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Abstract
COVID-19 was initially described as a pulmonary disease. Increasing attention is now directed to extrapulmonary disease 
manifestations mediated by viral tropism to the vascular endothelium. Here, we report a case of an adult patient with COVID-
19 who presented to the emergency department with neurological signs disproportionate to pulmonary symptoms and was 
found to have a subacute ischemic stroke. Imaging studies suggested an active inflammatory vasculopathy. The case highlights 
the utility of vascular wall imaging studies when positive findings are present on emergent CT angiography. Current treatment 
algorithms should consider the addition of adjunct intracranial vessel wall imaging to assess for inflammatory vasculopathy 
when a patient with acute or recent COVID infection presents to the emergency department with stroke.
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Background

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
is a multisystem disease associated with multiple neuro-
logic illnesses [1]. Viral pathology is thought to be medi-
ated through angiotensin converting enzyme receptors in the 
endothelium, which are expressed throughout the systemic 
and neurologic vasculature [2]. Reported cerebrovascular 
complications include stroke precipitated through hyper-
coagulability, small vessel disease, and large vessel dis-
ease mechanisms [3, 4]. Recent studies have demonstrated 
abnormal findings on MRI vessel wall imaging (VWI) in 
hospitalized COVID-19 patients [3, 5]. In addition, there is 
evidence that VWI complements conventional luminal imag-
ing by increasing the reader’s sensitivity for the detection of 
abnormalities, as well as augment the characterization these 
abnormalities [6]. Here, we report a case of intracranial 

inflammatory vasculopathy well demonstrated by vessel 
wall imaging (VWI), coincident with middle cerebral artery 
stroke, in a patient with COVID-19 and minimal pulmonary 
symptoms.

Case presentation

A 51-year-old woman with a history of diabetes mellitus and 
hypertension presented to the emergency department with a 
1-day history of altered mentation and gait instability. The 
patient endorsed a sore throat and mild cough beginning 
8 days prior to her presentation.

A mild encephalopathy, moderate right-sided hemi-
paresis and mild, diffuse rhonchi were noted on physical 
examination.

Initial laboratory testing revealed uncontrolled diabetes 
mellitus (hemoglobin A1c 12.5%; normal < 6.0) and diabetic 
ketoacidosis (elevated beta-hydroxybutyrate 4.16 mmol/L; 
normal < 0.27). SARS-CoV-2 RNA was detected by res-
piratory viral panel PCR testing. Chest radiography demon-
strated bilateral peripheral airspace opacities (Fig. 1). The 
d-dimer and c-reactive protein were elevated at 1130 ng/ml 
FEU (normal < 500) and 85 mg/L (normal < 10.0), respec-
tively. The patient was admitted for management of diabetic 
ketoacidosis and SARS-CoV-2 pneumonia.
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CT head imaging demonstrated hypodensities within the 
subcortical white matter compatible with microvascular 
disease. MRI brain revealed subacute infarctions within 
the left middle cerebral artery (MCA) vascular distribu-
tion (Fig. 2).

Long segment luminal narrowing of the M1 and M2 
segments of the left MCA, disproportionate to the degree 
of intra- and extracranial atherosclerotic disease, was 
noted on CTA head and neck imaging, which prompted a 
concern for a vasculitic or vasculopathic process. Pre- and 
post-contrast MR intracranial vessel wall imaging (VWI) 
was performed using a 3D high resolution variable flip 
angle black blood post-contrast sequence (CUBE) on a 
GE 3 T Discovery scanner which demonstrated long seg-
ment concentric enhancement of the left MCA (Fig. 3). 
The appearance favors a vasculitis, such as COVID 
endotheliitis, with long segment inflammatory plaque 
not excluded.

Cerebrospinal fluid studies were notable for zero nucle-
ated cells, normal glucose (55 mg/dL; normal < 70), nor-
mal protein (30 mg/dL; normal < 45), normal IgG index 
(1090 mg/dL; normal < 1632), and zero unique oligoclonal 
bands. SARS-CoV-2 RNA was not detected within the cer-
ebrospinal fluid specimen.

Alternative etiologies of immune-mediated and infec-
tious vasculitis were evaluated. P- and c-ANCA, C3 and 
C4 complement level, rheumatoid factor, lupus antico-
agulant, anti-nuclear antibody screening, SSA and SSB 
antibody, HIV antigen and antibody, hepatitis C antibody, 

and cryoglobulin serology studies were without patho-
logical findings. Cerebrospinal fluid herpes simplex virus 
PCR, varicella zoster (VZV) PCR, and VZV IgM and IgG 
antibody studies were likewise unrevealing. No other res-
piratory viruses were detected by viral respiratory panel 
PCR testing.

The patient’s hospitalization totaled 6 days. The present-
ing encephalopathy resolved with insulin-mediated diabetic 
ketoacidosis treatment and secondary lactic acidosis cor-
rection. Aspirin, statin, and antihypertensive therapies were 
prescribed for pharmacologic secondary stroke prophylaxis. 
Supplemental oxygen therapy was not required. Dexameth-
asone, remdesivir, and convalescent plasma were not pre-
scribed, as the patient did not meet algorithm-established 
criteria for these therapies.

Discussion

COVID-19 is predominantly described as a respiratory ill-
ness with rare extrapulmonary manifestations. However, as 
the vascular tropism of SARS-CoV-2 is further recognized, 
systemic extrapulmonary complications are increasingly 
acknowledged as a common finding in this illness, rather 
than a rare exception.

Stroke mediated through large- and small-vessel 
inflammatory vasculopathies are reported neurovascular 
complications of COVID-19 [3, 4]. The putative mecha-
nism of COVID-19-associated vasculitis is SARS-CoV-2 
endothelial cell tropism leading to either primary virus- 
or secondary immune-mediated endothelial dysfunction, 
as opposed to direct central nervous system infection and 
dissemination [7]. In keeping with prior reports underpin-
ning this purported mechanism, SARS-CoV-2 RNA was 
detected in the serum, but not the cerebrospinal fluid of 
the patient whose case is reported here within [8]. Addi-
tional work, including the interrogation of cerebral vaso-
reactivity in patients at various stages of SARS-CoV-2 
infection, is required in order to understand the temporal-
ity of SARS-CoV-2-mediated endothelial dysfunction and 
the corresponding chronicity of cerebrovascular disease 
risk [9].

This understanding is essential for shaping and redefining 
COVID-19 treatment algorithms, particularly in the emer-
gent setting. Current treatment algorithms disproportionately 
center upon acute pulmonary disease manifestations while 
offering limited guidance in the diagnostic interrogation and 
treatment of extrapulmonary disease complications, includ-
ing neurovascular complications [10]. The presented case 
exemplifies the utility of vessel wall imaging as adjunct to 
the emergent use of CT angiography (luminal imaging) in 
the setting of acute COVID-19 infection, an etiology known 
to elicit vascular inflammation.

Fig. 1   Chest radiography demonstrating bilateral peripheral predomi-
nant airspace opacities consistent with SARS-CoV-2 infection
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Fig. 2   Top left: MR DWI 
demonstrating infarctions, 
involving the left corona radiata 
and external capsule. Top right: 
T2 weighted imaging reveal-
ing asymmetric, right greater 
than left, middle cerebral artery 
flow voids. Bottom row: MRA 
depicting a paucity of flow 
related signal in the left MCA 
horizontal and insular segments 
as compared to correspond-
ing, contralateral right MCA 
segments

Fig. 3   Left: CTA maximum 
intensity projection (MIP) 
image, annotated, demonstrat-
ing stenosis of early left MCA 
branching insular segments. 
Right: Annotated pre- (top) 
and post- (bottom) contrast MR 
vessel wall imaging demonstrat-
ing long segment concentric 
enhancement of the vessel wall 
compatible with vasculitis
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Conclusion

We report a case of a patient with COVID-19 presenting 
with mild pulmonary symptoms who was found to have 
an ischemic stroke with imaging findings suggestive of an 
intracranial inflammatory vasculopathy. Reassessment of the 
algorithmic evaluation of inflammatory vasculopathies such 
as COVID-19 is recommended, as these entities may benefit 
from adjunct vessel wall imaging studies.
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