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RADIOLOGY-PATHOLOGY CORRELATION

COVID-19-Associated Carotid Atherothrombosis and Stroke
C. Esenwa, N.T. Cheng, E. Lipsitz, K. Hsu, R. Zampolin, A. Gersten, D. Antoniello, A. Soetanto, K. Kirchoff,

A. Liberman, P. Mabie, T. Nisar, D. Rahimian, A. Brook, S.-K. Lee, N. Haranhalli,
D. Altschul, and D. Labovitz

ABSTRACT

SUMMARY:We present a radiology-pathology case series of 3 patients with coronavirus disease 2019 (COVID-19) with acute ische-
mic stroke due to fulminant carotid thrombosis overlying mild atherosclerotic plaque and propose a novel stroke mechanism:
COVID-associated carotid atherothrombosis.

ABBREVIATIONS: ACE2 ¼ angiotensin-converting enzyme 2; CCA ¼ common carotid artery; COVID-19 ¼ coronavirus disease 2019; RT-PCR ¼ reverse-tran-
scriptase polymerase chain reaction; SARS-CoV-2 ¼ Severe Acute Respiratory Syndrome coronavirus 2

Carotid plaque size is a predictor of ischemic stroke and
guides treatment strategies.1 However, since 1952, when C.

Miller Fisher associated carotid atherosclerosis with stroke, there
remained an unresolved question: Why did the plaque become
symptomatic when it did?2 Inflammation has been proposed as
the main mediator3 of carotid disease, and with the emergence of
the coronavirus disease 2019 (COVID-19), we may have entered
a new era of large-vessel atherothrombotic disease with a unique
opportunity to address Fisher’s question.

COVID-19 causes acute cardiovascular events with unusual
manifestations.4 Reports of patients with intracranial large-vessel
occlusion implicates cerebrocervical vessel involvement as part of
the spectrum of cardiovascular events in COVID-19.5,6 One
mechanism under investigation is related to the binding of Severe
Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2) on
the human angiotensin-converting enzyme 2 (ACE2) receptor.7

ACE2 is highly expressed in the endothelium and has been
directly implicated in mediating vessel wall inflammation, oxida-
tive stress, and atherosclerosis.8 Evidence of viral infection with
endothelial inflammation and apoptosis in bowel and lung tissue
of patients with COVID-19 has been termed “endotheliitis.”9

We describe 3 patients with COVID-19 with acute ischemic
stroke due to fulminant carotid thrombosis overlying mild athe-
rosclerotic plaque. We review the clinical course, advanced imag-
ing, and pathologic examination and propose a previously
undescribed COVID-19-related stroke mechanism.

Case Series Description
From April 9 to 23, 2020, a 2-week period when COVID-19 peaked
in New York City, we encountered 3 patients with COVID-19 and
partially occlusive cervical carotid thrombosis. Patients 1 and 3 pre-
sented to our tertiary-care hospital and comprehensive stroke cen-
ter (Montefiore Medical Center - Moses Campus) with acute
stroke, while patient 2 developed stroke as an inpatient. The
patients shared comorbid conditions, biomarker profiles, and radio-
graphic features (On-line Table). CT angiography showed nonoc-
clusive thrombus adherent to the distal common carotid artery
(CCA) and carotid bifurcation on CTA of the head and neck (Fig
1), with cortical acute ischemic strokes ipsilateral to the carotid
lesion in all patients. Patient 1 also had an incidental arotic arch
thrombus adherent to the vessel wall. All 3 patients demonstrated
peripheral ground-glass pulmonary findings consistent with
COVID-19 infection. Patients 1 and 3 were diagnosed with
COVID-19 on the basis of the clinical course, pulmonary findings,
and a positive reverse-transcriptase polymerase chain reaction test
(RT-PCR) for SARS-CoV-2. Patient 2 presented with signs and
symptoms of COVID-19 pneumonia, had profound pulmonary
findings consistent with COVID-19 pneumonia on imaging, and
while RT-PCR results were negative, the patient tested positive for
the SARS-CoV-2 antibody. The patients were treated with apixaban
or intravenous unfractionated heparin without resolution of the
thrombus. Two were also on antiplatelet therapy before undergoing
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open thrombectomy and carotid endarterectomy. Surgical interven-
tion was chosen to facilitate complete clot removal and perform
endarterectomy as needed, as well as to minimize embolic risk from
the intraluminal thrombus.

Open exploration in patient 1 revealed an organized thrombus

moderately adherent to the wall of the CCA over a length of

approximately 1 cm and encompassing approximately 70% of its

circumference. A free-floating tail of thrombus extended distally to

the level of the carotid bifurcation. Moderate plaque with marked

inflammatory changes at the area of clot adherence did not cause

considerable plaque-related luminal stenosis. Microscopic exami-

nation confirmed thrombus adherent to the wall. The intima had

inflammatory infiltrates as well as some degenerative cellular debris

consistent with apoptosis (Fig 2C).
Open exploration in patient 2 identified a small, moderately

adherent organized thrombus in the carotid bulb with a smaller
contiguous portion adjacent to an area of calcified plaque extend-
ing into the external carotid artery. Gross examination found
only mild inflammatory changes at the level of clot adherence.
Microscopically, the intima was thickened with evolving calcifica-
tion consistent with atherosclerotic disease. A portion of the
intima contained mononuclear inflammatory cells (Fig 2A, -B).

Patient 3 had organized, nearly occlusive thrombus, extending
into the proximal internal carotid artery, with moderate plaque and

an approximate 6 � 6 mm area of
ulceration in the carotid bulb at the area
of adhesion. Considerable inflammation
was noted in the area of the bulb. The
specimen showed mild-to-moderate
atherosclerotic disease with intimal
thickening, plaque, and mural calcifica-
tion. There were scattered mononuclear
cells in an area of thickened intima.

DISCUSSION
We propose a novel stroke mecha-
nism, COVID-19-associated carotid
atherothrombosis, and review the
imaging and pathologic findings.
While still not fully understood, it is
believed that an overwhelming innate
immune response to SARS-CoV-2
results in 1) systemic inflammation,
2) associated coagulopathy, and 3)
local endotheliitis, in some.9,10 In the
patients described herein, SARS-
CoV-2 endotheliitis may have destabi-
lized mild chronic atherosclerotic plaque
to initiate thrombosis, with subsequent
propagation due to a prothrombotic
state broadly termed “COVID-19-associ-
ated coagulopathy.”11 Reports of SARS-
CoV-2-mediated endotheliitis support
this possible mechanism because local

inflammation might alter endothelial functions.12,13 Pathologic
reports of multiorgan thrombotic microangiopathy in patients with
COVID-19 support our theory that COVID-19-associated coagulop-
athy may have additionally and perhaps synergistically contributed to
the disproportionately high intraluminal thrombus burden relative to
the mild underlying atherosclerotic plaque.14,15 On the basis of our
limited case observation and the available literature, we further sug-
gest the possibility that thromboinflammation related to COVID-19
may preferentially affect areas of atheromatous disease. Thus, our
clinical impression in each of the described cases was that medical
therapy with anticoagulation or antiplatelets alone was not sufficient
to minimize the embolic risk; therefore, we recommended surgical
intervention to facilitate complete clot and atheroma removal.

From this radiology-pathology case series, we deduce that
areas of mild carotid atherosclerosis may be particularly prone to
thrombus formation in patients with COVID-19 because of the
unique combination of endotheliitis and COVID-19-associated
coagulopathy. In the face of this pandemic, we may have coinci-
dentally come closer to answering Fisher’s question and are
poised to address the next: How do we prevent COVID-19-asso-
ciated carotid atherothrombosis?
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FIG 1. CT angiogram of cervical vessels showing thrombosis. Curved planar reformatted CTA
neck images demonstrate adherent thrombus in the left mid-common carotid artery (patient 1)
(A). The thrombus appears to start from the right carotid bifurcation and extend toward both
the internal and external carotid arteries (patient 2) (B), and the left carotid bifurcation shows
wedge-shaped intraluminal thrombus (patient 3) (C). Note the relatively minor mineralized and
nonmineralized atherosclerotic plaque adjacent to the thrombus in each patient.
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FIG 2. Gross and microscopic pathology. A, Surgical view in patient 2. The blue circle indicates
the area to which the thrombus was adherent, and the green circle indicates the area to which
the contiguous portion of the thrombus was adherent. Arrows represent the larger portion of
thrombus (blue), smaller portion of thrombus (green), and calcified plaque at the external carotid
origin (red). B, Microscopic examination of a specimen from patient 2. Hematoxylin-eosin stain
shows intimal thickening, plaque formation, and calcification. Higher magnification shows an area
of intima with mononuclear inflammatory cells and evolving plaque formation. C, Microscopic
examination of a specimen from patient 1. Low-power hematoxylin-eosin stain shows the throm-
bus adherent to the wall (upper portion is thrombus; lower portion is the wall). Higher-power
view of an area of adherent thrombus shows the intima with inflammatory infiltrate as well as
some degenerating cellular debris that may indicate apoptosis.
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