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ABSTRACT Myocardial infarction without angiographic moderate to severe stenosis (> 50%) and any other related diagnosis
on clinical presentation is defined as myocardial infarction with nonobstructive coronary arteries (MINOCA). Common causes of
MINOCA working diagnosis includes plaque disruption, spontaneous coronary artery dissection, coronary artery spasm, coron-
ary thromboembolism, Takotsubo cardiomyopathy, and myocarditis. Clinical history, assay of myocardial enzymes, electrocardi-
ogram, echocardiography, coronary angiography, and left ventriculography facilitate the initial diagnosis of MINOCA and rev-
eal the underlying causes, while cardiovascular magnetic resonance and optical coherence tomography (OCT) are used to con-
firm the diagnosis. Although cardiovascular magnetic resonance is the gold standard noninvasive diagnostic tool for MINOCA,
its ability to diagnose the cause and mechanism underlying this condition in the coronary arteries is limited because of its image
resolution. Observational studies have demonstrated that OCT can be used to determine the underlying cause of MINOCA by in-
vestigating the characteristics of the culprit lesions and to predict the prognosis of the patients. In this article, we review the cur-
rent diagnostic approach for MINOCA focusing on each imaging tool. Furthermore, we reevaluate the role of OCT in the clinical
management of MINOCA. Identifying the cause of MINOCA through OCT might help select optimal and effective drug treatm-

ents and improve prognosis.

cute myocardial infarction (AMI) is a lead-

ing cause of mortality worldwide."! Howev-

er, diagnosis and treatment of patients with
AMI without significant epicardial coronary obstruction
is challenging.”

High-sensitivity cardiac troponin assay is used to dia-
gnose AMI based on the presence of at least one tropo-
nin with a concentration exceeding the 99" percentile
upper reference limit."” Suspected AMI is typically con-
firmed with coronary angiography (CAG) as the ups-
tream investigation to determine the presence of epicar-
dial coronary obstruction and guide decision-making for
revascularization and medical therapies. The absence of
obstructive coronary artery disease (CAD) in major epi-
cardial vessels (stenosis severity < 50%) on CAG leads to
a working diagnosis of myocardial infarction with non-
obstructive coronary arteries (MINOCA)."]

Common causes of MINOCA working diagnosis in-
clude plaque disruption, spontaneous coronary artery
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dissection, coronary artery spasm, coronary thrombo-
embolism, Takotsubo cardiomyopathy, and myocarditis.
The European Society of Cardiology (ESC) and Americ-
an Heart Association guidelines recommend that the fi-
nal diagnosis of the cause underlying MINOCA should
be determined by cardiovascular magnetic resonance
(CMR) and several kinds of intravascular imaging.”* A
study using optical coherence tomography (OCT) re-
vealed variations in the prognoses of MINOCA with dif-
ferent underlying pathophysiologies."” The poor pro-
gnosis of MINOCA is often due to an inaccurate diag-
nosis of its underlying causes, resulting in inappropriate
drug treatments. During the diagnostic process for MI-
NOCA, patients with nonischemic origins were not cl-
early excluded, and most studies have been conducted
on heterogeneous populations. Recent reports have sug-
gested that early CMR can identify more accurate pati-
ent groups,"” and may be useful for future investigati-
ons of MINOCA. However, delayed intracoronary ima-
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ging evaluation due to early CMR might overlook hyper-
acute findings of thrombus or plaque disruption. Addi-
tionally, OCT may offer greater diagnostic accuracy than
CMR for ischemic causes of MINOCA. Therefore, dia-
gnosing the underlying cause of MINOCA using OCT
may help in determining the appropriate drug treat-
ment and improving prognosis. Herein, we review the
current diagnostic approaches, describing each techn-
ique and reevaluating the role of OCT in the clinical ma-
nagement of MINOCA.

CURRENT DIAGNOSTIC APPROACHES TO
MINOCA

The term MINOCA was first coined by John Beltrame
in 2013 to replace the former terminology for myocardial
infarction with normal coronaries, which included only
patients without atherosclerosis of the epicardial vessels
and excluded those with angiographic stenoses between
1% and 50%."" The 2015 ESC guidelines for patients with
acute coronary syndrome without persistent ST-segme-
nt elevation emphasized that nonobstructive CAD is de-
tected in 5%-20% of cases on CAG." In 2023, the ESC up-

dated their guidelines for acute coronary syndrome mana-
gement to include a dedicated section for MINOCA."

These guidelines recommend excluding clinically ove-
rt and systemic causes of myocardial injury, such as sep-
sis, pulmonary embolism, cardiac contusion, and other
noncardiac causes, despite elevated levels of cardiac tro-
ponins in high-sensitivity cardiac troponin assays and
including cardiac causes, such as structural myocardial
dysfunction- and ischemic myocardial injury-related con-
ditions to diagnose MINOCA. Suspected cases of MIN-
OCA are confirmed by a diagnostic algorithm (Figure 1).
Initial MINOCA diagnosis is based on clinical history,
examination of myocardial enzymes, electrocardiogram,
echocardiography, CAG, and left ventriculography. Cor-
onary spasm provocative testing, CMR, and OCT are em-
ployed to determine the underlying causes of MINOCA
and confirm the final diagnosis. Some reports have ad-
vocated for early CMR in investigating the causes of MI-
NOCA. Mileva, et al" suggested that early CMR should
be conducted on patients suspected of MINOCA with-
out stenosis of 50% or more. After being differentiated
from those with non-ischemic patterns, patients with is-
chemic patterns should undergo further examination with
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Figure1l Diagnostic algorithm for MINOCA. Diseases in which cardiac troponin levels are elevated due to noncardiac causes, such as
sepsis and pulmonary artery thromboembolism, are excluded (red). In suspected MINOCA cases (light blue), IVUS/OCT, acetylcho-
line provocation testing, and CMR are used to rule out non-ischemic heart diseases like Takotsubo cardiomyopathy and myocarditis. Thus,
a true diagnosis of MINOCA is obtained (green). CAD: coronary artery disease; CMR: cardiovascular magnetic resonance; ECG: electrocar-
diogram; IVUS: intravascular ultrasound; MINOCA: myocardial infarction with nonobstructive coronary arteries; OCT: optical coherence

tomography; SCAD: spontaneous coronary artery dissection.
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OCT and other methods. This approach addresses the is-
sue of non-ischemic origins not being clearly excluded
from the MINOCA patient population, leading to stud-
ies on heterogeneous groups. Early CMR can help iden-
tify a more accurate patient demographic, which is bene-
ficial for MINOCA research. However, early CMR scr-
eening may delay OCT examination, potentially missing
significant findings, such as thrombus and plaque dis-
ruption in the hyperacute phase. Additionally, OCT has
identified causative lesions in 40% of patients without
abnormal CMR findings."” This has suggested that ma-
ny MINOCA patients might be incorrectly classified as
non-ischemic by CMR. Therefore, relying on early CMR
screening could result in missing true MINOCA cases and
is considered an inappropriate diagnostic process. Our di-
agnostic algorithm recommends performing CMR to con-
firm the underlying mechanism only after excluding vas-
cular causes through OCT and coronary spasm provocati-
ve testing.

Coronary Angiography

CAG is the typical upstream diagnostic test for AML
For patients with obstructive CAD, the diagnosis is clear,
and the treatment plan can be selected according to the
CAG findings. Obstructive CAD may involve plaque di-
sruption or coronary artery embolism in small coronary
artery branches, leading to complete occlusion, or = 50%
distal stenosis in a major epicardial artery. On the other
hand, the diagnostic criteria for MINOCA include hav-
ing non-obstructive coronary arteries on angiography
(< 50% stenosis). Therefore, CAG findings are crucial and
should be thoroughly rechecked for any oversights be-
fore proceeding with further examinations. In MINOCA,
coronary atheromatous plaque tends to develop eccent-
rically, and CAG mostly shows normal findings or mild
stenosis.!"! Although CAG may indicate plaque disrup-
tion, it cannot determine the exact pathogenic mechan-
ism underlying MINOCA.""") Moreover, since myocar-
dial injury may be induced by distal thromboembolism
and/or vasospasm, a complete vascular occlusion may
not be visible with CAG alone.””

Left Ventriculography

In cases of acute myocardial injury, left ventriculog-
raphy or echocardiography are performed to assess wall
motion abnormality, enabling clinicians to diagnose Ta-
kotsubo cardiomyopathy.”"! Since left ventricular wall mo-
tion evaluation by echocardiography may be insufficie-
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nt, left ventriculography is recommended. In patients
with suspected MINOCA, cardiac ventriculography ru-
les out stress cardiomyopathy, or Takotsubo cardiomy-
opathy, which has a prevalence of 2% in suspected AMI
cases.” Figure 2 shows the left ventriculography of a pa-
tient with Takotsubo cardiomyopathy. Enhanced sym-
pathetic activity with catecholamine-induced toxicity in
cardiomyocytes, triggered by emotions and/ or physical
stressors, underlie acute myocardial injury.”” Because
such acute myocardial injury is nonischemic, Takotsubo
cardiomyopathy is not considered MINOCA."" Takot-
subo cardiomyopathy diagnosis by cardiac ventriculo-
graphy is limited by the lack of unique diagnostic char-
acteristics. Nevertheless, Takotsubo cardiomyopathy has
several distinct features, including apical ballooning and
midventricular, basal, and focal patterns, with potential
transitions across types and varying clinical presenta-
tions.”” Concomitant CAD has been reported in 10%-
29% of patients with Takotsubo cardiomyopathy, and
AMI is a trigger for this condition."”” Although cardiac
ventriculography is traditionally regarded as the dia-
gnostic gold standard for excluding Takotsubo cardi-
omyopathy in patients with suspected MINOCA, con-
clusive differentiation from AMI, myocarditis, and other
cardiomyopathies is only possible with CMR.""

Coronary Spasm Provocative Testing

Provocative testing with intracoronary acetylcholine
or ergonovine administration enables the evaluation of
epicardial coronary spasm as a cause of MINOCA.”~ A
positive response to acetylcholine or ergonovine spasm
provocation testing is defined by transient occlusion or
narrowing (> 90%) of a coronary artery with signs and sy-
mptoms of myocardial ischemia (angina/ST changes)."”
Figure 3 shows patients with MINOCA due to coronary
spasm and administration of acetylcholine caused 99%

Left ventriculography during the acute stage of Takotsubo cardio-
myopathy shows apical ballooning (A: systole, B: diastole). Typic-
al apical ballooning was observed during diastole.
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stenosis of the left anterior descending coronary artery.
Coronary spasm provocative tests have been reported
to be safe even in the case of AML™ A study compar-
ing 84 patients with acute coronary syndrome who un-
derwent acetylcholine provocation testing during emer-
gency CAG with 445 patients tested in a non-emergency
setting found no difference in serious complications or
mortality between the groups.""! Therefore, under care-
fully monitored conditions, acetylcholine provocation te-
sting is considered safe for patients suspected of MIN-
OCA, after excluding causes, such as plaque rupture. Pr-
ior research has indicated that a positive provocative test
is predictive of adverse clinical outcomes in MINOCA,
with 43%-54% of patients showing coronary vasospa-
sm.""!! Therefore, coronary spasm provocative tests are
important for identifying patients with poor prognosis in
MINOCA. This will help in determining appropriate
medical interventions to improve prognosis of MINOCA
with coronary spasms.

Cardiovascular Magnetic Resonance

CMR provides accurate visualization of abnormalities
in regional wall motion, allowing precise quantification
of left and right ventricular functions. T2-weighted and
late gadolinium enhancement (LGE) sequences are used
to assess both myocardial edema and scar formation. My-
ocardial edema marks the site of acute injury, and LGE is
crucial in distinguishing acute ischemic damages from
nonischemic injuries; intramyocardial or subepicardial
LGE suggests a nonischemic cause, typically myocardit-
is, while subendocardial (partial thickness) or transmur-
al involvement (full thickness) suggests an ischemic
cause.”*! Considering the ability of CMR to detect vari-
ous pathophysiological effects of reversible (e.g., inflam-
mation and edema) and irreversible (e.g., necrosis and
fibrosis) acute myocardial injury, it is the gold standard

Figure 3 Coronary spasm provocative testing. Changes in coro-
nary angiograms of the left coronary artery. (A): Pre-acetylcholine,
normal coronary; and (B): during intracoronary acetylcholine infu-
sion, 99% stenosis of the left anterior descending.
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among noninvasive tools for diagnosis of MINOCA."!
Moreover, CMR is invaluable in assessing Takotsubo
cardiomyopathy, in which the absence of LGE, uniform
regional distribution of edema, and specific wall motion
abnormalities characterized by apical ballooning, mid-
ventricular, basal, and focal pattems.m] However, CMR
is not able to determine characteristics of coronary cul-
prit lesion-causing acute myocardial injury. A previous
study showed that despite normal CMR findings, the
culprit lesion was identified by OCT in 40% of MINO-
CA "'Hence, the diagnostic capacity of CMR for MIN-
OCA may be limited.

ROLE OF OCT IN CLINICAL MANAGEMENT
OF MINOCA

OCT is a high-resolution tool for understanding of pl-
aque characterization.""! It can distinguish between the
different components of plaque and thrombus by exp-
loiting the unique optical properties of each tissue, such
as fibrous, lipidic, and calcified components.”” Coronary
thrombosis is the most frequent final event leading to an
acute coronary syndrome in patients with obstructive
CAD. Autopsy studies have revealed that plaque rup-
ture of thin-cap fibroatheroma, plaque erosion, and cal-
cified nodule are the most common underlying mechan-
isms leading to thrombus formation, and that OCT can
characterize the culprit plaque associated with these th-
ree pathologies.” Representative OCT images are sho-
wn in Figure 4. Because of its high resolution, OCT is us-
eful in the management of obstructive CAD."*) How-
ever, its use in the diagnosis of MINOCA is still limited.
Figure 5 shows a representative patient with MINOCA
whom OCT was useful for identifying the underlying
cause. Despite CAG showed no significant stenosis, thr-
ombus formation in the left main trunk was detected by
OCT. Based on OCT findings, plaque erosion and subs-
equent thrombus formation probably be the cause of MI-
NOCA in this case.

Observational studies have shown that OCT can be us-
ed to determine the underlying cause of MINOCA by vi-
sualizing plaque disruption or thrombus, thereby confi-
rming the final diagnosis, and to predict prognosis. In the
study using both OCT and CMR, 40% of patients with-
out abnormal findings on CMR had an OCT-identified
culprit lesion."” This finding underlines the importance
of OCT in the diagnosis of MINOCA and supports the gu-
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Figure4 Representative optical coherence tomography images. (A): Lipid plaque; (B): fibrous plaque; (C): red thrombus; (D): white th-
rombus; (E): plaque rupture; (F): plaque erosion; and (G): calcified nodule.

Figure 5 Coronary angiography and OCT in MINOCA. (A & B): Coronary angiography of a patient diagnosed with MINOCA. Coro-
nary angiography showed no stenosis > 50%, but OCT revealed a thrombus in the main trunk of the left coronary artery. (A) right ante-
rior oblique 30°/ caudal 20°, (B) right anterior oblique 0°/ cranial 30°; and (C): OCT image of the main trunk of the left coronary artery. Aste-
risk represents thrombus in the main trunk of the left coronary artery. MINOCA: myocardial infarction with nonobstructive coronary arte-

ries; OCT: optical coherence tomography.

idelines recommending multimodal imaging in patients
with MINOCA. Zeng, et al™ studied 190 patients with
MINOCA using OCT and found atherosclerotic causes
of MINOCA (plaque erosion, plaque rupture, and nod-
ule calcification) in 64 patients (33.7%). Nonatheroscler-
otic causes of MINOCA (spontaneous artery dissection
and coronary spasm) were found in 91 patients (47.9%).
Compared to patients with nonatherosclerotic causes of
MINOCA, those with atherosclerotic causes had worse
clinical outcomes, higher incidence of major adverse car-
diac events (15.3% vs. 4.5%, P= 0.015), and more freque-
nt target lesion revascularization (6.1% vs. 0%, = 0.030).
Taruya, et al” investigated the utility of OCT in predict-
ing the prognosis of MINOCA and found that patients
with high-risk lesions detected by OCT had poorer pro-
gnoses. Treatment with statins and angiotensin-convert-
ing enzyme inhibitor/angiotensin receptor blocker can
reduce major adverse cardiac events in patients with
MINOCA by 23% and 18%, respectively.” Thus, rega-

E http://www.jgc301.com; jgc@jgc301.com

rdless of the cause, anti-atherosclerotic drugs are effec-
tive in treating MINOCA. In contrast, dual antiplatelet
therapy, which is commonly used to prevent myocardi-
al infarction with CAD, did not significantly reduce ma-
jor adverse cardiac events in that study.” Thus, patient
selection for antiplatelet therapy based on the character-
istics of the coronary culprit lesion on OCT may be requ-
ired. Identification of the precise cause of MINOCA us-
ing OCT potentially help select optimal and effective dr-
ug treatments, thereby improving prognosis.

In another study, Usui, et al®™ used OCT to identify
differences between MINOCA and obstructive coronary
lesions in women. While recently ruptured plaque and
intraplaque hemorrhage were more prevalent in pati-
ents with MINOCA, plaque rupture with a persistent ca-
vity and thrombus were more frequently found in pa-
tients with obstructive coronary lesions. These findings
suggest a different etiopathogenetic mechanism under-
lying MINOCA, as highlighted by OCT.
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CONCLUSIONS

MINOCA is a group of heterogeneous diseases with
various underlying causes. Although CMR is the gold
standard noninvasive diagnostic tool for MINOCA, its
ability to diagnose the underlying cause and mechanism
of MINOCA is limited. Despite the absence of obvious
coronary stenosis in MINOCA, some patients with this
disease have a high risk for adverse cardiovascular ev-
ents. To improve prognosis in patients with MINOCA,
precisely identifying the underlying cause is important.
OCT plays an important role in diagnosing and under-
standing the mechanism of MINOCA. 1t is particularly
useful in identifying the culprit lesions and their charact-
eristics as atherosclerotic lesions. If the underlying cau-
ses of MINOCA can be precisely identified, optimal and
effective drug treatments may be selected for patients,
and improving their clinical outcomes finally.
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