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Keywords

Recurrent vasospastic angina sometimes occurs. Fresh thrombi have been known to arise without plaque rupture
at coronary spasm sites due to blood flow stagnation and intimal erosion caused by vasospasms. The relationship
between recurrence of vasospastic angina and thrombus formation remains unclear.

A 67-year-old man presented with sudden chest pain at rest. Electrocardiography and coronary angiography indi-
cated vasospastic angina. His chest pain persisted despite the administration of benidipine, isosorbide mononitrate,
nicorandil, and nifedipine. Coronary angiography performed one month after initial presentation showed stenosis
refractory to isosorbide administration. Optical coherence tomography revealed a healed plaque, and a stent was
deployed. The patient remained symptom-free at 1-year follow-up.

Prolonged coronary vasospasm with limited coronary blood flow could induce total occlusion of the coronary ar-
tery, and acute thrombus formation, which resulted in healed plaque erosion. When vasospastic angina cannot be
controlled, rapidly progressive stenosis caused by healed plaque erosion could be its underlying cause and mechan-
ism. This report indicates that antiplatelet therapy may be a preventive option for future recurrent vasospastic an-
gina, especially in those caused by healed plaques.

Case report e Vasospastic angina ® Optical coherence tomography e Healed plaque ¢ Acute coronary
syndrome

. . Introduction
Learning points
® Optical coherence tomography may be useful to determine Coronary artery spasm is implicated in the pathogenesis of variant
the cause of recurrence of vasospastic angina. © angina and acute coronary syndrome (ACS)."* Attacks of vasospastic
® When vasospastic angina cannot be controlled, rapidly : angina can usually be relieved or suppressed using coronary vasodila-
progressive stenosis caused by healed plaque erosion might be : tors such as nitrates and calcium channel blockers. However, in some
the underlying cause and mechanism. patients, vasospastic angina is intractable and resistant to drug treat-
® Percutaneous coronary intervention could be considered as a © ment, and its attacks cannot be relieved or suppressed.’
potential therapy for refractory vasospastic angina if The most common pathologic findings of ACS are plaque rupture,
angiography and intravascular imaging are suggestive of an plaque erosion, and calcified nodules, which lead to occlusive throm-
atherosclerotic aetiology. © bus formation in the coronary arteries.* This paradigm serves as the
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theoretical basis of using antiplatelet therapy in ACS. However, fresh
thrombi have been known to arise without plaque rupture at coron-
ary spasm sites due to blood flow stagnation and intimal erosion
caused by vasospasms.”

The relationship between recurrence of vasospastic angina and
thrombus formation remains unclear. We present the case of a pa-
tient with recurrent vasospastic angina due to healed plaque erosion.

Timeline
Emergency The patient presented with sudden chest pain at
depart- rest in the early morning.
ment (Day Electrocardiography showed an obvious ST-seg-

1) ment elevation in the leads |, aVL, and V1-5.
Emergent coronary angiography (CAG) was per-

formed due to acute ST-segment elevation myo-
cardial infarction. CAG showed severe stenosis
in the proximal portion of the left anterior
descending coronary artery (LAD). Following ad-
ministration of 5 mg isosorbide dinitrate, reso-
lution of both LAD stenosis and ST-segment
elevation were confirmed; thus, we established a
diagnosis of vasospastic angina.

Day 5 The patient was discharged. He was administered
benidipine (4 mg/day), isosorbide mononitrate
(40 mg/day), and rosuvastatin (2.5 mg/day) and
was free from any chest symptoms at the time of
discharge.

Day 11 He had further chest pain and was taken to out
hospital. His symptoms had already improved be-
cause of nitroglycerine administration before
transport. Nicorandil (15 mg/day) and nifedipine
(40 mg/day) were added to his medication regi-
men in the outpatient department. Following
this, he had multiple recurrences of chest pain.

Day 32 He was hospitalized for titration of medication.

Day 36 Chest pain occurred and electrocardiography
showed an obvious ST-segment elevation in the
leads |, aVL, and V1-5. Emergent CAG showed
severe organic stenosis; therefore, percutaneous
coronary intervention was performed.

Day 39 He was discharged and dual antiplatelet therapy
with prasugrel and aspirin was initiated.

1year He remained symptom-free.

Case presentation

A 67-year-old Japanese man presented with sudden chest pain at
rest. The chest pain persisted for 30 min and gradually decreased, and
he was taken to our hospital. He was a former smoker, and his past
medical history was significant for type 2 diabetes mellitus and hyper-
tension, both of which were controlled by diet and exercise therapy.

His low-density lipoprotein level was 101 mg/dL (upper limit of nor-
mal: 140 mg/dL); high-density lipoprotein level, 66 mg/dL (lower limit
of normal: 35 mg/dL); triglycerides level, 69 mg/dL (upper limit of nor-
mal: 150 mg/dl); and HbA1c level, 6.5% (upper limit of normal: 6.2%).
He was not on any medications previously, including antiplatelet
drugs.

The patient’s vital signs were stable. Physical examination showed
significant facial and conjunctival pallor. There were no additional
heart sounds on auscultation or pulmonary rales. Electrocardiogra-
phy exhibited ST-segment elevation in leads |, aVL, and V1-5 (Figure
1A). Emergent coronary angiography (CAG) was performed due to
acute ST-segment elevation myocardial infarction. CAG revealed se-
vere stenosis in the proximal portion of the left anterior descending
coronary artery (LAD) but no obvious atherosclerotic stenosis in
any other lesions (Figure 2A and Supplementary material online, Video
$1). Following an intracoronary infusion of 5 mg isosorbide dinitrate
(ISDN), resolution of both LAD stenosis and ST-segment elevation
were confirmed, leading to a diagnosis of vasospastic angina (Figures
1B and 2B and Video 1). Transthoracic echocardiogram showed nor-
mal left ventricular ejection fraction with no asynergy. On arrival,
troponin | and creatinine kinase MB (CK-MB) levels were normal.
Two hours later, the troponin | level had increased to 0.031 pug/mL
(upper limit of normal: 0.026 pg/mL), and the CK-MB level was
normal.

The patient was administered benidipine (4 mg/day), isosorbide
mononitrate (40 mg/day), and rosuvastatin (2.5 mg/day). He was free
from any chest symptoms at the time of discharge. However, 1 week
later, he experienced chest pain and was taken to our hospital. His
symptom had already improved because of nitroglycerine administra-
tion before transport. The efficacy of nitroglycerine indicated recur-
rent vasospastic angina. Nicorandil (15mg/day) and nifedipine
(40 mg/day) were added to his medication regimen. However, chest
pain continued to occur frequently, only at rest, in the left chest re-
gion, with no radiation. There were no aggravating or relieving fac-
tors. The frequency of chest pain gradually increased. Therefore, he
was hospitalized for titration of medication one month after the initial
CAG.

Chest pain occurred in the early morning on Day 4 after hospital-
ization and electrocardiography revealed obvious ST-segment eleva-
tion in leads I, aVL, and V1-5 (Figure 1C). Emergent CAG was
performed before nitroglycerine administration, which revealed the
same site of severe stenosis in the LAD (Figure 3A and Supplementary
material online, Video S2). This severe stenosis did not improve after
intracoronary infusion of 5mg ISDN (Figure 3B and Video 2). Optical
coherence tomography (OCT) was performed to confirm the mor-
phological features of the lesion. OCT showed multiple signal-rich
layers with different optical densities and clear demarcation from
underlying components: layered heterogeneous pattern (Figure 4 and
Video 3). These findings were consistent with healed plaque, charac-
terized by distinct layers of organized thrombus or collagen. The per-
cutaneous coronary intervention was performed considering that
rapidly progressive stenosis caused by healed plaque erosion might
be the underlying cause and mechanism of recurrent vasospastic an-
gina. A 3.0/13mm Lacrosse NSE™" (Goodman Co., Ltd, Nagoya,
Japan) was used for pre-dilatation. Thereafter, an everolimus-eluting
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Figure | Electrocardiography. (A) Electrocardiogram shows anterior ST-segment elevation myocardial infarction. (B) ST resolution is confirmed
after the administration of isosorbide dinitrate. (C) Electrocardiogram reveals obvious ST-segment elevation for the second time.

Figure 2 The initial coronary angiogram. (A) Severe stenosis of
the left anterior descending coronary artery (arrow) before the ad-
ministration of isosorbide dinitrate. (B) Dilation of a severe stenotic
lesion in the left anterior descending coronary artery (arrow) after
the administration of isosorbide dinitrate.

stent (3.0/15 mm) was successfully implanted (Supplementary mater-
ial online, Video S3).

On the day of the second coronary angiography, troponin | and
CK-MB levels were normal. Transthoracic echocardiogram showed
normal left ventricular ejection fraction with no asynergy. The re-
mainder of his hospital stay was uneventful. Dual antiplatelet therapy
with prasugrel 3.75 mg and aspirin 100 mg was initiated. The patient
remained symptom-free at the 1-year follow-up visit.

Discussion

We report the case of a patient with recurrent vasospastic angina
due to healed plaque. Acute disturbances in blood flow caused by
acute vascular narrowing could induce endothelial damage and

Video | The nitial coronary angiogram shows resolution of sten-
osis in the left anterior descending coronary artery after the admin-
istration of isosorbide dinitrate.

erosive injury to plaques with consequent thrombus formation.®
Spasms are associated with more frequent thrombus formation and
plaque erosion.” A previous intravascular imaging study using OCT
showed that substantial proportions of spasm sites exhibited luminal
irregularity,>’ which is pathologically consistent with a surface throm-
bus.® This suggests a close relationship between thrombus formation
and persistent spasms.

The thrombotic response is dynamic, including thrombosis and
thrombolysis, and often associated with vasospasm. These responses
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Figure 3 The second coronary angiogram. (A) Severe stenosis in
the left anterior descending coronary artery (arrow) before the ad-
ministration of isosorbide dinitrate. (B) Severe organic stenosis in
the left anterior descending coronary artery (arrow) remains after
the administration of isosorbide dinitrate.

Video 2 The second coronary angiogram shows severe organic
stenosis in the left anterior descending coronary artery remains
after the administration of isosorbide dinitrate.

tend to occur simultaneously, causing intermittent flow and the for-
mation of a layered thrombus over several days.9

In this case, the patient experienced recurring chest pain, despite
the administration of a vasodilator administration. During vasospastic
angina, a thrombus gradually developed without causing myocardial
infarction. The presence of a severe stenotic lesion with multiple
layers at different optical densities and clear demarcation from under-
lying components exhibited hallmark features consistent with healed
plaque erosion."® Based on these findings, rapid progression of severe
stenosis due to healed plaques may be considered a cause of recur-
rent vasospastic angina.

Evidence regarding various pharmacotherapeutic options for vaso-
spastic angina is limited. Table 1 shows medications for patients with
vasospasm according to the 2019 European Society of Cardiology

Figure 4 Optical coherence tomography. (A) Imaging of the rap-
idly, progressive stenosis. (B) Black border indicates the layers of
the vascular. There is healed plaque inside the border and fibrous
plaque outside the border.

Video 3 Optical coherence tomography imaging of the rapidly,
progressive stenosis.

guidelines,"” 2013 Japanese Circulation Society guidelines,® and
American Heart Association/American College of Cardiology guide-
lines." It is unclear whether antiplatelet therapy suppresses future
cardiovascular events in patients with coronary vasospastic angina.
Patients with vasospastic angina without significant coronary artery
stenosis who are administered low-dose aspirin have a higher risk of
major adverse cardiac events, indicated primarily by a tendency to-
wards rehospitalization.'® Another study assessed clinical manifesta-
tions of ACS and all patients with vasospastic angina. The use of
aspirin prevented myocardial infarction and chest pain recurrence in
patients with vasospasm-induced with ACS, suggesting that it might
be a useful therapy in certain patients.14

Prolonged coronary vasospasm with limited coronary blood flow
may induce total occlusion of the coronary artery and formation of

acute thrombus, which can result in healed plaque erosion. When
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Table I Maedications of patients with vasospasm

Drug classes

Common drugs

During an attack Short-acting nitrates
Non-DHP CCB
DHP CCB

Long-acting nitrates

First line for prevention

Second line for prevention
Alternative pharmacotherapy
Steroid
Rho-kinase inhibitor
Statins

Alphal-adrenergic receptor antagonists

Late sodium ion channel inhibitor

Endothelin receptor antagonist

Sub-lingual nitroglycerine
Diltiazem IR

Long-acting nifedipine
ISDN

0.3-0.6 mg once

120-960 mg daily

40-160 mg daily
20-80 mg once daily

Nicorandil 20 mg daily
Prednisolone 30 mg daily
Fasudil 300 pg/min for 15 min
Fluvastatin 30 mg daily
Prazosin 8-30 mg daily
Ranolazine 1000 mg twice daily
Bosentan 125 mg twice daily
Cilostazol 100 mg twice daily

CCB, calcium channel blocker; DHP, dihydropyridine; IR, immediate release; ISDN, isosorbide dinitrate.

vasospastic angina cannot be controlled, rapidly progressive stenosis
caused by healed plaque erosion might be its underlying cause and
mechanism. Therefore, this finding might indicate that antiplatelet
therapy may be a preventive option for future recurrent vasospastic
angina, especially in those caused by healed plaques. According to a
previous study, this could have been the mechanism by which the use
of antiplatelet therapy prevented myocardial infarction and chest
pain recurrence in patients with vasospasm-induced with ACS.™

Stenting was an effective treatment in this patient with recurrent
vasospastic angina with healed plaque. However, stenting is not advis-
able in patients with vasospastic angina for obvious reasons.'”
However, stenting could be considered as a potential therapy for re-
fractory vasospastic angina if angiography and intravascular imaging
were suggestive of an atherosclerotic aetiology.

Conclusions

Optical coherence tomography may be useful to determine the cause
of recurrence of vasospastic angina. When vasospastic angina cannot
be controlled, rapidly progressive stenosis caused by healed plaque
erosion might be its underlying cause and mechanism.
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