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ABSTRACT

A substantial number of patients undergoing coronary angiography for angina or ischemia in noninvasive tests have coronary 
arteries without lesions or with nonsignificant stenosis. Many of these patients have nonobstructive myocardial ischemia (INOCA/
ANOCA), which is an entity with prognostic importance that significantly affects patients’ quality of life. The absence of a proper 
diagnosis leads to inappropriate medical treatment, repeat diagnostic tests, and greater use of social and health resources. An 
adequate diagnostic strategy is required for individualized treatment that improves symptoms and quality of life. In this document 
from the SEC-Clinical Cardiology Association, SEC Interventional Cardiology Association, SEC-Ischemic Heart Disease and Acute 
Cardiac Care Association, and SEC-Cardiovascular Imaging Association of the Spanish Society of Cardiology, we provide simple 
and practical algorithms, with the aim of facilitating the early diagnosis and most appropriate treatment for patients with ANOCA.

REC Interv Cardiol. 20XX;XX(X):XX-XX
https://doi.org/10.24875/RECICE.M23000420

Keywords: ANOCA. INOCA. Microvascular dysfunction. Vasospastic angina.

ARTICLE IN PRESS

Please cite this article in press as: Escobar C, et al. Diagnosis and treatment of patients with ANOCA. Consensus document of the SEC-Clinical Cardiology Association/SEC-Interventional Cardiology 
Association/SEC-Ischemic Heart Disease and Acute Cardiac Care Association/SEC-Cardiovascular Imaging Association. REC Interv Cardiol. 2023. https://doi.org/10.24875/RECICE.M23000420

mailto:escobar_cervantes_carlos@hotmail.com
http://twitter.com/JEscaned
http://twitter.com/AntoniCarolRuiz
http://twitter.com/S_Raposeiras
http://twitter.com/jmgamez3
http://twitter.com/rfreixap
http://twitter.com/Ana_Viana_T
http://twitter.com/clinica_sec
http://twitter.com/AgudosSEC
https://doi.org/10.24875/RECICE.M23000420
https://doi.org/10.24875/RECICE.M23000420


2 C. Escobar et al. REC Interv Cardiol. 20XX;XX(X):XX-XX

INTRODUCTION

Angina pectoris affects more than 100 million persons worldwide.1-5 
According to the OFRECE study, the prevalence of angina in Spain 
is around 2.6%, indicating that there are more than 270 000 affected 
individuals.4 A significant number of stable patients referred for 
coronary angiography due to angina or a positive ischemia test do 
not have obstructive coronary artery disease.1 Many of these 
patients have ANOCA (angina with nonobstructive coronary 
arteries), or INOCA (ischemia with nonobstructive coronary artery 
disease) of nonobstructive origin. These 2 entities are manifesta-
tions of the same disease, which is why the recommendations 
provided by this document are applicable to both.

Angina pectoris is more prevalent among women (50%-70%) than 
men (30%-50%), although its true prevalence remains unknown.1-5 
In these patients, angina or ischemia is produced by coronary 
vascular dysfunction due to vasomotor disorders of the epicardial 
vessels or arterioles, and/or coronary microvascular dysfunction.6-8

An important point is that, currently, angina pectoris is significantly 
underdiagnosed, and consequently many patients suffer its conse-
quences without receiving potentially effective treatment. The 
reasons for this lack of diagnosis and treatment are various. First, 
there is the inertia associated with the paradigm that has dominated 
the diagnostic approach to patients with angina for decades focused 
on identifying coronary artery stenosis rather than vasomotor or 
coronary microvascular disorders. Additionally, patients with 
angina without coronary artery stenosis have generally been consid-
ered low-risk patients with poor response to conventional antianginal 
medical therapy.9 Second, and partly related to the previous point, 
many noninvasive techniques are based on identifying the regional 
ischemia that is characteristic of coronary artery stenosis (dysreg-
ulated contraction or isotope uptake during exertion or stress), 
making them less sensitive and specific for the detection of nonob-
structive ischemia. Third, most cardiologists have not had access 

to the invasive techniques that provide objective evidence of 
vascular dysfunction in their patients. These intracoronary tech-
niques have been considered the sole domain of interventional 
cardiologists, who do not usually play a key role in the management 
and follow-up of patients with INOCA. These barriers prevent the 
valuable information provided by invasive techniques from being 
used in the clinical management of these patients. Finally, patients 
with ANOCA/INOCA often have extracardiac diseases and condi-
tions that require a multidisciplinary approach, complicating 
follow-up for specialized cardiologists.

In 2019, the European Society of Cardiology guidelines on the 
diagnosis and management of patients with chronic coronary 
syndrome represented a significant advance in the recognition of 
microvascular angina and the value of specific diagnostic tech-
niques. Therefore, in the diagnostic approach in patients with 
suspected coronary microvascular angina, the guidelines indicate 
that coronary flow reserve (CFR) and microcirculatory resistance 
should be measured through pressure-guided techniques in patients 
with persistent symptoms but angiographically normal coronary 
arteries, or moderate stenosis and a normal fractional flow reserve 
(recommendation IIaB). Even the remaining recommendations, 
such as the administration of intracoronary acetylcholine during 
coronary angiography, or the use of transthoracic Doppler echocar-
diography of the anterior descending artery, cardiac magnetic 
resonance (CMR), or positron emission tomography (PET) for the 
noninvasive evaluation of CFR, have a lower level of recommen-
dation (IIbB). In patients with suspected vasospastic angina, the 
guidelines recommend intracoronary provocation testing to identify 
coronary artery spasm (recommendation IIaB).10

However, over the past few years, numerous studies have been 
conducted in patients with ANOCA to assess the efficacy profile of 
new invasive diagnostic tests for their specific diagnosis, as well as 
randomized clinical trials assessing symptomatic improvement with 
individualized therapies. These trials consistently suggest that 
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RESUMEN

Un número importante de aquellos pacientes en quienes se realiza coronariografía por angina o isquemia presentan en pruebas 
no invasivas arterias coronarias sin lesiones o con estenosis no significativas. Muchos de estos pacientes tienen isquemia miocárdica 
de causa no obstructiva (INOCA/ANOCA), una condición con importancia pronóstica que afecta de manera considerable la calidad 
de vida. La ausencia de un diagnóstico que haga posible un tratamiento médico efectivo acarrea la repetición de pruebas diagnósticas 
y un mayor uso de recursos sociosanitarios. Es necesaria una estrategia diagnóstica adecuada para poder realizar un tratamiento 
personalizado, que mejore los síntomas y la calidad de vida. En este documento de la SEC-Asociación de Cardiología Clínica, SEC 
Asociación de Cardiología Intervencionista, SEC-Asociación de Cardiopatía Isquémica y Cuidados Agudos Cardiovasculares, y 
SEC-Asociación de Imagen Cardiaca, se establecen unos algoritmos sencillos y prácticos con el objetivo de facilitar el diagnóstico 
precoz y el tratamiento más adecuado de los pacientes con ANOCA.
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individualized and multidisciplinary approaches to these patients 
help to relieve symptoms, reduce the number of medical visits and 
prescribed therapies, and lower the costs associated with this 
syndrome.11-13

OBJECTIVES OF THIS DOCUMENT

This document is endorsed by the Clinical Cardiology Association, 
and the Interventional Cardiology Association, Ischemic Heart 
Disease and Acute Cardiac Care Association, and Cardiovascular 
Imaging Association of the Spanish Society of Cardiology (SEC) and 
aims to:

1. Review the various causes of ANOCA syndrome and current 
methods for its diagnosis and individualized treatment.

2. Propose a diagnostic and treatment algorithm for the approach 
to these patients in compliance with the clinical practice guide-
lines of the European Society of Cardiology on the management 
chronic coronary syndrome and the latest evidence.

3. Encourage various health care entities to create multidisci-
plinary pathways for the diagnosis, treatment, and targeted 
follow-up of these patients.

This document was drafted based on the interpretation of the latest 
scientific evidence, with an eminently practical focus so that the 
recommendations can be effectively applied in our setting. Each 
Association of the SEC provided scientific evidence and their view 
of their respective fields. Afterward, through consensus, they all 
created a single document including practical recommendations. 
The selection of the members that would eventually draft the 
document was left to the presidents of these Associations and was 
based on their clinical experience and expertise in the field.

IMPORTANCE OF ANOCA IN ROUTINE CLINICAL PRACTICE 

While it has been acknowledged for decades that angina without 
coronary artery lesions could constitute a separate nosological 
entity (initially called syndrome X), routine clinical practice has 
paid little attention to affected patients, primarily due to the wide-
spread notion that their prognosis is good.14 However, numerous 
subsequent studies in which the diagnosis of ANOCA was based 
on objective evidence of coronary vascular dysfunction, unlike that 
of syndrome X, consistently showed that nonobstructive ischemia 
has a significant prognostic impact. The risk of adverse coronary 
events in these patients is largely determined by factors such as 
plaque burden, demonstration of myocardial ischemia, microvas-
cular dysfunction, and the presence of vasospasm or coronary 
endothelial dysfunction. For example, a study of 917 women with 
signs or symptoms of myocardial ischemia showed that the 
composite endpoint of myocardial infarction or cardiac death 
occurred in 6.5% of women without coronary artery disease, 12.8% 
of those with nonobstructive atherosclerosis, and 25.9% of those 
with obstructive coronary artery disease at 10 years of follow-up 
(figure 1).15 A meta-analysis of 54 studies and 35 039 patients 
confirmed an increased risk of nonfatal myocardial infarction and 
death, with an incidence rate of 0.98 per 100 person-years in 
patients with ANOCA at 5 years of follow-up. The risk was higher 
in individuals with confirmed ischemia (vs those without ischemia) 
and patients with nonobstructive coronary artery disease (vs those 
with normal coronary arteries).16

Similarly, even in the presence of angiographically normal coronary 
arteries, microvascular dysfunction demonstrated by a reduced CFR 
has proven to be a powerful determinant of the risk of death and 

myocardial infarction in these patients.17 Additionally, more cardio-
vascular complications, including stroke and heart failure,18 have 
also been reported in these individuals, along with a higher prev-
alence of small vessel cerebral disease.19 In conclusion, patients 
with coronary microvascular dysfunction, identified by an impaired 
CFR, have a higher risk of major cardiovascular events.20

Intracoronary acetylcholine provocation testing also allows coro-
nary risk stratification. An abnormal response to intracoronary 
acetylcholine indicates vasomotor disorders due to endothelial 
dysfunction or smooth muscle cell hyperreactivity. In addition to 
causing vasospastic angina, coronary vasomotor disorders are asso-
ciated with a higher long-term risk of cardiovascular events in 
patients with angina, especially when associated with increased 
coronary microcirculation.13,21 Even moderate vasoconstrictor 
responses to acetylcholine can be predictive of a worse prognosis 
in this context.20

Additionally, patients with ANOCA often show persistent symp-
toms, partly due to the lack of an early diagnosis, thus leading to 
treatment delay. This is associated with a higher number of unnec-
essary diagnostic tests to rule out obstructive coronary artery 
disease, visits to the emergency room, hospital admissions, anxiety, 
impaired quality of life, episodes of sick leave, and higher direct 
and indirect health care costs.16,22,23

Diagnosing INOCA is essential to provide effective therapies to 
control angina symptoms. The CorMicA trial (Coronary microvas-
cular angina) included 151 patients with ANOCA who underwent 
cardiac catheterization and invasive functional assessment (CFR 
determination, index of microcirculatory resistance, and fractional 
flow reserve) followed by acetylcholine vasoreactivity testing.11 The 
patients were randomized to reveal their specific endotype, which 
would guide treatment based on the results (intervention group), 
vs standard treatment, which would be administered blind to the 
test results (control group). Targeted therapy was individualized 
based on the endotypes documented in the invasive study (vaso-
spastic angina: smoking cessation, long-acting calcium channel 
blockers, long-acting nitrates, and lifestyle changes; microvascular 
angina: beta-blockers, lifestyle changes, possible angiotensin-con-
verting enzyme inhibitors and statins; noncardiac chest pain: with-
drawal of antianginal treatment). Targeted therapy was significantly 
associated with an improved angina-related quality of life at 6 
months (measured using the Seattle Angina Questionnaire), disease 
perception, and treatment satisfaction, although no differences 
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Figure 1. Risk of myocardial infarction or cardiovascular death at 10 years 
of follow-up in a cohort of women.15 ANOCA/INOCA, angina/ischemia with 
nonobstructive coronary arteries; CAD, coronary artery disease.
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were reported in the risk of major adverse cardiovascular events. 
More antianginal drugs were prescribed in the intervention group 
(87.8% vs 48.7%; P < .001). While these results are very interesting, 
it is important to note that this was a single study with a limited 
number of patients.

ENDOTYPES OF PATIENTS WITH ANOCA

The specific causes of ANOCA are not yet fully described, and are 
likely multifactorial in most patients. Figure 2 illustrates the specific 
causes discovered so far and the pathophysiological mechanisms 
involved in their genesis. Of note, specific diagnostic techniques 
often do not allow us to differentiate among the various pathophys-
iological mechanisms. In fact, in many patients, these mechanisms 
overlap. Four pathophysiological mechanisms causing ANOCA 
have been described to date:

1. Microvascular dysfunction due to structural changes to the micro-
circulation. The density of microvessels in patients with hyper-
tensive cardiomyopathy is lower than that in patients without 
this condition.24 Remodeling of the coronary microcirculation 
has also been described, including arteriolar medial layer 
hypertrophy and induration in patients with hypertension, 
added to other cardiovascular risk factors, vascular infiltration 
by amyloid in cardiac amyloidosis, and reduced luminal 
caliber due to extrinsic compression in cases of ventricular 
hypertrophy or increased left intraventricular pressure.3,7,25 
These changes reduce microcirculatory conductance, resulting 
in increased microvascular resistances (index of microcircula-
tory resistance [IMR] ≥ 25). Elevated IMR values are associated 
with older age and left ventricular hypertrophy, with no clear 
difference between the sexes.26,27

2. Functional microvascular disease. An increase in resting coro-
nary blood flow, leading to reduced CFR levels has been 
reported, especially in women with few risk factors and no 
objectively observable structural heart disease.28 Although 
coronary flow is usually preserved at maximum hyperemia, 
many of these patients have a low exercise capacity. These 
patients may have an imbalance in oxygen availability (due to 
increased demand), with endothelial involvement being the 
main mechanism (due to increased nitric oxide synthesis).29 In 
addition, these patients tend to have a greater number of 
associated ischemic abnormalities in organs such as the 
kidneys, retina, and central nervous system, suggesting 
systemic involvement.30

3. Microvascular dysfunction due to microcirculatory spasm. Micro-
vascular dysfunction due to vasospasm is more common in 
women with cardiovascular risk factors, with endothelial 
dysfunction likely playing a significant role. It is a common 
finding in larger and medium-sized arterioles and manifests 
as paradoxical vasoconstriction in response to increased 
myocardial oxygen demand, which becomes apparent after 
intracoronary of acetylcholine administration.3,7,19,31

4. Epicardial spasm. Epicardial spasm is not usually associated 
with traditional risk factors, except for smoking. This type of 
vasospasm is believed to be caused by 2 main mechanisms: 
endothelial dysfunction and smooth muscle cell hyperreac-
tivity. These 2 mechanisms respond differently to stimuli from 
the autonomic nervous system, depending on whether the 
stimuli are from the sympathetic system (such as exercise or 
a cold stimulation test), or whether the stimuli are from the 
parasympathetic system and provoke an exacerbated response 
(eg, nocturnal spasms).19,32

Figure 2. Possible results of an invasive functional study in a patient with ANOCA. Specific causes discovered to date with the pathophysiological mechanisms 
involved in their genesis. Ach, acetylcholine; ANOCA, angina with nonobstructive coronary arteries; CFR, coronary flow reserve; IMR, index of microcirculatory 
resistance. (Figure self-developed from Meeder et al.,1 Jansen et al.,3 Kunadian et al.,7 Kunadian et al.,34 and Hokimoto et al.35.) 
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CLINICAL CHARACTERISTICS OF PATIENTS WITH ANOCA

The first step in identifying patients with ANOCA is diagnostic 
suspicion. Patients with microvascular angina often report angi-
na-like chest pain, typically on exertion, but it can also occur at 
rest. ANOCA is more common in women, and affected individuals 
generally show poor response to short-acting nitrates. In some 
cases, instead of angina, patients may have angina equivalents such 
as exertional dyspnea or atypical symptoms such as nausea, 
vomiting, dizziness, or fatigue. In microvascular spasm, which is 
also more common in women, unstable angina can occur with a 
variable response to nitrates.1-3

Regarding angina due to coronary vasomotor disorders, the spec-
trum and clinical signs of these disorders are much more varied 
than the pattern of Prinzmetal’s angina, which is a highly specific 
case of vasomotor disorder caused by an occlusive spasm of an 
epicardial vessel. However, this disorder is not representative of 
much more common substrates such as nonocclusive diffuse spasm 
and arteriolar or microvascular spasm. For example, in vasomotor 
disorders due to endothelial dysfunction, the dominant symptom is 
exertional angina, whereas in vasomotor disorders triggered by 
smooth muscle cell hyperreactivity of coronary vessels (such as in 
Prinzmetal’s angina), angina tends to occur at rest or becomes 
unstable, especially at night. Nevertheless, it can also be associated 
with exertional chest pain and be triggered by specific stimuli such 
as stress, cold, or an increase in vasoconstrictor humoral factors. 
Angina can also be associated with other conditions such as 
migraines or Raynaud’s phenomenon. Some anticancer drugs, such 
as 5-fluorouracil and capecitabine, among others, are known to be 
associated with vasospastic angina.33 Similarly, the initial clinical 
manifestation of epicardial spasm can be myocardial infarction with 
nonobstructive coronary arteries (MINOCA).19 This condition is 
often associated with smoking, unlike other traditional risk factors 
such as hypertension, diabetes mellitus, and dyslipidemia.19,32

NONINVASIVE DIAGNOSTIC APPROACH IN PATIENTS  
WITH ANOCA 

The diagnostic approach to patients with ANOCA falls within the 
diagnostic process of chronic coronary syndrome as recommended 
by the current clinical practice guidelines and is initially noninva-
sive.10 However, it is important to note that the available scientific 
evidence—sometimes scarce—has already been analyzed, and 
consequently some statements are based not only on clinical trials 
but also on consensus among the authors of the document.

After angina is suspected, the patient should be referred to the 
cardiology unit for basic symptom examination, including an elec-
trocardiogram, echocardiogram, a complete blood count, and clin-
ical response to initial antianginal treatment. A noninvasive strategy 
is advised for most patients with nonlimiting symptoms and a low 
or intermediate pretest risk of obstructive coronary artery. This 
strategy involves noninvasive imaging modalities, including func-
tional studies, based on surrogates of myocardial blood flow and 
CFR, and/or anatomical studies, mainly coronary computed tomog-
raphy.3 The diagnostic tests performed will depend, among other 
factors, on the patient’s exercise tolerance and the availability and 
experience of each center (figure 3).1,3,7,34,35

Of note, in many patients with ANOCA, noninvasive imaging 
modalities for detecting ischemia have low sensitivity for the diag-
nosis of most endotypes, especially those associated with coronary 
vasomotor disorders. In a registry of patients studied with nonin-
vasive ischemia detection tests and invasive functional tests (consid-
ered the reference standard for diagnosis), only 50% of those with 
a low CFR showed abnormalities in the noninvasive imaging 

tests.36 In fact, no noninvasive stress test can reliably detect the 
presence of microvascular spasms or coronary endothelial dysfunc-
tion and a negative stress test does not exclude the presence of 
vasomotor coronary dysfunction, especially in symptomatic patients.7 
The reasons for the low sensitivity of these techniques are diverse. 
However, an important reason is that they rely on visualizing regional 
differences among myocardial segments (nonuniform tracer uptake 
in single-photon emission computed tomography, differences in 
myocardial segment mobility in stress echocardiography). Given the 
characteristics of microvascular angina, in which ischemia can be 
widespread, it is difficult to find regional defects in noninvasive tests. 
Moreover, patients with vasospasms usually test negative in stress 
tests based on comparison between rest and hyperemia. Therefore, 
it is important to note that ANOCA should always be suspected in 
patients with suggestive chest pain and a normal coronary computed 
tomography scan, or without obstructive coronary artery disease (< 
50% reduction in diameter), and in patients who test negative on 
noninvasive imaging modalities for ischemia detection. Currently, no 
imaging modality allows the direct anatomical visualization of coro-
nary microcirculation in vivo in humans, which is why its evaluation 
relies on measuring parameters that reflect functional status, such 
as myocardial blood flow and myocardial flow reserve.7

However, certain ANOCA endotypes with low CFR and a high 
suspicion of microvascular angina can be diagnosed noninvasively 
through various imaging modalities such as PET, transthoracic 
Doppler echocardiography, contrast-enhanced transthoracic echo-
cardiography, and CMR. CFR is defined as an increased flow 
between the resting state and maximum hyperemia. CFR values < 
2 to 2.5 are considered pathological.1

PET allows determination of myocardial blood flow at rest and during 
hyperemia in absolute terms, which facilitates the calculation of CFR. 
Although PET is considered the reference noninvasive imaging 
modality and correlates well with invasive study (CFR < 2 is associ-
ated with a worse prognosis regardless of the severity of coronary 
artery disease),37 its availability is highly limited in our setting,3,38 due 
to its high cost and the need for specific cyclotron-produced radia-
tion-emitting radiotracers, such as oxygen-15-labeled water, nitro-
gen-13-labeled ammonia, or rubidium-82, a potassium analog.

Transthoracic Doppler echocardiography allows for the measurement 
of baseline and hyperemic blood flow velocity (after adenosine 
administration) using pulsed-wave Doppler. CFR < 2.5 is considered 
diagnostic of microvascular dysfunction. However, this imaging 
modality requires highly trained personnel and can only be used in 
the left anterior descending coronary artery.3,39 On the other hand, 
contrast-enhanced transthoracic echocardiography using microbub-
bles allows estimation of myocardial perfusion flow based on its 
degree of opacification. The latter imaging modality has shown good 
correlation with PET, although there may be significant interobserver 
variability, thus requiring further validation in studies.40

Finally, CMR can determine myocardial perfusion using stress and 
contrast agents (gadolinium) to calculate the myocardial perfusion 
reserve index, which is a surrogate parameter of CFR. This imaging 
modality is more widely available than PET, and has less interob-
server variability than echocardiographic studies, making it the most 
suitable imaging modality for the study microvascular dysfunction 
in our setting. However, CMR is still pending validation in the 
remaining ANOCA endotypes.3,41 Hyperemia or coronary vasodila-
tion can be achieved through adenosine infusion, or the administra-
tion of a single bolus of regadenoson, and stress vs resting perfusion 
can be compared quantitatively. The diagnostic ability of stress CMR 
in microvascular dysfunction was demonstrated 2 decades ago.42  
A myocardial perfusion reserve index < 1.84 has shown sensitivity 
and specificity rates of 73% and 74%, respectively, to predict abnor-
malities in invasive coronary physiology studies, with an area under 
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the ROC curve of 0.78.41 A quantitative assessment of stress perfu-
sion studies showed an even stronger correlation with invasive 
studies in a series of 65 patients (50 with stable angina, 46% of 
whom had no coronary artery lesions, and 15 healthy volunteers) 
to distinguish multivessel disease from microvascular dysfunction, 
with an area under the ROC curve of 0.94 (P < .001) for the absolute 
quantification of myocardial flow during stress < 1.82 mL/g/min.43 
In this study, myocardial flow during stress correlated better with 
invasive measurements than with myocardial flow reserve. Addi-
tionally, its prognostic capability has also been demonstrated. In a 

series of 218 patients with angina and coronary arteries without 
epicardial lesions,44, a myocardial perfusion reserve index ≤ 1.47 
was associated with a 3-fold higher risk of major cardiovascular 
events compared with patients with values > 1.47 (hazard ratio, 
3.14; 95% confidence interval, 1.58-6.25; P = .001). In another series 
of 395 patients, myocardial perfusion reserve improved the prog-
nostic value vs the baseline model (age, sex, and late enhancement) 
of the primary endpoint defined as a composite of cardiac death, 
nonfatal myocardial infarction, aborted sudden death, or late revas-
cularization, at 460 days of follow-up. Moreover, this study 

Figure 3. Diagnostic approach to patients with suspected ANOCA or INOCA. Ach, acetylcholine; ANOCA, angina with nonobstructive coronary arteries; IC, 
informed consent; CFR, coronary flow reserve; CT, computed tomography; CVRF, cardiovascular risk factors; IMR, index of microcirculatory resistance; 
INOCA, ischemia with nonobstructive coronary arteries; MPRI, myocardial perfusion reserve index; MRI, magnetic resonance imaging; MVD, microvascular 
dysfunction; VD, vasodilator. (Figure self-developed from Meeder et al.,1 Perera et al.,2 Jansen et al.,3 Kunadian et al.,7 Ang and Berry,31 Kunadian et al.,34 
and Hokimoto et al.35.)
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confirmed that quantitative perfusion (defined as > 10% ischemic 
myocardium) was superior to qualitative perfusion (defined as 
perfusion defects in > 2 segments) in the assessment of ischemia.45 
Rahman et al.46 also demonstrated that high-resolution CMR tech-
niques using fully quantitative perfusion were properly accurate 
and outperformed visual assessment in detecting microvascular 
dysfunction. 

Unfortunately, some of the tests that could help in the noninvasive 
functional diagnosis of patients with ANOCA/INOCA are not avail-
able in routine clinical practice in many centers in Spain, thus 
limiting the diagnostic approach in these patients.

Table 1 shows the diagnostic criteria for ANOCA, while figure 3 
illustrates the complete diagnostic algorithm proposed for patients with 
ANOCA, specifying the initial strategy, when to schedule invasive 
studies, and the possible therapies based on the specific endotype.

INVASIVE DIAGNOSTIC APPROACH IN PATIENTS WITH ANOCA

Although these are very safe procedures, there are risks involved 
in the invasive assessment of patients with suspected ANOCA. 

Therefore, it is of paramount importance that the health profes-
sionals involved should have specific training in performing and 
interpreting various tests. Adequate pathways should also be imple-
mented. Currently, the use of 2 functional tests is advised, consisting 
of a vasospasm provocation test with intracoronary acetylcholine 
infusion and a microvascular function test using a pressure-tempera-
ture sensor-tipped wire at rest and during maximum pharmacological 
hyperemia.7,11,34,35

Vasospasm provocation testing with intracoronary acetylcholine is 
advised. Since the technical data sheet of acetylcholine does not 
include its intracoronary use, the pharmacy department of the 
medical center must be contacted for prior authorization. In most 
cases, patients must provide their prior written informed consent 
for the off-label use of the drug.47 This test has demonstrated high 
sensitivity and specificity rates (around 90% and 100%, respec-
tively, depending on the patient’s characteristics) for diagnosing 
micro- and macrovascular vasospastic angina, with very few 
complications.47,48 Before the test is conducted, the use of long-
acting vasodilator drugs should be avoided. A minimum of 18 hours 
without oral or topical vasodilator agents is advised to avoid false 
negatives. Although the use of beta-blockers may increase vasocon-
striction after acetylcholine infusion, their discontinuation before 

Table 1. Diagnostic criteria for ANOCA

Endotype Physiopathology Criteria Comments

Microvascular 
angina

Coronary  
microvascular 
dysfunction

Myocardial ischemia symptoms •  Exertional or resting angina
•  Angina equivalent (exertional dyspnea)

Evidence of myocardial 
ischemia

•  Positive ischemia detection test

Absence of obstructive  
coronary artery disease

•  FFR > 0.80 or stenosis < 50%
•  Confirmed by coronary CT or coronary angiography

Impaired coronary  
microvascular function

•  Adenosine test: CFR ≤ 2.0 (2.5 according to the method), IMR ≥ 25, HMR ≥ 1.9
•  Microvascular spasm (spontaneous or acetylcholine test): angina, EKG changes, 

without epicardial spasm (lumen reduction < 90%)

Vasospastic 
angina

Epicardial spasm Symptoms •  Angina, more at rest, especially nocturnal
•  Reduced exercise tolerance, especially in the morning
•  Response to nitrates and calcium antagonists

EKG changes •  ST-segment changes (elevation/depression) ≥ 1 mV
•  New negative U waves

Absence of obstructive 
coronary artery disease

•  FFR > 0.80 or stenosis < 50% 
•  Confirmed by coronary CT or coronary angiography

Coronary spasm •  Vasoconstriction > 90% with angina and spontaneous EKG changes, or after 
provocation test (acetylcholine)

Preserved coronary 
microvascular function

•  Adenosine test: CFR > 2.0 (2.5 according to the method), IMR < 25, HMR < 1.9

Mixed Microvascular angina 
and epicardial spasm

Absence of obstructive 
coronary artery disease

•  FFR > 0.80 or stenosis < 50%
•  Confirmed by coronary CT or coronary angiography

Microvascular angina •  Microvascular dysfunction 
•  Adenosine test: CFR ≤ 2.0 (2.5 according to the method); IMR ≥ 25, HMR ≥ 1.9

Coronary spasm •  Angina + EKG changes + epicardial vasoconstriction (> 90%)

Noncardiac 
chest Pain

None Absence of obstructive 
coronary artery disease

•  FFR > 0.80 or stenosis < 50% 
•  Confirmed by coronary CT or coronary angiography

Normal functional tests •  Adenosine test: CFR > 2.0 (2.5 according to the method), IMR < 25, HMR < 1.9 
•  Negative acetylcholine test

ANOCA, angina with nonobstructive coronary arteries; CFR, coronary flow reserve; CT, coronary computed tomography; EKG, electrocardiogram; FFR, fractional flow reserve; HMR, 
hyperemic microvascular resistance; IMR, index of microvascular resistance. 
Table based on data from Meeder et al.,1 Perera et al.,2 Jansen et al.,3 Kunadian et al.,7 Mejia-Renteria et al.,19 Ong et al.,25 Ang and Berry,31 Kunadian et al.,34 and Hokimoto et al.35.
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the test is not advised if these drugs are deemed necessary. In 
procedures performed via the radial route, the use of calcium 
antagonists should also be avoided.47 Essentially, the test involves 
the infusion of increasing acetylcholine doses while simultaneously 
assessing the reproduction of the patient’s symptoms, changes in 
the 12-lead electrocardiogram, and the presence of spasms in the 
epicardial arteries > 90% of their baseline diameter. The Spanish 
Society of Cardiology Working Group on Cardiac Catheterization 
and Interventional Cardiology recently published a technical docu-
ment on the performance and interpretation of this test.47

Microvascular function can be assessed using intracoronary Doppler, 
or pressure-temperature sensor-tipped wires. However, the only 
currently available guidewires are pressure-temperature sensor-
tipped wires (Pressurewire X, Abbott, United States), which use the 
thermodilution method. Coronary thermodilution allows coronary 
flow values to be obtained at rest and during maximum hyperemia 
after the infusion of any microcirculation vasodilator agent (usually 
adenosine or its derivatives). These values are obtained after the 
infusion of 3 mL of physiological saline solution through the guide 
catheter and by measuring the transit time of this solution between 
the proximal segment of the artery and the distal segment, where 
the distal guidewire thermistor is located, both at rest and during 
maximum hyperemia. By obtaining flow data at rest and during 
maximum hyperemia, the CFR can be calculated, which under 
normal conditions should be > 2.5. CFR values ≤ 2.5 are consid-
ered diagnostic of microvascular dysfunction. Since the pressure 
of microcirculation perfusion (measured in the distal segment of 
the artery where the guidewire is located) can be obtained while 
performing the test during maximum hyperemia, the minimum 
microcirculation resistance (IMR) can be estimated. In studies 
performed in healthy patients, a cutoff value of 25 has been 
established. IMR values ≥ 25 are also indicative of microvascular 
dysfunction.7,34,35

There is another promising method in the invasive diagnosis of 
patients with ANOCA. Using the same pressure guidewire and a 
dedicated microcatheter (RayFlow, Hexacath, France), absolute 
coronary flow values (in mL/min) and absolute microcirculation 
resistances (in Wood units) can be obtained.49 Since these are 
absolute values, they partly depend on the perfusion territory of 
the artery and the studied segment. Currently, research is underway 
to develop an indexed approach using this method.50

THERAPEUTIC APPROACH IN PATIENTS WITH ANOCA

General approach 

In patients with ANOCA, treatment should focus on relieving 
symptoms and improving the risk profile, quality of life, and prog-
nosis. In this regard, early diagnosis, identification of the patho-
physiological mechanisms involved, and early initiation of treat-
ment tailored to the INOCA endotype are key to achieving 
therapeutic success.1,3,7,25,31,34,35,51-54 However, currently available 
studies of specific medical treatment for this condition are small, 
with heterogeneous methodologies and variable results, which 
makes it difficult to establish robust recommendations for the 
therapeutic management of these patients.

Lifestyle changes and control of cardiovascular risk factors 

First, given the impact of cardiovascular risk factors on the devel-
opment of coronary microvascular dysfunction and epicardial 
spasm, effective control of these risk factors is essential, including 
lifestyle changes (weight loss, physical exercise, smoking cessation, 
stress reduction), and appropriate pharmacological therapies.10 To 

reduce the risk of coronary vasospasm, it is important to avoid 
triggering factors such as smoking and the use of certain drugs 
(cocaine and amphetamine).10

Statins are beneficial not only due to their effect on lipid profile, 
but also due to their positive effect on endothelial function and in 
preventing the development of coronary spasms.55,56 Renin-angio-
tensin-aldosterone system inhibitors are beneficial to reduce blood 
pressure and improve endothelial function. In fact, these drugs 
have been reported to have positive effects on both coronary micro-
vascular dysfunction and epicardial coronary vasospasm.55-57 The 
role of aspirin in patients without known cardiovascular disease is 
controversial.55,56 In the Japanese guidelines, aspirin is not advised 
in the absence of angiographically confirmed stenosis in patients 
with vasospasm (class IIIB indication).35

Antianginal treatment 

Antianginal treatment is crucial for symptom relief. Preferential use 
of drugs that reduce myocardial oxygen consumption is advised in 
patients with a structural endotype of INOCA (microvascular 
dysfunction), such as beta-blockers or calcium channel blockers 
(ivabradine may also be considered in certain cases), along with 
other drugs such as ranolazine, trimetazidine, and nicorandil. On 
the other hand, calcium channel blockers, nitrates, nicorandil, or a 
combination of these, are advised in patients with a vasomotor 
endotype of INOCA (whether epicardial or microvascular spasm) 
(table 2).1,3,7,25,31,34,35,51-54

There is some evidence on nebivolol compared with other beta-
blockers, due to its potential vasodilatory effect that targets the 
production of nitric oxide.58 A beneficial effect of carvedilol has 
also been suggested by improving endothelium-dependent dila-
tion.59 A randomized clinical trial of 81 patients demonstrated the 
benefit of ranolazine treatment in relieving symptoms in patients 
with CFR values < 2.5.60 Diltiazem treatment shows no benefits in 
improving symptoms, quality of life, or coronary microvascular 
function in the randomized EDIT-CMD trial of 73 patients with 
ANOCA in a 6-week course of treatment, although there was a 
reduction in induced epicardial vasospasms.12 Finally, there are 
promising potential benefits associated with drugs that have new 
therapeutic targets, such as cilostazol, a phosphodiesterase 3 inhib-
itor that targets coronary vasospasm,61 or zibotentan, a selective 
endothelin A antagonist with benefits on microcirculation and 
endothelial dysfunction,62 or fasudil, a rho-kinase enzyme inhibitor 
capable of reducing the IMR in patients with a positive vasospasm 
provocation test and elevated IMR.13

Treatment for resistant angina 

The use of drugs such as low-dose tricyclic antidepressants (which 
modulate norepinephrine uptake and have anticholinergic effects, 
which can induce analgesia), or neurostimulators that block the 
transfer of pain at the spinal cord has been proposed in patients 
with resistant angina, and even coronary interventions in the case 
of vasospastic angina refractory to medical therapy.51

Patient follow-up 

The follow-up of these patients should be coordinated between 
primary care physicians and cardiologists, and once symptoms are 
under control, follow-up should preferably be conducted in primary 
care units, with referrals to cardiology if there is decompensation. 
In addition, given the particularities of ANOCA, it is essential to 
inform patients about their disease and its implications. A 
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multidisciplinary approach is necessary since other health profes-
sionals, such as psychologists, internists, and pain clinics, may 
sometimes be required.

Future lines of research

Finally, ongoing clinical trials are currently exploring whether 
intensive treatment of coronary atherosclerosis with high-intensity 
statins, renin-angiotensin-aldosterone system inhibitors, and low 
doses of aspirin improves angina and ischemia. The WARRIOR trial 
(NCT03417388) is studying whether such treatment improves 
outcomes, and the MINOCA-BAT trial (NCT03686696) is investi-
gating whether the combined use of beta-blockers and renin-angio-
tensin-aldosterone system inhibitors reduces major cardiovascular 
clinical events.

CONCLUSIONS

Patients with suspected ANOCA exhibit a wide array of presenta-
tions that can currently be diagnosed and treated with effective 
individualized therapies. It is important for clinical cardiologists to 
become familiar with the various abnormalities in patients with 

Table 2. Therapeutic approach for patients with ANOCA or INOCA

General treatment

Lifestyle changes • Mediterranean diet
• Physical exercise
• Weight control
• Stress reduction

Cardiovascular risk factor 
control

• Hypertension
• Dyslipidemia
• Diabetes
• Smoking cessation

Aspirin • With previous CVD
• Without previous CVD, its use is controversial

ACEI or ARA II • Blood pressure reduction
•  Improvement in endothelial function: possible benefit in microvascular coronary dysfunction and coronary vasospasm

Statins • Reduction in total cholesterol and LDL
• Improvement in endothelial function
• Possible benefit in vasospastic angina

Anti-anginal drugs Microvascular angina Beta-blockers • Decreased myocardial oxygen consumption*

Calcium antagonists • Decreased myocardial oxygen consumption
• Vascular smooth muscle relaxation

Ranolazine • Improvement in microvascular perfusion reserve

Trimetazidine • Increased cellular tolerance to ischemia

Vasospastic angina Calcium antagonists • Decreased myocardial oxygen consumption 
• Decreased coronary spasm via relaxation of vascular smooth muscle

Nitrates • Decreased myocardial oxygen consumption
• Decreased coronary spasm via relaxation of vascular smooth muscle

Nicorandil • Coronary vasodilator effect

Microvascular angina + 
vasospastic angina

Calcium antagonists, nitrates, ranolazine, trimetazidine, nicorandil

* Consider the use of nebivolol due to its antioxidant properties through nitric oxide.
ACEI, angiotensin-converting enzyme inhibitors; ANOCA, angina with nonobstructive coronary arteries; ARA II, angiotensin II receptor antagonists; CVD, cardiovascular disease; 
INOCA, ischemia with nonobstructive coronary arteries; LDL, low-density lipoproteins.
Table based on data from Meeder et al.,1 Jansen et al.,3 Kunadian et al.,7 Kobayashi et al.,26 Ang and Berry,31 Kunadian et al.,34 Hokimoto et al.,35 Beltrame et al.,51 Mehta et al.,52 
Seitz et al.,53 and Abouelnour et al.54.

ANOCA, and the currently available diagnostic and therapeutic 
tools. Invasive diagnostic tests constitute a new option requiring 
specific training for their correct performance and interpretation, 
as well as CMR with adenosine or regadenoson for myocardial 
perfusion calculation. In conclusion, specific actions need to be 
taken by all health centers to create diagnostic and therapeutic 
protocols for the management of these patients. 
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