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Abstract: Introduction: Acute ischemic stroke (AIS) and intracerebral hemorrhage (ICH) are among the acute cerebrovascular dis-

eases (CVDs) that have been reported as a result of COVID-19. It will be a significant step forward if our research helps
improve the compilation and analysis of existing data from other studies. Methods: The study is registered on PROS-
PERO with an ID of CRD42023464058. It encompasses articles published until December 2023 and involves searching
databases such as PubMed, Scopus, Web of Knowledge, Embase, and Cochrane. Additionally, we conducted manual
searches in respected publications within this discipline, utilized the Google Scholar search engine, and conducted ref-
erence checks, citation checks, and study of gray literature. The publications’ reporting quality was assessed using the
"Assessment of Multiple Systematic Reviews" (AMSTAR) checklist. The meta-analysis was conducted using Stata soft-
ware (StataCorp, version 16). Results: We analyzed the findings of 23 meta-analyses, which included 795 articles and
encompassed 5,937 patients who had previously experienced a stroke. The average age of these patients was 62.3 years,
and 68.3% were male. The findings indicated that the collective incidence of stroke among individuals with COVID-
19 is roughly 1.75% [95% confidence interval (CI): 0.4%-3.03], with 1.59% for ischemic strokes and 0.3% for hemor-
rhagic strokes. 32.3% (95% CI: 27.8%-36.9%) of COVID-19 patients with stroke passed away, approximately 27% were
discharged from the hospital with very mild or no complications, and around 28.1% (95% CI: 14.1%-42.1%) were re-
ferred for rehabilitation. Conclusions: The overall rate of stroke in COVID-19 patients was approximately 1.75%, with
a higher incidence in males and those with an average age of 62.3 years. Almost 80% of the strokes were ischemic, and
the mortality rate was approximately 32%. Finally, 27% of the patients were discharged without complications, and 28%

required rehabilitation.
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1. Introduction

The widespread COVID-19 disease, which ranges from mild
symptoms resembling a common cold to a severe respiratory
illness similar to Severe Acute Respiratory Syndrome (SARS)
and Middle East Respiratory Syndrome (MERS), quickly es-
calated to a global emergency (1-4).

Even before the COVID-19 pandemic, researchers recognized
respiratory infections as short-term risk factors for ischemic
stroke (5, 6).

Early reports from China reveal neurological symptoms in
nearly 36% of hospitalized COVID-19 patients. Poor out-
comes with COVID-19 infection are associated with vascu-
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lar risk factors such as hypertension, coronary artery disease,
and diabetes (7). Various have been proposed for ischemic
stroke during COVID-19 infection. Main proposed mecha-
nisms include cytokine storm induction and activation of the
innate immune system, embolic events precipitated by pre-
existing or new-onset arrhythmias, ischemia induced by sec-
ondary hypoxia to severe respiratory illness, thrombotic mi-
croangiopathy, epitheliopathy, or endothelialitis, and activa-
tion of the multifactorial coagulation cascade (8). One uni-
fying factor that seems to exist among published articles is
the increase in D-dimer levels in COVID-19 patients expe-
riencing acute ischemic stroke, indicating activation of the
coagulation and innate immune system. Other considera-
tions include a cytokine storm leading to increased levels
of IL-6 and C-reactive protein, associated with an increased
risk of stroke and myocardial infarction in healthy individu-
als (9-11). The ACE-2 receptor’s expression and binding to
the virus may represent a dual mechanism by which COVID-
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19 increases the risk of stroke. First, direct infection of the
brain endothelium expressing the ACE-2 receptor can cre-
ate a risk of viral-induced vasculitis. Finally, hypoxia result-
ing from a severe respiratory infection with COVID-19 can
also contribute to increased stroke risk by decreasing oxygen
delivery (12). Several studies have investigated the associa-
tion between stroke and COVID-19, with reports of a signif-
icant incidence of acute cerebrovascular disease (CVD), in-
cluding acute ischemic stroke (AIS) and intracerebral hem-
orrhage (ICH), attributable to COVID-19. Previous investiga-
tions have demonstrated an association between a history of
CVD and the increased severity and mortality of COVID-19.
Other studies have examined the spectrum of neurological
manifestations in COVID-19 (13).

Given the existence of systematic reviews on the relation-
ship between stroke and COVID-19, conducting an umbrella
review study is essential. This type of study can aid in ag-
gregating and analyzing the existing information from previ-
ous studies more accurately and comprehensively, highlight-
ing common patterns and differences among various find-
ings. By meticulously analyzing these data, researchers can
arrive at more general and conclusive results regarding the
relationship between stroke and COVID-19, thereby improv-
ing the treatment, prevention, and management of both dis-
eases. Such studies can expand our knowledge of the neuro-
logical consequences of COVID-19 and its effects on the ner-
vous system, as well as enhance diagnostic and therapeutic
methods for stroke patients during emergencies such as epi-
demics and pandemics.

2. Methods
2.1. Study design and setting

This study is an umbrella review designed and conducted in
2023 to determine the relationship between COVID-19 and
stroke. The study utilized the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(14) and the Joanna Briggs Institute (JBI) methodology for
umbrella reviews (15). Furthermore, the protocol for this
study has been registered in the PROSPERO registry with the
code CRD42023464058.

2.2. Search strategy

An experienced librarian, under the guidance of a field ex-
pert, developed and implemented the search strategy in
the present study (Appendix 1). We gathered the data us-
ing keyword searches and MeSH terms in PubMed, Sco-
pus, Cochrane, Embase, and Web of Science databases. We
searched for articles published up until December 2023. Af-
ter excluding irrelevant articles and selecting primary papers,
a further check was conducted to ensure the identification
and review of existing literature through a reference check, a
citation check, and an exploration of gray literature.

2.3. Inclusion and exclusion criteria

Inclusion criteria:

¢ This study included all systematic reviews and reports pub-
lished in English worldwide that examined laboratory and di-
agnostic findings and stroke outcomes in COVID-19 patients
using meta-analysis.

Exclusion criteria:

» Narrative reviews, and scoping reviews

e Studies that specifically addressed the effects of interven-
tions and medications

* Studies and reports lacking complete text or inaccessible
full-text articles

* Articles targeting only deceased patients as their study pop-
ulation

* Meta-analyses lacking appropriate reporting methods

2.4. Assessment of quality of articles

Two assessors independently used the A Measurement Tool
to Assess Systematic Reviews (AMSTAR-2) tool (16) to assess
the reporting quality of all articles during the full-text screen-
ing stage. According to the standards outlined by AMSTAR-
2, research studies were classified into one of four levels of
methodological quality: high, moderate, low, or critically low.
A study was considered to be of high quality if it had no flaws
or only a minor issue. Conversely, studies with multiple mi-
nor issues were categorized as moderate quality.
Consideration of an issue as minor or major was determined
using the criteria provided by the AMSTAR-2 tool. The final
assessment score for each article was determined through
agreement between the two assessors. A third assessor re-
solved any discrepancies between the two assessors.

2.5. Data extraction

A data extraction form was manually designed in Microsoft
Word 2013 to extract the data. Initially, the research team
extracted data from five articles as a trial for filling out the
forms and addressed any deficiencies or issues. If the arti-
cles did not contain the necessary information, the research
team computed it based on the article specifications and
included it in the meta-analysis. In certain cases, the re-
searchers contacted the corresponding authors of the articles
through email. In certain studies, the number of articles en-
tered into the systematic review differed from those entered
into the meta-analysis, with the latter being the researchers’
focus.

2.6. Data analysis

The random-effects model was used to estimate the out-
comes of stroke in COVID-19 patients. We used Stata soft-
ware (Stata Corp., version 16) for the meta-analysis [Stata-
Corp L: Stata statistical software: release 15. 2017]. The 12
index and Galbraith plot were employed to assess the het-
erogeneity of the study results. In this study, I? values less
than 50% were considered low heterogeneity, I? values be-
tween 50 and 74% were considered moderate heterogeneity,
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and values above 75% were considered high heterogeneity
(17). We conducted a regression analysis based on the mean
age (years), the percentage of males, and the last date of
source search (month). Additionally, subgroup analyses were
performed based on the previous date of the article search
(month).

Funnel plot diagrams and Egger’s regression test were used at
a significance level of 0.1% to assess publication bias (18).
Assessing the percentage of the overlap of primary studies
was done using corrected covered area (CCA), and covered
area (CA) published by Pieper et al. (2014) (19). In this study,
overlap was defined as primary articles that were repeated in
more than one meta-analysis.

Covered Area (CA) = N/rc

Corrected Covered Area (CCA) = N-r/rc-r

N: The sum of primary published studies and repeated stud-
ies are counted to calculate N

r: Number of rows

c: Number of columns

3. Results

3.1. General characteristics of the studies

Among the 23 studies included in the present umbrella re-
view (20-42), in terms of publication years, eight were pub-
lished in 2020, ten in 2021, four in 2022, and two in 2023. The
studies examining stroke history reported a total of 5,937 in-
dividuals. We estimated the average age of the patients to be
62.3 years. The majority of participants in the studies were
male, comprising 68.3%. The affiliation (country) of the first
authors of the articles was China in five, the United States in
four, and Singapore in three. Italy, India, Saudi Arabia, and
the United Kingdom each had two articles. Iran, Australia,
Indonesia, Bangladesh, Georgia, France, Germany, Greece,
Hungary, Mexico, Sri Lanka, and Malaysia each had one ar-
ticle. The 24 reviewed articles included 795 articles, with
an average of 33.1 articles per systematic review and meta-
analysis (Figure 1, table 1). In most studies, the authors used
the PRISMA guideline for study design and reporting. The
overlap results show a slight percent of overlap (CA: 3.84%
and CCA: 2.14%).

3.2. Quality Assessment

The AMSTAR-2 criteria were used to assess the quality of
these meta-analyses. Out of the meta-analyses reviewed, five
were deemed to be of high quality, seven received a moderate
quality rating, seven were rated as low quality, indicating po-
tential methodological limitations, and four were classified
as having critically low quality, suggesting significant con-
cerns about their methods and the trustworthiness of their
results (Table 2).

3.3. Classification of strokes

Figure 2 shows the average rates. As depicted in the figure,
ischemic stroke had the highest average rate, close to 80%.
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Hemorrhagic stroke was next, with approximately 16.5%.
Also, according to the TOAST criteria, the results indicated
that the most common type of stroke is cryptogenic stroke,
with an average rate of 37% (Figure 3).

3.4. Incidence of stroke

The results indicated that the overall incidence of stroke
among COVID-19 patients is approximately 1.75% [95% con-
fidence interval (CI): 0.4%-3.03], with ischemic strokes ac-
counting for 1.59% and hemorrhagic strokes for approxi-
mately 0.3%. Additionally, studies that did not specify the
type of stroke estimated the incidence at 1.83% (Figure 4, for-
est plot). Heterogeneity assessment results showed very low
heterogeneity among the study results (I> = 0.03%, p >0.99)
(Figure 5, Galbraith plot). Furthermore, the probability of
publication bias was very low (z = -0.27, Prob > |z | = 0.7849;
Figure 6).

3.5. Outcomes

3.5.1 Mortality

The meta-analysis results from 15 studies with a sample size
of 8,731 showed that approximately 32% of COVID-19 pa-
tients with stroke lost their lives (32.3% [95% CI: 27.8-36.9])
(Figure 7, Forest plot). Heterogeneity was very low among
the study results (1% = 0, P = 0.92) (Figure 8, Galbraith plot).
Additionally, the probability of publication bias was very low
(z=1.60, Prob > |z| = 0.1086; Figure 9).

3.5.2 Mild complications/discharge to home

The meta-analysis results from five studies with a sample size
of 5,685 indicated that approximately 27% of COVID-19 pa-
tients with stroke experienced very mild or asymptomatic
complications and were discharged from the hospital (27.3%
[95% CI: 21-33.6]) (Figure 10, Forest plot). Heterogeneity was
very low among the study results (IZ = 2.4%, P = 0.61) (Figure
11, Galbraith plot). Additionally, the probability of publica-
tion bias was very low (z = -0.03, Prob > |z| = 0.9780; Figure
12).

3.5.3 Referral to rehabilitation

The meta-analysis results from three studies with a sample
size of 1,036 showed that approximately 28% of COVID-19
patients with stroke were referred to rehabilitation (28.1%
[95% CI: 14.1%-42.1%]) (Figure 13, Forest plot). Heterogene-
ity was very low among the study results (I = 0%, P = 0.54)
(Figure 14, Galbraith plot). Additionally, the probability of
publication bias was very low (z = -0.08, Prob > |z| = 0.9369;
Figure 15).

4, Discussion

In this umbrella review, we investigated the relationship be-
tween COVID-19 and the characteristics and outcomes of
stroke. A total of 24 systematic reviews and meta-analyses,
which included 795 articles, were studied. Several studies in-
dicated that the occurrence of stroke in COVID-19 patients
is approximately 1.75% (which is equivalent to 1.59% for is-
chemic strokes and almost 0.3% for hemorrhagic strokes).
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Additionally, in other studies where the type of stroke was
not specified, the occurrence of stroke was estimated to be
1.83%. Stefania Nannoni et al. (30) found that the occurrence
of stroke in COVID-19 patients is 1.4%, with ischemic stroke
being the most common subtype of stroke. Ischemic strokes
often involve multiple brain infarctions and have a crypto-
genic cause. In comparison to strokes not associated with
COVID-19, individuals affected by ischemic stroke tend to be
younger and experience more severe strokes, primarily due
to large artery occlusion.

Previous studies have indicated that the risk of stroke occur-
rence in COVID-19 patients is more than twice as high com-
pared to healthy individuals of the same age, gender, and eth-
nicity. Perry R] observed that ischemic stroke is more fre-
quent and severe in Asian COVID-19 patients (with an av-
erage National Institute of Health Stroke Score (NIHSS) of 8
compared to 5) and is associated with higher mortality rates.
Additionally, D-dimer levels are higher in this group of indi-
viduals. However, recurrence of stroke during the hospital-
ization of COVID-19 and non-COVID-19 patients is rare (43).
Isabel Siow et al. found that the occurrence of stroke in
COVID-19 patients is relatively low, but it increases in some
instances. However, COVID-19 patients who experienced
stroke and were hospitalized in the intensive care unit (ICU)
for a prolonged period had a high mortality rate (33).

In another study, although the incidence of stroke among
COVID-19 patients was low (1.1%), it was found that strokes
occur in severe cases of COVID-19 and are associated with
poorer prognosis. Severe COVID-19 and bad prognosis are
more often found in older men with one or more underly-
ing diseases (26). In our study, the average age of patients
was estimated to be 63.3 years, with the majority being male
(63.3%). The meta-analysis showed a positive association be-
tween ischemic stroke risk and COVID-19, increasing the risk
by 1.4 times (35, 38, 42).

The risk of ischemic stroke should be considered when a
patient with COVID-19 is hospitalized, as they may bene-
fit from early anti-inflammatory and anticoagulant therapies
(25, 27-29, 31, 34). Laboratory studies have revealed an in-
crease in D-dimer, fibrinogen, anti-phospholipid antibodies,
ferritin, C-reactive protein (CRP), and Erythrocyte sedimen-
tation rate (ESR) levels, with D-dimer being a reliable marker
in these patients. Elevated levels of these markers are as-
sociated with a poorer prognosis in patients with COVID-19
(21, 30, 35-37, 40). In general, patients with severe COVID-
19 are at increased risk of acute stroke, emphasizing the ne-
cessity for neurological clinical monitoring in patients with
SARS-CoV-2 infection and further investigation into the un-
derlying pathophysiology (32). In most studies, common
clinical symptoms of stroke have been reported in patients
who developed stroke following COVID-19. The most com-
mon symptoms include unilateral hemiparesis or hemiple-
gia, loss of consciousness or decreased consciousness levels,
slurred speech/aphasia, face drooping, visual disturbances,
and headaches (22, 33, 39, 40). Additionally, a significant

association between the cause of stroke and age was ob-
served in COVID-19 patients, with cryptogenic strokes pre-
dominantly seen in younger patients (average age: 62 years).
In contrast, cardioembolic strokes are observed in older indi-
viduals (38). In hospitalized COVID-19 patients, intracranial
hemorrhage rates ranging from 0.1% to 3.3% have been re-
ported, with higher occurrences in patients over 80 years old.
These patients often experience more complications, require
more extended hospital stays, especially in the ICU, and need
ventilator support and vasopressors. Moreover, they have an
extraordinarily high mortality rate, ranging from 42 to 84%
(23). Advanced age, underlying conditions (such as hyper-
tension and diabetes), and the severity of respiratory symp-
toms in COVID-19 are strongly associated with high mortality
rates (20, 24).

Our meta-analysis results in this umbrella study show that
ischemic stroke, with an average rate close to 80%, had the
highest average rate, followed by hemorrhagic stroke with
approximately 16.5%. Additionally, based on TOAST criteria,
the majority of strokes were cryptogenic, accounting for 37%.
Regarding the outcomes of stroke in COVID-19, the meta-
analysis of 15 studies with a sample size of 8,731 patients
showed that about 32% of COVID-19 patients with stroke lost
their lives. The meta-analysis of five studies with a sample
size of 5,685 indicated that around 27% of COVID-19 patients
with stroke were discharged from the hospital with very mild
symptoms or no complications and returned home. Further-
more, the meta-analysis of three studies with a sample size of
1,036 showed that approximately 28% of COVID-19 patients
with stroke were referred to rehabilitation.

5. Limitations

The present umbrella review synthesizes systematically re-
viewed studies on stroke and COVID-19 but has limitations.
One of the most significant limitations is the type of studies
included in the previous systematic reviews, which mainly
consisted of retrospective studies, including various case-
control or case-series studies. Additionally, the limitation in
accessing data from other studies was another constraint of
the current study, which may have hindered the ability to ac-
cess all previous studies and collect data accurately, poten-
tially leading to reduced accuracy and reliability of the re-
sults. Another limitation of this study was that according to
the information reported in the articles, subgroup analyses
could only be performed based on the type of stroke. Varia-
tions in data collection methods and reporting across differ-
ent studies and the data overlaps in the included articles may
disrupt the analysis and interpretation of the results. In this
regard, conducting prospective studies on stroke patients af-
fected by COVID-19 to investigate the causes, related risk fac-
tors, and long-term outcomes of this comorbidity is recom-
mended. Future clinical studies are suggested to evaluate
the best diagnostic, preventive, and treatment methods for
COVID-19 patients with stroke, as well as to gain a better un-
derstanding of the patterns of occurrence and outcomes of
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this comorbidity in different communities.

6. Conclusions

In our study, the incidence of stroke in COVID-19 patients
was approximately 1.75%, with a higher occurrence in men
and those with an average age of 62.3 years. Approximately,
80% of strokes were ischemic, with a mortality rate of around
32%. Additionally, 27% of patients were discharged from the
hospital without complications and 28% of COVID-19 pa-
tients with stroke required rehabilitation.
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Identification of studies via databases and registers

Records identified from: 1171
Pubmed (n =407)

Scopus (n=237)

Embase (n=341)

Web of Science (n=77)
Google Scholar (n=109)

Screening

Included | |

!

Records screened

(n=973)
)

Reports sought for retrieval

(n=89)

Reports assessed for eligibility
(n =86)

Studies included in review
(n=23)

Records removed before
screening:

—»| Duplicate records removed

(n=198)

Records excluded

| (n=884)

Reports not retrieved

—»| (n=3)

Reports excluded: 62

Did not Perform Meta-
analysis or scoping review (n
=15)

Not English (n =4)

Low reporting quality (n = 3)
Other language (n=41)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of search and screening process.
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Stroke Incidence Weight
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ischemic

Stefania Mannoni et al —— 014 -0498, 0778] 3.98
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Testof 6, = 8: Q(13) = 0.35, p = 1.00

Test of group differences: Q,(2) = 0.23, p=0.89

4 -2 0 2 4
Forest plot of stroke incidence in COVID-19 patients based on a random-effects model.
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Study with 95% CI (%)
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Isabel Siow et al
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.336 [ -.0265, .699] 1.56
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19TV Forest plot of percentage of discharge with very mild complications among COVID-19 patients with stroke based on a random-
effects model. CI: confidence interval.
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Characteristics of included studies in this umberella review
Authors Type |Number Types|ChecklistType | Clin-| Total | Imag- | Lab findings Vac- | Outcome | Results Conclusion
Year of | ofin- [of in- of |ical no./sex/dgeing ci-
Loca- |review |cluded|cluded acute | mani- find- na-
tion stud- |stud- CVD |festa- ings tion
ies |ies tions his-
tory
Stefania A sys- | 1906/ |57 PRISMA The (84.1%,| There |Radiolgditatated median D-| - |Out of (108,571 Acute cerebrovas-
Nan- | tem- | 145 |case most |of pa-| werea | signs |dimer (3720 mg/L) the 1655|COVID-19 |cular diseases are
noni atic re- com- [tients | total of of |Elevated median patients | patients not uncommon
et al.|review ports, mon |mani- | 108,571 | pneu- |fibrinogen (459 with in-|/1106 is-[in patients with
2021 and 51 mani- |fested | COVID- | monia | mg/L). formation | chemic or IS [ COVID-19, espe-
UK meta- case festa- |COVID 19 were |Antiphospholipid on mor- |Incidence cially in those who
analysi series, tion |19 pa- de- |antibodies (avail- tality, of acute|are severely in-
4 case- was |symp- | tients. |tected |able in 87 stroke Hospital |CVD:1.4% |fected and have
control AIS |toms | Median | in |cases): death: (95% CI: | pre-existing vas-
stud- (87.4%);at agewas | 86.7% |17.2% tested posi- 31.5% 1.0-1.9). cular risk factors.
ies, 33 ICH |stroke 65.3 (198/ |tive for IgM/IgG an- (521) IS:(87.4%) | The pattern of large
cohort (11.6%)l.onset. | (61.4-67.6246) of | ticardiolipin or anti- Discharged Intracerebral | vessel occlusion
stud- TIA years, pa- |b2-glycoprotein I home: hemor- and multi-territory
ies (0.1%), and the | tients |antibodies 19.1% rhage: infarcts suggest that
CVT majority | and 379/ (11.6%). cerebral thrombosis
(0.5%) were | signs 1315) Transient and/or thromboem-
male | of PE Dischargedischemic bolism could be
(62.4%).| in to reha-|attack: 0.1% |possible causative
14.8% bilitation: | Cerebral ve- |pathways for the
(9/61). 25.7% nous throm- | disease.
(228/744) |bosis: 0.5%
Isabel | A Sys- [326/30|16 PRISMA - Unilaterab5,176 - AST levels were| - |Mortality |The average|Although stroke
Siow tem- stud- hemi- | patients raised, with an rate of | incidence is an uncommon
et al.| atic ies pare- | includ- average of 51.9 u/L patients | of stroke as|complication of
2021 Re- Cross- sis or| ing 899 (Range: 28_116 u/L). who suf-|a  compli- | COVID-19, when
Singa- | view sectionpl hemi- | with ALT levels were fered cation of |[present, it often
pore and 14 plegia: | stroke mildly raised, with from COVID-19 |results in significant
Meta- case (66.7%)| were in- an average of 58.2 stroke as|was 1.74% | morbidity and mor-
Analysif series Loss cluded. u/L (Range: 28-75 a compli- | (95% CI: [tality. In COVID-19
of The u/L). cation of|1.09% to | patients, stroke was
con- mean CRP levels were COVID-  (2.51%). associated with
scious-| age: within normal 19: The average|older age, comor-
ness 65.5 range, with an av- 31.76% mortality bidities, and severe
or de-| (Range: erage of 10.0 u/L (95% CI:|of stroke in|illness
creased 40.4- (Range: 2.27-20.80 17.77% to | COVID-19
lev- 76.4) u/L). 47.31%) patients was
els of| years, D-dimer levels were The 31.76% (95%
con- 70.5% raised, with an pooled CL. 17.77%
scious-| male. average of 3,301.1 mortality |to 47.31%).
ness ng/mL (Range: 3- rate in
:(66.0% 25,261 ng/mL). severely
Headadhe: PT was raised, ill pa-
(11.9%), mean:13.1 s tients:
(Range:10.0-15.52 84.8%
s). aPTT: mean
24.2 s (Range: 2.10
$-55.00 s). Nine
studies reported on
full blood count.
Hb mean: 10.3 g/dL
(Range: 9.12-12.89
g/dL).
Plt levels average
240,704.3 per mm3
(Range:78,000-
319,000 per mma3).
WBC average of
10,094.8 cells/mm3
(Range:7,193-12,400
cells/mma3)
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BV EBH Characteristics of included studies in this umberella review (continue)

Authors Type |Number Types|ChecklistType | Clin-| Total | Imag- | Lab findings Vac- | Outcome | Results Conclusion
Year of | ofin- [of in- of |ical no./sex/dgeing ci-
Loca- |review |cluded|cluded acute | mani- find- na-
tion stud- |stud- CVD |festa- ings tion
ies |ies tions his-
tory
Kai A Sys- [568/28|8 PRISMAMajority- Atotal | More |ESR: “31-86” mm/1| - |The av-|The pooled|The occurrence of
Wei tem- | arti- |retro- of sample: | than |h. erage frequency |stroke in patients
Lee atic cles |spec- strokes 8,771 | half of | CRP:“0.101-1,920” mortality |of stroke in|with COVID-19
et al.| Re- in- |tive seen partici- |strokes| mg/L rate  for|COVID-19 |infection is wun-
2020 view |cluded | cohort among pants | hap- |Ferritin:“392- stroke patients was |common, but it
Malaysia and | for the | stud- COVID The |pened |4609.33” mg/L patients [1.1% (95% |may pose as an
Meta- | sys- |ies, 11 19 mean | inan- |D-dimer:“0.71-28.5" with CIL: 0.8, 1.3). |important prog-
Analysis tem- |case pa- ageof | terior |mg/L COVID-19 nostic marker and
atic | series, tients: the circu- |LDH:  “406-860.4" and non- indicator of sever-
review [and 9 arte- partici- | lation [IU/L COVID-19 ity of infection, by
and 7 |case rial pants: |(60.0%),Fibrinogen:”462.8- infection causing large vessel
stud- |re- stroke 62.9+ fol- |6,050” mg/dL, was 46.7 occlusion and ex-
ies for | ports (98.5%), 12.2 | lowed |Antiphospholipid: and 8.7%, hibiting a thrombo-
the venous years, by |a majority of the respec- inflammatory vas-
meta- stroke Males: | multi- |studies did not cap- tively. cular picture.
analysi was (64.1%).| ple [ture  information
seen terri- |on the presence of
only tories | antiphospholipid.
in (28.0%) Procalcitonin: three
three and |studies had a blood
pa- poste- | test result of below
tients rior |1.0 mg/mL, ranging
(1.5%). circu- |“0.23-0.8” ng/mL
TOAST lation |IL-6: “3-10.5”
crite- (12.0%)|.pg/mL
ria: Among| Troponin: Three
large the29 |out of the seven
ves- cases |studies reported an
sels of |abnormally elevated
and stroke | troponin concentra-
cryp- in- |[tion
to- volv- | Plt: the mean
genic ing |ranged from 112 to
were the |303 x109, and the
the ante- |levels were all within
most rior |the normal range in
com- circu- |the included stud-
mon lation, | ies, except one study
type of 28 | which had a slightly
stroke cases |elevated level (409 x
(28.9%)|, oc- |109).
curred |PT levels range:
in the |“11-13.5" s.
MCA
re-
gion,
and
only
two
cases
in-
volved
the
ACA
re-
gion.
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BV EBH Characteristics of included studies in this umberella review (continue)

Authors Type |Number Types|ChecklistType | Clin-| Total | Imag- | Lab findings Vac- | Outcome | Results Conclusion
Year of | ofin- [of in- of |ical no./sex/dgeing ci-
Loca- |review |cluded|cluded acute | mani- find- na-
tion stud- |stud- CVD |festa- ings tion
ies |ies tions his-
tory
Yanhua| A Sys- | 785/4 |3 PRISMA - - 31,634 - - - - The risk of|This meta-analysis
Cui et| tem- retro- partici- IS (com- |showed a strong
al. atic spec- pants bined OR:|correlation between
2022 Re- tive includ- 2.41;95% CI: |the increased in-
China | view cohort ing 171 1.08-5.38) cidence rate of IS
and stud- COVID- was sig- |and COVID-19,
Meta- ies; 1 19 nificantly especially among
Analysis prospec- positive increased. |[COVID-19 patients
tive patients Four in- [in North America.
cohort with IS cluded Further study is
study were in- studies were |required to develop
cluded. significantly | effective treatments
The heteroge- to decrease the IS
mean neous (2=|risk in COVID-19
age of 75.2%, P =|patients.
COVID- 0.007)
19-
positive
patients
with
1S:69.45
years
(Range:
63-77
years)
Male
pa-
tients:
56%.
Wenzhangsys- |5107/10Articles PRISMA Large |- The - - - |Morbidity | The pooled|In this systematic
Luo tem- with and | vessel studies of stroke|prevalence |[review and meta-
et al.| atic orig- |MOOSE dis- in- in of IS in|analysis, based on
2022 | review inal ease, volved a COVID-19 |COVID-19  |data from 10 rele-
China | and data small total of patients: [: 2% (95% |vant literature and
meta- (e.g., vessel 26,691 ranged CI 1-2%; p|26,691 COVID-19
analysi co- dis- pa- from 0 to|< 0.01; 12 =|patients across all
hort, ease, tients. 5%. 86%; based |ages, we found that
retro- car- Mean on random- |approximately 2%
spec- dioem- age: effects of patients with
tive, bolic, “48.1- model. COVID-19 infection
case- cryp- 75.7” could present with
control to- years, IS.
stud- genic, and
ies) and 35.1%
other (52 of
de- 148; 8
fined studies)
mech- of the
a- patients
nisms. were
Cryptogenic female.
stroke
sub-
type:
35%
(95%
CI
12-59%;
p<
0.01)
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BV EBH Characteristics of included studies in this umberella review (continue)

Authors Type |Number Types|ChecklistType | Clin-| Total | Imag- | Lab findings Vac- | Outcome | Results Conclusion
Year of | ofin- [of in- of |ical no./sex/dgeing ci-
Loca- |review |cluded|cluded acute | mani- find- na-
tion stud- |stud- CVD |festa- ings tion
ies |ies tions his-
tory
Ritesh | A sys- [5877/37Retrosp®RI&EMA - - The - - - - Pooled re-|COVID-19 infec-
G. tem- obser- total sults show|tion is associated
Menezgs atic va- number that the|with an increased
et al. |review tional, of incidence risk of acute CVD
2023 and case patients of acute|and is associated
Saudi | meta- series, in- CVD events |with cardioembolic
Ara- |analysi: prospec- cluded in COVID-|and cryptogenic
bia, tive in 19-positive | etiologies and
Pak- ob- analysis patients is|the risk factors of
istan, serva- g 2.6%  (95% | atrial fibrillation,
Ire- tional, 294,249. CI:  2.0-3.3; | coronary artery
land Events: P<0.001). disease, diabetes,
1963 and hypertension in
COVID-19-positive
patients.
Syahrul A sys- [1416/1817 PRISMA IS |For 58,104 |Diffuse|- - |Mortality |Prevalence |Although the oc-
Syahru] tem- | Only |retro- (inci- |COVID{ COVID- | micro- rate of | of HS: 0.46% | currence of hem-
et al.| atic 16 |spec- dence: |19 pa- 19 hem- COVID-19 | (95% CI|orrhagic and is-
2021 |review | stud- |tive 71.58%) tients | Patients | or- patients | 0.40%-0.53%; chemic strokes is
In- and ies |co- IS |who rhages who ex- 12:89.81%) low, the mortality
done- | meta- | were |hort; 1 (inci- |ex- have perienced | among rates of both stroke
sia analysi$ in- |prospec- dence: | peri- been a 1S:| 67,155 types in patients
Bangladesh cluded | tive 28.42%) enced previ- 44.72% COVID- with COVID-19 is
Saudi in the |cross- a ously (95% CI|19 patients |concerning, and
Arabia meta- |sectional stroke, ob- 36.73%-52{F8Wjalence |therefore, despite
India analysi hos- served Mortality |of IS: 1.11% |several potential
pital in rate of | (95% CI|pathogeneses that
ad- COVID COVID-19|1.03%-1.22%jhave been pro-
mis- 19 patients |1 2=94.07%) | posed, studies
sion pa- who ex-|among aimed at defini-
with tients, perienced | 58,104 tively  elucidating
respi- via an 1S:| COVID- the mechanisms of
ratory brain 36.23% 19 patients |hemorrhagic  and
symp- imag- (95% CI IS in individuals
toms ing, 30.63%-42(24%), with COVID-19 are
were and warranted.
more such
com- micro-
monly hem-
re- or-
ported rhages
than are
that scat-
with tered
neuro- mostly
logical in the
symp- juxta-
toms corti-
cal
white
mat-
ter,
cor-
pus
callo-
sum,
and
brain
stem.
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Characteristics of included studies in this umberella review (continue)
Authors Type |Number Types | Checklisflype of | Clin-| Total | Imaging findings | Lab find- | Vac- | Outcome | Results | Conclusion
Year of | ofin- [of in- acute |ical no./sex/dge ings ci-
Loca- |review |cluded|cluded CVD |mani- na-
tion stud- |stud- festa- tion
ies |ies tions his-
tory
Zhelv | Asys- |4842/3832 - Cryptogenic 76,894 |Patients with | Higher - [13.2% of | Cryptogenj®atients with
Yao tem- were stroke individ- | COVID-19 showed |levels of patients | stroke AIS who had
et al.| atic co- was the uals |ahigher proportion| CRP and had hem-|was the|COVID-19 infec-
2022 | review hort; most of large vessel oc-|D-dimer orrhagic | most tion tended to
China; | and two com- clusion (LVO) (OR:|Prolonged transfor- |com- have cryptogenic
United | meta- were mon 1.68, 95% CI: 1.10|aPTT and mation. |mon type|LVO and multi-
King- |analysi case type - 2.57; 1?: 75%; 8|PT. 29.2% (41.0%, territory infarcts
dom con- with studies) and multi- | No differ- died 95% CL:|with high CRP
trol, 41.0%, territory  infarcts |ence was during 33.9 —|and D-dimer
four Cardioembolism| (OR: 2.64, 95% CI:|detected hospital- |48.0%; 12: | levels. These pa-
Cross- 26.4% 1.62-4.29; 12: 0%; 4 |in leuko- ization. 76.1%; 17 |tients had more
sectional large studies) than those | cytes and 29.0% studies). |severe stroke
vessel without COVID-19. | Plt had a syndromes,
atheroscle- Stroke was more favorable worse func-
rosis: likely to occur in outcome tional outcomes,
13.9% the anterior circu- on  dis- and a higher
small lation (OR: 2.29, charge. in-hospital
vessel 95% CI: 1.03 - 5.10; mortality rate,
stroke: 12: 37%; 7 studies), with or with-
7.6%, particularly in the out reperfusion
internal carotid treatment.
artery (OR: 1.85,
95% CI: 1.19 - 2.88;
12: 0; 7 studies).
Ying-KigA sys- |4965/39- PRISMA - The Atotal |The majority of AIS|Elevated - |Mortality |The The pooled
Tan tem- ma- of39 |neuroimaging pat- | mean rate: pooled incidence of
et al.| atic jority | studies |terns observed was|D-dimer 38.0%, incidence |AIS in COVID-
2020 |review of pa-| com- |large vessel throm-|(9.2 + 14.8 (Out  of|of AIS in|[19 patients is
Singa- | and tients | prising |bosis, = embolism | mg/L) the 129|COVID-19|1.2%, with a
pore |meta-syummaryj mani- 135 |or stenosis (62.1%,|and fib- patients |patients |high mortality
of the fested | patients |64/103), followed |rinogen with  in-|from rate.  Elevated
litera- typical| were |by multiple vascu- | (5.8 + formation | obser- d-dimer, fib-
ture COVID¢ studied. |lar territory (26.2%, [2.0 g/L). on mor-|vational |rinogen, and
19 The |27/103). Antiphos- tality, 49 |studies the presence of
symp- | mean pholipid (38.0%) |was 1.2% |antiphospho-
toms, | agewas antibod- had (54/4466) |lipid antibodies
namely| 63.4+ ies were demised |with a|appear to be
fever 13.1 detected at the| mean age | prominent in
(63.7%,| years in a sig- time that{of 63.4|COVID-19 pa-
65/102), and the nificant the re- [+ 13.1|tients with con-
acute |majority number spective |years. The | comitant IS, but
respi- were of cases. reports mean du- |further mecha-
ratory | male were pub- |ration of | nistic studies are
symp- | patients lished). |AIS from |required to eluci-
toms (62.3%, COVID-19 | date their role in
(76.0%,| 81/130). symp- the pathogenesis
73/96) toms of AIS.
and onset was
dys- 10 + 8
pnea days, and
(58.6%, the mean
34/58). NIHSS
score was
19 + 8.
A high
mortality
rate was
reported
(38.0%,
49/129).
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BV EBH Characteristics of included studies in this umberella review (continue)

Authors Type |Number Types | Checklisflype of | Clin-| Total | Imaging findings | Lab find- | Vac- | Outcome | Results | Conclusion

Year of | ofin- [of in- acute |ical no./sex/dge ings ci-
Loca- |review |cluded|cluded CVD |mani- na-
tion stud- |stud- festa- tion
ies |ies tions his-
tory
Aristeidid\ sys- |554/18 (18 PRISMA Among |- 67,845 |- - - | Odds Among Patients infected
H. tem- cohort patients patients of in- | patients |by SARS-CoV-2
Kat- atic stud- with hospital |with appear to have
sanos |review ies SARS- mortal- | SARS- increased odds
et al.| and CoV-2, ity were|CoV-2, of IS rate, par-
2020 | meta- 1.3% higher 1.3% hos- | ticularly the
Canada;analysi hospi- among pitalized |cryptogenic
Greece;| talized SARS- for cere-|subtype, when
USA; for cere- CoV-2 brovascu- | compared to
France;| brovas- stroke lar events, contemporary or
Italy; cular patients |1.1% for | historical nonin-
Singa- events, compared | ischemic |fected controls.
pore 1.1% for to non-|stroke,
is- infected |0.2% for
chemic contem- |IS
stroke, porary or|0.03%
0.2% for historical |Cerebral
IS stroke pa- | sinus
0.03% tients (OR | venous
Cerebral = 5.60, | thrombo-
sinus 95% CI =|sis
venous 3.19-9.80,
throm- 12 = 45%).
bosis
Sina | Asys- [243/17|- PRISMA - - 25,586 |- - - |Studies |Included |Analysisrevealed
Parsay | tem- COVID- regarding |studies a pooled inci-
et al.| atic 19 cases mortality |reported |dence of 1.7%
2021 |review 375 in pa-|a pooled|for ischemic CVA
Iran and cases of tients average |in the setting
meta- acute is- who died |incidence |of COVID-19
analysi chemic from is-|of 1.7% |infection, with a
CVA chemic |for is- | mortality rate of
The CVA to all |chemic |29.2% amongst
majority COVID- |CVA, the COVID-19
of 19 cases|ranging |patients with
COVID- revealed |from 1.3% |ischemic CVA.
19 cases a 0.5%[to  2.3%.
were mortality |Mortal-
male. rate. ity of
Mean The mor-|COVID-
age: at tality 19 cases
least 60 rate of|was 0.5%,
years patients |ranging
old with CVA|from 0.4%
(63.4+13.1) who suf-|to 0.6%.
fered
from
COVID-19
infection
and  is-
chemic
CVA  si-
multane-
ously was
29.2%.
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Characteristics of included studies in this umberella review (continue)
Authors Type |Number Types | ChecklistType | Clin- Total Imag- | Lab findings Vac- | Outcome | Results Conclusion
Year of | ofin- [of in- of |ical no./sex/age ing ci-
Loca- |review |cluded|cluded acute | mani- find- na-
tion stud- |stud- CVD |festa- ings tion
ies |ies tions his-
tory
Shuwen A sys- |4252/4744 PRISMA - - 7267055 - - - - The stroke | Stroke was
Li et| tem- Retro- patients was as- | independently
al. atic spec- mean age: 16 sociated associated with
2022 | review tive studies < 60 with  higher|a significantly
China | and Co- years old; 29 COVID-19 increased risk
meta-ahalysis |horts; studies, = 60 mortality for mortality
based 2 years old (pooled effect|in COVID-19
on ad- Prospec- proportion of = 1.30, 95% |patients.
justed tive males: 13 confidence
effect Co- studies, <50%; interval (CI):
esti- horts; 31 studies, > 1.16-1.44; 12
mates 1 Am- 50% = 89%, P <
bis- 0.01; random-
pec- effects model)
tive
Co-
hort
T. A 761/2 |2 Co-|PRISMA - None 165 patients - Lymphocyte - |In- Of 165 pa-|severity of
Siep- | multi- hort of the| hospitalized count, Throm- hospital |tients hos- |COVID-19 is
mann | center stud- stroke | for COVID-19 bocyte  count, death pitalized for |associated with
et al.| study ies pa- (49.1% male, D-dimer, INR, C- COVID- |COVID-19 risk of AS.
2021 and tients | median age = reactive protein, 19,(n included in
Ger- meta- from |67 years [57-79 and Interleukin- = 165): | the multicen-
many |analysi the years]TT, 6 admission 32/157 ter study, the
multi- | 72.1% severe or were reviewed (20.4) overall stroke
center critical) + Stroke, |rate was 4.2%
COVID;  Systematic (n = 7): 2|Systematic
19 review:576 (20.4) review: Of 576
cohort | laboratory- — Stroke, |laboratory-
had confirmed (n = 158): | confirmed
neuro-| COVID-19 30 (20) COVID-19
logical | patients (60.9% patients  re-
symp- | male, average ported in
toms ages ranging these studies,
previ- | from 53 to 66 15 patients
ously years) (2.6%) were
linked | Meta-analysis: reported  to
to 741 laboratory- have a stroke
infec- confirmed related to
tion COVID-19 COVID-19
with | patients (58.3% hospitaliza-
SARS- | male, average tion.  Meta-
CoV-2 | ageranging analysis: The
such from 52 to 67 overall rate
as im- years) of stroke was
pair- 2.9% (95%
ment CI: 1.9-4.5)
of in the pooled
taste COVID-19
or population.
smell.
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Authors Type |Number Types | Checklist Type of Clin- Total Imag- | Lab findings Vac- | Outcome | Results | Conclusion
Year of | ofin- [of in- acute CVD |ical no./sex/age ing ci-
Loca- |review |cluded|cluded mani- find- na-
tion stud- |stud- festa- ings tion
ies |ies tions his-
tory
Mai A Sys- (215/26|10 PRISMACryptogeni¢Unilateral 183 Middle| D-dimer:3.3 mg/mL | - |The case|The fre-|The frequency
Ya- tem- retro- stroke was |weak- | patients |cerebralMean CRP : 127.8 fatality quency of | of detected
makawa atic spec- the most |ness:65/7%,with mg/L rate in this |detected |stroke in
et al.| Re- tive common |Altered| COVID-19 | arter- | Troponin 0.051 popula- stroke in |hospitalized
2020 view cohort etiology [men- |and stroke;| ies: |ng/mL tion with | hospi- COVID-19 pa-
USA; and stud- with 50.7% | tal Mean age |(30.5%, stroke and |talized tients was 1.1%
Japan | Meta- ies, 6 sta- was 66.6 | 25/82 COVID-19 |COVID-19 |and associated
Analysis case tus:51.4%, ([58.4- pa- was con-|patients |with older age
series, Dysarthria:74.9], tients), spicuously (was 1.1% |and stroke
and 10 34.3%, 12:95.2%); Internal high at | Stroke risk factors.
case As for| 65.6% |carotid 44.2% type (is- |Frequent cryp-
re- symp- | were male | arter- chemic |togenic stroke
ports toms (61/93 ies: vs hem-|and elevated
of patients). |(18.3%, orrhagic): |D-dimer level
COVID 15/82 96.6% IS. |support in-
19, pa- creased risk
cough tients), of throm-
was Vertebrpbasilar boembolism
most arter- in COVID-19
com- ies associated with
mon (7.3%, high mortality.
(77.6%)|. 6) 82
pa-
tients),
Posterior
cere-
bral
arter-
ies:
(3.7%,3)/ 82
pa-
tients)
Istvan | A Nar- [315/25|Case |PRISMA AlSisthe |- 198 cere- - D-dimer levels were| - |[Data were|AIS is | well-designed
Szeged] rative re- most brovascu- elevated or highly el- available [the most|studies are
et al.| and ports frequent lar evated in most pa- in only | frequent |needed to
2020 Sys- /case type of patients; tients, with a me- 116/198 type  of|better under-
Hun- | tem- series stroke The dian value of 3250 cases: stroke oc- [stand the risk
gary atic occurring median ng/mL. 74 pa- [curring in |of stroke in
Re- in infected age of Fibrinogen levels tients died |infected |COVID-19, to
view patients. stroke were slightly ele- (64%), patients. |optimize treat-
of the 19 patients patients vated at admission, 23 patients ment, and to
Litera- had HS, was 60 (in- consistent with sys- had un- improve stroke
ture Four of terquartile temic inflammation favorable care.
them had range (median: 5.3 g/L, outcomes
SAH, [IQR]: IQR: 4.63-7.39 g/L). (19%),
Six 50-70). Prothrombin time 19 patients
patients Among the was slightly pro- had fa-
had TIA, patients longed in most vorable
170 whose sex patients. outcomes
patients was CRP and ferritin lev- (16%).
had AIS. reported, a els were elevated in - In the
One slight male most cases. remaining
patient predomi- Severe thrombo- cases, no
had HS nance was cytopenia was not detailed
followed found observed in any of functional
by AIS (87/136, the reported cases. outcome
63.97%) PIt counts were nor- was re-
mal or only mildly ported.
decreased.
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Characteristics of included studies in this umberella review (continue)
Authors Type |Number Types|ChecklistType | Clin-| Total | Imag- | Lab findings Vac- | Outcome | Results Conclusion
Year of | ofin- [of in- of |ical no./sex/dgeing ci-
Loca- |review |cluded|cluded acute | mani- find- na-
tion stud- |stud- CVD |festa- ings tion
ies |ies tions his-
tory
Tao Yu| ASys- | 31 |15 - 167 |The 167 IS: Of |IS: 67/2% (80/119)| - |IS: 26.9% 167 cere- | Cerebrovascular
et al.| tem- single- cere- |most cere- the |patients had high D- (32/119) |brovascular |disease is a com-
2021 atic case brovas-| preva- | brovas- | pa- |dimer levels. patients |events in- | mon neurologi-
China | Re- re- cular |lent cular | tients |42.0% (50/119,) had a fatal | cluding IS, | cal complication
view ports events | clin- events | with |patients had high outcome. |cerebral in patients with
and 16 in- |ical IS AIS, 56 | CRP. Cerebral Hem- 17/6% hemor- COVID-19. How-
case clud- |mani- | Patients | had |orrhage: Increased (21/119) |rhage, sub-|ever, the cases
series ing: |festa- | (n=119) | large |D-dimer: 48.5% did arachnoid of SARS-CoV-
IS: 119 | tions The | vessel |Increased CRP: 24% poorly, hemor- 2-associated
Cerebrglin the| mean |steno- ie. were|rhage, and|CVD that were
hem- |119 age: sis bedrid- | cerebral reported lack
or- |pa- 61.8+14.1 and 9 den, venous direct evidence,
rhage: |tients | years. had hospi- thrombosis |and CVD ap-
33 |with |51 male | small talized, in patients|pears to occur
SubarachiBddtD: [42.9%] | vessel critically |with  con-|more frequently
hem- |19- and 30 | occlu- ill, or re-|firmed and with more
or- |AIS: female | sion; mained |COVID-19. |severity in pa-
rhage: | Cough | [25.2%]; | Loca- in the tients with
3 (n=65, | the sex |tion of intensive COVID-19 than
cerebral54.6%);| ofthe | cere- care unit in those without.
ve- |The remain- | bral (ICU).
nous |most ing 38 | hem- Cerebral
throm-|com- | patients| or- Hemor-
bosis: [mon | was un- | rhage, rhage:
12 |re- known. | n(%) In total,
ported | Cerebral | Frontal 60.6%
symp- | Hemor- | lobe: (20/33)
toms rhage [11(33.3 of pa-
inIS: | Patients | Parietal tients did
hemiplegiaA38inigabeisl.2): poorly or
(n=19, | Median | Tempoyal died. Dis-
16.0%);| age lobe: charged:
-The (range, |5(15.2) 21.2%
most | years): | Brain
com- |[58(19-81) stem:
mon Male [4(12.1)
re- sex, Basal
ported| n(%): | gan-
hem- |24(72.7) | glia:
or- Female [4(12.1)
rhage sex, Cerebellar
symp- [1n(%):9(27.Bemi-
toms sphere:
were 2(6.1)
re-
duced
con-
scious-
ness
(n=8,
24.2%)
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Authors Type |Number Types | Checklist Type of Clin- Total Imag- | Lab findings Vac- | Outcome | Results | Conclusion
Year of | ofin- [of in- acute CVD |ical no./sex/age ing ci-
Loca- |review |cluded|cluded mani- find- na-
tion stud- |stud- festa- ings tion
ies |ies tions his-
tory
Alejandra Sys- | 1981/10¢ohort | PRISMA - Arm |Therewere| One |Hb, g/dL (n = 45) |Unvac¢€inttethes |This sys- |-
Castro-| tem- or leg| atotalof |artery:|12.0 (11.0-14.1) | COVIIDeath tematic
Varela | atic weak- 220 47 |WBC,109/L (n = 64)| 19 |74 (33.6) |review
et al.| Re- ness: | COVID-19 | (35.9) |11.9 (8.5-16.2) Neu-| Pa- |Discharge |identified
2023 view 57 patients. | Mid- |trophils, 109/L (n|tients|to home |a high
Mex- (43.5) | IS:n=131 dle |= 35) 7.4 (5.4-11.3) 61 (27.7) | propor-
ico Slurred| Median | cere- |Lymphocytes, 109/L Rehabil-  [tion of
speech/agkasts 60 | bral |(n = 55) 1.1 (.7-2.0) itation isolated
44 (50-70) |artery: | Glucose, mg/dL 28 (12.7)|1S (pa-
(33.6) | years,and | 25/47 |(n = 22) 176.0 Disability |tients
Face the (53.2) |(125.1-282.2) PIt, 11 (5.0) | with
droop-| majority |Carotid/ 109/L (n = 72) 239.0 Critical only one
ing: 26 | were male | artery: | (163.5-363.8) PT, 10 (4.5) |event of
(19.8) (57/3%, | 11/47 |seconds (n=43) 14.1 Nursing cerebral
Visual | 126/220). | (23.4) |(12.7-15.5) LDH, facility 3 |arterial
distur- Poste- |[U/L (n = 48) 571.5 (1.4)  Still | thrombo-
bances rior |(396.3-943.8) CRP, admitted 2 | sis).
12 cere- |mg/dL (n=122)11.3 (:9) The most
9.2) bral |(3.9-22.9) Procalci- frequent
Headadhe: artery: | tonin, ng/mL (n = bleeding
43.1 4/47 |18) .6 (.2-1.2) Fer- compli-
Seizure (8.5) |ritin, ng/mL (n = 46) cation
3(2.3) Ante- |667.9 (356.0-1451.5) was  in-
rior |Fibrinogen, mg/dL tracranial
cere- |[(m = 50) 550.0 hemor-
bral |(335.2-695.3) rhage,
artery: | Biomarkers D- primar-
3/47 |dimer, ng/mL ily  with
(6.4) |(n = 143) 4238.0 isolated
Basilar | (1552.5-10380.0) stroke.
artery: | Standard troponin, Overall
2/47 |ng/mL (n = 26) .8 mortality
4.3) [(2-1.9 was 33.6%
Verte- (74/220).
bral
artery:
2/47
(4.3)
Two
arter-
ies: 12
9.2)
More
than
two
arter-
ies: 10
(7.6)
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Characteristics of included studies in this umberella review (continue)
Authors Type |Number Types | ChecklistType | Clin- Total Imaging | Lab findings Vac- | Outcome | Results Conclusion
Year of | ofin- [of in- of |ical no./sex/age findings ci-
Loca- |review |cluded|cluded acute | mani- na-
tion stud- |stud- CVD |festa- tion
ies |ies tions his-
tory
Simone A Sys- 14 |- - - - 93 - - - - Stroke oc-|IS in COVID-
Vidale | tem- patients; curred after | 19-infected
2021 atic The a median of | patients were
Italy Re- median 6 days from | clinically  se-
view age was 65 COVID-19 |vere, affecting
of (IQR: infection |younger pa-
Litera- 55-75) diagnosis. |tients mainly
ture years, with Median with Cry and
prevalence National cardioembolic
in males of Institute | etiologies.
(n: 62; of Health
70.5% of Stroke Scale
patients (NIHSS)
with score  was
available 19. Crypto-
data). genic (Cry)
strokes
were more
frequent
(51.8%),
followed
by car-
dioembolic
etiology.
Ganna | A Sys- [1074/10- PRISMA - = = = PT(secs): elevated I All markers | Inflammatory
Trepet | tem- Fibrinogen (mg/dl): of hyperco-| markers were
et al.| atic raised agulability [not useful in
2021 Re- D-Dimer (ng/ml): were ele- | forecasting the
Ukraing view raised vated, but|development
APTT (secs): raised only Pro-|of acute IS, but
Ferritin (ug/L): ele- thrombin | CRP levels may
vated Time cor-|be a possible
PIt (x103 mma3): nor- responded |marker to fur-
mal range with C-|ther research.
WBC (x103 mma3): reactive D-dimer is
normal range protein a tried and
CRP (mg/dl): ele- (CRP). true lab test
vated that should
be part of
management
guidelines in
the  ongoing
COVID  pan-
demic
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Authors Type |Number Types | ChecklistType | Clin-| Total | Imaging | Lab findings Vac- | Outcome | Results Conclusion
Year of | ofin- [of in- of |ical no./sex/agéindings ci-
Loca- |review |cluded|cluded acute | mani- na-
tion stud- |stud- CVD |festa- tion
ies |ies tions his-
tory
Rohit | A Sys- [2801/3016 PRISMATOAST |- 115 Imaging |CRP (n=63)| - |Outcome |Type of | The association
Bhatia | tem- case cate- patients | modality | (mg/L):101.1 mortality |stroke between stroke
2020 atic re- gory with | for stroke | D-dimer (n=69) (n=90): 35| (n=115) and COVID-
India Re- ports, (n=71) acute or | (n=95) CT | (ug/L): 3,442 (47.9%) 1S: (87.8) 19 is probably
view 8 case Large suba- (88.4%) |(1,159-10,000) ICH: (5.2%) |multifactorial
se- artery cute | Magnetic |Ferritin  (n=17) ICH with | including an
ries, 5 dis- stroke reso- | (ug/L): 655 SAH: (1.7%) |amalgamation
retro- ease infected | nance |(134-1,708) CVT: (2.6%) |of traditional
spec- (35.25) with imaging |WBC (n=29) IS with SAH: | vascular risk
tive Small SARS- 11.6% | (x109/L): 8.7 (0.9%) factors, proin-
ob- vessel CoV-2; | Vascular |(6.7-11.7) SAH: (0.9%) |flammatory, and
serva- dis- The imaging |Lymphocyte TIA: (0.9% |a prothrombotic
tional ease mean+SI) (n=56) CT | (n=25) (x109/L) : state.
stud- (8.4%) ageof |angiogra- |0.9+0.5
ies, 1 Car- the phy Plt (n=27)
prospec- dioem- patients | (92.9%) |[(x109/L): 183
tive bolic was | Magnetic | (141-305)
ob- (14.1%), 62.5+14.§ reso- |LDH (n=20)
serva- Other years. nance |(U/L):546+254
tional (9.9%) The |angiogra- |aPTT (n=19)
study Cryp- majority phy (sec): 3513
to- of the (7.1%) |PT (n=10): 14.1
genic patients | Abnormal | (13.2-15.7)
(32.4%) were chest |Fibrinogen
male (42| X-ray |(n=16) (g/L):
[62%]). | (n=13): 11 [5.5+1.8
(84.6%)
Samuel Asys- | 33 |- - - - 33 pa- | The most |- - | The mor-|The rate of|Among all hos-
R. tem- tients, | common tality rate|ICH in all|pitalized COVID-
Daly atic who type of for hos-|hospitalized |19 patients, the
et al.|review suffered | IPH was pitalized |COVID-19 |rate of intracra-
2021 SAH | unilateral COVID-19 | patients: nial hemorrhage
USA during |lobar (N = with  in-|between is between 0.1%
COVID- 9). tracranial |0.1% and |and 3.3%, and it
19 The most hemor- [3.3% (for |likely increases
infec- | common rhage :|patients >|for patients>80
tion location between |80 years old, |years old. The
for the 50% and |the rate was|data reviewed
aneurysm 84.6%. reported at|suggest that the
was the 6.8%.) development of
posterior an intracranial
commu- hemorrhage
nicating during COVID-
artery (N 19 infection is
=3). associated with
increased rates
of morbidity.
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Characteristics of included studies in this umberella review (continue)
Authors Type |Number Types | ChecklistType | Clin-| Total Imaging Lab find- | Vac- Out- | Results Conclusion
Year of | ofin- |of in- of |ical no./sex/dge findings ings ci- |come
Loca- |review |cluded|cluded acute | mani- na-
tion stud- |stud- CVD |festa- tion
ies |ies tions his-
tory
Sebas- | Systematict2 |- - IS 126 | Severe/| Characteristidsbout 126 Laboratory - |Outcomes}.8% (95% CI|Stroke is rela-
tian review | stud- (78.8) |crit- of 160 patients with | findings, n (%): 0.9%-3.7%) of|tively frequent
Frid- and ies Intracerébahl | patients | COVID-19 with |n (%): Venous |patients with|among patients
man | newly | and 1 hem- |COVID} with IS: Elevated throm- |COVID-19 expe- |with COVID-19
et al.| re- addi- or- |19, n| COVID- Vascular and |D-dimer boem- |rienced a new|and has devas-
2020 |ported | tional rhage | (%): 19 with | brain imaging, n |96 (82.1) bolismd | stroke; tating conse-
cases | study 24 |92 all types (%): Positive 11 (11.8) |[Event type, n|quences across
that is (15.0) | (57.5) of Large vessel |APLA 12 Deceased (%): IS 126|all ages. The
cur- Subara¢hivoid | stroke: | occlusionc46 |(54.5) 55 (34.4) | (78.8) interplay of older
rently hem- |COVID 160 (46.9) Prolonged Home/ |ICH 24 (15.0) age, comor-
under or- (19 cases |Infarctlimited to |PTT 18 rehabil- |SAH 3 (1.9) bid conditions,
review rhage |symp- | Median | the left side 30 |(20.2) itation |CVT7 (4.4) and severity of
3(1.9) |toms (IQR) (32.3) Thrombo- 68 (42.5) COVID-19 respi-
Cerebrabefore | age,y |Infarctlimited to | cytopenia ratory symptoms
ve- |stroke, 65.0 the right side 42 |12 (11.2) is associated
nous |(n (%)| (54.0, (45.2) Elevated with  extremely
throm-|: 49| 76.3) | Bilateral infarcts |fibrino- elevated mortal-
bosis 7| (30.8) | Female 20 (21.5) gen 35 ity.
(4.4) sex,n | MCA territory 72 | (85.4)
(%)a 55 (76.6) Elevated
(43.0) ACA territory 8 |cardiac
(8.5) troponin
PCA territory 12 |30 (40.5)
(12.8)
Vertebrobasilar
territory 17
(18.1)
Multiple
territories 29
(30.9)
Amira | ASys- | 71/28 |16 PRISMA - - 73 - - - - The most com- | The data suggest
Athanat tem- case patients mon preexisting | SARS-CoV-2 is a
sios atic re- 42% conditions were | risk factor for de-
et al.| Re- ports; were hypertension |veloping stroke,
2021 view 11 female and  diabetes | particularly in
USA case The mellitus. Of | patients with
series average the patients [ hypertension
age of hospitalized and diabetes.
the with COVID-19 | Furthermore, the
study infection and|younger average
popula- CVA, those with [age of stroke in
tion was no past medical | patients with
60 years history were | SARS-CoV-2,
significantly particularly
younger than|those with zero
those with one|identifiable
or more under- | preexisting con-
lying medical|ditions, creates
conditions, with [ high  suspicion
an average age |that SARS-CoV-2
of 47 as com-|is an indepen-
pared to 64,|dent risk factor
respectively. for development
of stroke.

CVD: Cerebrovascular disease; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; CI:
AST: Aspartat transaminase; ALT: Alanine transaminase; CRP: C-reactive protein; PT: Prothrombin time; aPTT: Activated partial Thromboplastin
time; TOAST: The trial of ORG in Acute Stroke Treatment; AIS: acute ischemic stroke; HS: hemorrhagic stroke; SAH: subarachnoid hemorrhage;
TIA: transient ischemic attack; ICH: intracerebral hemorrhage; CVT: Cerebral venous thrombosis; PE: Pulmonary embolism; Hb: Haemoglobin;
Plt: Platelet; WBC: White blood cell; MCA: middle cerebral ; ACA: anterior cerebral artery; CRP: C-reactive protein; LDH: Lactate dehydrogenase;
PCA: Posterior cerebral artery; SAH: subarachnoid hemorrhage; AS: acute stroke; IS: Ischemic stroke; CVA: Cerebrovascular accident

Confidence interval;
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JEN P Summary of quality assessment of included systematic reviews using AMSTAR2

Authors 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 Overall
assessment
Stefania Nannoni et al. Y|Y|[Py|Y | Y|Y|N|PyIN|]Y | Na|[Na|N|N|N|Y Low
Isabel Siow et al. Py | N Y [Py | Y N N Y Y Y Y N N | N N Y Low
Kai Wei Lee et al. Y| Y|Y|Y|Y|Y|N|Y|[Y|Y|Y|Y|]Y|N|N]|Y Moderate
Yanhua Cui et al. Y Y Y Y Y Y N Y Y Y Y Y Y Y Y Y High
Wenzhang Luo et al. Py N|Y |Py| Y| Y | N|Y|[Y|Y|Y | N|Y|Y|N|Y Moderate
Ritesh G. Menezes et al. Y| N|Y|Y |[Py|Y | N|Y|Y|Y|Y|Y]|]Y|Y]|Y]|Y High
Syahrul Syahrul et al. Y|Y|Y|Y|Y|N|N|Y|Y|Y|Y|Y]|Y |Py|N|Y Moderate
Zhelv Yao et al. Y N Y Y Y Y N Y Y Y Y Y Y Y Y Y High
Ying Kiat Tan et al. Py | N| Y |[Py| Y |Py| N|Y|Y| Y| Na|Na|N|N|Na| Y Moderate
Aristeidis H. Katsanos et al. Y|Y|Y|Y|Y|Y | N|Y|Y|Y|Y|Y|Y|Y|Y]|Y High
Sina Parsay et al. Y| N|Py|Py| Y|Py N|Y | N|]Y|Y|N|N|N|Y|Y Low
Shuwen Li et al. N|N|Y|Y|Py|Py N|Y | N|Y|Y|N|N|Y|Y]|Y Low
T. Siepmann et al. Y|Y|Y|Y|Y|Y|N|Y|Y|]Y|Y|Y|N|N|N|Y Moderate
Mai Yamakawa et al. Y[ N[Y[Py[Py|Py|[N|[Y[Y[|Y|[Y|Y|Y[Y[Y]Y High
Istvan Szegedi et al. Py | N |Py|Py|Py|Py| N|Py|N|Y Na|Na| N | N |Na| Y Low
Tao Yu et al. N|N|Py|N|Py|N|N|Y|N|Y |Na|Na|N | N | N | Y | Criticallylow
Alejandra Castro-Varelaetal. | N [ Y | Y | Y | Y | Y [N |Py| N | Y |[Na|Na| Y |Y |N|Y Moderate
Simone Vidale N|N|Py|Py N|N|N|Y|N|Y |Na|Na| N | N |[Na| Y | Criticallylow
Ganna Trepet et al. N | N |Py|Py|Y Y N Y Y Y |[Na|Na| N | N |Na| Y Low
Rohit Bhatia Y| N|Y|Y | N|Py|N|Y|Y]|Y | Na|[Na|N|N|Na|yY Low
Samuel R. Daly et al. N| Y| Y| N|N|N|N|Y|N|Y |Na|lNa|N | N |[Na| Y | Criticallylow
Sebastian Fridman et al. N | N|Y |Py|Py|Py N|Py|Y | Y |Y|Y | Py|lY]|Y]|Y Moderate
Amira Athanasios et al. N|N|Y|N|Py|Py  N|Y |Py|Y |Py|Py|l N|N|N/| Y | Criticallylow

*N: no; Na: not applicable; Py: partially yes; Y: yes. A MeaSurement Tool to Assess systematic Reviews (AMSTAR)-2 overall
assessment rating: High-High-quality reviews offer a precise and thorough overview of study results relevant to the research
question;Moderate-quality reviews have multiple weaknesses but lack critical flaws, potentially providing an accurate summary
of available studies; Low-Low-quality reviews possess critical flaws and may not accurately summarize relevant studies;

or Critically low-Critically low-quality reviews have multiple critical flaws and should not be trusted for an accurate and comprehensive
summary of available studies.

Q1: Did the research questions and inclusion criteria for the review include the components of PICO?

Q2: Did the report of the review contain an explicit statement that the review methods were established prior to the conduct
of the review and did the report justify any significant deviations from the protocol?

Q3: Did the review authors explain their selection of the study designs for inclusion in the review?

Q4: Did the review authors use a comprehensive literature search strategy?

Q5: Did the review authors perform study selection in duplicate?

Q6: Did the review authors perform data extraction in duplicate?

Q7: Did the review authors provide a list of excluded studies and justify the exclusions?

Q8: Did the review authors describe the included studies in adequate detail?

Q9: Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were
included in the review?

Q10: Did the review authors report on the sources of funding for the studies included in the review?

Q11: If meta-analysis was performed, did the authors use appropriate methods for statistical combination of results?

Q12: If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on

the results of the meta-analysis or other evidence synthesis?

Q13: Did the review authors account for RoB in individual studies when interpreting/discussing the results of the review?
Q14: Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the
results of the review?

Q15: If they performed quantitative synthesis, did the review authors carry out an adequate investigation of publication
bias (small study bias) and discuss its likely impact on the results of the review?

Q16: Did the review authors report any potential sources of conflict of interest, including any funding they received for
conducting the review?
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NN g AELICEH Search strategy of the present umbrella review

Embase

('coronavirus disease 2019’/exp/mj OR ’2019 novel coronavirus disease’:ti,ab OR "2019 novel coronavirus epidemic’:ti,ab OR ’2019 novel
coronavirus infection’:ti,ab OR ’2019-nCoV disease’:ti,ab OR '2019-nCoV infection’:ti,ab OR 'COVID’:ti,ab OR "COVID 19’:ti,ab OR "COVID
2019’:ti,ab OR’COVID-10":ti,ab OR ’"COVID-19’:ti,ab OR ’COVID19’:ti,ab OR 'SARS coronavirus 2 infection’:ti,ab OR ’'SARS-CoV-2 disease’:ti,ab
OR 'SARS-CoV-2 infection’:ti,ab OR 'SARS-CoV2 disease’:ti,ab OR 'SARS-CoV2 infection’:ti,ab OR 'SARSCoV2 disease’:ti,ab OR 'SARSCoV2 in-
fection’:ti,ab OR "Wuhan coronavirus disease’:ti,ab OR "Wuhan coronavirus infection’:ti,ab OR ’coronavirus disease 2’:ti,ab OR ’coronavirus
disease 2010’:ti,ab OR ’'coronavirus disease 2019’:ti,ab OR ’coronavirus disease-19’:ti,ab OR ’coronavirus infection 2019’:ti,ab OR 'nCoV 2019
disease’:ti,ab OR 'nCoV 2019 infection’:ti,ab OR 'novel coronavirus 2019 disease’:ti,ab OR 'novel coronavirus 2019 infection’:ti,ab OR 'novel
coronavirus disease 2019”:ti,ab OR "novel coronavirus infection 2019’:ti,ab OR "paucisymptomatic coronavirus disease 2019’:ti,ab OR ’severe
acute respiratory syndrome 2’:ti,ab OR 'severe acute respiratory syndrome CoV-2 infection’:ti,ab OR ’severe acute respiratory syndrome coro-
navirus 2 infection’:ti,ab OR ’severe acute respiratory syndrome coronavirus 2019 infection’:ti,ab) AND (’cerebrovascular accident’/exp/mj
OR ’CVA:ti,ab OR ’accident, cerebrovascular’:ti,ab OR ’acute cerebrovascular lesion’:ti,ab OR ’acute focal cerebral vasculopathy’:ti,ab OR
"acute stroke’:ti,ab OR ’apoplectic stroke’:ti,ab OR ’apoplexia’:ti,ab OR ’apoplexy’:ti,ab OR "blood flow disturbance, brain’:ti,ab OR ’brain
accident’:ti,ab OR ’brain attack’:ti,ab OR ’brain blood flow disturbance’:ti,ab OR ’brain insult’:ti,ab OR ’brain insultus’:ti,ab OR ’brain vas-
cular accident’:ti,ab OR ’cerebral apoplexia’:ti,ab OR ’cerebral insult’:ti,ab OR 'cerebral stroke’:ti,ab OR ’cerebral vascular accident’:ti,ab OR
"cerebral vascular insufficiency’:ti,ab OR ’cerebro vascular accident’:ti,ab OR ’cerebrovascular accident’:ti,ab OR ’cerebrovascular arrest’:ti,ab
OR ’cerebrovascular failure’:ti,ab OR ’cerebrovascular injury’:ti,ab OR ’cerebrovascular insufficiency’:ti,ab OR ’cerebrovascular insult’:ti,ab
OR ’cerebrum vascular accident’:ti,ab OR ’cryptogenic stroke’:ti,ab OR ’insultus cerebralis’:ti,ab OR ’ischaemic seizure’:ti,ab OR "ischemic
seizure’:ti,ab OR ’stroke’:ti,ab OR "thrombotic stroke’:ti,ab) AND ((’systematic review’/mj OR ’review, systematic’:ti OR 'systematic review’:ti)
OR (‘meta analysis’/exp/mj OR "analysis, meta’:ti OR 'meta analysis’:ti OR 'meta-analysis’:ti OR 'metaanalysis’:ti) OR (review/exp/mj OR 're-
view’:ti))

Scopus

( TITLE-ABS-KEY ( &quot;coronavirus disease 2019&quot; OR &quot;2019 novel coronavirus disease&quot; OR &quot;2019 novel coro-
navirus epidemic&quot; OR &quot;2019 novel coronavirus infection&quot; OR &quot;2019-nCoV disease&quot; OR &quot;2019- nCoV
infection&quot; OR &quot;COVID&quot; OR &quot;COVID 19&quot; OR &quot;COVID 2019&quot; OR &quot;COVID-10&quot; OR
&quot;COVID-19&quot; OR &quot;COVID19&quot; OR &quot;SARS coronavirus 2 infection&quot; OR &quot;SARS-CoV-2 disease&quot;
OR &quot;SARS-CoV-2 infection&quot; OR &quot;SARS-CoV2 disease&quot; OR &quot;SARS CoV2 infection&quot; OR &quot;SARSCoV2
disease&quot; OR &quot;SARSCoV2 infection&quot; OR &quot;Wuhan coronavirus disease&quot; OR &quot;Wuhan coronavirus infec-
tion&quot; OR &quot;coronavirus disease 2&quot; OR &quot;coronavirus disease 2010&quot; OR &quot;coronavirus disease 2019&quot;
OR &quot;coronavirus disease-19&quot; OR &quot;coronavirus infection 2019&quot; OR &quot;nCoV 2019 disease&quot; OR &quot;nCoV
2019 infection&quot; OR &quot;novel coronavirus 2019 disease&quot; OR &quot;novel coronavirus 2019 infection&quot; OR &quot;novel
coronavirus disease 2019&quot; OR &quot;novel coronavirus infection 2019&quot; OR &quot;paucisymptomatic coronavirus disease
2019&quot; OR &quot;severe acute respiratory syndrome 2&quot; OR &quot;severe acute respiratory syndrome CoV-2 infection&quot; OR
&quot;severe acute respiratory syndrome coronavirus 2 infection&quot; OR &quot;severe acute respiratory syndrome coronavirus 2019
infection&quot; ) AND TITLE-ABS-KEY ( &quot;cerebrovascular accident&quot; OR &quot;CVA&quot; OR &quot;accident, cerebrovascu-
lar&quot; OR &quot;acute cerebrovascular lesion&quot; OR &quot;acute focal cerebral vasculopathy&quot; OR &quot;acute stroke&quot;
OR &quot;apoplectic stroke&quot; OR &quot;apoplexia&quot; OR &quot;apoplexy&quot; OR &quot;blood flow disturbance, brain&quot; OR
&quot;brain accident&quot; OR &quot;brain attack&quot; OR &quot;brain blood flow disturbance&quot; OR &quot;brain insult&quot; OR
&quot;brain insultus&quot; OR &quot;brain vascular accident&quot; OR &quot;cerebral apoplexia&quot; OR &quot;cerebral insult&quot; OR
&quot;cerebral stroke&quot; OR &quot;cerebral vascular accident&quot; OR &quot;cerebral vascular insufficiency&quot; OR &quot;cerebro
vascular accident&quot; OR &quot;cerebrovascular accident&quot; OR &quot;cerebrovascular arrest&quot; OR &quot;cerebrovascular fail-
ure&quot; OR &quot;cerebrovascular injury&quot; OR &quot;cerebrovascular insufficiency&quot; OR &quot;cerebrovascular insult&quot;
OR &quot;cerebrum vascular accident&quot; OR &quot;cryptogenic stroke&quot; OR &quot;insultus cerebralis&quot; OR &quot;ischaemic
seizure&quot; OR &quot;ischemic seizure&quot; OR &quot;stroke&quot; OR &quot;thrombotic stroke&quot; ) AND TITLE ( &quot;systematic
review&quot; OR &quot;meta analysis&quot; ) )

Web of sciences

((("cerebrovascular accident" OR CVA OR "accident, cerebrovascular" OR "acute cerebrovascular lesion" OR "acute focal cerebral vasculopa-
thy" OR "acute stroke" OR "apoplectic stroke" OR apoplexia OR apoplexy OR "blood flow disturbance, brain" OR "brain accident" OR "brain
attack" OR "brain blood flow disturbance" OR "brain insult" OR "brain insultus" OR "brain vascular accident” OR "cerebral apoplexia" OR
"cerebral insult” OR "cerebral stroke" OR "cerebral vascular accident” OR "cerebral vascular insufficiency” OR "cerebro vascular accident”
OR "cerebrovascular accident" OR "cerebrovascular arrest” OR "cerebrovascular failure" OR "cerebrovascular injury" OR "cerebrovascular
insufficiency" OR "cerebrovascular insult" OR "cerebrum vascular accident” OR "cryptogenic stroke" OR "insultus cerebralis" OR "ischaemic
seizure" OR "ischemic seizure" OR stroke OR "thrombotic stroke") OR ("cerebrovascular accident[Other Term]" OR "CVA[Other Term]"
OR "accident, cerebrovascular[Other Term]" OR "acute cerebrovascular lesion[Other Term]" OR "acute focal cerebral vasculopathy[Other
Term]" OR "acute stroke[Other Term]" OR "apoplectic stroke[Other Term]" OR "apoplexia[Other Term]" OR "apoplexy[Other Term]" OR
"blood flow disturbance, brain[Other Term]" OR "brain accident[Other Term]" OR "brain attack[Other Term]" OR "brain blood flow distur-
bance[Other Term]" OR "brain insult[Other Term]" OR "brain insultus[Other Term]" OR "brain vascular accident[Other Term]" OR "cerebral
apoplexia[Other Term]" OR "cerebral insult[Other Term]" OR "cerebral stroke[Other Term]" OR "cerebral vascular accident[Other Term]"
OR "cerebral vascular insufficiency[Other Term]" OR "cerebro vascular accident[Other Term]" OR "cerebrovascular accident[Other Term]"
OR "cerebrovascular arrest[Other Term]" OR "cerebrovascular failure[Other Term]" OR "cerebrovascular injury[Other Term]" OR "cere-
brovascular insufficiency[Other Term]" OR "cerebrovascular insult[Other Term]" OR "cerebrum vascular accident[Other Term]" OR "cryp-
togenic stroke[Other Term]" OR "insultus cerebralis[Other Term]" OR "ischaemic seizure[Other Term]" OR "ischemic seizure[Other Term]"
OR "stroke[Other Term]" OR "thrombotic stroke[Other Term]" ) AND (meta-analysis[Filter] OR review[Filter] OR systematicreview[Filter] ))
AND (("coronavirus disease 2019" OR "2019 novel coronavirus disease" OR "2019 novel coronavirus epidemic" OR "2019 novel coronavirus
infection" OR "2019-nCoV disease" OR "2019-

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



31

Archives of Academic Emergency Medicine. 2024; 12(1): 65

R EnieigAELICEH Search strategy of the present umbrella review (continue)

nCoV infection" OR COVID OR "COVID 19" OR "COVID 2019" OR COVID-10 OR COVID-19 OR COVID19 OR "SARS coronavirus 2 infec-
tion" OR "SARS-CoV-2 disease" OR "SARS-CoV-2 infection" OR "SARS-CoV2 disease" OR "SARS-CoV2 infection" OR "SARSCoV2 disease"
OR "SARSCoV2 infection" OR "Wuhan coronavirus disease" OR "Wuhan coronavirus infection" OR "coronavirus disease 2" OR "coronavirus
disease 2010" OR "coronavirus disease 2019" OR "coronavirus disease-19" OR "coronavirus infection 2019" OR "nCoV 2019 disease" OR
"nCoV 2019 infection" OR "novel coronavirus 2019 disease" OR "novel coronavirus 2019 infection" OR "novel coronavirus disease 2019" OR
"novel coronavirus infection 2019" OR "paucisymptomatic coronavirus disease 2019" OR "severe acute respiratory syndrome 2" OR "severe
acute respiratory syndrome CoV-2 infection” OR "severe acute respiratory syndrome coronavirus 2 infection" OR "severe acute respiratory
syndrome coronavirus 2019 infection") OR ("coronavirus disease 2019[Other Term]" OR "2019 novel coronavirus disease[Other Term]" OR
"2019 novel coronavirus epidemic[Other Term]" OR "2019 novel coronavirus infection[Other Term]" OR "2019-nCoV disease[Other Term]"
OR "2019-nCoV infection[Other Term]" OR "COVID[Other Term]" OR "COVID 19[Other Term]" OR "COVID 2019[Other Term]" OR "COVID-
10[Other Term]" OR "COVID-19[Other Term]" OR "COVID19[Other Term]" OR "SARS coronavirus 2 infection[Other Term]" OR "SARS-CoV-2
disease[Other Term]" OR "SARS-CoV-2 infection[Other Term]" OR "SARS-CoV2 disease[Other Term]" OR "SARS-CoV2 infection[Other Term]"
OR "SARSCoV2 disease[Other Term]" OR "SARSCoV2 infection[Other Term]" OR "Wuhan coronavirus disease[Other Term]" OR "Wuhan coro-
navirus infection[Other Term]" OR "coronavirus disease 2[Other Term]" OR "coronavirus disease 2010[Other Term]" OR "coronavirus disease
2019[Other Term]" OR "coronavirus disease-19[Other Term]" OR "coronavirus infection 2019[Other Term]" OR "nCoV 2019 disease[Other
Term]" OR "nCoV 2019 infection[Other Term]" OR "novel coronavirus 2019 disease[Other Term]" OR "novel coronavirus 2019 infection[Other
Term]" OR "novel coronavirus disease 2019[Other Term]" OR "novel coronavirus infection 2019[Other Term]" OR "paucisymptomatic coron-
avirus disease 2019[Other Term]" OR "severe acute respiratory syndrome 2[Other Term]" OR "severe acute respiratory syndrome CoV-2 infec-
tion[Other Term]" OR "severe acute respiratory syndrome coronavirus 2 infection[Other Term]" OR "severe acute respiratory syndrome coro-
navirus 2019 infection[Other Term]" ) AND (meta-analysis[Filter] OR review[Filter] OR systematicreview[Filter] )) AND (meta-analysis|Filter]
OR review/[Filter] OR systematicreview[Filter] )) OR ((Stroke) AND (COVID-19 OR SARS-CoV-2)) "Filters: Meta-Analysis, Review, Systematic
Review" Pubmed

Search: ((("cerebrovascular accident"[Title] OR "CVA"[Title] OR "accident, cerebrovascular"[Title] OR "acute cerebrovascular le-
sion"[Title] OR "acute focal cerebral vasculopathy"[Title] OR "acute stroke"[Title] OR "apoplectic stroke"[Title] OR "apoplexia"[Title] OR
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dent"[Title] OR "cryptogenic stroke"[Title] OR "insultus cerebralis"[Title] OR "ischaemic seizure"[Title] OR "ischemic seizure"[Title] OR
"stroke"[Title] OR "thrombotic stroke"[Title]) OR ("cerebrovascular accident"[Other Term] OR "CVA"[Other Term] OR "accident, cere-
brovascular"[Other Term] OR "acute cerebrovascular lesion"[Other Term] OR "acute focal cerebral vasculopathy"[Other Term] OR "acute
stroke"[Other Term] OR "apoplectic stroke"[Other Term] OR "apoplexia"[Other Term] OR "apoplexy"[Other Term] OR "blood flow distur-
bance, brain"[Other Term] OR "brain accident" [Other Term] OR "brain attack"[Other Term] OR "brain blood flow disturbance"[Other Term]
OR "brain insult"[Other Term] OR "brain insultus"[Other Term] OR "brain vascular accident"[Other Term] OR "cerebral apoplexia"[Other
Term] OR "cerebral insult"[Other Term] OR "cerebral stroke"[Other Term] OR "cerebral vascular accident"[Other Term] OR "cerebral vas-
cular insufficiency" [Other Term] OR "cerebro vascular accident" [Other Term] OR "cerebrovascular accident"[Other Term] OR "cerebrovas-
cular arrest"[Other Term] OR "cerebrovascular failure"[Other Term] OR "cerebrovascular injury"[Other Term] OR "cerebrovascular insuffi-
ciency"[Other Term] OR "cerebrovascular insult"[Other Term] OR "cerebrum vascular accident"[Other Term] OR "cryptogenic stroke"[Other
Term] OR "insultus cerebralis"[Other Term] OR "ischaemic seizure"[Other Term] OR "ischemic seizure"[Other Term] OR "stroke"[Other
Term] OR "thrombotic stroke"[Other Term]) AND (meta-analysis[Filter] OR review[Filter] OR systematicreview[Filter])) AND (("coronavirus
disease 2019"[Title] OR "2019 novel coronavirus disease"[Title] OR "2019 novel coronavirus epidemic"[Title] OR "2019 novel coronavirus
infection"[Title] OR "2019-nCoV disease"[Title] OR "2019-nCoV infection"[Title] OR "COVID"[Title] OR "COVID 19"[Title] OR "COVID
2019"[Title] OR "COVID-10"[Title] OR "COVID-19"[Title] OR "COVID19"[Title] OR "SARS coronavirus 2 infection"[Title] OR "SARS-CoV-2 dis-
ease"[Title] OR "SARS-CoV-2 infection"[Title] OR "SARS-CoV2 disease"[Title] OR "SARS-CoV2 infection"[Title] OR "SARSCoV2 disease"[Title]
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2"[Title] OR "coronavirus disease 2010"[Title] OR "coronavirus disease 2019"[Title] OR "coronavirus disease-19"[Title] OR "coronavirus in-
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