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Background and Purpose: There is little information on the acute cerebrovascular
complications of coronavirus disease 2019 (COVID-19) in Egypt. The aim of this study
was to estimate the proportion of acute cerebrovascular disease (CVD) among COVID-19
patients and evaluate their clinical and radiological characteristics in comparison with
non-COVID-19 CVD.

Materials and Methods: |n a retrospective study, COVID-19 patients whom presented
with CVD in Assiut and Aswan University Hospitals were compared with non-COVID-19,
CVD patients, admitted to Qena University Hospital, prior to the pandemic. The following
data were collected: clinical history and presentation, risk factors, comorbidities, brain
imaging (MRI or CT), chest CT, and some laboratory investigations.

Results: Fifty-five (12.5%) of the 439 patients with COVID-19 had acute CVD. Of them,
42 (9.6%) had ischemic stroke while 13 patients (2.9%) had hemorrhagic CVD. In the 250
cases of the non-COVID-19 group, 180 had ischemic stroke and 70 had hemorrhagic
stroke. A large proportion of patients with COVID-19 who presented with ischemic stroke
had large vessel occlusion (LVO), which was significantly higher than in non-COVID-19
patients with CVD (40 vs. 7.2%, P < 0.001). Comorbidities were recorded in 44 (80%)
cases. In COVID-19 ischemic stroke patients, risk factors [hypertension and ischemic
heart disease (IHD)] and comorbidities (hepatic and renal) were significantly higher than
those in non-COVID-19 patients. In addition, 23.5% had hemorrhagic CVD, and six
patients with LVO developed hemorrhagic transformation.

Conclusion: Acute CVD among patients with COVID-19 was common in our study.
LVO was the commonest. Hypertension, IHD, and anemia are the most common risk
factors and could contribute to the worsening of clinical presentation. Comorbidities
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were common among patients with CVD, although a large number had elevated liver
enzymes and creatinine that were partially due to COVID-19 infection itself. The current
results begin to characterize the spectrum of CVD associated with COVID-19 in patients

in Upper Egypt.

Registration ID: The ID number of this study is IRB no: 17300470.

Keywords: COVID-19, cerebrovascular stroke, central nervous system, anosmia, large vessel occlusion,

hemorrhagic infarction

INTRODUCTION

In most patients, severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection presents with a flu-like illness;
neurological symptoms are most usually seen in patients with
other comorbidities. Recently, some studies (1, 2) and case
reports (3-6) have reported a small number of COVID-19
patients with concurrent stroke, the majority of whom had
ischemic rather than hemorrhagic strokes. The World Health
Organization (WHO) reported that the risk of ischemic stroke
associated with COVID-19 is around 5% (7). There have
also been a few cases, in patients with mild symptoms, of
macrothrombosis in the internal carotid artery (8, 9). Most of
the strokes occurred in young adults without cardiovascular risk
factors. For example, Gunasekaran et al. (10) described a case of
cerebrovascular stroke in a COVID-19 patient younger than 50
years with few risk factors for stroke. At the present time, there
is little knowledge about the clinical and radiological criteria of
acute cerebrovascular complications of COVID-19 in Egypt.

This retrospective study analyzes data from COVID-19
patients with acute cerebrovascular disease (CVD) who were
admitted into the two largest university hospitals in Upper
Egypt. We estimate the proportion of acute CVD among
COVID-19 patients and evaluate their clinical and radiological
characteristics in comparison to a group of patients with acute
CVD without COVID-19 who had been observed 3 years prior to
the pandemic in Qena University Hospital (Upper Egypt).

MATERIALS AND METHODS

Patients with suspected COVID-19 were admitted from June 1
to August 10, 2020, to two university hospitals in Upper Egypt
(Assiut and Aswan), which served as quarantine areas (11).
Then, all patients with COVID-19 infection, whom presented
with acute CVD, were transferred to the intensive care unit
(ICU) of the Neurology, Neurosurgery Hospital of Assiut and the
ICU in Aswan University hospital. We used the World Health
Organization (WHO) definition of stroke as “rapidly developed
clinical signs of focal (or global) disturbance of cerebral function,
lasting more than 24 h or leading to death, with no apparent cause
other than of vascular origin” (12). We documented the latter
using either computed tomography (CT) or magnetic resonance
imaging (MRI) with additional data regarding demographic
data, risk factors, and comorbidities. Clinical assessment was
made using the National Institutes of Health Stroke Scale
(NIHSS), Glasgow Coma Scale (GCS), and chest CT. Laboratory

investigations included blood picture and gases, renal and
liver function, and coagulation profile [prothrombin time and
concentration and international normalized ratio (INR)]. D-
dimer and ferritin levels were measured for a few patients
when available.

Our control group was taken from retrospective data of all
patients diagnosed with acute CVD within 72h of onset and
admitted to Qena University Hospital from October 1, 2015, to
the end of March 2016. Qena is a Nile Valley governorate and one
of the largest cities in Upper Egypt, lying midway between Assiut
and Aswan governorates where they share a common culture
and climate.

CT scanners included GE Bright Speed Elite 16 slice, Siemens-
Somatom go UP32 slice, and Toshiba Aquilion PRIME, while
MRI scanners included Philips Achieva, 1.5T, Siemens Avanto
1.5T, and Toshiba Ventage 1.5 T.

Only cases with imaging-confirmed stroke were included
in the study. For ischemic insult, vascular territories were
identified (whether venous or arterial/large or small vessel
occlusion), while hemorrhagic insults were classified into
intra-parenchymal (lobar, deep, and infra-tentorial) and extra-
parenchymal hemorrhage (intraventricular and subarachnoid),
as well as mixed intra-parenchymal and extra-parenchymal
hemorrhage. A chest CT was also obtained.

The raw data supporting the findings of this study are available
upon request from the corresponding authors.

Consent and Ethics

Each patient or relative gave a written informed consent.
Approval of the study was obtained from the local ethics
committee of Assiut University Hospital.

Infection of COVID-19 Was Defined as
1-Definite COVID-19 if patients came with clinical
symptoms of infection and had a positive reverse transcription
polymerase chain reaction (PCR) test of respiratory samples
(e.g., nasopharyngeal swab).
2-Suspected COVID-19 if the usual clinical symptoms of
COVID-19 infection but PCR were not available. Diagnosis
was based on chest CT and one of the following laboratory
data was positive: lymphopenia and/or ferritin level, D-dimer.

Statistical Analysis

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS 25). Number and percent or means =+ standard
deviation (SD) were used to represent data. Demographic,
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risk factors, comorbidities, and other variables were compared
between COVID-19 CVD patients versus non-CVD patients
and also between COVID-19 CVD patients and non-COVID-19
CVD patients with the 2 test. The level of significance was set at
P < 0.05.

RESULTS

Out of 439 patients with confirmed/suspected COVID-19,
acute CVD was recorded in 55 cases (12.5%). Cases were
classified using neuroimaging data. Here, 42 (9.6%) patients were
diagnosed with ischemic arterial/venous stroke (40/2); 11 (2.5%)
cases were diagnosed with hemorrhagic stroke; one case (0.2%)
had combined subdural hematoma and intracerebral hematoma;
and the remaining case (0.2%) had subarachnoid hemorrhage
(see Figure 1 flowchart).

The mean age of the patients with COVID-19-CVD was
62.8 + 14.1 years (range 35-90 years), with 30 (54.5%) males
and 25 (45.5%) females. Twelve patients (21.8%) had a positive
PCR and were diagnosed as definite COVID-19; the remaining
43 cases (78.2%) were diagnosed as suspected COVID-19
because they had fever and pulmonary symptoms plus chest CT
findings of bilateral ground-glass opacities with consolidation
(GGO) in addition to lymphopenia and/or elevated ferritin
level or D-dimer.

Fifty-one (92.7%) out of 55 COVID-19 patients had bilateral
ground-glass appearance with consolidation in CT chest. Among
the constitutional symptoms of COVID-19 in the CVD group,
we found that fever (89.1%) and respiratory symptoms (81.9%)
were the most common manifestations, followed by headache
(30.9%) and gastrointestinal tract (GIT) (21.8%) symptoms.
Fatigue and malaise (9.3%) as well as dizziness and vertigo
(3.6%) were least frequent. In the CVD group with COVID-
19, 44 (80%) had risk factors and/or comorbidities. Comparison
of demographic, clinical data, risk factors, and comorbidities
between COVID-19 patients with CVD (55 cases) vs. without
CVD (384 cases) showed a significantly higher mean age of
COVID-19 patients with CVD than those without CVD. The
percentages of fever, headache, and disturbed consciousness were
significantly higher in COVID-19 with CVD than without, while
fatigue, myalgia, malaise, dizziness, and vertigo were significantly
lower in COVID-19 with CVD than without. In general, risk
factors and comorbidities were significantly higher in COVID-19
with CVD than without (Table 1).

Table 2 compares demographics, clinical, and risk factors
and comorbidities of COVID-19 ischemic stroke patients (42
patients) and non-COVID-19 ischemic stroke patients (180
patients). The mean age of COVID-19 patients was significantly
higher than that of non-COVID-19 patients, while no significant
difference was found in terms of sex. Hypertension and ischemic

Total of 439 patients analyzed
® n=337 (76.7%) from Assiut University Hospitals
® n=102 (23.3%) from Aswan University Hospital

I

n= 55 (12.5%) Acute cerebrovascular diseases

l

n= 42 (76.4%) Ischemic CVD

|

n= 13 (23.6%) Hemorrhagic CVD

]
n=40 (95.2%) n=2 (4.8%) n=11 (84.6%) n=1 (7.7%) n=1 (7.7%) Subdural
Arterial ischemic Venous ischemic Hemorrhagic Subarachnoid h.ematoma and
stroke stroke stroke hemorrhage intracerebral
hemorrhage

FIGURE 1 | Flowchart.
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TABLE 1 | Demographic and clinical data of COVID patients with CVD vs.

without CVD.
Demographics CVD patients Non-CVD P-value
(n = 55) (n = 384)

Age (years)
Mean + SD 62.8 + 14.1 49.5 +16.9 <0.001
Range 35-90 18-86
<50n (%) 12 (21.8 %) 183 (47.7%) <0.001
>50n (%) 43 (78.2%) 201 (52.3%)

Sex n (%)
Male 30 (54.5%) 194 (50.5%) 0.577
Female 25 (45.5%) 190 (49.5%)

Presenting symptoms n (%)
Fever 9 (89.1%) 278 (72.4%) 0.008
Respiratory symptoms 5 (81.9%) 283 (73.7%) 0.195
Headache 7 (30.9%) 67 (17.4%) 0.018
GIT symptoms 2(21.8%) 81 (21.1%) 0.902
Fatigue, myalgia and 5(9.1%) 170 (44.3%) <0.001
malaise
Dizziness and vertigo 2 (3.6%) 61 (15.9%) 0.015
Disturbed 7 (49.1%) 17 (4.4%) <0.001
consciousness

Comorbid risk factor and comorbidities n (%)
Hypertension 32 (58.2%) 140 (36.5%) 0.002
Ischemic heart disease 4 (25.4%) 42 (10.9%) 0.008
Rheumatic heart disease 2 (3.6%) 1(0.26%) 0.005
Atrial fibrillation 1(1.8%) 2 (0.52%) 0.275
Diabetes mellitus 7 (30.9%) 130 (33.9%) 0.665
Liver disease 5(9.1%) 0 (2.6%) 0.013
Renal disease 8 (14.5%) 6 (4.2%) 0.001
Chronic pulmonary 1(1.8%) 29 (7.6%) 0.115
disease
No risk factor or 1(20.0%) 159 (41.4%) 0.002

TABLE 2 | Comparison between Covid-19 and non-covid-19 ischemic stroke
patients in demographic, risk factors, comorbidities, and clinical presentation.

Demographic, risk COVID-19 Non-COVID- P-value*

factors clinical ischemic 19 ischemic

presentation and stroke stroke

comorbidities (n=42) (n = 180)

Age (years)
Mean + SD 64.8 £ 13.7 56.1 £ 1.5 <0.001
Range 37-90 33-85
Age <50n (%) 8(19.0%) 56 (31.1%) 0.120
Age >50n (%) 34 (81.0%) 124 (68.9%)

Sex n (%)
Male 22 (52.4%) 84 (46.7%) 0.562
Female 20 (47.6%) 96 (53.3%)

Stroke risk factors and comorbidities n (%)
Hypertension 23 (54.7%) 52 (28.8%) 0.001
Ischemic heart disease 3 (30.9%) 5 (8.3%) 0.001
Rheumatic heart disease 2 (4.7%) 6 (3.3%) 0.654
Diabetes mellitus 14 (33.3%) 3 (29.4%) 0.621
Atrial fibrillation 2 (4.7%) 9 (10.6%) 0.247
Hepatic disease 3(7.1%) 2 (1.1%) 0.017
Renal diseases 8 (19%) 5 (2.8%) 0.001
No risk factor or 10 (23.8%) 35(19.4%) 0.526
comorbidities

Clinical presentation
NIHSS Mean + SD 13.8+5.6 92+54 <0.001
(range) (4-24)
GCS Mean + SD (range) 9.5+45 13.3+1.9 <0.001

(0-15)

DCL n (%) 15 (35.7%) 3(1.7%) <0.001

National Institutes of Health Stroke Scale, GCL, Glasgow Coma Scale; DCL, Disturbed

Conscious Level. *Students’ T-test and Chi-square test were used.

comorbidities

heart disease (IHD) were significantly higher in COVID-19
than those in non-COVID-19 patients as risk factors for stroke.
Also, comorbidities (hepatic and renal disease) were significantly
higher in COVID-19 than non-COVID-19. NIHSS and GCS were
significantly worse in COVID-19 compared with non-COVID-
19 ischemic stroke patients with a higher percentage of patients
presenting with a disturbed level of consciousness. Table 3 shows
the comparison between hemorrhagic stroke in COVID-19 and
non-COVID-19 patients. There were no significant differences
between groups in demographics, risk factors, and comorbidities,
or in clinical presentation. However, there were significantly
higher National Institutes of Health Stroke Scale/Score (NIHSS)
and lower Glasgow Coma Scale (GCS) scores in the COVID-19
group than the non-COVID-19 group, with a higher percentage
of disturbed consciousness in the COVID-19 group.

Laboratory Data

Regarding the blood picture: 24 (43.6%) cases had leukocytosis
(19 ischemic and five hemorrhagic), 26 (47.3%) cases had
lymphopenia (19 in ischemic and seven in hemorrhagic stroke),
and 26 patients (47.3%) had microcytic hypochromic anemia (23

ischemic and three hemorrhagic). Eight (15.5%) had prolonged
prothrombin time (PTT), and five (9.1%) had decreased
prothrombin concentration (five in ischemic stroke and three
in hemorrhagic).

Interestingly, in ischemic stroke (42 cases), only three patients
had a history of liver disease among COVID-19 patients.
However, during admission, 16 (38.1%) cases had elevated liver
enzymes of whom three had increased PTT and decreased
prothrombin concentration. Eight patients (19%) had a history
of kidney diseases. Yet, 16 cases (38.1%) had elevated blood urea
and creatinine (renal impairment) during admission.

In hemorrhagic stroke (13 cases), only two patients had
a history of liver disease. However, during admission, four
(36.4%) cases had elevated liver enzymes of whom three had
increased PTT and decreased prothrombin concentration. There
were no patients with a history of kidney disease. Yet, during
admission, four cases had elevated blood urea and creatinine
(renal impairment). In total, six patients had both impaired renal
and elevated liver enzymes.

Neuroimaging
Based on radiological findings, there were no significant
differences between COVID-19 and non-COVID-19 patients in
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TABLE 3 | Difference between Covid-19 and non-covid-19 hemorrhagic stroke
patients in demographic, risk factors and comorbidities.

TABLE 4 | Radiological findings of 55 COVID-19 patients with cerebrovascular
diseases (CVD).

Demographic, COVID-19 Non-COVID- P-value

Stroke risk factors hemorrhagic 19

and comorbidities CVD (n =13) hemorrhagic

and clinical CVvD

presentation (n=70)

Age (years)
Mean + SD 57.4+13.5 50.4 £ 138.3 0.204
Range 35-80 19-99
Age <50n (%) 5 (38.5%) 38 (54.3%) 0.294
Age >50n (%) 8 (61.5%) 32 (45.7%)

Sex n (%)
Male 8 (61.5%) 32 (45.7%) 0.294
Female 5 (38.5%) 38 (564.3%)

Stroke risk factors and comorbidities n (%)
Hypertension 8 (61.5%) 46 (65.7%) 0.771
Ischemic heart 1(7.7%) 1(4.2%) 0.176
disease
DM 3 (23.1%) 23 (2.9%) 0.485
Atrial fibrillation 1(7.7%) 1(1.4%) 0.176
Chronic pulmonary 1(7.7%) 1(1.4%) 0.176
disease
Hepatic disease 2 (15.4%) 4 (5.7%) 0.216
Renal disease 0 1(1.4%) -
No risk factor or 1(7.7%) 5(7.1%) 0.891
comorbidities

Clinical presentation
NIHSS Mean + 16.1 £3.2 106 £ 6.2 <0.001
SD (range) (9-22)
GCS Mean + SD 8.7+34 123+2.6 <0.001
(range) (5-159)
DCL n (%) 6 (46.1%) 2 (2.8%) <0.001

DM, Diabetes Mellites; HCV, Hepatitis C Virus;, RHD, Rheumatic Heart Disease; NIHSS,
National Institutes of Health Stroke Scale; GCL, Glasco Coma Scale; DCL, Disturbed
Conscious Level.

terms of the incidence of either ischemic or hemorrhagic CVD
(details are provided in Table 4). However, COVID-19 patients
had a significantly higher rate of large vessel occlusion compared
to non-COVID-19 patients [40% in COVID-19 patients vs. 7.2%
in non-COVID-19 patients (P < 0.001)]. Furthermore, there
was a significantly higher rate of hemorrhagic transformation
(of arterial ischemic stroke) in COVID-19 patients (14.3%)
compared to non-COVID-19 patients (1.6%), with P < 0.001.

In total, 42 (76.4%) COVID-19 cases had ischemic CVD,
which was arterial in 40 (72.7%) cases and cerebral sinus venous
thrombosis (CSVT) in two cases (3.6%). The anterior circulation
was affected in 31 (56.4%) cases, while 22 (40%) had large
vessel occlusion. Out of the latter, eight (14.5%) patients had
occlusion of the left middle cerebral artery (MCA), 13 (23.6%)
had right MCA occlusion, and one patient (1.8%) had occlusion
of the left internal carotid artery. Hemorrhagic transformation
developed in six (10.9%) patients (Figure2). Large vessel
occlusion occurred in four young patients. Small vessel occlusion
(MCA territories) was observed in nine (16.4%) cases. The

Radiological COVID-19 Non-COVID- P-value
findings CVvD 19 CVD
(n =55) (n = 250)
I-*Arterial/venous 42 (76.4%) 180 (72%) 0.510
ischemic stroke
1-Anterior circulation 31 (56.4%) 125 (50%) 0.393
A-Large artery 22 (40.0%) 18 (7.2%) <0.001
occlusion
B-Small vessels 9 (16.4%) 107 (42.85) <0.001
occlusion
(Territories of MCA)
2-Posterior 9 (16.4%) 47 (29.6%) 0.673
circulation
A-large vessel 2 (3.6%) 2 (0.8%) 0.094
occlusion
B-Small vessels 7 (12.7%) 45 (18%) 0.347
occlusion
3-Mixed anterior and 0 6 (2.4%) -
posterior circulation
4-\enous stroke: 2 (3.6%) 2 (0.8%) 0.094
Il-Hemorrhagic CVD 13 (23.6%) 70 (28%) 0.510
1-Intra-parenchymal 6 (10.9%) 49 (19.6%) 0.129
Deep 2 (3.6%) 28 (11.2%) 0.088
Lobar 2 (3.6%) 12 (4.8%) 0.998
Lobar and deep 0 2 (0.8%) -
Infra-tentorial 2 (3.6%) 7 (2.8%) 0.740
2-Extra- 3 (5.5%) 6 (2.4%) 0.226
parenchymal
Intra-ventricular 2 (3.6%) 3(1.2%) 0.198
Subarachnoid 1(1.8%) 3(1.2%) 0.715
3-Mixed intra and 4(7.2%) 15 (6%) 0.724

extra- parenchymal

*Hemorrhagic transformation was observed in 6 cases, one internal carotid artery, 3
out of 13 right middle cerebral artery occlusion (MCAQ), and 2 left middle cerebral
artery occlusion (MCAQ), while only 3 cases out of 180 non-COVID ischemic stroke had
Hemorrhagic transformation with significant difference (P < 0.001). 4 young adult had
large vessel occlusion.

CVD, cerebrovascular diseases; MCA, middle cerebral artery.

posterior circulation was affected in nine (16.4%) patients, of
whom two (3.6%) had LVO (basilar artery) (Figure 3).

With regard to venous stroke, one patient had a deep
cerebral vein thrombosis with bilateral thalamic and basal ganglia
infarction (Figure 4), and the other patient had left transverse
and sigmoid sinus thrombosis with parenchymal infarction.

Hemorrhagic CVD was observed in 13 (23.6%) cases.
Intra-parenchymal hemorrhage (Figure5) occurred in six
(10.9%) patients, two of which (3.6%) had deep (basal
ganglionic) hemorrhage, two (3.6%) had lobar (frontotemporal
and left inferior frontal lobe) hemorrhage, and two (3.6%)
had infratentorial (pontine) hemorrhage. Extra-parenchymal
hemorrhage occurred in three (5.5%) cases in which there was
no CT angiography evidence of aneurysm or arteriovenous
malformation. Of these, two (3.6%) had intraventricular
hemorrhage, and one (1.8%) had subarachnoid hemorrhage. In
addition, mixed intraventricular and basal ganglia hemorrhage
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FIGURE 2 | Non-contrast CT brain of a 45-year-old male shows subacute left middle cerebral artery (MCA) territory infarct (large vessel occlusion), associated with
marked edema excreting mass effect on the lateral ventricle, and midline shift. Noted multiple hyperdense patches within the infarct representing hemorrhagic
transformation.

FIGURE 3 | Brain MRI, (A) coronal T2-weighted imaging (T2WI), and (B) axial diffusion-weighted imaging (DWI) of a 76-year-old male patient show acute infarct (large
vessel occlusion) involving the basilar artery territories (brain stem, bilateral thalami, occipital and inferior temporal lobes, as well as the cerebellum).
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FIGURE 4 | Brain MRI of a 62-year-old female patient. (A) axial DWI and (B) Fluid-attenuated inversion recovery (FLAIR) demonstrate acute infarction involving
bilateral thalami and basal ganglia. (C) T2"-weighted imaging (T2 WI) shows associated hemorrhagic foci at the left side. (D) The corresponding magnetic resonance
venography (MRV) reveals the absence of the normal flow in the deep cerebral veins. Findings are consistent with venous infarction secondary to deep cerebral

venous thrombosis.

occurred in three (5.4%) cases, while one patient (1.8%) had
mixed subdural and inter-parenchymal hematoma, with no
history of trauma (details illustrated in Table 4).

DISCUSSION

The main finding of this study is the high frequency of CVD in
comparison to previous studies (13, 14): 55 out of 439 COVID-
19 patients had CVD (12.5%). However, this is likely to be
an overestimate of general prevalence, since patients with mild
symptoms were asked to isolate at home, and only patients with
moderate to severe symptoms or those with complications or

comorbidities were admitted. Most of the strokes were ischemic,
but hemorrhagic strokes and cerebral sinus venous thrombosis
(CSVT) were observed.

Previous papers generally reported a lower frequency of CVD.
In a Chinese cohort of 214 confirmed COVID-19 patients, CVD
was seen in six patients (2.8%) (2). Requena et al. (15) reported 21
(1.02%) cases with an acute ischemic stroke and four (0.2%) with
an intracranial hemorrhage in a sample of 2,050 patients with
confirmed SARS-CoV-2. In a systematic review of 80 COVID-
19 articles, Fraiman et al. (16) found a total of 226 cases of
ischemic stroke, 35 cases of intracranial bleeding, and 14 cases
of venous sinus thrombosis. The same distribution was observed
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FIGURE 5 | Non-contrast CT of a 38-year-old male patient shows
intra-parenchymal right inferior frontal hematoma.

in the current study: 42 cases had ischemic stroke (9.6% of 439)
and 13 patients (2.5% of 439) had hemorrhagic CVD. Li et al.
(13) reported only 13 cases (5.9%) of CVD out of 221 COVID-
19 patients; 11 (84.6%) were diagnosed as ischemic stroke, one
(7.7%) had cerebral hemorrhage, and the other (7.7%) had CSVT.
In the case series of Reddy et al. (14) (12 cases) 10 patients had
an ischemic stroke, of whom one suffered from hemorrhagic
transformation and only two had intracerebral hemorrhage. Few
other studies have reported cerebrovascular complications in
COVID-19 (1, 2). A small number of case series have also
described patients with COVID-19 and concurrent stroke (3, 5).

Four Interesting Findings in the Current

Study

First, our COVID-19 patients with ischemic stroke had a
significantly higher mean age than non-COVID-19 patients. The
same result was observed by Katz et al. (17), who reported that
68 COVID-19-positive stroke patients were older than 449 non-
COVID-19 stroke patients. In contrast, Wang et al. (18) found
that the mean age of patients in several thrombectomy case series
of COVID-19 in New York City was 52.8 years. Another large
medical center in New York reported that patients with COVID-
19 who presented with stroke were younger than a control group
of patients with stroke without SARS-CoV-2 infection (19). In
contrast, Fraiman et al. (16) in their systematic review found that

the mean age of COVID-19 patients with ischemic stroke was
64.16 £ 14.73 years, similar to the present data.

Second, the frequency of patients with a positive history
of hypertension and IHD as well as hepatic and renal disease
was significantly higher in COVID-19 than non-COVID-19
ischemic stroke patients. In total, 76.2% of COVID-19 ischemic
stroke patients had preexisting risk factors. Consistent with our
findings, Tiwari et al. (20) also reported that 81% of COVID-
19 patients presenting with ischemic stroke had previous known
vascular risk factors. COVID-19 cases are also more commonly
associated with diabetes mellitus (DM), arterial hypertension
(AH), and atrial fibrillation (AF) (16).

The occurrence of ischemic stroke in patients with COVID-
19 may be due to competitive blockage of the angiotensin-
converting enzyme 2 (ACE2) by the SARS-CoV-2 virus (21). This
downregulates ACE2 expression, leading to fluctuations in blood
pressure and an increase in the possibility of cerebrovascular
accidents. This explanation is compatible with the significantly
higher number of patients with COVID-19 who presented with
hypertension (54.7%) in comparison to non-COVID-19 patients
(28.8%). In addition, preexisting IHD seems to be linked with
worse clinical presentation similar to the results of Guan et al.
(22) and Wang et al. (23). COVID-19 itself can also induce
myocardial injury, arrhythmia, acute coronary syndrome, and
venous thromboembolism (24, 25).

A large number of patients [26 or 47.3%; 23 (54.8%)]
with ischemic stroke and three with hemorrhagic stroke had
microcytic hypochromic anemia. Unfortunately, this was not
recorded in our non-COVID-19 patients. Nevertheless, our
results are consistent with those of Chen et al. (26) who found
that 51% of 99 COVID-19 patients transferred to Jinyintan
Hospital showed a decreasing tendency in hemoglobin levels.
Another study on 1,099 laboratory-confirmed COVID-19 cases
found that severe patients had significantly lower hemoglobin
levels than those diagnosed as non-severe cases (22). Anemia
is considered a hyperkinetic state that disturbs endothelial
adhesion molecule genes that may lead to thrombus formation.
Furthermore, blood flow augmentation and turbulence may
result in the migration of this thrombus, thus producing artery-
to-artery embolism.

An Important aspect of the present study was the number
of COVID-19-stroke patients who had elevated liver enzymes
and elevated blood urea and creatinine compared with the
number of patients with history of no comorbidities. This
confirms the assumption that COVID-19 infection can lead
to multiorgan symptoms (affecting liver and kidney), which
may worsen the clinical presentation (as measured by NIHSS)
and lead to the higher percentage of patients presenting with
disturbed consciousness and lower GCS in comparison to non-
COVID-19 stroke patients. Our results are supported by a
study of Dmytriw et al. (27) who reported that the mortality
rate of patients with stroke who were COVID-19 positive
was greater than that previously reported in acute ischemic
stroke alone, suggesting an interaction that needs further
investigation (28).

In the present study, 11 out of the 55 patients had no apparent
risk factors for CVD and no associated comorbidities suggesting
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that mechanisms peculiar to COVID-19 may be responsible.
These could be related to direct viral invasion and inflammation
of the blood vessel walls leading to endotheliitis (6, 29), as well
as induction of a “cytokine storm” as explained by Mangalmurti
and Hunter in 2020 (30).

The third significant finding was the large proportion of
COVID-19 patients who presented with ischemic stroke and
large vessel occlusion, which was significantly higher compared
with non-COVID-19 patients (40 vs. 7.2%, P < 0.001). These
results are consistent with findings reported recently by Kihira
et al. (31) who focused mainly on large vessel occlusion in
COVID-19. Furthermore, Fraiman et al. (16) in their systematic
review of COVID-19 stroke patients found that 105/226 (46.5%)
patients had LVO. As mentioned above, an increase in the
risk of vascular thrombosis and embolism is likely responsible
for such a high incidence of large vessel occlusion. Overall,
our analyses indicate that COVID-19 patients are more liable
to serious CVD complications. Therefore, they should be
monitored closely.

A final point of interest is that 23.5% of our patients had
hemorrhagic CVD, and six patients with large vessel occlusion
developed hemorrhagic transformation.

The pathogenesis of hemorrhagic stroke in the setting of
COVID-19 may be related to the fluctuations in blood pressure
as previously described and by the affinity of the SARS-CoV-
2 for ACE2 receptors, which are expressed in endothelial and
arterial smooth muscle cells in the brain and allow the virus
to damage intracranial blood vessels and rupture the wall (32).
The secondary hemorrhagic transformation of ischemic strokes
observed in the present study may also relate to endothelial
damage accompanying COVID-19 (33).

CONCLUSION

COVID-19-associated CVD was common in our study, with
LVO as the commonest type of stroke. Hypertension, IHD,
and anemia were the most common risk factors and could
potentially worsen clinical presentation. Comorbidities were
common among patients with CVD; however, elevated liver
enzymes and creatinine in a large number of cases may be
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