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Abstract
Background  Coronary vasomotor dysfunction represents an important mechanism responsible for myocardial ischaemia 
in patients with non-obstructive coronary artery disease (CAD). The use of invasive provocative tests allows identifying 
patients with epicardial or microvascular spasm. Of note, clinical characteristics associated with the occurrence of epicardial 
or microvascular spasm have still not completely clarified.
Methods and results  We prospectively enrolled consecutive patients undergoing coronary angiography for suspected myocar-
dial ischaemia/necrosis with evidence of non-obstructive CAD and undergoing intracoronary provocative test for suspected 
vasomotor dysfunction. Patients with a positive provocative test were enrolled. Clinical, echocardiographic and angiographic 
characteristics of patients were evaluated according to the pattern of vasomotor dysfunction (epicardial vs. microvascular 
spasm). We included 120 patients [68 patients with stable angina and 52 patients with myocardial infarction and non-
obstructive coronary arteries (MINOCA)]. In particular, 77 (64.2%) patients had a provocative test positive for epicardial 
spasm and 43 (35.8%) patients for microvascular spasm. Patients with epicardial spasm were more frequently males, smok-
ers, had higher rates of diffuse coronary atherosclerosis at angiography and more frequently presented with MINOCA. On 
the other hand, patients with microvascular spasm presented more frequently diastolic dysfunction. At multivariate logistic 
regression analysis male sex, smoking, and diffuse coronary atherosclerosis were independent predictors for the occurrence 
of epicardial spasm.
Conclusions  Our study showed that specific clinical features are associated with different responses to intracoronary pro-
vocative test. Epicardial spasm is more frequent in males and in MINOCA patients, whereas microvascular spasm is more 
frequent in patients with stable angina and is associated with diastolic dysfunction.
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Introduction

Ischaemic heart disease represents the leading cause of 
morbidity and mortality worldwide [1]. The presence of 
obstructive coronary artery disease (CAD) represents a 
common pathophysiologic mechanism responsible for 
myocardial ischaemia. However, a sizeable portion of 
patients undergoing coronary angiography for suspected 
myocardial ischaemia presents normal or non-obstruc-
tive CAD (stenosis < 50%) [2, 3] and functional mecha-
nisms may be involved in the pathogenesis of myocar-
dial ischaemia in these patients [3–8]. In particular, an 
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enhanced vasoreactivity may induce coronary spasm at 
both epicardial and microvascular level [9]. Of interest, 
the ACOVA study [10] showed that nearly 50% of patients 
with stable angina undergoing coronary angiography pre-
sented non-obstructive CAD and in these patients a pro-
vocative invasive test of vasoreactivity using acetylcholine 
(ACh) was positive in two-thirds of patients, demonstrat-
ing the occurrence of epicardial spasm in 45% patients 
and microvascular spasm in 55% of patients. Moreover, 
we recently demonstrated that in patients presenting with 
myocardial infarction and non-obstructive coronary arter-
ies (MINOCA) and suspected vasomotion abnormalities, 
an invasive provocative test using ACh or ergonovine was 
safe and identified a subset of patients with a higher risk of 
death and recurrence of acute coronary syndrome (ACS) 
[11].

Several studies evaluated clinical characteristics asso-
ciated with the occurrence of epicardial or microvas-
cular spasm at intracoronary provocative test [12–14], 
yet results deriving from these studies were conflicting. 
Moreover, these studies mainly enrolled patients present-
ing with stable angina and whether these findings may be 
extended also to patients presenting with ACS is unknown.

In our study, we aimed at assessing the clinical char-
acteristics of consecutive patients presenting with sta-
ble angina or ACS, non-obstructive CAD and a positive 
response to invasive provocative testing according to cur-
rent definitions [15, 16].

Methods

The authors declare that all supporting data are available 
within the article.

Study population

We prospectively enrolled consecutive patients admitted to 
the Department of Cardiovascular and Thoracic Sciences of 
Fondazione Policlinico Universitario A. Gemelli IRCCS in 
Rome, Italy, undergoing coronary angiography for suspected 
myocardial ischaemia with evidence of non-obstructive 
CAD (angiographically normal coronary arteries or diffuse 
atherosclerosis with stenosis < 50%) and undergoing an 
intracoronary provocative test from September 2015 to June 
2018. We enrolled both patients admitted with a diagnosis of 
stable angina and patients with MINOCA (Fig. 1). Patients 
with stable angina were defined as patients admitted with 
a stable pattern of typical chest pain at rest, on exertion, or 
a combination of both, without signs of myocardial infarc-
tion (MI). Patients with MINOCA were diagnosed based on 
their reporting of one or more episodes of chest pain at rest, 
typical enough to suggest a cardiac ischaemic origin, in the 
previous 24 h, associated with ST-segment and/or T wave 
abnormalities on the ECG and detection of raise and fall of 
serum troponin T levels with at least one value exceeding 
the 99th percentile of a normal reference population with an 
upper limit of 0.014 µg/L [17]. Among patients presenting 
with MINOCA, we excluded those with obvious causes of 
MI other than suspected coronary vasomotor abnormalities 
and in whom provocative testing was not performed. In par-
ticular, we excluded 26 patients with a diagnosis of Takot-
subo syndrome confirmed by left ventricle angiography, 24 
patients with a suspected diagnosis of myocarditis (diagnosis 
based on the presence of signs and symptoms of infection 
and/or inflammatory activation associated with wall motion 
abnormalities at left ventricular angiography and echocar-
diogram suggesting a non-epicardial pattern and confirmed 
by subsequent cardiac magnetic resonance imaging), 82 
patients with type 2 myocardial infarction with mechanisms 

Fig. 1   Study flow-chart of 
enrolled patients. Asterisk 
Among patients presenting 
with MINOCA, we excluded 
those with causes of MI other 
than suspected coronary 
vasomotor abnormalities and 
in whom provocative testing 
was not performed. FFR using 
iv adenosine was performed in 
2 patients with stenosis 50% 
and with a positive response to 
intracoronary provocative test. 
In both cases coronary stenosis 
resulted non-hemodynamically 
significant

210 pa�ents with myocardial 
ischemia and non-obstruc�ve CAD 

undergoing intracoronary 
provoca�ve test

(128 pa�ents with stable angina and 82 
pa�ents with MINOCA*

120 pa�ents with a posi�ve 
intracoronary provoca�ve test

77 pa�ents with epicardial spasm 43 pa�ents with microvascular spasm

Exclusion of 90 pa�ents with a nega�ve or 
inconclusive intracoronary provoca�ve test
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other than suspected vasospasm (e.g. pulmonary embolism, 
evidence of coronary thrombosis on an unstable plaque con-
firmed by optical coherence tomography, cardiotoxic drug 
administration, hypertensive crisis or severe aortic stenosis). 
Finally, 90 patients with a negative response to provoca-
tive testing were excluded. The remaining 120 patients with 
a positive response to intracoronary provocative test were 
included in the final analysis (Fig. 1).

The study protocol complied with the Declaration of 
Helsinki and the study was approved by the institutional 
review committee. All patients gave written informed con-
sent before angiography.

Invasive provocative test protocol

Coronary angiography was performed through radial or fem-
oral artery approach and the intracoronary ACh provocative 
test was performed immediately after coronary angiography. 
The choice to perform an intracoronary provocative test dur-
ing coronary angiography was left to operator’s discretion. 
ACh was administered in a stepwise manner into the left cor-
onary artery (LCA) (20–200 µg) or into the right coronary 
artery (RCA) (20–50 µg) over a period of 3 min with a 2–3 
min interval between injections. When ergonovine was used, 
it was administrated as a bolus in a stepwise manner into 
the LCA (8–64 mg) and RCA (8–40 mg) with an interval 
of 2–3 min between each injection. Coronary angiography 
was performed 1 min after each injection of these agents and 
when chest pain and/or ischaemic ECG shifts were observed. 
The decision of testing with provocative test LCA or RCA 
as first was left to the discretion of the physicians; both LCA 
and RCA were tested if the first test was negative. In patients 
taking vasoactive drugs (calcium-channel blockers and 
nitrates), the provocation tests were performed after a wash-
out period for these drugs of at least 24 h. A fasting period 
(including caffeine consumption) > 12 h was requested in 
all stable patients. Finally, in patients with coronary sten-
oses of 50%, assessment of fractional-flow reserve (FFR), 
preceded by intracoronary nitroglycerin administration, was 
performed after the provocative vasoreactivity test.

Angiographic responses during the provocative test were 
assessed in multiple orthogonal views in order to detect the 
most severe narrowing and/or analysed by using computer-
ized quantitative coronary angiography (QCA-CMS, Ver-
sion 6.0, Medis-Software, Leiden, The Netherlands). The 
test was considered positive for epicardial coronary spasm 
in the presence of focal or diffuse epicardial coronary diam-
eter reduction ≥ 90% in comparison with the relaxed state 
following intracoronary nitroglycerin administration given 
to relieve the spasm, associated with the reproduction of the 
patient’s symptoms and ischaemic ECG shifts [15]. Micro-
vascular spasm was diagnosed when typical ischaemic ST-
segment changes and angina developed in the absence of 

epicardial coronary constriction ≥ 90% diameter reduction. 
Patients who experienced no angina, spasm, or ST-segment 
shifts were considered to have a negative test response (nor-
mal coronary vasoreactivity). Furthermore, patients who 
experienced ischaemic ECG shifts without angina were 
considered to have a negative test response [16]. Occur-
rence of bradyarrhythmias (defined as bradycardia with heart 
rate < 50 bpm or second- or third-degree AV block lasting 
more than 3 s), atrial fibrillation, and ventricular tachycardia 
(defined as three or more consecutive premature ventricular 
complexes) during the provocative test were also recorded.

Echocardiographic assessment

All patients underwent a comprehensive echocardiographic 
evaluation during hospital admission using a standard ultra-
sound machine (Artida, Toshiba Medical System, Japan) 
and all images were digitally saved in raw data format to 
magneto optical discs for offline analysis performed by an 
experienced echocardiographer (SM). Left ventricle (LV) 
and left atrial dimensions were obtained by M-mode and 
two-dimensional (2D) images whereas LV end-diastolic 
and end-systolic volumes and LVEF were calculated using 
the modified Simpson’s biplane method. LV diastolic func-
tion was evaluated using trans-mitral diastolic flow tracing 
assessed with pulsed-wave Doppler from an apical four-
chamber view with E-wave and A-wave velocity measure-
ment as previously described [18]. Moreover, also pulsed-
wave tissue Doppler imaging (TDI) e’ velocity (average of 
lateral and septal basal regions) and average E/e’ ratio were 
assessed. The presence of diastolic dysfunction was assessed 
as previously described [18, 19]. In particular, we evalu-
ated four variables for identifying diastolic dysfunction with 
their abnormal cut-off values: (1) annular e’ velocity: septal 
e’ < 7 cm/s, lateral e’ < 10 cm/s; (2) average E/e’ ratio > 14; 
(3) left atrial volume index > 34 mL/m2; (4) peak tricuspid 
regurgitation velocity > 2.8 m/s. LV diastolic dysfunction 
was present if more than half of the available parameters 
meet these cut-off values [18].

Statistical analysis

Data distribution was assessed according to the Kolmogo-
rov–Smirnov test. Continuous variables were compared 
using an unpaired Student’s t test or Mann–Whitney U test, 
as appropriate, and data were expressed as mean ± standard 
deviation or as median (range). Categorical data were evalu-
ated using the χ2 test or Fisher exact test as appropriate. A 
multivariable logistic regression analysis for the occurrence 
of epicardial spam vs. microvascular spasm was performed 
including all variables with a p value of < 0.05 at the univari-
ate analysis. All tests were two-sided, and a p value of < 0.05 
represented statistically significant differences. All analyses 
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were performed using SPSS version 21 (SPSS Inc., Chicago, 
IL, USA).

Results

We included in the final analysis 120 patients with non-
obstructive coronary arteries and a positive intracoronary 
provocative test [mean age 62.71 ± 11.01 years; 58 (48.3%) 
men]. In the overall population 68 (56.7%) patients pre-
sented with stable angina and 52 (43.3%) patients with 
MINOCA. The provocative test was performed using ACh in 
99 (82.5%) patients and ergonovine in 21 (17.5%) patients. 
In particular, 77 (64.2%) patients had a provocative test posi-
tive for epicardial spasm and 43 (35.8%) patients for micro-
vascular spasm.

Clinical correlates of epicardial vs microvascular 
spasm

Patients with epicardial spasm compared with patients 
with microvascular spasm were more frequently males 
[50 (64.9%) vs 8 (18.6%) p < 0.001], smokers [24 (31.2%) 
vs 3 (6.9%) p = 0.003]. and presenting with MINOCA 
[39 (50.7%) vs 13 (30.2%) p = 0.03]. Accordingly, peak 
of Troponin I was higher in epicardial spasm compared 
with microvascular spasm [0.007 (0.003–22.80) ng/mL vs 
0.006 (0.003–8.00) ng/mL, p = 0.026]. There were no dif-
ferences in the occurrence of epicardial or microvascular 
spasm between patients undergoing ACh or ergonovine 
test. Clinical characteristics of the overall study population 
and according to the type of response at provocative test are 
reported in Table 1.

Angiographic and echocardiographic correlates 
of epicardial vs microvascular spasm

Of interest, at coronary angiography, patients with epicardial 
spasm had a higher occurrence of diffuse coronary athero-
sclerosis compared with microvascular spasm [61 (79.2%) 
vs 20 (46.5%), p < 0.001] (Table 1). Moreover, at echocar-
diogram performed during hospital admission, patients with 
microvascular spasm had higher rates of diastolic dysfunc-
tion [9 (20.9%) vs 6 (7.8%), p = 0.036] with higher values of 
E/e’ ratio [9 (5–18) vs 6 (5–16), p = 0.041] compared with 
patients with epicardial spasm (Fig. 2), while left ventricu-
lar ejection fraction did not differ between the two groups 
(Table 1).

Predictors of epicardial vs microvascular spasm

At univariate logistic regression analysis, male sex (β = 8.10, 
95% CI 3.30–19.92, p < 0.001), smoking (β = 6.04, 95% 

CI 1.70–21.47, p = 0.005), ACS as clinical presentation 
(β = 2.92, 95% CI 1.32–6.44, p = 0.008), and diffuse coro-
nary atherosclerosis (β = 4.38, 95% CI 1.94–9.90, p < 0.001) 
were predictors of occurrence of epicardial vs microvascular 
spasm (Table 2). At multivariable logistic regression analy-
sis male sex only (β = 5.93, 95% CI 2.26–15.60, p < 0.001), 
smoking (β = 4.18, 95% CI 1.04–16.86, p = 0.044), and dif-
fuse coronary atherosclerosis (β = 3.58, 95% CI 1.37–9.34, 
p = 0.009) were independent predictors for the occurrence 
of epicardial spasm (Table 2).

Safety evaluation of invasive provocative test

Arrhythmic complications during provocative test occurred 
in 10 (8.3%) patients. In particular, transient AV block 
occurred in 5 (4.2%) patients, sinus block in 1 (0.8%) 
patient and paroxysmal atrial fibrillation in 4 (3.5%) patients 
(Table 3). There were no differences in the occurrence of 
AV or sinus block between patients with epicardial vs 
microvascular spasm. However, paroxysmal atrial fibrilla-
tion occurred more frequently in patients with microvascu-
lar spasm compared with epicardial spasm [4 (9.3%) vs 0 
(0.0%), p = 0.014] (Table 3). Finally, there were no differ-
ences in the complication rates according to the type of drug 
used for the provocative test.

Discussion

Our study analysed clinical, angiographic and echocardio-
graphic characteristics of patients with a positive response at 
invasive provocative test, comparing patients with epicardial 
spasm vs patients with microvascular spasm. Of importance, 
we demonstrated that patients with epicardial spasm com-
pared with microvascular spasm more frequently: (1) were 
male and smokers; (2) presented with MINOCA; (3) had 
higher prevalence of diffuse coronary atherosclerosis. In 
contrast, patients with microvascular spasm more frequently 
had evidence of diastolic dysfunction (Fig. 3). Importantly, 
provocative testing was safe; transient and well-tolerated 
arrhythmic complication only were occasionally observed 
during provocative testing with paroxysmal atrial fibrillation 
being more frequently observed in patients with microvascu-
lar spasm than in those with epicardial spasm.

A previous study by Aziz et  al. [12] enrolling only 
patients with stable angina and non-obstructive CAD dem-
onstrated a sex-difference in the response to intracoronary 
ACh test, showing a higher prevalence of vasomotor dys-
function assessed by intracoronary ACh administration 
in women compared with men, with a higher incidence 
of both microvascular spasm (OR 4.2) and epicardial 
spasm. In contrast, a study by Ong et al. [13] enrolling 921 
patients with non-obstructive CAD and undergoing ACh 
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Table 1   Clinical, laboratory, angiographic and echocardiographic data in the overall study population and according to the occurrence of epicar-
dial or microvascular spasm

ACE-I angiotensin-converting enzyme inhibitors, ARB angiotensin-receptor inhibitors, CAD coronary artery disease, CCB calcium-channel 
blockers, MINOCA myocardial infarction and non-obstructive coronary arteries, PCI percutaneous coronary intervention

Characteristics Total population (n = 120) Epicardial spasm (n = 77) Microvascular spasm (n = 43) p value

Clinical characteristics
 Age 62.71 ± 11.01 63.16 ± 11.99 61.91 ± 9.07 0.52
 Male gender (n, %) 58 (48.3) 50 (64.9) 8 (18.6) < 0.001
 Obesity (n, %) 10 (8.3) 7 (9.1) 3 (6.9) 0.75
 Hypertension (n, %) 79 (65.8) 53 (68.8) 27 (62.7) 0.50
 Smoke (n, %) 27 (22.5) 24 (31.2) 3 (6.9) 0.003
 Hypercholesterolaemia (n, %) 54 (45) 35 (45.5) 19 (44.2) 0.89
 Diabetes (n, %) 13 (10.8) 9 (11.7) 4 (9.3) 0.77
 Familiar history of cardiovascular 

diseases (n, %)
26 (21.7) 17 (22.1) 9 (20.9) 1.0

 Previous PCI 11 (9.2) 9 (11.7) 2 (4.87) 0.324
 Clinical presentation 0.03
  Stable CAD 68 (56.7) 38 (49.3) 30 (69.8)
  MINOCA 52 (43.3) 39 (50.7) 13 (30.2)

Admission therapy
 Aspirin, n (%) 52 (43.3) 37 (48.1) 15 (34.9) 0.16
 Clopidogrel, n (%) 21 (17.5) 15 (19.5) 6 (14) 0.44
 Statins, n (%) 34 (28.3) 23 (29.9) 11 (25.6) 0.62
 Beta-blockers, n (%) 23 (19.2) 15 (19.5) 8 (18.6) 0.91
 ACE-I, n (%) 27 (22.5) 19 (24.72) 8 (18.6) 0.44
 ARB, n (%) 15 (12.5) 12 (15.6) 3 (6.9) 0.17
 CCB, n (%) 22 (18.3) 15 (19.5) 7 (16.3) 0.66
 Diuretics, n (%) 15 (12.5) 8 (10.4) 7 (16.3) 0.35
 Nitrates, n (%) 11 (9.2) 10 (12.3) 1 (2.3) 0.052
 Ranolazine, n (%) 9 (7.5) 8 (10.4) 1 (2.3) 0.11
 Ivabradine, n (%) 3 (2.5) 1 (1.3) 2 (4.7) 0.26

Discharge therapy
 Aspirin, n (%) 81 (67.5) 57 (74) 24 (55.8) 0.04
 Clopidogrel n (%) 18 (15) 15 (19.5) 3 (6.9) 0.066
 Statins, n (%) 90 (75) 62 (80.5) 28 (65.1) 0.061
 Beta-blockers, n (%) 27 (22.5) 7 (9.1) 20 (46.5) < 0.001
 CCB, n (%) 101 (84.2) 72 (93.5) 29 (67.4) < 0.001
 ACE-I, n (%) 47 (39.2) 32 (41.6) 15 (34.9) 0.47
 ARB, n (%) 29 (24.2) 20 (26) 9 (20.9) 0.54
 Diuretics 19 (15.8) 10 (13) 9 (20.9) 0.25
 Nitrates, n (%) 8 (6.7) 7 (9.1) 1 (2.3) 0.15
 Ivabradine, n (%) 2 (1.7) 1 (1.3) 1 (2.3) 0.67
 Ranolazine, n (%) 14 (11.7) 6 (7.8) 8 (18.6) 0.07

Laboratory data
 Troponin ng/mL, median (range) 0.006 (0.003–22.80) 0.007 (0.003–22.80) 0.006 (0.003–8.00) 0.026

Echocardiographic data
 Diastolic dysfunction 15 (12.5) 6 (7.8) 9 (20.9) 0.036
 E/e’, median (range) 8.0 (5.0–18.0) 6.0 (5.0–16.0) 9.0 (5.0–18.0) 0.041
 LVEF, median (range) 62 (22–77) 62 (22–77) 62.5 (51–70) 0.99

Angiographic data
 Normal coronary arteries, n (%) 39 (32.5) 17 (22.1) 22 (51.2) < 0.001
 Diffuse CAD, n (%) 81 (67.5) 60 (77.9) 21 (48.8) < 0.001
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intracoronary test, showed that male sex was a predictor of 
epicardial spasm. Of note, this study also enrolled almost 
exclusively stable patients, with a prevalence of MINOCA 
of 4% only. In contrast with previous studies, we enrolled 
both patients with stable angina and patients presenting 
with MINOCA (43% of the overall study population), pro-
viding further insight into this clinical setting.

In our study we demonstrated a clear sex-related differ-
ence in the vasomotor response to provocative test, with a 
higher prevalence of microvascular spasm among women 
and of epicardial spasm among men. The sex-difference 
observed in our study is in keeping with the greater burden 
of coronary microvascular dysfunction (CMD) observed in 
women [3, 20–23]. Several mechanisms have been suggested 

Fig. 2   Occurrence of diastolic 
dysfunction according to the 
occurrence of epicardial or 
microvascular spasm

Table 2   Univariate and 
multivariate logistic regression 
analysis for the occurrence 
of epicardial spasm vs 
microvascular spasm at invasive 
provocative test

MINOCA myocardial infarction with non-obstructive coronary arteries

Univariate analysis Multivariate analysis

B 95% CI p B 95% CI p

Male sex 8.10 3.30–19.92 0.001 5.93 2.26–15.60 < 0.001
Smoking 6.04 1.70–21.47 0.005 4.18 1.04–16.86 0.044
MINOCA as clinical presentation 2.92 1.32–6.44 0.008
Diffuse coronary atherosclerosis 4.38 1.94–9.90 0.001 3.58 1.37–9.34 0.009

Table 3   Arrhythmic 
complications in the overall 
population and according to 
the occurrence of epicardial or 
microvascular spasm

AF, atrial fibrillation

Endpoint Total popula-
tion (n = 120)

Epicardial 
spasm (n = 77)

Microvascular 
spasm (n = 43)

p value

Composite safety endpoint (paroxysmal 
AF, atrioventricular block, sinus block)

10 (8.3) 4 (5.2) 6 (14) 0.540

Paroxysmal AF occurrence 4 (3.5) 0 (0) 4 (9.3) 0.014
Atrioventricular block 5 (4.2) 4 (5.2) 1 (2.3) 0.157
Sinus block 1 (0.8) 0 (0) 1 (2.3) 0.353
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to explain CMD in women including smaller body size and 
myocardial mass [24]. Moreover, the coronary arteries in 
women have a smaller diameter, thinner walls and more 
winding course [25, 26]. Finally, also hormonal factors may 
play an important role [22].

In addition, we found that while three-fourths of patients 
presenting with MINOCA had an intracoronary provocative 
test positive for epicardial spasm, this was observed in half 
of patients only among those presenting with stable angina. 
Accordingly, peak of Troponin I was higher in patients with 
epicardial spasm compared with patients with microvascular 
spasm.

It is worth noting that in a recent study by our group [11] 
including patients presenting with MINOCA, we showed 
that among patients with a positive response to provoca-
tive test clinical outcome was significantly worse in patients 
with epicardial spasm compared to those with microvascular 
spasm at 1-year follow-up. Of note, a study by Lee et al. [14] 
including only patients with stable angina demonstrated no 
difference in prognostic according to pattern of vasomotor 
response at provocative test.

Previous studies demonstrated that diffuse non-obstruc-
tive coronary atherosclerosis was associated with a positive 
response to provocative testing and to occurrence of focal 
vasospasm [27, 28]. However, the relation between diffuse 
non-obstructive CAD and pattern of coronary vasomotor 
response has never been investigated. Our study shows that 
most of the patients with epicardial spasm have diffuse non-
obstructive CAD, while patients with microvascular spasm 

may present with diffuse non-obstructive CAD or normal 
coronary arteries with similar percentages, thus suggesting 
a critical role for local atherosclerosis as substrate for epicar-
dial hyperreactivity. On the other hand, microvascular spasm 
probably occurs in the context of a CMD, irrespective of an 
underlying epicardial coronary atherosclerosis [29].

In our study, patients with microvascular spasm had a 
higher prevalence of diastolic dysfunction compared to that 
in patients with epicardial spasm. Previous reports indicated 
that patients with microvascular spasm may have a transient 
diastolic dysfunction during ACh provocative test [30, 31]. 
Our study extends these findings and is in keeping with 
recent growing evidences suggesting that coronary micro-
vascular ischaemia may play an important role in the patho-
physiology of diastolic dysfunction in patients with heart 
failure with preserved ejection fraction (HFpEF) [32–34]. 
Of note, diastolic dysfunction is also recognized risk fac-
tor for the occurrence of AF [35] and this may explain the 
higher rate of paroxysmal AF as arrhythmic complication 
in patients with microvascular spasm during the provoca-
tive test.

Our study has some limitations. First, it is a single-centre 
study. Second, the study population is not large. Third, the 
optimal test to be used (either ergonovine or ACh) cannot 
be deduced by our results. In our institution, as each opera-
tor is familiar with a particular vasoactive drug, the choice 
of the vasoactive drug was left to physician’s discretion to 
facilitate enrolment process. However, the use of two dif-
ferent drugs, with two different mechanisms of action, to 

Fig. 3   Differences in clinical, 
angiographic and echocardio-
graphic characteristics among 
patients with non-obstructive 
CAD and positive provocative 
test according to the occurrence 
of epicardial or microvascular 
spasm. CAD coronary artery 
disease, MINOCA myocardial 
infarction and non-obstructive 
coronary arteries
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induce coronary spasm may be another limitation of our 
study. Moreover, we did not measure invasively coronary 
blood flow and coronary flow reserve using an intracoronary 
Doppler or pressure/thermodilution wire and therefore, their 
potential relationship with the response to vasoconstrictor 
stimuli remains undetermined. We did not further evaluate 
patients with “negative” response with adenosine, exploring 
endothelium-independent mechanisms of CMD. Finally, the 
choice to perform a provocative test, in particular in patients 
presenting with stable angina, was left to operator’s discre-
tion. This could have resulted in a selection bias and explains 
why the prevalence of MINOCA patients in our study popu-
lation is higher compared with previous studies [13]. How-
ever, the aim of our study was to compare the predictors of 
epicardial vs. microvascular spasm and not to evaluate the 
frequency of epicardial or microvascular coronary spasm in 
response to provocative test among patients presenting with 
myocardial ischaemia and non-obstructive CAD.

In conclusion, coronary vasomotor abnormalities repre-
sent an important cause of myocardial ischaemia both in 
patients presenting with stable angina and in patients pre-
senting with MINOCA. Our study demonstrates that epi-
cardial spasm is more frequent in men, in smokers and in 
patients who present with MINOCA and with diffuse non-
obstructive coronary atherosclerosis. On the other hand, 
microvascular spasm is more frequent in women and is 
associated with the presence of diastolic dysfunction. Fur-
ther studies are needed in order to clarify whether different 
patterns of vasomotor dysfunction are associated with dif-
ferent outcomes.
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