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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) affects multiple body systems,
including the nervous system. Cerebrovascular accidents can also occur. Patients with comorbid
illnesses have severe manifestations and poor outcomes. Despite the proper mechanism of SARS-
CoV-2 infection-associated stroke having not yet been settled, various possible mechanisms have
been hypothesized. One possibility is that the virus causes endothelial dysfunction and immune-
mediated injury. Another possibility is that the trans-neuronal spread of the virus affects brain
tissue. In addition, hypercoagulability caused by SARS-CoV-2 infection could lead to a stroke. A
virus-induced dysfunction of the renin-angiotensin system could also lead to a stroke. The im-
mune response and vasculitis resulting from SARS-CoV-2 infection are also possible causes via a
cytokine storm, immune dysfunction, and various inflammatory responses. SARS-CoV-2 infection
may affect calcitonin gene-related peptides and cerebral blood flow and may lead to stroke.
Finally, SARS-CoV-2 may cause hemorrhagic strokes via mechanisms stimulated by its interaction
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with angiotensin-converting enzyme 2 (ACE2), leading to arterial wall damage and blood pressure
changes. In this article, we will present seven cases of stroke-associated SARS-CoV-2 infection.

© 2023 The Author(s)

Published by S. Karger AG, Basel

Introduction

Coronavirus disease 2019 (COVID-19) is a major pandemic disease of rising public concern
[1]. COVID-19 primarily presents with respiratory symptoms; however, several central nervous
system (CNS) manifestations have also been reported. According to a recent systematic review,
commonly reported CNS manifestations include strokes, hyposmia, headaches, loss of taste
sensation [2], and polyneuropathy, e.g., GBS, may also occur as well [3]. The actual incidence of
cerebrovascular events in COVID-19 patients is variable. The incidence is higher in studies that
include severely affected patients than in studies where patients have a laboratory-confirmed
infection and are hospitalized. This variability is thought to be due to differences in populations
and the variability in each country’s diagnostic procedures [4]. Mao et al. [5] reported that the
incidence of cardiovascular and cerebrovascular disorders in COVID-19 patients which had been
done at 3 designated special care centers for COVID-19 inWuhan, China, reached 5.7%. In addition,
the incidence of stroke has recently beenmore evident in COVID-19 patients under 50 years of age
with no risk factors [6]. There also seems to be an association between the development of severe
pneumonia and the incidence of stroke; 31% of COVID-19 patients with pneumoniawere found to
have strokes and stroke-related symptoms [7, 8]. The underlying mechanism responsible for
strokes in COVID-19 patients is still unclear. Varga et al. [9] reported that the receptor of the
causative virus (severe acute respiratory syndrome coronavirus 2 [SARS-CoV-2]) is angiotensin-
converting enzyme 2 (ACE2). ACE2 is expressed on the cell membrane of various types of cells,
including endothelial cells. Therefore, one of the possibilities is that the virus causes strokes by
inducing inflammatory reactions in the endothelium of CNS blood vessels. Another central
mechanism that may explain the increased incidence of stroke is the disruption of the coagulation
pathway [10]. COVID-19 patients aremore likely to develop a vascular hypercoagulable state. This
is widely supported by the fact that COVID-19 patients express higher levels of factor VIII, fi-
brinogen, and D-dimer, which are directly involved in clot formation [8, 11]. In a retrospective
study, 13 patients of the observed 219participants developed cerebrovascular disorders, and 11 of
them experienced cerebrovascular accidents including ten ischemic strokes and one intracerebral
hemorrhage [12]. Moreover, case studies have reported an associated increase in the prevalence of
large vessel occlusion stroke in COVID-19 patients [4]. A recent study found evidence of
megakaryocyte clusters and large megakaryocytes in brain autopsies. These cells can cause blood
vessel occlusions that, in turn, cause ischemic alterations and neurological impairment [13].

In this article, we describe seven cases of SARS-CoV-2 infection associated with cere-
brovascular accidents and emphasize their clinical presentations and some important ab-
normalities in their laboratory test results. The CARE Checklist has been completed by the
authors for this case report, available as online supplementary material at www.karger.com/
doi/10.1159/000529122.

Case Series Presentations

Case One
A 31-year-old male presented to our hospital with no comorbid illnesses. He was

complaining of headache and dizziness associated with persistent vomiting for 4-day
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duration. On examination, the patient was conscious, alert, oriented, hypothermic, and
hypotensive (due to excessive vomiting). Neurological examination showed no signs of
meningeal irritation. The motor power of the right upper and lower limbs was equally
affected (grade 4/5) and associated with right-side hemihypesthesia that included the face. Also,
there was cerebellar dysfunction in the form of bilateral horizontal nystagmus associated with
bilateral unsteady gait; other cerebellar functions were intact. The magnetic radiology imaging
(MRI) showed acute ischemic infarction within the left cerebellar hemisphere (Fig. 1). The
patient’s echocardiography and the computerized tomography angiography results were normal.
COVID-19 screen upon admission was positive for COVID-19. The laboratory test results are
presented in Table 1. Also, routine stroke workup showed normal HBA1C and lipid profiles with
normal electrocardiogram (ECG), Holter findings. The echocardiographic picture showed normal
ejection fraction with no source of cardiac emboli such as no left ventricular thrombus or atrial
myxomas. The patient was diagnosed with acute cerebellar infarction with COVID-19. He was
treated with anti-ischemic drugs and antiviral therapy according to Ministry of Health (MOH)
protocols. He was discharged well after 5 days of hospital stay without further complications for
the continuation of physiotherapy.

Case Two
An 84-year-old bedbound male with a past medical history of ischemic stroke presented

to the hospital due to ischemic cerebrovascular strokes. The patient was brought to the
emergency room due to the sudden onset of a decreased level of consciousness associated
with aphasia and right-side weakness. A person accompanying the patient provided a history
of fever and cough a few days prior to the stroke symptoms. On examination, the patient was
onmechanical ventilation and sedated. Therewere no signs of meningeal irritation. Therewas
nomotor movement in response to painful stimuli (quadriplegic) and a positive Parinaud sign
with equivocal plantar response bilaterally. The brain CT scan showed age-related changes
with suspicion of lacunar infarction at the brainstem and a hypodense lesion in the left
cerebellum and left parieto-occipital area (Fig. 2). The stroke workup was normal including
echocardiogram, lipid profile, HBA1C, carotid Doppler, ECG, and telemetry. In a PCR test for
COVID-19, the patient returned a positive result, and his laboratory test results are presented
in Table 1. The patient was diagnosed with ischemic stroke in setting of COVID-19 infection.
He was admitted to the intensive care unit (ICU). He was treated with supportive care and
medications, including anti-ischemic drugs and antiviral therapy, according to MOH protocols.
On following, the patient died after 7 days.

Case Three
A 45-year-old male patient with diabetes (controlled with treatment and last HbA1C =

5.7%) presented with a prolonged attack of generalized tonic-clonic seizures associated with
upward rolling of both eyes, tongue biting, frothy mouth secretions, and loss of consciousness
lasting for a few minutes. These fits were controlled with a loading dose of phenytoin. The
patient’s routine laboratory test results were normal, including the serum glucose level and
serum electrolytes. On examination, the patient was drowsy (postictal state) and had no fever
or signs of meningeal irritation. There was quadriparesis, more so on the left side. The patient
could slightly move his right side (grade 2 power), while his left side had grade 0 power, and
there was a bilateral equivocal plantar response. This weakness was associated with a right-
side deviation of the mouth. An urgent brain CT scan was performed and showed a right
parietal hypodense area with old left subcortical lacunar infarction (Fig. 3). The stroke
workup was negative for any cardioembolic or atherosclerotic source. COVID-19 screening by
PCR test showed that the patient had COVID-19, and his laboratory test results are shown in
Table 1. The patient was diagnosed with status epilepticus due to ischemic stroke and
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COVID-19 infection. For COVID-19 infection, remdesivir was administered as part of the
patient’s medical management for his stroke. In the meantime, he continued his physical
therapy at home after being discharged home after 6 days of hospital stay.

Case Four
This is a case of a 36-year-old male patient with type 2 diabetes and hypertension, which

were controlled with medication. The patient was diagnosedwith COVID-19 4 days before the

Fig. 1. MRI brain coronal view showed left cerebellar in-
farction (red arrow).

Table 1. Laboratory test results of the seven included cases

Laboratory/case number Reference range 1 2 3 4 5 6 7

WBCS (4–10) × 103 cells/cmm3 18.27 13.01 13.55 16.6 8.13 11.83 12.86

Neutrophils (40–75%) 81.6 62 80.8 70.1 87.5 83.6 91.3

Lymphocytes (20–45%) 12.4 2.77 11.8 18.9 8.2 12.3 3.5

Platelet count (150–450) × 103 cells/cmm3 181 345 610 511 322 461 434

RBC (4.5–5.5) × 1012 cells/L 5.53 5.01 3.56 6.14 4.86 3.9 3.02

HB (13–17) gm/dL 15.8 15.5 11.1 16.8 14.8 10.6 8

INR (0.9–1.2) 1.3 1.16 1 1 1.4 1.4 1.1

D-dimer (0–500) ng/mL 4,705 1,656 1,402 2,401 1,505 6,828 2,303

Ferritin (15–235) ng/mL 343.1 904 711 526.9 499 924 350

ESR (0–10) MM/HR 27 136 57 25 119 66 25

Creatinine (60–106) Umol/L 7 146 158 72.55 158 38 56

LDH (85–225) U/L 461 227 570 219 280 180 200

Glucose random (4.1–11.1) mmol/L 4.4 6.7 6.7 14.6 6.5 7.1 6.1

APPT (26–44) SEC. 57.4 26 27.6 34.5 34.3 41.5 38.9

CK (0–190) U/L 654 527 1,241 163 175 102 2,805

WBCs, white blood cells; RBCs, red blood cells; HB, hemoglobin; INR, international normalized ratio; ESR,
erythrocyte sedimentation rate; LDH, lactate dehydrogenase; APPT, activated partial thromboplastin time;
CK, creatine kinase.
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onset of neurological illness. The patient was referred by the COVID-19 clinic due to acute
onset of left-side weakness. On examination, the patient was fully conscious, alert, oriented,
and had no fever. He had dysarthria with a right-side deviation of the mouth angle. The patient
also had left-side weakness in both the left upper and lower limbs (grade 0 power). There
were no sensory or cerebellar affections. A brain CT scan showed an ill-defined hypodense
area in the right temporoparietal lobe with cortical and subcortical distribution in the region
of the rightmiddle cerebral artery and signs of hyperdense vessels associatedwith effacement
of related cortical sulci (Fig. 4). The patient’s laboratory test results are presented in Table 1. A
routine stroke workup revealed elevated random blood sugar (RBS) but normal HBA1C and
lipid profiles along with normal ECG and Holter results. On echocardiography, there were no
signs of cardiac emboli, such as left ventricular thrombus or atrial myxomas. The patient was
diagnosed with COVID-19 plus acute ischemic stroke. The patient was managed medically for
his stroke and received remdesivir for COVID-19 infection. He was discharged home after
5 days of hospital stay and continued physical therapy at home.

Case Five
A 74-year-old male patient with controlled diabetes and hypertension was admitted

3 days prior to the onset of stroke symptoms due to typical chest pain, which was diagnosed
as non-ST segment elevation myocardial infarction (NSTEMI), for further coronary angiog-
raphy. The patient was also diagnosed with COVID-19 due to a positive PCR test result. He
presented with slurred speech. On examination, he was confused, had mildly slurred speech,
and had a slight deviation of the mouth angle to the right side. There were no signs of
meningeal irritation, had normal motor strength, intact sensory responses, except for a bi-
lateral equivocal plantar response. The brain MRI scan (Fig. 5) showed small left basal ganglia
areas of restricted diffusion, denoting recent ischemic insult. The patient’s laboratory test
results are presented in Table 1. As part of a routine stroke workup, the RBS was elevated, but
the HBA1C and lipid profiles were normal, as well as the ECG and Holter results were normal.
There were no signs of cardiac emboli, such as left ventricular thrombus or atrial myxomas, on
echocardiography. The patient was diagnosed with COVID-19 with NSTEMI and ischemic
infarction. He was admitted to the ICU. He was treated with medication, including

Fig. 2. CT brain without contrast showed left parieto-
occipital infarction (red arrow).
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anti-ischemic drugs and antiviral therapy, according to MOH protocols, and further carotid
angiography was planned.

Case Six
A 54-year-old male patient with controlled hypertension presented with severe COVID-

19 pneumonia, respiratory failure, and NSTEMI (carotid angiography was planned for a later
date). Ten days later, the patient developed a sudden onset of slurred speech and confusion.
On examination, the patient was confused and noncooperative and had incoherent speech.
There was left-side lateralization in the form of decreased movement on the left side with a

Fig. 3. CT brain showed old left subcortical lacunar in-
farction with right-side effacement and ribboning of the
greater sulcus (blue arrow) and small hypodense area at
right parietal (red arrow).

Fig. 4. CT brain showed an ill-defined hypodense area in the
right temporoparietal lobe with cortical and subcortical
distribution in the region of the right middle cerebral artery
and signs of hyperdense vessels associated with effacement
of related cortical sulci (blue arrow).
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left extensor plantar response. The patient’s brain CT scan (Fig. 6) showed a right fronto-
parietal hypodense area with perifocal edema and a left hypodense area that indicated bi-
lateral subacute ischemic stroke. The patient’s laboratory test results are presented in Table 1.
Routine stroke testing revealed elevated RBS but normal HBA1C, lipids, ECG, and Holter
results as well. An echocardiogram did not detect any cardiac emboli, such as left ventricular
thrombuses or atrial myxomas. The patient was admitted to the ICU and treated with
medication, including anti-ischemic drugs and antiviral therapy, according to MOH protocols.

Case Seven
A 39-year-old male patient with no comorbid illnesses presented with an acute onset of a

disturbed level of consciousness associated with a history of fever for several days. He had
high blood pressure, a positive COVID-19 result, and a high temperature (39°C). On exam-
ination, the patient was deeply comatose with an unreactive pupillary reaction, a bilateral
extensor plantar response, and no signs of meningeal irritation. A brain CT scan (Fig. 7a, b)
showed intracerebral hemorrhage in the basal ganglia with intraventricular extension. The
septic screen was negative, and the patient’s laboratory test results are presented in Table 1.
Stroke workup revealed no cardioembolic or atherosclerotic sources. The computerized
tomography angiography and diagnostic angiogram were normal with no aneurysm rupture
or vascular malformation observed. The patient was medically managed with antihyper-
tensives, dehydrating measures, and anti-COVID-19 measures; however, he died after 7 days
of hospital stay.

Discussion

COVID-19 is a multisystem disorder with respiratory involvement being the most
common. The CNS could be affected, and the patient can present with varying symptoms, e.g.,
encephalitis [14], headache, strokes, and smell and taste affection [2]. In a study of
58,104 COVID-19 patients, the prevalence of acute ischemic stroke was estimated to be 1.11%
[15]. In this case series, neurological manifestations of the patients’ post-SARS-CoV-2

Fig. 5. MRI brain showed small left basal ganglia areas of
restricted diffusion, denoting recent ischemic insult (red
arrow).
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ischemic strokes were varied and included aphasia, hypesthesia, status epilepticus, and
hemiparetic cerebral dysfunction. SARS-CoV-2 infection was likely the cause of these com-
plications, given that the patients’ inflammation profiles included elevated white blood cells
with a mean of 13.6 × 103 cells/cmm3 (6 out of 7 cases), high lactate dehydrogenase (3 out of
7 cases), and lymphopenia (all cases). Such profiles are common among COVID-19 patients
[16] and frequently found in COVID-19-associated stroke [17]. Increases in other inflam-
matory biomarkers, such as ferritin and ESR, are also evidence of an inflammatorymechanism
being involved in stroke events [18, 19].

A hypercoagulable state, indicated by a high D-dimer level, is evidence of a thrombotic
event in ischemic stroke [18]. In this study, increased platelet levels in some cases (3 out of 7
cases) suggest the involvement of thrombocytosis and megakaryocyte-related thrombosis.
This aligns with the findings of a study that reported megakaryocyte clusters and large

Fig. 6. CT brain showed a right frontoparietal hypodense
area with perifocal edema (red arrow) and a left hypodense
area that indicated bilateral subacute ischemic stroke (blue
arrow).

a b

Fig. 7.Noncontrast CT brain showed (a) intracerebral hemorrhage in the basal ganglia (blue arrows) with
lateral and third ventricle intraventricular extension (red arrows) (b) the fourth ventricle intraven-
tricular extension (blue arrow).
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megakaryocytes being present in the brain tissue of SARS-CoV-2 patients during autopsy [13].
These large cells can cause ischemic alteration and blood vessel occlusions, leading to is-
chemic events and neurological impairment [13].

Regarding the severity of the disease, 3 cases were severe (with two deaths) and 4 cases
were moderate. The patients’ cerebral artery lesions were large artery infarctions, as di-
agnosed based on clinical and cranial CT and MRI findings (four anterior circulation in-
farctions, two posterior circulation infarctions, and one cerebral hemorrhage). These findings
are consistent with those of Kihira et al. [20], who found that SARS-CoV-2 predominantly
affects the large vessels of the circle of Willis, with large vessel occlusion present in 31.7% of
COVID-19 patients and small vessel occlusion present in 5.9% of COVID-19 patients.

The majority of our patients (4 out of 7 cases) had preexisting cardiovascular risk factors.
This finding is similar to that of Qureshi et al. [18], who reported that most of their COVID-19
patients who developed acute ischemic stroke had preexisting cardioembolic risk factors and
cardiovascular risk factors for large vessel atherosclerosis and small vessel disease.

In another study, the prevalence of hemorrhagic stroke was 0.46% among 67,155 COVID-
19 patients [15]. Here, 1 patient was found to have an intracerebral hemorrhage in the basal
ganglia with intraventricular extension. This deep location is an interesting common feature
shared by the majority of hemorrhagic conditions associated with COVID-19 [21]. Addi-
tionally, hemorrhage in the posterior circulation or intraventricular region is also frequently
seen [21]. Collectively, these areas might be considered vulnerable to the selective vascular
invasion exhibited by SARS-CoV-2 [21].

Despite the lack of clarity about the pathogenic mechanisms responsible for the cere-
brovascular events associated with COVID-19, there are multiple mechanisms that are po-
tentially involved. The most popular of these among the research community include vascular
remodeling, direct or immune-mediated endothelial injury, impairment of physiological fi-
brinolysis, and hypercoagulability [22–27]. Understanding the transneural spread of SARS-
CoV-2 is important for elucidating the putative mechanisms responsible for COVID-19 ce-
rebrovascular manifestations. In fact, a quantitative analysis of several published case series,
case reports, and clinical trials found that most patients from whom SARS-CoV-2 proteins/
mRNA were isolated from their cerebrospinal fluid had symptoms suggestive of encephalitis
or demyelinating diseases, and only a few had respiratory symptoms. Furthermore, these
proteins were found in the brain, olfactory bulb/nerve or olfactory mucosa, brainstem,
cerebellum, and cerebrum [28]. Given that multiple studies have reported that ACE2 is
expressed in nerve terminals and that SARS-CoV-2 proteins have been found in cerebrospinal
fluid samples, it is reasonable to assume that SARS-CoV-2 enters the CNS via binding to
ACE2 [29–31]. SARS-CoV-2 causes intracerebral hemorrhage via its interaction with ACE2.
SARS-CoV-2 binding to ACE2 on the surface of endothelial and arterial smooth muscle cells
may damage cerebral arteries and cause arterial wall dissection or rupture with
hemorrhage [32].

In addition, there is accumulating evidence that COVID-19 can elicit a multifactorial
hypercoagulable state. Specifically, higher levels of D-dimer [33–36], fibrinogen, factor VIII
[37], von Willebrand factor [38], and tissue factor [39] are associated with SARS-CoV-2
infection. One of themost popular theories for explaining the pathogenesis of COVID-19 is that
there is an imbalance in the renin-angiotensin system [40, 41], which is also thought to play a
significant role in disease severity [42]. Angiotensinogen II has pro-inflammatory and hy-
pertrophic effects on the cerebral vasculature. Through its receptor AT1R, Ang II increases the
expression of adhesion molecules, such as intercellular adhesion molecule 1 (ICAM-1), which
promotes macrophage infiltration and inflammation in cerebral vessels [43]. It also induces a
cytokine storm [44]. A study of eighty-eight (88) patients infected with SARS-CoV-2 (con-
firmed by PCR test) found high levels of IFN-γ, IL-6, IL-8, and MCP-1 in the patient’s serum
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samples [45]. An observational study of patients infected with SARS-CoV-2 showed high
amounts of IL-1, IFN-γ, and MCP-1, reflecting the presence of a cytokine storm [46]. Increased
levels of these cytokines lead to widespread vascular damage [47] and coagulation disorders
[48]. It is also worth noting that decreased levels of calcitonin gene-related peptide in COVID-
19 patients [49] may influence the occurrence of strokes since this peptide has a protective
role against cerebral ischemia [50].

Finally, the COVID-19 pandemic has caused considerable anxiety and stress in individuals
all over the world. Psychological distress has been demonstrated to have a strong positive
association with stroke and myocardial infarction in men and women in a prospective study,
despite adjustment for confounders [51]. Catecholamines seem to be involved in stress
reactions [52], and catecholamine surges in pheochromocytoma patients can lead to en-
dothelial injury, vasogenic edema, and hemorrhage [53] (Fig. 8).

Conclusion

SARS-CoV-2 infection can cause various neurological problems, including strokes. Is-
chemic strokes are more frequently associated with SARS-CoV-2 infection than hemorrhagic
strokes. Early diagnosis and specific management may improve the final prognosis and
outcomes. Further research is needed to determine the exact sequence of events that lead to
cerebrovascular manifestations of SARS-CoV-2 infection.
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