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ABSTRACT

Myocardial infarction with no obstructive coronary artery disease
(MINOCA) represents 6%-15% of all acute coronary syndromes, and
women are disproportionately represented. MINOCA is an encompass-
ing preliminary diagnosis, and emerging evidence supports a more
expansive comprehensive diagnostic and therapeutic clinical approach.
The current clinical practice update summarizes the latest evidence
regarding the epidemiology, clinical presentation, and diagnostic eval-
uation of MINOCA. A cascaded approach to diagnostic workup is out-
lined for clinicians, for noninvasive and invasive diagnostic pathways,
depending on clinical setting and local availability of diagnostic mo-
dalities. Evidence concerning the nonpharmacological and pharmaco-
logical treatment of MINOCA are presented and summarized according
to underlying cause of MINOCA, with practical tips on the basis of expert
opinion, outlining a real-life, evidence-based, comprehensive approach
to management of this challenging condition.
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RESUME

L'infarctus du myocarde sans obstruction des artéres coronaires
(MINOCA) représente entre 6 et 15 % des syndromes coronariens aigus
et touche nettement plus les femmes que les hommes. Le MINOCA est
un diagnostic préliminaire général. Or, des données récentes militent en
faveur d’'une approche clinique diagnostique et thérapeutique plus
large. La mise a jour actuelle de la pratique clinique résume les der-
niéres données concernant I'épidémiologie, le tableau clinique et
I'évaluation diagnostique du MINOCA. Une démarche diagnostique en
cascade y est décrite a I'intention des cliniciens; celle-ci prévoit I'utili-
sation de procédures diagnostiques invasives ou non selon la situation
clinique et les modalités diagnostiques accessibles a I'échelle locale.
Les données se rapportant au traitement pharmacologique et non
pharmacologique du MINOCA y sont présentées et résumées en fonc-
tion de la cause sous-jacente et s’accompagnent de conseils judicieux
reposant sur I'avis d’experts pour opposer a cette maladie complexe
une stratégie de prise en charge concréte, compléte et factuelle.

This statement was developed following a thorough consideration of
medical literature and the best available evidence and clinical experience. It
represents the consensus of a Canadian panel comprised of interdisciplinary
experts on this topic. The statement is not intended to be a substitute for
physicians using their individual judgement in managing clinical care in
consultation with the patient, with appropriate regard to all the individual
circumstances of the patient, diagnostic and treatment options available and
available resources.

0828-282X/© 2024 The Authors. Published by Elsevier Inc. on behalf of the Canadian Cardiovascular Society. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Myocardial infarction (MI) with no obstructive coronary artery
disease (MINOCA) represents 6%-15% of MIs.'* MINOCA
is a heterogenous and preliminary “umbrella” diagnosis.
However, when thoroughly investiﬁated, an underlying etiol-
ogy can be identified in most cases.” A persistent gap in clinical
outcomes is observed in women diagnosed with MI, including
increased risk of in-hospital death, recurrent M1, and long-term
mortality” with proportionately higher mortality rates after MI,
particularly in younger women in Canada’ who are also more
likely to be diagnosed with MINOCA. Furthermore, trials
concerning diagnostic testing have shown the utility of
advanced cardiac imaging techniques including cardiac mag-
netic resonance imaging (CMR) and optical coherence to-
mography (OCT) in establishing underlying etiologies of
MINOCA.” In MINOCA patients with plaque disruption or
coronary vasospasm, tailored ~management approaches
including secondary prevention and pharmacologic therapies
have been associated with improved outcomes. Emerging evi-
dence currently supports a more expansive comprehensive
diagnostic and therapeutic clinical approach to MINOCA,
highlighting the need for an up-to-date review and summary of
recent data for today’s cardiovascular clinician.

In the current document the epidemiology, clinical pre-
sentation, diagnostic workup, and treatment of underlying
causes of MINOCA are summarized. Other international
cardiovascular societies have previously published position
statements on MINOCA.'”"" Tn the present document data
gathered through an updated systematic review are summa-
rized, with a view from the perspective of unique aspects and
challenges within the Canadian healthcare landscape.

Methods

A systematic review according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines was conducted (Supplemental Fig. S1); the meth-
odology is summarized in Supplemental Appendix S1. Iden-
tified literature through this review form the basis of this
clinical practice update.

Definition

MINOCA is defined as MI (per the fourth Universal
Definition of MI) without significant coronaty artery ste-
nosis (ie, > 50%) on coronary angiography.'’ The cutoff

Table 1. Diagnostic criteria for MINOCA
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threshold of 50% diameter stenosis for defining “obstructive
coronary artery disease” (CAD) in MINOCA is on the basis
of historical studies that have evaluated coronary flow limi-
tation in the presence of increasing degrees of stenosis.'” In
general terms, MI occurs because of obstruction of the blood
supply to the myocardium, typically by a severe atheroscle-
rotic stenosis, plaque disruption with thrombosis, intra-
luminal dissection, embolus, or vasospasm (macro or
microvascular) causing local tissue death or apoptosis. In
MINOCA, MI might occur because of these same mecha-
nisms, however, the coronary arteries either appear normal or
present luminal obstructions < 50% on coronary
angiography.

MINOCA is thus comprised of a heterogenous group of
cardiovascular disorders, including atherosclerotic and non-
atherosclerotic conditions, which result in MI that is not due
to obstructive CAD. It has become a term that is useful in
grouping together diagnostic pathways when exploring the
underlying pathophysiology of MI, in the absence of
obstructive CAD. It is also important to make the distinction
between MI and myocardial injury in the absence of
obstructive CAD. For this reason, the definition of
MINOCA also presumes that nonischemic causes of
myocardial injury, like myocarditis or Takotsubo cardio-
myopathy, have been excluded. It also requires that other
forms of obstructive CAD have not been overlooked
(Table 1). Notably, intraluminal spontaneous coronary ar-
tery dissection (SCAD) causing > 50% luminal obstruction
is generally not considered to be MINOCA; however,
sometimes SCAD can be a difficult angiographic diagnosis to
establish, and “missed” diagnoses of SCAD might be labelled
as MINOCA, until the specific diagnosis is established. In
the absence of concomitant obstructive CAD, vasospasm
causing MI is considered a cause of MINOCA, because of
the transient nature of ischemic obstruction. MINOCA is
distinct from ischemia with no obstructive CAD (INOCA),
in that myocardial injury as evidenced by biomarker release is
required to fulfill the definition of MINOCA, whereas car-
diac biomarkers are normal in INOCA.

Epidemiology

Awareness of MINOCA has increased over the past few de-
cades, especially with increasing utilization of high-sensitivity
cardiac biomarkers with sex-specific interpretation thresholds,

The diagnosis of MINOCA after coronary angiography for AMI-specific requirements:

1. Meets criteria for AMI, per fourth universal definition of myocardial infarction; detection of an increase and/or decrease in troponin level

with at least 1 value > 99th percentile
And at least 1 of the following:

e Symptoms of myocardial ischemia
New ischemic ECG changes
Development of pathological Q waves

Identification of a coronary thrombus using angiography or in autopsy

Imaging evidence of new loss of viable myocardium or new RWMA consistent with ischemic etiology

2. No obstructive coronary artery disease (> 50% stenosis) in any epicardial artery or overlooked form of obstructive disease

(spontaneous coronary artery dissection, embolus)

3. No clinically overt specific cause for the acute presentation (ie, myocarditis, Takotsubo cardiomyopathy)

AMI, acute myocardial infarction; ECG, electrocardiogram; MINOCA, myocardial infarction with no obstructive coronary artery disease; RWMA, regional wall

motion abnormalities.
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in the assessment of acute chest pain syndromes.”” The reported
incidence of MINOCA is variable, representing up to 15% of
MIs, with the largest cohort studies reporting that MINOCA
represents 6% of all MIs."'*'* In the largest meta-analysis of
28 studies (median patient age 55 years; 40% female), a com-
parison of patients who presented with MI caused by obstructive
CAD (MI-CAD) showed MINOCA patients to be younger,
twice as likely to be female, and less likely to have hyperlipid-
emia, although other cardiovascular risk factors were similarly
prevalent." More recent studies have affirmed these findings,
noting age, sex, and racial differences with the occurrence of
MINOCA observed to be more common in younger in-
dividuals, women, and black patients.” In the Variation in Re-
covery: Role of Gender on Outcomes of Young AMI Patients
(VIRGO) study, MINOCA was seen in 1 of 8 women younger
than the age of 55 years who had an acute MI, and these younger
women had fivefold greater odds of MINOCA compared with
young men who presented with an acute ML°

Pathophysiology of MINOCA

Understanding  the underlying pathophysiology  of
MINOCA is necessary to optimize clinical management.
MINOCA can occur because of coronary plaque disruption,
thromboembolism, vasospasm, microvascular dysfunction, or
SCAD. MINOCA must also be distinguished from non-
ischemic “mimickers,” such as myocarditis and stress-induced
(Takotsubo) cardiomyopathy (Fig. 1).

Atherosclerotic causes account for approximately two-thirds
of MINOCA, and most commonly include plaque disrup-
tion due to rupture, erosion, and calcific nodules, all of which
can result in thrombus formation and distal thromboembo-
lization."” In these patients, the pathophysiology and risk
factor profile is similar to MI-CAD.

Nonatherosclerotic, coronary causes include epicardial coro-
nary vasospasm, thromboembolism, SCAD, and coronary
microvascular dysfunction (CMD).

Coronary vasospasm is a result of hyper-reactivity within the
vascular smooth muscle, in the epicardial and/or microvas-
cular vessels. Characterized by chest pain, transient electro-
cardiogram (ECG) changes, and responsive to nitroglycerin,
coronary vasospasm can occur spontaneously or because of
vascular smooth muscle hyper-reactivity in response to
endogenous or exogenous allergens (Kounis syndrome),"”
drugs (ie, 5-fluorouracil), toxins (cocaine), or tumours
(pheochromocytoma). In > 90% of cases, angiographic
vasoconstriction can be demonstrated during provocative
testing with acetylcholine or ergonovine.'™'” Smoking is a
risk factor for coronary vasospasm. Racial differences in
vasomotor reactivity have also been described.'?

SCAD is a unique nonatherosclerotic diagnosis occurring
primarily (> 90%) in women, whereby a coronary intra-
mural hematoma results in coronary luminal obstruction to
distal flow. SCAD, an angiographic diagnosis with distinctive
pathologic coronary artery features, is estimated to account
for approximately 4% of all MIs. Further, SCAD accounts
for approximately 40% of Mls in women aged younger than
50 years, and 14%-43% of pregnancy-related MIs."” How-
ever, a small percentage of SCAD cases might not be clearly
recognized on the initial diagnostic coronary angiogram and

additional imaging (OCT, intravascular ultrasound [IVUS])
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might be necessary to assess for the presence of intramural
hematoma - the angiographic hallmark of SCAD. Notably,
these patients might be misclassified as having MINOCA
until a definitive diagnosis of SCAD has been established.
SCAD occurs in the presence of heterogeneous, multifacto-
rial predisposing conditions and provocative factors,
including fibromuscular dysplasia (25%-86% prevalence)
and emotional or physical stress. However, inherited vascu-
lopathies such as vascular Ehlers-Danlos syndrome and
Marfan syndrome are infrequently reported (< 5%).”

Coronary thromboembolism is an uncommon cause of
MINOCA occurring in < 3% of reported cases.”' It can often
affect the microcirculation and might not be seen on a diag-
nostic angiogram, resulting in underdiagnosis. Emboli can
occur from thrombi formation within the coronary epicardial
arteries, within systemic arteries, or within cardiac chambers
or valves,”” resulting from hereditary or acquired causes."*”

CMD encompasses a spectrum of impaired nitric oxide-
induced vasodilation, characterized by enhanced microvas-
cular vasoconstriction, resulting in reduced myocardial blood
flow reserve.””” The prevalence of MINOCA cases attrib-
utable to CMD is uncertain.

Evidence on the precise etiologies of MINOCA is
limited. The Heart Attack Research Program (HARP)
study, in which additional OCT or CMR testing was done
in a cohort of 170 MINOCA patients, has provided some
context for prevalence estimations of MINOCA etiologies.”
OCT revealed a nonobstructive culprit lesion in 46% of
patients, and plaque disruption was the most frequently
identified cause, seen in 43% of the patients. However,
only 59% of the patients underwent 3-vessel OCT, rep-
resenting a limitation of the study.” In 3% of the cohort,
thrombus without plaque disruption was diagnosed, 2%
had evidence of coronary spasm, and 1 patient showed
evidence of SCAD. Using CMR, 20% were identified to
have a nonischemic cause, 53% were shown to have evi-
dence of ischemia, and no cause was identified in 16%.
Among patients who had OCT and CMR, 85% had an
identified abnormality on one or both studies. Despite
optimal workup, the cause of MINOCA remains undiag-
nosed in 8%-25% of cases.”

MINOCA does not include the diagnosis of type 2 MI,""
which should be considered if there is a clear cause of supply-
demand imbalance such as tachyarrhythmia, sepsis, anemia, or
hypotension. The definition of MINOCA also does not
include myocardial injury and subsequent infarction from
nonischemic causes, such as Takotsubo syndrome and
myocarditis, entities which also characteristically include no
significant obstructive CAD at the time of angiography, and
are thus termed MINOCA “mimickers.”

Clinical Presentation

Patients with MINOCA usually present similarly to pa-
tients with MI-CAD, with symptoms characterized most
often by acute chest discomfort or dyspnea, and elevated
cardiac troponin level. These might be accompanied by ECG
changes and new left ventricular regional wall motion ab-
normalities (RWMA). MINOCA occurs more frequently in
the setting of a non-ST elevation MI compared with ST-
elevation MI (STEMI).”® MINOCA, by definition, requires
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Figure 1. Underlying causes of myocardial infarction with no obstructive coronary artery disease (MINOCA).

coronary angiography to be established. Because of the simi-
larities in clinical presentation, and the absence of obstructive
CAD in Takotsubo cardiomyopathy and myocarditis, a
careful clinical history and characteristic findings on nonin-
vasive imaging will assist in differentiation.

Prognosis

The prognosis of patients who present with MINOCA is
not benign. Reporting of mortality, major adverse cardiovas-
cular events (MACE:s), and readmission rates has been re-
ported to be similar or lower, but not insignificant, for all age
groups of Patlents with MINOCA compared with those with
MI-CAD. In a large single-centre contemporary analysis,
the composite rate of mortality or nonfatal MI associated with
MINOCA was more than twice that for patients without
previous atherosclerotic cardiovascular disease (4.6% vs
2.2%), and compared with those with MI CAD, it was
approximately one-third (4.6% vs 14.3%).” CMR is of
prognostic value in MINOCA patients, because findings can
be used to stratify MACE outcomes according to CMR di-
agnoses of normal (3.5% 10-year MACE rate), acute
myocardial infarction (47%), myocardms (24%), or non-
ischemic cardiomyopathy (50%).”” In a recent publication
including 8560 consecutive STEMI patients, 5-year mortality
hazard risk was 1.93 times higher in patients with MINOCA
than those with MI-CAD; importantly, those with MINOCA
mimicker diagnoses had outcomes similar to MI-CAD pa-
tients, emphasmng the need to dlagnose underlying causes of
MINOCA at the time of the event.”

Investigations and Diagnosis
The diagnostic pathway for MINOCA follows a cascade in
which the clinician must progress through the following

diagnostic steps: (1) make a working diagnosis of MINOCA
by confirming universal criteria for MI are met, and that no
coronary artery stenoses > 50% are present; (2) carefully re-
evaluate coronary angiography images (with or without add-
ing intracoronary imaging in dubious cases) to ensure that
SCAD or small branch occlusions are not present; (3) exclude
mimic diagnoses such as Takotsubo cardiomyopathy or
myocarditis; and then (4) attempt to identify the underlying
pathophysiology of the MINOCA event. On the basis of this
cascade principle, Figures 2 and 3, used together, show a
proposed workflow algorithm to aid clinicians in establishing a
MINOCA diagnosis and to identify the inciting pathological
process. In developing this workflow algorithm, the panel
sought to incorporate the key diagnostic steps while at the
same time giving clinicians some degree of flexibility in
choosing their preferred initial pathway (invasive vs nonin-
vasive) on the basis of local availability of CMR and intra-
coronary imaging. As such, in some centres where CMR
imaging can be done on a timely basis, clinicians may pursue
an initial noninvasive pathway through CMR, then return to
the catheterization lab for additional intracoronary imaging as
a second step if still necessary. In other centres where intra-
coronary imaging can be done promptly and routinely, cli-
nicians might prefer to start with the invasive diagnostic route,
then use CMR as a second step when necessary. In some
centres where neither CMR nor intracoronary imaging are
easily accessible, temporary transfer to facilities with these
diagnostic options might be necessary to complete the
workup. The following sections outline the rationale and ev-
idence for specific diagnostic tests in the pursuit of a
MINOCA diagnosis and its pathophysiological etiology, while
discerning first-line tests that should be considered in all pa-
tients from those that are supplementary in nature and might
be used in selected situations.
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DIAGNOSTIC PATHWAY FOR MINOCA (PART 1)

MINOCA (working diagnosis) = AMI
No obstructive disease = 50% stenosis

i) Evaluate for SCAD and if available
at time of angiogram, perform

Diagnostic invasive coronary angiography

LV angiogram (OCT) (see Diagnostic Pathway

Part 2 - Invasive Testing)

Alternative explanation for clinical presentation? YES
(ie, Takotsubo, cardiac contusion, tachyarrhythmias, No MINOCA
pulmonary embolism, cardiotoxins, severe sepsis, etc?)

NO

Re-review of angiogram with interventional cardiologist

e outT'ILEk otoUbo specifically looking for missed SCAD, side branch occlusion
or obstructive CAD. Consider second opinion of angiogram.
[ No Takotsubo, SCAD, or missed CAD ]

v

If readily accessible, return to cath lab

Cardiac magnetic resonance imaging . S
o 2 s AND/OR for OCT during hospitalization
[ (within hospital admission, preferably = 14 days of event) (see Diagnostic Pathway Part 2 - Invasive Testing)

Subendocardial or Focal or multifocal Edema in basal, Subepicardial, patchy,
transmural LGE subendocardial, mid-wall, ) mid, or apical and/or mid-wall LGE
with associated or transmural LGE with Perfusmr.l defe.ct on segments without with associated edema,

edemaiin a regional associated edema, stressimazing LGE, in noncoronary [l +/-pericardial effusion
coronary territory +/- LV thrombus distribution and enhancement

I I I

[ pLllLLEE) ) (Thromboembolism ] Coronary Mimics: acute (peri)

microvascular myocarditis
dysfunction

Return to cath lab for OCT during
hospitalization (see Diagnostic

Pathway Part 2 - Invasive Testing)

Figure 2. Diagnostic pathway for myocardial infarction with no obstructive coronary artery disease (MINOCA)—Part 1. AMI, acute myocardial
infarction; CAD, coronary artery disease; cath lab, catheterization laboratory; LGE, late gadolinium enhancement; LV, left ventricular; OCT, optical
coherence tomography; SCAD, spontaneous coronary artery dissection; TTE, transthoracic echocardiogram.
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DIAGNOSTIC PATHWAY PART 2 - INVASIVE TESTING

Perform OCT on initial coronary cathetherization when available
OR
When not performed initially, return to cath lab for OCT during hospitalization

Negative Intimal bumping

Consider coronary
physiology study
+ ACh provocation

Rupture, erosion,
calcified nodule

Intimal tear, Coronary embolus
intramural

hematoma

Coronary [ Epicardial spasm ]

[Plaque disruption ]

SCAD

)

] [Coronary embolism J

microvascular

dysfunction

Figure 3. Diagnostic pathway for myocardial infarction with no obstructive coronary artery disease (MINOCA)—

Blinded, third-party
review angiogram to
confirm SCAD

Thrombophilia
screen/TEE/
hematology consult

Part 2. ACh, acetylcholine; cath lab,

catheterization laboratory; OCT, optical coherence tomography; SCAD, spontaneous coronary artery dissection; TEE, transesophageal

echocardiography.

Laboratory assays (first-line)

Troponin assessment, ideally with high-sensitivity assays
interpreted according to sex-specific thresholds, is essential to
the diagnosis of MINOCA. Additional laboratory testing is
dependent on the clinical presentation. Conditions predis-
posing patients to a type 2 MI should be appropriately
investigated. Routine bloodwork with a complete blood count
is done to rule out anemia, inflammation (C-reactive protein),
or infection. Additionally, when there is clinical suspicion,
workup should include investigations for pulmonary embo-
lism. If an embolic etiology is suspected, thrombophilia
assessment should be additionally pursued.

Noninvasive imaging studies

Multimodality imaging plays an essential role in the eval-
uation and management of patients with MINOCA. Because
of the heterogeneous etiologies, a combination of noninvasive
imaging techniques not only helps to identify the underlying
cause but can assess for other cardiac abnormalities that might
guide tailored treatment strategies. The choice of imaging
modalities depends on the clinical presentation, availability,
and overall expertise of the medical centre. In many cases, a
combination of techniques is necessary to reach a definitive
diagnosis and guide appropriate management.

Transthoracic echocardiography (first-line). Transthoracic
echocardiography (TTE) is essential in the workup of

MINOCA and should be considered as the first imaging
modality because of its widespread accessibility. We
recommend its use in all patients who present with MINOCA
to help confirm or refute alternative diagnoses, assess
cardiac structure and function, and identify potentially coex-
isting conditions that might contribute to the clinical
presentation.

TTE provides real-time evaluation of cardiac chamber size
and function, left ventricular RWMA, valvular heart disease,
and pericardial disease. Optimization of TTE with ultrasound
enhancing (contrast) agents should be considered to aid in
identification of RWMAs, and potentially assess myocardial
perfusion for incremental information. A given RWMA, if
present, could be in a regional epicardial coronary distribution
that is supportive of MINOCA. Alternatively, RWMAs might
be suggestive of Takotsubo cardiomyopathy, or indicate find-
ings suggestive of underlying cardiomyopathy.”” Additionally,
echocardiography (including transesophageal, agitated saline,
and/or commercially available contrast studies) can assist in the
evaluation of suspected cardioembolic sources.”

Cardiovascular magnetic resonance imaging (first-line).
CMR plays a central role in the workup of MINOCA'*?" and
has multiple strengths, including high-resolution cine imaging
for visualization of subtle wall motion abnormalities not
detected on TTE. Additionally, CMR has the capability of
advanced tissue characterization, which can help with the
diagnosis of acute MI vs MINOCA “mimickers.” If locally
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available, we recommend the use of CMR for all patients who
present with MINOCA, when coronary causes such as plaque
disruption and SCAD have been ruled out by the initial
coronary angiogram and intravascular imaging (OCT, IVUS)
as indicated and if available. CMR should be performed as
soon as possible, within 1-14 days of presentation.”’ Even
when performed after 2 weeks, CMR can help determine the
underlying cause of MINOCA in at least 50% of patients.”'
When combined with OCT, multimodality imaging with
CMR can identify a potential mechanism for MINOCA in
approximately 85% of patients.”

CMR can be used to evaluate myocardial necrosis and fibrosis
using late gadolinium enhancement (LGE), which can detect as
litle as 1 g of infarcted or injured myocardium.” LGE in a
subendocardial or transmural pattern suggests an ischemic cause
of injury and the regionality of the LGE can identify the culprit
vascular territory in up to 99% of cases,”’in addition to prog-
nosticating adverse clinical events.”” The presence of myocardial
edema in a coronary distribution, detected using T2-based se-
quences, confirms the diagnosis of MINOCA. The presence of
edema, usually in the absence of LGE with associated RWMA,
suggests coronary vasospasm or Takotsubo cardiomyopathy.”
However, depending on the severity of vasospasm, there might
be subendocardial LGE, but provocative coronary physiology
testing might be required for confirmation of vasospasm. CMD
can be identified using CMR perfusion imaging, and can be
associated with or without LGE/edema.”” Multifocal regions of
LGE might suggest coronary artery embolism,”® and presence of
left ventricular thrombus can also be assessed. A subepicardial
appearance of LGE suggests nonischemic myocardial injury,
and when coupled with findings of inflammation/edema using
T1- and T2-based imaging, m;rocarditis can be diagnosed in
approximately 30% of patients.””

Nuclear imaging (supplementary; case-based). Nuclear
modalities, specifically positron emission tomography (PET),
offer a highly accurate and reproducible means to evaluate
myocardial blood flow, including myocardial flow reserve as a
marker of coronary vasomotor dysfunction.””” Although a
myocardial flow reserve < 2.0 indicates a worse prognosis in the
general population,” a specific cut point for CMD (as a cause for
MINQCA) has not been established. In Canada, there is limited
access to myocardial perfusion PET, which is available in a small
number of tertiary care centres, limiting its broad application.
Where it is available, PET imaging with myocardial blood flow
quantification can be considered to diagnose CMD in patients
with no obstructive coronary discase.”!

Coronary computed tomography angiography (supple-
mentary; case-based). Coronary computed tomography
angiography can serve a supplementary role in the evaluation
of MINOCA under specific conditions identifying plaque or
myocardial bridging undetected by invasive angiography.”
Although MINOCA is an invasive angiographic diagnosis,
coronary computed tomography angiography is an alternative
for patients who cannot or choose not to undergo invasive
coronary angiography. The presence and extent of coronary
atherosclerosis can be evaluated in situations in which the

diagnosis of MINOCA is being considered; if presence of
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atherosclerosis is confirmed, secondary preventative therapies
can be initiated.

Angiographic diagnosis

Coronary angiography is essential in the diagnostic workup
of MINOCA, allows for the exclusion of significant coronary
epicardial artery stenosis, and might reveal the cause of
MINOCA. In addition, left ventriculography might help in
the differentiation of coronary, noncoronary ischemic, or
nonischemic mechanisms of myocardial injury. The presence
and location of RWMAs can provide clues to the location of
nonobstructive culprit lesions. This might prompt further
intracoronary imaging, either OCT or IVUS, to interrogate
those nonobstructive lesions.

If no obvious significant epicardial disease is seen, the cor-
onary angiogram should be carefully reviewed for abrupt vessel
occlusions or severe stenosis in small and distal vessels," "’
which might represent obstructive CAD, SCAD, coronary
emboli, or thrombus. The angiogram should also be examined
for subtle mild stenosis, especially in segments subtended by
areas of wall motion abnormalities, to rule out SCAD or mild
plaques with erosion/rupture/calcific nodules. Coronary func-
tional testing should be considered for moderate lesions to
ensure that they are not physiologically significant.”*

Intracoronary imaging (first-line). Intracoronary imaging
(IVUS and OCT) are useful to identify the cause of
MINOCA, such as plaque erosion, plaque rupture, or calcific
nodules,””** and to rule out SCAD. The safety of intra-
coronary imaging in patients with acute coronary syndromes
has been well established.”>*” TVUS uses ultrasound to im-
age the vessel wall and aid in the characterization of plaque
composition, distribution, morphology, and extent. How-
ever, because of the very high frequency of the intracoronary
catheters used, depth penetration and spatial resolution
(200-250 pm) are limited, which affects assessment of
fibrous cap thickness and plaque erosions. In a study of 42
MINOCA patients who underwent IVUS, 38% (n = 16)
had plaque disruption with most of those having plaque
rupture (29%, n = 12), whereas 10% (n = 4) had plaque
ulceration.*®

OCT is a light wave-based imaging technique which creates
cross-sectional images of tissue with high resolution (10-15
pm).”’ It provides a detailed assessment of coronary plaque
morphology, and the integrity and thickness of the fibrous cap.”’
OCT can identify plaque rupture, plaque erosion, calcific nod-
ules, and thin-cap fibroatheroma (Fig. 4). Because of improved
spatial resolution, plaque erosion is better identified on OCT
compared with IVUS.”> However, OCT has lower depth of
field, and thus might not be suited for larger-sized vessels.”’

In several cohort studies, OCT was used to identify the culprit
in 46%-80% of MINOCA patients.””>*” In a substudy of
HARP, patients with MINOCA and MI-CAD were compared
and thin-cap fibroatheroma (3% vs 35%), plaque rupture (14%
vs 67%), plaque erosion (8% vs 14%), and calcific nodule (0 vs
6%) were less common in patients with MINOCA than in pa-
tients with MI due to obstructive CAD, whereas intraplaque
hemorrhage (47% vs 2%) and layered plaque (31% vs 12%) were
more common in MINOCA patients.”*
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Plaque Rupture

Layered Plaque

Intimal Bumping (Spasm)

F Spontaneous Coronary Artery Dissection

Figure 4. |dentification of causes of myocardial infarction with no
obstructive coronary artery disease (MINOCA) (< 50% stenosis in all
major epicardial vessels) using optical coherence tomography. (A)
Plagque rupture. In the proximal frame, there is discontinuity of a thin
fibrous cap (arrowhead), indicating a plaque rupture, although it in-
cludes motion artifact. There is red thrombus superimposed on the
rupture site in the mid frame (narrow arrowheads). In the distal frame,
there are focal low-intensity regions indicating injected contrast within
the ruptured cavity (arrow). The underlying plaque is a lipidic plaque
(asterisk). (B) Intraplaque cavity. In the proximal, mid, and distal
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Provocative physiologic testing (supplementary; case-
based). Coronary provocative testing can be considered to
diagnose epicardial coronary artery vasospasm and CMD.
Vasospasm can be diagnosed by administering a stimulus
(acetylcholine and/or ergonovine) during coronary angiog-
raphy and monitoring for ischemic symptoms, ECG changes,
and > 90% angiographic vasoconstriction. Microvascular
vasospasm is defined by inducible chest pain, 1schem1c ECG
changes, and < 90% angiographic vasoconstriction.'®© CMD
can lead to abnormal blood flow response, impaired
myocardial perfusion, and/or myocardial ischemia. It is
defined as: impaired coronary flow reserve (< 2.0) in response
to vasodilator stimuli such as adenosine, impaired microvas-
cular blood flow measured according to corrected Throm-
bolysis in Myocardial Infarction (TIMI) frame count > 25 or
abnormal coronary mlcrovascular resistance (index of micro-
vascular resistance > 25).”” Although usually performed a few
weeks after the acute event, small studies have shown the
safety of Performmg testing within 48 hours of MINOCA
dlagn051s A study that included MINOCA and INOCA
patients who underwent testing showed no difference in side
effects (16% vs 14%; P = 0.67) or com(phcatlons of pro-
vocative testing (1% vs 2.5%; P = 0.44).”

In a study of 80 patients with MINOCA who underwent
provocative testing with acetylcholine (54%) or ergonovine
(46%), almost half (46%) had an abnormal test, with
epicardial spasm (in 65%) or microvascular spasm (in 35%)."”
Minor arrhythmias occurred in 5.4%, a rate comparable with
that observed during spontancous vasospastic angina attacks
(7%), with no deaths or serious complications. o7

In summary, coronary angjography is essential to the diagnosis
of MINOCA, whereas ancillary invasive testing can assist in con-
firming the diagnosis and establishing the etiology of MINOCA.

Practical tips: MINOCA diagnosis

e Clinicians are encouraged to follow a cascaded approach
in which the first step is to make a working diagnosis of

frames, there are low-intensity regions with limited attenuation indi-
cating organized thrombus and/or injected contrast in the ruptured
cavity (arrows) overlaying a high-backscattered fibrous cap (arrow-
heads). The fibrous cap (arrowhead) in the proximal frame looks thin,
but there was no discontinuity of the fibrous cap, implying previous
rupture with sealing. (C) Layered plaque. There is a heterogeneous
layer (arrows) overlaying a lipidic plaque (asterisk) indicating healing
of a recent plaque rupture event. In the mid frame, there is a focal low-
intensity region (arrowhead) at the edge of the luminal interface of the
layered plaque, indicating a potential site of previous rupture of the
fibrous cap. (D) Mural thrombus without plaque rupture. There is a
homogeneous region with irregular surface indicating platelet-rich
mural thrombus (arrowhead). Within the underlying lipidic plaque, no
clear rupture was observed. (E) Intimal bumping consistent with cor-
onary artery spasm. Intimal bumping: there is diffuse intimal wrinkling
(dual-headed arrow) along with thickening of the arterial media (ar-
rows) indicating spasm. (F) Spontaneous coronary artery dissection.
There is a dissection plane causing hematoma (dual-headed arrow)
exterior to the arterial media, within the adventitia. There is an intimal
tear (arrowhead, proximal frame) along with contrast flow into the
false lumen (asterisks). Reproduced from Reynolds et al.” with
permission from Wolters Kluwer Health, Inc. © 2020 American Heart
Association, Inc.
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MINOCA; then exclude SCAD, small-branch coronary
occlusions, and mimickers (ie, Takotsubo, myocarditis);
and then chose a diagnostic path that best suits their
clinical setting (early noninvasive path starting with
CMR; or an early invasive path starting with intra-
coronary imaging).

o Echocardiography is uniformly recommended in all
patients regardless of the diagnostic path chosen,
because of its wide availability, low risk, relatively low
cost, and significance of the information gained from
this test (such as identification of RWMAs, or diagnosis
of mimicker diagnoses such as Takotsubo or underlying
cardiomyopathy).

e When an early noninvasive path is chosen, we recom-
mend performing CMR within 1-14 days of presenta-
tion, and as early as possible, so as not to miss a potential
diagnostic window for small infarcts, Takotsubo, or
mild myocarditis.

e When an early invasive path is chosen, clinicians might
adapt to the workflow of their catheterization laboratory
to decide whether to perform intracoronary imaging at
the time of index coronary angiography, or during a
subsequent return to the catheterization lab after alter-
native diagnoses have been excluded.

e CMR and intracoronary imaging are considered first-
line tests for MINOCA diagnosis. When CMR and
intracoronary imaging (OCT) are performed, the etiol-
ogy of MINOCA can be successfully identified in 85%
of patients, which significantly aids in treatment and
prognosis.

o Diagnostic tests such as cardiac PET, coronary
computed tomography angiography, invasive coronary
provocative testing, and thrombophilia workup are
considered supplementary tests to be used on the basis
of case-by-case indications.

Treatment of MINOCA
Values and preferences:

o The following approach to treatment of MINOCA
(Fig. 5) is on the basis of expert opinion, because there
are currently no available data from randomized clinical
trials that have evaluated the efficacy of pharmacological
secondary prevention therapy specifically in patients
with MINOCA. Treatment of MINOCA according to
specific causes are summarized in Table 2.

Nonpharmacologic treatment strategies

Referral to a cardiac rehabilitation (CR) program is a
class I indication for patients with MI to optimize heart-
healthy lifestyle and modify existing risk factors,”®”? and
its effect on physical and mental health might apply to MI-
CAD and MINOCA patients.”’ Participation in CR is an
independent predictor of favourable cardiovascular out-
comes,’’ and one randomized controlled trial showed a
significant reduction in all-cause mortality, MACE, and
improvement peak oxygen consumption in 524 MINOCA
patients.(’Z There are also data to support benefits and
safety of CR in the context of confirmed diagnoses of
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SCAD and CMD.®*** Finally, in patients who might have
an allergic MINOCA precipitant, nonpharmacologic ther-

apy includes avoidance of triggers.

Practical tips: Nonpharmacological treatment of MINOCA
o All patients with MINOCA should be referred to CR.
o Allergic precipitants of MINOCA should be avoided.

Pharmacologic treatment

Cause-specific treatment of MINOCA.

Coronary  plaque disruption (or  erosion). The treatment of
MINOCA caused by plaque disruption or erosion will be
similar to treatment of MI-CAD because of the common
pathophysiology. Patients should be prescribed car-
dioprotective therapies, including aspirin, as suggested in the
most recent guidelines.w’1 16> Patients will also benefit from a
P2Y;, inhibitor, such as clopidogrel or ticagrelor.ll’(’(’ The
treatment should also include an angiotensin-converting
enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB)
and a B-blocker."’ Any patients with significant left ventricular
dysfunction (ejection fraction < 40%) and those with hyper-
tension, diabetes mellitus, or stable chronic kidney disease
should start treatment with an ACEI (Class I indication) or an
ARB (Class ITa).""°®°” Statins are also indicated with the goal
of reducing the low-density lipoprotein cholesterol by > 50%
from baseline and achieving a level of < 1.8 mmol/L.%®

Coronary microvascular dysfunction. There are no clinical studies
of various therapies for CMD in the context of MINOCA.
Small studies have examined pharmacologic management in
patients with INOCA. Improvement in chest pain has been
reported with first line antianginals such as B-blockers, cal-
cium channel blockers (CCB) and to a lesser extent, nitrates.”’
Ranolazine, an antianginal medication now available in
Canada, can be considered as second-line therapy.”””" Several
studies have shown improvements in endothelial dysfunction
markers, angina scores, coronary flow reserve, and exercise-
induced ischemia with statins and ACEIs.72‘7ji In the Coro-
nary Microvascular Angina (CorMicA) study,” ° 151 patients
with INOCA underwent CMD and provocative testing with
adenosine and acetylcholine, and were randomized to medical
therapy according to the testing results vs standard therapy
(test results were blinded). The intervention group had
improvement in angina and qualitZ of life, but no difference
in MACE at 6-month follow-up.”

Coronary vasospasm. The mainstay of therapy in patients with
coronary vasospasm includes CCB’® and nitrates.”” A recent
randomized clinical trial of 73 patients with invasive coronary
flow testing showed a reduction in the prevalence of epicardial
vasospasm with diltiazem treatment compared with placebo.”®
In patients with ongoing angina, dual CCB (non-
dihydropyridine and dihydropyridine agents) may be consid-
ered.”” Although nitrates are often acutely effective in
relieving angina in patients with vasospasm, long-term issues
such as nitrate tolerance limit their use.

In cases of refractory angina, nicorandil, a potassium channel
activator that relaxes coronary vascular smooth muscle by
stimulating guanylyl cyclase, increasing cyclic guanosine
monophosphate levels, may be considered although it is

Descargado para Irene Ramirez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 26,
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Canadian Journal of Cardiology
Volume 40 2024

COMPREHENSIVE TREATMENT OF MINOCA ACCORDING TO UNDERLYING CAUSES

NONPHARMACOLOGICAL
TREATMENTS

CARDIOVASCULAR
REHABILITATION

o 4
\
AR,

CARDIOVASCULAR RISK
FACTOR MANAGEMENT

Referral to a center of
excellence or Women’s
Heart Health Centre
with MINOCA expertise

SCAD:
« ASA
g EQPT CMD:
. ACEI* » Angina control (BB, CCB,
= nitrates, ranolazine)
+ ACEl and statins*
_
EMBOLISM:
« Anticoagulation
« Interatrial shunt closure
« Specialty referral VASOSPASM:
- « CCB and/or nitrates
-
PLAQUE
RUPTURE: UNKNOWN CAUSE:
g . DAPT « ACEI
. Statins « Statins
. 7 . BB?
_ BB?

should be considered
in complex cases

PSYCHOSOCIAL
SUPPORT

Figure 5. Comprehensive treatment of myocardial infarction with no obstructive coronary artery disease (MINOCA) according to underlying causes.
ACEI, angiotensin-converting enzyme inhibitor; ASA, aspirin, BB, p-blocker; CCB, calcium-channel blocker; CMD, coronary microvascular dysfunction;
DAPT, dual antiplatelet therapy; SCAD, spontaneous coronary artery dissection. *Consider if indicated for other conditions.

currently only available through the Health Canada special
access program.””**” Aspirin has been shown in a retrospective
study to reduce recurrent MI and chest pain in patients with a
STEMI secondary to vasospasm.”' However, a meta-analysis
including data from 3661 patients with vasospastic angina
showed no association between aspirin use and incidence of MI
or cardiac death, but the proportion of patients with MINOCA
was not specified.*”

Spontaneous coronary artery dissection. There are currently no
standard guidelines on the treatment of SCAD, because of a
lack of randomized clinical trials.”” In 70%-97% of cases in
which follow-up angiography has been performed, there is
angiographic evidence for spontaneous healing of SCAD,***’
and management aligns with the following important con-
cepts.”>™ Conservative medical therapy is recommended over
acute revascularization, unless there is acute hemodynamic
instability. Aspirin and B-blockers are the cornerstone of
medical treatment.”” In a large cohort study, B-blockers were
associated with lower risk of recurrent SCAD (hazard ratio
[HR], 0.39; 95% confidence interval [CI], 0.19-0.78; P =
0.008).”" Patients who undergo percutaneous coronary
intervention and stenting have a clear indication for dual
antiplatelet therapy (DAPT).®*”" However, for those treated

medically, the benefit of DAPT remains uncertain, and might
be a risk factor for increased bleeding.()2 However, because the
intimal disruption in SCAD has a prothrombotic poten-
tial,”>”* it was suggested that DAPT might have a protective
effect and reduce the false lumen thrombus burden, which
could theoretically reduce true lumen compression.”””® A
common practice is to treat patients with lifelong aspirin, as
well as clopidogrel for 3 to, at most, 12 months,”’”® although
these recommendations are variable, and must be modified
according to side effects, including bleeding risk in young
premenopausal women who experience menorrhagia with
DAPT treatment; in these situations, low-dose aspirin alone is
recommended.

In patients who present with SCAD, hypertension was re-
ported to be a risk factor for recurrent disease (HR, 2.28 [95%
Cl, 1.14-4.55]; P = 0.019) and should be optimally
managed.”’

Early observations suggested that statins might be associ-
ated with a higher recurrence of SCAD,”’ however, this was
not confirmed with later data. SCAD is a nonatherosclerotic
process, and thus statins are not routinely indicated. Lipid-
lowering therapy should only be prescribed to SCAD pa-
tients with a dyslipidemia indication, as per the most recent
guidelines.68
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Table 2. Summary of pharmacological treatment according to underlying cause of MINOCA

Underlying cause of MINOCA

Pharmacological agent(s)

Comments*

DAPT
ACEI/ARB
Statins
f3-Blockers
Aspirin
(3-Blockers
CCB
Nitrates
f3-Blockers
CCB
Nitrates
Ranolazine
Statins
Aspirin
ACEI/ARB

Statins

Plaque rupture

SCAD
Vasospasm

Coronary microvascular dysfunction

Unknown underlying cause

Recommended as per current guidelines regarding treatment of MI-CAD

Should be strongly considered

Should be considered

May be considered

May be considered

ACE], angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker; DAPT, dual antiplatelet platelet therapy;

MI-CAD, myocardial infarction with obstructive coronary artery disease; MINOCA, myocardial infarction with no obstructive coronary artery disease, SCAD,

spontancous coronary artery dissection.

*In the absence of definitive guidelines for MINOCA treatment, these suggestions are according to current clinical practice and expert opinion.

Coronary embolism. There are no data on the treatment of
MINOCA due to coronary embolism. Anticoag,ulation is
recommended in patients with atrial fibrillation,'*” suspected
or diagnosed prosthetic valve thrombosis,'”" or intracardiac
thrombus,'*” as per published guidelines. When an intracar-
diac shunt is shown and paradoxical embolism is clinically
suspected, patent foramen ovale or atrial septal defect closure
might be indicated.'"'** As well, in cases in which throm-
bophilia is suspected, patients can be referred to a hematol-
ogist for further investigation and management.'””

Practical tips: Cause-specific treatment of MINOCA

e MINOCA in the context of confirmed plaque disrup-
tion should be managed similarly to obstructive CAD.
e Antianginals including B-blockers, CCB, nitrates, and
ranolazine should be considered for chest pain and
quality of life in patients with MINOCA secondary to
CMD. ACEIs and statins should be considered for
CMD patients in whom there is already an indication.
e CCB (often dual pathway) and/or nitrates should be
considered for patients with MINOCA from vasospasm.
e Aspirin and B-blockers are the mainstay medications for
patients with SCAD and should be strongly considered.

Unknown underlying cause. In approximately 15% of cases,
the exact underlying mechanism leading to MINOCA cannot
be confirmed; therapy should be individualized according to
optimization of cardiovascular risk profile and targeted treat-
ment for probable underlying etiology.” Several observational
studies have examined outcomes in patients with undifferen-
tiated MINOCA with regard to use of mainstay post-MI
therapies including ACEIs/ARBs, statins, B-blockers, and
DAPT.®>'%°""" A recent meta-analysis pooled 10,546
MINOCA patients with 36 months of follow-up, and
concluded that ACEI/ARB use was associated with reduced
MACE (HR, 0.65; 95% CI, 0.44—0.94) but not all-cause
death (HR, 0.48; 95% CI, 0.20-1.14).'"” In a Korean
observational study ACEI vs ARB therapy was compared for

secondary prevention in MINOCA patients, and no signifi-
cant difference in outcomes were shown.''> The most
frequently reported cause of MINOCA is plaque disruption,
for which statins are likely to provide benefit,”” limiting
progression and facilitating regression of atherosclerotic pla-
que,’ ' in addition to favourable effects of statins on endo-
thelial function, oxidative stress, and inflammation.’'>"'® In
large observational studies (sample size, n = 259-7512), statin
use was signiﬁcantlz associated with a lower risk of MACE
(HRs, 0.34-0.77)°1%%199 and reduced risk of all-cause
mortality in MINOCA patients.””"'’ A subgroup analysis
of 5830 individuals from the Swedish Web-System for
Enhancement and Development of Evidence-Based Care in
Heart Disease Evaluated According to Recommended Ther-
apies (SWEDEHEART) registry showed that reaching low-
density cholesterol targets (< 2.5 mmol/L before 2012 and
< 1.8 mmol/L thereafter) was independently associated with a
32% reduction of MACE.®" Results from observational
studies correlating the use of B-blockers with cardiovascular
events in MINOCA have been inconsistent. Five observa-
tional studies reported a nonsignificant effect of B-blocker use
on MACE and all-cause mortality.'">'%*""" In the SWE-
DEHEART registry (n = 7512), B-blockers showed a
nonsignificant trend for reduced risk of MACE (HR, 0.86;
95% CI, 0.74-1.01), defined as all-cause mortality or hospi-
talization for MI, ischemic stroke, or heart failure.®> The
largest study to address antiplatelet therapy in patients with
MINOCA was composed of a highly heterogenous popula-
tion, including 66% of 9466 patients who received DAPT,
and revealed a null effect of DAPT on MACE,® as shown in
numerous other observational studies and post hoc
analyses.”'*'%”""7 A recent meta-analysis showed that
DAPT use in patients with MINOCA did not affect MACE
or acute ML.'"?

Practical tips: MINOCA of unknown underlying cause

In patients diagnosed with MINOCA in whom a specific
cause for MINOCA has not been identified:
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o ACEI/ARB therapy should be considered in patients
with MINOCA from plaque disruption or in whom an
obvious other cause has not been identified.

e Statins should be considered in all patients in whom a
specific cause has not been identified, considering po-
tential event and mortality benefit with minimal risk.

e There is a lack of evidence to support the use of
B-blockers in the absence of another indication.

o There is currently little evidence that supports the sys-
tematic use of DAPT in the context of MINOCA. The
decision to use DAPT should be made in view of the
most likely underlying diagnosis.

Centres of excellence

Diagnosis and treatment of MINOCA can be challenging
because of local and regional limitations on access to
specialized testing including such testing as OCT, IVUS,
CMR, and coronary physiology reactivity testing. To assist in
management and improve outcomes, referral to specialized
centres should be considered in difficult to manage cases.
Because MINOCA disproportionately —affects women,
specialized care for these patients (men and women) is most
often provided in women’s heart health centres or clinics,
which currently ex1st in British Columbia, Ontario, Quebec,
and Nova Scotia.""” In a recent study in British Columbia the
effect of enrollment in a women’s heart centre with a focus on
INOCA and MINOCA was examined, and significant im-
provements were observed in risk factor management, angina
control, quality of life, and depression scores in addition to
fewer emergency department v151ts and angina hospitalizations
compared with pre-enrollment.’

Conclusions

MINOCA is a relatively common heterogeneous diagnosis
which affects 6%-15% of all Mls, disproportionately affects
women, and is likely underdiagnosed. To improve detection,
outcomes, and quality of life for patients with chest pain and/
or MI, clinicians must be aware of the diagnostic evaluation
and treatment of MINOCA.

This Clinical Practice Update provides readers with up-to-
date data, and is focused on 5 key areas: (1) what is MINOCA
and how not to miss it; (2) the importance of excluding
diagnostic “mimickers”; (3) flexible diagnostic pathways that
are focused on laboratory testing and noninvasive and invasive
imaging that can be adapted on the basis of each institution’s
availability and expertise; (4) the importance of understanding
the underlying pathophysiology causing the MINOCA event
to optimize treatment; and (5) the added benefit of post acute
care resources, including referral to CR and centres of excel-
lence, including women’s cardiovascular health clinics or
centres, especially if local expertise in MINOCA is not
available.

Going forward, it is necessary to systematize timely diagnostic
and treatment protocols for MINOCA at each institution to
avoid underdiagnosis, followed by collection and publication of
outcomes data to better understand the “state of affairs” of
MINOCA in Canada. Furthermore, ongoing research is needed
to refine diagnostic algorithms, and to establish randomized
clinical trials aimed at the specific MINOCA population.
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