
E D I T O R I A L

The opinions expressed in this article are not necessarily those of the Editors of EuroIntervention or 
of the European Association of Percutaneous Cardiovascular Interventions.

EuroIntervention 2
0

2
2

;1
8

:e
611-e

613 published online e
-edition O

ctob
er 2

0
2

2
D

O
I: 10

.4
2

4
4

/E
IJ-E

-2
2

-0
0

0
31

e611

© Europa Digital & Publishing 2022. All rights reserved.

*Corresponding author: Interventional Cardiology, Hospital Clinico San Carlos, Calle del Prof Martín Lagos, s/n, 28040
Madrid, Spain. E-mail: escaned@secardiologia.es
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considered along with wire-based tests in the diagnosis of 
non-obstructive myocardial ischaemia
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For many years, the management of patients with acute or chronic 
coronary syndromes has been impeded by a one-dimensional 
vision of myocardial ischaemia, namely the presence of epicardial 
vessel obstruction. Overall, diagnostic uncertainty prevailed when, 
in patients with chest pain or abnormal electrocardiograms (ECG), 
ischaemia tests or cardiac biomarkers, the coronary arteriogram 
failed to reveal obstructive epicardial disease.

Luckily, we may have reached a tipping point in considering an 
alternative origin of myocardial ischaemia in these patients, both in 
terms of evidence and interest from the medical community1-3. The 
acronyms INOCA and MINOCA, which refer to ischaemia or myo-
cardial infarction of non-obstructive origin, respectively, are now 
widely used in the current literature. The European Association 
of Percutaneous Cardiovascular Interventions (EAPCI) Expert 
Consensus Document on INOCA was the most downloaded arti-
cle from EuroIntervention in 20211, and recent European Society 
of Cardiology (ESC) guidelines support the use of intracoronary 
testing to assess vasomotor and microvascular disorders in INOCA 
and MINOCA2,3.

Yet, we anticipate an uneven adoption of the recommended tools 
for the diagnosis of non-obstructive coronary disease by cardiol-
ogists. Although the use of intracoronary guidewires to measure 

coronary flow reserve (CFR) and microvascular resistance (MR) 
is simple and intuitive, many physicians are reluctant to perform 
an intracoronary acetylcholine (ACh) test to assess coronary vaso-
motor disorders. There are multiple reasons for this, but the pre-
dominant one is concern over the safety and the clinical value of 
the test. Addressing these concerns is important because, in con-
trast to CFR, which can be measured non-invasively, an objective 
diagnosis of vasomotor disorders can only be achieved by cor-
onary ACh testing1. As the CorMiCa (CORonary MICrovascular 
Angina) Trial showed, establishing whether the ischaemia has 
a vasomotor or structural origin is key to devising an effective 
stratified medical treatment4. In other words, proper diagnosis of 
INOCA needs two legs to stand on (Figure 1): namely, the assess-
ment of 1) structural remodelling that may impair microvascular 
conductance, and 2) vasomotor disorders affecting epicardial ves-
sels or arterioles.

It is in this context that EuroIntervention publishes in this 
issue a timely article by Montone et al on the safety and prog-
nostic information of ACh testing in clinical practice5. The study 
is based on a large patient cohort (n=317), prospectively studied 
with a median follow-up of 22 months. Of note, both patients with 
INOCA and MINOCA were included. We should state upfront that 
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the main caveat of the study is that CFR and MR were not meas-
ured in INOCA patients, and, therefore, the management of these 
patients does not mirror current recommendations or trial-based 
evidence1,2. Yet, the findings are of relevance in reassuring the med-
ical community on the safety and prognostic value of the ACh test. 

Article, see page 666

In this study, there were no deaths related to the test, and the 
development of life-threatening ventricular arrhythmias was 
extremely low (0.03% for either ventricular tachycardia or ventric-
ular fibrillation). Atrial fibrillation (AF) or supraventricular tachy-
cardia developed in 2.5% of cases, and transient bradyarrhythmias 
in 6.3% of cases. The authors found no relationship between the 
development of ACh-related transient arrhythmias and a worse 
long-term prognosis. An important piece of information is the link 

between a history of prior AF and the development of arrhyth-
mias during ACh testing. As a matter of fact, previous studies have 
identified endothelial dysfunction as a predictor of future AF6. 
Most cases of AF that develop during ACh testing revert sponta-
neously, and pharmacological or electrical cardioversion is rarely 
needed. Also, patients with left ventricular diastolic dysfunction 
and higher baseline QT dispersion were identified as being prone 
to developing arrhythmias during the test.

Regarding the prognostic value of ACh testing, these findings 
should be interpreted in the context of the study design. Since there 
was no control group, we cannot gauge the benefit of test-based 
medical treatment in vasomotor disorders compared to non-guided 
treatment. But we learned that enrolled patients with a positive 
ACh test, who were discharged on calcium channel blockers, 
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Figure 1. Stepwise approach to assess the coronary microcirculation and vasomotor disorders in patients with non-obstructive coronary artery 
disease.  ACh: acetylcholine; AF: atrial fibrillation; ECG: electrocardiogram; INOCA: ischaemia with non-obstructive coronary arteries; 
MINOCA: myocardial infarction with non-obstructive coronary arteries
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Comprehensive intracoronary testing in INOCA/MINOCA

statins and angiotensin-converting enzyme inhibitors, presented 
with a mean Seattle Angina Questionnaire (SAQ) summary score 
of 82/100 at follow-up, which, overall, suggests an acceptable 
level of therapeutic success. It remains unknown whether the SAQ 
summary score would have been even higher if a more personal-
ised pharmacological treatment, based not only on the ACh test 
but also on CFR and MR values as currently recommended1,2, had 
been set up.

In terms of prognostic information, three independent predic-
tive factors for major adverse cardiac and cerebrovascular events 
(MACCE) were identified in a multivariate analysis: a positive 
ACh test, MINOCA as a clinical presentation, and left ventri-
cular ejection fraction (LVEF) <50% on admission. A subgroup 
analysis revealed a higher incidence of MACCE in patients with 
MINOCA, compared to those with INOCA. These findings high-
light the prognostic implications of vasomotor disorders disclosed 
by ACh testing in patients who subsequently received pharmaco-
logical treatment of  coronary vasospasm: the latter consideration 
is important as we might expect a higher incidence of events if 
a diagnosis leading to specific treatment had not been reached. 
Regarding the worse prognosis associated with MINOCA pres-
entation, it remains plausible that in MINOCA, which is a much 
more heterogenous condition than INOCA (despite the similar-
ity in acronyms), coronary spasm may not always be the pri-
mary cause of the syndrome but an epiphenomenon of widespread 
underlying derangements at a coronary, myocardial or systemic 
level. In any case, this study revealed that patients with MINOCA 
at clinical presentation and a positive response to ACh portended 
the group with the worst prognosis at follow-up, highlighting the 
clinical relevance of ACh testing in this specific clinical setting.

In summary, we anticipate that the study by Montone et al will 
help to dissipate fears about the safety of ACh testing in patients 
with non-obstructive coronary disease syndromes and, also, high-
light its prognostic value in chronic and acute presentations. 
Most cardiologists already feel comfortable using wire-based 

tools to measure CFR and MR. Incorporating ACh testing into 
routine clinical practice will enable them to perform a compre-
hensive diagnosis of vascular dysfunction mechanisms account-
ing for myocardial ischaemia and, ultimately, improve the quality 
of life and prognosis of patients: proper diagnosis in INOCA and 
MINOCA needs two legs to stand on.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
1. Kunadian V, Chieffo A, Camici PG, Berry C, Escaned J, Maas AHEM, Prescott E, 
Karam N, Appelman Y, Fraccaro C, Buchanan GL, Manzo-Silberman S, Al-Lamee R, 
Regar E, Lansky A, Abbott JD, Badimon L, Duncker DJ, Mehran R, Capodanno D, 
Baumbach A. An EAPCI Expert Consensus Document on Ischaemia with Non-
Obstructive Coronary Arteries in Collaboration with European Society of Cardiology 
Working Group on Coronary Pathophysiology & Microcirculation Endorsed by 
Coronary Vasomotor Disorders International Study Group. EuroIntervention. 2021;16: 
1049-69.

2. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, 
Prescott E, Storey RF, Deaton C, Cuisset T, Agewall S, Dickstein K, Edvardsen T, 
Escaned J, Gersh BJ, Svitil P, Gilard M, Hasdai D, Hatala R, Mahfoud F, Masip J, 
Muneretto C, Valgimigli M, Achenbach S, Bax JJ; ESC Scientific Document Group. 
2019 ESC Guidelines for the diagnosis and management of chronic coronary syn-
dromes. Eur Heart J. 2020;41:407-77.

3. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, Dendale P, 
Dorobantu M, Edvardsen T, Folliguet T, Gale CP, Gilard M, Jobs A, Jüni P, 
Lambrinou E, Lewis BS, Mehilli J, Meliga E, Merkely B, Mueller C, Roffi M, 
Rutten FH, Sibbing D, Siontis GCM; ESC Scientific Document Group. 2020 ESC 
Guidelines for the management of acute coronary syndromes in patients presenting 
without persistent ST-segment elevation. Eur Heart J. 2021;42:1289-367.

4. Ford TJ, Stanley B, Good R, Rocchiccioli P, McEntegart M, Watkins S, Eteiba H, 
Shaukat A, Lindsay M, Robertson K, Hood S, McGeoch R, McDade R, Yii E, Sidik N, 
McCartney P, Corcoran D, Collison D, Rush C, McConnachie A, Touyz RM, 
Oldroyd KG, Berry C. Stratified Medical Therapy Using Invasive Coronary Function 
Testing in Angina: The CorMicA Trial. J Am Coll Cardiol. 2018;72:2841-55.

5. Montone RA, Rinaldi R, Del Buono MG, Gurgoglione F, La Vecchia G, Russo M, 
Caffè A, Burzotta F, Leone AM, Romagnoli E, Sanna T, Pelargonio G, Trani C, 
Lanza GA, Niccoli G, Crea F. Safety and prognostic relevance of acetylcholine testing 
in patients with stable myocardial ischaemia or myocardial infarction and non-obstruc-
tive coronary arteries. EuroIntervention. 2022;18:666-76.

6. Corban MT, Godo S, Burczak DR, Noseworthy PA, Toya T, Lewis BR, Lerman LO, 
Gulati R, Lerman A. Coronary Endothelial Dysfunction Is Associated With Increased 
Risk of Incident Atrial Fibrillation. J Am Heart Assoc. 2020;9:e014850.


