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Abstract

Understanding the relationship of COVID-19 to stroke is important. We compare characteristics of pre-pandemic stroke
(PPS), cases in acute COVID infection (CS) and in patients who have recovered from COVID-19 infection (RCS). We inter-
rogated the Qatar stroke database for all stroke admissions between Jan 2020 and Feb 2021 (PPS) to CS and RCS to deter-
mine how COVID-19 affected ischemic stroke sub-types, clinical course, and outcomes prior to, during and post-pandemic
peak. There were 3264 cases admitted (pre-pandemic: 3111, stroke in COVID-19: 60 and recovered COVID-19 stroke: 93).
Patients with CS were significantly younger, had more severe symptoms, fever on presentation, more ICU admissions and
poor stroke recovery at discharge when compared to PPS and RCS. Large vessel disease and cardioembolic disease was
significantly higher in CS compared to PPS or RCS. There was a significant decline in stroke mimics in CS. Stroke in RCS
has characteristics similar to PPS with no evidence of lasting effects of the virus on the short-term. However, CS is a more
serious disease and tends to be more severe and have a poor prognosis.
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Abbreviations Highlights

PPS  Pre-pandemic stroke

CS  COVID infection stroke

RCS Recovered from COVID-19 infection e COVID-19- infection can result in endothelial injury
and a prothrombotic state leading to an increased risk of
stroke and other vascular diseases.

P4 Naveed Akhtar e It is not known if patients who recover from COVID-
nakhtar @hamad.qa 19 infection are also at an increased risk of stroke and
Ashfaq Shuaib whether their prognosis will be similar to stroke in
ashfaq.shuaib@ualberta.ca patients with acute infection.

e We report a large series (3264 patients) with character-
istics of symptoms and prognosis prior to, during and
post-pandemic in a prospective registry.

e Our study shows that while stroke in patients with
COVID-19 infection tended to be severe, stroke in
patients who recovered from COVID-19 had similar
characteristics and prognosis to pre-pandemic subjects.
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Introduction

The number of COVID-19 worldwide exceeded 121,000,000
as of March 17, 2021 with most patients recovering from
the infection [1]. COVID-19 may affect the cardiovascu-
lar system and increases the risk of venous thrombosis
and pulmonary embolism [2], myocardial injury [3] and
stroke [4, 5]. Acute stroke has been reported in 0.5-2.5% of
active COVID-19 and tends to be more severe with a higher
mortality [4, 6]. To our knowledge, there are no reports of
strokes in patients who have recovered from COVID-19.

We have previously published on acute stroke in COVID-
19 pandemic from Qatar [7, 8]. Our main objective here
was to compare historical strokes in pre-COVID-19 (PPS),
active COVID-19 (CS) and strokes in recovered COVID-19
patients (RCS).

Methods

The Qatar Stroke Database prospectively collects informa-
tion on most acute stroke (98%) admitted in Qatar to the
Hamad General Hospital (HGH) since February 2013 as pre-
viously published [9, 10]. The Institutional Review Board,
Hamad Medical Corporation at the Medical Research Centre
(MRC-01-20-489) approved the study. Data will be made
available on request.

All acute stroke (AS) patients admitted to HGH between
January-2019 to February-2020 were evaluated for the
study (PPS) and served as the reference comparator for the
COVID-19 cases. The CS cases all had active viral disease
at the time of the stroke and the RCS patients had all recov-
ered from the viral illness at the time of the stroke. The
clinical information including risk factors, investigations,
clinical presentation, and course during hospitalization were
recorded. The severity of symptoms at admission (NIHSS
score), clinical diagnosis as defined by the TOAST classifi-
cation [11] and Bamford classification [12], and the length
of stay in hospital are also recorded. The modified Rankin
Scale (mRS) pre-admission, at discharge, and at 90-day
follow-up are also documented.

Patient and public involvement

Patients or the public WERE NOT involved in the design, or
conduct, or reporting, or dissemination plans of our research.

Statistical analysis

Descriptive statistics in the form of mean and standard
deviations for continuous variables and frequency with

percentages for categorical variables were performed. One-
way ANOVAs with post hoc (Bonferroni) analyses were
performed to see significant mean level differences for
all continuous variables according to Pre-COVID, Active
COVID and Post -COVID stroke groups. Chi-Square tests
with standardized residuals were calculated to see associa-
tion with categorical variables and the groups. Multivariate
logistic regression analysis was performed to see associated
risk factors to 90 days poor outcome. Adjusted odds ratio
(OR) with 95% CI and P values were presented. P value less
than equal to 0.05 (two tailed) was considered statistically
significant level. SPSS 22.0 statistical package was used for
the analysis.

Results

There were 3264 patients [age; 52.8 + 13.9 male/female
2404 (73.7%)/4860 (26.3%)] admitted to HGH during the
study period and available for analysis. Of the 3264 stroke
patients, there were 3111 patients admitted without COVID
19 in the 14 months prior to the pandemic (PPS), 60 cases
with active COVID-19 infection (CS) and 93 COVID-19-re-
covered cases (RCS) as shown in the Table 1.

There was no significant difference in the age of the three
groups. The higher percentage of males reflects the demo-
graphics of Qatar with a predominantly male expatriate pop-
ulation as have been previously reported [9, 10]. The mean
duration of time between recovery from COVID-19 infec-
tion and stroke was 126.9 +75.9 days (median 124 days).
There was a significant decrease in stroke mimics in the
CS cases as compared to PPS and RCS. Small vessel dis-
ease (SVD) is the most common type of stroke in the Qatari
and expatriate population, likely due to the high prevalence
of poorly controlled hypertension and diabetes as has been
previously documented [10]. SVD was significantly lower
in CS (12.8%) compared to 45.7% in PPS and 27.9% in RCS
(p<0.001). The CS group was associated with an increase in
the percentage of large vessel and embolic stroke as shown
in the Table 1.

The CS patients were more likely to have higher NIHSS
on admission and significantly more patients had cortical
strokes. The admission NIHSS was 8.9+ 8.8 in CS, com-
pared to 3.7+6.1 in the PPS and 3.9+ 6.2 in RCS patients
(p<0.001). Active COVID-19 patients were more likely to
be febrile (23.3% vs PPS (0.6%) and RCS (5.4%). Patients
with active COVID-19 and stroke were more likely to have
admissions to the ICU (CS: 28%, PPS: 6.5% and RCS: 6.5%;
p <0.001), more frequently required intubation (CS: 31.3%,
PPS: 5.1% and RCS: 3.2%) and had longer length of hospi-
talization [LOC] (CS: 27.1 +23.1, PPS: 4.1+ 7.2 and PCS:
4.7+ 6.6 days).
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Table 1 Demographic and Clinical Characteristics of Patients with recovered COVID-19, active COVID-19, and pre-pandemic stroke patients

Characteristics or investigations Total stroke cases Pre-COVID stroke Active-COVID stroke Post-COVID stroke P value
(n=3264) (m=3111) (n=60) (n=93)
Age, Mean, years 52.8+13.9 52.7+13.9 534+11.6 539+13.8 0.63
Sex
Male 2404 (73.7) 2277 (73.2) 56 (93.3) 71 (76.3) 0.002
Female 860 (26.3) 834 (26.8) 4(6.7) 22 (23.7)
Risk factors
Hypertension 2123 (65.0) 2036 (65.4) 28 (46.7) 59 (63.4) 0.01
Diabetes 1473 (45.1) 1399 (45.0) 27 (45.0) 47 (50.5) 0.57
Dyslipidemia 1605 (49.2) 1579 (50.8) 4(6.7) 22 (23.7) <0.001
Atrial Fibrillation on Admission 143 (4.4) 134 (4.3) 2(3.3) 7(7.5) 0.30
Active Smoking 823 (25.2) 798 (25.7) 10 (16.7) 15 (16.1) 0.04
Prior Stroke 392 (12.0) 375 (12.1) 70117 10 (10.8) 0.93
BMI on admission 282+5.4 282+5.4 26.1+3.7 27.6+5.4 0.005
Fever on Admission 37(1.1) 18 (0.6) 14 (23.3) 5(5.4) <0.001
NIHSS on admission (mean) 3.8+6.2 3.7+6.1 8.9+8.8 3.9+6.2 0.001
NIHSS severity
Mild (NIHSS 0-4) 2525 (77.4) 2427 (78.0) 27 (45.0) 71 (76.3) <0.001
Moderate (NIHSS 5-10) 367 (11.2) 342 (11.0) 14 (23.3) 11(11.8)
Severe (NIHSS > 10) 372 (11.4) 342 (11.0) 19 (31.7) 11(11.8)
Stroke treatment and course
IV Thrombolysis given 159 (4.9) 153 (4.9) (6.7) 2(2.2) 0.38
Thrombectomy done 74 (2.3) 70 (2.3) 1(1.7) 3(3.2) 0.78
ICU Admission 225 (6.9) 202 (6.5) 17 (28.3) 6 (6.5) <0.001
Intubated during admission 172 (5.3) 158 (5.1) 11 (18.3) 3(3.2) <0.0001
Final diagnosis
Ischemic stroke 1370 (42.0) 1287 (41.4) 42 (70.0) 41 (44.1) <0.001
Intracerebral hemorrhage 270 (8.3) 260 (8.4) 1(1.7) 99.7)
Cerebral venous thrombosis 43 (1.3) 37 (1.2) 4(6.7) 2(2.2)
Transient ischemic attack 347 (10.6) 335 (10.8) 6 (10.0) 6 (6.5)
Stroke mimics 1234 (37.8) 1192 (38.3) 70117 35 (37.6)
TOAST classification
Small vessel disease 623 (44.1) 605 (45.7) 6(12.8) 12 (27.9) <0.001
Large vessel disease 231 (16.3) 210 (15.9) 13 (27.7) 8 (18.6)
Cardioembolic 359 (25.4) 329 (24.8) 16 (34.0) 14 (32.6)
Stroke of determined origin 86 (6.1) 75 (5.7) 6(12.8) 5(11.6)
Stroke of undetermined origin 115 (8.1) 105 (7.9) 6(12.8) 4.(9.3)
Prognosis at 90-Days (n=2639)
Good (mRS 0-2) 1941 (73.6) 1840 (74.0) 28 (46.7) 73 (78.5) <0.001
Poor (mRS 3-6) 698 (26.4) 646 (26.0) 32 (53.3) 20 (21.5)
Mortality at 90-Days (n=2639) 100 (3.8) 92 (3.7) 6 (10.0) 2(2.2) 0.03

Patients with stroke following recovery from COVID-
19 had a clinical profile very similar to PPS patients. They
had milder disease on admission, and similar mRS at dis-
charge (mRS [0-2] CS: 35%, PPS: 71.2% and RCS: 73%
p<0.0001). They were, however, more likely to be febrile
on admission compared to PPS. Recovering COVID stroke
patients with fever had similar clinical course and prognosis
to patients without fever (poor outcome [mRS 3-6] 20.0 vs
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21.6%, p=0.93) and all febrile recovering stroke patients
had no evidence of active COVID-19 infection.

Patients with active COVID-19 and stroke had slower
recovery during hospitalization and at 90-days follow-up
when compared to PPS or RCS patients (Fig. 1). At 90-day
follow up, good recovery (mRS 0-2) was seen in 46.7% in
CS patients compared to 74% in PPS and 78.5% in RCS
subjects (p<0.0001).
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Fig.1 ROC CURVE- To predictive accuracy of 90-Day Prognosis
from the model

Table 2 Multivariate analysis of the variables associated with 90-Day
poor outcome in all three groups

Variable Odds ratio  95% CI P value
Lower Upper
Age 1.08 1.07 1.09 <0.001
Sex 0.66 052  0.84 <0.001
BMI 0.66 0.99 1.03 0.42
Prior hypertension 1.27 0.97 1.68 0.08
Prior dyslipidemia 1.25 0.99 1.58 0.06
NIHSS score on admission  1.23 1.20 1.26 <0.001
Febrile on admission 3.65 1.36 9.83 0.01
ICU admission 1.01 0.54 1.86 0.99
Intubated during admission  1.49 0.72 3.06 0.28

Adjusting age and sex in the multivariate logistic regression
analysis, NIHSS score on admission (adjusted OR 1.23, 95%
CI 1.20-1.26, p=0.001) and febrile on admission (adjusted
OR 3.65,95% CI 1.36-9.83, p=0.01), were found to be asso-
ciated with poor outcome at 90 days (Table 2). There was no
statistical association for BMI, prior hypertension, ICU admis-
sion and intubated during admission. The regression model
was able to discriminate 87% accurately for the 90 days poor
outcome.

Discussion

Similar to numerous previous reports, we also observed
acute stroke in active COVID-19 patients to be severe,
more likely to have cortical involvement and had relatively
poor recovery when compared to PPS. Active COVID-19
related stroke patients were also more likely to be febrile,
requiring intubation and ICU admissions, and longer hos-
pital stay. The significantly lower rates of stroke mimics
in the CS case likely relates to a fear of coming to hospital
in the pandemic [8]. The most important new observation
from our study relates to the stroke in patients with full
recovery following COVID-19 infection. The overall pat-
tern of stroke in this group appeared to have symptoms
and clinical course similar to patients with stroke prior to
the pandemic.

To our knowledge, this is the first study that compares
stroke in active COVID-19 patients to non-COVID-19
patients and subjects who have recovered from the infec-
tion. It is important to note that we noticed no long-lasting
effects of COVID-19 in any of our RCS patients. When
comparing to the 3111 patients with no COVID-19, the
RCS had identical presentation, risk factors, clinical
course, and prognosis. It is also interesting that once the
patients recovered, the stroke subtypes were very similar
to what we had observed over the past 7 years [8].

Our study suggests that COVID-19 did not contribute
to the etiology of stroke once the patient recovers. There
are however several factors related to COVID-19 that may
increase the risk of stroke in patients who have recovered
and these needs attention [13, 14]. Potential mechanisms
include continued endothelial injury [13], cardioembolism
and potential paradoxical embolism via a PFO [15] or arte-
rial dissection [16]. While the recovery is complete follow-
ing COVID-19 in most patients, the “long-haulers” may
have prolonged illness and therefore are at risk for compli-
cations [17]. COVID-19 infection results in injury to the
arterial endothelium, resulting in a prothrombotic state
[13]. The prothrombotic state may persist and increase
the risk of stroke. Cardiac muscle injury and heart failure
seen with COVID-19 [15] may potentially contribute to
embolic stroke in some cases. Cardioembolism was the
final diagnosis in 14% of our patients with stroke follow-
ing recovery from COVID-19 which is lower than the 25%
seen in pre-COVID-19 cases and therefore likely did not
contribute to the post-COVID-19 cases. Similarly, there
were no cases of arterial dissection in the post-COVID-19
group.

There are strengths to our study. The Qatar Stroke Data-
base is very robust and has prospectively recorded stroke
trends in the country for more than 7 years. While the
prospective data collection had shown a steady increase
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in admission rates over several years, the dramatic decline
during over three months as the number of COVID-19
cases is very striking [8]. This is similar to multiple obser-
vations from around the world. Our study shows that active
COVID-19 positive stroke patients were more likely to be
sicker, had more cortical involvement and had prolonged
LOC and fewer frequency of good recovery at discharge.
We also showed that patients who suffer a stroke follow-
ing recovery from COVID-19 has similar characteristics
to pre-COVID-19 cases.

The study has some limitations. A change over three
months is brief and may not be sufficient to completely
understand COVID-19-related changes. We did not docu-
ment the relationship between the severity of COVID-19
and stroke. We also do not have enough long-term follow-up
data at present on the patients seen during the pandemic to
adequately document the changes in outcomes.

In summary, we present a comparison study on stroke
subtypes prior to the pandemic to COVID-19 positive cases,
and stroke in patients who recovered from the illness. Our
data in 93 patients who had recovered from COVID-19 is
reassuring in indicating no short-term effects of the illness.

Acknowledgements We acknowledge the assistance of all involved
physicians, nurses, and staff of the Stroke Team in HMC. We also thank
Ms. Reny Francis (HMC) and Kath McKenzie (University of Alberta)
for her editorial assistance and supportive care.

Author contributions Concept, design, and draft: NA, AS. Acquisition,
analysis, interpretation of data, technical and administrative support:
NA, SK, YI, SAJ, MAM. Critical review: SAJ, FA, SK, YI. Statistical
analysis: NA, R.

Funding Open Access funding provided by the Qatar National Library.
No funds, grants, or other support was received.

Data availability All relevant information is included in the manu-
script. Any further data request can me made available on request.

Declarations

Conflict of interest All the authors declared that they have no conflict
of interest.

Ethical approval The study was approved by the Institutional Review
Board, Hamad Medical Corporation at the Medical Research Centre
(MRC-01-20-489).

Informed consent All Authors provide their consent.

Research involving human and animal rights None of the authors in
life science journals that report the results of studies involving humans
and/or animals.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,

@ Springer

provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Johns Hopkins Coronavirus Recourse Center. https/coronavirus.
jhu.edu/map.html
2. Wichmann D, Sperhake J-P, Lutgehetmann M et al (2020)
Autopsy findings and venous thromboembolism in patients with
COVID-19. Ann Intern Med. https://doi.org/10.7326/M20-2003
3. Clerkin KJ, Fried JA, Raikhelkar J et al (2020) COVID-19 and
cardiovascular disease. Circulation 141:1648-1655
4. Zhao J, Li H, Knung D et al (2020) Impact of the COVID-19
epidemic on stroke care and potential solutions. Stroke 51:1996.
https://doi.org/10.1161/STROKEAHA.120.030225
5. Oxley TJ, Mocco J, Majidi S et al (2020) Large-vessel stroke as
a presenting feature of COVID_19 in the young. New Eng J Med
382:e60
6. Lodigiani C, Iapichino I, Carenzo L et al (2020) Venous and arte-
rial thrombotic complications in COVID-19 patients admitted to
an academic hospital in Milan, Italy. Thromb Res 191:9-14
7. Akhtar N, Abid FB, Kamran S et al (2021) Characteristics and
comparisons of 32 COVID-19 and non-COVID-19 ischemic
strokes and historical stroke patients. Stroke CVD 30:105435
8. Akhtar N, Al Jerdi S, Mahfoud Z et al (2021) Impact of COVID-
19 pandemic on stroke admissions in Qatar. BMJ Neurol Open
3:e000084
9. Akhtar N, Kamran S, Singh R et al (2015) Beneficial effects of
implementing stroke protocols require establishment of a geo-
graphically distinct unit. Stroke 46:3494-3501
10. Akhtar N, Salam A, Kamran S et al (2016) Ethnic variation in
acute cerebrovascular disease: analyses from the Qatar stroke reg-
istry. Eur Stroke J 1:231-241
11. Adam HP, Bendixen BH, Kappelle LJ et al (1993) Classification
of subtype of acute ischemic stroke. Definitions for use in a mul-
ticenter clinical trial. TOAST Trial of Org 10172 in Acute stroke
treatment. Stroke 24:35-41
12. Bamford J, Sandercock P, Dennis M et al (1991) Classification
and natural history of clinically identifiable subtypes of cerebral
infarction. Lancet 337:1521-1526
13. Kakaria V, Kemeko N, Nour M et al (2021) Pathophysiologic
mechanisms of cerebral endotheliopathy and stroke due to
COVID-19.J CBFM. https://doi.org/10.1177/0271678X20985666
14. Al-Ramadan A, Rababh O, Shah J, Gharaibeh A (2021) Acute and
post-acute neurological complications of COVID-19. Neurol Int
13:102-119
15. Ampropoulos CE, Mavrogeni S, Dervas A et al (2021) Myocar-
dial fibrosis after COVID-19 infection and severe sinus arrest
episodes. Respir Med Case Rep 32:101366
16. Gencler O, Ege MR, Aslan A (2021) Unilateral common carotid
artery dissection in a a patient with recent COVID-19. J Neurol
Sci 87:26-28
17. Rubin R (2020) As their numbers grow, COVID-19 “long Haulers”
stump experts. JAMA. https://doi.org/10.1001/jama.2020.17709

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7326/M20-2003
https://doi.org/10.1161/STROKEAHA.120.030225
https://doi.org/10.1177/0271678X20985666
https://doi.org/10.1001/jama.2020.17709

	Characteristics and comparisons of acute stroke in “recovered" to “active COVID-19 and “pre-pandemic” in Qatar database
	Abstract
	Highlights
	Introduction
	Methods
	Patient and public involvement
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




