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Abstract

Angina with non-obstructive coronary arteries (ANOCA) is increasingly recognized as a prevalent and clinically relevant condi-
tion characterized by angina symptoms in the absence of obstructive epicardial coronary artery disease. ANOCA, which was
once thought to be a benign finding after "normal" coronary angiography, is now recognized as a heterogeneous syndrome
linked to significant symptom burden, poor quality of life, and unfavorable long-term cardiovascular outcomes. According to epi-
demiological data, obstructive coronary artery disease is not present in up to 40-70% of patients undergoing coronary angiogra-
phy for stable angina, with a notable predominance among women. While endothelial dysfunction, autonomic dysregulation,
and inflammatory processes further contribute to the complex clinical presentation of ANOCA, mounting evidence has identi-
fied coronary microvascular dysfunction and coronary vasomotor disorders as important pathophysiological mechanisms under-
lying the condition. These functional abnormalities cannot be detected by traditional diagnostic pathways that primarily rely on
anatomical assessment. Non-invasive ischemia testing and coronary angiography alone frequently fail to explain persistent symp-
toms in this population. On the other hand, mechanism-based diagnosis and improved phenotypic classification are made possi-
ble by invasive coronary functional testing that includes measurements of coronary flow reserve, microvascular resistance, and
vasoreactivity. The definition, epidemiology, pathophysiology, diagnostic assessment, and management approaches of ANOCA
are all thoroughly covered in this review. Future research priorities, the limitations of the current body of evidence, and current
guideline recommendations are also covered. To improve long-term results and advance patient-centered care, ANOCA must be

acknowledged as a clinically significant syndrome rather than a benign angiographic finding.
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Introduction

For a long time, angina pectoris was mostly seen
as a clinical sign of atherosclerotic stenoses in the epicardial
coronary arteries [1]. This traditional view put coronary an-
giography at the center of the diagnostic evaluation of stable
angina. Patients who didn't have any significant stenosis
were often thought to have "normal" findings or clinically in-
significant disease [2]. However, over the past 20 years,
more and more evidence has shown that a large number of
angina symptoms can happen even when there is no ob-
structive coronary artery disease. This patient group is clini-

cally diverse but still important for predicting outcomes [3].

The term "angina with non-obstructive coronary
arteries” (ANOCA) currently refers to the presence of angi-
na symptoms in patients without obstructive lesions on
coronary angiography [4]. ANOCA encompasses a wide
range of clinical conditions, including angiographically nor-
mal or minimally diseased coronary arteries, as well as chest
pain resulting from non-ischemic mechanisms and myocar-
dial ischemia associated with functional abnormalities [5].
In this regard, epicardial coronary anatomy alone cannot ac-
count for the pathophysiology of ANOCA, which should be

viewed as a multifaceted syndrome.

Epidemiological data indicate that a substantial
proportion of patients undergoing coronary angiography
for stable angina estimated at nearly 40-70% are found to
have no obstructive coronary artery disease [6]. This pheno-
menon appears to be particularly pronounced in women,
pointing toward a clear female predominance of angina
with non-obstructive coronary arteries (ANOCA) [7]. In ev-
eryday clinical practice, however, the diagnostic evaluation
of these patients is often curtailed once obstructive disease
is excluded. Symptoms may be dismissed as non-cardiac in
origin, or treatment is confined to empirical antianginal
therapy without further phenotyping [8]. Over time, this
strategy translates into persistent symptoms, impaired quali-
ty of life, frequent emergency department presentations and
outpatient visits, and a growing burden on healthcare re-

sources.

Accumulating evidence suggests that ANOCA

should no longer be regarded as a benign clinical entity.
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Rather, specific phenotypes particularly those related to
coronary microvascular dysfunction (CMD) and coronary
vasomotor abnormalities are consistently associated with a
higher risk of major adverse cardiovascular events and subs-
tantial long-term morbidity [9]. Yet, most conventional di-
agnostic pathways remain largely centered on anatomical as-
sessment. This emphasis makes the detection of functional
coronary disturbances challenging and, in turn, constrains
the adoption of targeted, mechanism-based therapeutic ap-

proaches [10].

Within this framework, a shift in perspective is
needed. ANOCA should not be viewed simply as the angio-
graphic absence of obstructive disease, but as a clinical syn-
drome that calls for systematic exploration of underlying
pathophysiological mechanisms, incorporation of function-
al diagnostic tools, and implementation of individualized,
mechanism-oriented therapies [4]. Accordingly, this review
aims to summarize and discuss the contemporary definition
of ANOCA, its biological underpinnings, available diagnos-
tic approaches, and current concepts in mechanism-based

management, drawing on the existing body of evidence.
Methods / Literature Search Strategy

The literature for this narrative review was identi-
fied through comprehensive searches of PubMed/MED-
LINE, Scopus, and Web of Science databases. Articles pub-
lished predominantly over the past two decades were re-
viewed, with particular focus on studies addressing the epi-
demiology, clinical characteristics, pathophysiology, diag-
nostic evaluation, management strategies, and prognostic
implications of angina with non-obstructive coronary ar-
teries (ANOCA). Priority was given to international clinical
guidelines, expert consensus documents, randomized con-
trolled trials, meta-analyses, and high-quality observational
studies that provided mechanistic insights or clinically rele-
vant outcomes. To ensure completeness, reference lists of se-
lected key publications were also manually screened to iden-
tify additional relevant articles not captured in the initial

database searches.
Definition, Terminology, and Clinical Spectrum
Definition of ANOCA

ANOCA describes a clinical syndrome in which
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patients present with symptoms compatible with angina pec-
toris despite the absence of obstructive epicardial coronary
artery disease, typically defined as <50% luminal stenosis on
invasive or non-invasive coronary imaging [1, 2]. Important-
ly, this concept goes beyond a simple anatomical descrip-
tion and reflects a broader pathophysiological construct
that incorporates functional and dynamic disturbances of

the coronary circulation.

ANOCA may coexist with demonstrable myocar-
dial ischemia, but it can also manifest as angina-like chest
pain in patients without objective evidence of ischemia [10].
This observation underscores that ANOCA should not be
viewed purely as an ischemia-driven syndrome. Instead, it
represents a clinical expression of diverse mechanisms that

impair the structural and functional integrity of the coro-

nary circulation. Current evidence most commonly impli-
cates coronary microvascular dysfunction, epicardial or mi-
crovascular vasospasm, and endothelial dysfunction as key

pathophysiological substrates of ANOCA [11].

ANOCA versus INOCA

Although ANOCA and ischemia with non-obstruc-
tive coronary arteries (INOCA) are frequently used as in-
terchangeable terms in everyday practice, they describe relat-
ed but conceptually distinct clinical entities [4]. INOCA re-
fers specifically to patients with objectively documented my-
ocardial ischemia in the setting of non-obstructive coronary
arteries, whereas ANOCA captures a wider spectrum of indi-
viduals in whom angina symptoms predominate, regardless

of whether ischemia can be objectively demonstrated [8].

Table 1: Comparative Overview of ANOCA and INOCA

Feature

ANOCA

INOCA

Primary definition

Presence of angina symptoms without
obstructive epicardial coronary artery
disease

Presence of objective myocardial
ischemia without obstructive
epicardial coronary artery disease

Symptom profile

Angina-like chest pain, exertional or
rest-related, may be atypical

Typically angina associated with
demonstrable ischemia

Objective evidence of

May be present or absent

Mandatory for diagnosis

ischemia
. . Coronary microvascular dysfunction, Predominantly coronary
Main underlying - . . .
mechanisms vasospastic disorders, endothelial microvascular dysfunction and/or
dysfunction, altered pain processing coronary vasospasm
Pathophysiological Broad clinical syndrome encompassing | Subset within ANOCA focused on
spectrum ischemic and non-ischemic mechanisms ischemia-driven mechanisms

Diagnostic emphasis

Mechanism-based evaluation beyond
anatomy

Confirmation of ischemia plus
functional coronary assessment

Clinical implications

Heterogeneous presentation, high
symptom burden, requires
individualized assessment

Higher prognostic risk when
associated with microvascular
dysfunction

Relationship between
entities

Encompasses INOCA as a subgroup

Considered a specific phenotype
within ANOCA

Abbreviations: ANOCA: angina with non-obstructive coronary arteries; INOCA: ischemia with non-obstructive coronary ar-

From this perspective, INOCA can be considered
a specific subset within the broader ANOCA spectrum. My-
ocardial ischemia driven by coronary microvascular dys-

function or vasospastic mechanisms aligns with the defini-
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teries.

tion of INOCA, whereas angina-like chest pain related to al-
tered pain processing, autonomic imbalance, or other non-
ischemic pathways is more appropriately categorized as

ANOCA [9]. In routine practice, failure to make this distinc-
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tion may fuel diagnostic ambiguity and, ultimately, lead to
suboptimal or misdirected therapeutic decisions. In order
to facilitate a clear conceptual distinction between ANOCA
and INOCA, the key differences between the two entities

are summarized in Table 1.
Overlapping Phenotypes and Diagnostic Challenges

In patients with ANOCA, it is uncommon to iden-
tify a single dominant pathophysiological mechanism. More
often, overlapping phenotypes reflecting the coexistence of
several concurrent processes are encountered [12]. The com-
bination of coronary microvascular dysfunction with epicar-
dial or microvascular vasospasm adds to the heterogeneity
of clinical presentations and helps explain the variable and
sometimes unpredictable nature of patient-reported symp-

toms.

Such heterogeneity inherently limits the diagnos-
tic value of strategies that rely exclusively on symptom pro-
files or conventional non-invasive testing. Although stan-
dard coronary angiography vyields detailed information
about epicardial coronary anatomy, it provides little insight
into microvascular function or coronary vasomotor be-
havior [13]. Accordingly, meaningful phenotyping across

the ANOCA spectrum depends on the incorporation of

4

functional diagnostic modalities into modern diagnostic

pathways.

Before a diagnosis of ANOCA is established, a
range of alternative clinical conditions should be thoughtful-
ly considered and excluded. Non-cardiac causes of chest
pain such as musculoskeletal, gastrointestinal, and psycho-
genic etiologies warrant systematic assessment as an initial
step [14]. Moreover, acute coronary syndromes, and in par-
ticular myocardial infarction with non-obstructive coronary
arteries (MINOCA), constitute a separate clinical entity that
requires distinction from ANOCA on the basis of both un-

derlying mechanisms and clinical presentation [15].

In a similar vein, structural heart diseases such as
significant valvular pathology, hypertrophic cardiomyopa-
thy, or advanced left ventricular dysfunction should also fall
outside the definition of ANOCA. Making this distinction
is crucial, not only to ensure consistency across clinical re-
search, but also to guide appropriate therapeutic decision--
making in everyday practice [4]. Within this framework,
ANOCA encompasses multiple mechanism-based pheno-
types, including functional and structural forms of coronary
microvascular dysfunction, vasospastic angina, and mixed

or overlapping endotypes (Table 2).

Table 2: Mechanism-Based Phenotypes in ANOCA

ANOCA . . Lo Preferred First-Line
Endotype Pathophysiology Key Diagnostic Findings Diagnostic Test Treatment
CM.D Imp'fnre.d \ CFR, normal IMR CFR, IMR B-blocker, ACEi
(Functional) vasodilation
CMD Microvascular | CFR, 1 IMR IMR ACEi, statin
(Structural) remodeling
VasosPastlc Epicardial spasm Acetylcholine-induced Provo?atlon CCB, nitrates
Angina Spasm testing
Overlap CMD + spasm Mixed abnormalities Full fun'ctlonal Combination
Phenotype testing therapy

Epidemiology and Clinical Presentation

ANOCA is frequently encountered among pa-
tients evaluated for stable angina. Indeed, nearly 40-70% of
individuals undergoing elective coronary angiography are

found to have no obstructive coronary artery disease, under-
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scoring that a large share of angina symptoms arise from

mechanisms beyond epicardial coronary stenosis [2].

Sex-specific analyses consistently demonstrate a
substantially higher prevalence of ANOCA in women. Even

in the presence of stable angina symptoms and, in some cas-
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es, objective evidence of ischemia, female patients are more
likely to exhibit non-obstructive coronary arteries [16]. This
sex-related difference is thought to reflect a combination of
biological and pathophysiological factors, including hormo-
nal influences, variations in microvascular architecture, and

altered coronary vasomotor responsiveness.

Traditional cardiovascular risk factors are com-
monly encountered in patients with ANOCA, yet their over-
all distribution appears less uniform than in individuals
with obstructive coronary artery disease. Hypertension, dys-
lipidemia, and diabetes mellitus are frequently present; how-
ever, the broader risk profile of ANOCA remains notably
heterogeneous [3]. This pattern implies that conventional
risk-based assessment models may not perform optimally in

this patient population.

The clinical presentation of ANOCA is highly vari-
able and often diverges from the classical description of sta-
ble angina. Many patients report exertional chest pain, chest
tightness, dyspnea, or reduced exercise tolerance; yet symp-
toms may also arise at rest or be triggered by emotional

stress [5].

In ANOCA associated with coronary microvascu-
lar dysfunction, chest pain frequently displays atypical char-
acteristics and may not satisfy traditional angina criteria.
Such presentations increase the likelihood that symptoms
are attributed to non-cardiac causes and may contribute to
delays in establishing the correct diagnosis [9]. Moreover,
symptoms in this subgroup are often prolonged, recurrent,
and show variable or incomplete responses to conventional

antianginal therapy.

By contrast, ANOCA driven by vasospastic mech-
anisms most commonly presents with chest pain at rest, of-
ten occurring during the night or in the early morning
hours and following an episodic pattern. This presentation
mirrors the dynamic behavior of epicardial or microvascu-
lar coronary vasospasm [12]. Beyond symptom characteris-
tics, patients with ANOCA typically carry a considerable
symptom burden that translates into a meaningful reduc-
tion in quality of life. Prior studies have reported frequent
healthcare utilization, restrictions in everyday physical activ-
ity, and higher levels of psychological distress within this
population [17]. Collectively, these observations highlight

JScholar Publishers

that ANOCA is not only a diagnostic challenge, but also a
clinically important and distinctly patient-centered condi-

tion.

ANOCA was once regarded as a relatively benign
condition; however, this perception has been challenged by
accumulating evidence. Specifically, ANOCA phenotypes re-
lated to coronary microvascular dysfunction or coronary va-
somotor abnormalities have been associated with a higher
risk of major adverse cardiovascular events [13]. Therefore,
ANOCA should not be viewed solely as a source of symp-
toms, but rather as a clinical syndrome with important

long-term prognostic implications.
Pathophysiology of ANOCA
Coronary Microvascular Dysfunction (CMD)

Coronary microvascular dysfunction (CMD) en-
compasses a constellation of structural and functional ab-
normalities within the coronary microvascular bed and con-
stitutes a central pathophysiological substrate of ANOCA.
Hallmark features include increased microvascular resis-
tance, impaired endothelium-dependent and endotheli-
um-independent vasodilation, and a consequent reduction
in coronary flow reserve [9]. Collectively, these disturbances
can promote myocardial ischemia, particularly during peri-
ods of heightened myocardial oxygen demand. The mech-
anisms underlying CMD are multifaceted and involve mi-
crovascular luminal narrowing, microvascular rarefaction,
endothelial dysfunction, and activation of inflammatory
pathways. Across a range of clinical contexts, including
metabolic syndrome and heart failure, CMD has been
linked to heightened myocardial stress and an increased

risk of major adverse cardiovascular events (MACE) [9].

Coronary Vasomotor Disorders (Microvascular

Spasm)

Coronary vasomotor disorders represent a major
pathophysiological component of ANOCA and may involve
either epicardial or microvascular spasm. These conditions
are defined by an abnormal contractile response of the coro-
nary vasculature, capable of producing transient reductions

in coronary blood flow and episodic myocardial ischemia.
In clinical practice, the diagnosis of coronary
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spasm is most often established through pharmacological
provocation testing with agents such as acetylcholine or er-
gonovine. Reproduction of typical symptoms accompanied
by ischemic electrocardiographic or angiographic changes
during testing is considered diagnostic of a vasomotor disor-
der [18].

Pooled data from meta-analyses suggest that epi-

cardial coronary spasm is detected in roughly 40% of pa-
tients with ANOCA (range 16-73%), whereas microvascu-
lar spasm is identified in approximately one-quarter of cas-
es. Together, these observations further emphasize the
marked heterogeneity of ANOCA [19]. Key clinical, is-
chemic, and diagnostic distinctions between CMD and va-

sospastic angina are summarized in Table 3.

Table 3: CMD vs Vasospastic Angina in ANOCA

Feature CMD Vasospastic Angina
Typical symptoms Effort-related Rest/night
Ischemia Often diffuse Transient
CFR Reduced Often normal

Provocation test

Usually negative

Positive

Treatment

B-blocker, ACEi

CCB, nitrates

Abbreviations: ANOCA: Angina with Non-Obstructive Coronary Arteries CMD: Coronary Microvascular Dysfunction CFR:

Coronary Flow Reserve ACEi: Angiotensin-Converting Enzyme Inhibitor CCB: Calcium Channel Blocker

Endothelial Dysfunction

Endothelial dysfunction serves as a shared patho-
physiological substrate across several mechanisms implicat-
ed in ANOCA, most notably CMD and coronary vasos-
pasm. Under physiological conditions, endothelial cells reg-
ulate vascular tone largely through the production of nitric
oxide (NO). When endothelial function is impaired, NO
bioavailability is reduced and vasoconstrictor pathways be-
come relatively dominant, leading to abnormal vasomotor
responses at both the microvascular and epicardial levels
[9]. Importantly, the relevance of endothelial dysfunction ex-
tends beyond symptom generation, as it has also been
linked to an increased risk of adverse cardiovascular out-

comes over the long term.
Autonomic and Neurohumoral Regulation

Alterations in autonomic nervous system balance
and neurohumoral regulation represent additional contribu-
tors to the pathophysiology of ANOCA. Disturbances in
sympathetic and parasympathetic activity can promote fluc-
tuations in vascular tone, thereby predisposing to vasomo-

tor abnormalities such as microvascular or epicardial spasm
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[20]. These processes may help explain the occurrence of
angina symptoms at rest or in association with emotional

stress.

Inflammation and Microvascular  Structural

Changes

Low-grade chronic inflammation may play a con-
tributory role in promoting structural alterations within the
coronary microvasculature and in driving endothelial dys-
function, thereby increasing susceptibility to CMD and vaso-
motor disorders. Chronic inflammatory activity has also
been linked to microvascular rarefaction and heightened in-
tramural resistance, leading to further impairment of coro-

nary microvascular function [9].

Diagnostic Evaluation of ANOCA

The diagnostic evaluation of suspected ANOCA
begins with a thorough clinical assessment. Nevertheless, ap-
proaches that rely predominantly on symptom characteriza-
tion have important limitations in this population. Patients
may exhibit features typical of stable angina, yet they fre-
quently report non-specific complaints such as atypical ch-

est pain, dyspnea, or reduced exercise tolerance. Important-
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ly, symptom patterns do not reliably indicate the underlying
pathophysiological mechanism [5]. As a result, dependence
on clinical presentation alone may foster diagnostic uncer-
tainty and lead to suboptimal or misdirected therapeutic de-
cisions. In this context, growing evidence supports the adop-
tion of mechanism-based diagnostic strategies for patients
with ANOCA [4].

Non-Invasive Testing

Non-invasive ischemia testing is commonly incor-
porated into the evaluation of patients with suspected ANO-
CA, yet its overall diagnostic performance remains modest.
Modalities such as exercise electrocardiography, stress echo-
cardiography, and nuclear perfusion imaging are well suited
for the detection of epicardial coronary stenosis; however,
they often lack sensitivity for uncovering microvascular dys-
function or vasomotor abnormalities [1]. Cardiac magnetic
resonance (CMR) perfusion imaging has emerged as a
promising tool for the assessment of myocardial perfusion
heterogeneity and microvascular involvement. Still, no sin-
gle non-invasive technique can reliably delineate ANOCA
subtypes, and normal test results do not preclude the pres-
ence of clinically relevant functional coronary abnormalities

[9].

Role and Limitations of Coronary Angiography

Coronary angiography remains the reference stan-
dard for defining epicardial coronary anatomy. In patients
with ANOCA, angiographic findings are often normal or re-
veal only minimal atherosclerotic change. This scenario
may inadvertently prompt early termination of the diagnos-
tic workup and the mislabeling of patients as having “nor-
mal” coronary arteries [2]. A key limitation of coronary an-
giography in the context of ANOCA is its inability to direct-
ly interrogate microvascular function or coronary vasomo-
tor behavior. Accordingly, once obstructive coronary artery
disease has been excluded, additional functional testing
should be pursued [4].

Invasive Coronary Functional Testing

Invasive coronary functional testing occupies a piv-
otal position in the diagnostic evaluation of ANOCA, as it

permits direct interrogation of the underlying pathophysio-
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logical mechanisms. Commonly applied assessments in-
clude measurements of coronary flow reserve (CFR), the in-
dex of microvascular resistance (IMR), and coronary vasore-
activity testing [21]. CFR and IMR offer quantitative in-
sights into microvascular function and are fundamental for
establishing the diagnosis of coronary microvascular dys-
function. In addition, provocation testing with acetylcho-
line enables the detection of both epicardial and microvascu-
lar coronary spasm [22]. Prospective investigations have
shown that these procedures are safe, feasible, and clinically
informative. Importantly, a mechanism-based diagnosis de-
rived from invasive functional assessment supports the im-
plementation of targeted therapies that translate into im-

proved symptom burden and better quality of life [13].

Diagnostic Algorithms and Mechanism-Based Ap-

proach

Current concepts emphasize that ANOCA should
not be approached as a diagnosis of exclusion based solely
on anatomical findings, but rather as a condition that war-
rants a positive, mechanism-based diagnostic evaluation. Af-
ter obstructive coronary artery disease has been ruled out,
incorporation of invasive functional testing into diagnostic
pathways is therefore recommended [4]. This approach al-
lows precise phenotyping of ANOCA, including microvas-
cular dysfunction, vasospastic angina, and mixed or overlap-
ping patterns, and provides the basis for truly individual-
ized management strategies. The respective strengths and
limitations of non-invasive and invasive diagnostic modali-

ties in ANOCA are summarized in Table 4.

Management Strategies in ANOCA

The central principle of ANOCA management is
not simply to label the condition as “non-obstructive,” but
to actively identify the dominant underlying pathophysio-
logical mechanism and institute targeted therapy according-
ly. Empirical, purely symptom-driven treatment approaches
are frequently inadequate in this population and may leave
patients with ongoing symptoms [5]. In this context, con-
temporary consensus statements advocate differentiating be-
tween major ANOCA phenotypes, such as coronary micro-
vascular dysfunction (CMD) and vasospastic angina (VSA),
and applying mechanism-oriented treatment strategies

aligned with the identified substrate [4].
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Table 4: Diagnostic Modalities in ANOCA

Diagnostic Method

Assesses

Strengths

Limitations in ANOCA

Exercise ECG

Epicardial ischemia

Widely available

Low sensitivity for CMD

Stress Echocardiography

Wall motion

Functional info

Misses microvascular
ischemia

SPECT/PET Perfusion PET: quantitative CFR Limited access, radiation
CMR Perfusion Microvascular perfusion No radiation Availability, expertise
Coronary Angiography Epicardial anatomy Gold standard for stenosis | No microvascular info
CFR/IMR Microvascular function Mechanism-based Invasive
Acetylcholine Test Vasomotor function Diagnoses spasm Requires expertise

Abbreviations: ANOCA: Angina with Non-Obstructive Coronary Arteries, ECG: Electrocardiography, CMD: Coronary Micro-

vascular Dysfunction, SPECT: Single-Photon Emission Computed Tomography, PET: Positron Emission Tomography, CFR:

Coronary Flow Reserve, CMR: Cardiac Magnetic Resonance, IMR: Index of Microvascular Resistance

Treatment of Coronary Microvascular Dysfunction

In patients with coronary microvascular dysfunc-
tion, the overarching therapeutic aim is to improve micro-
vascular tone and restore a more favorable balance between
myocardial oxygen supply and demand. Beta-blockers are
commonly employed as first-line agents, given their ability
to lower heart rate and myocardial oxygen consumption,
which in turn facilitates symptom relief [23]. Angiotensin--
converting enzyme inhibitors and angiotensin receptor
blockers are also recommended, largely because of their fa-
vorable effects on endothelial function. Statins may further
contribute to symptomatic improvement through anti-in-
flammatory actions and stabilization of endothelial biology
[9]. By contrast, nitrates tend to have limited efficacy in
CMD and, in some individuals, fail to achieve meaningful
symptom control. Accordingly, therapeutic decisions

should be individualized and anchored in a mechanis-

m-based treatment strategy [4].
Treatment of Vasospastic Angina

Management of vasospastic angina centers on ther-
apies that enhance coronary vasodilation. Calcium channel
blockers are considered first-line agents for preventing both
epicardial and microvascular coronary spasm and are high-

ly effective in controlling symptoms [24]. Long-acting ni-
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trates can be added as adjunctive therapy when used in com-
bination with calcium channel blockers. By contrast, be-
ta-blockers particularly non-selective agents should general-
ly be avoided in vasospastic angina, as they may aggravate
coronary spasm [18]. Beyond pharmacological treatment,
identification and modification of precipitating factors, in-
cluding smoking, cold exposure, and heightened sympathet-
ic activity, represent an essential component of comprehen-

sive management.

Stratified Therapy Based on Invasive Functional

Testing

Stratified medical therapy guided by invasive coro-
nary functional testing has emerged as a major shift in the
contemporary management of ANOCA. The clinical value
of this approach was established in the CorMicA trial [13].
In this randomized controlled study, treatment strategies
tailored according to invasive functional test results were as-
sociated with significant reductions in angina burden and
substantial improvements in quality of life compared with
standard care. Together, these data underscore that mech-
anism-based therapy is superior not only in addressing the
underlying pathophysiology, but also in achieving out-
comes that are meaningful to patients. Mechanism-oriented
treatment strategies according to the underlying ANOCA

endotype are summarized in Table 5.
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Table 5: Mechanism-Oriented Treatment Strategies in ANOCA

ANOCA Mechanism

Pathophysiological Target

Preferred Therapy

Avoid

CMD (functional)

I Oxygen demand

B-blocker

Short-acting nitrates

CMD (structural)

Endothelial dysfunction

ACE], statin

Vasospastic angina

Coronary spasm

CCB, nitrates

Non-selective B-blockers

Overlap phenotype Mixed mechanisms

Combination therapy

Monotherapy

Abbreviations: ANOCA: Angina with Non-Obstructive Coronary Arteries, CMD: Coronary Microvascular Dysfunction,

ACE:i: Angiotensin-Converting Enzyme Inhibitor, CCB: Calcium Channel Blocker

Long-Term Management and Follow-Up

ANOCA should not be viewed as a benign clinical
entity. Long-term observational data indicate that, in partic-
ular, the presence of CMD is associated with a higher risk of
major adverse cardiovascular events [17]. Consequently, pa-
tients with ANOCA warrant regular clinical follow-up, com-
prehensive management of cardiovascular risk factors, and
ongoing assessment of treatment adherence. Evaluation of
therapeutic success should extend beyond ischemia testing
alone and also incorporate patient-reported symptom bur-

den and measures of health-related quality of life.
Clinical Implications

ANOCA should no longer be regarded as a benign
angiographic finding but rather as a clinically significant
syndrome associated with substantial symptom burden and
adverse long-term cardiovascular outcomes. Multiple obser-
vational studies have demonstrated that patients with angi-
na in the absence of obstructive coronary artery disease ex-
perience higher rates of major adverse cardiovascular events
compared with asymptomatic populations, particularly
when coronary microvascular dysfunction is present. These
findings underscore the importance of systematic evalua-
tion and long-term follow-up in this patient group rather
than premature diagnostic closure after “normal” coronary

angiography [3, 9].

From a diagnostic standpoint, reliance on anatomi-
cal imaging alone is insufficient in patients with persistent
angina symptoms. Growing evidence supports the incorpo-
ration of functional coronary assessment to identify underly-
ing mechanisms such as coronary microvascular dysfunc-

tion and vasospastic disorders. Invasive coronary functional
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testing, including measurement of coronary flow reserve,
microvascular resistance, and vasoreactivity, enables precise
phenotyping of ANOCA and facilitates mechanism-based
clinical decision-making. This approach aligns with contem-
porary expert consensus recommendations and represents a
shift toward positive diagnosis rather than exclusion-based

labeling [4, 20].

Therapeutically, stratified management tailored to
the dominant pathophysiological endotype has demonstrat-
ed clear clinical benefit. The CorMicA trial provided robust
evidence that treatment guided by invasive functional test-
ing significantly improves angina burden and health-related
quality of life compared with standard empirical care. These
data highlight that targeted therapy—such as beta-blockers
and renin-angiotensin system inhibitors for microvascular
dysfunction, or calcium channel blockers and nitrates for va-
sospastic angina—is superior to uniform antianginal treat-
ment strategies. Accordingly, clinicians should prioritize in-
dividualized, mechanism-oriented therapy to optimize pa-

tient outcomes [13].

Beyond symptom control, aggressive management
of cardiovascular risk factors remains a cornerstone of long-
term care in ANOCA. Endothelial dysfunction and micro-
vascular impairment are closely linked to traditional risk fac-
tors including hypertension, dyslipidemia, diabetes melli-
tus, and systemic inflammation. Comprehensive risk modifi-
cation strategies therefore play a critical role in both symp-
tom improvement and potential prognostic benefit. Taken
together, these clinical considerations emphasize that ANO-
CA requires proactive diagnosis, targeted therapy, and struc-

tured follow-up rather than reassurance alone.
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Prognosis of ANOCA

For many years, ANOCA was viewed as a benign
clinical entity. Over the past two decades, however, accumu-
lating observational and prospective data have challenged
this perception. Patients who present with angina in the
absence of obstructive coronary artery disease have been
shown to carry a significantly higher long-term risk of ma-
jor adverse cardiovascular events (MACE) [3]. This excess
risk appears to be driven, to a large extent, by the presence
of underlying coronary microvascular dysfunction. Conse-
quently, ANOCA should not be considered merely a symp-
tomatic condition, but rather a distinct clinical phenotype

with important prognostic implications.

Among individuals with stable angina symptoms
and no evidence of obstructive coronary artery disease, the
risks of myocardial infarction, heart failure, and cardiovas-
cular death are higher than those observed in asymptomatic
populations [3]. Long-term event rates appear to be particu-
larly increased in patients with objectively documented mi-
crovascular dysfunction. In this context, a reduced coronary
flow reserve has emerged as an independent marker of ad-

verse prognosis [25].

ANOCA is encountered more frequently in wom-
en. In female patients, myocardial ischemia occurring in the
absence of epicardial coronary obstruction is associated
with an elevated long-term cardiovascular risk. Data from
the Women’s Ischemia Syndrome Evaluation (WISE)
studies indicate that the risk of major adverse cardiovascu-
lar events in this population is substantially higher than pre-

viously appreciated [26].

Together, these observations reinforce that ANO-
CA represents a clinically meaningful condition in women
and should neither be underestimated nor dismissed. Al-
though mechanism-based diagnosis guided by invasive coro-
nary functional testing has not yet been shown to directly re-
duce hard clinical endpoints, it has been consistently associ-
ated with substantial improvements in symptom control
and health-related quality of life [13]. Moreover, reductions
in symptom burden, enhanced physical activity, and fewer
recurrent healthcare encounters may, over time, indirectly

contribute to more favorable long-term clinical outcomes.
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On the basis of current evidence, patients with
ANOCA should not be labeled as having “normal coronary
arteries” and discharged without further evaluation. Rather,
this population warrants regular clinical follow-up, inten-
sive management of cardiovascular risk factors, and imple-
mentation of mechanism-based treatment strategies aligned

with the underlying pathophysiology.

Given the heterogeneous nature of ANOCA, prog-
nostic assessment should be individualized and should ex-
tend beyond anatomical findings to integrate clinical presen-
tation, functional abnormalities, and disease mechanisms.
The principal pathophysiological substrates of ANOCA in-
cluding functional and structural CMD, epicardial or micro-
vascular vasospasm, and contributory processes such as en-
dothelial dysfunction and autonomic imbalance are sche-

matically illustrated in Figure 1.
Special Populations and Clinical Scenarios

ANOCA is encountered significantly more often
in women than in men. In female patients, myocardial is-
chemia in the absence of obstructive epicardial coronary
artery disease is most commonly attributable to coronary
microvascular dysfunction and vasomotor abnormalities.
Data from the Women’s Ischemia Syndrome Evaluation
(WISE) studies indicate that women with ANOCA carry a
substantial symptom burden that is accompanied by an in-
creased risk of adverse long-term cardiovascular outcomes
[26]. Collectively, these observations challenge the historical
perception of ANOCA as a benign condition in women and
underscore the importance of systematic diagnostic evalua-
tion and targeted, mechanism-based management in this

population.

In younger individuals, the diagnosis of ANOCA
is frequently delayed or missed. Because traditional cardio-
vascular risk factors are often absent or less prevalent, symp-
toms may be attributed to non-cardiac causes, resulting in
under-recognition and limited diagnostic evaluation. Never-
theless, vasospastic angina and coronary microvascular dys-
function can occur in younger patients and may lead to clin-
ically meaningful angina, exercise intolerance, and impaired
quality of life [12]. Raising awareness of ANOCA in this age
group is therefore critical to prevent diagnostic dismissal

and to facilitate timely and appropriate management.
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Pathophysiology and Management of ANOCA
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Figure 1: Angina with non-obstructive coronary arteries (ANOCA) is a heterogeneous clinical syndrome predominantly driv-
en by coronary microvascular dysfunction (CMD) and coronary vasomotor disorders. CMD may result from functional impair-
ment, characterized by reduced coronary flow reserve (CFR) with normal microvascular resistance, or from structural remodel-
ing associated with increased index of microvascular resistance (IMR) and endothelial dysfunction. Coronary vasomotor disor-

ders include epicardial and microvascular vasospasm, which may be provoked by acetylcholine testing. Endothelial dysfunc-
tion, autonomic imbalance, and inflammatory processes contribute to the development and progression of these abnormalities.

These mechanisms lead to angina symptoms and impaired quality of life despite the absence of obstructive epicardial coronary

artery disease. Diagnostic evaluation begins with coronary angiography demonstrating no significant stenosis and is comple-
mented by invasive functional testing, including assessment of CFR, IMR, and vasoreactivity, as well as exclusion of non-cardi-
ac causes of chest pain. Management should be mechanism-based, with beta-blockers, angiotensin-converting enzyme inhibi-
tors, and statins commonly used in CMD, calcium channel blockers and nitrates as first-line therapy in vasospastic angina, and

comprehensive cardiovascular risk factor control as part of an individualized treatment strategy.
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Diabetes mellitus and metabolic syndrome have
well-established detrimental effects on coronary microvascu-
lar function. In patients with diabetes, endothelial dysfunc-
tion, microvascular remodeling, and impaired vasodilatory
capacity contribute to the development of ANOCA. Several
studies indicate that coronary flow reserve is reduced in this
population and that such impairment is linked to a less fa-

vorable cardiovascular prognosis [25].

Systemic autoimmune and inflammatory disor-
ders, including systemic lupus erythematosus and rheuma-
toid arthritis, may contribute to the development of ANO-
CA through chronic inflammation, endothelial dysfunction,
and microvascular injury. In such patients, ischemic symp-
toms occurring in the absence of obstructive coronary
artery disease often point toward underlying inflammatory

processes and warrant heightened clinical vigilance [27].
Current Guidelines and Ongoing Research

Contemporary clinical guidelines increasingly rec-
ognize the importance of ANOCA in the evaluation and ma-
nagement of patients with chronic coronary syndromes.
Both the European Society of Cardiology guidelines on
Chronic Coronary Syndromes and the European Associa-
tion of Percutaneous Cardiovascular Interventions expert
consensus document emphasize that, after obstructive coro-
nary artery disease has been excluded, further functional as-
sessment should be considered to identify underlying coro-
nary microvascular dysfunction or vasomotor disorders [1,
4]. Despite this growing recognition, many current recom-
mendations are derived from low- to moderate-quality evi-
dence, reflecting the limited availability of large-scale

prospective data in this field.

A major challenge in ANOCA research remains
the scarcity of randomized controlled trials (RCTSs) assess-
ing hard clinical endpoints, including myocardial infarc-
tion, heart failure, and cardiovascular mortality. At present,
most therapeutic strategies are informed by observational
data, pathophysiological rationale, or small randomized
studies that primarily target symptom relief rather than
long-term outcomes. This limited body of high-quality RCT
evidence constrains the strength and generalizability of cur-
rent guideline recommendations and highlights the need

for adequately powered, outcome-focused clinical trials [4].
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In recent years, growing attention has been direct-
ed toward mechanistic studies aimed at deepening our un-
derstanding of ANOCA pathophysiology. Phenotyping
based on invasive coronary functional testing has emerged
as a promising strategy to inform targeted therapeutic deci-
sion-making. The CorMicA trial represents a landmark ran-
domized study showing that stratified, mechanism-based
treatment leads to meaningful improvements in angina bur-

den and quality of life compared with standard care [13].

Nonetheless, larger multicenter trials with extend-
ed follow-up and more diverse patient populations are still
needed to confirm these findings and to determine their im-
pact on long-term clinical prognosis. Despite the expanding
evidence base, several barriers continue to limit the wide-
spread implementation of invasive coronary functional test-
ing in routine clinical practice. These challenges include the
requirement for specialized expertise, longer procedural
times, additional costs, and variability in operator experi-
ence among centers. Addressing these obstacles is critical to
enable standardized diagnostic pathways and to ensure
broader and more equitable access to mechanism-based di-

agnosis and treatment for patients with ANOCA.
Future Directions and Knowledge Gaps in ANOCA

One of the most important unmet needs in ANO-
CA management is the absence of standardized diagnostic
pathways. Once obstructive coronary artery disease has
been excluded, diagnostic strategies often vary substantially
between centers, resulting in delayed diagnosis or under-
-recognition of ANOCA in a considerable proportion of pa-
tients [4]. The lack of a uniform diagnostic algorithm fuels
clinical uncertainty and contributes to inconsistent manage-
ment. Future initiatives should therefore prioritize the devel-
opment and implementation of standardized diagnostic
pathways that incorporate both invasive and non-invasive

functional testing into routine clinical care.

The capacity of non-invasive imaging modalities
to reliably distinguish ANOCA endotypes remains limited.
Cardiac magnetic resonance (CMR) and positron emission
tomography (PET) perfusion imaging represent promising
approaches for the assessment of coronary microvascular
function; however, large prospective validation studies are

still lacking [9]. Additional research is therefore required to
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define the diagnostic performance of these techniques in
comparison with invasive coronary functional testing and
to clarify their role within clinical decision-making algo-

rithms.

Most pharmacological therapies currently used in
ANOCA are extrapolated from evidence generated in popu-
lations with obstructive coronary artery disease. While
mechanism-based treatment strategies have demonstrated
consistent benefits with respect to symptom relief and quali-
ty of life, randomized controlled trials assessing their effects
on hard clinical endpoints such as mortality and myocardial
infarction remain scarce [5]. This gap in evidence unders-
cores the need for dedicated clinical trials targeting specific
ANOCA endotypes, particularly coronary microvascular

dysfunction and vasospastic angina.

The higher prevalence of ANOCA in women fur-
ther emphasizes the importance of sex-specific research.
Available data suggest that coronary microvascular dysfunc-
tion may have a more prominent role in women; however,
the clinical significance of these differences remains incom-
pletely defined [26]. Future investigations should therefore
prioritize the establishment of sex-specific diagnostic thresh-
olds, deeper characterization of underlying pathophysiologi-
cal mechanisms, and the development of tailored therapeu-

tic strategies.

Patient-centered outcomes such as symptom bur-
den, functional capacity, and quality of life remain underrep-
resented in ANOCA research. Given the association be-
tween ANOCA, recurrent healthcare utilization, and im-
paired quality of life, long-term follow-up studies are essen-

tial to determine the sustained effects of mechanism-based
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diagnostic and therapeutic strategies on both patient-report-

ed and clinical outcomes [3].

Conclusion

Although ANOCA was long regarded as a benign
clinical entity, accumulating evidence indicates that this per-
ception is no longer justified. Among patients presenting
with angina in the absence of obstructive coronary artery
disease, the presence of coronary microvascular dysfunction
and vasomotor disorders is associated with a substantial
symptom burden and adverse long-term clinical outcomes.
The heterogeneous pathophysiology of ANOCA therefore
necessitates a mechanism-based approach to both diagnosis
and management. Diagnostic strategies that rely exclusively
on anatomical assessment are inadequate in this population,
whereas the integration of invasive and non-invasive func-
tional evaluations allows more accurate phenotyping and

more informed therapeutic decision-making.

Treatment strategies guided by invasive coronary
functional testing have demonstrated meaningful improve-
ments in symptom control and quality of life. Nevertheless,
large-scale randomized controlled trials evaluating the ef-
fects of mechanism-based therapies on hard clinical end-
points remain scarce, leaving important gaps in the current
evidence base. Future research should prioritize the develop-
ment of standardized diagnostic algorithms, deeper insight
into sex-specific pathophysiological differences, and long-
term studies focused on patient-reported outcomes. Collec-
tively, such efforts will help shift ANOCA from a condition
dismissed as “normal coronary arteries” to a clinically mean-

ingful and treatable spectrum of disease.
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