking positive end-expiratory pressure (PEEP),
and FiO2. Date of extubation was flagged if there were no PEEP
and FiO2 readings after 48 h of continuous intubation markings
on ventilator flowsheets. Two critical care physicians (HA and
LB) manually confirmed intubation in all cases and extubation
status and date in 83% of cases (n = 243/294). Death and death
date was extracted from the EHR. All patients with a date of death
were manually reviewed by study team members (AN, LB, SC,
and KK) to determine if they transitioned to comfort-measures-
only (CMO) and if so, date of transition was recorded.

Exposure and Outcome Measures
The binary variable for cerebrovascular history included at least
one diagnosis of ischemic stroke, intracerebral hemorrhage
(ICH), venous sinus thrombosis (VST), subarachnoid
hemorrhage (SAH), or subdural hemorrhage (SDH) recorded at
least 7 days prior to admission. A composite outcome, critical
illness (not to be confused with critical illness myopathy), was
defined as invasive MV or death within 28 days of admission (4),

and used for the primary analysis. A secondary outcome was the
probability of successful extubation, defined as liberation from
mechanical ventilation irrespective of the mode of ventilation
delivery (i.e., endotracheal or tracheostomy tube). Follow-up
time was right-censored on June 20th, 2020, to allow 45 days
of observation for intubated patients given long-durations of
intubation in COVID-19 patients. All positive prior neurological
diagnoses and outcomes were confirmed manually by chart
review (HB, SM, AN, LB, SC, and KK).

Statistical Analysis
Continuous and categorical variables were presented as median
[interquartile range, (IQR)] and n (%), respectively. Mann-
Whitney U tests, χ² tests, or Fisher’s exact tests were used to
compare differences between critical and non-critical patients
where appropriate.

The control for confounding was done using inverse
probability weighting (IPW) method. The propensity scores
for cerebrovascular disease were estimated with a multivariable
logistic regression model that included age, sex, Latinx ethnicity,
and Black or African American race. The predicted probabilities
from this propensity-score model were used to calculate the
stabilized IPW scores (22). Logistic regression models using
IPW are reported, and models estimated odds ratios (OR) [95%
confidence intervals (CI)] for the association between history
of cerebrovascular disease and critical illness by day 28. In
sensitivity analyses, a matching strategy was used to match
patients with and without cerebrovascular disease in a 1:2 ratio by
age, sex, Latinx, and Black or African American race. The smallest
average absolute distance was used to match across all pairs (R
4.0.0 MatchIt package).
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We examined the effect of cerebrovascular disease history on
the duration of intubation, with death as a competing event. Time
was measured in days from intubation to successful extubation
or death (two mutually exclusive events) and censored at 45
days if no event was observed. If a patient was extubated and
died during the observation period, the event recorded was
death. We estimated the cause-specific hazard of transitioning
from intubation to successful extubation and calculated the
hazard ratio (HR) for patients with cerebrovascular history
compared to those without using a propensity score weighted
Cox proportional hazards model. The cumulative incidence
curves (CICs) for extubation and death were computed using
the R package causalCmprsk with both Cox PH and Aalen-
Johansen’s non-parametric estimators (23, 24). Propensity score
weights were used for generating the CIC curves to account for
confounding by age and sex. We estimated exposure effect as the
restricted mean time difference, which is the area under the CIC
curve and provides a more clinically meaningful measure than
HR (25).

RESULTS

Clinical Characteristics of Patients
Admitted With COVID-19
A total of 1,128 adult patients were seen in the emergency
department or admitted between March 10th and May 5th,
2020, with laboratory-confirmed SARS-CoV-2 RNA infection
(Figure 1). The median age of patients was 59 years old (IQR
45–73; range 18–103), 640 (57%) were men, and 401 (36%) were
Latinx ethnicity. Chronic medical illnesses were common with
362 (32%) diagnosed with hypertension, 208 (18%) with diabetes,
113 (10%) with renal disease, and 115 (10%) with heart failure
(Table 1).

By day 28 of admission, 350 patients (31%) became critically
ill, including 127 (11%) who died (Table 1). Most patients were
intubated within 24 h of admission (median 0 days, IQR 0–
3 days). The median time to death among those hospitalized
was 9.5 days (IQR 4–17), and most deaths occurred in
patients over 70 years old, and 28% (35/127) were transitioned
to comfort measures only (CMO) within 48 h of admission
(Figure 2A). Mortality among those intubated was 24% (70/293).
Across ethnic and racial groups, critical illness occurred in
44 of 137 (32%) Black or African American patients, 147 of
467 (31%) white patients, and 110 of 401 (27%) patients of
Latinx ethnicity.

Odds of Critical Illness in Patients With
Prior Cerebrovascular Disease
A history of ischemic stroke (n = 112; 9.9%), ICH (n = 22;
2.0%), or SDH (n = 60; 5.3%) was frequent among COVID-
19 patients with a total of 177 (16%) patients having at least
one prior cerebrovascular disease diagnosis. Patients with a
prior cerebrovascular disease were more likely to be critically
ill compared to non-critically ill individuals [69/350 (20%) vs.
108/778 (14%), p= 0.02].

Compared to patients without a cerebrovascular history,
individuals with a prior cerebrovascular were older [median

74 [63, 82] vs. 56 [43, 69], p < 0.001], more likely to have
a history of current use tobacco [71/177 (40%) vs. 243/951
(26%), p < 0.001], and more likely to have a higher burden of
medical comorbidities as measured by Charlson Comorbidity
Index ≥ 3 [87/177 (49%) vs. 172/951 (18%), p < 0.001]. A high
proportion of patients with cerebrovascular disease ages 50–69
years old died (Figures 2B,C), and across all ages, in-hospital
28-day mortality was higher between patients with vs. without
cerebrovascular disease [37/177 (20.9%) vs. 90/951 (9.5%), p <

0.001]. The proportion of patients mechanically ventilated or
who died, stratified by history of cerebrovascular disease subtype,
are detailed in Supplementary Table 1. A total of 39/1,128 (3.5%)
patients had a new cerebrovascular event after their COVID-19
diagnosis (7 patients had two or more events), of which 22/39
(56%) had a past history of cerebrovascular disease.

Given prior reports of abnormal inflammatory and
thromboembolic indices in patients with a history of ischemic
stroke (8), common laboratorymarkers tested in COVID-19 were
assessed on admission. Patients with cerebrovascular disease
had higher admission median levels of D-dimer, troponin (p <

0.001 for both) and prothrombin time (p < 0.01), but minimally
lower levels of inflammatory markers such as CRP [63.90 [23.50,
133.30] vs. 75.15 [36.2, 146.1], p < 0.01] and ferritin [442 [193.0,
872.0] vs. 547 [286.3, 1051.3], p < 0.01] compared to patients
without cerebrovascular disease (Table 2). While there were no
statistical differences in absolute lymphocyte counts (p = 0.3) or
platelet levels (p = 0.06), patients with cerebrovascular disease
had slightly higher red cell distribution widths (RDW) [14.10
[13.00, 15.33] vs. 13.20 [12.60, 14.10], p < 0.001], a measure
associated with all-cause mortality (26, 27).

In unadjusted analyses, the odds of critical illness were
higher in patients with cardiovascular disease compared to
patients without cerebrovascular disease [OR 1.5; 95% CI
[1.09–2.12]]. In multivariable analyses with IPW according
to the propensity score, cerebrovascular disease remained
independently associated with critical illness [adjusted OR 1.54,
95% CI [1.14–2.07]] (Table 3). A subsequent sensitivity analysis
that used a 2:1 matching ratio (no cerebrovascular disease:
cerebrovascular disease) yielded similar results [OR 1.58, 95%
CI [1.08–2.36]].

Cumulative Incidence of Successful
Extubation in Patients With
Cerebrovascular Disease
To further understand the relationship between prior
cerebrovascular disease and COVID19 severe outcomes, we
used a competing risk analysis framework to determine the
relationship between cerebrovascular disease and duration
of intubation without subsequent death. The cumulative
incidence of successful extubation without death in patients
with cerebrovascular disease was lower compared to those
without cerebrovascular history (Figure 3), and there was a
significant association between prior cerebrovascular disease
and likelihood of successful extubation (adjusted cause-specific
HR, 0.57; 95% CI, 0.33–0.98). Over a 45-day observation
window, patients with cerebrovascular disease had a longer
intubation time with a restricted mean time difference of
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TABLE 1 | Baseline characteristics of patients hospitalized with COVID-19.

Overall

(n = 1,128)

Critically Ill

(n = 350)

Not Critically Ill

(n = 778)

P-value,

Critically ill vs.

Not Critically Ill

DEMOGRAPHICS, N (%)

Age, median [IQR] 59 [45, 73] 65.00 [53, 77] 56.00 [42, 70] <0.001*

18–29 59 (5.2) 7 (2.0) 52 (6.7)

30–39 125 (11.1) 22 (6.3) 103 (13.2)

40–49 168 (14.9) 42 (12.0) 126 (16.2)

50–59 227 (20.1) 63 (8/0) 164 (21.1)

60–69 207 (18.4) 76 (21.7) 131 (16.8)

70–79 177 (15.7) 72 (20.6) 105 (13.5)

80–89 129 (11.4) 55 (15.7) 74 (9.5)

≥ 90 36 (3.2) 13 (3.7) 23 (3.0)

Sex 0.003*

Female 488 (43.3) 128 (36.6) 360 (46.3)

Male 640 (56.7) 222 (63.4) 418 (53.7)

Race

African American or Black 137 (12.1) 44 (12.6) 93 (12.0) 0.845

Asian 41 (3.6) 13 (3.7) 28 (3.6) 1.000

White 467 (41.4) 147 (42.0) 320 (41.1) 0.835

Latinx Ethnicity 401 (35.5) 110 (31.4) 291 (37.4) 0.008*

Tobacco Use <0.001*

Never 645 (57.2) 168 (48.0) 477 (61.3)

Former 218 (19.3) 81 (23.1) 137 (17.6)

Present 96 (8.5) 25 (7.1) 71 (9.1)

Not asked 45 (4.0) 10 (2.9) 35 (4.5)

MEDICAL COMORBIDITIES, N (%)

Charlson Comorbidity Index Score, mean (SD) 1.53 (2.24) 1.83 (2.47) 1.39 (2.12) 0.002*

0 comorbidities 562 (49.8) 157 (44.9) 405 (52.1)

1–2 comorbidities 307 (27.2) 93 (26.6) 214 (27.5)

≥ 3 comorbidities 259 (23.0) 100 (28.6) 159 (20.4) 0.008*

Hypertension 362 (32.1) 121 (34.6) 241 (31.0) 0.260

Diabetes 204 (18.1) 72 (20.6) 132 (17.0) 0.170

Myocardial infarction 33 (2.9) 14 (4.0) 19 (2.4) 0.213

Congestive heart failure 115 (10.2) 46 (13.1) 69 (8.9) 0.037*

Chronic obstructive pulmonary disease 154 (13.7) 49 (14.0) 103 (13.5) 0.893

Renal disease 113 (10.0) 52 (14.9) 61 (7.8) <0.001*

Peripheral vascular disease 87 (7.7) 41 (11.7) 46 (5.9) 0.001*

Body Mass Index, median [IQR] 28.8 [25.3, 33.3] 28.9 [25.3, 34.1] 28.8 [25.2, 32.9] 0.450

NEUROLOGIC COMORBIDITIES, N (%)

Cerebrovascular comorbidities 177 (15.7) 69 (19.7) 108 (13.9) 0.016*

Acute Ischemic Stroke 112 (9.9) 49 (14.0) 63 (8.1) 0.016*

Venous Sinus Thrombosis 4 (0.4) 3 (0.9) 1 (0.1) 0.173

Subarachnoid Hemorrhage 5 (0.4) 3 (0.9) 2 (0.3) 0.358

Subdural Hemorrhage 60 (5.3) 18 (5.1) 42 (5.4) 0.973

Intracerebral Hemorrhage 22 (2.0) 11 (3.1) 11 (1.4) 0.087

Other neurological comorbidities

Dementia 39 (3.5) 15 (4.3) 24 (3.1) 0.398

Movement disorder 28 (2.5) 10 (2.9) 18 (2.3) 0.737

Neuromuscular disorder 56 (5.0) 22 (6.3) 34 (4.4) 0.222

Seizure history 25 (2.2) 6 (1.7) 19 (2.4) 0.583

Brain tumor 8 (0.7) 1 (0.3) 7 (0.9) 0.451

*indicates a p < 0.05. Charlson Comorbidity Index Score includes acute myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia,

chronic obstructive pulmonary disease, rheumatoid disease, peptic ulcer disease, liver disease, diabetes with and without complications, hemiplegia or paraplegia, renal disease, cancer,

metastatic solid tumor, and HIV/AIDS.
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FIGURE 2 | Distribution of COVID-19 severe outcomes by cerebrovascular disease history. Bar plots showing counts of all hospitalized patients (A) and

cerebrovascular disease subset (B) with the indicated COVID-19 outcome stratified by decade of life. The majority of critically ill patients over age 70 years and 100%

of patients age 90 years old or older died within 28 days of admission. Age distribution of patients with cerebrovascular disease and COVID-19 was left-skewed

compared to the total cohort. Bar plots showing the proportion of critically ill patients who died stratified by cerebrovascular disease status and decade of life. Counts

(top of bars) show the number of critically ill patients in respective age groups and cerebrovascular disease status (C). CeVD, cerebrovascular disease; CMO, comfort

measures only.

4.02 days [0.34, 9.32] added time on mechanical ventilation
compared to patients without cerebrovascular disease using
a Cox-PH model. The time difference was modeled using
non-parametric cumulative incidence functions in sensitivity
analyses and showed an additional 5.65 days [2.40, 10.85]
of intubation time in patients with cerebrovascular disease.
There were no differences in cause-specific HR for death
between patients with and without cerebrovascular history
after adjustments.

DISCUSSION

In this observational study, we present one of the largest analyses
with extended follow-up among US hospitalized patients with
prior cerebrovascular disease and COVID-19. Of the 1,128
hospitalized patients, 16% (177/1,128) had at least one diagnosis
of cerebrovascular disease prior to COVID-19, and odds of
critical illness in this subpopulation were 1.5-times higher
compared to those without cerebrovascular disease. Additionally,
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TABLE 2 | Lab values of patients with COVID-19 stratified by cerebrovascular disease.

Lab values [median [IQR]] Cerebrovascular History (n = 177) No Cerebrovascular History (n = 951) P-value

CBC

WBC 6.64 [4.95, 9.04] 6.50 [5.05, 8.65] 0.856

ALYMPH 0.96 [0.67, 1.41] 1.00 [0.69, 1.39] 0.310

ANEUT 4.67 [2.98, 6.65] 4.87 [3.45, 6.79] 0.458

HGB 12.45 [10.90, 13.70] 13.40 [12.20, 14.60] <0.001*

RDW 14.10 [13.00, 15.33] 13.20 [12.60, 14.10] <0.001*

PLT 189.50 [148.75, 252.25] 204.00 [158.00, 259.75] 0.063

INFLAMMATORY

D-DIMER 1292.00 [773.00, 2243.50] 968.00 [619.50, 1635.00] <0.001*

FERRITIN 442.00 [193.00, 872.00] 547.00 [286.25, 1051.25] 0.008*

IL-6 18.40 [7.80, 55.50] 21.00 [10.50, 40.15] 0.633

CRP 63.90 [23.50, 133.30] 75.15 [36.20, 146.10] 0.005*

ESR 39.00 [22.00, 67.00] 39.00 [23.00, 60.00] 0.484

LDH 284.00 [226.00, 373.00] 318.00 [245.00, 424.00] 0.002*

COAGULATION FACTORS

PT 14.30 [13.50, 15.50] 13.70 [13.20, 14.53] <0.001*

PT.INR 1.10 [1.00, 1.20] 1.10 [1.00, 1.20] <0.001*

PTT 35.90 [32.25, 40.70] 34.10 [31.00, 38.80] 0.008*

CHEMISTRY

AST 37.00 [23.75, 51.25] 39.00 [27.00, 59.00] <0.001*

ALT 22.00 [15.00, 36.00] 30.00 [19.00, 51.00] <0.001*

BILI, TOTAL 0.40 [0.30, 0.62] 0.45 [0.30, 0.60] 0.040*

CREATININE 1.06 [0.83, 1.71] 0.89 [0.74, 1.10] <0.001*

eGFR 59.00 [32.00, 81.00] 85.00 [61.25, 101.00] <0.001*

LDH 284.00 [226.00, 373.00] 318.00 [245.00, 424.00] 0.002*

METABOLIC

TOTAL CHOL 130.00 [106.00, 159.00] 131.00 [109.00, 151.00] 0.682

HBA1C 6.50 [6.00, 8.00] 6.50 [5.90, 8.20] 0.731

*indicates a p< 0.05. WBC, White Blood Cell; Alymph, Lymphocyte count; ANEUT, Neutrophil count; HGB, Hemoglobin; RDW, Red blood cell distribution; PLT, Platelet; IL-6, Interleukin-

6; C.P.R., C-reactive protein; ESR, Erythrocyte sedimentation rate; LSH, Lactic acid dehydrogenase; PT, Prothrombin Time; INR, International normalized ratio; PTT, Partial thromboplastin

time; AST, Aspartate transaminase; ALT, Alanine Transaminase; BILI, Bilirubin; eGFR, eGFR glomerular filtration rate; HBA1C, Hemoglobin A1c.

these data show that patients with cerebrovascular disease
were less likely to achieve successful extubation and estimated
to be ventilated for 4–5 days longer than patients without
a prior cerebrovascular disease. Given that available data on
cerebrovascular disease comorbidity and in-hospital outcomes
are limited, we anticipate these findings to be relevant for
outpatient prevention strategies and prognostic discussions with
patients and families, especially as countries experience resurges
of SARS-CoV-2 infections.

In this cohort, the majority of patients with a prior
cerebrovascular disease had a prior acute ischemic stroke
(9.9%; 11/1,128), a prevalence which was higher than expected
from U.S. 2013–2016 stroke estimates of 2.5% for adults
ages > 20 years old (14). These results are consistent
with published cohorts suggesting a greater number of
hospitalized COVID-19 patients with cerebrovascular disease
than prevalence estimates and increased likelihood of negative
outcomes (4, 8, 10–13, 16, 17, 21, 28–31). The findings
presented here extends our understanding of comorbidities

that may contribute to increased risk of critical illness in
COVID-19, and additionally suggests that critically ill COVID-
19 patients with cerebrovascular disease may be prone to
longer mechanical ventilation time than patients of similar
ages and demographics without cerebrovascular disease. It is
possible that patients with prior history of cerebrovascular
disease are vulnerable to prolonged ventilation in COVID-
19 given a propensity for lower levels of premorbid function,
increased probability of cerebrovascular events after diagnosis
or increased risk of frailty, a clinical state which is a strong
predictor of adverse health effects including hospitalization,
disability, and mortality (32). Recent data also suggests that
COVID-19 patients with delirium are more likely to have
longer duration of intubation (33). Given that predictors of
delirium include medical comorbidities such as cerebrovascular
disease, it may be challenging to distinguish which factors
predominate in conferring risk of longer intubation times
and requires large scale studies. Irrespective of cause, the
impact of longer duration of intubation can be extrapolated
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TABLE 3 | Associations between cerebrovascular disease history and critical

illness.

Number of events/number of

patients at risk (%)

Prior cerebrovascular disease 69/177 (39.9%)

No prior cerebrovascular disease 281/951 (29.5%)

Odds of critical illness:

OR [95% CI], P-value

Unadjusted 1.52 [1.09–2.12], 0.01

IPW adjustedα 1.54 [1.14–2.07], < 0.01

2:1 PS matchedβ 1.58 [1.08–2.36], 0.02

αthe odds ratio was calculated for age, sex, Latinx ethnicity, and Black or White race

using an inverse propensity-score weighted IPW logistic regression analysis. The analysis

included all 1,128 patients.
βsensitivity analyses calculating the odds ratio from 2:1 propensity score (PS) matched

cohort. Analyses include 531 cases without cerebrovascular disease history and 177

cases with cerebrovascular disease.

from other critical care studies prior to the COVID-19
pandemic, which show that increased ventilation times are
associated with a greater need for sedation and analgesics and
higher rates of ventilator-associated pneumonia, line infections,
urinary tract infections, delirium, ileus, and decubitus ulcers
(34–36). Further, additional days on ventilators are likely
to lead to greater rehabilitation needs, reduced cognitive
function, and could be uniquely detrimental for patients
with prior neurological deficits and their family members
(37, 38).

A prior study suggested that patients with cerebrovascular
disease may have more aggressive inflammatory responses on
admission for COVID-19 (8). While our data did not show
increases in CRP or ferritin or evidence of lymphopenia among
patients with a prior cerebrovascular disease, they had higher
levels of D-dimer and troponin levels, consistent with a prior
study of stroke patients (8). Additionally, admission RDW
was elevated in patients with cerebrovascular disease in this
study. Elevated RDW has been shown to be a marker of all-
cause mortality, a predictor of complicated hospitalizations that
included the need for MV from infectious causes such as
influenza (26, 39). and recent data suggests an association with
increased mortality risk in COVID-19 (40). Given that COVID-
19 is associated with diffuse coagulopathy and thrombotic events
(41–43). further study is required to determine if COVID-19
infection exacerbates vascular pathology present in patients with
cerebrovascular disease and if this subpopulation requires closer
diagnostic monitoring for coagulopathy and disease progression
during COVID-19.

Our work has several limitations worth noting. It is a single-
center observational study and relies on the EHR, which may
not capture full medical histories; thus, some misclassification of
prior medical diagnosis is possible. Tominimize misclassification
bias, our group manually validated data relying on expertise
from clinicians in multiple disciplines. We allowed for ancillary
data regarding history of cerebrovascular disease based on
radiographic imaging data to be introduced, and while we

FIGURE 3 | Incidence of successful extubation over 45-days of in-hospital

observation. Cox proportional (line) and non-parametric (dashed line)

estimation of cumulative incidence of transitioning from intubation to

extubation without death in patients with cerebrovascular disease (red) and no

cerebrovascular disease history (gray). Patients with cerebrovascular disease

had lower cumulative incidence of successful extubation without death over a

45-day observation window [adjusted cause-specific HR 0.57 [95% CI

0.33–0.98]]. The number of patients intubated is shown on the bottom

stratified by presence or absence of cerebrovascular disease. CI, Confidence

interval; HR, Hazard ratio.

added only a small fraction of patients to the overall cohort
with history of cerebrovascular disease (14 patients), this
may have led to residual confounding. Data on premorbid
level of functioning and details of prior lung function were
unavailable and could impact the likelihood of successful
extubation; neither could be adjusted for in our analyses.
Long-term follow-up that includes cognitive assessments for
patients with prior cerebrovascular disease will be critical
to understand the longitudinal impact of COVID-19 in this
subgroup. Finally, we used SARS-CoV-2 RT-PCR positive
results as an indicator of COVID-19 disease, however, PCR
results may be an incidental finding in some cases. At the
time of admission for this cohort, asymptomatic patients
were not routinely tested using SARS-COV-2 RT-PCR, and
the majority of cases presented were clinically considered as
having COVID-19.

In summary, our findings show that patients with
cerebrovascular disease and COVID-19 have higher odds
of critical illness, and a lower incidence of successful
extubations. This subpopulation is estimated to have longer
mechanical ventilation times compared to patients of
similar ages without cerebrovascular disease. In aggregate,
these data suggest there are important opportunities
for proactive outpatient neurological care and open
discussion regarding vaccine allocation priorities and
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for the management and expectations of duration of
mechanical ventilation and critical disease in patients with
cerebrovascular disease.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Mass General Brigham (MGB) institutional review
board (IRB). Written informed consent for participation was
not required for this study in accordance with the IRB for
retrospective analyses.

AUTHOR CONTRIBUTIONS

SM, SD, HA, GR, and MW: had full access to all the data in
the study and take responsibility for the integrity of the data
and the accuracy of the data analysis. SM, SD, HA, JR, GR, and
MW: concept and design. SM, SD, HA, LB, SC, EY, KK, and
CB: drafting of the manuscript. SM, SD, HA, LB, BF, JH, MDL,
ML, VT, JR, GR, and MW: critical revision of the manuscript for
important intellectual content. SM, SD, CM, HS, MJL, AJ, WG,
Y-PS, EY, andMW: statistical analysis. SM, SD,HA, GR, andMW:
supervision. All authors: acquisition, analysis, or interpretation
of data.

FUNDING

SM was supported by the National Institute of Mental Health
at the National Institutes of Health (Grant no. K23MH115812),
the Harvard University Eleanor and Miles Shore Fellowship
Program and James S. McDonnell Foundation. HS and MJL
were supported by a Developmental Award from the Harvard
University Center for AIDS Research (HU CFAR NIH/NIAID
fund 5P30AI060354-16). SD and CM were supported by
the National Institute on Aging (P30AG062421). VT was
supported by NIH R01HL132786 and NIH R01AG062393.
MW was supported by the Glenn Foundation for Medical
Research and American Federation for Aging Research
(Breakthroughs in Gerontology Grant); American Academy
of Sleep Medicine (AASM Foundation Strategic Research
Award); Football Players Health Study (FPHS) at Harvard
University; Department of Defense through a subcontract from
Moberg I.C.U. Solutions, Inc; by the N.I.H. (1R01NS102190,
1R01NS102574, 1R01NS107291, and 1RF1AG064312).

ACKNOWLEDGMENTS

We would like to acknowledge all front-line healthcare workers
taking care of patients during the COVID-19 pandemic.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.642912/full#supplementary-material

REFERENCES

1. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet. (2020) 395:1054–62.
doi: 10.1016/S0140-6736(20)30566-3

2. CDC COVID-19 Response Team. Severe outcomes among patients with
coronavirus disease 2019 (COVID-19) - United States, February 12-
March 16, 2020. MMWR Morb Mortal Wkly Rep. (2020) 69:343–6.
doi: 10.15585/mmwr.mm6912e2

3. Goyal P, Choi JJ, Pinheiro LC, Schenck EJ, Chen R, Jabri A, et al. Clinical
characteristics of Covid-19 in New York City. N Engl J Med. (2020) 382:2372–
4. doi: 10.1056/NEJMc2010419

4. Cummings MJ, Baldwin MR, Abrams D, Jacobson SD, Meyer BJ, Balough
EM, et al. Epidemiology, clinical course, and outcomes of critically ill adults
with COVID-19 in New York City: a prospective cohort study. Lancet. (2020)
395:1763–70. doi: 10.1101/2020.04.15.20067157

5. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A,
et al. Baseline characteristics and outcomes of 1591 patients infected with
SARS-CoV-2 admitted to ICUs of the Lombardy Region, Italy. JAMA. (2020)
323:1574–81. doi: 10.1001/jama.2020.5394

6. Wu C, Chen X, Cai Y, Xia JA, Zhou X, Xu S, et al. Risk factors associated with
acute respiratory distress syndrome and death in patients with coronavirus
disease 2019 pneumonia in Wuhan, China. JAMA Intern Med. (2020)
180:934–43. doi: 10.1001/jamainternmed.2020.0994

7. Sun H, Jain A, Leone MJ, Alabsi HS, Brenner LN, Ye E, et al. CoVA: an acuity
score for outpatient screening that predicts COVID-19 Prognosis. J Infect Dis.
(2020) 223:38–46. doi: 10.1093/infdis/jiaa663

8. Qin C, Zhou L, Hu Z, Yang S, Zhang S, ChenM, Yet al. Clinical Characteristics
and Outcomes of COVID-19 Patients With a History of Stroke in Wuhan,
China. Stroke. (2020) 51:2219–23. doi: 10.1161/STROKEAHA.120.030365

9. Trejo-Gabriel-Galán JM. Ictus como complicación y como factor pronóstico
de COVID-19. Neurología. (2020) 35:318–22. doi: 10.1016/j.nrl.2020.04.015

10. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. China medical
treatment expert group for, clinical characteristics of coronavirus disease 2019
in China. N Engl J Med. (2020) 382:1708–20.

11. Chen T, Wu D, Chen H, YanW, Yang D, Chen G, et al. Clinical characteristics
of 113 deceased patients with coronavirus disease 2019: retrospective study.
BMJ. (2020) 368:m1091. doi: 10.1136/bmj.m1091

12. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of
138 hospitalized patients with 2019 novel coronavirus–infected pneumonia in
Wuhan, China. JAMA. (2020) 323:1061–69. doi: 10.1001/jama.2020.1585

13. Romero-Sánchez CM, Díaz-Maroto I, Fernández-Díaz E, Sánchez-Larsen
Á, Layos-Romero A, García-García J, et al. Neurologic manifestations in
hospitalized patients with COVID-19: The ALBACOVID registry. Neurology.
(2020) 95:e1060–70. doi: 10.1212/WNL.0000000000009937

14. Frontera JA, Sabadia S, Lalchan R, Fang T, Flusty B, Millar-Vernetti
P, et al. A prospective study of neurologic disorders in hospitalized
COVID-19 patients in New York City. Neurology. (2020) 96:e575–86.
doi: 10.1212/WNL.0000000000010979

15. Liotta EM, Batra A, Clark JR, Shlobin NA, Hoffman SC, Orban ZS,
et al. Frequent neurologic manifestations and encephalopathy-associated
morbidity in Covid-19 patients. Ann Clin Transl Neurol. (2020) 7:2221–30.
doi: 10.1002/acn3.51210

16. Aggarwal G, Lippi G, Michael Henry B. Cerebrovascular disease is associated
with an increased disease severity in patients with Coronavirus Disease 2019

Frontiers in Neurology | www.frontiersin.org 9 April 2021 | Volume 12 | Article 642912

https://www.frontiersin.org/articles/10.3389/fneur.2021.642912/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.15585/mmwr.mm6912e2
https://doi.org/10.1056/NEJMc2010419
https://doi.org/10.1101/2020.04.15.20067157
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1093/infdis/jiaa663
https://doi.org/10.1161/STROKEAHA.120.030365
https://doi.org/10.1016/j.nrl.2020.04.015
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1212/WNL.0000000000009937
https://doi.org/10.1212/WNL.0000000000010979
https://doi.org/10.1002/acn3.51210
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Mukerji et al. Prior Cerebrovascular Disease and COVID-19

(COVID-19): a pooled analysis of published literature. Int J. Stroke. (2020)
15:385–9. doi: 10.1177/1747493020921664

17. Florez-Perdomo WA, Serrato-Vargas SA, Bosque-Varela P, Moscote-Salazar
LR, Joaquim AF, Agrawal A, et al. Relationship between the history of
cerebrovascular disease and mortality in COVID-19 patients: a systematic
review and meta-analysis. Clin Neurol Neurosurg. (2020) 197:106183.
doi: 10.1016/j.clineuro.2020.106183

18. Teeters DA, Moua T, Li G, Kashyap R, Biehl M, Kaur R, et al. Mild cognitive
impairment and risk of critical illness. Crit Care Med. (2016) 44:2045–51.
doi: 10.1097/CCM.0000000000001842

19. Phelan EA, Borson S, Grothaus L, Balch S, and Larson EB. Association
of incident dementia with hospitalizations. JAMA. (2012) 307:165–172.
doi: 10.1001/jama.2011.1964

20. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW,
Carson AP, et al. Heart disease and stroke statistics-2019 update: a report
from the American Heart Association. Circulation. (2019) 139:e56–528.
doi: 10.1161/CIR.0000000000000659

21. Kummer BR, Klang E, Stein LK, Dhamoon MS, Jetté N. History of stroke is
independently associated with in-hospital death in patients with COVID-19.
Stroke. (2020) 51:3112–4. doi: 10.1161/STROKEAHA.120.030685

22. Xu S, Ross C, Raebel MA, Shetterly S, Blanchette C, Smith D. Use
of stabilized inverse propensity scores as weights to directly estimate
relative risk and its confidence intervals. Value Health. (2010) 13:273–7.
doi: 10.1111/j.1524-4733.2009.00671.x

23. Allignol A, Schumacher M, Beyersmann J. Empirical transition matrix
of multi-state models: the etm package. J Stat Softw. (2011) 38:1–15.
doi: 10.18637/jss.v038.i04

24. Bella Vakulenko-Lagun CM, Charpignon ML, Zheng B, Albers M, Das S.
causalCmprsk: Nonparametric and Cox-based Estimation of Average Treatment

Effects in Competing Risks. R Package Version 1.0.0. Available online at: https://
github.com/Bella2001/causalCmprsk, 2020

25. Zhao L, Tian L, Claggett B, Pfeffer M, Kim DH, Solomon S, et al. Estimating
treatment effect with clinical interpretation from a comparative clinical trial
with an end point subject to competing risks. JAMA Cardiol. (2018) 3:357–8.
doi: 10.1001/jamacardio.2018.0127

26. Patel KV, Ferrucci L, Ershler WB, Longo DL, Guralnik JM. Red blood cell
distribution width and the risk of death in middle-aged and older adults. Arch
Intern Med. (2009) 169:515–23. doi: 10.1001/archinternmed.2009.11

27. Ayubi E, Safiri S. The association between red cell distribution width and poor
outcomes in hospitalized patients with influenza: methodological issues. J Crit
Care. (2017) 41:324. doi: 10.1016/j.jcrc.2017.07.016

28. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, et al.
Features of 20 133 UK patients in hospital with covid-19 using the ISARIC
WHO Clinical Characterisation Protocol: prospective observational cohort
study. BMJ. (2020) 369:m1985. doi: 10.1136/bmj.m1985

29. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality
due to COVID-19 based on an analysis of data of 150 patients from Wuhan,
China. Intensive Care Med. (2020) 46: 846–8. doi: 10.1007/s00134-020-0
5991-x

30. Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR, Nalla AK, et al.
Covid-19 in critically ill patients in the Seattle region—case series.N Engl Med

J. (2020) 382:2012–2. doi: 10.1056/NEJMoa2004500
31. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and

clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia
in Wuhan, China: a descriptive study. Lancet. (2020) 395:507–13.
doi: 10.1016/S0140-6736(20)30211-7

32. Evans NR,Wall J, To B, Wallis SJ, Romero-Ortuno R, Warburton EA. Clinical
frailty independently predicts early mortality after ischaemic stroke. Age
Ageing. (2020) 49:588–91. doi: 10.1093/ageing/afaa004

33. Helms J, Kremer S, Merdji H, Schenck M, Severac F, Clere-Jehl R, et al.
Delirium and encephalopathy in severe COVID-19: a cohort analysis

of ICU patients. Crit Care. (2020) 24:491. doi: 10.1186/s13054-020-0
3200-1

34. Williams TA, Ho KM, Dobb GJ, Finn JC, Knuiman M, S.Webb AR, et al.
Royal Perth Hospital, Effect of length of stay in intensive care unit on hospital
and long-term mortality of critically ill adult patients. Br J Anaesth. (2010)
104:459–64. doi: 10.1093/bja/aeq025

35. Moitra VK, Guerra C, Linde-Zwirble WT, Wunsch H. Relationship Between
ICU length of stay and long-term mortality for elderly ICU survivors. Crit
Care Med. (2016) 44:655–62. doi: 10.1097/CCM.0000000000001480

36. Kress JP, Hall JB. ICU-acquired weakness and recovery from critical illness. N
Engl J Med. (2014) 371:287–8. doi: 10.1056/NEJMc1406274

37. Wilcox ME, Brummel NE, Archer K, Ely EW, Jackson JC, Hopkins
RO. Cognitive dysfunction in ICU patients: risk factors, predictors,
and rehabilitation interventions. Crit Care Med. (2013) 41:S81–98.
doi: 10.1097/CCM.0b013e3182a16946

38. Meyers EE, Presciutti A, Shaffer KM, Gates M, Lin A, Rosand J, et al.
The impact of resilience factors and anxiety during hospital admission on
longitudinal anxiety among dyads of neurocritical care patients without major
cognitive impairment and their family caregivers. Neurocrit Care. (2020)
33:468–78. doi: 10.1007/s12028-020-00913-7

39. Tonelli M, Sacks F, Arnold M, Moye L, Davis B, Pfeffer M, et al.
Recurrent events trial, relation between red blood cell distribution width and
cardiovascular event rate in people with coronary disease. Circulation. (2008)
117:163–8. doi: 10.1161/CIRCULATIONAHA.107.727545

40. Foy BH, Carlson CT, Reinertsen E, Valls PI, Lopez RP, Palanques-Tost E,
et al. Association of red blood cell distribution width with mortality risk in
hospitalized adults with SARS-CoV-2 infection. JAMA Network Open. (2020)
3:e2022058. doi: 10.1001/jamanetworkopen.2020.22058

41. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F,
et al. Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in
Covid-19. N Engl J Med. (2020) 383:120–8. doi: 10.1056/NEJMoa2015432

42. Lang M, Som A, Mendoza DP, Flores EJ, Reid N, Carey D, et al. Hypoxaemia
related to COVID-19: vascular and perfusion abnormalities on dual-energy
CT. Lancet Infect Dis. (2020) 20:1365–6. doi: 10.1016/S1473-3099(20)30367-4

43. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Driggin E, et al..
COVID-19 and thrombotic or thromboembolic disease: implications for
prevention, antithrombotic therapy, and follow-up: JACC state-of-the-art
review. J Am Coll Cardiol. (2020) 75:2950–73. doi: 10.1016/j.jacc.2020.04.031

Conflict of Interest: JR is supported by OneMind and the American Heart
Association and has consulted for Boehringer Ingelheim, outside the scope of this
work. MA is co-founder, equity holder, and has consulted for Day 0 Diagnostics,
outside the scope of this work. LB has research funding from Apple Inc., outside
the scope of this work. JK-C has research funding from General Electric, outside
the scope of this work. GR reports grants paid to MGH from Pfizer, Gilead,
Citius Pharm, Emergent Biosolutions, Leonard Meron Bioscience, for clinical trial
support outside the submitted work.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Mukerji, Das, Alabsi, Brenner, Jain, Magdamo, Collens, Ye, Keller,

Boutros, Leone, Newhouse, Foy, Li, Lang, Anahtar, Shao, Ge, Sun, Triant, Kalpathy-

Cramer, Higgins, Rosand, Robbins and Westover. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 10 April 2021 | Volume 12 | Article 642912

https://doi.org/10.1177/1747493020921664
https://doi.org/10.1016/j.clineuro.2020.106183
https://doi.org/10.1097/CCM.0000000000001842
https://doi.org/10.1001/jama.2011.1964
https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1161/STROKEAHA.120.030685
https://doi.org/10.1111/j.1524-4733.2009.00671.x
https://doi.org/10.18637/jss.v038.i04
https://github.com/Bella2001/causalCmprsk
https://github.com/Bella2001/causalCmprsk
https://doi.org/10.1001/jamacardio.2018.0127
https://doi.org/10.1001/archinternmed.2009.11
https://doi.org/10.1016/j.jcrc.2017.07.016
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1056/NEJMoa2004500
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1093/ageing/afaa004
https://doi.org/10.1186/s13054-020-03200-1
https://doi.org/10.1093/bja/aeq025
https://doi.org/10.1097/CCM.0000000000001480
https://doi.org/10.1056/NEJMc1406274
https://doi.org/10.1097/CCM.0b013e3182a16946
https://doi.org/10.1007/s12028-020-00913-7
https://doi.org/10.1161/CIRCULATIONAHA.107.727545
https://doi.org/10.1001/jamanetworkopen.2020.22058
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1016/S1473-3099(20)30367-4
https://doi.org/10.1016/j.jacc.2020.04.031
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Prolonged Intubation in Patients With Prior Cerebrovascular Disease and COVID-19
	Introduction
	Methods
	Study Setting and Population
	Data Collection
	Exposure and Outcome Measures
	Statistical Analysis

	Results
	Clinical Characteristics of Patients Admitted With COVID-19
	Odds of Critical Illness in Patients With Prior Cerebrovascular Disease
	Cumulative Incidence of Successful Extubation in Patients With Cerebrovascular Disease

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


