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A B S T R A C T

Ischemic heart disease (IHD) is common in women, and cardiovascular disease is a leading cause of morbidity and mortality. While obstructive coronary artery
disease is the most common form of IHD, millions of women suffer from angina with nonobstructive coronary arteries (ANOCA), an umbrella term
encompassing multiple nonatherosclerotic disorders of the coronary tree. The underlying pathology leading to ischemia in these syndromes may be
challenging to diagnose, leaving many women without a diagnosis despite persistent symptoms that impact quality of life and adversely affect long-term
cardiovascular prognosis. In the last decade, there have been significant advances in the recognition and diagnostic evaluation of ANOCA. Despite these
advances, the standard approach to evaluating suspected IHD in women continues to focus predominantly on the assessment of atherosclerotic coronary
artery disease, leading to missed opportunities to accurately diagnose and treat underlying coronary vasomotor disorders. The goal of this review is to
describe advances in diagnostic testing that can be used to evaluate angina in women and present a pragmatic diagnostic algorithm to guide evaluation of
ANOCA in symptomatic patients. The proposed approach for the assessment of ANOCA is consistent with prior expert consensus documents and guidelines
but is predicated on the medical interview and pretest probability of disease to inform a personalized diagnostic strategy.
Introduction

Every year, more than 10 million people in the United States
seek evaluation for suspected ischemic heart disease (IHD).1 Car-
diovascular disease is a leading cause of morbidity and mortality
in women, but significant disparities exist in evaluation and
management.2,3 In the last 60 years, the overall population mor-
tality rate due to atherosclerotic coronary artery disease (CAD) has
declined by almost 50%; however, in women the rate of decline
has been substantially lower. Furthermore, the frequency of hos-
pitalizations for acute myocardial infarction in young women
(35-54 years) has increased from 21% in 1995-1999 to 31% in
2010-2014, compared to a relatively stable frequency in young
men (from 30% to 33%).4
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Historically, the evaluation of suspected cardiac chest pain, or
angina pectoris, has focused on identifying myocardial ischemia caused
by obstructive CAD; however, nearly 50% of patients undergoing
invasive coronary angiography for suspected IHD are found to have no
obstructive CAD or no coronary arteries with�50% stenosis.5,6 Instead,
prior studies have suggested that 3 to 4 million people in the United
States suffer from angina with nonobstructive coronary arteries
(ANOCA).5,7 ANOCA is an umbrella term defined by the presence of
anginal chest pain with either normal epicardial coronal arteries or
coronary arteries with nonobstructive CAD.5,8 It encompasses coronary
vasomotor disorders including coronary microvascular dysfunction
(CMD), coronary vasospasm, endothelial dysfunction, symptomatic
myocardial bridging (MB), and other nonatherosclerotic disorders.9,10

ANOCA endotypes may occur in isolation or as mixed syndromes, and
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they may exist in combination with CAD, which can be diffuse and
missed with invasive angiography without intravascular imaging.11

Additionally, atherosclerosis of any degree can impair endothelial
function and contribute to development of ANOCA.12 Although CAD is
the leading cause of mortality in both men and women, women are
more likely than men to suffer from ANOCA.5,13

Routine cardiovascular testing, which focuses on the evaluation of
obstructive CAD, is less likely to define the underlying diagnosis in
ANOCA, creating a diagnostic disparity for women with stable IHD.
According to the 2021 American Heart Association and American
College of Cardiology guideline for the evaluation and diagnosis of
chest pain, assessment of patients with angina should start with an
estimation of the pretest probability of atherosclerotic CAD, and
additional diagnostic testing may be advised to rule out obstructive
CAD. Although there is a growing array of testing options that can shed
light on ANOCA, including invasive coronary function testing (CFT) and
positron emission tomography (PET) myocardial perfusion imaging
(MPI), evaluation of ANOCA is usually considered only after CAD is
excluded.14,15 Additionally, these tests remain out of reach of many
practicing clinicians, with variation in clinician awareness, site avail-
ability, insurance coverage, and patient preference regarding exposure
to radiation or contrast dye, additional noninvasive tests, or repeat
invasive procedures. As a result, many women with underlying ANOCA
or mixed CAD/coronary vasomotor disorders are likely to be mis-
diagnosed, have a delayed diagnosis, and experience persistent
symptoms.8,16 For example, in one study of 112 women with
nonobstructive CAD entering a multidisciplinary women’s health center,
64% of patients did not have a specific diagnosis prior to entering the
center, and 71% received a new or changed diagnosis after undergoing
further testing.17 In another study of 297 women with a self-reported
diagnosis of ANOCA, almost 78% were told that their symptoms
were noncardiac prior to receiving the correct diagnosis.18

Testing that can elucidate the specific subtype of ANOCA is
important given the prevalence and increased morbidity and mortality
associated with these disorders in women.5,19–23 A study of 297
women with ANOCA found that after symptom onset, women
reported lower functional capacity and adverse effects on home life,
social life, mental health, interpersonal relationships, and work.
Furthermore, a meta-analysis of 6631 patients with and without CMD
described a 4-fold increase in mortality and a 5-fold increase in major
cardiovascular events in patients with CMD.24 Recent studies such as
the randomized CORonary MICrovascular Angina (CorMicA) trial have
demonstrated significant improvement in symptom burden and
quality of life with stratified medical therapy based on the identifica-
tion of the underlying vasomotor disorder. Although it seems intuitive
that an accurate diagnosis allows patients to understand their condi-
tion and is essential for guiding therapy, stratified medical therapy
rarely occurs in clinical practice.25

The objective of this review is to introduce subtypes of ANOCA as
commonly encountered syndromes in women with angina and to pro-
vide a practical diagnostic algorithm for ANOCA.
Terminology

The purpose of this review is to identify and review biological dif-
ferences that may impact diagnostic testing based on sex, which is a
biological construct based on anatomy, physiology, genetics, and hor-
mones.26 The words “woman” and “women” are used throughout the
manuscript referring to a specific gender. The authors acknowledge that
gender is a multidimensional construct that encompasses gender
identity and expression, as well as social and cultural expectations
about status, characteristics, and behaviors and that gender can have
complex interactions with biological sex throughout life that can impact
cardiovascular health.27
Subtypes of ANOCA

There is considerable variation between studies regarding the
prevalence of ANOCA subtypes. However, a meta-analysis conducted
on 56 studies and a total of 14,427 patients found the pooled preva-
lence of CMD, epicardial vasospasm, microvascular spasm, and
combined CMD and vasospastic angina to be 41%, 40%, 24%, and
23%, respectively.28

Within the coronary vascular system, the larger epicardial arteries
function as conductance channels that offer minimal resistance to cor-
onary blood flow, and the microvascular network is the primary deter-
minant of coronary vascular resistance and regulator of coronary blood
flow. In response to increased myocardial oxygen demand, the micro-
vascular bed dilates to ensure adequate cardiac perfusion. The larger
prearterioles predominantly maintain smooth muscle tone and alter
vessel diameter through an endothelium-dependent mechanism that
involves the release of vasoactive mediators that act on vascular smooth
muscle. The medium-sized arterioles mainly regulate tone through a
myogenic mechanism in which stretch receptors in the vessel wall
respond to changes in intraluminal pressure. The tone and diameter of
the smallest distal arterioles are mainly regulated by vasoactive meta-
bolic byproducts during periods of increased cardiac activity.29

Abnormalities in any of these vasoregulatory mechanisms may
contribute to the development of CMD.
Coronary microvascular dysfunction

CMD is defined as an impaired ability of the coronary microvascu-
lature to autoregulate coronary blood flow due to varying degrees of
structural, functional, and extravascular abnormalities. This leads to a
mismatch between oxygen supply and demand. Mechanisms include
vascular remodeling, vessel wall infiltration, extrinsic compression from
surrounding myocardium, altered intracellular signaling, or increased
production of reactive oxygen species. Additionally, there may be
functional abnormalities from impaired vasodilation, enhanced vaso-
constriction, or a combination of both. Autonomic dysfunction may also
contribute to abnormal vasodilation.30

As part of the diagnostic evaluation of ANOCA, intracoronary or
intravenous adenosine can be administered to assess the integrity of
the endothelium-independent vasodilatory pathway. Adenosine binds
to A2 receptors, which are concentrated in the vascular smooth muscle
of the microvascular vessels, leading to an increase in coronary flow or
hyperemia. Clinically, the coronary flow reserve (CFR), the index of
microcirculatory resistance (IMR), and hyperemic microvascular resis-
tance (hMR) can be measured after the onset of hyperemia. Reduced
adenosine-mediated vasodilation, defined as low CFR (<2.5) or high
hMR (�2.5), can be indicative of endothelium-independent microvas-
cular dysfunction.10,31
Endothelial dysfunction

The endothelium is essential for maintenance of vascular homeo-
stasis. It releases vasodilation-promoting factors such as nitric oxide,
prostacyclin, and endothelium-derived hyperpolarizing factor, and
vasoconstriction-promoting factors such as endothelin-1 and throm-
boxane. Endothelial dysfunction develops when there is diminished
production or reduced sensitivity to vasodilatory mediators and/or
overproduction or hypersensitivity to substances that cause
vasoconstriction.32,33

When performing CFT for evaluation of ANOCA, acetylcholine
(ACh) can be administered to assess the integrity of the endothelium-
dependent vasodilatory pathway.34 Under physiologic circumstances,
ACh binds to muscarinic receptors on endothelial cells to induce nitric
oxide release, which leads to vasodilation. However, a paradoxical
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response occurs when there is endothelial dysfunction. Endothelial
dysfunction allows ACh to bind to the underlying vascular smooth
muscle, causing either vasospasm or blunted vasodilation.33
Coronary vasospasm

Coronary vasospasm may involve the epicardial arteries or the cor-
onary microcirculation, and the resulting clinical presentation is referred
to as vasospastic angina. The terms Prinzmetal or variant angina refer to
both epicardial and microvascular spasms.10 In the Acetylcholine
Testing in Patients with Stable Angina Pectoris and Unobstructed Cor-
onary Arteries (ACOVA) study, two-thirds of patients with no obstructive
CADwere found to have coronary vasospasm.35 Single-center registries
have reported a prevalence of vasospastic angina as high as 97% in
patients undergoing invasive CFT.36 Coronary vasospasm can be
attributed to endothelial dysfunction, which allows ACh to bind to
muscarinic ACh receptors on vascular smooth muscle and induce
vasospasm, or to vascular hypercontractility secondary to vascular
smooth muscle cell hypersensitivity to vasoconstrictive stimuli.25,37

Anginal symptoms are often triggered in response to a precipitant, such
as emotional stress, cold weather, cigarette smoking, or cocaine use.34
Myocardial bridge

MB is a congenital variant, estimated to be present in up to 30% of
the population.14 In MB, a portion of an epicardial coronary artery takes
an intramuscular route and undergoes dynamic compression during
systole, leading to ischemia.38 However, this mechanism alone is usually
insufficient to account for the ischemia associated with this condition,
and the mechanism of ischemia in patients with MB frequently includes
CMD, endothelial dysfunction, and spasm.39 Beyond the hemodynamic
effects of extrinsic compression, MB is associated with impaired
endothelial-dependent epicardial vasorelaxation and vascular smooth
muscle hyperreactivity.38,40 Notably, the recently described Acute
presentation, Bridge, C-reactive protein, Dyslipidemia risk score iden-
tified the presence of MB as a key predictor of inducible vasospasm in
patients undergoing provocative testing with ACh.41
Evaluation of angina in women

In clinical practice, the approach to the evaluation of chest pain with
suspected IHD focuses almost exclusively on the evaluation of athero-
sclerotic CAD. In the 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR
chest pain guideline, there are no sex-specific recommendations for the
diagnostic evaluation of chest pain, and evaluation for ANOCA is rec-
ommended only after obstructive CAD is excluded. For patients with
known CAD and stable chest pain, these guidelines recommend
intensification of guideline-directed medical therapy. For persistent
symptoms in patients with known nonobstructive CAD, coronary
computed tomography angiography (CCTA) with fractional flow reserve
(FFR) or stress testing is recommended. Evaluation for ANOCA is rec-
ommended only after these tests yield negative results and the patient
remains symptomatic. For patients with stable chest pain and no known
CAD, evaluation for ANOCA is only recommended for intermediate/
high-risk patients whose CCTA shows no obstructive CAD and who
have evidence of ischemia on stress testing.15

Women with chest pain in all age groups are less likely to have
obstructive CAD and more likely to have ANOCA compared to men.42

As a result, women are at a diagnostic disadvantage as the cause of
their symptoms is less likely to be determined when they are evaluated
using routine diagnostic strategies. There are biological differences in
the pathophysiology of IHD, and an approach that relegates diagnostic
evaluation of ANOCA to a last resort can expose women to misdiag-
nosis and delays in care.
An updated approach for evaluation of IHD in women

We propose consideration of a diagnostic approach that can
streamline the evaluation of IHD in women and can also be employed
in men with ischemia for whom there is a low probability of CAD
(Central Illustration).
Assessing pretest probability

Our proposed approach begins with assessing the pretest proba-
bility of atherosclerotic cardiovascular disease (ASCVD). In women with
persistent symptoms and no evidence of ischemia on traditional cardiac
testing, there should be a high index of suspicion for ANOCA. In
assessing the pretest probability of CAD, it is important to consider a
patient’s age, and risk factors and use existing standardized risk scores,
such as the ASCVD score, to determine the likelihood of atherosclerotic
CAD.

It is important to recognize that the clinical presentation of ANOCA
may not be distinct from that of ischemia due to CAD. Patients with
ANOCA often experience anginal symptoms such as chest discomfort
and shortness of breath. These symptomsmay be exertional, as in CAD,
but can also occur with emotional stress or without any provoca-
tion.43–45 Additionally, each subtype of ANOCA may present with
differing symptoms. Patients with CMD experience exertional fatigue or
dyspnea that limits usual exercise capacity, persistent chest pain after
cessation of exercise, postexertional fatigue, as well as other symptoms
such as shortness of breath, jaw pain, and profound weakness.34,44

Patients with vasospastic angina describe a sudden tightness in the
chest that has a discreet onset, occurs at rest, and resolves quickly or
persists at a lower level throughout the day, especially between night
and early morning. Marked diurnal variation in exercise tolerance has
been described. Symptoms are ameliorated with nitrate medications.46

Patients with MB are typically asymptomatic but may experience ex-
ertional or resting angina47,48 and less commonly, arrhythmias such as
atrioventricular block, supraventricular tachycardia, or ventricular
tachycardia.49

Women who have symptoms consistent with or suggestive of
ANOCA are often perimenopausal or in the early postmenopausal
period, and this presentationmay be related to reduction in estrogen or
other cardiovascular risk factors.50 Assessment of extracardiac factors
not directly associated with ANOCA, but still risk-enhancing, is also
important. These factors include the presence of chronic inflammatory
disease (eg, rheumatoid arthritis; systemic lupus erythematosus);
obesity51; elevated C-reactive protein �2 mg/L; peripheral arterial
disease; premature menopause (ovarian failure before the age of 40
years); a history of preeclampsia; and a family history of premature
atherosclerotic disease (men aged <55 years or women aged <65
years).52 Additionally, although ANOCA can occur as an independent
disease, it can also occur comorbidly with CAD. Thus, traditional car-
diovascular risk factors, including hypertension, diabetes mellitus, and
obesity should be assessed.53

To quantify a patient’s risk of ASCVD, we recommend the use of a
standardized risk assessment tool in the form of a validated risk score for
the population being studied. The most commonly used score in the
United States is the ASCVD risk score, a pooled cohort equation that
estimates the 10-year risk of cardiovascular events.52 The Reynold’s risk
score (which additionally includes high-sensitivity C-reactive protein
and family history of myocardial infarction in first-degree relatives prior
to the age of 60 years), developed and validated in women, may also be
appropriate.54



Central Illustration.
Proposed approach for the evaluation and management of suspected ischemic heart disease in women. Our proposed approach for evaluating women with suspected ischemic heart
disease begins with assessing the pretest probability of atherosclerotic cardiovascular disease (ASCVD), including an evaluation of anginal symptoms and symptoms associated with
angina with nonobstructive coronary arteries (ANOCA). Next, we recommend coronary computed tomography angiography (CCTA) for low-risk patients and functional testing for high-
risk patients. Patients with a large burden of ischemia on imaging should be placed on goal-directed therapy for obstructive coronary artery disease (CAD), and those with a low burden
of ischemia can begin empiric medical therapy for ANOCA. Finally, in patients with persistent symptoms despite appropriate medical therapy, invasive coronary function testing can be
pursued for a definitive diagnosis. CMR, cardiac magnetic resonance imaging; PET, positron emission tomography.
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Noninvasive diagnostic testing

Technological advances have led to the widespread availability
of both functional (ie, stress testing) and anatomic diagnostic test
modalities for the investigation of IHD. Overall, functional testing is
most appropriate for documenting ischemia or assessing the
symptom response to exercise. In patients with a low pretest
probability of CAD, anatomic tests such as CCTA or invasive cor-
onary angiography have a high negative predictive value for
excluding CAD.
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The exercise tolerance test (ETT) or treadmill test is one of the most
common initial tests used for the assessment of CAD. Historically, ETT
was thought to have low sensitivity and specificity in women due to a
higher rate of presumed false positive stress tests compared with men.
However, more contemporary evidence based on invasive coronary
Doppler assessment has shown that when CMD is added to the refer-
ence standard in addition to obstructive CAD, the specificity of ETT is
excellent at 100%, and the false positive rate of ETT decreases from
31% to 0%.55 The misconception that ETT has poor diagnostic value in
women highlights a disparity that has existed and been perpetuated
because obstructive CAD was used as the reference.

Stress echocardiography with either exercise or pharmacologic
agents can be used in the evaluation of angina. In contrast to radio-
nuclide stress testing, stress echocardiography does not expose the
patient to radiation and has been shown to have a high specificity for
obstructive CAD (Table 1).56–60 Pharmacologic stress echocardiography
using vasodilators has been used to measure CFR, whichmay be helpful
in the diagnosis of CMD, but this technique has not been widely
adopted due to the expertise required for image acquisition.61,62

Radionuclide stress testing options include single photon emission
computed tomography (SPECT) and PET-MPI imaging. Unlike PET stress
testing, SPECT stress testing can be combined with an ETT to provide
additional information regarding functional capacity.58 However, PET
stress testing has increasingly been used in the assessment of ischemic
symptoms given its advantages over SPECT imaging, particularly for
women, including lower radiation exposure, superior imaging quality,
accurate attenuation correction, and detection of regional perfusion
defects. It can also measure rest and stress myocardial blood flow (MBF)
and myocardial flow reserve (MFR), which can be used as a global
measure of CFR.63–67 Notably, MFR has been shown to be predictive of
all-cause mortality and major adverse cardiovascular events independent
of angiographic stenosis severity.13,68 The use of PET-MPI has become
more common in clinical practice,67 and it is an excellent noninvasive first
step in assessing MFR and perfusion for the diagnosis of CMD.69

Stress cardiac magnetic resonance imaging (CMR) has higher reso-
lution compared to SPECT or PET-MPI. Additionally, stress CMR has
high diagnostic accuracy and can yield MBF and myocardial perfusion
reserve index, providing valuable information regarding the presence
of CMD.70 Both stress CMR with MBF and PET-MPI have a class 2A
recommendation for the evaluation of ANOCA and are appropriate for
initial assessment.15 However, stress CMR is not widely available in the
United States.56

Anatomic testing with CCTA can be considered as an alternative to
functional testing as an initial noninvasive investigation due to its higher
accuracy in the detection of stenosis and nonobstructive lesions. In the
2021 chest pain guideline, CCTA has a class 1a recommendation for the
evaluation of chest pain in patients with intermediate-risk and no known
CAD.15 Trials including the Prospective Multicenter Imaging Study for
Evaluation of Chest Pain (PROMISE) and the Scottish Computed To-
mography of the Heart trial found CCTA to have a high specificity for
the detection of CAD.71 The PROMISE trial, which compared the
Table 1. Sensitivity and specificity of noninvasive diagnostic modalities for
the evaluation of obstructive CAD in women58–60

Test modality Sensitivity Specificity

Exercise tolerance test (ETT) 62% 68%
Single photon emission computed tomography (SPECT)
myocardial perfusion imaging

84.2% 78.7%

Stress positron emission tomography (PET) myocardial
perfusion imaging

90%-92% 81%-88%

Coronary computed tomography angiography (CCTA) 93.5% 80.6%
Stress cardiac MRI 86.5% 83.4%
Dobutamine stress echocardiography 70.4% 94.6%

CAD, coronary artery disease; MRI, magnetic resonance imaging.
strategy of initial functional testing versus initial CCTA, showed that
clinical outcomes at the end of a 2-year follow-up period did not differ
significantly between the 2 groups. CCTA can provide additional
prognostic information in women regarding the burden of atheroscle-
rosis at a similar cost to that of stress testing. Importantly, CCTA is
associated with significantly less exposure to radiation compared
to nuclear stress testing.69,72 Furthermore, a unique advantage of CCTA
in patients with suspected ANOCA is the ability to detect and
characterize MB.73
Invasive CFT

Although noninvasive diagnostic testing may be the initial test option
for the assessment of patients who present with suspected IHD, CFT can
definitively assess for CAD and characterize functional abnormalities
within ANOCA. In 1997, the initial Women’s Ischemia Syndrome Evalu-
ation (WISE) trial was initiated to investigate IHD in women, including
womenwith and without obstructive CAD, and a novel coronary reactivity
testing protocol was developed using Doppler assessment.74,75 The
WISE protocol raised awareness regarding the prevalence and prog-
nostic implications of coronary vasomotor dysfunction, but the protocol
could not be scaled to routine practice.76 Coronary thermodilution using
a pressure- and temperature-sensor–tipped coronary guide wire has
emerged as a readily available method for assessing CFR and IMR with
high interoperator reproducibility.77 Historically, invasive coronary
Doppler was the gold standard for the assessment of CFR and hMR, but
this modality is currently off the market in the United States.78–80 Beyond
FFR or nonhyperemic pressure ratios to assess translesional pressure
gradients, invasive assessment of CFR and IMR can be used clinically to
comprehensively assess the coronary circulation for causes of myocardial
ischemia.31,61

In addition to wire-based testing, intracoronary ACh can be safely
used to assess the endothelium-dependent vasodilatory pathway and
identify coronary vasospasm and endothelial dysfunction. This test is
performed by serially infusing ACh into the coronary arteries and
evaluating for changes in coronary artery diameter, electrocardio-
graphic changes, and patient symptoms.81 In healthy vessels with
preserved endothelial function, ACh injection should lead to vasodi-
latation. However, if there is endothelial dysfunction or underlying
coronary vasospasm, ACh administration will lead to vasoconstric-
tion.29,80,81 A summary of the indices of invasive CFT can be found in
Table 2.58,63–66

Definitions of ANOCA endotypes based on invasive CFT results can
be found in Table 3.10,81 These were reviewed extensively in a recent
publication.10

Although invasive coronary angiography alone lacks sensitivity for
the detection of MB, detection may be enhanced through intravascular
imaging such as optical coherence tomography (OCT) and intravascular
ultrasound (IVUS).82 Generally, IVUS is preferred over OCT for the
diagnosis of MB due to the ability to visualize systolic compression in
real-time. In addition to OCT and IVUS, characterization with
pressure-wire testing during intravenous dobutamine infusion may be
performed to simulate physiologic stress. Pressure indices that focus on
diastole are best for determining the functional significance of a bridge
due to delayed diastolic expansion. These indices include diastolic FFR
(must be calculated manually), instantaneous wave-free ratio (Philips),
and resting full-cycle ratio (Abbott Vascular).48
Treatment

Overall, the evidence base for pharmacologic treatment of ANOCA
is limited.83 Currently, the only pharmacologic interventions with
moderate-quality evidence on quality of life improvement are ACE in-
hibitors and ranolazine, which are only effective in patients with a low



Table 2. Indices of invasive coronary function testing.

Definition Abnormal findings Considerations

Coronary flow
reserve (CFR)

Ratio of coronary flow during hyperemia
vs rest

Low CFR with no visualized angiographic obstruction
may indicate CMD

Cannot be used independently to diagnose CMD
because it reflects both epicardial and microvascular
disease and is dependent on hemodynamic factors58

Fractional flow
reserve (FFR)

Pressure difference proximal and distal
to a given stenosis in response to
intracoronary dilation with adenosine or
papaverine

FFR > 0.80 and CFR � 2.5 is consistent with CMD;
FFR < 0.80 and CFR � 2.5 is consistent with
epicardial disease alone or mixed epicardial
obstruction and CMD.

In comparison to FFR, CFR has greater prognostic
value for adverse cardiac events in the absence of
obstructive CAD and may be more useful for risk
stratification in the setting of suspected CMD.63,64

Index of
microvascular
resistance (IMR)

Minimal achievable microvascular
resistance

IMR � 25 is consistent with CMD Specific to microcirculation and independent of
hemodynamic factors and epicardial stenosis,65

making it a specific and reproducible measure of
CMD.66

Acetylcholine (ACh)
testing

Injection of intracoronary ACh followed
by assessment of coronary artery
diameter, ECG changes, and patient
symptoms

Reduction of coronary artery diameter <90% with
ACh is consistent with endothelial dysfunction;
�90% is consistent with epicardial vasospasm; ECG
changes and symptoms only is consistent with
microvascular spasm

Safe method of assessing endothelial dysfunction and
coronary vasospasm

CAD, coronary artery disease; CMD, coronary microvascular dysfunction; ECG, electrocardiogram.
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CFR.84–86 If CMD is suspected, other medications to consider include
calcium-channel blockers,84,85 beta-blockers, and statins (given that
inflammation and thrombi are hypothesized to preferentially affect the
small microvasculature of the heart in CMD).87 However, there are few
large randomized control trials to guide treatment.88,89

If vasospasm is suspected, calcium-channel blockers can improve
symptoms and long-term prognosis, but beta-blockers should be
avoided as beta blockade may result in unopposed alpha-mediated
vasoconstriction.90 Although epicardial vasospasm may be responsive
to short-acting nitrates, there are concerns over the safety and effec-
tiveness of long-term nitrate use.91 Of note, nitrates are generally
ineffective in improving symptoms in CMD.92 For patients with symp-
tomatic MB, beta-blockers are the first-line treatment, and
calcium-channel blockers may be used. Short-acting nitrates may be
helpful, especially in patients with vasospasm related to endothelial
dysfunction in the bridge segment. Surgical unroofing is reserved for
patients with MB who fail medical treatment and have refractory
symptoms, and these patients should continue calcium-channel
blockers postoperatively.83,93
Table 3. Definitions for endotypes of ANOCA based on invasive coronary function

ANOCA endotypes Definitions based on invasive coronary functi

Coronary microvascular dysfunction Based on coronary Doppler or thermodilution
� CFR < 2.0-2.5 and/or
� IMR � 25 and/or
� hMR � 2-2.5

Microvascular spasm Based on acetylcholine provocation testing:
� Chest pain and/or
� Absence of epicardial artery constriction
� Ischemic ECG changes (ST-segment depre

elevation �0.1 mV in at least 2 contiguous
Endothelial dysfunction Based on acetylcholine provocation testing:

� >0% and �90% epicardial artery narrowing
� <50% augmentation in coronary blood flo

Epicardial coronary spasm Based on acetylcholine provocation testing:
� Chest pain and/or
� >90% epicardial artery spasm and/or
� ECG changes (ST-segment depression or

elevation �0.1 mV in at least 2 contiguous
Myocardial bridging � Half-moon sign on IVUS

� �10% systolic compression by IVUS
� Dobutamine dFFR/iFR/RFR � 0.76

ACE, angiotensin converting enzyme; ANOCA, angina with nonobstructive coronary
diastolic FFR; ECG, electrocardiogram; hMR, hyperemic microvascular resistance; iFR
intravascular ultrasound; RFR, resting full-cycle ratio.
Guidelines on pharmacologic therapy for ANOCA remain limited.
The Trial on Reversing ENdothelial Dysfunction (TREND trial) was an
early randomized controlled study from 1996 that found that quina-
lapril improves endothelial function in patients with CAD undergoing
CFT.94 The recent CHAMP-CMD trial, in which 87 CMD and control
patients were randomized to either amlodipine or ranolazine, showed
significant improvement of symptoms in patients with CMD and
reduced CFR with ranolazine compared to amlodipine.95 However, the
EDIT-CMD trial, with 126 patients with CMD, randomized patients to
diltiazem or placebo, showed no significant symptom improvement
with diltiazem.96 Several WISE cohort subgroups were developed over
the years, including WISE-CVD, WISE-HFpEF, and the ongoing
Women’s Ischemia Trial to Reduce Events in Nonobstructive CAD,
which is evaluating the impact of intensive medical therapy with
aspirin, statins, and ACE inhibitors versus usual care.88 In addition to
medical therapy, lifestyle changes and risk factor modification
including exercise, dietary adjustment, and cardiac rehabilitation may
alleviate symptom burden and enhance quality of life in patients with
ANOCA.5,79
testing.

on testing10,81 Treatment

techniques: � Beta-blocker (carvedilol, metoprolol)
� ACE inhibitor or ARB
� Statin
� Ranolazine
� Cardiac rehabilitation

ssion or
leads)

� Calcium-channel blocker (verapamil, amlodipine, diltiazem)
� ACE inhibitor or ARB
� Statin
� Short-acting nitrates as needed
� Smoking cessation

and/or
w by Doppler

� Statin
� Cardiac rehabilitation
� ACE inhibitor or ARB
� Short-acting nitrates as needed

leads)

� Calcium-channel blocker (verapamil, amlodipine, diltiazem)
� ACE inhibitor or ARB
� Statin
� Short-acting nitrates as needed
� Smoking cessation
� Beta-blocker
� Calcium-channel blocker
� Ivabradine
� Surgical unroofing (select cases)

arteries; ARB, angiotensin receptor blocker; CFR, coronary flow reserve; dFFR,
, instantaneous wave-free ratio; IMR, index of microcirculatory resistance; IVUS,
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It has been suggested that hormone replacement therapy can
provide symptom relief in patients with ANOCA. However, the associ-
ation between declining estrogen levels in the perimenopausal period
and development of ANOCA is not clearly established,97 and there is
limited evidence to support the routine use of hormone replacement
therapy in this population.98

Establishing a definitive diagnosis with invasive CFT can enable
targeted treatment and improve angina burden and quality of life.5,14

Additionally, studies suggest that a diagnosis may in and of itself be
therapeutic by providing patients with both an understanding of the
cause of their symptoms and the most appropriate medical therapy. In
the CorMicA trial, patients who underwent invasive CFT were ran-
domized to either disclosure of the results to the patient and care
team or blinding of the results. Participants who received medical
therapy guided by the results of CFT had improved angina and quality
of life.25

In addition to improved symptom control, stratified medical treat-
ment for ANOCA based on findings from invasive coronary angiog-
raphy and adjunctive function testing has been found to be
cost-effective. A study conducted by the United Kingdom’s National
Health Service based on the CorMicA trial determined a 96% proba-
bility of cost-effectiveness for invasive testing that defines ANOCA
subtypes and guides medical management, suggesting significant
utility for such testing in women with suspected ANOCA.99 Another
study published by the Mayo Clinic in the United States yielded similar
results. This economic impact study evaluated 200 patients with
ANOCA who underwent CFT and 200 patients with ANOCA who un-
derwent standard coronary angiography and found that those who
underwent CFT had significantly lower annual health care costs at $13,
679 vs $37,804 at 2 years.100
Proposed approach for the evaluation and management of
suspected IHD in women

Our proposed approach to the evaluation of IHD in women
(Central Illustration) begins with assessment of the pretest probability
of ASCVD. The initial evaluation should also include an assessment
of anginal symptoms such as exertional chest pain and shortness of
breath, and symptoms associated with ANOCA such as resting
angina, exertional fatigue, and weakness. For diagnostic testing, we
recommend functional testing with stress echocardiography, stress
CMR, or PETstress testing for patients with a high pretest probability
for IHD, and anatomic testing with CCTA for patients with a low
pretest probability. If noninvasive testing shows a large burden of
ischemia or obstructive CAD, patients should proceed with
guideline-directed care for obstructive CAD. However, if noninva-
sive testing reveals no or minimal CAD or a low burden of ischemia,
symptomatic patients should be started on empiric therapy for
ANOCA and followed closely to assess for symptom relief. Patients
with persistent symptoms despite goal-directed medical therapy for
obstructive CAD or empiric therapy for ANOCA should undergo
invasive coronary angiography and CFT to definitively determine the
underlying diagnosis.
Challenges and future outlook

Even when using a systematic method for evaluating ANOCA,
there may be challenges to determining a definitive diagnosis.
Symptoms of ANOCA can overlap with those of obstructive CAD.
Additionally, risk factors for ANOCA are not unique or well under-
stood. Once ANOCA is suspected, there may be institutional,
financial, and health care provider or patient-related barriers that
could preclude additional testing. Furthermore, ACh for coronary
administration remains an off-label use of an ophthalmic prepara-
tion, and no FDA-approved formulation exists.101,102 Women are
also more likely to have differences in pain perception103 and
anatomical variations that can influence the diagnostic accuracy of
cardiac testing modalities.58 Finally, even if ANOCA is diagnosed,
there is limited guidance and awareness regarding pharmacologic
treatment.

Despite these challenges, it is critical to recognize ANOCA given
the prevalence and increased morbidity and mortality associated with
the diagnosis.5,19–22 The Determining the Cause of Coronary Vaso-
motor Disorders in Ischemia and No Obstructive Coronary Artery Dis-
ease (DISCOVER INOCA) prospective multicenter registry, which is
currently enrolling, will determine the phenotypes found during inva-
sive CFT and the long-term prognosis of each specific phenotype.104 It
is essential to recognize the gender disparity that exists in the patho-
physiology and disease course of IHD, and diagnostic guidelines and
treatment strategies should be sex-specific for optimal patient
outcomes.105
Conclusion

Many women suffer from persistent symptoms due to undiag-
nosed ANOCA, impacting quality of life and potentially leading to an
increased risk for long-term cardiovascular events. Although there
has been increasing awareness of ANOCA and advancement in
diagnostic testing, the diagnostic approach to IHD in clinical practice
focuses predominantly on obstructive CAD, and ANOCA is not
routinely considered. Our proposed approach includes equal
consideration of ANOCA, which involves assessment of pretest
probability, strategic noninvasive testing, empiric treatment for CAD
or ANOCA, and a recommendation for invasive CFT at the time of
coronary angiography in persistently symptomatic patients. This
strategy is consistent with existing expert guidelines and provides an
algorithm that can be adopted by all clinicians caring for women with
suspected IHD.
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