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Abstract
Background: Coronary vasomotor dysfunction can be diagnosed in a large proportion of patients with 
angina in the presence of non-obstructive coronary artery disease (ANOCA) using comprehensive protocols 
for coronary vasomotor function testing (CFT). Although consensus on diagnostic criteria for endotypes of 
coronary vasomotor dysfunction has been published, consensus on a standardised study testing protocol is 
lacking.
Aims: In this review we provide an overview of the variations in CFT used and discuss the practical prin-
ciples and pitfalls of CFT.
Methods: For the purposes of this review, we assessed study protocols that evaluate coronary vasomo-
tor response as reported in the literature. We compared these protocols regarding a number of procedural 
aspects and chose six examples to highlight the differences and uniqueness.
Results: Currently, numerous protocols co-exist and vary in vascular domains tested, the manner in which 
to test these domains (e.g., preprocedural discontinuation of medication, provocative agent, solution, infusion 
time, and target artery) and techniques used for measurements (e.g., Doppler vs thermodilution technique).
Conclusions: This lack of consensus on a uniform functional testing protocol hampers both a broader 
clinical acceptance of the concepts of coronary vasomotor dysfunction, and the widespread adoption of 
such testing protocols in current clinical practice. Furthermore, the endotype of coronary vasomotor dys-
function might differ among the few specialised centres that perform CFT as a result of the use of different 
protocols.
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Abbreviations
ACC/AHA American College of Cardiology/American Heart 

Association
ACh acetylcholine
AMC Academic Medical Centre
ANOCA angina and non-obstructive coronary arteries
CBF coronary blood flow
CFR coronary flow reserve
CFT coronary vasomotor function testing
COVADIS Coronary Vasomotor Disorders International Study
CVF coronary vasomotor function
Cx circumflex coronary artery
ER ergonovine
ESC European Society of Cardiology
HMR hyperaemic microcirculatory resistance
IMR index of microcirculatory resistance
INOCA ischaemia and non-obstructive coronary arteries
JCS Japanese Circulation Society
LAD left anterior descending artery
LM left main coronary artery
MVA microvascular angina
NTG nitroglycerine
RBK Robert-Bosch-Krankenhaus
RCA right coronary artery
UCSC Catholic University of the Sacred Heart
VSA vasospastic angina

Introduction
Coronary vasomotor function testing (CFT) is an invasive coro-
nary technique that aims to evaluate coronary vasomotor response 
in reaction to intracoronarily administered pharmacological stim-
uli. Endothelium-independent vasodilators, such as adenosine, are 
used to assess vasodilatory disorders of the coronary microvascu-
lature, whilst endothelium-dependent vasodilators such as acetyl-
choline (ACh) are used to assess vasomotor disorders that result in 
vasoconstriction. The Coronary Vasomotor Disorders International 
Study (COVADIS) working group defines vasospastic angina 
(VSA) as coronary spasm of the epicardial artery and microvascu-
lar angina (MVA) as angina with evidence of either endothelium-
dependent or independent coronary microvascular dysfunction 
(CMD).

Current European Society of Cardiology, American College of 
Cardiology/American Heart Association, and Japanese Circulation 
Society (JCS) guidelines emphasise that CFT should be applied in 
routine practice in patients with non-obstructive coronary arter-
ies and angina or myocardial infarction (ANOCA and MINOCA, 
respectively)1-3. Although consensus papers on diagnostic crite-
ria for MVA and VSA during CFT have been published by the 
COVADIS working group, consensus on a standardised CFT pro-
tocol remains to be established. Currently, a large variety of CFT 
protocols exists; testing is only performed routinely in a few spe-
cialised centres. This lack of consensus on a uniform functional 
testing protocol hampers a broader clinical acceptance of the 

concepts of coronary vasomotor dysfunction and the widespread 
adoption of CFT in clinical practice.

The purpose of this review is threefold: a) to discuss the varia-
tions in CFT protocols used in clinical practice, b) to discuss prac-
tical considerations when performing CFT, and c) to derive several 
principles to which a uniform protocol should adhere.

Editorial, see page 1201

Methods
LITERATURE SEARCH
For the purpose of this review we assessed study protocols that 
evaluate coronary vasomotor response as reported in the litera-
ture and evaluated the most recent papers describing this protocol. 
We compared these protocols regarding a number of procedural 
aspects and chose six examples to highlight the differences and 
uniqueness. References are provided for detailed descriptions of 
the CFT protocols we refer to.

Results
DIFFERENT CORONARY VASOMOTOR FUNCTION 
PROTOCOLS
The diagnostic workup of ANOCA includes the evaluation of vas-
cular domains (Figure 1). The pathological mechanism behind 
the various endotypes of coronary vasomotor dysfunction of the 
epicardial arteries and microcirculation can vary. Currently, the 
COVADIS working group define VSA as coronary spasm of 
the epicardial artery and MVA as angina with evidence of either 
endothelium-dependent or independent CMD. It is preferable to 
distinguish between vasodilation and vasoconstriction abnormali-
ties of the epicardial and microvascular coronary arteries because 
these vascular domains require a different diagnostic and therapeu-
tic approach (Figure 2). First, this is because disorders that result 
in vasoconstriction are assessed with endothelium-dependent vaso-
dilators and can occur at either the epicardial and/or microvascular 
level. Second, MVA may be due to microvascular vasoconstriction 
and/or impaired vasodilation that is assessed using either endothe-
lium-dependent or endothelium-independent testing, respectively.

The different CFT protocols that have been considered in this 
review are summarised in the Central illustration. Testing for 
vasoconstrictive properties is performed as a vasospasm provo-
cation test, commonly using intracoronary an ACh injection that 
achieves a high blood concentration of ACh. At relatively lower 
concentrations of ACh in normal individuals, the effects on the 
endothelium prevail, resulting in vasodilatation of the epicardial 
coronary arteries and the resistance vessels. If the endothelium 
is diseased, the extent of vasodilation can be reduced, absent, or 
some vasoconstriction may ensue. This response can be quantified 
by measuring the changes in coronary blood flow and coronary 
epicardial diameter as a measure of endothelial function.

The CFT protocols presented vary in the vascular domains 
tested, the order in which these are tested, as well as in the proce-
dural aspects and techniques to test these domains. Considerations 
regarding these different approaches will be discussed further.
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Figure 1. Vascular testing domains. Invasive evaluation of ANOCA includes the assessment of vasodilatory and vasoconstrictive disorders of 
the epicardial arteries and the microcirculation. LVH: left ventricular hypertrophy; VSMC: vascular smooth muscle cells

Figure 2. Current diagnostic criteria. Summary of definitions used in current CFT and of considerations when performing CFT. 
ACh: acetylcholine; ANOCA: angina and non-obstructive coronary arteries; CFR: coronary flow reserve; CFT: coronary vasomotor function 
testing; FFR: factional flow reserve; HMR: hyperaemic microcirculatory resistance; iFR: instantaneous wave-free ratio; IMR: index of 
microcirculatory resistance; LCA: left coronary artery; NOCAD: non-obstructive coronary artery disease; NTG: nitroglycerine; 
oCAD: obstructive coronary artery disease; RCA: right coronary artery
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PRACTICAL CONSIDERATIONS FOR VASOMOTOR FUNCTION 
TESTING
PHARMACOLOGICAL AGENTS USED FOR CORONARY 
VASOCONSTRICTION TESTING
Various endogenous and pharmacological stimulatory sub-
stances have been described for coronary vasoconstriction testing, 

although the most widely used in clinical practice is ACh and 
to a lesser extent ergonovine (ER). Only the Japanese Cardiac 
Society provides standardised protocols in its guidelines for using 
ACh or ER2. Outside Japan, the coronary vasoconstriction testing 
protocols are centre-specific and mainly use ACh, except for the 
UCSC protocol, in which ER and ACh are used interchangeably4,5.

Central illustration. Overview of different coronary vasomotor function testing protocols. ACh: acetylcholine; APV: average peak velocity; 
CFR: coronary flow reserve; ECG: electrocardiogram; ER: ergonovine; FFR: factional flow reserve; IC: intracoronary; IMR: index of 
microcirculatory resistance; IV: intravenous; LAD: left anterior descending artery; LCA: left coronary artery; LM: left main; 
NTG: nitroglycerine; RCA: right coronary artery; RV: right ventricular
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Healthy coronary endothelium responds to ACh by releasing 
a number of endothelium-dependent relaxation factors (mainly 
nitric oxide [NO]). Simultaneously, ACh has a direct vasocon-
strictor effect on the smooth muscle cells that is attenuated or 
even reversed by the vasodilator effect of healthy endothelium. 
In contrast, ER acts directly only on smooth muscle cells mainly 
by activation of serotonergic (5-HT2) receptors to produce vaso-
constriction. ACh can only be administered intracoronarily due 
to its short half-life which makes non-invasive testing impossible 
unlike ER. However, intravenous administration of ER may result 
in prolonged simultaneous vasospasm of the right coronary artery 
(RCA) and left coronary artery (LCA) which may be difficult to 
reverse without intracoronary injection of nitroglycerine (NTG). 
The preference to perform the test intracoronarily is because NTG 
can be applied directly into the coronary artery. Most impor-
tantly, the advantage of ACh is the large body of evidence that it 
allows the identification of vasoconstriction abnormalities of the 
microvessels whereas for ER this is incidental6.

Abnormal vasoconstriction in reaction to ACh or ER may occur 
either when the coronary endothelial function is impaired, as is 
frequently encountered in the early stage of atherosclerosis, or 
when there is vascular smooth muscle hyperreactivity in the pres-
ence of intact endothelium, or both7. Epicardial coronary arter-
ies, the coronary microvasculature, or both can be involved in the 
pathophysiological mechanisms of vasomotor function disorders 
in ANOCA or (M)INOCA and may contribute, solely or in com-
bination, to a supply-demand mismatch in symptomatic patients.

SENSITIVITY AND SPECIFICITY
Validation studies have demonstrated high sensitivity and speci-
ficity for both the ER (91 and 97%, respectively) and ACh (90 
and 99%, respectively) protocols for the diagnosis of coronary 
vasoconstriction in patients with spontaneous angina and non-
obstructed coronary arteries8,9. The maximum dose of ACh used 
in this study was 100 µg per 20 seconds, which was also used 
in the CorMicA study combined with stratified medical therapy. 
All patients in the validation study had recorded spontaneous ST 
deviations associated with angina; a patient group with overt high 
disease burden that would nowadays not need to undergo spasm 
provocation testing according to COVADIS. Some institutes, such 
as the Robert-Bosch-Krankenhaus (RBK) and some Japanese 
institutes10, have therefore adopted the use of higher doses (200 μg 
per 20 seconds) in order to diagnose patients with lower disease 
burden.
INJECTION TIME AND DOSES
As presented in Table 1, protocols testing for coronary vasocon-
striction disorders show a wide variation in the injection time and 
doses of ACh. At one end of the spectrum, the Japanese Circulation 
Society (JCS) protocol recommends a 20-second intracoronary 
injection of incremental ACh doses (up to 200 µg) in an effort to 
provoke spasm. At the other end, endothelial function testing pro-
tocols are characterised by incremental 3-minute infusions of low-
dose ACh (up to 44 µg) focusing on the assessment of the mainly 

endothelium-dependent changes in coronary blood flow (CBF)11,12 
(Figure 1). Others combine the two techniques to provoke spasm, 
such as the CorMicA and RBK protocols where low-dose infusion 
is followed by a high-dose bolus injection of ACh (up to 100 and 
200 µg, respectively). Finally, in the Academic Medical Centre 
(AMC) protocol as described by Piek et al13, infusion of low-dose 
ACh is followed by a final high dose of ACh (864 µg) that is 
also administered for up to 3 minutes until vasospasm is provoked. 
These differences in time and dosages may affect sensitivity and 
specificity of the test itself to some extent. Studies by Sueda et al 
have demonstrated that, by increasing the maximal dose of ACh 
from 100 to 200 µg, injected in 20 seconds, the number of posi-
tive tests will increase and multivessel spasm will be diagnosed 
more frequently10,14. Similarly, patients in whom a positive ACh 
provocation test was achieved using the 20-second protocol were 
re-tested with the same total dose of ACh injected over 3 min-
utes15. Again, spasm could be provoked more frequently using the 
20-second injection compared to the 3-minute infusion (73.3% vs 
33.3%, p<0.01).

Comparing protocols based on the peak dose of ACh per injec-
tion may not be appropriate as ACh has a very short half-life. To 
account for this fact, we provide a comparison of the separate 
dosages given in certain periods of time between these protocols 
in Table 1. For instance, a 200 µg administration in 20 seconds 
(RBK and JCS protocols) will reach a 9 times higher blood con-
centration of ACh compared to an administration of the same 
dose in a slow infusion over 3 minutes (Catholic University of the 
Sacred Heart protocol)4.
CATHETER POSITION AND TARGET VESSEL
The position of the catheter, through which ACh reaches the coro-
nary artery, differs among CFT protocols. Most protocols test the 
complete LCA by positioning the guiding catheter in the left main 
(LM). In contrast, some selectively test the left anterior descend-
ing artery (LAD) for fear of multivessel or LM spasm, by placing 
a 2.2 Fr tracker coronary infusion catheter (SCIMED Life Systems/
Boston Scientific) into the proximal LAD, such as in the CorMicA 
and endothelial function testing protocol. In most protocols the RCA 
is not routinely tested due to the transient atrioventricular block that 
can be observed. Only the JCS guidelines recommend routine test-
ing of the RCA under back-up pacing with a temporary pacemaker 
electrode. Other protocols only test the RCA on indication if the 
LCA tests negative, or based on the clinical presentation. The RBK 
protocol describes that it is feasible to slow the manual injection 
speed of ACh when transient atrioventricular block occurs, as it usu-
ally resolves within seconds after reducing the speed. This approach 
avoids potential complications from pacemaker electrodes. In the 
UCSC protocol the decision as to whether the LCA or RCA is chal-
lenged first is at the discretion of the operator.

Whether ACh is administered into the blood volume of the 
complete LCA or selectively into that of the LAD also further 
complicates a theoretical comparison between dosages given per 
CFT protocol. Such is the case with endothelial function testing 
protocols, where both protocols infuse the same concentration 
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of ACh at the same infusion rate; however, in the WISE study16, 
this was administered in the LCA and in studies from the Mayo 
Clinic, selectively into the LAD. We therefore also provide a cor-
rected blood concentration of ACh for these protocols, assuming 
the averaged volumetric blood flow of a right dominant system 
is 80 ml/min in the LAD and 160/min in the complete LCA17 
(Table 1).
TESTING FOR NON-ENDOTHELIAL VASODILATION 
(INTRACORONARY FLOW ASSESSMENT)
Besides testing for vasoconstriction abnormalities, most proto-
cols describe testing for vasodilation abnormalities that could 
cause angina in ANOCA patients as well. This is important for 
therapeutic purposes as MVA caused by increased vasocon-
striction and/or impaired vasodilatation abnormalities requires 
different treatment. The pathophysiology of an impaired non-
endothelial vasodilation due to a decreased hyperaemic response 
has been documented as structural in nature (e.g., vascular remod-
elling, vascular rarefaction, extramural compression, etc.)18. 

Administered endothelium-independent vasodilators, such as 
adenosine, evaluate the microvascular dilatory capacity of the 
coronary microcirculation and are expressed as the coronary 
flow reserve (CFR) and as indices of microvascular resistance 
(HMR/IMR)12. The dose of adenosine also shows a wide var-
iation among the protocols and is administered either intrave-
nously at 140 µg/kg/min, or as intracoronary bolus injections 
that range from 18 µg to 200 µg; the dose is a matter of debate. 
Studies show that adenosine-induced vasodilation is not entirely 
endothelium-independent19. This may hamper the assessment of 
non-endothelial microvascular vasodilation.

Microvascular endothelial dilatory capacity is traditionally 
assessed by quantifying changes in volumetric CBF in reaction 
to low grade ACh using Doppler flow velocity measurements and 
coronary diameter which requires offline QCA analysis. More 
recently, thermodilution has also been used to assess endothelial 
microvascular dilatory capacity. This technique requires nitro-
glycerine prior to the measurement due to the assumption of 

Table 1. Acetylcholine doses per protocol.

Protocol
Dose Solution

Injection 
rate

Injection 
technique

Total dose
Theoretical 

comparison: corrected 
LAD dose***

Vessel No. µg/ml ml/min in 20 sec in 2 min in 3 min µg/(first) 20 sec

JCS LM/RCA** 1 4 15 manual 20 10.0

LM/RCA** 2 10 15 50 25.0

LM 3 20 15 100 50.0

LM (4) 40 15 200 100.0

Endothelial 
function

LAD (Mayo Clinic) 1 0.15 1 pump 0.44 0.05/0.02

LM (WISE) 2 1.46 1 4.39 0.49/0.24

3 14.62 1 43.86 4.87/2.44

AMC LM/RCA** 1 0.21 1.37 pump 0.86 0.05

2 2.11 1.37 8.63 0.48

3 21.05 1.37 86.33 4.8

4 210.50 1.37 863.26 48.0

RBK LM 1 0.36 18 manual 2.16 1.1

2 3.60 18 21.6 10.8

3 18 16.5 99 49.5

4 18 33.00 198 99.0

RCA** 1 17.78 13.5 80

CorMicA LM 1 0.18 1 pump 0.364 0.03

2 1.82 1 3.64 0.3

3 18.20 1 36.4 3.0

4 18.20 16.5 100.1 50.1

RCA 1 18.20 8.25 50.05

UCSC LM or RCA 1 1 6.67 manual 20 1.1

LM 2 10 6.67 200 11.1

RCA 2.5 6.67 50

Numbers in bold are actual doses given per protocol, all other values are calculated for comparison. **RCA testing if LAD negative or in patients with 
suspicion for RCA vasospasm on ECG at clinical presentation. ***Dose corrected for catheter position and assuming that half of the blood flow of the 
LCA goes into the LAD. LAD: left anterior descending; LM: left main; min: minutes; ml: millilitres; No: number; RCA: right coronary artery; sec: seconds
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constant macrovascular volume required for reliable thermodilu-
tion. Therefore, macrovascular and microvascular endothelial dys-
function cannot be assessed simultaneously20.
DIAGNOSTIC CRITERIA FOR CFT
a. Vasospasm based on COVADIS criteria
COVADIS defines a positive response for epicardial vasoconstric-
tion to ACh testing as the test induces all of the following: (i) repro-
duction of the previously reported chest pain, (ii) the induction of 
ischaemic ECG changes (ST-segment deviation or new U-waves), 
and (iii) >90% vasoconstriction on angiography21. Patients fulfill-
ing the first two criteria mentioned above yet without epicardial 
vasoconstriction of >90% are felt to have microvascular spasm. 
All protocols described in this article that perform spasm provoca-
tion adhere to these definitions. However, other criteria were pre-
viously used in large important studies to increase sensitivity and 
specificity of the test, such as a reduction of the necessary epi-
cardial diameter to 75% in the ACOVA study22. Otherwise adher-
ing to the COVADIS criteria, this study reported that 29.1% of 
patients undergoing spasm provocation had an unspecific reaction 
to ACh, meaning that they had either ECG changes or recognis-
able angina, but not both. Remarkably, in a large multicentre regis-
try in Japan, a total or subtotal (>90%) coronary artery narrowing 
induced by provocation with ACh or ER accompanied by either 
ECG changes or angina was sufficient for a positive diagnosis23. 
Improvements in techniques and diagnostic criteria of objective 
markers of ischaemia could therefore increase the overall diag-
nostic yield of the spasm provocation. This would be useful where 
ECG changes are minimal or not present, such as in the case of 
ST-segment cancellation when concurrent ischaemia of regions 
supplied by the LAD and circumflex coronary artery (Cx) occurs 
or in patients where ECG interpretation is hampered due to pre-
existing bundle branch block24, a dilemma that is especially impor-
tant in the diagnosis of microvascular spasm.
b. Endothelial dysfunction
Protocols that are aimed at evaluating endothelial function meas-
ure the changes in CBF in response to 3-minute graded infusions 

of ACh, where a >50% increase in CBF compared to baseline is 
considered normal. Depending on the protocol, epicardial diam-
eter response can also be taken into account to define a normal 
(epicardial) reaction and varies from being disregarded in the 
equation to a >5% or even a >20% increase in epicardial diam-
eter12,16,25. The range of achieved blood concentrations of ACh in 
endothelial function testing is generally lower and can overlap 
with the achieved concentrations in protocols that are aimed at 
provoking spasm (Table 1). However, it remains elusive whether 
patients diagnosed with endothelial dysfunction in protocols using 
low graded doses of ACh would be diagnosed with vasospastic 
angina when administered a high(er) dose of ACh and vice versa. 
The ACOVA study reported that at the second dose (20 µg over 
3 minutes), around 8-9% had coronary vasospasm, whilst in the 
endothelial function testing protocols, the highest dose is twice 
that of the ACOVA study (44 µg over 3 minutes), and only 2.3% 
coronary vasospasm was reported in the WISE study and none in 
the study from the Mayo Clinic12,16,22.
c. Impaired microvascular dilatory function
Disorders that cause ANOCA due to abnormal vasodilation 
include: (i) impaired epicardial and microvascular vasodila-
tor capacity (CFR <2.0-2.5), and/or (ii) increased microvascular 
resistance (IMR ≥25, HMR >1.9-2.5)26. Neither the presence nor 
the absence of an abnormal vasoconstriction excludes the presence 
of concomitant abnormal vasodilation, giving rise to a difficult-to-
treat mixed type.
ORDER OF TESTING
Testing for disorders of coronary vasoconstriction can be influ-
enced by concomitant use or prior administration of (other) vaso-
active medication. It is for this reason that most protocols urge 
the discontinuation of some if not all cardiovascular (vasoactive) 
medication 24 to 72 hours prior to testing (Table 2). Additionally, 
most protocols urge withholding the administration of all vasos-
pastic agents including radial cocktail when radial access is used. 
Preferably, CFT is performed ad hoc after routine diagnostic cor-
onary angiography (CAG), such as in the CorMicA protocol27. 

Table 2. Advice on discontinuation of medication prior to testing per protocol.

Medication JCS2 RBK28 WISE16 AMC13 UCSC4 CorMicA27

Radial cocktail N/S N/S N/S None N/S N/S

Long-acting calcium antagonists >48 h >24 h >24 h >24 h >24 h N/S

Long-acting nitrates >48 h >24 h >24 h >24 h >24 h N/S

Short-acting calcium antagonists N/S N/S >24 h N/S >24 h N/S

α-blockers N/S N/S >24 h N/S N/S N/S

β-blockers N/S >24 h >24 h >72 h N/S N/S

Loop diuretics N/S N/S N/S >12 h N/S N/S

Sublingual nitrates N/S allowed >4 h N/S >24 h N/S

Caffeine N/S N/S >24 h N/S N/S N/S

Nicotine N/S N/S >4 h N/S N/S N/S

Fasting N/S N/S >12 h N/S N/S N/S

N/S: not specified
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Whether a low dose of radial cocktail (2 ml) given through the 
sheath at the start of the diagnostic procedure will hamper testing 
for vasoconstriction abnormalities remains to be determined.

COVADIS has listed indications for vasospasm provocation 
testing20. The working group recommends excluding patients with 
significant epicardial stenosis, defined as >50% by visual assess-
ment or fractional flow reserve (FFR) ≤0.80 prior to spasm provo-
cation testing. Unfortunately, ad hoc CFT suggested by COVADIS 
wherein CFT is performed directly after CAG provides a new 
dilemma: NTG administration is necessary for FFR (or instanta-
neous wave-free ratio [iFR] or CFR) measurement, yet this theo-
retically interferes with testing for vasoconstriction abnormalities 
for the same reasons vasoactive medications are discontinued prior 
to testing in most protocols. On the other hand, whether resid-
ual spasm after provocation affects testing for vasodilatory disor-
ders remains elusive, especially in patients who are reported to be 
poor NTG responders, such as most patients with microvascular 
spasm28. However, the disappearance of symptoms and a return 
to baseline average peak velocity (APV) may constitute com-
plete alleviation of spasm. The endothelial function testing and 
CorMicA protocol describe such testing for vasodilation abnor-
malities prior to testing of vasoconstrictive responses, while only 
the UCSC and AMC protocols state that FFR/iFR/CFR should be 
routinely measured after vasoconstriction testing (Central illustra-
tion, panel E).
RE-CHALLENGE
The RBK protocol is characterised by the possibility to re-chal-
lenge vasoconstriction, in which the spasm-provoking ACh dose 
is re-administered after IC NTG administration (Central illustra-
tion, panel B)28. This allows guidance for targeted therapy as it can 
evaluate the efficacy of NTG in preventing the re-occurrence of 
spasm. The non-responders should not be treated with high doses 
of NTG. The re-challenge can also unmask concomitant micro-
vascular spasm in patients with epicardial spasm and provide val-
uable information regarding the pathophysiology of vasomotor 
dysfunction28.

SAFETY OF FUNCTIONAL TESTING PROTOCOLS THAT 
EVALUATE CORONARY VASOMOTOR RESPONSE
One of the reasons why CFT protocols may not have been adopted 
widely is due to safety concerns. Several reviews of side effects 
during spasm provocation testing have shown that provocative test-
ing with intracoronary administration of ACh or ER is safe. Severe 
side effects such as an abrupt coronary flow obstruction, which 
can result in cardiac arrythmias including ventricular fibrillation, 
occur in the same order of magnitude as described for diagnostic 
cardiac catheterisation29,30. The side effect most often reported is 
ACh-induced bradycardia, which occurs in 3.2% of patients and 
is always transient29. It is likely that protocols that achieve higher 
concentrations of ACh will encounter such side effects more fre-
quently. Due to these concerns, the JCS CFT protocol advises the 
use of a temporary pacemaker electrode in the right ventricle, 
while the RBK protocol describes reducing the speed of injection 

until normal rhythm returns. The AMC protocol adopts continuous 
Doppler flow assessment during spasm provocation as changes in 
the pitch of the acoustic signal due to epicardial and/or micro-
vascular vasospasm precede patient symptoms or ECG changes. 
Some avoid testing the RCA, as bradycardia most often occurs 
when ACh is injected into the RCA. A stepwise approach with 
increasing doses of ACh is recommended to yield the optimum 
risk versus benefit ratio. Recently, several studies have shown that 
an ACh provocation test can even be safely performed in ACS 
patients with no obstructive culprit lesions (MINOCA) on emer-
gency CAG, and may be useful to diagnose coronary spasm in 
those patients31.

Discussion
Patients suffering from ANOCA remain poorly characterised, 
complicating their identification in clinical practice, and they 
therefore continue to be a clinical and therapeutical challenge. By 
identifying the specific endotype of coronary vasomotor dysfunc-
tion in ANOCA, the clinician can tailor the therapy accordingly. 
Such a stratified approach results in improvements in quality of 
life and angina26.

In our review we show that there is a large variation in CFT 
protocols among specialised centres regarding definitions, the vas-
cular domains tested and in techniques used to assess the domains. 
This is felt to be expected based on local factors, although these 
variations could affect the sensitivity and specificity of the ACh 
test itself. Finding consensus on a uniform CFT protocol in trials 
will therefore improve the scientific progress on coronary vasomo-
tor dysfunction and the widespread adoption of such protocols in 
current clinical practice. In turn, this is a prerequisite to improve-
ment in tailored medical therapy.

Ideally, the principles to which a uniform CFT protocol should 
adhere should: a) include testing all vascular domains and be 
able to identify all possible endotypes of coronary vasomotor 
dysfunction, b) be able to be performed as an ad hoc procedure 
after CAG, c) include routine testing of the RCA when the LCA 
tests negative, and d) use manual injections of ACh as it is easier 
to prepare and more practical for ad hoc testing after CAG and 
the infusion rate can easily be adjusted when bradycardia occurs. 
Improvements in and the use of techniques and diagnostic crite-
ria for objective markers of ischaemia will improve the diagnostic 
yield and overall safety of the test.

Conclusions
There is a large variation in study CFT protocols among spe-
cialised centres with regard to the vascular domains tested and 
in techniques used to assess the domains. Therefore, there is an 
unmet need for a standardised study CFT protocol for vasomo-
tor testing in which all vascular domains can be tested in one set-
ting and which is practical to use to ensure widespread adoption. 
A uniform protocol with uniform definitions of vascular domains 
is a prerequisite for the improvement of tailored medical therapy 
in patients with coronary vasomotor disorders.
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Impact on daily practice
Currently, numerous study protocols for coronary vasomotor 
function testing co-exist and vary in vascular domains tested, 
the manner of testing these domains (e.g., preprocedural dis-
continuation of medication, provocative agent, solution, 
infusion time, and target artery) and techniques used for meas-
urements (e.g., Doppler vs thermodilution technique). This 
lack of consensus on a uniform functional testing protocol for 
trials hampers both a broader clinical acceptance of the con-
cepts of coronary vasomotor dysfunction, and the widespread 
adoption of such testing protocols in current clinical practice. 
Furthermore, the endotype of coronary vasomotor dysfunction 
might differ among the few specialised centres that perform 
coronary vasomotor function testing as a result of the use of 
different protocols.
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