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A B S T R A C T   

The pulmonary manifestations of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection or 
coronavirus disease 2019 (COVID-19) are well known. The literature on neurological manifestations and com
plications in patients with COVID-19 has been increasing but is still sparse. At present, there are only a few 
reported case reports and clinical studies on neurological manifestations of COVID-19, of which ischemic stroke 
is one of the most common ones. Coagulopathy and vascular endothelial dysfunction have been proposed as the 
complications of COVID-19 which can ultimately lead to ischemic stroke. In this case report, we present a case of 
multifocal ischemic stroke in a patient with COVID-19. This patient had persistent encephalopathy and dysar
thria after recovering from hypoxic respiratory failure and subsequently developed ischemic stroke in multiple 
vascular territories during hospital admission.   

1. Introduction 

In December 2019, a novel coronavirus, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) originated in Wuhan, China, 
which is now a worldwide pandemic [1–3]. The pulmonary manifesta
tions of coronavirus disease 2019 (COVID-19) are well known. The ev
idence of neurological manifestations and complications in patients with 
COVID-19 has been increasing but is still sparse. Currently, there are a 
few reported case reports and clinical studies on neurological manifes
tations of COVID-19. Stroke is one of the major neurological complica
tions seen in patients with COVID-19 [3–5]. 

According to the Mao et al. study, 5% of hospitalized patients in 
Wuhan had acute strokes [6]. However, patients were diagnosed based 
on clinical examination and only head computed tomography (CT), 
magnetic resonance imaging (MRI) of brain was avoided to reduce the 
risk of infection. Diagnosis of stroke in patients hospitalized with 

COVID-19 using MRI brain can be challenging due to multiple factors, 
which includes risk of cross contamination to other patients and tech
nologists, prolonged down time for sanitization after each scan delaying 
the availability of MRI imaging for other patients, inability of critical 
patients to tolerate lying supine for the prolonged duration of the scan. 

In this case report, we present MRI brain findings of a 51-year-old 
man with COVID-19 who was diagnosed with stroke in multiple 
vascular territories after he had persistent encephalopathy and dysar
thria during his prolonged hospitalization. 

2. Case report 

A 51-year-old obese male was placed on self-quarantine after testing 
positive for SARS-CoV-2 on nasopharyngeal swab PCR. He had symp
toms of fever, mild cough and diarrhea for a few days. Four days after 
the initial diagnosis, he presented to the Emergency Department with 
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worsening dyspnea and was found to have an oxygen saturation of 74% 
on room air. His medical comorbidities included hypertension and 
hyperlipidemia. Patient was febrile, tachypneic, tachycardic and 
appeared in acute distress, using his abdominal accessory muscles for 
respiration. 

Initial workup revealed lymphopenia, mild hyponatremia, elevated 
transaminases and inflammatory markers including C reactive protein 
70.4 mg/L (range < 8 mg/L), lactate dehydrogenase 611 U/L (98–192 
U/L) and ferritin 1138 ng/mL (range 24–336 ng/mL). D-dimer was also 
mildly elevated at 306 ng/mL (range < 232 ng/mL). His aPTT was 29.9 s 
and platelet count were 174,000/uL. 

Chest radiograph demonstrated bilateral peripherally based in
filtrates. Subsequently, patient underwent CT angiogram of the chest 
and venous doppler study of lower extremities for suspected pulmonary 
embolism and deep vein thrombosis respectively; both studies were 
negative. 

Patient was admitted to the intensive care unit and required intu
bation with mechanical ventilation for acute hypoxic respiratory failure 
secondary to SARS-CoV-2 infection. He also required vasopressors for 
hypovolemic shock. Patient was treated with hydroxychloroquine, azi
thromycin, tocilizumab infusion. On the fourth day after admission, 
patient became oliguric and was noted to have D-dimer elevated to 
5163 ng/mL. He was diagnosed with acute kidney injury due to inef
fective renal perfusion. He underwent hemodialysis for five consecutive 
days with gradual improvement of his renal function. The patient was 
maintained on heparin for deep venous thrombosis prophylaxis and 
received heparin as needed during dialysis. He was extubated after 10 
days of mechanical ventilation during which he was mostly comatose 
with limited neurological examination. Upon extubating, his speech was 
noted to be dysarthric and he was noted to be encephalopathic. 

CT brain without contrast was ordered on day 17 after admission and 
did not show any acute intracranial abnormalities. He was re-tested 
negative for COVID-19 twenty days after admission. For further 
workup of persistent encephalopathy, slurred speech and lack of 
improvement, MRI of the brain without contrast was obtained on day 23 
of admission. 

MRI of the brain demonstrated multiple areas of restricted diffusion 
in the frontal, parietal and temporal lobes bilaterally on diffusion 
weighted imaging (DWI) sequence (Fig. 1A – 1C) with corresponding 
hypointense signal on apparent diffusion coefficient (ADC) sequences 
(Fig. 2A- 2C), consistent with acute ischemic strokes. These areas also 
demonstrated hyperintensity in frontoparietal periventricular deep 
white matter on T2 fluid attenuated inversion recovery sequence (T2- 
FLAIR) (Fig. 3A). Axial susceptible weighted imaging (SWI) demonstrate 
no signal drop out to suggest any abnormal blood product for hemor
rhage (Fig. 3B). 

On neurological examination, the National Institute of Health Stroke 
Scale (NIHSS) was 3 (2 for patient unable to answer the month and his 
age, and 1 for mild-to-moderate dysarthria). He was not aphasic but had 
mild dysarthria. Cranial nerves were grossly intact. His motor and sen
sory exam were normal throughout. Telemetry showed normal sinus 
rhythm and there was no evidence of atrial fibrillation. Magnetic reso
nance angiography of the head did not show any intracranial stenosis in 
anterior or posterior circulation. Carotid Doppler ultrasound did not 
reveal bilateral carotid stenosis. Transthoracic echocardiogram showed 
normal left ventricular size and function and was negative for intra- 
cardiac shunt. Patient was started on aspirin 81 mg and high intensity 
atorvastatin 40 mg daily. Patient was then discharged to acute reha
bilitation unit with a cardiac event monitor for 30 days. 

3. Discussion 

Stroke is one of the major thrombotic complications seen with SARS- 
CoV-2 infection. Based on the Mao et al. study [6] and the case series of 
acute large vessel strokes reported from Oxley et al. [3], all ages are 
vulnerable. There are several proposed mechanisms for increased risk of 
cerebrovascular disease during COVID-19 [4,7–9]. Impaired vaso
reactivity coupled with complement activation and thrombin produc
tion can lead to arterial thrombotic events [9]. As known with any 
infective causes, SARS-CoV-2 viremia can also lead to a severe cytokine 
storm in patients with COVID-19, leading to drastic endothelial 
dysfunction and progressive micro and macrovascular thrombosis. 
Elevation in the lab values of D-dimer and prothrombin time seen 
clinically could support this phenomenon [7,8]. Activation of the 
coagulation cascade leading to disseminated intravascular coagulation 
can significantly contribute to the multiorgan involvement in patients 
with COVID-19, resulting in acute ischemic stroke, cerebral venous sinus 
thrombosis or intracerebral hemorrhage [7,8]. This is the most likely 
pathophysiology of multiple embolic strokes in bilateral hemispheres 
described in this case. It is also important to note that our case was on 
low molecular weight heparin only for deep venous thrombosis (DVT) 
prophylaxis. He was not placed on therapeutic anticoagulation, which 
has been a practice at some centers on admission for all COVID-19 pa
tients, when no absolute contraindications exist. It is unclear if thera
peutic anticoagulation could have prevented the strokes in this case. 

The differential diagnosis for above case includes posterior reversible 
encephalopathy syndrome (PRES), cerebral venous thrombosis, hypoxic 
ischemic encephalopathy, acute hemorrhagic necrotizing encephalopa
thy. In a large Italian multicenter retrospective observational study by 
Mahammedi A et al., out of 108 COVID-19 cases with acute neurological 
manifestations, 31% were found to have acute ischemic stroke, 12% had 
cerebral venous thrombosis, 10% had nonspecific encephalopathy, 6% 

Fig. 1. Axial images of the Diffusion Weighted Imaging (DWI) sequence at different levels (A, B and C) demonstrates multifocal diffusion restriction (hyperintense 
signal on DWI) involving the centrum semiovale, frontoparietal and temporal periventricular deep white matter. 
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showed intracranial hemorrhage, whereas 5% each with posterior 
reversible encephalopathy syndrome (PRES) and acute encephalopathy 
[10]. Moreover, a case of acute hemorrhagic necrotizing encephalopa
thy was reported in COVID-19 by Poyiadji et al. [11]. Our patient had 
multiple etiologies (acute kidney failure requiring hemodialysis, hyp
oxic respiratory failure, electrolyte disturbances, intensive care unit 
delirium) to explain his persistent encephalopathy initially but he 
continued to be encephalopathic even after correction and treatment of 
those causes. MRI brain was thereby done to rule out a primary neuro
logical cause and it showed multiple embolic ischemic stroke. MRI brain 
was not suggestive of viral encephalopathy or hemorrhagic necrotizing 
encephalopathy. 

Currently, there is paucity of data to support therapeutic anti
coagulation for primary prevention of stroke in COVID-19 patients. 
However, therapeutic anticoagulation should be strongly considered in 
patients at high risk for coagulopathy determined by laboratory mea
sures which may include elevated platelet count, prothrombin time, 
fibrinogen, fibrinogen degradation products and D-dimer [12]. In the 
future, it will be important to compare the incidence of ischemic stroke 
in population of patients on prophylactic therapeutic anticoagulation 
versus only on coagulation for DVT prophylaxis. 

In a French study which reported neurologic features in severe SARS- 

CoV-2 infection in fifty-eight consecutive patients, thirteen patients had 
MRI brain performed for unexplained encephalopathy symptoms [5]. 
Two patients were found to have an area of acute stroke and one patient 
had an area of subacute ischemic stroke [5]. Yet, all three had no focal 
neurological symptoms. Hence, MRI brain imaging can be a useful 
modality to diagnose ischemic strokes in patients with persistent 
neurological symptoms who have recovered from severe COVID-19. 

There can be several challenges in obtaining MRI brain imaging in 
COVID-19 patients. The biggest risk is of cross contamination to other 
patients and technologists. Also, MRI suite requires prolonged down 
time for sanitization after each scan which can delay the availability of 
MRI imaging for other patients. MRI brain imaging can also be labor 
intensive on many of the COVID-19 patients as they are critically ill on 
mechanical ventilation and also may be unable to tolerate lying supine 
for the prolonged duration of the MRI scan. However, since MRI brain is 
more sensitive and specific modality to detect brain tissue that has been 
damaged by an ischemic stroke than a CT head [13]. It is important to 
consider MRI brain for accurate diagnosis in patients with unexplained 
neurological symptoms in COVID-19. Last but not the least, MRI brain 
imaging should be considered in all critically ill COVID-19 patients with 
neurological symptoms, as using clinical diagnosis and CT imaging 
could be only capturing the tip of the iceberg of cerebrovascular disease 

Fig. 2. Axial images of the Apparent diffusion coefficient (ADC) sequence at different levels (A, B and C) demonstrates hypointense signals corresponding to 
hyperintense foci on DWI, involving centrum semiovale, frontoparietal and temporal deep white matter consistent with acute ischemic stroke. 

Fig. 3. T2- Fluid attenuated inversion recovery (T2-FLAIR) axial image (Fig. A) demonstrates hyperintensity corresponding to the restricted diffusion areas in 
frontoparietal periventricular deep white matter. Corresponding susceptible weighted imaging (SWI) axial image (Fig. B) demonstrates no signal drop out to suggest 
any abnormal blood products and rules out hemorrhage. 
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in COVID-19 [13]. 

4. Teaching point 

When suspecting stroke timely performing MRI brain imaging could 
be very essential in all critically ill COVID-19 patients, as it has been 
found to be more sensitive than other imaging modalities such as CT 
scan. However, it is to be noted that CT scan is still the first imaging 
modality for suspected ischemic or hemorrhagic stroke, but MRI should 
be done diligently for selected COVID-19 patients when the CT is 
negative or the imaging findings does not correspond to the clinical 
presentation. 

Though there is lagging data on the use of anticoagulants to prevent 
stroke in COVID-19 patients, therapeutic anticoagulation should be kept 
under consideration especially in patients with a high risk for 
hypercoagulopathy. 
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