
Brain, Behavior, & Immunity - Health 9 (2020) 100172
Contents lists available at ScienceDirect

Brain, Behavior, & Immunity - Health

journal homepage: www.editorialmanager.com/bbih/default.aspx
Full Length Article
COVID-19 and stroke, a case series and review of literature

Hisham Elkhider a,*, Faisal Ibrahim b, Rohan Sharma a, Sen Sheng a, Madhu Jasti c, Mitesh Lotia a,
Nidhi Kapoor a, Sanjeeva Onteddu a, Sajjad Mueed b, Hesham Allam b, Krishna Nalleballe a

a Department of Neurology, University of Arkansas for Medical Sciences, Little Rock, AR, USA
b Department of Neurology, Southern Illinois University, Springfield, IL, USA
c Department of Neurology, University of Maryland Baltimore Washington Medical Center, Glen Burnie, MD, USA
A R T I C L E I N F O

Keywords:
Stroke
Covid-19
* Corresponding author.
E-mail address: helkhider@uams.edu (H. Elkhid

https://doi.org/10.1016/j.bbih.2020.100172
Received 7 October 2020; Received in revised form
Available online 4 November 2020
2666-3546/© 2020 The Authors. Published by Else
nc-nd/4.0/).
A B S T R A C T

Background: Corona Virus Disease 2019 (COVID-19) cases continue to increase around the World. Typical
symptoms include fever and respiratory illness but a constellation of multisystem involvement including central
nervous system (CNS) and peripheral nervous system (PNS) have been reported with COVID-19. Acute ischemic
strokes (AIS) have also been reported as a complication.
Methodology: We analyzed patient characteristics, clinical outcomes, laboratory results and imaging results of four
patients with COVID-19 who had AIS.
Results: All four patients were ¼< 60 years, had hypoxemic respiratory failure secondary to pneumonia, elevated
D-dimer and inflammatory markers.
Conclusion: Ischemic strokes are known complications in patients with severe COVID-19.
1. Introduction

Coronavirus disease 2019 (COVID-19) is a disease caused by the se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that was
first reported in Wuhan, China in December 2019 (Avula et al., 2020a).
Since that time, 44 million people tested positive and more than 1,100,
000 have died worldwide by the end of October 2020 (D-19D). The
clinical presentation varies between asymptomatic infection, mild res-
piratory infection, severe pneumonia with respiratory failure and death
(ZhouTing et al., 2020). Common symptoms of patients admitted with
COVID-19 include fever, cough, sputum production and fatigue
(ZhouTing et al., 2020). Older age, elevated D-dimer and higher
Sequential Organ Failure Assessment (SOFA) score on presentation are
associated with higher odds of in hospital death (ZhouTing et al., 2020).
Elevated interleukin 6 (IL-6), troponin I and lactate dehydrogenase
(LDH) as well as lymphopenia were associated with severe infection
(ZhouTing et al., 2020). Coagulopathy has been reported in 19% of pa-
tients in a retrospective cohort study from China (ZhouTing et al., 2020).
Multiple case reports and case series of COVID-19 patients presenting
with stroke have emerged (Avula et al., 2020a, 2020b; Oxley et al., 2020;
Carod-Artal, 2020; Whittaker et al., 2020; Goldberg et al., 2020; Ahmad
and Rathore, 2020; Tunç et al., 2020; Yaghi et al., 2020). Cerebral venous
thrombosis has also been reported in a patient who eventually tested
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positive for COVID-19 (Hughes et al., 2020). The proposed mechanisms
for AIS in COVID-19 include hypercoagulability, vasculitis secondary to
intracranial cytokine storm, new onset atrial fibrillation and the infection
by the virus itself (Oxley et al., 2020; Jasti et al., 2020; Mishra et al.,
2020). Here, we report 4 cases of AIS associated with COVID-19
infection.

2. Methods

Institutional Review Board (IRB) has been waived for case series at
the University of Arkansas for Medical Sciences and Southern Illinois
University. Chart review was performed by physicians in the neurology
departments of both institutions.

28 patients presenting with COVID-19 and neurological symptoms at
the University of Arkansas for Medical Sciences and 18 in the Southern
Illinois University were reviewed. Four patients with COVID-19 and
confirmed AIS were identified, two patients from the University of
Southern Illinois Hospital and two from the University of Arkansas for
Medical Sciences. Three of the four patients were admitted to medical
intensive care unit and one patient was admitted to the neurology ser-
vice. All four patients tested positive for SARS CoV-2 polymerase chain
reaction (PCR) and had AIS. Retrospective data was collected from the
electronic medical record including patient characteristics, laboratory
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Table 2
Laboratory results of the four reported patients.

Laboratory finding Patient
1

Patient
2

Patient 3 Patient
4

White blood count (3.6–9.5 K/μL) 2.7 2.8 4.03 13.4
Neutrophils (1.4–6 K/μL) 2.o 1.6 2.9 11.6
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results and imaging results.

3. Results

Details of four cases of AIS in patients who presented with symptoms
related to COVID-19 infection (Tables 1 and 2).
Lymphocytes (1.2–3.4 K/μL) 0.6 1.1 0.83 0.68
Platelet count (K/uL) 179 96 163 287
Hemoglobin (13–17 g/dL) 11.9 9.1 12.2 11.6
Albumin (3–5 g/dL) 3.8 2.4 3 3.8
Alanine aminotransferase ALT
(4–45 IU/L)

28 387 39–96 45

Aspartate aminotransferase AST
(15–41 IU/L)

29 226 49–113 77

Lactate dehydrogenase (100–248
IU/L)

721 750 268–452 359

Troponin I 0.03 21.3 1.1 0.23
INRI (0.9–1.1) 1.4 1.3 1.1
Activated partial thromboplastin
time

44.7 15.8 33.5

D-Dimer ng/ml >4000 >4000 378–1195 1498
Ferritin (10.0–300 ng/ml) 602 >7500 436–1084 192
Procalcitonin (0.00–0.10 ng/ml) 4.2 12.26 0.16–0.90 11.48
Fibrinogen (200–393 mg/dL) 125 299 499–998 567
IL-6 (0.0–6.3 pg/ml) – 52–115 38.5
C-reactive protein (less than 10) 160 125.5 28–144 197.0
Creatine kinase (49–397 IU/L) 169 432 568.0
Creatinine (0.6–1.3 mg/dL) 0.7 1.2 1.5 4.0
Hemoglobin A1C (4–6%) 8.6 6 6.1% 13.2
ESR (0–20 mm/h) – 49 98.0
3.1. Patient 1

60-year-old female with Past history of obstructive sleep apnea
(OSA), hypertension and uncontrolled type 2 diabetes mellitus (DM)
presented to the emergency department with cough, shortness of breath
and fever after exposure to with a COVID-19 patient. She was obese with
a Body mass index (BMI) of 36. Computed tomography (CT) of the chest
revealed multifocal predominantly peripheral ground-glass opacities.
She tested positive for COVID-19, and was admitted for further man-
agement. One day after admission she developed sudden onset right
facial droop, right-sided weakness and slurred speech with National In-
stitutes of Health Stroke Scale (NIHSS) of 6 (moderate stroke). CT head
without contrast showed no intracranial hemorrhage (ICH) and intra-
venous tissue plasminogen activator (IV tPA) was given. CT Angiogram
showed no large vessel occlusion. She eventually improved andMagnetic
resonant imaging (MRI) of the brain performed 24 h later showed
punctate bilateral embolic cortical infarcts (Fig. 1). She was still febrile
up to 38.9 C, and her labs showed low white blood cells (WBC) 2.7 K/μL
with lymphopenia 0.6 K/CUMM, Platelets 179 K/μL. She had elevated
hypercoagulability markers including D-Dimer > 4000 ng/ml and
fibrinogen 125 mg/dL (normal 200–393 mg/dL), in addition to elevated
inflammatory markers including C-reactive protein (CRP) of 160 mg/L
(normal less than 10), ferritin of 602 ng/ml (normal 10.0–300) and
procalcitonin of 4.2 ng/ml (normal 0.00–0.10). Transthoracic echocar-
diogram (TTE) was normal with no evidence of left ventricular thrombus,
normal ejection fraction and left atrial index (LAI). Patient improved to
NIHSS of 3 (minor stroke). She was treated with Aspirin and Atorvastatin
for secondary stroke prevention, and was discharged to inpatient reha-
bilitation. Event monitor showed no arrhythmias.

The hypercoagulability markers and inflammatory markers were
elevated in this patient and the cause of stroke is likely COVID-19 causing
hypercoagulability.
Table 1
Characteristics, imaging and echocardiogram of the four reported patients.

Variable Patient 1 Patient 2 Patie

Age 60 59 55
Sex Female Male Male
Risk factors for
stroke

Diabetes mellitus type 2,
hypertension

No known Risk Factors Diab

Medications Aspirin – Aspi
NIHSS initial 6 7 4
NIHSS 24 h 4 6 4
NIHSS discharge 3 – 4
Outcome Rehab Deceased Reha
Stroke symptom
and signs

Right sided facial droop and
weakness

Right sided facial droop
and weakness

Prese
spine

Imaging result MRI Brain: bilateral embolic
tiny cortical infarcts in different
vascular territories.

CT head: Embolic infarcts
in the left parieto-
occipital area

MRI
semi
sugg

Vessel imaging No evidence of LVO or ICAD No evidence of LVO or
ICAD

Intra

Acute treatment of
stroke

TPA No tPA or endovascular
therapy

No t

Treatment of
COVID

Azithromycin Toclizumab Tocilizumab Hydr

COVID-19
symptoms

Fever, cough and shortness of
breath

cough, dyspnea and
confusion

Feve

ICU admission Yes Yes No
Transthoracic
Echocardiogram

Normal Not done Pend

2

3.2. Patient 2

59-year-old man with no known vascular risk factors and diagnosed
with COVID-19 (tested due to contact with SARS-CoV-2 positive sibling)
who was in self quarantine presented to the hospital with progressive
cough, dyspnea and confusion for 2 days. He was febrile, hypoxic and
hypotensive, and quickly developed respiratory failure requiring intu-
bation in the emergency room. CT chest showed peripheral and basilar
predominant ground-glass opacities with patchy areas of consolidation.
On day 3 of hospitalization he was noted to have right facial weakness
with reduced movement of the right side for which stroke team was
consulted. CT head showed embolic infarcts in the left parieto-occipital
area (Fig. 2). His labs showed low WBCs of 2.8 K/μL, platelets 96 K/
nt 3 Patient 4

59
Male

etes mellitus type 2, hypertension Hypertension, DM and cardiac mass

rin –

30
28
–

b, for cervical spinal stenosis Deceased
nted with quadriparesis, has severe cervical
stenosis

Right sided weakness

brain: multiple small infarcts in the centrum
ovale of the bilateral frontoparietal lobes
estive of watershed infarcts

MRI brain: Multiple infarcts in bilateral
medullar, left occipital lobe and right
parahippocampal region

cranial atherosclerosis Occlusion of the right vertebral artery

PA or endovascular therapy No tPA or endovascular therapy

oxychloroquine and azithromycin Remdesivir and dexamethasone

r, cough and shortness of breath Shortness of breath

Yes
ing Not done



Fig. 1. MRI brain DWI showing tiny bilateral cortical infarcts.

Fig. 2. CT Head showing multiple left MCA territory parieto-occipital in-
farcts (Arrows).
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μL, in addition to elevated D-Dimer > 4000 ng/ml, CRP 125.5 mg/L,
procalcitionin 12.26 ng/ml and ferritin >7500 ng/ml.

CT Angiogram showed no evidence of large vessel occlusion or
atherosclerosis. MRI brain and TTE were requested but were not done
because of rapid deterioration. Hospital course was complicated with
septic shock and multiorgan failure, and despite aggressive management
with maximum vasopressors, and continuous renal replacement ther-
apy,he passed away.

COVID-19 is a likely contributing factor to AIS in this case. The in-
flammatory and hypercoagulability markers were elevated. Other
contributing factors in this patient include critical care illness and septic
shock.

3.3. Patient 3

55-year-old man with history of hypertension and type 2 diabetes
mellitus presented to the emergency department with fever and cough.
He tested positive for SARS-CoV-2 on the day of admission. He fell four
days prior to admission when his “knees gave away”. He reported two-
month history of lower extremity weakness. Examination showed a
mild generalized weakness which was more evident in his lower ex-
tremities with exaggerated knee reflex and extensor plantar reflexes. Rest
of neurological examination was normal. MRI of the cervical spine
showed degenerative changes with moderate spinal stenosis. His labs
showed elevated CRP of 28 mg/L on admission that eventually went up
3

to 144mg/L by day 8, procalcitonin 0.16 ng/ml on day 1 and 0.90 on day
5, ferritin 436 ng/ml on day 1 and 1084 ng/ml on day 6, fibrinogen 499
mg/dL on day 1 and 998 mg/dL on day 7 (200–393), and D-Dimer 779
ng/ml on day 2 and 1195 ng/ml on day 8. CT scan of the head done on
day 1 showed chronic ischemic changes and MRI of the brain on day 3
revealed multiple small infarcts in the centrum semiovale of the bilateral
frontoparietal lobes suggestive of borderzone vs embolic infarcts (Fig. 3).
MR Angiogram of the head and neck on day 3 showedmild atheromatous
irregularity in the proximal intracranial vessels of the anterior circula-
tion, fetal origin of the bilateral posterior cerebral arteries with dimin-
utive size of the basilar artery and small bilateral vertebral arteries. He
was treated with Aspirin and was discharged to a rehab facility on day 8
of admission with plan to perform TTE and 30-day event monitor as an
outpatient and follow up in stroke clinic.

COVID-19 is likely the cause of stroke in this patient because of
elevated hypercoagulability and inflammatory markers. On the other
hand, the presence of possible borderzone infarcts in the setting of his-
tory of falls may point towards other causes of AIS like hypotension.
Blood pressure was not low at any point during hospitalization.

3.4. Patient 4

59-year-old male with history of hypertension, diabetes millets and
atrial mass was admitted with shortness of breath and hypertensive ur-
gency. Shortly after admission, he became diaphoretic, dizzy and was
falling to the right side. That was followed by hypoxemic respiratory
failure and cardiac arrest. He tested positive for COVID 19. The patient
was intubated emergently. On examination he was not responsive, had
right sided weakness and absent right corneal response. MRI of the brain
showed ischemic strokes in the entire right medulla, left medulla, left
posterior occipital lobe and right posterior para hippocampal gyrus
(Fig. 4). MRA showed occlusion of the right vertebral artery. Ferritin
peaked at 192 ng/ml, fibrinogen went up to 567, C-reactive protein 197
and D-dimer 1498. He eventually passed away on day 7 after compas-
sionate extubation.

In this case the hypercoagulable effect of both COVID-19 and the
cardiac mass likely contributed to AIS.

4. Discussion

Acute ischemic strokes in patients with COVID-19 have been reported
in several case series. There have been several proposed mechanisms for
AIS in COVID-19 and these include hypercoagulability leading to large
vessel occlusion(especially in young patients), vasculitis secondary to
intracranial cytokine storm, new onset atrial fibrillation and the infection
by the virus itself (Oxley et al., 2020; Jasti et al., 2020; Mishra et al.,
2020).

4.1. Hypercoagulability with large vessel occlusion

COVID-19 patients with moderate to severe AIS are noted to have a
high prevalence of LVO. A case series by Oxley et al. reported five pa-
tients with large vessel ischemic stroke and COVID 19 infection in young
patients (Oxley et al., 2020). Another series by Avula et al. reported four
patients with ischemic stroke and COVID two of them had large vessel
occlusion (Avula et al., 2020a). Patients with severe COVID-19 infection
have noted to develop a hyperinflammatory state followed by a pro-
thrombotic state that is frequently complicated by both venous and
arterial thromboembolism (Klein et al., 2020; Tang et al., 2020).
Simultaneous multiple LVO of different vascular territories has been
consistently reported and was postulated to be secondary to the pro-
thrombotic state induced by COVID-19 (Kaesmacher et al., 2018).

A study compared the stroke characteristics of COVID-19 positive
patients with COVID-19 negative patients and historical controls. In this
it was observed that patients with concomitant COVID-19 suffered severe
strokes, with a higher NIHSS score with a greater proportion of large



Fig. 3. MRI brain DWI showing multiple small infarcts in the centrum semiovale of the bilateral frontoparietal lobes.

Fig. 4. MRI brain DWI showing ischemic strokes in the entire right medulla, left medulla, left posterior occipital lobe and right posterior para hippocampal gyrus.
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vessel occlusion (Yaghi et al., 2020). AIS in COVID-19 patients have
worse outcomes in the form of higher hemorrhagic transformation and
all-cause mortality. Embolic events as noted by elevated d-dimer, serum
cardiac markers including high-sensitivity troponin and proBNP have
been consistently reported (Thachil, 2020).
4.2. Vasculitis secondary to intracranial cytokine storm

COVID-19 has been very well reported to cause endothelial cell
inflammation, apoptosis and dysfunction within arteries, arterioles,
capillaries, venules and veins which in turn lead to tissue hypoperfusion,
thrombosis and vascular dysfunction (Becker, 2020, 2020b). Patients
with severe COVID-19 infection have noted to develop a hyper-
inflammatory state secondary to a cytokine storm which produced a
vasculitic picture causing strokes. The exaggerated and uncontrolled
activation of the immune system causing excessive cytokine release has
been consistently reported in patients with severe pulmonary disease.
Cytokine storm is diagnosed with the presence of elevated plasma
markers of inflammation like C-reactive protein, erythrocyte sedimen-
tation rate, procalcitonin, ferritin, interleukins (IL2, IL6, IL-7), gran-
ulocyte - colony-stimulating factor and tumor necrosis alpha (Sahu et al.,
2020).

Accumulation of inflammatory cells and viral inclusions occurred
within the vascular endothelium of the heart, small bowel, brain, kid-
neys, and lungs (Varga et al., 2020).
4

Hanafi et al. reported a case of SARS-CoV-2–induced vasculitis/
endotheliitis. They reported extensive cerebral small-vessel ischemic le-
sions resembling cerebral vasculitis in a characteristic imaging pattern of
ischemia, hemorrhage, and punctuate postcontrast enhancement (Hanafi
et al., 2020).

Pinot et al. reported a case of central nervous system vasculopathy
with antimyelin oligodendrocyte glycoprotein antibodies in a patient
with COVID-19. There was rapid clinical improvement following
immunomodulating treatment (Pinto et al., 2020).
4.3. New onset atrial fibrillation

Cardiac involvement is common in patients with COVID-19.
Myocardial involvement mostly presents as an acute cardiac injury.
This has been defined by elevated serum cardiac biomarkers and
abnormal findings in the echocardiogram of an infected patient (Clerkin
Kevin et al., 2019).

Patients are also reported to be at a higher risk of arrhythmia sec-
ondary to myocarditis possibly precipitating embolism(Clerkin Kevin
et al., 2019; Mao et al., 2020; Klok et al., 2020; Inciardi et al., 2019).

Arrhythmias, such as atrial fibrillation, are more frequent in COVID-
19 cardiomyopathy as inflammation is a substrate for atrial arrhythmias.
Ventricular arrhythmias are also observed and may accompany cardiac
arrest in these patients (Wang et al., 2020). It is very well known his-
torically that Afib poses an increased risk of Cardio-embolic strokes.
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4.4. Infection by the virus

Historically, viral infections like influenza have been shown to have a
slightly increased risk of stroke in the past. In similar lines, severe
infection with COVID-19 has been shown to have an increased risk of AIS.
A study showed that the risk of acute ischemic stroke in patients admitted
with COVID-19 was 1.6% versus 0.2% for patients admitted with influ-
enza (Merkler et al., 2020). The mechanism of the apparent increase in
the risk of stroke in COVID-19 patients is not clear.

5. Conclusion

Ischemic stroke can be seen as complication of COVID-19 in severe
illness. More studies are needed to identify the mechanism of hyperco-
agulability and the increased risk of stroke in COVID-19 patients.

Declaration of competing interest
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