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Background: Severe acute respiratory syndrome coronavirus (SARS-CoV-2) due to novel
coronavirus disease 2019 (COVID-19) has led to an unprecedented worldwide pandemic
with diverse respiratory symptoms as well as systemic manifestations and complications. The
neurological manifestations of COVID-19 include, but are not limited to, headache, cere-
brovascular disease, and skeletal muscle injury.

Case Report: Herein, we present a case of stroke with large vessel occlusion in a middle-
aged man, who recently recovered from severe SARS-CoV-2 infection. This patient is not
known to have any medical illness or surgical history and has no cerebrovascular risk factors.
Moreover, the patient underwent extensive investigations, including neuroimaging, cardiac
and laboratory work-up with no evidence of stroke etiology.

Conclusion: The mechanism of cerebrovascular events in the setting of COVID-19 is still
uncertain and probably multi-factorial. The prevailing hypothesis is a strong thrombotic
tendency, which may even be prolonged after complete recovery. In our patient’s case,
hypercoagulability in the context of viral infection is the most likely mechanism for the
stroke. Further studies are needed to find out the exact pathogenesis of thromboembolic
events in the setting of COVID-19 infection as well as the efficacy, safety, dosage, and
duration of anticoagulants in such conditions.

Keywords: large vessel occlusion, stroke, healthy middle-aged, viral hypercoagulability,
SARS-CoV-2, independent risk factor

Introduction

Novel coronavirus (COVID-19) is responsible for an unprecedented global
pandemic that has a significant impact on health systems worldwide. The
clinical presentation of COVID-19 is widely variable. It varies from asympto-
matic or mild respiratory symptoms to severe pneumonia with acute respiratory
distress syndrome (ARDS) requiring intensive care unit (ICU) admission asso-
ciated with high morbidity and mortality."? Furthermore, there is growing
evidence of multisystemic involvement, which includes the central nervous
system. The neurological manifestations of COVID-19 include, but are not
limited to, headache, altered level of consciousness, cerebrovascular disease,
and skeletal muscle injury.® Herein, we report a case of cerebral large vessel
occlusion in a healthy athletic middle-aged man, most likely due to hypercoa-
gulability after he recovered from severe COVID-19 infection. We also briefly
review COVID-19 related stroke literature.
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Case Presentation

We report a fifty-six-year-old male who has recently recov-
ered from severe pneumonia due to SARS-CoV-2 infection.
The diagnosis was then confirmed with a positive polymer-
ase chain reaction (PCR) nasopharynx swab. Chest x-ray
and chest computed tomography (CT) findings, along with
the patient’s clinical presentation, supported the diagnosis as
well. The patient was treated and then discharged home after
complete recovery with evidence of negative PCR.

Few days after discharge, he presented to our emer-
gency department with acute-onset neurological deficit in
the form of visual deficit and altered sensation of the left
side of the body. Apart from the recent recovery of severe
COVID-19 infection, there was no history suggestive of
cardiovascular risk factors. Additionally, he is not taking
any medications regularly. Family and social history were
unremarkable. Substance use, including illicit drugs, alco-
hol, and nicotine was credibly denied.

Upon presentation, blood pressure was 143/85 mmHg,
pulse rate was 83 beats per minute, and his temperature was
36.7°C. Neurological examination revealed left complete
homonymous hemianopia, dysarthria, left pronator drift,
left upper extremity ataxia, and left sensory loss with
a total National Institutes of Health Stroke Scale (NIHSS)
of 8 points. Since the patient presented within the thrombo-
lysis window for acute stroke (around 3:45 hours from

symptoms onset), Stroke-Code was activated. Accordingly,
urgent cerebral CT and CT-angiography (Figure 1) were
done, which showed a proximal occlusion of the right pos-
terior cerebral artery (PCA) at the P1-P2 junction without
signs of established acute ischemic stroke or hemorrhage.
After ruling out all other contraindications of thromboly-
sis, the patient received systemic intravenous thrombolytic
therapy. Furthermore, we decided to proceed with mechanical
thrombectomy as the thrombus was located proximally, and
patient-related factors were favorable; these include age,
absence of other medical comorbidities, and prior good func-
status (Modified Rankin Scale “mRS”: 0).
Thrombolysis in cerebral infarction (TICI) 2b was achieved

tional

as shown in (Figure 2). Despite the timely intervention, there
was no clinical improvement after recanalization therapies.
The follow-up CT (Figure 3) revealed an acute large ischemic
stroke in the whole territory of a right posterior cerebral artery
(PCA) up to the thalamus with substantial hemorrhagic trans-
formation in the shape of parenchymal hematoma type 1
(PH1). The patient was also taken for a magnetic resonance
imaging (MRI) scan, which did not reveal any new findings
(Figure 4).

To classify the etiology of the stroke, several investiga-
tions have been obtained including transthoracic and trans-
esophageal well as

echocardiogram as long-term

electrocardiography (ECG) monitoring for 72 hours,

Figure | Non contrasted CT (A) and CT-Angiography (B) show a proximal occlusion of the right posterior cerebral artery (PCA) at P1-P2 junction (arrow) without signs

for acute ischemic stroke or hemorrhage.
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Figure 2 Digital subtraction angiography (A) before thrombectomy shows right P1-P2 occlusion (arrow), and (B) after thrombectomy shows near complete perfusion with

TICI 2b.

\

Figure 3 CT follow up 24 hours after acute reperfusion therapies shows acute
ischemic stroke in right PCA territory with substantial hemorrhagic transformation
(arrow).

which could not detect any evidence of cardiogenic
embolic sources. In particular, there was no evidence of
atrial fibrillation, regional wall motion abnormalities,
patent foramen ovale (PFO), atrial septal anomalies, or
valvular dysfunction. Additionally, the long-term ECG

monitoring was repeated in the outpatient department,
and it did not reveal any arrhythmias. The cerebral CT-
angiography of the head and neck showed no evidence of
atherosclerotic macroangiopathy or source of an artery-to-
artery embolism, besides the right PCA occlusion.
Laboratory investigations showed elevation of anti-
cardiolipin IgG, plasma D-dimer, erythrocyte sedimenta-
tion rate (ESR), and borderline antinuclear antibodies titer
(ANA), which reflects a persistent prothrombotic state
even after clinical recovery of COVID-19 infection
(Table 1). HbAlc was normal, while low-density lipopro-
tein (LDL) was mildly elevated. The thrombophilia
screening tests were negative.

Discussion
There is growing evidence that suggests the relation
between COVID-19 and increased risk of arterial as well
as venous thromboembolic complications, including acute
ischemic stroke, myocardial infarction, deep vein throm-
bosis, and pulmonary embolism.*® This case sheds light
on some possible mechanisms of COVID-19 related
stroke. The exact mechanism of COVID-19 causing
strokes is still uncertain. Several mechanisms are proposed
including a hypercoagulable state® ' and vasculitis due to
vascular endothelial cell infection with SARS-CoV-2 lead-
ing to endotheliitis.'" It seems likely that anticoagulants
will play an important role in the prevention of stroke in
COVID-19 patients. This suggestion is based on small
series, prospective, as well as

case retrospective
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Figure 4 Axial brain MRI images of diffusion-weighted imaging (A), apparent diffusion coefficient (B), and susceptibility-weighted imaging (C) sequences, show acute

ischemic changes in the right PCA territory with hemorrhagic transformation.

observational studies; therefore, further evidence is needed
from larger-scale studies to confirm this theory.

To our knowledge, most of the reported cases in the
literature of COVID-19 patients with large vessel occlu-
sion were elderly and had known cardiovascular risk
factors.” However, our patient is a healthy middle-aged
man with no relevant cerebrovascular risk factors. This
observation is unique and supports the suggestion that
SARS-COV-2 infection could be an independent risk fac-
tor for ischemic stroke.” Furthermore, most of the reported
events of large vessel occlusion were at the early phase of
COVID-19 infection®®'? or during the course of the
disease,'® unlike our patient who developed a stroke after
a recent complete recovery of COVID-19 infection. This
finding is unique too and goes along with a case reported

by Mowla et al."*

These two cases suggest the possibility
of a prolonged prothrombotic state even after recovery
from COVID-19.

Another possible mechanism of stroke post-COVID-19
infection is the development of vasculitis due to
endotheliitis.!"*'> However, in our case, there were no
conclusive findings, neither clinical nor laboratory or radi-
ological that denote vasculitis.

Despite patient presentation within the thrombolysis
window and timely intervention, the outcome of acute
management was disappointing, as the patient did not
improve clinically, and the follow-up neuroimaging
showed complete PCA infarction with significant hemor-
rhagic transformation. Similarly, hemorrhagic transforma-
tion following ischemic stroke in patients with active
SARS-CoV-2 infection who do not have cardiovascular

risk factors has been also reported; however, these patients

did not receive thrombolytic therapy since the transforma-
tion was detected in the initial neuroimaging.'® This could
be explained by the fact that patients with COVID-19 have
a significantly higher incidence of hemorrhagic transfor-
mation compared with their non-infected counterparts.'’
Although the
a potential complication of thrombolytic therapy, it is

hemorrhagic transformation might be
unlikely since the patient was eligible for the treatment
and did not have any risk factors for bleeding.

Regarding our patient’s poor outcome, a study con-
ducted by Cappellari et al found that stroke patients with
concurrent SARS-CoV-2 infection have a worse outcome
compared with previous studies of patients having strokes
alone. This is true for both patients who received intrave-
nous thrombolysis alone and those who received it as
a bridging therapy before undergoing thrombectomy.'®
Additionally, a study has shown that having a poor out-
come after receiving reperfusion therapies was indepen-
dently associated with SARS-CoV-2 infection.'” This
finding is in agreement with another study done by
Escalard et al, describing that poor outcome could be
related to the prothrombotic state due to SARS-CoV-2
infection causing re-occlusions after receiving reperfusion
therapies.”°

Conclusion

This case adds to the growing body of evidence that con-
firms the relation between cerebrovascular thromboembolic
event and COVID-19 even in the absence of typical cardi-
ovascular risk factors and supports that SARS-COV-2 infec-
tion could be an independent risk factor for ischemic stroke.
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Table | Results of Laboratory Tests Performed on Admission

Test Result Reference Range
Hematology
RBC (Mil/ul) 47 4.7-6.1
WBC (k/ul) 9.0 4.1-11.0
Segs (%) 798 40-75
Lymphocyte (%) 10.1 2045
Hemoglobin (g/dl) 13.6 13.0-18.0
Platelets (k/ul) 341 140—450
Blood chemistry
Random blood sugar (mg/dl) 107 70-140
Hemoglobin AIC (%) 5.9 < 6%
Total cholesterol (mg/dl) 190 <200
LDL (mg/dl) 129 < 100
Troponin (ng/mL) 0.002 < 0.02
Coagulation
PT (Sec) 11.2 10.0-14.0
aPTT (Sec) 237 20.0-40.0
INR 1.02
Plasma D-dimer (ug/mL) 18.72 <05
Inflammatory markers
ESR (mm/hr) 37 0-20
Quantitative CRP (mg/dl) < 0.1 0.1-0.5
Autoimmune work-up
Antinuclear antibodies (ANA) 1:80 < 1:80
Anti-double strand DNA < I:10 < 1:10
Lupus anticoagulant screen ratio 0.94 <l2
Anti- cardiolipin IGM <1.0 <20
Anti- cardiolipin IgG 28.0 <20

Abbreviations: RBC, red blood cell; WBC, white blood cell; LDL, low density
lipoprotein; aPTT, activated partial thromboplastin time; PT, prothrombin time; INR,
international normalized ratio; Sec, Second; DNA, deoxyribonucleic acid; IgG,
immunoglobulin G; IgM, immunoglobulin M; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein.

Further studies are needed to find out the exact patho-
genesis of thromboembolic events and to investigate the
efficacy, safety, as well as the exact dose, and the duration
of anticoagulation for the prevention of thromboembolic
complications in the setting of COVID-19 infection.

Abbreviations
SARS-CoV-2, severe acute respiratory syndrome corona-
virus; ARDS, acute respiratory distress syndrome; ICU,
intensive care unit; PCR, polymerase chain reaction; CT,
computed tomography; PCA, posterior cercbral artery;
TICI, cerebral PH1,

thrombolysis  in infarction;

parenchymal hematoma type 1; PFO, patent foramen
ovale; MRI, magnetic resonance imaging; ESR, erythro-
cyte sedimentation rate; ANA, antinuclear antibodies titer;
LDL, low-density lipoprotein; IRB, institutional review
board.
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