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Two-thirds of women who present with persistent symptoms and
clinical signs of ischemia have no evidence of obstructive coronary ar-
tery disease (INOCA) on angiography.1 Cardiac ischemia can be mani-
fested by chest discomfort, shortness of breath, decreased exercise

tolerance, and ST-segment or
imaging abnormalities at rest or
with stress. Although women
with a clinical presentation sug-
gesting ischemic heart disease

are often reassured after having a “normal” angiogram that their symp-
toms are not likely cardiac in etiology, 1 in 13 of these women die from
a cardiac cause within 10 years of the angiographic evaluation,2 and
the most frequent adverse cardiac event is hospitalization for heart
failure with preserved ejection fraction with an observed 10-fold higher
rate compared with asymptomatic women (3.3% vs 0.3%).1 For these
women with INOCA, clinicians should consider the important, yet of-
ten overlooked, diagnosis of coronary microvascular dysfunction
(CMD)—a small vessel disorder that confers an adverse prognosis in
women for which there are available and continuously evolving diag-
nostic and treatment strategies.

Diagnosis
A stepwise approach to treating a woman with possible CMD is sum-
marized in the Figure. This approach is derived from expert consensus3

and has not been rigorously tested. The presence of secondary CMD
due to myocardial disorders should be excluded. A CMD evaluation
shouldbeconsideredfor individualswiththefollowingclinical features:
subjective report of symptoms consistent with ischemia; objective evi-
dence of myocardial ischemia based on diagnostic tests of low func-
tional capacity, dynamic abnormalities (such as exercise-induced an-
gina or ST-segment electrocardiographic response), reversible abnor-
malitiesonnoninvasivestresstesting,oranyacutecoronarysyndrome;
and no obstructive coronary artery disease (CAD) found on invasive
ornoninvasivecoronaryangiography.MostwomenwithCMDalsohave
traditional cardiovascular risk factors, such as hypertension, hyperlip-
idemia, or a family history of premature coronary artery disease, and
evidence of nonobstructive coronary atherosclerosis.1 Presence of au-
toimmune disorders, history of cancer, and history of adverse preg-
nancy outcomes may also contribute to CMD. A diagnosis of CMD can
beestablishedbyseveralstrategies, includingatrialofempiricaltherapy,
noninvasive diagnostics, or invasive diagnostics (Figure).

Response to Empirical Therapy
Most women older than 65 years who undergo clinically indicated
coronary angiography for INOCA have several risk factors and el-
evated atherosclerotic cardiovascular disease risk scores.4 For these
women with no obstructive CAD, empirical therapy may be initi-
ated to assess angina response to treatment. Optimal medical
therapy includes a statin and low dose of aspirin based on stable is-
chemic heart disease guidelines.5 For individuals who are hyperten-

sive, angiotensin-converting enzyme (ACE) inhibitor or angioten-
sin receptor blocker (ARB) agents are preferred for antianginal
therapy, given that studies have demonstrated that they improve
endothelial dysfunction and coronary flow reserve (CFR).1 Other anti-
anginal/anti-ischemic agents can be added, such as vasodilating
β-blockers and nondihydropyridine or dihydropyridine calcium chan-
nel blockers and ranolazine.1 Symptomatic improvement in re-
sponse to empirical therapy may be sufficient for establishing a CMD
diagnosis in patients with traditional risk factors.

Noninvasive Diagnostics
Traditional noninvasive diagnostic testing can include exercise
electrocardiogram, stress echocardiography, and single-photon
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Figure. Proposed Approach for the Diagnosis of Coronary Microvascular
Dysfunction (CMD) in Women With Ischemia With No Obstructive
Coronary Artery Disease (INOCA)
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emission computed tomography; however, these modalities have
low sensitivity and moderate specificity for diagnosing CMD.1 If a di-
agnosis of CMD is not considered, ST-segment abnormalities and an-
terior or apical perfusion defects may be incorrectly dismissed as
false-positive findings or attributed to breast attenuation artifact in
women with no obstructive CAD. For women with indeterminant or
negative results for CMD who have persistent symptoms, did not re-
spond to empirical therapy, and are not suitable for invasive test-
ing, advanced noninvasive imaging modalities should be consid-
ered for the evaluation of abnormal CFR consistent with CMD; these
modalities include pharmacologic stress cardiac positron emission
tomography, cardiac magnetic resonance imaging, and transtho-
racic Doppler echocardiography.1,6,7 Importantly, while the nonin-
vasive stress perfusion tests are able to measure CFR, which has prog-
nostic implications and can guide medical management,1 the
noninvasive diagnostic tests are unable to identify an abnormal coro-
nary vasodilation or constriction pathway for directing therapy. For
this reason, and for high-risk patients, invasive diagnostic testing can
be considered.

Invasive Diagnostics
The indications for invasive functional angiography testing include
(1) lack of diagnosis for the cause of persistent chest pain after mul-
tiple prior medical encounters, (2) lack of symptom responsive-
ness to empirical therapy, or (3) uncertainty regarding utility of medi-
cal therapy for a symptomatic woman of reproductive age. The
cardiovascular risks of INOCA and CMD are higher than the proce-
dural risks of invasive functional angiography.3 Patients who have
had a prior myocardial infarction with no obstructive CAD are at par-
ticularly high risk for adverse events; thus, invasive functional an-
giography testing may be the preferred initial step for such individu-
als, given its potential to identify the abnormal coronary pathways.1

In particular, the benefits of invasive testing include the ability to iden-
tify the presence of specific vasodilation and vasoconstriction ab-
normalities, which allows for tailoring therapies.

Treatment Strategies
Given the lack of clinical outcome trials to date, practice guidelines
do not currently address how to best treat women with INOCA and
CMD. Previous clinical trials, which provided the existing evidence
base for guidelines on secondary prevention for ischemic heart dis-
ease, did not typically stratify patients based on coronary angiog-
raphy findings; thus, female and male patients with INOCA and CMD
were included and not differentiated.5 In the absence of more spe-
cific evidence available at present, it is reasonable for current thera-
peutic approaches to involve secondary prevention measures, in-
cluding optimal medical therapy and therapeutic lifestyle change.1

Pharmacologic Strategies
Management of cardiovascular risk factors includes control of dys-
lipidemia, diabetes, and hypertension, in addition to therapy with
low-dose aspirin. ACE inhibitors have been shown to improve CFR,
exercise tolerance, and angina symptoms.1 Carvedilol improves en-
dothelial function.1 Patients with abnormal vasodilator reserve have
improved symptoms, less nitrate usage, and improved exercise tol-
erance after being treated with verapamil or nifedipine.1 Statins not
only lower cholesterol, but they also improve CFR.1 The use of ni-
trates may or may not improve patients’ symptoms due to lack of
smooth muscle in the microvasculature, and nitrate tolerance can
be problematic with long-acting nitrates. Ranolazine improves symp-
toms in patients with low CFR.1

Conclusions
The diagnosis of CMD should be considered in women with INOCA.
The risk for adverse cardiac events is relatively high in patients with
CMD, despite the absence of obstructive CAD. Therapeutic strate-
gies can include optimal medical therapy of intensive statin, ACE in-
hibitors/ARB, low-dose aspirin, and therapeutic lifestyle change as
outlined in ischemic heart disease guidelines. Prospective regis-
tries are investigating INOCA in women and men, and randomized
clinical outcome trials are examining treatment strategies.
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