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Abstract

Background: Meta-analyses of observational studies report a 1.1-1.7% pooled risk of stroke among patients with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection requiring hospitalization, but consultations
for stroke and reperfusion procedures have decreased during the outbreak that occurred during the first half of the
year 2020. It is still unclear whether a true increase in the risk of stroke exists among patients with coronavirus disease
2019 (COVID-19). In-hospital ischemic stroke (IHIS) complicated the 0.04-0.06% of all admissions in the pre-COVID-19
era, but its incidence has not been assessed among inpatients with COVID-19. We aimed to compare IHIS incidence
among patients with SARS-CoV-2 infection with that of inpatients with non-COVID-19 ilinesses from the same out-
break period and from previous periods.

Methods: This historical cohort study belongs to the COVID-19@Vallecas cohort. The incidence of IHIS was estimated
for patients with SARS-CoV-2 hospitalized during March-April 2020 [COVID-19 cohort (CC)], for patients with non-
COVID-19 medical illness hospitalized during the same outbreak period [2020 non-COVID-19 cohort (20NCC)], and for
inpatients with non-COVID-19 illness admitted during March—April of the years 2016-2019 [historical non-COVID-19
cohort (HNCQ)]. Unadjusted risk of IHIS was compared between the three cohorts, and adjusted incidence rate ratio
(IRR) of IHIS between cohorts was obtained by means of Poisson regression.

Results: Overall, 8126 inpatients were included in this study. Patients in the CC were younger and more commonly
men than those from the HNCC and 20NCC. Absolute risk of IHIS was 0.05% for HNCC, 0.23% for 20NCC, and 0.36% for
CC, (p=0.004 for HNCC vs. CC). Cumulative incidence for IHIS by day nine after admission, with death as a competing
risk, was 0.09% for HNCC, 0.23% for 20NCC, and 0.50% for CC. In an adjusted Poisson regression model with sex, age,
needing of intensive care unit admission, and cohort (HNCC as reference) as covariates, COVID-19 was an independ-
ent predictor for IHIS (IRR 6.76, 95% confidence interval 1.66-27.54, p=0.01). A nonsignificant increase in the risk of
IHIS was observed for the 20NCC (IRR 5.62, 95% confidence interval 0.93-33.9, p=0.06).

Conclusions: SARS-CoV-2 outbreak was associated with an increase in the incidence of IHIS when compared with
inpatients from a historical cohort. Viral infection itself may be related to the increased risk of IHIS among patients
with COVID-19, but in view of our results from the 20NCC, it is likely that other factors, such as hospital saturation and
overwhelming of health systems, may have played a role in the increased frequency of [HIS.
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Introduction

Case series and cohort studies report a relatively high
frequency of stroke among patients with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection [1-4]. Meta-analyses have estimated a 1.1-
1.7% pooled risk of ischemic stroke among patients
with this disease requiring hospitalization [5-8], and
one population-based study yielded a ~10 times higher
incidence of ischemic stroke during the first 14 days
after Coronavirus disease 2019 (COVID-19) diagno-
sis [9]. COVID-19 has been also associated with an
increased risk of large-vessel occlusion strokes and
with worse functional outcome and higher mortality
than strokes among patients with non-COVID-19 ill-
ness [10-13]. Several physiopathological hypotheses
have been suggested for these observations. Angio-
tensin-converting enzyme-2 receptor expression in
arterial smooth muscle cells, specifically in the brain
vessels, may have relevance in the presentation of
acute ischemic strokes [14]. In addition, an acquired
syndrome known as COVID-19-associated coagulopa-
thy has emerged to be frequent, multifactorial, and
involve venous, arterial, and microcirculatory systems
[15]. Also, it is possible that more severe COVID-19
is related to a higher risk of thrombosis mediated by
cytokine storm and immuno-inflammation [16].

As an apparent paradox, consultations for stroke
and reperfusion procedures have decreased during the
SARS-CoV-2 outbreak that occurred during the first
half of the year 2020 [17-20]. This has been attrib-
uted to the fear of being exposed to SARS-CoV-2 and
has caused a delay in seeking medical attention or even
avoiding consultation, a reduced detection of stroke
due to isolation, or overwhelmed emergency medical
systems [21]. However, it is still unclear whether a true
increase in the risk of stroke exists among patients with
COVID-19 [22]. Epidemiological evidence assessing
the actual risk of stroke associated with SARS-CoV-2
infection is scarce, probably because of the difficulty
of obtaining reliable data at a population level during
the pandemic. To overcome this limitation, we aimed
to compare the incidence of in-hospital ischemic stroke
(IHIS) among patients with SARS-CoV-2 infection
during the COVID-19 outbreak with the incidence of
IHIS among patients with non-COVID-19 illness. IHIS
represents the 2—-17% of all strokes [23] and has been
reported to complicate the 0.04—0.06% of all admissions
in the pre-COVID-19 era [24, 25]. Analysis of the inci-
dence of IHIS would allow for the evaluation of the risk

of ischemic stroke associated with COVID-19, assum-
ing that any event occurring during hospitalization
would cause medical consultation, and would therefore
be more easily identified.

Methods

This historical cohort study belongs to the COVID-19@
Vallecas cohort and received approval from the Infanta
Leonor Hospital research ethics committee, who waived
written informed consent because of its retrospective
design. Our institution is composed of a 260-bed acute
care facility (the Hospital Universitario Infanta Leonor)
and a 100-bed rehabilitation and long-term care facility
(the Hospital Virgen de la Torre), both in the neighbor-
hood of Vallecas, Madrid, Spain. Our institution received
the first confirmed case of SARS-CoV-2 infection on
March 1, 2020, and then rapidly became a de facto
COVID-19 hospital, reaching a maximum of 569 inpa-
tients with confirmed or suspected SARS-CoV-2 infec-
tion at the peak of the pandemic. Patients with confirmed
or suspected COVID-19 were admitted if they presented
with any of the following: basal oxygen saturation < 95%,
tachypnea with breathing rate > 24 per minute, dyspnea,
bilateral interstitial lung infiltrates on chest X-ray, or,
at criteria of the attending physician, if they had other
clinical or analytical risk factors for developing an unfa-
vorable evolution of the disease (e.g., patients who are
immunocompromised, previous lung disorders, active
malignancies).

Characteristics and outcomes of the patients included
in the COVID-19@Vallecas cohort have been described
elsewhere [26]. Briefly, the cohort was composed of
more than 2200 patients (57% men) with a median age of
69 years. The prevalence of hypertension was 55%, of dia-
betes 24%, and of obesity 16%. Of all the patients, 14% had
acute respiratory distress syndrome, and 6% of inpatients
were admitted to the intensive care unit (ICU). Cumula-
tive incidence of ischemic stroke in the cohort was 1.4%
by day ten [27]. During the first weeks of the outbreak,
admitted patients received thromboprophylaxis with
20 or 40 mg of subcutaneous enoxaparin (depending
on body weight and kidney function) unless contraindi-
cated. By April 9, 2020, because of the recommendations
from the Spanish Society of Thrombosis and Hemo-
stasis, a dosage-escalating protocol was implemented.
This enhanced thromboprophylaxis protocol recom-
mended treatment with subcutaneous enoxaparin 40 mg
per 24 h for those inpatients with body weight<60 kg
or age >75 years; 60 mg per 24 h for those patients with
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body weight of 60—100 kg; and 80 mg per 24 h if weight
was>100 kg. Those patients considered to be at a high
thrombotic risk received treatment with enoxaparin
1 mg/kg/24 h (0.75 mg/kg/24 h if age >75 years), and the
dosage was up to 0.75-1 mg/kg/12 h for patients who
were critically ill. These dosages were reduced if filtration
rate estimated by the MDRD-4 was <30 ml/minute/1.73
m? [27]. The degree of compliance with the two different
protocols in the COVID-19@Vallecas cohort was 92.5%
from March 3 to April 8 and 97.9% from April 9 onward.

For the present study, we established three clinical
cohorts: (1) the COVID-19 cohort (CC) included those
inpatients testing positive to SARS-CoV-2 by means
of polymerase chain reaction (PCR) (nasopharyngeal
swab) between March 1 and April 3, 2020; (2) the 2020
non-COVID-19 cohort (20NCC) included those inpa-
tients with a negative result of PCR to SARS-CoV-2
who were hospitalized in medical specialty wards (i.e.,
cardiology, endocrinology, gastroenterology, geriatrics,
hematology, internal medicine, nephrology, neurology,
oncology, palliative care medicine, pulmonary medicine,
and rheumatology) and/or the ICU during the period
from March 1 to April 30, 2020; and (3) those inpatients
admitted during the months of March and April of the
years 2016 to 2019, which were considered previous
equivalent periods, formed the historical non-COVID-19
cohort (HNCC). Inpatients admitted to surgical wards
were excluded to increase the comparability of cohorts.
Time at risk was obtained for all patients who generated
at least 1 day of hospital stay in medical specialty wards.
Only the stays generated during the 61-day study periods
of the included years were considered to calculate the
incidence of IHIS. Follow-up time was the time elapsed
between admission and IHIS, discharge, or death (what-
ever happened earlier), and was censored by April 30,
2020, for patients who remained admitted at the end of
the study period.

Patients who presented with IHIS were identified from
hospital databases [codes 163 to 166 of the 10th version
of the International Classification of Diseases (ICD-10)]
[28] and cross-ascertained with in-hospital neurologi-
cal consultation registers. Two authors (FSH and EAR)
independently reviewed the available clinical informa-
tion on the episodes that had received an ICD-10 second-
ary diagnosis of ischemic stroke at discharge. Only those
inpatients with registered clinical evidence of an acute,
new onset focal neurological impairment during hospi-
talization compatible with a neurovascular syndrome and
meeting World Health Organization criteria for the clini-
cal diagnosis of stroke [29] and a confirmed brain infarc-
tion on brain imaging testing (computed tomography
and/or magnetic resonance imaging), topographically
congruent with clinical presentation, were recorded as

having an IHIS. Etiology of IHIS was diagnosed accord-
ing to the Trial of ORG 10172 in Acute Stroke Treat-
ment (TOAST) stroke subtype classification system [30].
A principal diagnosis of pneumonia was given to those
patients coded with J12 to J18 of the ICD-10. Severe
pneumonia was defined by the Infectious Diseases Soci-
ety of America/American Thoracic Society (IDSA/ATS)
criteria [31].

Data were collected using REDCap (Research Elec-
tronic Data Capture) electronic data capture tools hosted
at Ideas for Health Association. REDCap is a secure,
Web-based software platform designed to support data
capture for research studies [32]. Data on pneumonia
severity were missing for 139 patients. No other miss-
ing data existed. Analysis was performed using Stata
12 (StataCorp LLC, College Station, TX). Frequencies
of categorical variables are expressed as numbers and
percentages, and results of discrete or continuous vari-
ables are reported as medians and interquartile ranges
(IQRs). For their comparisons, y* or Kruskall-Wallis tests
were applied when appropriate. When differences were
observed, between-group comparisons applying the Bon-
ferroni correction were done.

Several analyses were performed on the three cohorts
to assess the risk of IHIS. Firstly, absolute frequencies
of THIS were compared applying x> tests, with the Bon-
ferroni correction for multiple comparisons. Secondly,
cumulative incidences of IHIS were estimated by the
multiple decrement model, with death as a compet-
ing risk [33]. Thirdly, unadjusted incidence rates for
IHIS were calculated by dividing the number of events
observed by the number of person-days recorded within
each group. Unadjusted incidence rate ratios (IRR) were
obtained. Finally, Poisson regression allowed us to obtain
IRR of IHIS between cohorts after covariate adjustment.
A value of p <0.05 was considered significant.

Results

Overall, 8126 inpatients were included in this study. Dur-
ing the period of March and April 2020, 2546 patients
were hospitalized (median age 72 years, IQR 57-83 years)
and generated 19,938 stays (i.e., person-days) (Fig. 1).
Of them, 1673 tested positive for SARS-CoV-2 (the
CC) and 873 tested negative (the 20NCC). During the
period of March and April of the years 2016 to 2019
(the HNCC), 5,580 admissions in medical wards and/
or ICU were recorded. Patients in the CC were younger
and more commonly men than their counterparts from
the HNCC and the 20NCC (for sex, y*=29.4, p<0.001;
and for age, H,=188.7, p<0.001) (Table 1). The CC had
shorter median hospital stay than the HNCC (¢=2.6,
p=0.03) but not than the 20NCC (¢=1.0, p=0.70).
Among the CC, 239 of 1534 (15.6%) patients presented
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March - April March - April
2016 - 2019 2020
n=2,546

(19,938 person-days)

Negative PCR Positive PCR
to SARS-CoV-2 to SARS-CoV-2

“Historical non-COVID-19” cohort ~ “2020 non-COVID-19” cohort “COVID-19” cohort
n=5,580 n=873 n=1,673
(45,891 person-days) (6,044 person-days) (13,894 person-days)

Fig. 1 Flow diagram of the study. PCR Polymerase chain reaction

Table 1 Characteristics of the included patients

Total HNCC 20NCC cC p value p for comparisons
(N=8126) (n=5580) (n=873) (n=1673)

HNCC HNCC 20NCC
versus CC  vesus 20NCC  versus CC

March-April 1013 (18.2) 1013 (18.2) 0(0) 0(0) - - - -
2016, n (%)

March—April 1505 (27.0) 1505 (27.0) 0(0) 0(0) - - - -
2017, n (%)

March-April 1507 (27.0) 1507 (27.0) 0(0) 0(0) - - - -
2018, n (%)

March-April 1555 (27.9) 1555 (27.9) 0(0) 0(0) - - - -
2019, n (%)

March-April 2546 (31.3) 0(0) 873 (100) 1673 (100) - - - -

2020, n (%)

Survivors 7(4-12) 7(4-12) 6(3-11) 7 (4-11) 0.007 0.99 0.007 0.02
(days),
median (IQR)

Nonsurvivors 9 (4-20) 13 (5-25) 11 (3.5-23) 6(3-12) <0.001 <0.001 0.21 <0.001
(days),
median (IQR)
Time at risk, 65,829 45,891 6044 13,894 - - - -
person-days
SARS-CoV-2 1673 (20.6) 0(0) 0(0) 1673 (100)
infection, n (%)
Principal diagno- 2007 (24.7) 384 (6.9) 193 (22.1) 1430 (85.5) <0.001 <0.001 <0.001 <0.001
sis of pneumo-
nia, n (%)
ICU admission, 341 (4.2) 234 (4.2) 18 (2.1) 89 (5.3) 0.001 0.1 0.004 <0.001
n (%)
In-hospital dead, 914 (11.3) 518(9.3) 108 (124) 288(17.2) <0.001 <0.001 0.008 0.002
n (%)

20NCC 2020 non-COVID-19 cohort, CC COVID-19 cohort, CI Confidence interval, HNCC Historical non-COVID-19 cohort, ICU Intensive care unit, QR Interquartile range,
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
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Table 2 Incidence of in-hospital ischemic stroke

HNCC
(n=5580)

Frequency, n (%) 11 (0.01) 3(0.05) 2(0.23)

10-day cumulative 0.2 0.09 0.23
incidence (%)?

Incidence rate, per 1.67 0.65 3.31

10,000 person-days

cc p value p for comparisons
(n=1673)
HNCC HNCC 20NCC
versus CC versus 20NCC versus CC
6(0.36) 0.018 0.004 0.16 1.0
0.50 - - - -
432 0.01 0.004 012 0.79

20NCC 2020 non-COVID-19 cohort, CC COVID-19 cohort, HNCC Historical non-COVID-19 cohort

@ Multiple decrements model for competing events (death as competing)

with severe pneumonia at the time of admission to the
emergency department according to IDSA/ATS criteria,
and 89 patients (5.3%) were admitted to ICU during hos-
pitalization. Overall, 404 inpatients from the CC (24.2%)
required admission to ICU, invasive or noninvasive
mechanical ventilation, and/or died during the hospitali-
zation episode. The highest percentage of inpatients who
died was that of the CC (17.2%). The 20NCC had a higher
frequency of death in the hospital (12.4%) than that of the
HNCC (9.3%) (y*=8.2, p=0.008).

Eleven out of 8126 patients (0.014%) included in this
study had a confirmed IHIS in the total study period
(March—April of the years 2016—2020). Three of them
occurred during the years 2016-2019 (two cardioem-
bolic; one of other determined etiology), accounting for
the 0.05% of the HNCC. Two out of 873 inpatients with
non-COVID-19 illness from the 20NCC (0.23%; one
cardioembolic; one of undetermined etiology) and six
patients from the CC (0.36%; one cardioembolic; and five
of undetermined origin, three of which had incomplete
evaluation), who's clinical and imaging features have been
previously reported elsewhere [34], had IHIS (Table 2,
Fig. 2). The difference in IHIS frequency was significant
for the comparison between the HNCC and the CC
(¥*=9.7, p=0.004) but was not between the 20NCC and
the CC (y*=0.31, p=1.0). One IHIS occurred among 193
inpatients with non-COVID-19 illness, with a principal
diagnosis of pneumonia from the 20NCC (0.5%), and
none among the 384 inpatients with a principal diagnosis
of pneumonia from the HNCC. The frequency of stroke
among patients with COVID-19 pneumonia was 6 of
1430 (0.4%; Fisher’s exact test, p=0.51).

All THIS occurred within the first nine days of hospi-
tal stay in all cases. Cumulative incidence for IHIS by day
nine after admission, with death as a competing risk, was
0.09% [95% confidence interval (CI) 0.03-0.26%] for the
HNCC; 0.23% (95% CI 0.05-0.79%) for the 20NCC; and
0.50% (95% CI 0.20-1.10%) for the CC (Fig. 3). Unad-
justed incidence rates for IHIS were 0.65 per 10,000

No. inpatients

March 15

March 31

Date
Fig. 2 Number of patients who were hospitalized during the
SARS-CoV-2 outbreak period (March and April 2020). Diamonds
denote the dates of IHIS, blue denotes patients who tested positive
to SARS-CoV-2, and yellow denote patients who tested negative to
SARS-CoV-2. IHIS In-hospital ischemic stroke, SARS-CoV-2 Severe acute
respiratory syndrome coronavirus 2

March 1 April 15 April 30

0.6+
cc
0.5+ e
g 0.4+
2
3 03
2 20NCC
9 e s
& 02y S
/77
& HNCC
014
a
/
T T T T T T T T T T

Time after admission (days)
Fig. 3 Cumulative incidence of IHIS estimated by the multiple
decrement model, taking into account the competing event of
death. 20NCC 2020 non-COVID-19 cohort, CC COVID-19 cohort, HNCC
Historical non-COVID-19 cohort, IHIS In-hospital ischemic stroke
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person-days in the HNCC, 3.31 per 10,000 person-days
in the 20NCC, and 4.32 events per 10,000 person-days in
the CC (between HNCC and CC, IRR=6.6, 95% CI 1.4—
40.8, p=0.004; between HNCC and 20NCC, IRR=5.1,
95% CI 0.4—44.2, p=0.12; and between 20NCC and CC,
IRR=1.3,95% C10.2-13.2, p=0.79).

In an adjusted multivariate model (Poisson regression)
with IHIS as the dependent variable and sex (female sex
as reference), age, need of ICU admission during hospi-
talization, and cohort (HNCC as reference) as covariates,
COVID-19 diagnosis was an independent predictor for
IHIS, with an IRR of 6.76 (95% CI 1.66-27.54, p=0.01;
Table 3). An increased, not statistically significant
adjusted risk of IHIS was also observed for the 20NCC
with respect to the HNCC (IRR=5.62, 95% CI 0.93-33.9,
p=0.06).

Discussion

This study shows that, compared with a historical cohort
of patients with non-COVID-19 medical illness, those
patients hospitalized with COVID-19 during the SARS-
CoV-2 outbreak had a sixfold increase in the adjusted
incidence of IHIS. Despite being younger, the risk of
stroke during admission was higher for patients from the
CC than for patients from the non-COVID cohorts. The
frequency of IHIS in our CC was lower than that of other
series that reflect a>1% absolute risk of stroke among
patients who were hospitalized with COVID-19 [5-8].
As opposed to these series, our cohort only included
patients having a stroke during admission because of
COVID-19 and excluded those patients presenting with
stroke and SARS-CoV-2 infection at the time of admis-
sion. This point is a strength of the present study because
it allows comparison of IHIS incidence with historical
controls, and it is also a limitation because it does not
allow for generalization of the results to a population
level or comparisons with others works on stroke inci-
dence among patients with COVID-19.

Table 3 Adjusted Poisson regression model for the inci-
dence of in-hospital ischemic stroke

{3 95% ClI p value
Sex (female sex as reference) 1.54 0.44-542 0.51
Age (per year) 1.02 0.98-1.07 0.39
Need for ICU admission 431 0.84-22.05 0.10
Cohort (HNCC as reference)
20NCC 5.62 0.93-339 0.06
CcC 6.76 1.66-27.54 0.01

20NCC 2020 non-COVID-19 cohort, CC COVID-19 cohort, C/ Confidence interval,
HNCC Historical non-COVID-19 cohort, ICU Intensive care unit, IRR Incidence rate
ratio

Controversial data exist on the association of stroke
and COVID-19 due to contradictory results of the stud-
ies assessing the first months of the year 2020 [35]. At the
hospital level, meta-analyses of cases series and cohort
studies suggest an increased risk of ischemic stroke
among patients with this disease [5-8], but stroke codes
and reperfusion procedures have decreased respect-
ing the prepandemic era [17-20]. When compared with
other viral diseases, the proportion of hospitalizations
complicated by any thrombosis was higher in patients
with COVID-19 than in patients with viral respiratory
illness during 2002-2014 [36]. In contrast, some studies
have not replicated the previously reported findings of
increased presentation of young patients with large-ves-
sel occlusion stroke nor have identified increased stroke
severity or delays in stroke presentation [37]. Another
previous hospital study showed that the odds of stroke
was 0.25 times less likely in patients with COVID-19 in
comparison with noninfected individuals during SARS-
CoV-2 outbreak in New York State [38]. At a population
level, a nationwide Danish study obtained an increased
risk of stroke of more than ten times related to a recent
diagnosis of COVID-19 [9], but a Chinese population-
based prospective cohort study showed a decrease in the
community incidence of ischemic stroke [39].

Interestingly, incidence of IHIS in our study was also
increased among non-COVID-19 inpatients admitted
during the SARS-CoV-2 outbreak, although adjusted
estimation of the IRR for the 20NCC compared to the
HNCC was not significant. A similar result was obtained
in a previous work, finding acute ischemic stroke being
infrequent in patients with COVID-19 (1.3%) and a simi-
lar prevalence (1%) of ischemic stroke being observed
among patients without COVID-19 [40]. These results
may have several concurrent causes. Firstly, a true
increase of IHIS incidence may have been caused by hos-
pital saturation, which potentially led to a suboptimal
quality of hospital care to all inpatients admitted during
the outbreak. Secondly, sample size of our study is rela-
tively low taking into account that IHIS is an uncommon
outcome, so small random changes in absolute frequency
of stroke in any cohort may have led to underestima-
tion or overestimation of the true risk. And finally, some
patients may have been misclassified as patients with
non-COVID-19 illness. It is noteworthy that both age
and length of stay were lower in the 20NCC than in the
HNCC, similarly to which occurred in the CC, and they
received a principal diagnosis of pneumonia more com-
monly than historic controls (22.1% vs. 6.9%). So, some
of these patients may have had a SARS-CoV-2 infection
that could not be demonstrated for several reasons (e.g.,
low suspicion index at the beginning of the outbreak, or
patients with a first negative PCR to SARS-CoV-2 dying
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early after admission and therefore not being able to con-
firm the diagnosis in successive tests).

Our study has other limitations. We acknowledge that
these findings may be eventually influenced by non-
controlled variables such as vascular risk factors, which
were not obtained from non-COVID-19 cohorts for this
study. Furthermore, the association of COVID-19 and
stroke among admitted patients may overestimate its
true relationship, taking into account that most patients
with SARS-CoV-2 infection present with mild forms of
the disease and do not require hospital admission. Also,
our results may not be generalizable to other settings or
health systems. Finally, we cannot fully establish causality
based on observational evidence provided by our study
or previous ones.

Conclusions

Our results suggest that SARS-CoV-2 outbreak was
associated with an increase in the incidence of IHIS.
Viral disease itself may be related to the increased risk
of IHIS among patients with COVID-19 but, in view
of our results from the 20NCC, it is likely that hospi-
tal saturation and overwhelming of health systems may
have played an important role in the increased frequency
of THIS. We have estimated an unadjusted incidence of
approximately four ischemic strokes per 10,000 hospi-
tal stays of patients with COVID-19 and three ischemic
strokes per 10,000 hospital stays of patients with COVID-
19 during the COVID-19 outbreak. Stroke care protocols
must be optimized to face a potential increase of events
in the hospital associated with SARS-CoV-2 outbreaks.
This may be challenging in the context of the logistical
constraints laid down by the pandemic (e.g., patient iso-
lation, personal protection equipment, limitation of in-
hospital transfers). Additional epidemiological research is
needed to confirm these results in larger hospital cohorts
and, ideally, at the community level.
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