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Abstract

Objective: To provide a comprehensive description of stroke characteristics, risk factors, laboratory pa-
rameters, and treatment in a series of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)e
infected patients admitted to Mayo Clinic hospitals in Rochester, Minnesota; Jacksonville, Florida; and
Phoenix, Arizona, as well as the Mayo Clinic Health System.
Patients and Methods: We retrospectively identified hospitalized patients in whom stroke and SARS-
CoV-2 infection were diagnosed within the same 3-month interval between September 8, 2019, and
December 31, 2020. and extracted data on all available variables of interest. We further incorporated our
findings into the existing body of basic science research to present a schematic model illustrating the
proposed pathogenesis of ischemic stroke in SARS-CoV-2einfected patients.
Results: We identified 30 cases during the study period, yielding a 0.5% stroke rate across 6381 SARS-
CoV-2einfected hospitalized patients. Strokes were ischemic in 26 of 30 individuals and hemorrhagic in 4
of 30. Traditional risk factors were common including hypertension (24 of 30), hyperlipidemia (18 of 30),
smoking history (13 of 30), diabetes (11 of 30), and atrial fibrillation (8 of 30). The most common
ischemic stroke mechanisms were cardioembolism (9 of 26) and cryptogenic (9 of 26). Intravenous
alteplase and mechanical thrombectomy were administered to 2 of 26 and 1 of 26, respectively. The
median (interquartile range) serum C-reactive protein, interleukin-6, D-dimer, fibrinogen, and ferritin
levels were 66 (21-210) mg/L, 116 (8-400) pg/mL, 1267 (556-4510) ng/mL, 711 (263-772) mg/dL, and
407 (170-757) mcg/L, respectively, which were elevated in individuals with available results.
Conclusion: The high prevalence of vascular risk factors and concurrent elevation of proinflammatory and
procoagulation biomarkers suggest that there is an interplay between both factors in the pathogenesis of
stroke in SARS-CoV-2einfected patients.
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I n March 2020, the World Health Organi-
zation declared coronavirus disease 2019
(COVID-19) a global pandemic, and since

then, millions of cases and fatalities have been
reported globally.1 The emergence and perva-
sive spread of highly transmissible mutant
viral strains such as B.1.1.7 (Alpha), B.1.351
(Beta), B.1.617.2 (Delta), and B.1.1.529 (Om-
icron) continue to cause a global threat.2 Se-
vere acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is the virus responsible for
COVID-19 and primarily affects the respira-
tory system. Individuals can present with dry
Mayo Clin Proc Inn Qual Out n April 2022
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cough, fever, dyspnea, hypoxia, acute respira-
tory distress syndrome, and respiratory fail-
ure.1,3 Neurologic involvement has been
reported in 30% to 50% of all individuals
with SARS-CoV-2 infection,4-6 and nearly
half of these cases are attributable to stroke.5,7

Severe acute respiratory syndrome corona-
virus 2 viral infection has been found to
considerably increase one’s risk of stroke,
and this is thought to result from a dysregu-
lated host immune response to the virus,
thus triggering endothelial cell (EC) dysfunc-
tion, platelet activation, activation of the
;6(2):156-165 n https://doi.org/10.1016/j.mayocpiqo.2022.01.003
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FIGURE 1. Schematic model illustrating the proposed pathogenesis of ischemic stroke in severe acute respiratory syndrome coro-
navirus 2einfected patients. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) binds to cells that express angiotensin-
converting enzyme 2 and transmembrane protease serine 2 receptors such as alveolar epithelial cells and vascular endothelial cells.
The infected host cells then release an initial set of cytokines and chemokines such as tumor necrosis factor, C-reactive protein,
interleukin-1, and interleukin-6, which leads to the recruitment of macrophages and monocytes. These produce even more proin-
flammatory cytokines and eventually a cytokine storm. The resultant cytokine storm then leads to activation of tissue factor located on
neutrophils, direct platelet activation, and endothelial cell damage. Endothelial cell damage leads to the release of more inflammatory
cytokines, release of von Willebrand factor, and decreased production of nitrous oxide. These processes can lead to endotheliopathy
and thrombosis in those with or without preexisting vascular risk factors. pp1a ¼ polyprotein 1a; E, M, N ¼ structural proteins E, M, N;
mRNA ¼ messenger ribonucleic acid; ORIFIa ¼ open reading frame 1a; ORIFIb ¼ open reading frame; pp1ab ¼ polyprotein 1ab; S ¼
spike protein; SS-RNA ¼ single stranded RNA; TF ¼ tissue factor.

SARS-COV-2eINFECTED PATIENTS
coagulation cascade, and a perturbation of the
renin-angiotensin-aldosterone system (RAAS)8

(Figure 1). Data on the role of traditional
vascular risk factors such as hypertension,
hyperlipidemia, and diabetes in stroke patho-
genesis have been mixed, with some studies
reporting an association9,10 and others
not.11,12 Furthermore, the temporal relation-
ship between SARS-CoV-2 infection and
stroke is unclear. Most case series have
described acute stroke characteristics in those
with simultaneous SARS-CoV-2 infection
even though the dysregulated immune
response in COVID-19 is likely to persist for
several months, thus leading to various postin-
fectious neurologic manifestations including
Mayo Clin Proc Inn Qual Out n April 2022;6(2):156-165 n https://d
www.mcpiqojournal.org
the COVID-19 long hauler syndrome.6,13 In
this work, we aimed to provide a comprehen-
sive description of vascular risk factors, labora-
tory parameters, timing of disease onset, and
treatment delivery in a series of SARS-CoV-
2einfected patients admitted to Mayo Clinic
hospitals in Rochester, Minnesota; Jackson-
ville, Florida; and Phoenix, Arizona, as well
as the Mayo Clinic Health System in the
same 3-month interval between September 8,
2019, and December 31, 2020.

PATIENTS AND METHODS
Cases were identified retrospectively from the
Mayo Clinic enterprise-wide and universally
adopted electronic medical record (EMR).
oi.org/10.1016/j.mayocpiqo.2022.01.003 157
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Stroke SARS-CoV-2
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16,618

“Detected” PCR:
6381

Comorbid cases:
172
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116
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123
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No research authorization n=7

Exclude reason
Outside the 92-d window n=49

Study period:
09/08/2019 to 12/31/2020

Final sample:
30

Exclude reason
Stroke consult only n=39
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FIGURE 2. Flow diagram showing all included and excluded participants. SARS-CoV-2 ¼ severe acute respiratory syndrome
coronavirus 2.
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We identified adult patients 18 years or older
with computed tomographye and/or mag-
netic resonance imagingeconfirmed acute
ischemic or hemorrhagic stroke and positive
SARS-CoV-2 real-time reverse transcription
polymerase chain reaction test result who
were admitted to any one of the Mayo Clinic
hospitals in Arizona, Florida, Iowa, Minnesota,
and Wisconsin. We used International Classifi-
cation of Diseases, Tenth Revision codes and test
result codes to identify cases (Supplemental
Figure, available online at http://www.
mcpiqojournal.org).

We included all those in whom stroke and
SARS-CoV-2 infection were diagnosed within
the same 3-month interval (comorbidity win-
dow) between September 8, 2019, and
December 31, 2020. We specifically defined
the comorbidity window as stroke or SARS-
CoV-2 detection having preceded the other
by an interval period of less than 92 days (3
months). Only those in whom the SARS-
CoV-2 test result was available for
Mayo Clin Proc Inn Qual Out n April 2022
confirmation in our EMR system were
included. We subsequently reviewed all iden-
tified cases resulting from this initial search
and included only those with a confirmed
new diagnosis of acute ischemic or hemor-
rhagic stroke. We excluded individuals with
a history of stroke or those in whom stroke
imaging characteristics were consistent with
chronic infarct. For all included participants,
we extracted data on sociodemographic char-
acteristics, vascular risk factors, clinical pre-
sentation, timing of disease onset, laboratory
markers, radiologic findings, and treatment
strategies. Ischemic stroke features on imaging
were summarized by anatomic location. We
recorded the proposed stroke mechanism, as
documented in the clinical notes, and data
on mortality outcomes.

Data Entry and Statistical Analyses
All relevant information was entered directly
into a pretested REDCap (Research Electronic
Data Capture) database questionnaire hosted
;6(2):156-165 n https://doi.org/10.1016/j.mayocpiqo.2022.01.003
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TABLE 1. Clinical Characteristics and Treatment Variables for All Participants
(N¼30)a,b

Variable Value

Age at diagnosis (y) 73 (63-80)

Male sex 20 (67)

Race
White 20 (67)
Black or African American 4 (13)
Asian 2 (7)
American Indian 1 (3)
Others/choose not to

disclose
3 (10)

Stroke/COVID-19 timing
Stroke preceded SARS-

CoV-2 infection
6 (20)

COVID-19 preceded stroke 10 (33)
Simultaneous stroke and

SARS-CoV-2 infection
14 (47)

Days from stroke onset to
diagnosis

0 (0-1)

Days from symptom onset to
positive SARS-CoV-2 test
result

2 (0-4)

Stroke/COVID-19 interval
(absolute days)

2 (0-26)

NIHSS score 6 (3-10)

Stroke treatment strategies
Antithrombotic treatment 17 (57)
Intravenous alteplase

treatment
2 (7)

Mechanical thrombectomy 1 (3)
Osmolar therapy (mannitol) 1 (3)
Therapeutic anticoagulation 4 (13)

Documented reasons for not
receiving intravenous
alteplase for acute stroke
treatment
Presentation out of the 4.5-

h window
17 (55)

Subacute infarct on imaging
done for altered mental
status

2 (7)

Subacute infarct on imaging
done for not waking up
despite lightening
sedation

3 (10)

COVID-19 severity grade at
stroke diagnosis
Asymptomatic 16 (53)
Mild disease 3 (10)
Moderate disease 2 (7)
Severe disease 2 (7)
Critical disease 7 (23)

Continued on next page

SARS-COV-2eINFECTED PATIENTS
on the Mayo Clinic server. Categorical data
from all participants were summarized using
proportions and percentages, while contin-
uous data were summarized using medians
and interquartile ranges (IQRs). Mortality
outcome was summarized using proportions
and percentages, categorized by stroke type.
The Fisher exact test was used to compare
the risk of mortality between those with
ischemic and hemorrhagic stroke. As an
exploratory analysis, the Fisher exact test and
Kruskal Wallis test were used, where appro-
priate, to compare demographic and clinical
characteristics between patients with crypto-
genic ischemic stroke and all other patients
with ischemic stroke.

Ethical Considerations
This study was approved by the Mayo Clinic
Institutional Review Board. We excluded indi-
viduals who did not provide research authori-
zation, as required by Minnesota state laws.
Only de-identified data were extracted from
patient charts and entered into REDCap.

RESULTS

Inclusions and Exclusions
During the period between September 8,
2019, and December 31, 2020, we identified
16,618 unique patients with a diagnosis of
stroke and 6381 cases with a positive SARS-
CoV-2 test result. Of these, 172 had comorbid
stroke and SARS-CoV-2 infection (Figure 2).
We excluded 49 cases who were outside our
92-day comorbidity window and 7 cases in
whom research authorization was not sought
at the time of hospitalization. We then individ-
ually reviewed all relevant clinical notes and
imaging findings for the remaining 116 cases
for inclusion. We excluded 39 individuals in
whom a stroke consult or acute stroke code
was requested but evaluation and imaging re-
sults were negative for stroke. We excluded
33 individuals with a history of stroke but
without evidence of acute stroke and 14 indi-
viduals with other diagnoses such as traumatic
subarachnoid hemorrhage, subdural hema-
toma, and brain tumor (Figure 2). A total of
30 cases were included for data extraction
and final analysis. Therefore, during the study
interval and within a 3-month comorbidity
window, there was a 0.5% stroke rate
Mayo Clin Proc Inn Qual Out n April 2022;6(2):156-165 n https://doi.org/10.1016/j.mayocpiqo.2022.01.003
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TABLE 1. Continued

Variable Value

COVID-19 treatment
strategies
Dexamethasone 10 (33)
Remdesivir 14 (47)
Tocilizumab 1 (3)
Convalescent plasma 3 (10)
Therapeutic anticoagulation 6 (20)
Intubation and mechanical

ventilation for respiratory
failure

9 (30)

aCOVID-19, coronavirus disease 2019; NIHSS, National Institutes of Health Stroke Scale; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2.
bData are presented as median (interquartile range) or No. (percentage).
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(n¼30) across 6381 SARS-CoV-2einfected
patients.
Sociodemographic Features and Prevalence
of Vascular Risk Factors
The median (IQR) age for all those included
was 73 (63-80) years, and most were men
(67% [20 of 30]). Those with cryptogenic
ischemic stroke were significantly younger
(median age (IQR), 69 (61-72) years vs 79
(75-82) years; P¼.0081) (Supplemental
Table 1, available online at http://
www.mcpiqojournal.org).

Participants were predominantly white
(67% [20 of 30]), followed by black or African
American individuals (13% [4 of 30]) and
Asian Americans (7% [2 of 30]) (Table 1).
Traditional stroke risk factors were highly
prevalent in the cohort. Hypertension was
the most common risk factor (80% [24 of
30]), followed by hyperlipidemia (60% [18
of 30]), smoking history (45% [13 of 30]), dia-
betes (39% [12 of 30]), atrial fibrillation (27%
[8 of 30]), and chronic kidney disease (27% [8
of 30]) (Figure 3). Moreover, 90% (27 of 30)
of individuals had more than 1 vascular risk
factor.
Stroke Type, Severity, Mechanism, Imaging
Characteristics, and Treatment
Strokes were ischemic in 87% (26 of 30) and
hemorrhagic in 13% (4 of 30) of participants.
The median (IQR) National Institutes of
Health Stroke Scale score was 6 (3-10). Ante-
rior circulation was the most common
ischemic stroke location, accounting for 80%
Mayo Clin Proc Inn Qual Out n April 2022
(21 of 26) of cases. In terms of stroke mecha-
nisms, cardioembolism (35% [9 of 26]) and
cryptogenic (35% [9 of 26]) were the most
documented (Supplemental Table 2, available
online at http://www.mcpiqojournal.org).

Intravenous alteplase for acute stroke treat-
ment was administered in only 7% (2 of 26) of
ischemic stroke cases, and the most
documented reasons for not treating with
thrombolysis were presentation outside the
4.5-hour window and/or subacute infarct
noted on head imaging (Table 1). Only 1 pa-
tient underwent mechanical thrombectomy.

Hemorrhagic strokes were mostly lobar
(75% [3 of 4]), with a median (IQR) hema-
toma volume of 33 (21-61) cm3. Of those
with hemorrhagic stroke, 33% (1 of 4) were
receiving therapeutic doses of anticoagulation
therapy.
Coronavirus Disease 2019 Severity and
Treatment Strategies
Nearly half of the individuals had asymptom-
atic SARS-CoV-2 infection (53% [16 of 30]).
Those with severe or critical disease were
also common, collectively accounting for
30% (9 of 30) of all cases (Table 1). Remdesi-
vir (47% [14 of 30]) and dexamethasone (33%
[10 of 30]) were commonly administered to
patients. Approximately one-third (30% [9 of
30]) of individuals were mechanically venti-
lated in the intensive care unit for acute respi-
ratory failure. Convalescent plasma was used
in 10% (3 of 30) of cases (Table 1).
Timing Between SARS-CoV-2 Infection and
Stroke
Simultaneous SARS-CoV-2 infection and acute
stroke occurred in 47% (14 of 30) of cases. Se-
vere acute respiratory syndrome coronavirus 2
infection preceded stroke in 33% (10 of 30) of
cases, whereas stroke was the preceding diag-
nosis in 20% (6 of 30) of cases. The median
(IQR) interval time from stroke diagnosis to
SARS-CoV-2 diagnosis was 2 (0-26) days.
The median (IQR) time from stroke symptom
onset to stroke diagnosis was 0 (0-1) days, and
the median (IQR) time from COVID-
19erelated symptom onset to SARS-CoV-2
detection was 0 (0-4) days. Nine individuals
with SARS-CoV-2 infection did not have
symptom duration recorded, as they remained
;6(2):156-165 n https://doi.org/10.1016/j.mayocpiqo.2022.01.003
www.mcpiqojournal.org
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SARS-COV-2eINFECTED PATIENTS
asymptomatic throughout their entire
hospitalization.

Proinflammatory and Procoagulation Serum
Biomarkers
Laboratory testing was not uniformly done in
all cases (Table 2). More than half of the indi-
viduals had complete blood count, interna-
tional normalized ratio, and D-dimer, serum
lipid, ferritin, and troponin levels tested.
Table 2 provides summary statistics (median
[IQR]) for all individuals in whom a test result
was available. Serum inflammatory and pro-
coagulant biomarkers were elevated in the
subset of individuals with available results
(Table 2). The median (IQR) C-reactive pro-
tein, ferritin, and interleukin-6 levels were 66
(21- 210) mg/dL, 407 (170-757) ng/mL, and
116 (8-400) pg/mL, respectively. The median
(IQR) serum fibrinogen and D-dimer levels
were 711 (263-772) mg/dL and 1267 (556-
4510) ng/mL, respectively.

Mortality Outcomes
Overall, 11 of 30 (37%) individuals died: 9
with ischemic stroke (9 of 26 [34%]) and 4
with hemorrhagic stroke (2 of 4 [50%]). The
difference in mortality rates was not statisti-
cally significant (P¼.611), although the event
rate and sample size were low for this analysis.

DISCUSSION
There are several notable findings from our
study. First, we found a low prevalence
(0.5%) of acute stroke in SARS-CoV-
2einfected patients. Second, traditional stroke
risk factors were highly prevalent in our
cohort, with more than 80% of individuals
having had at least 1 documented risk factor
such as hypertension, hyperlipidemia, smok-
ing history, diabetes, or atrial fibrillation.
Third, serum biomarkers for inflammation
and coagulation were elevated in individuals
in whom these laboratory values were avail-
able. Fourth, only a small minority of acute
ischemic stroke cases were eligible for reperfu-
sion therapy mostly because of late presenta-
tion. Lastly, in-hospital outcomes were poor
in our individuals with stroke and SARS-
CoV-2 infection, as evidenced by the high
mortality rate. Our findings are relevant as
they add to the mounting body of evidence
that is aimed at helping to improve our
Mayo Clin Proc Inn Qual Out n April 2022;6(2):156-165 n https://d
www.mcpiqojournal.org
understanding of the unique interaction be-
tween stroke and SARS-CoV-2 infection, thus
providing avenues by which critical stroke
prevention and treatment strategies can be
derived.

The low prevalence (0.5%) of stroke in our
study is similar to findings from 1 prior study
from New York that reported an ischemic
stroke prevalence rate of 0.9%.14 However,
larger studies and meta-analyses have reported
slightly higher prevalence rates of around
1.3% to 1.5%,15,16 which are more than dou-
ble the rates reported in our study. Several
other studies have reported even higher stroke
rates. One study from a large university health
system in the United States that enrolled a
significantly younger population than ours,
most of whom were African Americans (68%
black; mean age, 59 years), reported a stroke
prevalence rate of 2.5%, 5 times more than
ours.15 Further, a retrospective study conduct-
ed at the peak of the COVID-19 pandemic in
China reported a high stroke prevalence rate
of 5.7% in those with severe SARS-CoV-2
infection, therein supporting the theory that
individuals with severe infection are at a
heightened risk of stroke.7 Therefore, the dif-
ferences in prevalence rates between the
various studies can be explained by a differ-
ence in participant sociodemographic charac-
teristics, severity of SARS-CoV-2 infection in
enrolled participants, timing of the conducted
study with regard to the community preva-
lence of SARS-CoV-2 infection, and the back-
ground prevalence of stroke in the community
studied.

Regarding stroke risk factors, we found
that proinflammatory and procoagulation bio-
markers were elevated in individuals in our
cohort. This unsurprising finding can be
corroborated by data from numerous prior
studies reporting similar laboratory findings
in SARS-CoV-2einfected patients with acute
stroke.15,17-19 In addition, we found that there
was a concurrently high rate of traditional
stroke risk factors in our cohort, also similar
to what others have previously noted.16,20 In
one US study, 95% of patients had a history
of hypertension and 60% had diabetes melli-
tus.20 In fact, both diabetes mellitus and hy-
pertension have also been associated with
increased COVID-19 severity, acute respira-
tory distress, and poor outcomes.21-23
oi.org/10.1016/j.mayocpiqo.2022.01.003 161
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FIGURE 3. Prevalence of vascular risk factors.
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Diabetes and hypertension are hypothesized to
lead to severe SARS-CoV-2 infection through a
number of mechanisms such as impaired
glucose homeostasis, impaired immune
response, and activation of RAAS.24 Thus,
the increased risk of stroke in SARS-CoV-
2einfected patients is likely a result of the
close interaction between traditional vascular
risk factors and the dysregulated immune
response seen in SARS-CoV-2einfected
individuals.

We have incorporated our findings into
the existing basic science research data to pre-
sent a comprehensive schematic model to
illustrate the proposed pathogenesis of
ischemic stroke in SARS-CoV-2 infection
(Figure 1). The inciting event appears to be
the binding of SARS-CoV-2 to cells that ex-
press angiotensin-converting enzyme 2
(ACE2) and transmembrane protease serine
Mayo Clin Proc Inn Qual Out n April 2022
2 receptors, such as alveolar epithelial cells
and vascular ECs.25,26 The infected host cells
then release an initial set of cytokines and
chemokines such as tumor necrosis factor,
C-reactive protein, interleukin-1, and
interleukin-6, which leads to the recruitment
of macrophages and monocytes. These pro-
duce even more proinflammatory cytokines
and eventually a cytokine storm. The resul-
tant cytokine storm leads to activation of tis-
sue factor located on neutrophils and other
immune cells, which in turn interacts with
factor VII to stimulate the extrinsic coagula-
tion cascade.27,28 The hyperinflammatory
response also independently leads to direct
platelet activation and EC damage, which
both contribute to thrombosis.29 In addition,
EC ubiquitously express ACE2 and trans-
membrane protease serine 2, thus making
them a target for direct viral invasion, viral
;6(2):156-165 n https://doi.org/10.1016/j.mayocpiqo.2022.01.003
www.mcpiqojournal.org
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TABLE 2. Laboratory Parameters for Individuals
With Stroke and COVID-19 Infectiona,b

Test

Number with
available

results/total Median (IQR)

White blood
cell count
(cells/L)

28/30 9 (6-11) � 109

Platelet count
(cells/L)

28/30 243 (151-295) � 109

C-reactive
protein
level
(mg/L)

18/30 66 (21-210)

INR 25/30 1 (1-1)

APTT (s) 21/30 31 (27-34)

Troponin level
(ng/L)

15/30 21 (13-47)

Interleukin-6
level (pg/
mL)

6/30 116 (8-400)

LDL level
(mg/dL)

15/30 57 (45-68)

HDL level
(mg/dL)

16/30 42 (34-46)

Triglyceride
level (mg/
dL)

16/30 103 (94-139)

D-dimer level
(ng/mL)

20/30 1267 (556-4510)

Fibrinogen
level
(mg/dL)

13/30 711 (263-772)

Ferritin level
(mcg/L)

16/30 407 (170-757)

aAPTT, Activated partial thromboplastin time; COVID-19,
coronavirus disease 2019; INR, international normalized ratio;
IQR, interquartile range; LDL, low-density lipoprotein; HDL,
high-density lipoprotein.
bSI conversion factors: To convert mg/dL values to mmol/L,
multiply by 0.0259; to convert ng/mL values to nmol/L,
multiply by 2.5; to convert pg/mL values to pmol/L, multiply
by 3.671.

SARS-COV-2eINFECTED PATIENTS
proliferation, and eventually EC activation/
damage (Figure 1).30-32 Endothelial activation
by itself is a major orchestrator of thrombosis
and stroke occurrence, as it leads to a number
of downstream deleterious effects as summa-
rized in Figure 1, including extensive release
of inflammatory cytokines and chemokines
further fueling the cytokine storm,30,31,33

release of von Willebrand factor that further
Mayo Clin Proc Inn Qual Out n April 2022;6(2):156-165 n https://d
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promotes coagulopathy, decreased produc-
tion of nitrous oxide through suppression of
nitric oxide synthase (necessary for vasodila-
tion), and release of oxygen reactive spe-
cies.34,35 Another negative consequence of
EC damage is the resultant decrease in the
amount of ACE2 available to counter the ef-
fects of the classical RAAS pathway, leading
to further endotheliopathy and end-organ
damage.34 All the processes described above
can lead to either de novo endotheliopathy
(particularly in younger individuals without
a history of preexisting vascular risk factors)
or endothelial damage in those with underly-
ing atherosclerosis and comorbid vascular
risk factors (Figure 1).

Another key finding in our study was the
revelation that there was an extremely low rate
of reperfusion therapies offered to patients with
ischemic stroke at the time of stroke diagnosis.
The most common documented reason for not
treating with thrombolysis was presentation
outside the 4.5-hour treatment window. This is
likely due to individuals being hesitant to go to
the hospital in the midst of the COVID-19
pandemic, a phenomenon that has been seen
across several regions of the world with a world-
wide decline in stroke admissions during the
COVID-19 pandemic observed.36,37 This likely
contributes to poor stroke outcomes in patients
with COVID-19. Therefore, considerable efforts
are needed to combat hesitancy toward hospital
presentation to improve the number of patients
eligible for acute stroke therapy.

A major strength of our study lies in the
fact that this study was conducted in one of
the single largest North American academic
medical centers focused on integrated health
care, education, and research with hospitals
in 5 states, all universally adopting a single
EMR. We included all eligible hospitalized pa-
tients in whom stroke and SARS-CoV-2 infec-
tion were diagnosed within a comorbidity
window, facilitating more rapid study comple-
tion and timely dissemination of results. Data
fields and analysis plans were prespecified.

Limitations
This observational study was retrospective,
and the small sample size did not allow us
to perform further characterization and sub-
group analyses for a better understanding of
the interaction between traditional vascular
oi.org/10.1016/j.mayocpiqo.2022.01.003 163

https://doi.org/10.1016/j.mayocpiqo.2022.01.003
http://www.mcpiqojournal.org


MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

164
risk factors and proinflammatory/procoagula-
tion factors in stroke pathogenesis. Several
participants were missing some of the key lab-
oratory data of interest, which could have
affected our results. It is possible that we
might have included individuals at the ex-
tremes of our comorbidity window in whom
there was less of an interaction between stroke
and SARS-CoV-2 infection. However, the me-
dian interval time between SARS-CoV-2 detec-
tion and stroke diagnosis in our cohort was 2
days, with a 75th percentile value of 26 days
which is well within the window of expected
delayed effects of COVID-19.
CONCLUSION
We have found that traditional vascular risk
factors and concurrent elevation of proinflam-
matory and procoagulation biomarkers are
common in patients with stroke and SARS-
CoV-2 infection, suggesting that there is an
interplay between both factors in the patho-
genesis of stroke in these patients. Further
research aimed at improving our understand-
ing of this interaction will greatly improve
our ability to prevent and treat stroke in this
specific group of individuals.
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