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In the mitigation of ischaemic heart disease as the world’s great-
est contributor to mortality, coronary vasomotor disorders (CVaD) 
remain frequently overlooked in their diagnosis and management. 
CVaD, consisting of vasospastic angina (VSA) and microvascu-
lar angina (MVA) as endotypes, are commonly found in 7-50% 
of patients with ischaemia with non-obstructive coronary arteries 
(INOCA), with a three-year major adverse cardiovascular event 
(MACE; death or myocardial infarction [MI]) rate of ~5-37%. 
The European Association of Percutaneous Cardiovascular 
Interventions (EAPCI) consensus document helped raise awareness 
of INOCA among clinicians and patients worldwide1. However, 
despite highlighting the critical role of coronary functional testing 
(CFT) in routine clinical practice, its application is still far from 
optimised. In this issue, Feenstra et al conducted a comprehensive 
review of various CFT diagnostic protocols for CVaD2.

Article, see page 1271

Discrepancies in coronary vasomotor function 
testing protocols
Feenstra et al noted significant variations in study protocols, 
including the aspect of vascular domains tested, the method of 
testing, and the techniques utilised to measure coronary function 
to determine the presence of CVaD (Figure 1).

Firstly, the vascular domain being assessed may be differen-
tiated into the epicardial vessels (>500 µm in diameter) and the 
microvasculature (<500 µm) which includes pre-arterioles, arte-
rioles, capillaries, and venules. The authors emphasise the impor-
tance of distinguishing these domains, as diagnostic and treatment 
modalities require different approaches. Indeed, the Coronary 
Vasomotor Disorders International Study (COVADIS) group 
define VSA as angina precipitated by spasms of the epicardial 
domain, whereas MVA is defined as that caused by dysfunction in 
the microcirculation.
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Secondly, how CFT is done also varies between protocols in 
terms of the agent used, injection time, dose, artery being cath-
eterised, order of testing, and techniques for measurement. 
Acetylcholine (ACh) is the most commonly used pharmacological 
agent among the reviewed protocols for vasoconstriction assess-
ment and for testing endothelial-dependent vasodilation when 
injected in low doses. The use of ACh is preferred over its sub-
stitute, ergonovine, as the latter is more likely to cause extended 
vasospasm. ACh protocols range from 20-second injections of 
incremental ACh doses up to 200 µg to trigger spasms, to sug-
gesting 3-minute infusions of up to 44 µg of ACh – the latter 
mostly focusing on endothelial-dependent changes. Some proto-
cols combine both by giving slow, low-dose infusions followed by 
rapid, high-dose boluses of ACh to gain insight into both endothe-
lial-dependent changes and vasospasticity. The matter of dose is 
especially important as it will affect sensitivity and specificity – 
essentially a balancing act to find the right dose to best identify 
dysfunction without compromising on false positives.

A majority of protocols measure the entire left circulation by 
injecting the agent into the left main stem while some prefer to 
inject specifically into the left anterior descending artery to avoid 
spasm affecting a large area of the heart. In an effort to avoid 
complications affecting the atrioventricular node, most protocols 

also avoid testing the right coronary artery unless indicated. 
Although most protocols agree that vasoactive medications should 
be stopped before CFT, the range may vary from 24-72 hours 
prior to testing. Despite discrepancies in testing methods, the six 
protocols reviewed still agree upon a common diagnostic criteria 
for types of CVaD. For positive findings of epicardial vasocon-
striction with ACh, all protocols follow the COVADIS definitions 
involving appearance of chest pain, ischaemic electrocardiogram 
(ECG) changes, and >90% constriction of vessels on angiography.

But why is there reluctance in vasomotor 
testing?
The use of ACh for the diagnosis of VSA and MVA is recom-
mended by the 2019 European Society of Cardiology Chronic 
Coronary Syndromes (ESC CCS) clinical practice guidelines3, 
based on its demonstrated safety and efficacy4. There might be 
reluctance to use CFT due to fear of complications or lack of 
experience. However, previous studies have suggested that severe 
side effects such as an abrupt coronary flow obstruction, which 
can result in cardiac arrhythmias including ventricular fibrilla-
tion, occur in the same order of magnitude as described for diag-
nostic cardiac catheterisation. The most often reported side effect 
is ACh-induced bradycardia, occurring in 3.2% of cases. This is 
always transient, providing reassurance to clinicians in the use of 
ACh. Figure 2 summarises a stepwise algorithm for CFT that may 
be adopted in the cardiac catheterisation laboratory for the diagno-
sis of CVaD5. Informed consent should be obtained for unlicensed, 
parenteral use of ACh and it should only be administered by expe-
rienced interventional cardiologists.

Conclusion
Despite being safe, CFT remains far from being optimally applied 
in clinical settings, which leads to the underdiagnosis and under-
management of patients with INOCA. Whilst further research 
is awaited, a coronary vasomotor disorder diagnostic algorithm, 
based on available studies, can be implemented in cardiac cathe-
terisation laboratories. As long as INOCA remains overlooked, our 
relentless fight in mitigating cardiovascular disease will stagnate 
due to the morbidity and mortality arising from this hidden disease.
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Lack of consensus limits widespread
acceptance of the importance of coronary

vasomotor dysfunction

Low utilisation of coronary functional
testing in current clinical practice

Poor identification and treatment
of INOCA petients

A need to find consensus on a uniform
coronary functional testing protocol

Figure 1. Current challenges in coronary functional testing to 
diagnose coronary vasomotor disorders.
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Diagnosis of
Epicardial spasm

Diagnosis of
Microvascular spasm

ACh administered in a stepwise manner into the
LCA (20-200 mg) or RCA (20-50 mg) over a period of
3 min with an interval of 2-3 min between injections*

Coronary angiography performed 1 min after each
injection of ACh and when chest pain and/or

ischaemic ECG changes were observed

Positive results  

CFT performed after a washout period of at least
24 h for CCBs and nitrates

Coronary angiography:
radial or femoral access

Presence of focal or diffuse
epicardial coronary

diameter reduction ≥≥90%

Absence of focal or diffuse
epicardial coronary

diameter reduction ≥≥90%

Reproduction of the patient’s symptoms
and ischaemic ECG shifts

Diagnosis of
No spasm

Negative results  

Absence of reproduction of
patient’s symptoms and

ischaemic ECG shifts
and

Absence of focal or diffuse
epicardial coronary

diameter reduction ≥≥90%

Figure 2. Proposed algorithm for CFT to diagnose coronary vasomotor disorder. *some centres administer over 20 seconds. CCB: calcium 
channel blocker; CFT: coronary functional testing; ECG: electrocardiogram; LCA: left coronary atery; RCA: right coronary artery


