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INOCA: Ischemia with Non Obstructive 
Coronary Artery disease

ANOCA: angina with no obstructive coronary 
artery disease



Questions 
• Is it serious?  

• How common is it? 

• Assessment and treatment 



Pronostic

Jespersen et a. lEuropean Heart Journal (2012) 33, 734–744.   

11 223 patients referred for coronary angiography with stable angina pectoris as
indication and 5705 participants from the Copenhagen City Heart Study for 
comparison
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Pronostic

Sinha et al. European Heart Journal (2021) 42, 4431–4441
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Two compartment model 

Maitre-Ballesteros L,…, Barone-Rochette G. Rev. Cardiovasc. Med. 2022; 23(5): 158



Functional aspects of the coronary 
microcirculation

Herrmann et al. European Heart Journal (2012) 33, 2771–2781



perlipidemia, diabetes mellitus, smoking) are known causes
of CMVD1 and may therefore contribute to CMVD in at least
a proportion of patients, although some data suggest a poor
relation between risk factors and CMVD severity in these
patients.26

Increased cardiac adrenergic activity can play a significant
pathogenetic role in patients with stable MVA. Severe global
or regional abnormalities in cardiac adrenergic innervation
are indeed detectable in most patients and can favor coronary
microvascular constriction.27 Other potential causes of
CMVD, reported in several studies, include increased insulin
resistance, which may facilitate endothelial activation and
dysfunction,28 estrogen deficiency in women,29 enhanced
activity of the membrane sodium-hydrogen exchanger,30 and,
more recently, subclinical inflammation.31,32

In summary, several potential causes of CMVD have been
described in stable MVA, suggesting different, and variously
concurrent, pathogenetic mechanisms in individual patients,
which can also account for the described heterogeneous
pathophysiological features of CMVD. Our observations
suggest that abnormalities in cardiac adrenergic innervation

are a major pathogenetic component in most patients, al-
though their genesis and relation with CMVD remain to be
better clarified.

Diagnosis
At present, the diagnosis of MVA requires the exclusion of
epicardial abnormalities by coronary angiography. In angina
patients suspected to have MVA, however, attempts should
be made not only to rely on this exclusion criterion for the
diagnosis but to obtain objective evidence of CMVD and,
possibly, of myocardial ischemia. Some clues in regard to the
microvascular origin of symptoms can be derived from
clinical findings and noninvasive tests.

Clinical Assessment
Although angina symptoms are often indistinguishable from
those caused by obstructive CAD, MVA should be sus-
pected when chest pain persists for several minutes after
effort is interrupted and/or shows poor or slow response to
nitroglycerin.33,34 Although exercise ECG and scinti-
graphic stress tests are usually unremarkable for the
diagnosis (Figure 3), the induction of angina and ST-
segment depression, but not left ventricular contractile abnor-
malities, during an echocardiographic dipyridamole or dobu-
tamine stress test is strongly suggestive of a microvascular
origin of symptoms,6,7 as is an earlier appearance of ECG
abnormalities and/or angina during an exercise test performed
after sublingual nitrate administration.35

In some patients with angina and normal coronary arteries,
epicardial coronary artery spasm should be excluded (Figure
1). In these patients, a history of rest angina is usually also
present, exercise may induce ST-segment elevation, and
symptoms are fully prevented by vasodilator therapy. Impor-
tantly, vasospastic angina and MVA may coexist in some
patients, suggesting a diffuse dysfunction of coronary circu-
lation. This should be suspected when patients continue to
experience typical effort angina despite full control of coro-
nary artery spasm with vasodilator therapy.36

Figure 2. Differences in myocardial ische-
mia caused by a significant coronary ste-
nosis (A) or by CMVD (B). In the case of
an epicardial (Epi) stenosis, myocardial
ischemia diffusely involves the whole
myocardial (usually subendocardial) terri-
tory supplied by the vessel (gray area),
thus resulting in regional contractile dys-
function. In the case of microvascular
alterations, myocardial ischemia is likely
localized only in small myocardial areas,
patchily diffused in the myocardium (small
circles); this may not result in detectable
contractile abnormalities because of the
presence of normal contractile myocardial
cells in the same territory. Also in this
case, ischemia more easily occurs in sub-
endocardial regions (more intense gray
color of the small ischemic areas). Endo
indicates endocardial. a and b indicate
dysfunctional microvessels; P1 and P2,
blood pressure proximal and distal to
obstructive vessels.

Table 2. Definition of Cardiac Syndrome X (Adapted With
Permission From Lanza3)

Typical stable angina, exclusively or predominantly induced by effort

Findings compatible with myocardial ischemia/CMVD on diagnostic
investigation*

Normal (or near normal†) coronary arteries on angiography

Absence of any other specific cardiac disease (eg, variant angina,
cardiomyopathy, valvular disease)

*Including !1 of the following: (1) diagnostic ST-segment depression during
spontaneous or stress-induced typical chest pain; (2) reversible perfusion
defects on stress myocardial scintigraphy; (3) documentation of stress-related
CBF abnormalities by more advanced diagnostic techniques (eg, CMR, positron
emission tomography, Doppler ultrasound); and (4) metabolic evidence of
transient myocardial ischemia (cardiac positron emission tomography or
magnetic resonance, invasive assessment).

†Vascular wall irregularities or discrete very mild stenosis (!20%) in
epicardial vessels at angiography.
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Frequency 

Marinescu et al. J Am Coll Cardiol Img 2015;8:210–20 

At least 10% to 40% of patients
presenting with angina have no 
significant CAD on invasive 
coronary angiography. 

As many as 50% to 70% of these 
patients with chest pain without 
obstructive CAD are believed to 
have coronary microvascular 
dysfunction



Modalities to  assess coronary microvascular function
Invasive techniques

ICD

TDS

Non Invasive techniques

CMR

MCE

Doppler

Clinical 
application 

Research 

CTP 

PET 

CZT 

Angio-derived IMR

Absolute R and MRR
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ANOCA/ INOCA 

Loic Djaileb,…, Gilles Barone-Rochette et al. J Nucl Cardiol 2017
 



ANOCA/ INOCA 

Ford et al. J Am Coll Cardiol 2018;72:2841–55 Ford et al. J Am Coll Cardiol Intv 2020;13:33–45



Conclusion 

• INOCA and ANOCA are frequent in cath lab

• Microcirculation dysfunction must be explored in ANOCA and 
INOCA patients to improve their symptoms and quality of life. 

• Possible impact on MACE : science is in progress 


