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A 50-year-old male was admitted to our hospital with sudden-onset chest pain. He was a current smoker with
severe obesity and diabetes. He had a history of drug-eluting stent (DES) implantation in the left anterior de-
scending artery (LAD) and had continuously taken clopidogrel. Eight days prior to admission, polymerase
chain reaction testing confirmed that he was positive for severe acute respiratory syndrome coronavirus type
2 (SARS-CoV-2). Emergent coronary angiography revealed total occlusion of previously implanted DES in LAD.
Optical coherence tomography (OCT) images demonstrated the presence of large white thrombus within the
well-expanded DES with homogenous neointima. There were no findings of malapposed strut, uncovered
strut, intimal disruption, or neoatherosclerosis through the stented segment. Subsequent dilation using a drug-
coated balloon successfully restored coronary flow in LAD. We experienced a case of very late stent thrombosis
without findings of the typical causes on OCT images nor discontinuation of antiplatelet therapy in a patient
with SARS-CoV-2. The present case suggests that SARS-CoV-2 infectionmay induce stent thrombosis irrespective
of the presence of known causes and the status of antiplatelet therapy.
Learning objectives: The underlying causes of very late stent thrombosis (VLST) include strut malapposition,
neoatherosclerosis, uncovered struts and stent underexpansion in addition to inadequate discontinuation of an-
tiplatelet therapy and/or systemic hyper coagulable state. The present case of VLST lacking those factors suggests
the enhanced hyper thrombogenicity irrespective of the presence of known causes and the status of antiplatelet
therapy in patients with severe acute respiratory syndrome coronavirus type 2.

© 2022 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Very late stent thrombosis (VLST) is a fatal adverse event in chronic
phase after the implantation of coronary stents. In addition to inade-
quate discontinuation of antiplatelet therapy and systemic or local
hyper coagulable state, several characteristics in stented segments
have been reported as the putative cause of VLST, including strutmalap-
position, neoatherosclerosis, uncovered struts, and stent under-
expansion [1]. The severe acute respiratory syndrome coronavirus
type 2 (SARS-CoV-2) infection in combination with those factors has
been also reported as an associated factor of the onset of stent thrombo-
sis [2,3]. Because SARS-CoV-2 infection causes dysregulated immune
responses and platelet hyperactivation, the patient has an increased
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risk of systemic thromboembolism [4]. Herein, we report a case of
VLST lacking typical causes of VLST in a patient with SARS-CoV-2, sug-
gesting the central role of infection for the enhancement of hyper
thrombogenicity in coronary segment.
Case report

A 50-year-oldmale was admitted to our hospital with sudden-onset
chest pain and dyspnea. He was a current smoker with severe obesity
(body mass index: 39.2 kg/m2) and diabetes. He had a history of suc-
cessful drug-eluting stent (DES; Ultimaster™ 2.75/24 mm; Terumo,
Tokyo, Japan) implantation for a chronic total occlusion lesion at the
middle part of left anterior descending artery (LAD)without suboptimal
findings on optical coherence tomography (OCT) 2 years earlier (Fig. 1).
Eight days prior to admission, polymerase chain reaction testing con-
firmed that he was positive for SARS-CoV-2 although he was
d.
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Fig. 1.

Angiography and optical coherence tomography (OCT) at the stent implantation 2 years earlier. (A) Angiogramshowing a total occlusion atmid-left anterior descending artery.
(B) Angiogram showing successful implantation of a drug-eluting stent (DES). An arrow represents the range of implanted DES. (C) AnOCT image at ‘c’ in the panel B after DES
implantation, showing concentric stent expansion. The final minimum stent area was 5.3 mm2. (D) An OCT image at ‘d’ in the panel B, showing optimal results without signif-
icant strut malapposition or stent underexpansion.
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asymptomatic. Laboratory findings showed increased levels of white
blood cells (15.2 × 103 cells/μL), lactate dehydrogenase (507 U/L), fibrin
degradation products (5.20 μg/mL), D-dimer (1.86 μg/mL), and C-
reactive protein (1.24 mg/dL). Lymphocytopenia (0.7 × 103 cells/μL)
was also observed. Electrocardiography revealed ST-segment elevation
in lead V1–4. Emergent coronary angiography revealed total occlusion
of previously implanted DES in LAD (Fig. 2A) (Video I). OCT images
after pre dilation demonstrated the presence of large white thrombus
within the well-expanded DES with homogenous neointima (Fig. 2B,
C). Therewere nofindings ofmalapposed strut, uncovered strut, intimal
disruption, or neoatherosclerosis through the DES (Video II). Subse-
quent dilation using a drug-coated balloon successfully restored coro-
nary flow in LAD (Fig. 2D) (Video III). We added aspirin 100 mg to his
daily clopidogrel 75 mg. After cardiac rehabilitation and treatment for
concomitant heart failure, he was discharged on postoperative day 21.

Discussion

We have witnessed a case of VLST without findings of typical causes
on OCT images or inappropriate discontinuation of antiplatelet therapy
in a patientwith SARS-CoV-2. Because of the high spatial resolution, the
use of OCT enables identification of putative causes of VLST in daily
practice. Taniwaki et al. reported that the underlying putative cause
could be identified in 98% of VLST cases by using OCT and that the
most frequent findings were strut malapposition, neoatherosclerosis,
Fig. 2.

Angiography and optical coherence tomography at the present very late stent throm
stent. (B) An optical coherence tomography (OCT) image after balloon dilation at ‘b’
malapposition, uncovered struts or stent underexpansion. (C) An OCT image after ba
white thrombus. No intimal disruption or neoatherosclerosis was observed at or arou
loon dilation.
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uncovered struts, and stent underexpansion [1]. In fact, recent reports
of stent thrombosis in patients with coronavirus disease 2019 (COVID-
19) showed that those findings could be identified by OCT [2,3]. On
the other hand, none of those findings were observed by OCT in the
present case. In addition, we further confirmed that the initial DES had
been successfully implanted without suboptimal findings on OCT.
These facts suggest that the systemic hyper thrombogenic state and
any invisible change affecting focal thrombogenicity at the stented site
were playing the role for the development of thrombus in the present
patient.

The enhanced prothrombotic state in patients with COVID-19 has
been reported and explained by the dysregulated immune responses
and platelet hyperactivation [4]. Some reported cases of stent thrombo-
sis in COVID-19 patients with appropriate antiplatelet drugs may sup-
port the existence of their hyper thrombogenicity in coronary lesions
[3,5]. The higher thrombus burden in COVID-19 patients with ST-
segment elevation myocardial infarction shown in a recent study also
supports their enhanced thrombogenicity in coronary lesions [6]. The
focal enhancement of thrombogenicity may be partly caused by the
change in microenvironment of endothelium via activated inflamma-
tory response, including endothelial cell erosion and deterioration of
endothelial glycocalyx [7]. The white thrombus-dominancy without
other visible morphological abnormalities on OCT images in the present
case might be a proof of focal endothelial damage in neointimal tissue
and subsequent platelet aggregation [8]. Another characteristic of the
bosis. (A) Angiogram showing a total occlusion at the middle of implanted drug-eluting
in the panel A, showing several white thrombi (arrowheads) without concomitant strut
lloon dilation at ‘c’ in the panel A, showing thick homogenous neointima (asterisks) with
nd thrombus-rich segment. (D) Angiogram showing flow recovery after drug-coated bal-
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present case is the lack of symptoms of COVID-19 before the onset of
VLST. This may suggest that the dysregulated immune responses, plate-
let hyperactivation, and endothelial dysfunction resulting in coronary
thrombosis already initiate even if a patient with SARS-CoV-2 is asymp-
tomatic. The concomitant severe obesity, current smoking, and diabetes
may further activate and modulate systemic thrombogenicity in the
present case. Although we added aspirin to his daily clopidogrel in the
present case, the prescription of prasugrel instead of clopidogrel might
be a safer option given the presence of potential drug interaction with
agents for the treatment of COVID-19 and the potential of limited
anti-platelet efficacy caused by gene polymorphism of P2Y12 receptors
[9]. Further strategies are urgently required to prevent fatal adverse
event in patients with prior coronary stent implantation in this
COVID-19 pandemic era.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jccase.2022.04.011.
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