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INTRODUCTION

Abstract

Background: Most case series of patients with ischemic stroke (I1S) and COVID-19 are lim-
ited to selected centers or lack 3-month outcomes. The aim of this study was to describe
the frequency, clinical and radiological features, and 3-month outcomes of patients with
IS and COVID-19 in a nationwide stroke registry.

Methods: From the Swiss Stroke Registry (SSR), we included all consecutive IS patients
218 years admitted to Swiss Stroke Centers or Stroke Units during the first wave of
COVID-19 (25 February to 8 June 2020). We compared baseline features, etiology, and
3-month outcome of SARS-CoV-2 polymerase chain reaction-positive (PCR+) IS patients
to SARS-CoV-2 PCR- and/or asymptomatic non-tested IS patients.

Results: Of the 2341 IS patients registered in the SSR during the study period, 36 (1.5%)
had confirmed COVID-19 infection, of which 33 were within 1 month before or after
stroke onset. In multivariate analysis, COVID+ patients had more lesions in multiple vas-
cular territories (OR 2.35, 95% Cl 1.08-5.14, p = 0.032) and fewer cryptogenic strokes
(OR 0.37,95% Cl1 0.14-0.99, p = 0.049). COVID-19 was judged the likely principal cause
of stroke in 8 patients (24%), a contributing/triggering factor in 12 (36%), and likely not
contributing to stroke in 13 patients (40%).

There was a strong trend towards worse functional outcome in COVID+ patients after
propensity score (PS) adjustment for age, stroke severity, and revascularization treatments
(PS-adjusted common OR for shift towards higher modified Rankin Scale (mRS) = 1.85,
95% Cl1 0.96-3.58, p = 0.07).

Conclusions: In this nationwide analysis of consecutive ischemic strokes, concomitant
COVID-19 was relatively rare. COVID+ patients more often had multi-territory stroke
and less often cryptogenic stroke, and their 3-month functional outcome tended to be

worse.
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inflammatory activity within atherosclerotic plaques making them
prone to rupture [2]. Inflammation also causes endothelial dysfunc-

Since December 2019, coronavirus disease 2019 (COVID-19)
caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has resulted in considerable morbidity and mortal-
ity worldwide, including Switzerland. SARS-CoV-2 causes severe
disease needing hospitalization and respiratory support, especially
in older patients with chronic comorbidities and vascular risk fac-
tors such as hypertension and diabetes. The patients at risk of se-
vere forms of COVID-19 [1] share the same demographics and risk
factors as patients at higher risk of ischemic stroke. In addition,
COVID-19 may also be responsible for specific pathophysiologi-
cal mechanisms leading to ischemic stroke. Indeed, severe cases
of COVID-19 are associated with a cytokine storm syndrome,
characterized by an uncontrolled immune response involving the
continuous activation and proliferation of macrophages and lym-

phocytes. This systemic inflammatory response exacerbates the

tion and activates the coagulation cascade [3]. In addition, previous
studies have provided evidence of cardiac injury among patients
hospitalized with COVID-19 [4].

Since the beginning of the COVID-19 pandemic, several stud-
ies have described features of acute ischemic stroke patients with
concomitant SARS-CoV-2 infection, but they generally lacked
comparisons to stroke patients who are COVID-19-negative [5,6].
Some studies, either based on international or regional registries,
performed a comparison with COVID-negative stroke patients but
were limited to selected centers or often lacked the 3-month out-
come [7-11].

The aim of this study was to describe the clinical and radiologi-
cal features and 3-month outcomes of patients with ischemic stroke
(IS) and concomitant or recent (<4 weeks since symptom onset)
COVID-19 in a nationwide Swiss cohort.
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METHODS
Study population

We analyzed data from the national Swiss Stroke Registry (SSR), a
web-based registry implemented in the clinical data management
system secuTrial, whose data processing is aided by the software
package secuTrial. Since 2014, all consecutive patients hospital-
ized in stroke units and comprehensive stroke centers (all certified
according to national Swiss Stroke Unit and Stroke Center criteria
[https://www.sfcns.ch/Stroke.html], and those of the European
Stroke Organization) [12] must be enrolled in the SSR, which was de-
signed for quality control and research in acute stroke management.
For the present analysis we included all consecutive IS patients aged
218 years who were admitted to SSR hospitals within 7 days from
stroke onset (or last proof of good health). The diagnosis of IS in SSR
patients corresponds to the historical World Health Organization
(WHO) definition, namely a new syndrome of rapidly develop-
ing clinical symptoms and/or signs of focal disturbance of cerebral
function lasting longer than 24 h with no apparent cause other than
vascular origin, regardless of whether infarction was evident on
cerebral neuroimaging. Therefore, patients with COVID-19 and en-
cephalopathy with non-focal findings and/or non-acute onset were
not included in the SSR registry and in this analysis, independently
of imaging finding. For this study we included patients admitted be-
tween 25 February and 8 June 2020. This timeframe corresponds
to the first wave of COVID-19 in Switzerland, which we defined as
being from the day the first case of COVID-19 was detected in the
country to the moment when the number of new daily cases fell to
under 30 new cases per day (https://corona-data.ch).

This project was planned, designed, and approved by the SSR
steering committee, which is composed of multidisciplinary re-
searchers (neurologists, neuroradiologists, and neurosurgeons), in
cooperation with the clinical trial unit of Basel (data management)
and the Swiss Stroke Society.

Before analysis, data were anonymized following the principles of
the Swiss Human Research Ordinance. Given that only anonymized
data were used, local ethics commission approval and patient con-
sent was not needed according to the Swiss Human Research Act.
We informed patients in writing about the potential scientific use of
their routinely collected data and their right of refusal.

Baseline characteristics

Local investigators at participating SSR centers collected standard-
ized prespecified variables using electronic case report forms as
described previously [13]. The secured, web-based SSR databank is
hosted at the clinical trial unit in Basel. We used the following vari-
ables in this analysis: patient demographic characteristics (age, sex,
and body mass index), medical history (e.g., history of prior ischemic
stroke, intracerebral hemorrhage, hypertension, dyslipidemia,
diabetes, atrial fibrillation, and smoking), prior anti-thrombotic

therapy on admission, clinical information (National Institutes of
Health Stroke Scale [NIHSS] score, blood glucose, and blood pres-
sure on admission), the diagnostic tests performed and their main
results (e.g., imaging modality, presence of large vessel occlusion).
Information on recanalization treatments included the use of intra-
venous thrombolysis and/or mechanical thrombectomy (MT) as well
as details of dosage, workflow metrics, and mode of application. We
also collected additional information from each stroke center and
stroke unit, including the date and result of the polymerase chain
reaction (PCR) test for SARS-CoV-2 from nasopharyngeal swabs and
SARS-CoV-2 serology, the presence of symptoms attributable to
COVID-19 (fever, respiratory symptoms), and the need of intubation
and additional laboratory results at stroke onset (including blood cell
counts, C-reactive protein [CRP], activated partial thromboplastin
time [aPTT], prothrombin time-international normalized ratio [PT-
INR], fibrinogen, and D-dimers).

Since the SSR database did not include the details on COVID-19,
a dedicated form was added to the online secuTrial environment to

allow each center to enter additional data required for this study.

Likelihood of association between stroke and
COVID-19

Each center was also asked to evaluate the estimated probability of
an association between COVID-19 and the ischemic stroke, accord-

ing to the following criteria:

(i) COVID-19 as probable principal cause (i.e., the patient would
not have had the cerebrovascular event without COVID-19): no
other potential cause of stroke applying the TOAST criteria (i.e.,
large artery atherosclerosis with stenosis >50% in the ischemic
territory, small artery occlusion, high-risk cardioembolic source,
other determined causes including arterial dissection) AND few
(<2) established risk factors AND symptomatic COVID-19 at the
time of stroke onset.

(i) COVID-19 as contributing/triggering factor: other potential
causes of stroke AND/OR multiple risk factors (>2) AND symp-
tomatic COVID-19 at the time of event.

(iif) COVID-19 as unlikely contributor: none of the above.

Follow-up

All patients enrolled in the SSR received standardized follow-up as-
sessments by local investigators for in-hospital outcomes (recurrent
IS, symptomatic intracerebral hemorrhage according to European
Cooperative Acute Stroke Study (ECASS) Il criteria, (13) death)
and 3-month functional outcome using the modified Rankin Scale
(mRS). Stroke neurologists or trained research staff performed fol-
low-up assessments during clinic visits, or via structured telephone

interviews.
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Study groups and outcomes

The group of interest (COVID+) consisted of patients with IS and
COVID-19 established by a positive PCR test on nasopharyngeal
swab or by a typical clinical presentation and positive serology. The
control group, (COVID-) comprised all the remaining IS patients ad-
mitted during the study period, including those with a negative PCR
on nasopharyngeal swab and those asymptomatic for COVID-19 not
tested by nasopharyngeal swab.

The outcomes of this study were:

(i) In patients with IS and COVID-19 (COVID+ group): the time from
first symptoms of COVID-19 and stroke onset, the type and se-
verity of COVID-19 symptoms (asymptomatic carrier; respiratory/
fever only, intubation other or longer than for MT treatment).

(i) In patients with IS and COVID-19 (COVID+ group) when com-
pared with controls (non-COVID+ group): demographics (age,
sex), clinical and stroke data (pre-stroke disability, admission
NIHSS, pre-treatment, vascular risk factors, vascular territo-
rylies], stroke mechanism, presence of large vessel occlusion,
frequency of acute revascularization treatments), symptomatic
intracerebral hemorrhage (sICH) according to the ECASS defini-
tion [14], and 7-day and 3-month mortality and disability.

(i) In the COVID+ group and a matched population of non-COVID+
group: acute laboratory exams at stroke onset including blood
cell counts, CRP, aPTT, PT-INR, and D-dimers.

For the last two comparisons, we excluded IS patients with
COVID-19 infection of more than 1 month before or after stroke
onset as a potential relationship with COVID-19 was difficult to
ascertain, even though late stroke after COVID-19 has been re-
ported [15].

Statistical analysis

We conducted the statistical analysis according to the following pre-
defined statistical analysis plan.

We summarized continuous data as median values and interquar-
tile range (IQR) and categorical data as absolute numbers and per-
centage. We compared baseline variables and short-term outcomes
between the COVID+ and the non-COVID+ groups using Pearson's
chi-squared test for categorical variables, and Mann-Whitney U-
tests for continuous variables, as appropriate. Demographic and
clinical variables associated with COVID-19 in the univariate anal-
yses (p value < 0.10), were entered as independent variables into a
multivariable logistic model with COVID-19 infection as dependent
variable, adopting a backward elimination approach using a removal
criterion of p value > 0.10. For a more parsimonious model, we
merged non-significant categories of multinomial variables to the
reference level.

We assessed 3-month outcome by means of an ordered logit
regression model, including COVID-19 infection as independent

variable with the response variable being the shift towards unfavor-
able outcome (i.e., higher mRS) at 3 months. A likelihood ratio test
was used to estimate the assumption of proportional odds: no evi-
dence of non-proportional odds emerged across all the categories
of mRS (p > 0.05). This analysis was first conducted on the whole
cohort (unadjusted analysis) and then using a control group of non-
COVID+ patients matched for age, baseline NIHSS, pre-stroke dis-
ability, and acute recanalization treatment using a 1:10 propensity
score weighting method.

We compared the laboratory values of COVID+ patients to those
of a control group of non-COVID+ patients matched for age, gender,
stroke etiology, and prior anticoagulant treatment at admission using
a 1:2 propensity score weighting method.

We performed statistical analysis with R statistical software
(version 3.3.2). P values < 0.05 were considered significant. As this
was an exploratory analysis, correction for multiple analyses was not
necessary.

This observational study is reported in accordance with
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.

RESULTS
SARS-CoV-2 testing and results

Over the study period, we included 2341 ischemic stroke patients
from 20 stroke units and stroke centers in Switzerland. PCR testing
for SARS-CoV-2 on nasopharyngeal swabs was performed according
to local hospital policy and on the decision of the treating physician
in 777 patients (33%).

Thirty-six patients (corresponding to a rate of 1.5% of the
overall population, and 4.6% of the population of patients tested
by nasopharyngeal swab) had confirmed COVID-19 (35 estab-
lished by PCR on nasopharyngeal swabs and one by a typical clin-
ical presentation and positive serology), of whom 30 presented
fever or respiratory symptoms, while the remaining six had asymp-
tomatic SARS-CoV-2 infection. Among symptomatic patients, 10
required transfer to an intensive care unit and eight had orotra-
cheal intubation.

Temporal relationship between SARS-CoV-2
infection and stroke onset

Among the 30 symptomatic patients, COVID-19 symptoms preceded
stroke onset in 13 (six were still symptomatic at the time of stroke
and seven had symptom resolution from 31 days to 1 day before
stroke onset). Six patients had COVID-19 symptoms that started
on the same day as the stroke, and the other 11 patients presented
COVID-19 symptoms from 1 to 32 days after stroke onset. The de-
tailed temporal course of COVID-19 infection and its diagnosis in
relation to stroke onset is detailed in Figure 1.
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Baseline characteristics of COVID+ and non-COVID+
IS patients

Three patients had COVID-19 more than 1 month before or after
the stroke and we excluded them from the analyses. The univari-
ate comparison of the 33 COVID+ patients to non-COVID+ patients
(COVID PCR- and/or asymptomatic non-tested IS patients) is de-
tailed in Table 1. The patients in the COVID+ group were slightly
older (78 vs. 75 years, p = 0.299), and had a similar burden of vascu-
lar risk factors and similar medical therapy at stroke onset (excepting
that COVID+ patients were more frequently under vitamin K an-
tagonists and less under direct oral anticoagulants, p = 0.238 and
p = 0.007, respectively). Stroke severity, frequency of large vessel
occlusion, and acute revascularization treatment were comparable
between the two groups. COVID+ patients more frequently had
ischemic lesions in multiple vascular territories (27.3% vs. 13.2%,
p = 0.036). Compared to non-COVID+ controls, COVID+ patients
had stroke etiology less frequently attributed to large artery ath-
erosclerosis (3% vs. 14.7%) or cryptogenic origin (15.2% vs. 31.7%),

and more frequently to rare/other mechanisms (18.2% vs. 8.9%)
or to more than one etiology (18.2% vs. 5.7%; unadjusted p value
for overall comparison of stroke etiology distribution = 0.003). Of
the six COVID+ patients with stroke from rare/other etiologies, the
stroke mechanism was a prothrombotic coagulation disorder in two
patients, vasculitis in one, arterial dissection in one, and related to
cardiac interventions in two. We found similar differences on uni-
variate comparison when we used as the control group only patients
that tested negative (Table S1a). In multivariate logistic regression
analysis on the whole cohort, lower frequency of cryptogenic stroke
and involvement of multiple arterial territories were independently
associated with COVID-19 infection (Table 2).

Laboratory parameters of COVID+ and non-COVID+
IS patients

The comparison of acute laboratory values of the COVID+ with the

non-COVID+ group matched for age, gender, stroke severity, prior
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FIGURE 1 Eachline represents a case. Patients are grouped in asymptomatic (cases 1 to 6) and symptomatic (cases 7 to 36). The x-axis
represents days from stroke onset. Red bars, number of days with symptoms of COVID-19 (fever or respiratory symptoms). Blue bars, days
of orotracheal intubation. Dotted red line, days between stroke onset and end/start of COVID-19 symptoms (in patients not symptomatic
at stroke onset). Black star, polymerase chain reaction (PCR) for SARS-CoV-2 by nasopharyngeal swab. Black cross, death of patient.
Colored circles represent the likelihood of association: red, COVID-19 probable principal cause of ischemic stroke (IS); yellow, COVID-19
contributing factor of IS; green, COVID-19 unlikely contributor of IS. Abbreviations: CE, cardioembolic; crypto, cryptogenic; LAA, large
artery atherosclerosis; SVD, small vessel disease; undet., undetermined [Colour figure can be viewed at wileyonlinelibrary.com]
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TABLE 1 Baseline demographics and clinical characteristics of the whole cohort, and the non-COVID+ and COVID+ ischemic stroke

patients
Demographics and clinical characteristics Total (N = 2338) Non-COVID+ (n = 2305) COVID+ (n=33) P value
Age (years) 75 (65-83) 75 (65-83) 78 (67-88) 0.299
Female sex 965 (41.3%) 956 (41.5%) 9 (27.3%) 0.142
pre-stroke mRS 0(0-1) 0(0-1) 1(0-2.1) 0.007
Vascular risk factors
Arterial hypertension 1715 (73.4%) 1694 (73.6%) 21 (63.6%) 0.279
Diabetes 528 (22.6%) 519 (22.5%) 9 (27.3%) 0.662
Dyslipidemia 1500 (64.2%) 1480 (64.2%) 20 (60.6%) 0.803
Smoking 472 (20.2%) 469 (20.4%) 3(9.1%) 0.166
Atrial fibrillation 547 (23.4%) 537 (23.3%) 10 (30.3%) 0.462
Coronary artery disease 393 (16.8%) 387 (16.8%) 6(18.2%) 1.000
Prosthetic heart valve 0 (3.4%) 7 (3.4%) 3(9.1%) 0.188
Low cardiac EF 46 (3.2%) 4 (3.1%) 2 (8.3%) 0.387
Peripheral artery disease 137 (5.9%) 133 (5.8%) 4(12.1%) 0.245
Previous stroke 451 (19.3%) 444 (19.3%) 7 (21.2%) 0.955
Previous TIA 124 (5.3%) 123 (5.3%) 1(3%) 0.843
Previous ICH 46 (2%) 46 (2%) 0 (0%) 0.849
BMI 25.2(22.9-28.2) 25.2(22.9-28.2) 23.6(20.1-26.2) 0.029
Therapy at stroke onset
Aspirin 705 (30.2%) 693 (30.1%) 12 (37.5%) 0.477
Clopidogrel 158 (6.8%) 156 (6.8%) 2(6.2%) 1.000
Anticoagulant 357 (15.3%) 351 (15.2%) 6(18.2%) 0.822
DOAC 255 (10.9%) 254 (11%) 1(3%) 0.238
VKA 103 (4.4%) 98 (4.3%) 5(15.6%) 0.007
Lipid-lowering drugs 727 (31.1%) 716 (31.1%) 11 (34.4%) 0.838
Onset-to-door delay (h) 7.3(2.2-21.8) 7.4(2.2-22) 5.2(1.7-15.7) 0.411
Baseline NIHSS 3(1-7) 3(1-7) 5(1.9-9.4) 0.119
Baseline SBP (mmHg) 157 (140-178) 157 (140-178) 146 (131.5-164.2) 0.009
Baseline DBP (mmHg) 84 (74-95) 84 (74-95) 75 (64.7-83) 0.004
MRI as baseline imaging modality 517 (25.7%) 509 (25.6%) 8(28.6%) 0.893
Baseline vascular imaging results
No abnormality 870 (47.5%) 860 (47.6%) 10 (43.5%) 0.750
Stenosis 50%-99% in suspected ischemic 293 (16%) 288 (15.9%) 5(21.7%)
territory
Occlusion in suspected ischemic territory 667 (36.5%) 659 (36.5%) 8(34.8%)
Arterial territory
Unilateral carotid 1407 (60.2%) 1387 (60.2%) 20 (60.6%) 0.000
Vertebrobasilar 609 (26%) 605 (26.2%) 4(12.1%)
Bilateral carotid 173 (7.4%) 164 (7.1%) 9 (27.3%)
Carotid and vertebrobasilar 141 (6%) 141 (6.1%) 0 (0%)
Cryptogenic 8 (0.3%) 8(0.3%) 0 (0%)
Multiple arterial territories 314 (13.4%) 305 (13.2%) 9 (27.3%) 0.036

Stroke etiology
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TABLE 1 (Continued)

Demographics and clinical characteristics Total (N = 2338) Non-COVID+ (n = 2305) COVID+ (n=33) P value
Cardiac embolism 593 (25.4%) 583 (25.3%) 10 (30.3%) 0.003
Large artery atherosclerosis (250% 339 (14.5%) 338 (14.7%) 1(3%)

stenosis)
Small vessel disease 321 (13.7%) 316 (13.7%) 5(15.2%)
Other determined etiology 212 (9.1%) 206 (8.9%) 6(18.2%)
Unknown etiology 736 (31.5%) 731 (31.7%) 5(15.2%)
More than one possible etiology 137 (5.9%) 131 (5.7%) 6(18.2%)

Acute recanalization treatments
IV thrombolysis 499 (21.4%) 493 (21.4%) 6(18.2%) 0.812
MT 372 (15.9%) 369 (16%) 3(9.1%) 0.401

Note: Univariate analysis with p values from Pearson's chi-squared test for continuous variables and Mann-Whitney U-test for numeric variables.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; DOAC, direct oral anticoagulants; EF, ejection fraction; ICH, intracranial
hemorrhage; 1V, intravenous: mRS, modified Rankin Scale; MT, mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale; SBP,
systolic blood pressure; sICH, symptomatic intracranial hemorrhage; TIA, transient ischemic attack; VKA, vitamin K antagonists.

TABLE 2 Multivariate analysis comparing COVID+ versus non-
COVID+ stroke patients in the Swiss Stroke Registry : parameters
independently associated with COVID-19 infection

Variable OR(95% Cl) P value
Multiple arterial territories 2.35(1.08-5.14) 0.032
Stroke etiology
Large artery atherosclerosis® 0.16 (0.02-1.21) 0.075
Cryptogenic? 0.37(0.14-0.99)  0.049
More than one possible etiology? 2.50(0.99-6.32) 0.054

Values in bold type denote statistical significance.

2Versus other categories merged: cardioembolic, rare etiologies, small
vessel disease.

anticoagulation on admission, and stroke etiology showed a signifi-
cantly prolonged aPTT (32.5 s vs. 28 s, p = 0.005), elevated CRP
(31.1 vs. 3 mg/L, p < 0.001), and lower lactate dehydrogenase (316
vs. 421 U/L, p < 0.000). The other laboratory parameters were not
significantly different (Table S2), although D-dimers were twice as

high in COVID+ patients as in controls.

Likelihood of association between stroke and
COVID-19

According to our predefined criteria, we judged that COVID-19 was
likely to be the principal cause of stroke in eight patients (24%), that
it was a contributing/triggering factor of stroke in 12 (36%), and
that it was likely not contributing to stroke in 13 (40%). Among the
eight patients in which COVID-19 was judged the likely principal
cause of IS, three had stroke from a rare etiology (one had central
nervous system vasculitis, one prothrombotic state with positive
anti-phospholipid antibodies, and one an extensive carotid artery
thrombosis on a small plaque), one from a cardioembolic mechanism

(left ventricular thrombosis without any structural heart disease),
one had a microangiopathic-looking stroke without risk factors or
chronic signs of small vessels disease, and in the remaining three the
stroke mechanism was undetermined.

Outcome of COVID+ and non-COVID+ IS patients

Cerebral hemorrhagic complication and stroke recurrence did not
differ between the two groups. COVID+ patients were less likely to
be discharged home and had a non-significant increase in in-hospital
mortality. Details are displayed in Table 3 (and in Table S1b for the
analysis using patients that tested negative as the control group).

Follow-up at 3 months was available in 29/33 (88%) COVID+ pa-
tients and in 2019/2305 (88%) controls. We observed a significant
mRS shift towards a worse outcome in COVID+ patients (cOR 2.57,
95% Cl 1.37-4.81, p < 0.01). A non-significant trend was present
in the propensity score matched analysis (ps_adj cOR 1.85, 95% CI
0.96-3.58, p = 0.07), with matching for age, baseline NIHSS, acute
pre-stroke disability, and revascularization treatment (Figure 2). The
clinical characteristics of the propensity matched control group are
shown in Table S3. The mortality rate in the whole cohort analy-
sis was almost twice as high in the COVID+ group compared to
the non-COVID+ group, but not statistically significant (24.1% vs.
13.1%, OR 2.12, 95% Cl 0.89-5.00, p = 0.088). This trend was less
pronounced after propensity score adjustment ( OR 1.46,95% Cl
0.59-3.59, p = 0.41).

ps-adj

DISCUSSION

In this nationwide Swiss study of >2000 IS patients admitted
to stroke units and centers during the first wave of COVID-19
we showed that concomitant symptomatic or asymptomatic
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TABLE 3 Short-term and 3-month outcomes of the whole cohort, and non-COVID+ and COVID+ ischemic stroke patients

Non-COVID+
Outcomes Total (N = 2338) (n =2305) COVID+ (n=33) P value
Short-term outcomes
NIHSS at 24 h 2(0-¢6) 2 (0-6) 4(1.9-9.4) 0.025
sICH 34 (1.5%) 33 (1.4%) 1(3%) 0.978
In-hospital stroke recurrence 46 (2%) 45 (2%) 1(3%) 1.000
In-hospital mortality 133 (5.7%) 129 (5.6%) 4(12.1%) 0.221
Discharge destination
Home 940 (42.8%) 937 (43.2%) 3(10.7%) 0.005
Other acute care hospital 304 (13.8%) 297 (13.7%) 7 (25%)
Rehabilitation hospital 843 (38.4%) 828 (38.2%) 15 (53.6%)
Nursing home, palliative care center, or other 108 (4.9%) 105 (4.8%) 3(10.7%)
medical facility
3-month outcomes®
mRS, median (IQR) 2(0-3) 2(0-3) 3(2-5.3) 0.003°
Stroke recurrence 52(2.8%) 51 (2.7%) 1(4%) 1.000
ICH 8(0.4%) 8(0.4%) 0 (0%) 1.000
Death 271 (13.2%) 264 (13.1%) 7 (24.1%) 0.088°¢

Abbreviations: ICH, intracranial hemorrhage; IQR, interquartile range; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale;

sICH, symptomatic intracranial hemorrhage.

2Calculated for patients with available 3-month outcomes, COVID+: n = 29, non-COVID+: n = 2019.
bp value of unadjusted ordinal regression analysis for higher mRS shift (cOR 2.57, 95% Cl 1.37-4.81).
P value of unadjusted logistic regression analysis for mortality (OR 1.46, 95% Cl 0.61-3.50).

SARS-CoV-2 infection occurred in 1.5% of patients (4.6% of the
population of those tested by nasopharyngeal swab). The tem-
poral association between COVID-19 and stroke onset was
heterogeneous, as stroke onset could precede, follow, or be
concomitant with the symptoms of COVID-19. On multivariate
analysis, COVID+ patients had a significantly higher frequency of
multi-territorial ischemic lesions and rare causes of stroke as well
as a lower frequency of IS attributed to large artery atherosclero-
sis or cryptogenic stroke. We considered SARS-CoV-2 infection as
the principal cause of stroke in one-third of patients and a trigger-
ing factor in half of them. In the unadjusted analysis, functional
outcome at 3 months was significantly worse in COVID+ patients;
after propensity score matching for age, stroke severity, previous
disability, and acute treatment there was a strong trend towards a
worse outcome (p = 0.07).

The frequency of COVID-19 in IS probably depends on the
COVID-19 incidence in the general population, which peaked
at 154 cases per 1,000,000 per day in Switzerland in the first
wave (https://corona-data.ch), an average value for industrialized
countries. It is possible that we underestimated the incidence of
patients with COVID-19 infection and IS as the SSR focuses on pa-
tients with stroke as the main clinical problem, potentially missing
patients with minor strokes and severe COVID-19. Still, the rela-
tively low incidence of 1.5% of COVID-19 in IS patients during this
period (4.6% of the population of those tested by nasopharyngeal
swab) suggests that the infection has a relatively low impact on
stroke admissions.

The temporal relationship between COVID-19 and stroke has
been poorly characterized until now, as previous studies did not
report time between COVID-19 symptoms and stroke onset in a
systematic manner; median times ranged from 9 to 21 days with
high variability within each study and across different studies [15-
17]. The observations in our cohort seem to confirm this hetero-
geneity as we observed similar proportions of patients with stroke
occurring shortly before, simultaneously, or after the onset or reso-
lution of COVID-19 symptoms. This finding suggests that an IS may
complicate COVID-19 infection at any stage of the disease, from the
pre-symptomatic to the late phase.

In COVID+ IS patients we observed a lower proportion of
cryptogenic stroke (15%) compared to previous studies in which
this ranged from 22% to 35% [5-7,18]. A possible explanation
for this finding may be the high rate of patients with complete
workup in our cohort (94% in COVID+ patients), compared to
previous studies where stroke workup was complete in 72%-
87% of cases [7,19]. Another explanation could be the increased
rate of identified rare stroke mechanisms including coagula-
tion disorder and vasculitis, which could have been caused by
COVID-19.

Independently of stroke etiology, multi-territorial infarcts were
significantly associated with concomitant SARS-CoV-2 infection.
This finding is in line with previous results [20-22], and probably re-
flects the coagulation disorder and consecutive thromboembolism
or the diffuse vasculopathy that may be associated with COVID-19
[23,24].
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FIGURE 2 Three-month modified Rankin Scale (mRS) in COVID+ and non-COVID+ stroke patients. Abbreviations: Cl, confidence
interval; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio [Colour figure can be viewed at wileyonlinelibrary.com]

Earlier studies already suggested that the association between
COVID-19 and IS may be causative in some patients and incidental
in others [18,25], and our results are in agreement with this hypothe-
sis. Indeed, local investigators considered IS a direct consequence of
COVID-19 in one-third of patients, in almost half of them COVID-19
was estimated to be a trigger factor of IS, while in one-third the as-
sociation between COVID-19 and IS was supposed to be incidental.
In the first instance most patients had stroke mechanisms classically
reported in association with COVID-19, such as hypercoagulable
state, inflammation, or vasculitis [23,26,27]. Still, despite the likely
association of COVID-19 and IS, many patients have a high load of
cerebrovascular risk factors and other, usual stroke mechanisms
such as cardioembolism or large artery atherosclerosis; therefore,
COVID-19 may act as a trigger in these at-risk patients.

Previous studies have already shown that in IS patients
COVID-19 is associated with a worse outcome at discharge and
higher in-hospital and 3-month mortality [1,11,20], even though
key quality performance measures of acute stroke care were sta-
ble during lockdowns, at least in well-established European stroke
centers including Switzerland [28]. Our study assessed the medium-
term functional impact on COVID-19-IS patients and found a nearly
significant worse 3-month outcome after propensity score matching
for prognostic baseline features and acute revascularization treat-
ment (Figure 2). Of note, COVID+ IS patients had more premorbid
disability in the univariate analysis, as reported in a previous study
[29]. Presumably, patients with pre-existing disability have a higher

risk of complicated COVID-19 requiring hospitalization, and among
the possible complications a higher risk of IS. The absolute rate of
mortality at 3 months was twice as high in the COVID+ group, but
this difference was not significant after propensity score adjustment.
Our results suggest that COVID-19 itself contributes to the worse
outcome of the patients through the wide range of complications
affecting multiple organs and systems [30]. This effect may also be
present in non-severe infections; indeed in the COVID+ group fewer
than one-third required intensive care unit care and/or orotracheal
intubation and one-fifth of patients had asymptomatic infection.

Our results have potentially relevant clinical implications. We
provide a comprehensive clinical description of IS patients with
concomitant SARS-CoV-2 infection, which may be useful for iden-
tifying and appropriately treating these patients. We showed that
IS may occur at any phase of the disease and independently of dis-
ease severity, underlining that a high clinical suspicion of IS should
be maintained in cases of new neurological symptoms appearing in
COVID-19 patients. In contrast, we should suspect a concomitant
SARS-CoV-2 infection during pandemic periods in patients with
multi-territorial stroke.

The worse 3-month outcome in IS patients with COVID-19 high-
lights even more the importance of offering acute revascularization
therapies and specialized stroke care to these patients in order to
minimize the impact of the combined condition. Further studies are
warranted to explore the effectiveness and the potential complica-
tion of such treatments in COVID-19 patients.
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Our study has limitations, including the relatively low number of
IS patients with concomitant COVID-19 limiting the statistical power
for detecting clinical and prognostic differences to non-COVID+ pa-
tients. The study included exclusively patients from the first wave of
the COVID-19 pandemic, when systematic testing for SARS-CoV-2
in hospitalized patients was not yet in place and did not achieve com-
plete coverage. It is therefore possible that some asymptomatic or
mild COVID-19 patients were wrongly included in the control group
in our sample. We partially overcame this limitation by performing a
sensitivity analysis with COVID-19-negative patients confirmed by
PCR test. Also, some blood test parameters that we often saw as
abnormal in COVID-19 patients were not available or missing in most
patients. Finally, our study lacks information on the patent foramen
ovale status, which can be a potentially relevant stroke mechanism
especially in COVID-19 patients given that they are mainly at risk of
venous thrombosis.

The strength of our study is that we performed a nationwide anal-
ysis using data from a national registry based on a prospectively con-
structed database with predefined variables, including consecutive
patients from all stroke units and stroke centers in Switzerland, pro-
viding insights into the hospitalization and 3-month follow-up periods.

In conclusion, this nationwide analysis showed that COVID-19
was relatively rare in consecutive patients with acute ischemic
stroke, although multi-territorial involvement was a distinctive fea-
ture of COVID-19 IS patients. COVID-19 had a relevant impact on 3-
month outcome, with positive patients seeming to fare worse across
the entire modified Rankin scale spectrum. The onset of IS could
occur at any phase of SARS-CoV-2 infection, which may act as the
main cause of stroke, as the trigger when added to multiple vascular
comorbidities, or as an incidental event.
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