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Editorial

Clinical use of acetylcholine in the cath lab,

ready for prime time?

Check for
updates

Uso clinico de acetilcolina en la sala de hemodinamica,

preparados para el gran momento?

Andreas Seitz, Peter Ong*

Department of Cardiology, Robert-Bosch-Krankenhaus, Stuttgart, Germany

Acetylcholine (ACh) was first identified in 1915 by Henry
Hallett Dale for its actions on heart tissue. It was later con-
firmed as a neurotransmitter by Otto Loewi and both received
the Nobel Prize in Physiology or Medicine for their work in
1936. Furchgott and Zawatzki found that ACh led to vasocon-
striction of endothelium-denuded rabbit aorta whereas it led
to vasodilatation in vessels with intact endothelium.! This
led to the discovery that ACh has a direct effect on vascular
tone by binding to muscarinic receptors present on vascular
endothelium as well as on vascular smooth muscle cells. Phys-
iologically, binding on vascular endothelium releases nitric
oxide and leads to vasodilatation and increased flow (Fig. 1).
In contrast, binding on vascular smooth muscle cells leads to
vasoconstriction and eventually to coronary spasm. Depend-
ing on the integrity of the endothelium as well as the reactivity
of the vascular smooth muscle cells the net effect can be either
vasodilatation or vasoconstriction. Based on these observa-
tions and the advent of research in interventional cardiology
in the 1980s ACh was found to be a suitable substance for
provocation of coronary artery spasm.? In addition, it was used
for the assessment of endothelial function (mostly in lower
doses compared to those used for provocation of coronary
spasm). However, due to the emerging field of percutaneous
coronary interventions the interest in coronary spasm (and
ACh provocation testing), especially in the Western world,
declined. In recent years, ACh testing has seen a revival also
because several high-ranking studies have shown its util-
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ity and safety.>* Moreover, international guidelines for the
diagnosis of vasospastic angina are now available>® and the
current European Society of Cardiology guideline on manage-
ment of stable angina has given a class Ila recommendation
for the test.”

ACh provocation testing is most often applied in patients
with angina and unobstructed coronary arteries in whom the
cause of the chest pain is unknown. Contraindications repre-
sent obstructive pulmonary disease (i.e. severe asthma) as ACh
may lead to bronchial spasms as well as chronic kidney dis-
ease because the ACh-test requires approximately 20-70 mL
additional contrast depending on the result. Due to its short
half-life ACh provocation testing can only be performed using
an intracoronary injection approach. Thus, the ideal situa-
tion to perform ACh testing is immediately after a diagnostic
coronary angiogram showing no relevant epicardial stenosis.
The procedure can be performed via the diagnostic catheter
and usually needs approximately 10-15min for completion.
Many centers start with the left coronary artery (LCA) as
2 vessels (left anterior descending and circumflex arteries) can
be assessed at the same time with a single injection of ACh
through the catheter in the left main coronary artery. How-
ever, other centers start with the right coronary artery (RCA)
and only assess the LCA in case of an uneventful test in the
RCA.

Interpretation of the ACh test is based on 3 parameters:
(a) close monitoring of the patient’s symptoms during the
test (this requires absence of any sedation); (b) angiographic
assessment of epicardial vasoconstriction and spasm (spasm
is usually defined as a vasoconstriction >90% compared to
the relaxed status after nitroglycerine); and (c) ischemic ECG
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Fig. 1 - Physiological increase in coronary blood flow velocity in response to low-dose acetylcholine (2 pg i.c.) demonstrated
by intracoronary pressure-/flow measurements. APV, average peak flow velocity.
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Fig. 2 - Flowchart on how to perform acetylcholine testing. ACh, acetylcholine.

changes during the test (this requires continuous 12-lead
ECG monitoring during the test, ideally with radiolucent
electrodes). It is important to follow a stepwise approach
with increasing doses when performing ACh testing as some
patients may develop coronary spasm at very low doses. Usu-
ally doses between 2 pg and 200 ng are used for provocation
testing in the LCA (e.g. 2pg, 20pg, 100pg and 200 pg).8 If
the RCA is only assessed when the LCA shows no abnormal
result, a single dose of 50 pg or 80 pg is applied. After each
ACh dose an assessment including a, b and ¢ as mentioned
above is made. If the patient develops coronary spasm, the
test is stopped and nitroglycerine (usually 200 pgi.c.) is given.
In the rare cases where a single dose nitroglycerine does not
resolve the spasm, nitroglycerine injections can be repeated
with close monitoring of the blood pressure. Another option
is to give atropine (e.g. 1 mgi.v.) as this is the antagonist of ACh.
Nitroglycerine should be given at the end of the test indepen-
dent of theresult and a final angiogram should be taken (Fig. 2).
The outcome of the test can either be a normal test, an abnor-
mal test or an equivocal test. An abnormal test can be either an
epicardial or a microvascular spasm. Epicardial spasm is usu-
ally defined as reproduction of the patient’s angina, ischemic
ECG shifts during the test and >90% focal or diffuse coro-
nary diameter reduction.” Microvascular spasm is defined as

ischemic ECG shifts and reproduction of angina in the absence
of epicardial spasm® (Fig. 3). An equivocal test is defined as the
occurrence of only one or two of the abovementioned param-
eters (e.g. reproduction of angina only without ischemic ECG
changes and without demonstrable epicardial spasm). A more
detailed description of how to perform the ACh test and how
ACh solutions are prepared has been published elsewhere in
a video article.’

Patients with epicardial spasm can have focal or dif-
fuse spasm or a combination of both types. Studies have
shown that prognosis in patients with focal spasm is worse
compared to patients with diffuse spasm which is another
argument to perform Ach-testing in order to assess the type
of spasm.' Coronary microvascular spasm has long been
neglected as it cannot be seen on conventional coronary
angiography. The diagnosis is made indirectly in patients
with reproduction of their usual symptoms, presence of
ischemic ECG shifts on the 12-lead ECG and absence of
epicardial spasm. It can also be fostered by concomitant
assessment of myocardial lactate production from the coro-
nary sinus.'’ However, this approach requires additional
catheterization of the coronary sinus. In some patients epi-
cardial and microvascular spasm may coexist'? which has
led to the hypothesis that patients with diffuse epicardial
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Fig. 3 - Representative cases reproduced with permission from Ong et al.° Left coronary artery angiograms and ECGs after
100 pg of acetylcholine (left panels). A, diffuse epicardial spasm, with concomitant ST-segment depression (red arrows). B,
Prinzmetal-type epicardial spasm, with concomitant ST-segment elevation. C, coronary microvascular spasm, no epicardial
spasm but ST-segment depression (red arrows) and reproduction of the patient’s usual symptoms. The latter findings
resolved after intracoronary nitroglycerine injection (right panels).

and microvascular spasm share a common pathophysiological
background.

Despite convincing data regarding utility and safety, ACh
testing is currently only performed in specialized centers
worldwide apart from Japan where ACh testing is performed in
more than 35 centers throughout the country. The fear of com-
plications represents one major reason why ACh testing is not
yet broadly applied in catheterization laboratories worldwide.
However, several studies have shown that the rate of compli-
cations is comparable to the complication rate associated with
a diagnostic coronary angiogram when a stepwise approach as
described above is followed.*® Recent data from the CorMicA
trial® make the ACh provocation test even more attractive. In

this study ACh testing was part of a so-called interventional
diagnostic procedure (IDP) in patients with angina and unob-
structed coronary arteries in whom not only a spasm test but
also an assessment of coronary flow reserve using a dedicated
wire was performed. Thus, the IDP allows for assessment of
vasoconstrictor and vasodilator coronary abnormalities pro-
viding comprehensive data on coronary vascular dysfunction
in this setting. The CorMicA study demonstrated that a strati-
fied medical therapy based on the result of the IDP compared
to standard clinical follow-up leads to improvement of quality
oflife at follow-up. This underscores the importance of the IDP
especially in patients with angina and unobstructed coronary
arteries in whom quality of life is often significantly impaired.
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Conclusion

Intracoronary ACh provocation testing is an established
and safe diagnostic method to assess coronary spasm
(epicardial as well as microvascular). It should be part
of the diagnostic armamentarium in the state-of-the-art
catheterization laboratory and should be especially consid-
ered in patients with angina despite unobstructed coronary
arteries.
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