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Table e1. Systematic search for stroke and COVID-19 in PubMed (May 23, 2020) 
 

Search Term Number of Titles  

COVID AND stroke 139  

coronavirus AND stroke 94  

COVID AND cerebrovascular 59  

coronavirus AND cerebrovascular 50  

COVID AND subarachnoid 7  

coronavirus AND subarachnoid 9  
COVID AND cerebral venous 9  
coronavirus AND cerebral venous 11  
COVID AND neurol* 623  
coronavirus AND neurol* 589  

TOTAL 1,590  
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Table e2. Systematic search for stroke and COVID-19 in medRxiv and bioRxiv (May 23, 2020) 
 

Search Term Number of Titles  

Full text or abstract or title "COVID stroke" (match whole all) 186  

Full text or abstract or title "coronavirus stroke" (match whole all) 176  

For full text or abstract or title "COVID cerebrovascular" (match whole all) 180  

Full text or abstract or title "coronavirus cerebrovascular" (match whole all) 180  

Full text or abstract or title "COVID subarachnoid" (match whole all) 10  

Full text or abstract or title "coronavirus subarachnoid" (match whole all) 9  

Full text or abstract or title "COVID cerebral venous" (match whole all) 16  

Full text or abstract or title "coronavirus cerebral venous" (match whole all) 13  

Full text or abstract or title "COVID neurological" (match whole all) 274  

Full text or abstract or title "coronavirus neurological" (match whole all) 301  

TOTAL  1,345  
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Table e3. Systematic search for stroke and COVID-19 in Research Square (May 23, 2020) 

Search Term Number of Titles 
All COVID-19 preprints (https://www.researchsquare.com/coronavirus) 1,090 
TOTAL 1,090 
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Figure e-1. PRISMA flow chart showing the results of the systematic search for meta-analyses of 
proportion of COVID-19 patients with stroke 
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Figure e-2. Funnel plots for random effect meta-analyses of all strokes and ischemic strokes  
 

 
 
Panel A: funnel plot for proportion of COVID-19 patients with any stroke, including ischemic stroke, 
intracerebral hemorrhage, cerebral venous thrombosis, and subarachnoid hemorrhage. Panel B: funnel 
plot for proportion of COVID-19 patients with ischemic stroke. Panel C: ROBINS-I tool for the assessment 
of risk of bias showing an overall moderate-low risk. 
 
The light-green area denotes studies with effect-sizes with a P value between 0.1 and 0.05.  The dark-
green area denotes studies with effect-sizes with a P value between 0.05 and 0.01.  The outer white area 
(right side of the figure) denotes studies with effect-sizes with a P value <0.01.   
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Figure e-3. PRISMA flow chart showing the results of the systematic search for case series and case 
reports 
 

 
 

* Five studies initially identified through Research Square were already published in a peer-reviewed 
journal by the time this manuscript was submitted. None of the 42 studies were included in the meta-
analysis estimating the proportion of COVID-19 patients with stroke. One additional study by two co-
authors of the present study is currently under review and is not included in this diagram. Another study 
including two patients reported in our cohort was accepted for publication after we closed the 
systematic search in May 29, 2020. The resulting total number of studies included in this systematic 
review is 44.  
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Table e-4. Summary of Cases included in the analysis 

Author Case # Sex Age Range Stroke Type 

Agarwal et al, 20201 1 M 70s ICH 

Al Saiegh et al, 20202 1 M 30s SAH 

Al Saiegh et al, 20202 2 F 60s Ischemic 

Al-olama et al, 20203 1 M 30s ICH 

Avula et al, 20204 1 M 70s Ischemic 

Avula et al, 20204 2 F 80s Ischemic 

Avula et al, 20204 3 F 80s Ischemic 

Avula et al, 20204 4 F 80s Ischemic 

Bao et al, 20205 1 M 30s ICH 

Barrios-Lopez et al, 20206 1 M 50s Ischemic 

Barrios-Lopez et al, 20206 2 M 60s Ischemic 

Barrios-Lopez et al, 20206 4 F 80s Ischemic 

Berekashvili et al, 20207 1 M 50s Ischemic 

Berekashvili et al, 20207 2 F 70s Ischemic 

Berekashvili et al, 20207 3 M 30s Ischemic 

Berekashvili et al, 20207 4 M 40s Ischemic 

Berekashvili et al, 20207 5 M 20s Ischemic 

Berekashvili et al, 20207 6 F 70s Ischemic 

Berekashvili et al, 20207 7 F 50s Ischemic 

Berekashvili et al, 20207 8 F 70s Ischemic 

Berekashvili et al, 20207 9 F 50s Ischemic 

Berekashvili et al, 20207 10 F 60s Ischemic 

Beyrouti et al, 20208 1 M 60s Ischemic 

Beyrouti et al, 20208 2 F 50s Ischemic 

Beyrouti et al, 20208 3 M 80s Ischemic 

Beyrouti et al, 20208 4 M 60s Ischemic 

Beyrouti et al, 20208 5 M 80s Ischemic 

Beyrouti et al, 20208 6 M 70s Ischemic 

Cao et al, 20209 2 M 50s Ischemic 

Carranza et al, 202010 2 M 70s Ischemic 
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Table e-4. Summary of Cases included in the analysis (continued) 

Author Case # Sex Age Range Stroke Type 

Carroll et al, 202011 1 M 60s ICH 

Carroll et al, 202011 2 M 70s ICH 

Co et al, 202012 1 F 60s Ischemic 

Dahl-Cruz et al, 202013 1 M 50s CVT 

Deliwala et al, 202014 1 F 30s Ischemic 

Fara et al, 202015 1 F 30s Ischemic 

Fara et al, 202015 2 F 70s Ischemic 

Fu et al, 202016 1 M 40s Ischemic 

Fu et al, 202016 2 M 50s Ischemic 

Garaci et al, 202017 1 F 40s CVT 

Goldberg et al, 202018 1 M 60s Ischemic 

Gonzalez Pinto et al, 202019 1 F 30s Ischemic 

Griffin et al, 202020 1 M 50s Ischemic 

Griffin et al, 202020 3 M 60s Ischemic 

Gunasekaran et al, 202021 1 F 40s Ischemic 

Hemasian et al, 202022 1 M 60s CVT 

Hughes et al, 202023 1 M 50s CVT 

Jillella et al, 202024 1 F 50s Ischemic 

Jillella et al, 202024 2 M 60s Ischemic 

Jillella et al, 202024 3 M 70s Ischemic 

Jillella et al, 202024 4 F 50s Ischemic 

Jillella et al, 202024 5 M 60s Ischemic 

Jillella et al, 202024 6 M 60s Ischemic 

Jillella et al, 202024 7 M 60s Ischemic 

Jillella et al, 202024 8 F 60s Ischemic 

London, unpublished 1 M 50s ICH 

London, unpublished 2 F 40s ICH 

London, unpublished 3 M 60s ICH 

London, unpublished 4 F 70s Ischemic 
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Table e-4. Summary of Cases included in the analysis (continued) 

Author Case # Sex Age Range Stroke Type 

London, unpublished 5 F 50s Ischemic 

Lushina et al, 202025 1 M 80s Ischemic 

Morassi et al, 202026 1 M 60s Ischemic 

Morassi et al, 202026 2 M 70s Ischemic 

Morassi et al, 202026 3 M 80s Ischemic 

Morassi et al, 202026 4 F 70s Ischemic 

Morassi et al, 202026 5 M 50s ICH 

Morassi et al, 202026 6 M 50s ICH 

Moshayedi et al, 202027 1 M 80s Ischemic 

Muhammad et al, 202028 1 F 60s SAH 

Karimi et al, 202029 1 M 80s ICH 

Karimi et al, 202029 2 F 60s ICH 

Karimi et al, 202029 3 F 60s ICH 

Karimi et al, 202029 4 M 80s ICH 

Karimi et al, 202029 5 M 70s Ischemic 

Karimi, unpublished 7 F 40s ischemic 

Karimi, unpublished 9 F 80s ischemic 

Karimi, unpublished 10 F 60s Ischemic 

Karimi, unpublished 11 M 60s Ischemic 

Karimi, unpublished 12 F 70s ischemic 

Karimi, unpublished 13 F 80s Ischemic 

Karimi, unpublished 14 M 50s Ischemic 

Karimi, unpublished 15 M 70s Ischemic 

Karimi, unpublished 16 F 70s Ischemic 

Karimi, unpublished 17 F 80s Ischemic 

Nepal et al, 202030 1 M 50s Ischemic 

Oxley et al, 202031 1 F 30s Ischemic 

Oxley et al, 202031 2 M 30s Ischemic 
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Table e-4. Summary of Cases included in the analysis (continued) 

Author Case # Sex Age Range Stroke Type 

Oxley et al, 202031 3 M 30s Ischemic 

Oxley et al, 202031 4 M 40s Ischemic 

Oxley et al, 202031 5 M 40s Ischemic 

Poillon et al, 202032 1 F 60s CVT 

Poillon et al, 202032 2 F 50s CVT 

Sharifi-Razavi et al, 202033 1 M 70s ICH 

Sharifi-Razavi et al, 202034 1 F 80s Ischemic 

Sharifi-Razavi et al, 202034 2 F 90s ischemic 

Sharifi-Razavi, unpublished 1 F 70s ICH 

Sharifi-Razavi, unpublished 2 M 60s ICH 

Sharifi-Razavi, unpublished 3 M 70s ICH 

Sharifi-Razavi, unpublished 4 F 60s ICH 

Sharifi-Razavi, unpublished 5 M 80s ICH 

Sharifi-Razavi, unpublished 6 M 90s ICH 

Sharifi-Razavi, unpublished 7 M 60s ICH 

Sharifi-Razavi, unpublished 8 F 80s ICH 

Sharifi-Razavi, unpublished 9 F 50s Ischemic 

Sharifi-Razavi, unpublished 10 M 80s Ischemic 

Sharifi-Razavi, unpublished 11 F 70s Ischemic 

Sharifi-Razavi, unpublished 12 F 60s ischemic 

Sharifi-Razavi, unpublished 13 M 60s ischemic 

Sharifi-Razavi, unpublished 14 M 50s Ischemic 

Sharifi-Razavi, unpublished 15 F 80s Ischemic 

Sharifi-Razavi, unpublished 16 F 70s Ischemic 

Sharifi-Razavi, unpublished 17 M 30s CVT 

Tunc et al, 202035 1 F 40s Ischemic 

Tunc et al, 202035 2 F 60s Ischemic 

Tunc et al, 202035 3 M 70s Ischemic 
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Table e-4. Summary of Cases included in the analysis (continued) 

Author Case # Sex Age Range Stroke Type 

Tunc et al, 202035 4 M 70s Ischemic 

Valderrama et al, 202036 1 M 50s Ischemic 

Vela-Duarte/Linfante, unpublished         1 F 60s Ischemic 

Viguier et al, 202037 1 M 70s Ischemic 

Vu et al, 202038 3 M 30s ICH 

Yaghi et al, 202039 1 NA 50s Ischemic 

Yaghi et al, 202039 2 NA 60s Ischemic 

Yaghi et al, 202039 3 NA 70s Ischemic 

Yaghi et al, 202039 4 NA 70s Ischemic 

Yaghi et al, 202039 5 NA 70s Ischemic 

Yaghi et al, 202039 6 NA 50s Ischemic 

Yaghi et al, 202039 7 NA 40s Ischemic 

Yaghi et al, 202039 8 NA 40s Ischemic 

Yaghi et al, 202039 9 NA 60s Ischemic 

Yaghi et al, 202039 10 NA 50s Ischemic 

Yaghi et al, 202039 11 NA 60s Ischemic 

Yaghi et al, 202039 12 NA 70s Ischemic 

Yaghi et al, 202039 13 NA 60s Ischemic 

Yaghi et al, 202039 14 NA 40s Ischemic 

Yaghi et al, 202039 15 NA 40s Ischemic 

Yaghi et al, 202039 16 NA 70s Ischemic 

Yaghi et al, 202039 17 NA 40s Ischemic 

Yaghi et al, 202039 18 NA 60s Ischemic 

Yaghi et al, 202039 19 NA 70s Ischemic 

Yaghi et al, 202039 20 NA 60s Ischemic 

Yaghi et al, 202039 21 NA 60s Ischemic 

Yaghi et al, 202039 22 NA 60s Ischemic 

Yaghi et al, 202039 23 NA 40s Ischemic 

Yaghi et al, 202039 24 NA 70s Ischemic 

Yaghi et al, 202039 25 NA 50s Ischemic 



Fridman et al. 2020                Page 13 of 26             COVID-19: Incidence of Stroke, Clinical Phenotypes and Outcomes 

Page 13 of 26 

 

Table e-4. Summary of Cases included in the analysis (continued) 

Author Case # Sex Age Range Stroke Type 

Yaghi et al, 202039 26 NA 60s Ischemic 

Yaghi et al, 202039 27 NA 60s Ischemic 

Yaghi et al, 202039 28 NA 70s Ischemic 

Yaghi et al, 202039 29 NA 40s Ischemic 

Yaghi et al, 202039 30 NA 50s Ischemic 

Yaghi et al, 202039 31 NA 50s Ischemic 

Yaghi et al, 202039 32 NA 60s Ischemic 

Zayet et al, 202040 1 M 80s Ischemic 

Zayet et al, 202040 2 M 70s Ischemic 

Zhai et al, 202041 1 M 70s Ischemic 

Zhang et al, 202042 1 M 60s Ischemic 

Zhang et al, 202042 2 F 60s Ischemic 

Zhang et al, 202042 3 M 70s Ischemic 

Zhou et al, 202043 1 F 70s Ischemic 

Zulfiqar et al, 202044 1 F 60s SAH 
ICH: intracerebral hemorrhage. CVT: cerebral venous thrombosis. SAH: subarachnoid 
hemorrhage. F: Female. M: Male. 
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Figure e-4. Dendrogram, silhouette and C-Index plots for clusters of 158 strokes 
 

 
Panel A: Average 
silhouette width 
plot. Panel B: C-
index plot. Panel C: 
Dendrogram.  
 
The average 
silhouette width 
plot and C-index 
plot show that the 
model of the three 
clusters is the best 
suited for the 
cohort including all 
strokes.  
 
The dendrogram 
shows the 
distribution of each 
case in the three 
clusters. Red is 
cluster #2, yellow is 
cluster #1, and 
green is cluster #3. 
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Figure e-5. Dendrogram, silhouette and C-Index plots for clusters of 124 ischemic strokes 
 
 
 
Panel A: Average 
silhouette width 
plot. Panel B: C-
index plot. Panel C:  
Dendrogram.  
 
The average 
silhouette width 
plot and C-index 
plot show that the 
model of the two 
clusters is the best 
suited for the 
cohort of ischemic 
strokes.  
 
The dendrogram 
shows the 
distribution of each 
case in the three 
clusters. Red is 
cluster #2 and 
green is cluster #1. 
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Table e-5. Cluster analysis for 158 COVID-19 patients with any stroke 
 

  
All patients 

             Clusters   

P value 

 

  Cluster #1 Cluster #2 Cluster #3  

  (n=158) a (n=47) (n=82) (n=29)  

Demographics       

Age < 50 years old 29 (18.4) 10 (21.3) 16 (19.5) 3 (10.3) 

0.006 

 

Age 50 – 70 years old 72 (45.6) 29 (61.7) 34 (41.5) 9 (31.0)  

Age > 70 years old 57 (36.1) 8 (17.0) 32 (39.0) 17 (58.6)  

Female sex, n (%) b 55 (43.3) 11 (28.2) 34 (50.0) 10 (50.0) 0.07  

Risk Factors       

No risk factors or comorbidities, n (%) c 26 (16.5) 19 (40.4) 7 (8.5) 0 (0.0) <0.001  

Hypertension, n (%) 99 (62.7) 11 (23.4) 66 (80.5) 22 (75.9) <0.001  

Diabetes mellitus, n (%) 64 (40.5) 7 (14.9) 34 (41.5) 23 (79.3) <0.001  

Dyslipidemia, n (%) 43 (27.2) 3 (6.4) 22 (26.8) 18 (62.1) <0.001  

Smoking, n (%) 11 (7.0) 3 (6.4) 8 (9.8) 0 (0.0) 0.204  

Comorbidities       

Previous stroke/TIA, n (%) 17 (10.8) 0 (0.0) 9 (11.0) 8 (27.6) 0.001  

Atrial fibrillation, n (%) 23 (14.6) 2 (4.3) 9 (11.0) 12 (41.4) <0.001  

Coronary artery disease, n (%) 27 (17.1) 2 (4.3) 14 (17.1) 11 (37.9) 0.001  

Chronic kidney disease, n (%) 5 (3.2) 0 (0.0) 5 (6.1) 0 (0.0) 0.09  

Obesity, n (%) 11 (7.0) 2 (4.3) 5 (6.1) 4 (13.8) 0.26  

Cancer, n (%) 7 (4.4) 5 (10.6) 0 (0.0) 2 (6.9) 0.014  
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Types of stroke       

Ischemic, n (%) 124 (78.5) 18 (38.3) 82 (100.0) 24 (82.8) <0.001  

Intracerebral hemorrhage, n (%) 24 (15.2) 19 (40.4) 0 (0.0) 5 (17.2) <0.001  

Cerebral venous thrombosis, n (%) 7 (4.4) 7 (14.9) 0 (0.0) 0 (0.0) <0.001  

Subarachnoid hemorrhage, n (%) 3 (1.9) 3 (6.4) 0 (0.0) 0 (0.0) 0.027  

Clinical features of COVID-19       

Severe/critical COVID-19, n (%) 91 (57.6) 28 (59.6) 35 (42.7) 28 (96.6) <0.001  

No COVID-19 symptoms before stroke, n (%) 49 (31.0) 10 (21.3) 31 (37.8) 8 (27.6) 0.14  

Median time to stroke, d 8.0 [5.0, 15.0] 11.5 [7.0, 16.3] 7.0 [4.0, 15.0] 5.0 [3.0, 13.0] 0.33  
a The model dropped two of 160 cases, which was not included in this analysis. b Sex was not included as a variable for developing the cluster analysis 
because data were not available for all patients. c The variable “No risk factors or comorbidities” was not used for developing the cluster analysis to avoid 
collinearity. 
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Table e-6. Cluster analysis for 124 COVID-19 patients with ischemic stroke 

  
All patients 

     Clusters 

P value   Cluster #1 Cluster #2 

  (n=124) a (n=45) (n=79) 

Demographics     

Age < 50 years old 22 (17.7) 13 (28.9) 9 (11.4) 

0.038 Age 50 – 70 years old 55 (44.4) 19 (42.2) 36 (45.6) 

Age > 70 years old 47 (37.9) 13 (28.9) 34 (43.0) 

Female sex, n (%) b 44 (47.3) 22 (55.0) 22 (41.5) 0.28 

Risk Factors     

No risk factors or comorbidities, n (%) c 16 (12.9) 6 (13.3) 10 (12.7) 1.00 

Hypertension, n (%) 84 (67.7) 32 (71.1) 52 (65.8) 0.69 

Diabetes mellitus, n (%) 55 (44.4) 19 (42.2) 36 (45.6) 0.86 

Dyslipidemia, n (%) 40 (32.3) 14 (31.1) 26 (32.9) 0.99 

Smoking, n (%) 8 (6.5) 3 (6.7) 5 (6.3) 1.00 

Comorbidities     

Previous stroke/TIA, n (%) 14 (11.3) 8 (17.8) 6 (7.6) 0.15 

Atrial fibrillation, n (%) 22 (17.7) 3 (6.7) 19 (24.1) 0.028 

Coronary artery disease, n (%) 22 (17.7) 3 (6.7) 19 (24.1) 0.028 

Chronic kidney disease, n (%) 5 (4.0) 5 (11.1) 0 (0.0) 0.011 

Obesity, n (%) 9 (7.3) 3 (6.7) 6 (7.6) 1.00 

Cancer, n (%) 4 (3.2) 0 (0.0) 4 (5.1) 0.31 
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Clinical features of COVID-19     

Severe/critical COVID-19, n (%) 76 (61.3) 3 (6.7) 73 (92.4) <0.001 

No COVID-19 symptoms before stroke, n (%) 37 (29.8) 18 (40.0) 19 (24.1) 0.10 

Median time to stroke, d 8.0 [5.0, 15.0] 6.0 [2.0, 9.8] 9.0 [5.0, 15.5] 0.11 
a The model dropped two of 160 cases, which was not included in this analysis. b Sex was not included as a variable for developing the 
cluster analysis because data were not available for all patients. c The variable “No risk factors or comorbidities” was not used for 
developing the cluster analysis to avoid collinearity. 
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Table e-7. Outcomes of three clusters for any stroke 
 

  
All patients 

             Clusters   

P value 

 

  Cluster #1 Cluster #2 Cluster #3  

  (n=158) a (n=47) (n=82) (n=29)  

Outcomes       

Deceased, n (%) 54 (34.2) 11 (23.4) 26 (31.7) 17 (58.6) 

<0.001 

 

Home/Rehabilitation, n (%) 68 (43.0) 17 (36.2) 42 (51.2) 9 (31.0)  

Still hospitalized, n (%) 36 (22.8) 19 (40.4) 14 (17.1) 3 (10.3)  
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Table e-8. Unadjusted association between in-hospital mortality and variables more frequently found in stroke cluster #3 

Variable Alive 
(n=105) 

Deceased 
(n=55) 

uOR (95%CI) 
 

P value 
 

Age > 70 years old 32 (30.5) 25 (45.5) 1.90 (0.97-3.73) 0.06 

No risk factors or comorbidities 18 (17.3) 8 (14.5) 0.82 (0.33-2.03) 0.67 

Hypertension 62 (59.6) 38 (69.1) 1.55 (0.77-3.10) 0.21 

Diabetes mellitus 39 (37.5) 26 (47.3) 1.52 (0.78-2.93) 0.22 

Dyslipidemia 26 (25.0) 18 (32.7) 1.48 (0.72-3.02) 0.29 

Previous stroke/TIA 10 (9.6) 8 (14.5) 1.62 (0.60-4.37) 0.34 

Atrial fibrillation 13 (12.5) 11 (20.0) 1.77 (0.73-4.26) 0.20 

Coronary artery disease 15 (14.4) 13 (23.6) 1.86 (0.81-4.25) 0.14 

Cancer 5 (4.8) 3 (5.5) 1.15 (0.27-5.02) 0.85 

Ischemic stroke  81 (77.1) 45 (81.8) 1.33 (0.59-3.04) 0.49 

Intracranial hemorrhage 14 (13.3) 10 (18.2) 1.44 (0.60-3.51) 0.42 

Severe/critical COVID-19 46 (43.8) 46 (83.6) 6.56 (2.91-14.76) <0.001 

uOR: unadjusted OR     
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Table e-9. Outcomes of two clusters for ischemic stroke 

  
All patients 

Clusters 

P value   Cluster #1 Cluster #2 

  (n=124) a (n=45) (n=79) 

Outcomes     

Deceased, n (%) 44 (35.5) 6 (13.3) 38 (48.1) 

<0.001 Home/Rehabilitation, n (%) 55 (44.4) 31 (68.9) 24 (30.4) 

Still hospitalized, n (%) 25 (20.2) 8 (17.8) 17 (21.5) 
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Table e-10. Unadjusted association between in-hospital mortality and variables more frequently found in the ischemic 
stroke cluster #2 

Variable Alive 
(n=81) 

Deceased 
(n=45) 

uOR (95%CI) 
 

P value 
 

Age > 70 years old 26 (32.1) 21 (46.7) 1.85 (0.88-3.91) 0.11 

Atrial fibrillation 13 (16.2) 10 (22.2) 1.50 (0.60-3.75) 0.39 

Coronary artery disease 3 (3.8) 3 (6.7) 1.86 (0.36-9.61) 0.46 

Chronic kidney disease 12 (15.0) 11 (24.4) 1.86 (0.75-4.65) 0.18 

Severe/critical COVID-19 37 (45.7) 40 (88.9) 9.51 (3.41-26.58) <0.001 

uOR: unadjusted OR     
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