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Aims: Impaired coronary microvascular dilatory function can lead to exercise induced myocardial
ischemia and angina pectoris even in patients without signiﬁcant (>50%) obstructive coronary atherosclerosis (APWOCA). Diffuse distal vessel epicardial spasm and microvascular spasm have been also
proposed as a plausible explanation for angina at rest in these patients. However, objective systematic
evidence for the latter i.e. echocardiographic wall motion abnormalities during angina, is lacking at
present. Coronary epicardial and microvascular spasm can be triggered in susceptible patients by the
administration of intracoronary acetylcholine (Ach). We sought to assess whether Ach induced diffuse
distal epicardial coronary artery spasm (75% diameter reduction) and coronary microvascular spasm
can cause transient ischemic left ventricular dysfunction, as assessed by echocardiography.
Methods: 50 patients (19 men aged 60.5 ± 8.9 years) with stable APWOCA were assessed for coronary
spasm and myocardial ischemia with intracoronary Ach infusion, 2D transthoracic echocardiography
(before and during Ach testing), continuous 12-lead ECG monitoring, and ultrasensitive cardiac troponin
(US-cTn) measurement before and within 4 h after Ach testing.
Results: 14 patients (28%) had a “negative” Ach test, 14 (28%) developed coronary microvascular spasm
and 17 (34%) had diffuse distal epicardial spasm. In 5 patients (10%) the test was inconclusive. Echocardiographic variables including deceleration time, EF slope and E/A, as well as ultrasensitive-cTn
concentrations were abnormal during Ach induced ischemic ECG changes. Conclusions: We have, for
the ﬁrst time, demonstrated that Ach induced coronary microvascular spasm is associated with echocardiographic changes and ultrasensitive-cTn elevations, indicative of myocardial ischemia.
© 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Abbreviation list: Ach, acetylcholine; APWOCA, angina pectoris without
obstructive coronary atherosclerosis; CAD, coronary artery disease; CMD, coronary
microvascular dysfunction; CSX, cardiac syndrome X; ECG, electrocardiogram; LCA,
left coronary artery; RCA, right coronary artery; MVD, microvascular disease; msec,
milliseconds; NCV, normal coronary vasoreactivity; LV, left ventricle; PHT, pressure
half time; SPECT, single-photon emission computed tomography; US-cTn, ultrasensitive cardiac troponin.
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In recent years it has become apparent that coronary microvascular dysfunction (CMD) plays a pathogenic role in the syndrome characterized by angina pectoris without signiﬁcant (>50%)
obstructive coronary atherosclerosis (APWOCA) and also in certain
subgroups of patients with signiﬁcantly obstructed coronary artery
disease (CAD) [1e3]. Functional coronary vasomotor abnormalities
such as impaired coronary microvascular dilatation and microvascular coronary artery spasm have been proposed as a plausible
explanation for angina in these patients [4,5]. Indeed, both these
mechanisms have been shown to occur in cardiac syndrome X
(CSX) patients, who characteristically present with exercise-

208

A.L. Arrebola-Moreno et al. / Atherosclerosis 236 (2014) 207e214

induced angina, positive exercise stress-test responses and angiographically non-obstructed coronary arteries [1,3,6]. Of importance,
CMD has been also documented in patients with chronic stable
angina pectoris and those with acute coronary syndromes [5,7].
Identifying patients with CMD is important as this mechanism may
provide a rational basis for therapy in at least a proportion of the
large number of patients undergoing coronary angiography for
suspected CAD and who are found to have non-obstructed coronary
arteries (i.e. 50% stenosis diameter reduction) [8,9]. Intracoronary
Ach causes distal epicardial and microvascular coronary constriction in patients with CSX [10] and focal occlusive spasm in patients
with Prinzmetal's variant angina [11]. Interestingly, however, while
Ach induced occlusive coronary artery spasm, as seen in patients
with Prinzmetal's variant angina [12], has been shown to cause
transient ischemic LV dysfunction, an unequivocal relation between
Ach induced severe distal epicardial coronary artery vasoconstriction or microvascular coronary artery spasm and ischemic LV
dysfunction has not been categorically demonstrated in patients
with MVD, except in recently reported anecdotal cases [13].
We therefore sought to assess whether Ach-induced diffuse
distal epicardial vasospasm and coronary microvascular spasm can
cause transient echocardiographic changes suggestive of myocardial ischemia in patients with chest pain without obstructive CAD.
2. Methods
2.1. Patients
From February to November 2012, 548 patients with chronic
stable angina pectoris (typical exertional chest pain present for at
least 3 months) suggestive of CAD were investigated with coronary
angiography (Fig. 1); 408 had obstructive CAD (stenoses  50%) and
140 had stenoses <50% diameter reduction (completely normal
coronary arteriograms in 75% of patients); the latter were considered for inclusion in the study, of whom 50 were recruited after
excluding patients with chronic obstructive pulmonary disease,
cardiomyopathy, heart valve disease, pregnant or lactating women,
subjects with chronic kidney disease and those with allergic
reactions to iodinated contrast media. Demographic and clinical
data of the patients included in the Ach study are shown in Table 1.
The deﬁnition of “current smoker” used in the present study was
that of the National Cholesterol Education Program [14] i.e. any
cigarette smoking in the past month. Thirty two patients had undergone non-invasive assessment of myocardial ischemia prior to
diagnostic coronary arteriography; 19 had a positive (>1 mm ST
segment depression) exercise ECG treadmill test, 8 had transient
perfusion defects on single-photon emission computed tomography (SPECT) and 5 transient regional wall motion abnormalities on
the stress echocardiogram. Eighteen patients underwent diagnostic
coronary arteriography without prior assessment of myocardial
ischemia, based on their high pre-test probability of CAD. 22

Fig. 1. Flow chart showing patients included en the study. e Ach ¼ Acetylcholine.

Table 1
Demographic characteristics, cardiovascular risk factors, previous medication,
baseline ultra-sensitive troponin concentration and baseline echocardiographic
parameters in patients with normal responses to acetylcholine administration and
those with coronary artery spasm.
Ach test patients
N ¼ 50
Age
Men
Hypertension
Diabetes
Current smoking
Hypercholesterolemia
Family history of CAD
Previous medication:
- Sublingual nitroglycerine
- Non-dihydropyridine CCBs
- Dihydropyridine CCBs
- Beta-blockers
Stenoses <50% on coronary angiography
Baseline US-cTn (ng/L)
Baseline PHT (msec)
Baseline E deceleration time (msec)
Baseline E wave downslope (msec)

60.5 ± 8.9
19 (38%)
27 (54%)
13 (26%)
10 (20%)
23 (46%)
21 (42%)
12 (24%)
7 (14%)
9 (18%)
26 (52%)
13 (26%)
8.6 ± 2.5
71 ± 8.4
241 ± 32
2.83 ± 0.49

CAD ¼ Coronary artery disease.
CCB ¼ Calcium Channel Blocker.
msec ¼ milliseconds.
PHT ¼ Pressure half time.
US-cTn ¼ Ultrasensitive cardiac troponin.

patients had effort angina only, while the other 28 have had occasional episodes of chest pain at rest.
2.2. Study protocol
The study protocol was approved by the institutional Ethics
Committee and all patients signed written informed consent prior
to study entry.
2.2.1. Ach-test
All 50 patients underwent intracoronary Ach infusion, which
was carried out immediately after diagnostic coronary arteriography using a previously validated protocol as reported previously
by ourselves and other investigators, [4,5]. None of the patients had
received vasodilator therapy in the 48 h preceding the Ach test.
Incremental doses of Ach 2, 20, 100, and 200 mg [5,7] were
administered over a period of 3 min each into the left coronary
artery (LCA) via the angiographic catheter. In the patients who did
not develop symptoms or ischemic ECG changes, we subsequently
injected Ach into the right coronary artery (RCA) (80 mg over 3 min).
After the administration of Ach or when chest pain and/or coronary
spasm developed, 0.2 mg glyceryl trinitrate were injected into both
the LCA and RCA. Heart rate, blood pressure, and the 12-lead-ECG
were continuously monitored throughout the procedure. A quantitative approach to the angiographic evaluation of coronary anatomy was used both at baseline and during Ach testing. All Ach tests
were quantitatively analyzed with QCA-CMS 7.0 (Medis-Software,
Leiden, the Netherlands).
2.2.2. Deﬁnition of myocardial ischemia
For qualitative analysis the presence or absence of myocardial
ischemia was established for each of the tests performed (i.e. ECG,
echocardiogram, and US-Tn). Regarding ECG changes, ischemia was
diagnosed when ST-segment depression or elevation 0.1 mV, or
typical T-wave inversion developed in at least 2 contiguous leads
during Ach testing. Ischemic echocardiographic changes during
ACH infusion were systolic wall motion abnormalities, a change >1
standard deviation in deceleration time (50 msec) , E/A [1,7] and/or
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Fig. 2. Different responses observed during acetylcholine testing in 50 patients. e Ach ¼ Acetylcholine; ECG ¼ Electrocardiogram.

1 m/sec2 in E wave from baseline. An increase of 20% or greater in
US cTn from baseline was considered to represent myocardial
ischemia.
2.2.3. Criteria for abnormal epicardial and microvascular
vasoreactivity
The Ach test was considered “positive” and indicative of
epicardial coronary spasm in the presence of 75% focal or diffuse
coronary artery diameter reduction (compared with the relaxed
state achieved with the intracoronary administration of glyceryl
trinitrate), ischemic ECG changes (i.e. ST-segment depression or
elevation 0.1 mV or typical T-wave inversion, in at least 2
contiguous leads), and typical chest pain [4,5]. For microvascular
spasm, we used the diagnostic criteria established by Mohri et al.
[4] i.e. typical angina pain and ischemic ECG changes during Ach
infusion in the absence of epicardial coronary artery spasm (75%
diameter reduction). In addition to the ECG changes described
above, we also used echocardiographic criteria and US cTn concentration changes to deﬁne ischemia during Ach testing. Patients
without angina or myocardial ischemia, as deﬁned above, and
Table 2
Demographic characteristics, cardiovascular risk factors, previous medication,
baseline ultra-sensitive troponin and baseline echocardiographic parameters in
patients with normal responses to the administration of acetylcholine and those
with coronary artery spasm.

Age
Men
Hypertension
Diabetes
Current smoking
Hypercholesterolemia
Family history of CAD
Previous medication:
- Nitroglycerine
- Non-dihydropyridine
CCBs
- Dihydropyridine CCBs
- Beta-blockers
Stenoses (<50%) on
coronary angiography
Baseline US-cTn (ng/L)
Baseline PHT (msec)
Baseline E deceleration
time (msec)
Baseline E wave
downslope (m/sec2)

Normal
response
n ¼ 14

Microvascular
spasm
n ¼ 14

Epicardial
spasm
n ¼ 17

p value

61.5 ± 7.7
6 (42.8%)
8 (57.1%)
4 (28.6%)
1 (7.1%)
7 (50%)
7 (50%)

55.2 ± 10.5
5 (35.7%)
5 (35.7%)
2 (14.3%)
4 (28.6%)
6 (42.8%)
6 (42.8%)

63.5 ± 8.3
5 (29.4%)
11 (64.7%)
6 (35.3%)
3 (17.6%)
8 (47.1%)
6 (35.3%)

0.06
0.58
0.18
0.48
0.63
0.98
0.69

4 (28.5%)
5 (35.7%)

3 (21.4%)
1 (7.1%)

5 (29.4%)
1 (5.8%)

0.913
0.036

4 (28.5%)
6 (42.8%)
6 (42.8%)

1 (7.1%)
10 (71.4%)
3 (21.4%)

4 (23.5%)
10 (58.8%)
3 (17.6%)

0.879
0.026
0.40

8 ± 3.1
63 ± 21
203 ± 63

5.5 ± 2.4
60 ± 18
203 ± 61

6 ± 2.4
66 ± 21
217 ± 67

0.21
0.31
0.45

3.4 ± 1.2

4.4 ± 1.7

5.1 ± 1.6

0.07

CAD ¼ Coronary artery disease.
msec ¼ milliseconds.
PHT ¼ Pressure half time.
sec ¼ seconds.
US-cTn ¼ Ultrasensitive cardiac troponin.

without epicardial coronary spasm during Ach testing were
considered to have a normal coronary vasomotor response (NCV).
Patients with a coronary vasomotor response to Ach not meeting
any of the above mentioned criteria were considered to have an
“inconclusive” response. ie. epicardial spasm without typical chest
pain or typical chest pain without any evidence of ischemia.
2.3. Echocardiographic assessment during provocative testing
A 2D transthoracic echocardiogram was recorded during Ach
provocation to monitor the occurrence of systolic wall motion abnormalities and/or diastolic dysfunction. Long axis, short axis, four
chamber and pulse mitral Doppler images were obtained before
and during the Ach provocation test. Images were recorded at
baseline, at the end of each Ach dose injection, and when the patient experienced chest pain, if present. An independent experienced echocardiographer blinded to the results of the Ach test
processed the echocardiographic images at a later time. E wave
peak, A wave peak, E/A, E wave deceleration time and E wave
downslope were assessed. The median intraobserver reproducibility of measurements was high with a kappa coefﬁcient of 0.90. A
change of more than one standard deviation in deceleration time
(50 msec) , E/A [1,7] or 1 m/sec2 in E wave downslope from the
baseline measurements was considered to represent a “signiﬁcant”
change in diastolic function.
2.4. High sensitivity cardiac troponins
Ultrasensitive Cardiac troponin (US-cTn) circulating levels e a
marker of myocardial damage or severe myocardial ischemia- were
measured in all patients immediately before and 3e4 h after Ach
infusion. All samples were frozen (70  C) and stored until analysis
(one freezeethaw cycle). The level of detection of the US-cTn assay
is 4.0 ng/L [15]. As the coefﬁcient of variation described by the
manufacturer may vary from 1 to 18% [15], for the qualitative analyses and due to the small magnitude of the expected US-cTn
levels changes during the test, an increase of 20% or greater from
baseline was considered to represent an elevation suggestive of
myocardial ischemia.
2.5. SPECT
15 patients underwent SPECT assessment during the Ach test to
ascertain whether perfusion abnormalities occurred in association
with vasomotor abnormalities and echocardiographic changes.
740 MBq of 99mTc-MIBI were injected coinciding with the occurrence of chest pain and/or ischemic ECG changes or the highest Ach
dose used when no symptoms or ECG changes developed. The
SPECT images were acquired at 60 min after injection of 99mTcMIBI using a triple rotating head gamma camera (PICKER 300)
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Fig. 3. Box plots showing echocardiographic changes suggestive of myocardial ischemia and US-cTn elevations (difference between pre and post Ach test measurements) in patients
with positive and negative acetylcholine tests Ach ¼ Acetylcholine.

equipped with low-collimator energy and high resolution. A window of 140 Kev with 15% around was used for peak photon energy.
Patients were placed in supine position. The circular orbit SPECT
was full 360 , twenty projections of 6 degrees of arc for each head,
and synchronized with the R wave of the electrocardiogram
(Gated-SPECT) with a duration of 60 s per projection. The image
matrix was 64 * 64 pixels and 16 frames. These images were
compared to those obtained during a repeat baseline SPECT performed 2 weeks after the Ach test.
2.6. Statistical analysis
Data were stored in a database managed with SPSS v 20.0 (SPSS,
Chicago IL, USA). Bivariate analyses were carried out using the
ManneWhitney U test, the KruskaleWallis test, and Fisher's exact
test. A double-blinded procedure was followed so that neither the
chemical analysts nor the statisticians knew the identity or clinical
characteristics of the study subjects.
The statistical signiﬁcance level was set at 95% (p < 0.05) and all
tests were two-tailed.

et al. [4]. However, when considering not only the occurrence of
ischemic ECG changes but any evidence of ischemia, in addition to
typical chest pain, i.e. echocardiographic abnormalities and/or UScTn elevation, 14 patients could be classiﬁed as microvascular spam.
Four other patients developed epicardial spasm (focal in 2 and
diffuse in 2) in response to Ach but without chest pain and another
patient developed his usual chest pain during Ach infusion without
any objective evidence for myocardial ischemia. Fourteen patients
remained asymptomatic and showed no coronary diameter reductions or ischemic changes in response to Ach (NCV) (Fig. 2). In 5
patients the Ach test was inconclusive. Patients with a vasospastic
response and those with NCV had similar baseline clinical and ECG
characteristics (Table 2).
For the purpose of the study we compared the 31 patients with a
vasospastic response (“vasospasm” group) with the 14 patients
who showed NCV to Ach.
3.2. Echocardiographic responses during Ach infusion
Two patients in the vasospasm group showed transient systolic
wall motion abnormalities during the test i.e. antero-apical

3. Results
Demographic and clinical characteristics, previous medication,
as well as baseline US-cTn concentrations and echocardiographic
parameters in the 50 study participants undergoing Ach testing are
shown in Table 1. The response to the administration of Ach
regarding the presence or absence of coronary artery spasm, typical
chest pain, ischemic ECG changes, or any other evidence of
ischemia (increased US-cTn concentrations or echocardiographic
abnormalities) are shown in Fig. 2.
3.1. Ach results and myocardial ischemia
Seventeen patients had symptomatic diffuse epicardial coronary
spasm and 9 microvascular coronary spasm, as deﬁned by Mohri

Table 3
Objective evidence of myocardial ischemia in the 50 patients undergoing intravenous acetylcholine administration.

ECG changes
Echocardiographic
diastolic changes
Increased US-Tn
concentrations
Evidence of ischemia
obtained with any
of the tests above

Positive
N ¼ 31

Negative
N ¼ 14

Symptomatic
N ¼ 26

Asymptomatic
N ¼ 24

17/29
(58.6%)
22/27
(81.5%)
16/22
(72.7%)
31/31
(100%)

0/14 (0%)

17/26 (65%)

4/24 (16%)

2/14 (14%)

21/25 (84%)

4/24 (16%)

1/8 (12.5%)

16/24(66.6%)

1/16 (6.2%)

1/12 (8.3%)

24/26 (92%)

5/24 (20.8%)

ECG ¼ Electrocardiogram.
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Table 4
Sensitivity, speciﬁcity, positive predictive value, negative predictive value and area under the ROC curve for each ischemia tests to predict the result of the Ach testing.

ECG changes
E wave deceleration time change
E/A index change
E wave down slope change
US-cTn

Sensitivity

Speciﬁcity

Positive predictive value

Negative predictive value

Best cut-off point

Area under the ROC curve

0.6
0.67
0.61
0.64
0.78

1
0.69
0.69
1
0.50

1
0.82
0.8
1
0.84

0.55
0.50
0.47
0.56
0.40

N/A
22,5 msec
0.15
1.3 m/sec2
0.5 ng/L

N/A
0.67
0.74
0.91
0.65

ECG ¼ Electrocardiogram.
US-cTn ¼ Ultrasensitive Cardiac troponin.

hypokinesia associated with diffuse distal vessel spasm in the LAD
territory. As a group, patients with Ach induced coronary spasm
showed signiﬁcantly impaired deceleration time (p ¼ 0.009), EF
slope (p ¼ 0.004) and E/A (p ¼ 0.015) compared to patients with
NCV during the i.c. Ach infusion (Fig. 3) US-cTn concentrations were
also higher (p ¼ 0.003) in the “spasm” patient group compared with
the NCV group (Fig. 3)(Table 3).
No signiﬁcant differences in diastolic function and US-cTn
concentrations were found when patients with diffuse epicardial
spasm and coronary microvascular spasm were compared.
Sensitivity, speciﬁcity, positive predictive value, negative predictive value and ROC curves of each ischemia test to predict the
Ach testing results are displayed in Table 4.

As shown in Fig. 2, 6 of the 8 patients who developed
symptomatic epicardial spasm with no ECG changes showed
increased US-cTn levels and 6 had diastolic echocardiographic
changes. 6 patients developed typical chest pain without neither
epicardial spasm nor ECG changes, with 3 of them increasing UScTn and 2 experiencing LV wall diastolic echocardiographic
changes. (Fig. 2)
Sensitivity, speciﬁcity, positive predictive value, negative predictive value and ROC curves of each ischemia test to predict the
reproduction of the usual ischemia symptoms during the Ach
infusion are displayed in Table 5.
Of the 15 patients who underwent SPECT testing, those with Ach
induced epicardial or microvascular vasospasm showed reversible
ischemic changes while no ischemic changes were found in patients with NCV (Fig. 5).

3.3. Chest pain
Patients who developed their usual chest pain during Ach
infusion were more likely to show changes in diastolic function, as
assessed by echocardiography, i.e EF slope changes (p < 0.001), E
wave deceleration time (p ¼ 0.022) and E/A (p ¼ 0.031). US-cTn
levels were also higher (p < 0.001) in the patients who developed
chest compared with patients who remained asymptomatic during
the Ach testing. (Fig. 4) (Table 3).

3.4. Ach doses resulting in positive tests
Considering the 31 patients in the “vasospasm group”, microvascular spasm developed in 9 patients at a dose of 100 mg of Ach
and in 5 with a dose of 200 mg. Epicardial spasm during ACh,testing
was triggered by 20 mg in one patient, by 100 mg in 9 and by 200 mg
Ach in 7.

Fig. 4. Box plots showing echocardiographic changes and ultrasensitive cardiac troponin elevations (difference between pre and post acetylcholine measurements) in patients with
and without chest pain during acetylcholine testing.
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Table 5
Sensitivity, speciﬁcity, positive predictive value, negative predictive value and area under the ROC curve for the different ischemia tests to predict the presence of the usual
ischemia symptoms during the Ach infusion.

ECG changes
E wave deceleration time change
E/A index change
E wave down slope change
US-cTn

Sensitivity

Speciﬁcity

Positive predictive
value

Negative predictive
value

Best cut-off point

Area under the curve
(ROC)

0.56
0.69
0.59
0.62
0.8

0.88
0.69
0.67
0.94
0.45

0.9
0.8
0.76
0.95
0.80

0.53
0.55
0.48
0.58
0.45

N/A
21.5 msec
0.15
1.15 m/sec2
0.5 ng/L

N/A
0.71
0.71
0.88
0.58

ECG ¼ Electrocardiogram.
US-cTn ¼ Ultrasensitive Cardiac troponin.

3.5. Ach testing and responses to non-invasive stress testing
Of the 19 patients with a positive exercise ECG treadmill test, 16
had a positive Ach test; 10 with diffuse epicardial spasm and 6 with
coronary microvascular spasm. Of the 3 patients with a negative
Ach test and a positive treadmill test, 2 patients had no clinical
symptoms during ACh and inconclusive ECG changes during the
treadmill test; the remaining patient had an inconclusive Ach test.
Three of the 8 patients with a positive SPECT result had a
negative Ach test, 2 had inconclusive results and 3 tests were
positive, one with epicardial spasm and 2 with microvascular
spasm.
Finally, of the 5 patients with a positive stress echocardiogram,
one had a negative Ach test, one had an inconclusive test and 3 had
positive Ach test results.
4. Discussion
This study has shown for the ﬁrst time, in a systematic fashion,
that in patients with chest pain and normal (or mild nonobstructive CAD) Ach induced distal epicardial and/or coronary
microvascular spasm are associated with objective echocardiographic evidence for myocardial ischemia, which was also
conﬁrmed by SPECT and typical ECG changes. Echocardiographic

abnormalities indicative of myocardial dysfunction due to
myocardial ischemia ean early event in the “ischemic cascade”
described in the context of obstructive CAD- have not been reported in previous echocardiographic studies in patients with
APWOCA [16,17].
Consistent with our ﬁndings reported in this manuscript a
recent brief report by Ong et al. [13] described the occurrence of
transient myocardial ischemia during Ach-induced coronary
microvascular dysfunction, as documented by myocardial contrast
echocardiography. Technical advances in recent years allowing
more accurate echocardiographic analysis of ventricular function
may be also responsible for the different ﬁndings in older versus
current studies regarding wall motion abnormalities in APWOCA
patients. Of importance, 60% of the patients undergoing Ach
challenge in our study developed distal epicardial and/or coronary
microvascular spasm leading to myocardial ischemia; a proportion
that is similar to that previously reported in other series [7]. The
ﬁnding has major clinical relevance for diagnosis and management
of APWOCA patients. Of interest, in our study 12 patients developed coronary spasm in response to 200 ug Ach (highest dose).
This is important as many provocative Ach protocols in the literature [18] suggest the use of Ach up to, but not exceeding, 100 ug,
as a result of which a substantial proportion of patients whose
symptoms are due to coronary spam can be missed. Our study

Fig. 5. Examples of coronary angiography, mitral ﬂow and SPECT results in patients with no vasomotor changes (normal), microvascular spasm (positive microvascular) and
epicardial spasm (positive epicardial) in response to the intracoronary administration of acetylcholine. NOTE: Positive microvascular study shows a vessel overlap in left circumﬂex
past the ﬁrst marginal, but no epicardial response was present.

A.L. Arrebola-Moreno et al. / Atherosclerosis 236 (2014) 207e214

suggests that up to 200 ug should be used to avoid sub-optimal
testing. Studies in these patients using magnetic resonance imaging and SPECT [19e21] have documented the occurrence of
myocardial ischemia associated with an impaired vasodilatory
capacity of the coronary microcirculation in these patients [21].
Our ﬁndings of diastolic abnormalities during Ach induced coronary vasoconstriction conﬁrm and expand previous data in Japanese populations [4,22] and studies in white individuals
[19e21,23]. Previously, in a small case series by Vinereanu et al.
[24] adenosine provoked diastolic dysfunction in suspected
microvascular angina patients suggesting that the inability of the
coronary microvasculature to dilate in response to appropriate
stimuli can be considered to represent a mechanism for chest pain
in these patients.
Our study provides a potentially important “missing” piece in
the pathophysiological ‘puzzle’ represented by patients with
AWOCA. It has to be highlighted that systolic wall motion abnormalities in our study were observed in 2 patients only, whereas
diastolic abnormalities were documented in a larger number of
subjects. The reason for the more common occurrence of diastolic
abnormalities may be the short duration and/or lesser severity of
the ischemic episode triggered by Ach. Echocardiographic changes
were relatively subtle in the majority of patients in our study but,
importantly, these abnormalities correlated with the patient
symptoms, the ischemic ECG changes and/or SPECT perfusion defects documented in the study thus endorsing the ischemic origin
of these echocardiographic abnormalities. In agreement with our
ﬁndings, previous small studies have reported diastolic echocardiographic abnormalities during dypiridamole induced ischemia in
cardiac syndrome X patients [25].
During Ach infusion we also measured US-cTn, a sensitive
marker of myocardial cell damage/ischemia. A recent study
[26] from Japan has also used US-cTn for the detection of a
supply-demand imbalance in patients with non-ischemic chronic
heart failure and abnormal coronary vasoreactivity. Their ﬁnding
of US-Tn elevations in their patients provided useful insight into
the role of coronary microvascular dysfunction in the progression
of ventricular dysfunction even in the absence of acute ischemic
events. Thus US-cTn are able to detect both subendocardial
ischemia and its deleterious long term effects [26,27]. Along
these lines, our study contributes exciting new information
regarding the potential diagnostic role of sensitive probes such as
high US-cTn in the setting of microvascular angina, as well as
the importance of the concomitant use of several markers to
investigate the mechanisms underlying the occurrence of chest
pain in subjects with normal or near normal coronary
arteriograms.
Furthermore, another important clinical implication of our
study is not only that Ach represents a useful test to identify the
mechanisms responsible for angina in APWOCA patients but that
the occurrence of typical chest pain eeven in the absence of
obvious ECG changes- needs to be explored systematically to
establish its possible ischemic nature. Of major importance, we
observed that typical chest pain, even in the absence of ST
segment depression or elevation, can be truly ischemic in origin,
as the vast majority (92%) of the patients experiencing chest pain
(similar in character to that reported in daily life) during the Ach
test, had evidence for myocardial ischemia compared with only a
small proportion (21%) of those who remained “asymptomatic”
during the test. “Symptomatic” patients during Ach infusion
showed not only more marked echocardiographic changes but
also signiﬁcantly higher US-cTn elevation than patients who
remained asymptomatic during Ach testing. These ﬁndings are
important as previous studies have considered the presence of
ECG changes as a vital requisite for the diagnosis of
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“microvascular angina”; [4,5,7]. However, as we have shown in
our study, not every patient with documented Ach induced
vasospasm and ischemia, as assessed by different techniques,
necessarily had typical ECG shifts. Actually, it has been recently
emphasized that one of the limitations of the Ach provocative test
is that for the diagnosis microvascular spasm it relies on the
occurrence of ECG shifts, which may not be sensitive enough to
detect patchy subendocardial ischemia induced by microvascular
spasm [28]. Interestingly, all our patients with coronary spasm
induced chest pain and no ECG ischemic changes showed
increased US-cTn and a large proportion also had diastolic
echocardiographic changes. This is not surprising, as even in patients with Prinzmetal's variant angina, ischemic ECG changes
occur in only 48% of the patients, with occlusive epicardial coronary spasm [5]. Other techniques should therefore be used in
the clinical setting to identify patients with vasospastic angina
without typical ECG changes. These data, taken together, suggest
that ischemia plays an important role in the origin of chest pain
in patients with distal diffuse epicardial coronary artery spasm
and/or microvascular spasm. To the best of our knowledge, no
previous study in patients with APWOCA has reported the
occurrence of, in the same patient, ischemic echocardiographic
changes, myocardial perfusion abnormalities, elevation of circulating biomarkers of cardiac damage/ischemia, and typical angina
symptoms during Ach testing.
4.1. Limitations of the study
All transthoracic echocardiographic images were obtained in
the supine position and the echocardiographic window could have
been suboptimal in some patients thus potentially making minor
systolic wall motion abnormalities go unnoticed.
For diastolic function assessment we used pulsed Doppler in the
mitral ﬂow and only good registries were accepted. Changes in E
wave deceleration time and E downslope have been related to
diastolic dysfunction [29] , which is usually present in patients with
ischemic cardiomyopathy. Some studies suggest that changes in
heart rate, preload and afterload can affect mitral ﬂow [30]. However, no signiﬁcant changes in heart rate or blood pressure were
detected before or during Ach infusion in our patients. The injection
of small contrast material (<20 ml) is unlikely to have inﬂuenced
mitral blow ﬂow. Because direct visualization of the coronary
microcirculation is not possible in the clinical setting at present,
microvascular spasm remains a diagnosis of exclusion. The deﬁnition of Mohri et al. [4] as used in the present study is often accepted
as evidence for coronary microvascular spasm .
5. Conclusions
We have shown for the ﬁrst time, in a systematic study in
individual patients with chest pain and non-obstructed coronary
arteries that Ach induced microvascular spasm can result in
abnormal echocardiographic diastolic abnormalities, which
correlate with transient myocardial perfusion abnormalities, as
well as elevations of markers of myocardial damage. Although
previous studies by other investigators failed to document
echocardiographic abnormalities during stress in patients with
AWOCA, we have shown that both diastolic and systolic abnormalities, albeit subtle, can develop in association with ECG
changes and chest pain associated with severe coronary vasoconstriction induced by Ach.
Ach testing combined with ECG, echocardiographic monitoring,
and/or SPECT and the assessment of sensitive markers of ischemia
such as US-cTn, can be useful for a comprehensive evaluation of
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patients with chest pain without obstructive coronary artery
disease.
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