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ABSTRACT

Syndromes of cardiac ischemia with nonobstructive coronary arteries have been increasingly recognized

as a clinical entity with heterogeneous clinical presentations, commonly encountered in women. Knowl-

edge of pathophysiology and clinical risk factors is key to ensuring appropriate diagnostic evaluation and

management for these often-neglected patients. In this review, we discuss the epidemiology, risk factors,

and clinical presentations of these syndromes. We provide algorithms for diagnosis and management of

these entities based on current scientific knowledge and highlight some of the key knowledge gaps and

ongoing trials in this emerging field.

� 2021 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2021) 134:1321−1329
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INTRODUCTION
The syndrome of symptoms or signs of myocardial

ischemia with nonobstructive coronary arteries (INOCA)

is increasingly recognized as an emerging heterogeneous

clinical entity most often encountered among women.1-6

Studies have shown that myocardial infarction with non-

obstructive coronary arteries (MINOCA) accounts for

6%-10% of acute myocardial infarctions, and women

have approximately fivefold higher odds of MINOCA

compared with men presenting with acute myocardial

infarction.7,8 Moreover, these patients have heteroge-

neous clinical presentations further adding to the
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complexity—elevated cardiac biomarkers in MINOCA,

evidence of INOCA, or angina pectoris highly suspect

for but without ischemia or biomarker positivity in non-

obstructive coronary arteries (ANOCA).1,5-10 With

advancements and increasing use of cardiac imaging,

these syndromes are more frequently recognized.9-18 In

this review, we discuss the definitions of these entities,

epidemiology and risk factors, role of cardiac imaging

and high-sensitivity troponin in diagnosis, management

and prognosis, and some key knowledge gaps in this

field.
DEFINITIONS

MINOCA
MINOCA was first documented >80 years ago on

autopsy showing myocardial necrosis without significant

coronary artery atherosclerosis.5,6 An American Heart

Association (AHA) scientific statement defined

MINOCA by the following features: 1) presence of the

fourth universal acute myocardial infarction criteria with

an elevated cardiac biomarker, typically a cardiac tropo-

nin >99th percentile of the upper reference level with a

rise or fall in the level on serial assessment; 2) absence
tal from ClinicalKey.com by Elsevier on November 19, 
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of obstructive coronary artery disease (≥50% stenosis);

and 3) no overt cause for the clinical presentation at the

time of angiography (cardiac trauma or features for

Takotsubo cardiomyopathy).3,5
INOCA
CLINICAL SIGNIFICANCE

� Syndromes of nonobstructive coronary
arteries represent a heterogenous clini-
cal entity.

� Myocardial infarction with nonobstruc-
tive coronary arteries (MINOCA)
patients presents acutely, while ische-
mia with nonobstructive coronary
arteries (INOCA)/angina pectoris
highly suspect for but without ische-
mia or biomarker positivity in nonob-
structive coronary arteries (ANOCA)
patients have more indolent patients.

� Intracoronary imaging and cardiac
magnetic resonance imaging are useful
diagnostic tools to evaluate MINOCA
patients.

� Coronary flow reserve on positron emis-
sion tomography and additional inva-
sive testing are useful to evaluate
INOCA/ANOCA patients.

� Treating the underlying pathology and
risk factor control is key; while cardio-
protective medications are potentially
beneficial in certain patients.
In another scientific report by the

AHA,9 INOCA was defined as 1)

stable chronic (several weeks or

longer) symptoms suggesting ische-

mia, such as chest discomfort with

both classic (angina pectoris) and

atypical features in terms of loca-

tion, quality, and inciting factors; 2)

objective evidence for myocardial

ischemia from electrocardiography

or cardiac imaging (echocardiogra-

phy, nuclear imaging, magnetic res-

onance imaging [MRI], or

spectroscopy) at rest or during

stress (exercise, mental, or pharma-

cological); and 3) absence of flow-

limiting obstruction by coronary

angiography (invasive or computed

tomographic angiography) as

defined by any epicardial coronary

artery diameter reduction ≥50% or

fractional flow reserve <0.8.9

A similar definition was pro-

posed by a consensus statement by

the European Society of Cardiology

on Coronary Pathophysiology &

Microcirculation that was endorsed

by the Coronary Vasomotor Disor-

ders International Study group,

highlighting that INOCA is a

demand−supply mismatch of coro-
Figure 1 Summary of MINOCA, INOCA, and ANOCA

definitions based on elevated troponin, documented ische-

mia, and presence of symptoms/angina. ANOCA = angina

pectoris highly suspect for but without ischemia or bio-

marker positivity in nonobstructive coronary arteries;

INOCA = ischemia without elevated biomarkers of cardio-

myocyte injury in patients with nonobstructive coronary

arteries; MINOCA = myocardial infarction with nonob-

structive coronary arteries.
nary artery blood flow leading to transient or recurrent car-

diac chest pain related to myocardial ischemia. The

mismatch between blood supply and myocardial oxygen

demand may be caused by coronary microvascular dysfunc-

tion or epicardial coronary artery spasm, typically in the

setting of nonobstructive coronary atherosclerosis. In this

setting, they provided diagnostic criteria for microvascular

angina to include all of the following: 1) symptoms of myo-

cardial ischemia; 2) absence of obstructive coronary arteries

(<50% diameter reduction or fractional flow reserve

>0.80); 3) objective evidence of myocardial ischemia; and

4) evidence of impaired coronary microvascular function.1

Elevated troponin levels are related to the extent of myo-

cardial involvement and blood flow (wash-out). Thus, wide-

spread use of high-sensitivity troponin potentially may lead

to overdiagnosis of MINOCA due to the ability to detect

even minimal troponin efflux with reversible ischemic car-

diomyocyte injury.16
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ANOCA
ANOCA refers to symptoms and signs suggestive of ische-

mic heart disease, including anginal chest pain or exertional

dyspnea, with nonobstructive coronary arteries. Such

patients may not have clear evidence of ischemia on cardiac

evaluation using current available diagnostic modalities or
tal from ClinicalKey.com by Else
n. Copyright ©2021. Elsevier Inc
may not have been appropriately

tested for ischemia.10 Studies have

shown that approximately 60% of

women and 30% of men presenting

with angina for coronary angiogra-

phy have otherwise nonobstructive

lesions.10,11 Figure 1 and Table 1

summarize definitions of each

entity.
CURRENT LIMITATIONS
It is important to understand that we

have no optimal test for ischemia

among patients without obstructive

coronary artery disease who have

microvascular dysfunction. This is

because essentially all ischemia test-

ing has been validated using obstruc-

tive coronary artery disease by

angiography as the benchmark,

where there is a relatively large mal-

perfused region compared with a rel-

atively normally perfused region. At

present, cardiac positron emission

tomography and MRI have been use-

ful but it is unclear whether either

has sufficient resolution, and neither

is very useful for detection of either

endothelial dysfunction or microvas-

cular spasm, both key mechanisms

for microvascular dysfunction.
vier on November 19, 
. All rights reserved.



Table 1 Summary of Definitions of Nonobstructive Coronary
Artery Syndromes

Syndrome Definition Criteria

MINOCA 1) Presence of the universal acute myocardial infarc-
tion criteria with an elevated cardiac biomarker,
typically a cardiac troponin >99th percentile of the
upper reference level with a rise or fall in the level
on serial assessment

2) Absence of obstructive coronary artery disease
(≥50% stenosis)

3) Exclude overt cause for the clinical presentation
at the time of angiography (cardiac trauma or clas-
sic features for takotsubo cardiomyopathy)

INOCA 1) Stable chronic (several weeks or longer) symptoms
suggesting ischemic heart disease such as chest
discomfort with both classic (angina pectoris) and
atypical features in terms of location, quality, and
inciting factors

2) Objective evidence of myocardial ischemia on
electrocardiography or a cardiac imaging study
(echocardiography, nuclear imaging, magnetic res-
onance imaging, or spectroscopy) at rest or during
stress (exercise, mental, or pharmacological)

3) Absence of flow-limiting obstruction by coronary
angiography (invasive or computed tomographic
angiography) as defined by any epicardial coronary
artery diameter reduction ≥50% or fractional flow
reserve <0.8

ANOCA 1) Symptoms and signs suggestive of ischemic heart
disease, including anginal chest pain or exertional
dyspnea

2) Either nonobstructive coronary arteries without
clear evidence of ischemia on cardiac work-up
using the current available diagnostic modalities or
no clear diagnosis for symptoms due to incomplete
testing (cardiac imaging and invasive tests for
microvascular dysfunction)

ANOCA = angina pectoris highly suspect for but without ischemia or

biomarker positivity in nonobstructive coronary arteries;

INOCA = ischemia without elevated biomarkers of cardiomyocyte injury

in patients with nonobstructive coronary arteries; MINOCA = myocardial

infarction with nonobstructive coronary arteries.
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Also important is that coronary spasm can be reliably

detected only by invasive coronary angiography during a

spontaneous or a provoked episode, which is relieved either

spontaneously or by nitroglycerin. Furthermore, microvas-

cular spasm is not possible to assess in the presence of

epicardial spasm.
EPIDEMIOLOGY AND RISK FACTORS
Studies suggest that MINOCA is present in 3.5%-15% of

patients with acute myocardial infarction.5,7 MINOCA

patients are usually younger and disproportionately

women.8,12 A study from Europe showed that a large pro-

portion of patients (up to 70%) undergoing coronary angi-

ography because of angina and myocardial ischemia did not

have obstructive epicardial coronary arteries.13 Similar to
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MINOCA, INOCA and ANOCA patients tend to be youn-

ger, more likely women, and usually have lower rates of tra-

ditional cardiovascular risk factors such as diabetes

mellitus, compared with patients with obstructive

disease.1,7,9,12,14,17
PATHOPHYSIOLOGY
MINOCA and INOCA/ANOCA share some common patho-

physiologic mechanisms. These syndromes may be consid-

ered part of a disease spectrum of different severity and

acuity. MINOCA patients, in general, present acutely, while

the presentation of INOCA/ANOCA is mainly chronic and

indolent.1,5,7 The potential underlying mechanisms for

MINOCA include: 1) coronary causes such as plaque disrup-

tion, spontaneous coronary thrombosis or emboli, dissection,

coronary spasm, and microvascular dysfunction; 2) myocar-

dial injury due to myocardial disorders, including myocardi-

tis and cardiomyopathies; and 3) noncardiac causes such as

sepsis and pulmonary embolism.3,18

Coronary plaque disruption, which includes plaque rup-

ture, plaque erosion, and calcific nodules, is frequently

observed when intravascular imaging is performed among

patients with MINOCA.4 This can lead to thrombus forma-

tion resulting in myocardial infarction through distal embo-

lization, superimposed vasospasm, or transient complete

thrombosis with spontaneous thrombolysis and

recanalization.1,4 Similarly, spontaneous coronary artery

dissection is a common cause of MINOCA, especially in

young pregnant or early postpartum women.19 Coronary

thrombosis due to hypercoagulable disorders is another

cause of MINOCA.20

Coronary artery spasm is defined as marked constriction

that reduces myocardial blood flow and may occur at the

epicardial level, the microvascular level, or both. It may

occur either in response to drugs, toxins, cold exposure, or

emotional or exercise stress, or be spontaneously caused by

heightened coronary vasomotor tone of unknown

cause.3,4,21,22

Microvascular dysfunction is defined as microvascular

endothelial or nonendothelial vascular smooth muscle dys-

function that limits myocardial perfusion. It is most often

detected as reduced coronary flow reserve in absence of

upstream obstructive coronary arteries.4,7 Patients with cor-

onary microvascular dysfunction typically present with

chest discomfort as stable ischemic heart disease, but it

might also be a potential cause of MINOCA.4,9

There are 2 main endotypes of microvascular dysfunc-

tion. One is functional, characterized by elevated resting

flow that is related to enhanced nitric oxide synthase activ-

ity. The other endotype is structural, where endothelial dys-

function leads to diminished coronary blood flow

augmentation at rest or during increased demands like emo-

tional or exercise stress.23 An example of structural type is

microvascular spasm, in which dysfunctional vessels appear

to be hypersensitive to acetylcholine and other
tal from ClinicalKey.com by Elsevier on November 19, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.
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vasoconstrictors. As with epicardial coronary spasm, micro-

vascular spasm may occur more frequently in women.1,21

Unfortunately, when epicardial spasm is present, it becomes

impossible to assess the microcirculation.

On the other hand, structural remodeling of the coronary

microvasculature, whether caused by inward remodeling of

coronary arterioles with increased wall-to-lumen ratio or

loss of myocardial capillary density (eg, rarefication) or

both, is associated with decreased microcirculatory conduc-

tance and oxygen delivery capacity.1 These changes explain

findings of low coronary flow reserve and elevated micro-

vascular resistance in patients with microvascular

dysfunction.1,9

Additionally, studies have shown that elevated pro-

inflammatory mediators are associated with lower coronary

flow reserve and thus, inflammation could potentially play

a role in the pathophysiology of microvascular

dysfunction.1,17,24,25 As the inflammatory process is usually

systemic, microvascular dysfunction may affect other

organs in the body in addition to the coronary

vessels.26,27However, it may be "patchy" in severity (more

prominent) in some coronary segments or arteries of other

orrgans.
Figure 2 (A) Flow diagram summarizing the diagnos-

tic evaluation for MINOCA patients; (B) Flow diagram

summarizing the diagnostic evaluation for INOCA/

ANOCA patients. AMI = acute myocardial infarction;

ANOCA = angina pectoris highly suspect for but with-

out ischemia or biomarker positivity in nonobstructive

coronary arteries; CAD = coronary artery disease;

CFR = coronary flow reserve; CMD = coronary micro-

vascular dysfunction; CT = computed tomography;

ECG = electrocardiogram; INOCA = ischemia without

elevated biomarkers of cardiomyocyte injury in patients

with nonobstructive coronary arteries;

MINOCA = myocardial infarction with nonobstructive

coronary arteries; PET = positron emission tomography;

SCAD = spontaneous coronary artery dissection.
DIAGNOSIS
Diagnosis of open coronary artery syndromes depends on

the clinical presentation and diagnostic work-up.28 We

divide the work-up of MINOCA (Figure 2A) and INOCA/

ANOCA (Figure 2B) and discuss each separately.

MINOCA
The initial evaluation in patients with suspected acute myo-

cardial infarction and nonobstructive coronary arteries

involves careful consideration of the clinical context and

the exclusion of clinically overt causes for a myocardial

injury.5 After this step, the clinician should exclude poten-

tially overlooked obstructive coronary arteries by re-

reviewing the angiogram and consideration of additional

invasive testing. Because it can exclude myocarditis, Takot-

subo syndrome, and cardiomyopathies, as well as provide

imaging confirmation of myocardial infarction, cMRI is

recommended in the evaluation of MINOCA patients.3,5,29

Other investigations might include assessment of coronary

flow reserve by noninvasive or invasive testing, invasive

provocative spasm testing, and intracoronary imaging.3

It is also important to understand that in many patients

the acute rise in cardiomyocyte injury markers may be

missed because the patient had only mild and or nonspecific

symptoms and did not seek acute care. Yet, later during

evaluation for other reasons, evidence of myocardial scar-

ring is found on cardiac imaging. If the scar is subendocar-

dial or in the distribution of a major epicardial branch, the

diagnosis of ischemic heart disease is made. However, scars

related to microvascular disease may not follow such distri-

butions. Thus, in the chronic situation, MINOCA is difficult

to adequately evaluate.
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Cardiac biomarkers. The limit of detection of cardiac tro-

ponin T and I assays has historically been above the 99th

percentile upper limit and typically undetectable in the

healthy population. With the new highly sensitive cardiac

troponin T and I assays, the limit of detection is now lower

than the 99th percentile upper limit.30 Even more recently,

the latest generation of the cardiac troponin assay, the ultra-
tal from ClinicalKey.com by Elsevier on November 19, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.
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high-sensitivity troponin, has the ability to detect even

lower concentrations of troponin.31

Intracoronary imaging. Two-dimensional angiography is

oftentimes limited in assessing the atherosclerotic burden

of coronary arteries, and this is especially true for patients

with MINOCA. Studies have shown that intravascular ultra-

sound and optical coherence tomography identified athero-

sclerosis or plaque rupture in a significant proportion of

these patients.32-37

Cardiac magnetic resonance imaging. Cardiac MRI

identifies the underlying cause in as many as 87% of

patients with MINOCA, whether late gadolinium enhance-

ment or myocardial edema occurs in regional patterns, con-

sistent with infarction or ischemic injury, or in a pattern

consistent with myocarditis.3,30,37,38
INOCA/ANOCA
INOCA/ANOCA patients have a wide array of clinical pre-

sentations, varying from typical anginal symptoms to atypi-

cal and nonspecific symptoms, including indigestion,

nausea, vomiting, weakness, and fatigue.1,39

Noninvasive testing. Noninvasive diagnostic work-up for

INOCA/ANOCA includes tests evaluating for ischemia and

anatomy, with electrocardiography, coronary computed

tomography (CTA), stress imaging modalities, and echocar-

diography. Stress imaging modalities include stress nuclear

studies and stress echocardiography among others.1

Coronary CTA has been increasingly utilized to assess

patients in the low-intermediate risk zone presenting with

chest pain.40 Moreover, in the ISCHEMIA trial, most

enrolled patients had coronary CTA to exclude left main

disease and nonobstructive coronary arteries. This led to

less invasive testing of patients with possible microvascular

dysfunction and underdiagnosis of this entity.41

Coronary flow reserve is a surrogate for microvascular

dysfunction and can be calculated using positron emission

tomography imaging as the ratio of hyperemic blood flow

in response to various vasoactive stimuli divided by resting

blood flow.1 The maximal hyperemia is usually achieved

through intravenous administration of vasodilators such as

adenosine or regadenoson.1

Echocardiography can help assess coronary flow veloc-

ity by pulsed wave Doppler of the left anterior descending

coronary artery at rest and after dipyridamole or adenosine,

although this is not a common test in clinical practice in the

USA.9

Invasive testing. Measurement of coronary vascular func-

tion includes measurements of coronary blood flow and cor-

onary artery diameter with endothelium-dependent probes,

for example, acetylcholine, and predominantly endothe-

lium-independent probes, for example, adenosine.1,9 While

non-endothelial-dependent dysfunction may be assessed by
Downloaded for Anonymous User (n/a) at South Jutland Hospi
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noninvasive tests, acetylcholine can be administered only

during invasive testing. Thus, a complete diagnostic assess-

ment for INOCA/ANOCA usually requires invasive

angiography.1,39Although some have suggested cold press-

sor stress testing with non-invasive imaging (PET or

cMRI), we have not found this usefull for evaluating endo-

thelial function.

Comprehensive invasive testing for INOCA/ANOCA is

consistent with the diagnostic protocol used in the CorMicA

project (NCT 0319294), a landmark trial in microvascular

dysfunction assessment in INOCA patients. It showed that

complete evaluation including fractional flow reserve, flow

reserve, microvascular resistance, and acetylcholine vaso-

reactivity testing with stratified medical therapy improves

angina scores over 6 months in INOCA patients.39 These

investigators later documented sustained angina improve-

ment and better quality of life at 1-year. In addition, the

2019 European Society of Cardiology guidelines provide a

class IIa recommendation for guidewire-based measure-

ment of flow reserve or microcirculatory resistance in

patients with persistent symptoms, despite normal coronary

arteries or nonobstructive disease on angiography.41 Intra-

coronary acetylcholine testing is supported by class IIb rec-

ommendation to assess coronary microvascular spasm and

vasospastic angina, as well as class IIa recommendation to

clarify endothelium-dependent and endothelium-indepen-

dent mechanisms of microvascular dysfunction.42

Others: 31-Phosphorus Magnetic Resonance Spectros-
copy (31P-MRS). Cardiac spectroscopy is perhaps one of

the better methods to evaluate such patients, as we first

documented in the WISE project.56,57 It can identify viable

stunned or hibernating myocardium, in which adenosine tri-

phosphate levels remain normal, from nonviable and

scarred myocardium, where adenosine triphosphate is

reduced or completely absent.43
MANAGEMENT

MINOCA
Although data are limited on the optimal management

approach for patients with MINOCA, the AHA recom-

mends a clinical approach, which includes the following: 1)

emergency supportive care; 2) a working diagnostic

approach; 3) cardioprotective therapies irrespective of the

underlying cause of MINOCA; and 4) cause-targeted thera-

pies (Figure 3A).5

Cardioprotective Medications in MINOCA. Studies

have shown that angiotensin-converting enzyme inhibitor

(ACEI)/angiotensin receptor blocker (ARB) medications

have a potential benefit in MINOCA.1,5,44-46 Statin use not

only lowers cholesterol levels, but also has anti-inflamma-

tory properties, making it particularly useful in MINOCA.

In an analysis of the Swedish Web-System for Enhance-

ment and Development of Evidence-Based Care in Heart
tal from ClinicalKey.com by Elsevier on November 19, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.



Figure 3 (A) Flow diagram summarizing the manage-

ment algorithm for MINOCA patients; (B) Flow dia-

gram summarizing the management algorithm for

INOCA/ANOCA patients. ACEI = angiotensin-convert-

ing enzyme inhibitor; ANOCA = angina pectoris highly

suspect for but without ischemia or biomarker positivity

in nonobstructive coronary arteries; BB = beta-blocker;

CCB = calcium channel blocker; CMD = coronary

microvascular dysfunction; INOCA = ischemia without

elevated biomarkers of cardiomyocyte injury in patients

with nonobstructive coronary arteries;

MINOCA = myocardial infarction with nonobstructive

coronary arteries.

Table 2 Summary of Ongoing Trials in the Field of Nonobstruc-
tive Coronary Artery Syndromes

Trial Name Brief Description

MINOCA-BAT (NCT03686696) The study will randomize 3500
patients with MINOCA to treat-
ment with ACEI or ARB and
beta�blockers or matching
placebo. The primary end point
of the study is time to mortal-
ity of any cause or readmission
due to myocardial infarction,
ischemic stroke, or heart
failure.

WARRIOR (NCT03417388) This study will evaluate the ben-
efit of intensive statin and
ACEI/ARB therapy on major
adverse cardiovascular events
in symptomatic women with
INOCA.

CorCTCA trial (NCT03477890) The study will clarify the preva-
lence and clinical significance
of INOCA when standard care is
based on coronary computed
tomography angiography.

PRIZE (NCT04097314) The study will assess the benefit
of Zibotentan, an oral endothe-
lin A receptor antagonist,
which may help counteract the
hypersensitivity to vasocon-
striction seen in coronary
microvascular dysfunction.

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin

receptor blocker; CorCTCA = Coronary Microvascular Function and CT Cor-

onary Angiogram; INOCA = ischemia without elevated biomarkers of car-

diomyocyte injury in patients with nonobstructive coronary arteries;

MINOCA = myocardial infarction with nonobstructive coronary arteries;

MINOCA-BAT = Randomized Evaluation of Beta Blocker and ACEI/ARB

Treatment in MINOCA patients; PRIZE = Precision Medicine With Zibo-

tentan in Microvascular Angina; WARRIOR = Women’s IschemiA TRial to

Reduce Events In Non-ObstRuctive CAD.
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Disease Evaluated According to Recommended Therapy

(SWEDEHEART) Registry including 9466 patients with

MINOCA, statins (hazard ratio [HR] 0.77; 95% confidence

interval [CI] 0.68-0.87) and ACEI/ARBs (HR 0.82; 95% CI

0.73-0.93) were associated with lower major adverse car-

diac events. There was a trend toward lower events with

beta-blocker therapy (HR 0.86; 95% CI 0.74-1.01).45
INOCA/ANOCA
Management should be patient-centered with a multidisci-

plinary care approach focusing on lifestyle modification

and aggressive risk factor control, including hypertension,

diabetes, and hyperlipidemia management, smoking cessa-

tion, and exercise (Figure 3B).1 Once the diagnosis is con-

firmed, treatment of the underlying cause should be

pursued.1 The CorMicA trial showed that stratified therapy

based on the type of microvascular dysfunction led to

improvement in angina and quality of life; patients with
Downloaded for Anonymous User (n/a) at South Jutland Hospi
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coronary vasospasm showed benefit from vasodilator ther-

apy with calcium channel blockers,1,39,47 while patients

with microvascular angina experienced improvement in

their symptoms with beta-blockers and consideration of

ACEI/statin therapy.1,37,48-50 In patients with diabetes mel-

litus, the addition of spironolactone has been shown to

improve coronary microvascular function.50

Similar to MINOCA, the benefit from statin not only

comes from its cholesterol-lowering effect, but also from

the anti-inflammatory properties it provides.1,47,48-50 These

findings are to be confirmed by the ongoing Women’s

IschemiA TRial to Reduce Events In Non-ObstRuctive

Coronary Artery Disease (WARRIOR), which is designed

to assess the benefit of statin and ACEI/ARB therapy on

major adverse cardiovascular events in symptomatic

women with INOCA.51
tal from ClinicalKey.com by Elsevier on November 19, 
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PROGNOSIS

MINOCA
In the Variation In Recovery: Role of Gender on Outcomes

of Young Myocardial Infarction Patients (VIRGO) study,

patients with MINOCA had similar mortality at 1 month

and 1 year, and similar quality-of-life measures compared

with patients with myocardial infarction due to obstructive

disease.5,12 The Korean Infarct Registry showed that

MINOCA patients had a similar risk of major adverse

events as myocardial infarction due to obstructive disease

in single- or double-vessel angiographic disease.5,52
INOCA/ANOCA
Studies have shown that INOCA patients have relatively

higher cardiac events compared with the general

population.52,53 Women with INOCA had significant symp-

tom burden, with major adverse cardiac events (death, non-

fatal myocardial infarction, nonfatal stroke, and heart

failure hospitalization) of more than 2.5% yearly by 5 years,

as well as elevated readmission and repeat angiography

rates.9,53
KNOWLEDGE GAPS AND ONGOING TRIALS
As knowledge gaps exist with regard to pathophysiology

and potential disease mechanisms, interactions of different

risk factors, utility of the diagnostic tools and algorithms,

and optimal management options with their impact on prog-

nosis of these syndromes, ongoing trials are set to investi-

gate some of these unanswered questions (Table 2). The

Randomized Evaluation of b-Blocker and ACEI/ARB

Treatment in MINOCA Patients (MINOCA BAT; Clinical-

Trials.gov Identifier: NCT03686696) study will randomize

3500 patients with MINOCA to treatment with ACEI or

ARB and beta-blockers or placebo. The primary end point

of the study is time to mortality of any cause or readmission

due to myocardial infarction, ischemic stroke, or heart fail-

ure.46 The WARRIOR trial (NCT03417388) is a multicen-

ter, randomized, blinded outcome trial to evaluate the

benefit of statin and ACEI/ARB therapy on major adverse

cardiovascular events in symptomatic women with

INOCA.51 The CorCTCA study (NCT03477890) is an

ongoing trial aiming to clarify the prevalence and outcomes

of INOCA when standard care is based on coronary CT

angiography.54 The Precision Medicine with Zibotentan in

Microvascular Angina (PRIZE) trial (ClinicalTrials.gov

Identifier: NCT04097314) is assessing the benefit of an oral

endothelin A receptor antagonist in patients with microvas-

cular dysfunction.55
CONCLUSION
Ischemic syndromes associated with nonobstructive epicar-

dial coronary arteries have been increasingly recognized as

a clinical entity, and they have heterogeneous clinical
Downloaded for Anonymous User (n/a) at South Jutland Hospi
2021. For personal use only. No other uses without permissio
presentations. Knowledge of the appropriate evaluation is

key in the diagnosis of these clinical entities. Importantly,

medical stratification based on the type of condition has

been shown to be beneficial in improving angina scores in

these patients and should be pursued whenever possible. As

evidence-based therapies for these syndromes exist, careful

attention to diagnosis is pivotal. Finally, it is important to

understand that there are many knowledge gaps in the

“open artery ischemia” story.
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