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Background-—The prevalence, clinical features, and long-term outcome of patients with non–ST-segment elevation acute coronary
syndrome (NSTE ACS) associated with coronary spasm are not fully investigated.

Methods and Results-—This observational multicenter study enrolled 1601 consecutive patients with suspected NSTE-ACS who
underwent cardiac catheterization between January 2001 and December 2010. A culprit lesion was found in 1152 (72%) patients.
In patients without a culprit lesion, the acetylcholine provocation test was performed in 221 patients and was positive in 175
patients. In the other patients, coronary spasm was verified in 145 patients during spontaneous attack. Spasm-induced NSTE-ACS
was diagnosed in 320 (20%) patients. Multivariable analysis identified age <70 years (odds ratio [OR] 2.19, 95% CI 1.58 to 3.04),
estimated glomerular filtration rate >60 mL/min per 1.73 m2 (OR 1.72, 95% CI 1.16 to 2.56), and lack of hypertension (OR 2.55,
95% CI 1.90 to 3.41), dyslipidemia (OR 2.76, 95% CI 2.05 to 3.73), diabetes mellitus (OR 2.49, 95% CI 1.78 to 3.48), previous
myocardial infarction (OR 5.37, 95% CI 2.89 to 10.0), and elevated cardiac biomarkers (OR 2.84, 95% CI 2.11 to 3.83) as significant
correlates of spasm-induced NSTE-ACS (P<0.01 for all variables). Transient ST-segment elevation during spontaneous attack
(variant angina) was observed in 119 patients with spasm-induced NSTE-ACS. Variant angina was more common in
nondyslipidemic men among patients with spasm-induced NSTE-ACS.

Conclusions-—The study showed frequent involvement of coronary spasm in the pathogenesis of NSTE-ACS. Variant angina was
observed in one third of patients with spasm-induced NSTE-ACS. Coronary spasm should be considered even in patients with less
coronary risk factors and nonobstructive coronary arteries. ( J Am Heart Assoc. 2014;3:e000795 doi: 10.1161/
JAHA.114.000795)
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D isruption of the coronary atherosclerotic plaque com-
plicated by thrombosis is the most common pathophys-

iological mechanism of acute coronary syndrome (ACS).1

Coronary artery spasm is also considered an important
etiologic factor in the pathogenesis of ACS.2,3 In fact, it is not

uncommon in the clinical setting to find no significant
coronary artery disease in ACS patients who undergo urgent
coronary angiography. Although the etiologic mechanisms of
ACS in patients lacking obstructive coronary artery disease
remain obscure, coronary spasm seems to be the main
etiomechanism of nonobstructive ACS. Currently, there is
little information on the prevalence and clinical features of
coronary spasm in patients with ACS. A recent study reported
that one fourth of whites with ACS had no culprit coronary
lesion and ~50% of the ACS patients without culprit lesions
develop coronary spasm in response to intracoronary admin-
istration of acetylcholine (ACh),4 supporting the hypothesis
that coronary spasm is an important cause of ACS.

ACS includes a spectrum of clinical presentations and is
classified into ST-segment elevation ACS (STE-ACS) and non–
ST-segment elevation ACS (NSTE-ACS), based on ECG find-
ings. The therapeutic approaches vary considerably between
these 2 presentations. Immediate reperfusion therapy is the
established treatment for STE-ACS,5 while NSTE-ACS requires
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initial medical stabilization and early invasive therapy based
on risk stratification.6,7 Unlike the invasive percutaneous
coronary intervention or intensive medical treatment for
complicated coronary atherosclerotic plaques and thrombo-
sis, coronary spasm can be suppressed effectively with
calcium channel blockers or nitrates. Therefore, an accurate
understanding of the pathological condition in NSTE-ACS
patients is required to provide better medical treatments.

Previous studies described the presence of racial differ-
ences in the frequency of coronary spasm, which is more
frequent in Japanese subjects than in white subjects.8 In the
present study, we investigated the prevalence, clinical
features, and long-term outcome of NSTE-ACS associated
with coronary spasm in a large Japanese study population.

Methods

Study Population
We retrospectively studied consecutive patients who were
hospitalized with the diagnosis of NSTE-ACS and underwent
cardiac catheterization during the acute phase between
January 2001 and December 2010 at 3 Japanese cardiovas-
cular institutions (Kumamoto University Hospital, Saiseikai
Kumamoto Hospital, and Yokohama City University Medical
Center). NSTE-ACS was defined as chest pain lasting for
>5 minutes at rest during the 48 hours before visiting the
hospital and ischemic changes on the ECG apart from
persistent ST-segment elevation lasting for >20 minutes
and/or increase in the levels of cardiac biomarkers such as
creatine kinase–MB fraction and cardiac troponin levels.
Acute myocardial infarction was defined based on the
universal definition of myocardial infarction.9 Patients with
any of the following conditions were excluded from the study:
(1) secondary myocardial ischemia, (2) angina with recent
myocardial infarction reported >48 hours before admission,
(3) end-stage renal disease and on dialysis, (4) heart failure
requiring mechanical ventilation support, (5) new or presum-
ably new left bundle branch block, and (6) ST-segment
elevation on initial ECG at the emergency department. Thus,
1601 patients with NSTE-ACS who met these inclusion and
exclusion criteria were enrolled in the study. The data for
eligible patients were collected from the medical registry and
the medical records of each hospital. A written informed
consent for cardiac catheterization and data utilization was
obtained from each patient. The study was conducted in
accordance with the guidelines approved by the ethics
committees of our institutions.

The diagnosis of spasm-induced NSTE-ACS was based on
the absence of culprit lesion on coronary angiography and
the (1) presence of ischemic ECG changes, including
transient ST-segment elevation of ≥0.1 mV, ST-segment

depression of ≥0.1 mV, or new appearance of negative U
waves, recorded in ≥2 contiguous leads on the 12-lead ECG
during rest angina attacks, (2) spontaneous coronary spasm
during coronary angiography, which was relieved by the
administration of intracoronary nitroglycerin (see Figure 1),
or (3) a positive spasm provocation test (ie, spasm after the
intracoronary injection of ACh). We defined the culprit lesion
as the site of (1) acute coronary occlusion, (2) severe
coronary artery disease of >90% stenosis, or (3) coronary
artery disease with complex lesion morphology, which is
responsible for ischemic symptoms, corresponding to the
electrocardiographic changes or wall motion abnormality
observed on transthoracic echocardiography or left ventric-
ulography.

Cardiac Catheterization and the ACh
Provocation Test
In our institutions, a spasm provocation test can be requested
at the discretion of the attending physician. The test involves
intracoronary injection of ACh in patients who show no culprit
lesion on coronary angiography and are suspected to have
coronary spasm as the cause of chest pain. The spasm
provocation test was performed using the following proce-
dure: Incremental doses of ACh were injected into the left
coronary artery (20, 50, and 100 lg) and right coronary artery
(20 and 50 lg) until the elicitation of coronary spasm.
Patients with coronary artery spasm that did not resolve
spontaneously within 5 minutes were treated with nitroglyc-
erin injected into the responsible coronary artery. Positive
findings of coronary spasm were defined as a total or subtotal
obstruction or as severe diffuse vasoconstriction of epicardial

Figure 1. Representative case of spasm-induced NSTE-ACS
diagnosed by spontaneous coronary spasm during coronary
angiography. A, First coronary angiography showed severe
stenosis of the middle right coronary artery. B, Intracoronary
administration of nitroglycerin resulted in complete resolution of
the stenosis and vasodilation of the entire right coronary artery.
NSTE-ACS indicates non–ST-segment elevation acute coronary
syndrome.

DOI: 10.1161/JAHA.114.000795 Journal of the American Heart Association 2

Coronary Spasm in NSTE-ACS Nakayama et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



coronary artery associated with transient myocardial ischemia
as evidenced by ischemic ST-segment changes on the ECG.
Severe diffuse vasoconstriction was defined as 90% stenosis
defined by the American Heart Association classification10

observed in >2 adjacent coronary segments of epicardial
coronary arteries.

Definition of Coronary Risk Factors
Risk factors for cardiovascular disease were defined as
current smoking (smoking within 1 year), hypertension
(>140/90 mm Hg or taking antihypertensive medications),
dyslipidemia (high-density lipoprotein cholesterol <40 mg/dL,
low-density lipoprotein cholesterol ≥140 mg/dL, or receiving
lipid-lowering medications), and diabetes mellitus (fasting
plasma glucose level of ≥126 mg/dL, 2-hour value of
≥200 mg/dL in 75-g oral glucose tolerance test, casual
plasma glucose level of ≥200 mg/dL, hemoglobin A1c ≥6.5%,
or taking medications for diabetes mellitus). The estimated
glomerular filtration rate was calculated from the Japanese
equation: glomerular filtration rate (mL/min per 1.73 m2)
=1949serum creatinine�1.0949age�0.287 (if female,
90.739).11

Follow-Up Data
Follow-up data were obtained by review of the medical
records and phone calls to the patients or their families. Major
adverse cardiovascular events were defined as cardiovascular
mortality, hospitalization for acute myocardial infarction,
unstable angina, stroke, or heart failure.

Statistical Analysis
Baseline features and clinical outcomes were compared
between patients with culprit lesion and those with lesions
induced by coronary spasm. Values were expressed as
mean�SD or medians with interquartile ranges. Differences
in continuous variables between groups were tested with
the unpaired t tests for normally distributed variables and
Mann–Whitney tests for skewed variables. Categorical
variables were presented as proportions, and intergroup
comparisons were analyzed by using the v2 test or Fisher
exact test. Simple and multiple logistic regression analyses
were performed to determine the predictors of spasm-
induced NSTE-ACS among patients of the obstructive and
spasm groups and the presence of variant angina in
patients with spasm-induced NSTE-ACS. Variables with a
value of P<0.05 in univariate analysis were entered into
multivariable analysis. Model discrimination was assessed
by using C statistics, and model calibration was assessed
by using the Hosmer–Lemeshow goodness-of-fit test.

Differences were considered significant at P<0.05. Statisti-
cal analysis was performed with IBM SPSS Statistics 20 for
Windows (SPSS Inc).

Results

Prevalence of Coronary Spasm in NSTE-ACS in
the Study Population
As shown in Figure 2, among the 1601 patients with NSTE-
ACS, 1152 patients (72%, obstructive group) were found to
have culprit lesions on coronary angiography, while 449 did
not have such lesions. In the latter group, the ACh
provocation test was performed in 221 patients at the
discretion of the attending physician and the results were
positive in 175 (79%) patients. In patients who did not
undergo the ACh provocation test (n=228), coronary spasm
was verified in 145 (63.6%) patients, with ischemic ECG
changes during rest angina attack or spontaneous coronary
spasm during emergency coronary angiography. These
findings indicated that coronary spasm was the underlying
mechanism of NSTE-ACS in at least 320 patients (20% of the
spasm group) of our cohort. In this group, transient ST-
segment elevation during spontaneous attack (variant
angina) before or after hospitalization was observed in 119
patients, including 38 patients with positive results from the
ACh provocation test.

Characteristics of Patients With Spasm-Induced
NSTE-ACS
Table 1 lists the characteristics of patients with obstructive
and spasm-induced NSTE-ACS. Compared with the obstruc-
tive group, patients of the spasm group were younger and
were less likely to be hypertensive or to have dyslipidemia,
diabetes mellitus, or previous myocardial infarction. On the
other hand, the proportion of current smokers was higher in
the spasm group than in the obstructive group. Patients of the
spasm group had lower levels of low-density lipoprotein
cholesterol, triglyceride, glucose, hemoglobin A1c, and crea-
tine kinase–MB fraction and higher levels of high-density
lipoprotein cholesterol, glomerular filtration rate, and hemo-
globin compared with the obstructive group. Furthermore,
patients of the spasm group had lower Thrombolysis In the
Myocardial Infarction (TIMI) risk scores and higher left
ventricular ejection fraction compared with the obstructive
group. Table 1 also lists the medication history at discharge
for the 2 groups. In the spasm subgroups, the characteristics
of the patients who had positive ACh provocation test results
were almost identical to those with coronary spasm diag-
nosed on the basis of a spontaneous attack (data not shown).
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In the spasm group, 243 (76%) of patients had normal
coronary arteries, while the remaining 77 (24%) had mild-to-
moderate fixed coronary artery disease. Patients with normal
coronary arteries were significantly younger than those with
mild-to-moderate coronary artery disease (60.4 vs 63.6 years,
P=0.03). There were no significant differences in the propor-
tions of other coronary risk factors and variant angina (36% vs
42%, P=0.4) between the group with normal coronary arteries
and the group with mild-to-moderate coronary artery disease.

Table 2 shows the results of simple and multiple logistic
regression analyses for the prediction of spasm-induced
NSTE-ACS among patients of the obstructive and spasm
groups. Multiple logistic regression analysis identified age
<70 years (odds ratio [OR] 2.19, 95% CI 1.58 to 3.04,
P<0.001), glomerular filtration rate >60 mL/min per 1.73 m2

(OR 1.72, 95% CI 1.16 to 2.56, P=0.009), and absence of

hypertension (OR 2.55, 95% CI 1.90 to 3.41, P<0.001),
dyslipidemia (OR 2.76, 95% CI 2.05 to 3.73, P<0.001),
diabetes mellitus (OR 2.49, 95% CI 1.78 to 3.48,
P<0.001), previous myocardial infarction (OR 5.37, 95% CI
2.89 to 10.0, P<0.001), and elevated cardiac biomarkers (OR
2.84, 95% CI 2.11 to 3.83, P<0.001) as significant correlates of
spasm-induced NSTE-ACS (P<0.01 for all parameters). The C
statistic for the prediction of spasm-induced NSTE-ACS was
0.82 (95% CI 0.79 to 0.84) when all of these factors were
included. These models were reliable when these coronary risk
factors were selected (P=0.70 by the Hosmer–Lemeshow test).

The characteristics of the patients with variant angina in
the spasm group are shown in Table 3. Univariate analysis
showed that age, sex, smoking habit, and dyslipidemia were
significantly associated with variant angina in the spasm
group. Multiple logistic regression analysis identified male sex

Figure 2. Flow chart of classification of the patients. ACh indicates acetylcholine; NSTE-ACS, non–ST-
segment elevation acute coronary syndrome.
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Table 1. Characteristics of Patients With Obstructive and Spasm-Induced NSTE-ACS

Obstructive Group (n=1152) Spasm Group (n=320) P Value

Age, y 69�11 61�11 <0.001

Males, % 73 71 0.25

Current smoking, % 32 42 0.002

Body mass index, kg/m2 23.8�3.5 23.5�3.5 0.18

Family history of CAD, % 23 21 0.24

Previous medical history, %

Hypertension 76% 48% <0.001

Dyslipidemia 79% 54% <0.001

Diabetes mellitus 41% 18% <0.001

Previous MI 23% 4% <0.001

Laboratory findings

Total cholesterol, mg/dL 197�43 192 � 37 0.06

LDL cholesterol, mg/dL 122�37 114 � 32 <0.001

HDL cholesterol, mg/dL 47�14 54 � 17 <0.001

Triglycerides, mg/dL 119 (84, 183) 108 (73, 165) 0.01

Glucose, mg/dL 149�60 136 � 69 0.005

HbA1c, % 6.5�1.3 6.0 � 1.3 <0.001

eGFR, mL/min per 1.73 m2 68�22 78 � 18 <0.001

Creatine kinase, U/L 102 (71, 166) 96 (65, 145) 0.052

Creatine kinase–MB, U/L 11 (8, 16) 10 (8, 14) 0.01

WBC, mm3 7166�2402 6899�2516 0.11

Hemoglobin, g/dL 13.5�2.0 14.0�1.6 <0.001

Elevated cardiac biomarkers 54% 30% <0.001

TIMI risk score <0.001

1 to 2 34% 76%

3 to 4 50% 24%

5 to 7 16% 1%

LVEF, % 58�12 65�7 <0.001

Medications at discharge, %

Aspirin 98% 60% <0.001

Thienopyridine 70% 3% <0.001

Calcium channel blockers 47% 97% <0.001

b-Blockers 55% 2% <0.001

ACEI 34% 8% <0.001

ARB 28% 13% <0.001

Nitrates 36% 48% <0.001

Nicorandil 39% 30% 0.005

Statins 65% 38% <0.001

Data are mean�SD, medians with interquartile ranges, or n (%). NSTE-ACS indicates non–ST-segment elevation acute coronary syndrome; CAD, coronary artery disease; MI, myocardial
infarction; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; WBC, white blood cell; TIMI, Thrombolysis In
Myocardial Infarction; LVEF, left ventricular ejection fraction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor antagonist.
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Table 2. Logistic Regression Analyses for the Prediction of Spasm-Induced NSTE-ACS

Simple Regression Analysis Multiple Regression Analysis

OR 95% CI P Value OR 95% CI P Value

Age <70 y 3.04 2.31 to 3.98 <0.001 2.19 1.58 to 3.04 <0.001

Male sex 0.90 0.69 to 1.18 0.45

Body mass index <25 kg/m2 0.99 0.77 to 1.28 0.96

Current smoking 1.51 1.17 to 1.95 0.002 1.03 0.76 to 1.40 0.83

Family history of CAD 1.13 0.84 to 1.53 0.43

No hypertension 3.49 2.69 to 4.51 <0.001 2.55 1.90 to 3.41 <0.001

No dyslipidemia 3.25 2.50 to 4.23 <0.001 2.76 2.05 to 3.73 <0.001

No diabetes mellitus 3.27 2.40 to 4.46 <0.001 2.49 1.78 to 3.48 <0.001

No previous MI 7.56 4.18 to 13.7 <0.001 5.37 2.88 to 10.0 <0.001

eGFR >60 mL/min per 1.73 m2 3.32 2.35 to 4.70 <0.001 1.72 1.16 to 2.56 0.009

TIMI risk score ≤2 8.70 5.88 to 11.9 <0.001

LVEF >50% 1.27 0.97 to 1.64 0.077

Nonelevated cardiac biomarkers 2.82 2.16 to 3.68 <0.001 2.84 2.11 to 3.83 <0.001

NSTE-ACS indicates non–ST-segment elevation acute coronary syndrome; OR, odds ratio; CAD, coronary heart disease; MI, myocardial infarction; eGFR, estimated glomerular filtration rate;
TIMI, Thrombolysis In Myocardial Infarction; LVEF, left ventricular ejection fraction.

Table 3. Characteristics of Patients With Spasm-Induced NSTE-ACS According to Variant Angina

Variant Angina (n=119) Nonvariant Angina (n=201) P Value

Age, y 59�11 62�11 0.01

Males, % 82% 64% 0.001

Current smoking, % 50% 37% 0.02

Body mass index, kg/m2 23.6�3.7 23.6�3.4 0.95

Family history of CAD, % 24% 20% 0.44

Previous medical history, %

Hypertension 49% 48% 0.93

Dyslipidemia 44% 59% 0.007

Diabetes mellitus 17% 18% 0.71

Previous MI 3% 4% 0.55

Elevated cardiac biomarkers 36% 26% 0.06

LVEF, % 66.3�7.0 64.5�7.2 0.11

Medications at discharge, %

Aspirin 61% 58% 0.62

Calcium channel blockers 98% 96% 0.22

b-Blockers 0% 3% 0.09

ACEI 6% 9% 0.30

ARB 8% 16% 0.04

Nitrates 61% 41% <0.001

Nicorandil 35% 27% 0.17

Statins 36% 38% 0.74

Data are mean�SD or n (%).NSTE-ACS indicates non–ST-segment elevation acute coronary syndrome; CAD, coronary heart disease; MI, myocardial infarction; LVEF, left ventricular ejection
fraction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor antagonist.
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(OR 1.94, 95% CI 1.08 to 3.49, P=0.03) and absence of
dyslipidemia (OR 1.77, 95% CI 1.11 to 2.84, P=0.03) as
significant correlates of variant angina (Table 4).

Clinical Outcome of Patients With Spasm-Induced
NSTE-ACS
During a mean follow-up period of 20�8 months, major
adverse cardiovascular events was registered in 157 (13.6%)
patients of the obstructive group (cardiovascular death; n=9,
myocardial infarction; n=23, unstable angina; n=83, stroke;
n=14, and heart failure; n=28) and in 15 (4.7%) patients of the
spasm group (cardiovascular death; n=1, myocardial infarc-
tion; n=4, unstable angina; n=9, stroke; n=1). On the other
hand, major adverse cardiovascular events did not occur in
those patients who were not classified into either the
obstructive group or the spasm group.

Discussion
The present study demonstrated that coronary spasm is
common in Japanese patients with NSTE-ACS, especially
those with few coronary risk factors. Furthermore, variant
angina was observed in one third of patients with spasm-
induced NSTE-ACS. The prevalence and clinical features of
spasm-induced NSTE-ACS in this study were significantly
different from those reported in a previous study of whites.4

To the best of our knowledge, this is the first report that
shows high frequency and clinical features of spasm-induced
NSTE-ACS in a large study population.

The pathogenic role of coronary spasm in ACS has already
been discussed in previous studies.12–16 A severe attack of

coronary spasm by itself can occlude the coronary artery and
cause myocardial ischemia. Coronary spasm can also cause
coronary plaque progression and rupture of vulnerable
plaques.12 Furthermore, prolonged coronary spasm-induced
coronary flow limitation can trigger acute thrombus formation
through the activation of platelets and various adhesion
molecules,13 fibrin formation,14 and impairment of fibrinolytic
activity.15 Using intravascular optical coherence tomography,
Kobayashi et al16 examined the culprit lesion of a patient with
ACS caused by coronary spasm and showed reduced luminal
area with vascular contraction and thrombus formation
without atherosclerotic plaque disruption.

Anderson and Pepine17 found nonobstructive coronary
arteries in up to 30% of ACS patients. However, it should be
noted that most studies concerning ACS without obstructive
coronary artery disease did not evaluate the presence of
coronary spasm. In the Coronary Artery Spasm in Patients
with Acute Coronary Syndrome (CASPAR) study, the ACh
provocation test was performed in consecutive ACS patients
without culprit lesions, and a high prevalence of coronary
spasm was found in the white population,4 showing that 138
(28%) of 488 ACS patients had no culprit lesions and 42 (49%)
of 86 ACS patients who underwent the ACh provocation test
had positive results. The present study demonstrated that
27% of Japanese patients with NSTE-ACS had no culprit lesion,
and coronary spasm was associated with NSTE-ACS in at least
20% of patients. ACh-induced coronary spasm was found in
79% patients during the ACh provocation test. Although we
cannot directly compare the results of the CASPAR with those
of the present study due to differences in the study population
and definition of coronary spasm, the percentage of patients
with positive ACh provocation test results and the prevalence

Table 4. Logistic Regression Analyses for the Presence of Variant Angina in Patients With Spasm-Induced NSTE-ACS

Simple Regression Analysis Multiple Regression Analysis

OR 95% CI P Value OR 95% CI P Value

Age <70 y 2.06 1.19 to 3.57 0.01 1.78 1.00 to 3.18 0.052

Male sex 2.46 1.43 to 4.25 0.001 1.94 1.08 to 3.49 0.03

Body mass index <25 kg/m2 1.08 0.68 to 1.73 0.74

Current smoking 1.75 1.10 to 2.76 0.02 1.25 0.75 to 2.08 0.39

Family history of CAD 1.24 0.72 to 2.14 0.44

No hypertension 0.98 0.62 to 1.54 0.93

No dyslipidemia 1.87 1.18 to 2.96 0.007 1.77 1.11 to 2.84 0.02

No diabetes mellitus 1.12 0.61 to 2.03 0.72

No previous MI 1.81 0.48 to 6.83 0.38

eGFR >60 mL/min per 1.73 m2 0.76 0.39 to 1.47 0.42

Nonelevated cardiac biomarkers 0.62 0.38 to 1.01 0.053

NSTE-ACS indicates non–ST-segment elevation acute coronary syndrome; OR, odds ratio; CAD, coronary heart disease; MI, myocardial infarction; eGFR, estimated glomerular filtration rate.
The Hosmer–Lemeshow goodness-of-fit v2 value was 1.04 (P=0.99).
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of coronary spasm seem to be substantially higher in the
Japanese population. Furthermore, one third of patients with
spasm-induced NSTE-ACS in the present study presented with
an angina attack with transient ST-segment elevation before
or after hospitalization. The presence of transient ST-segment
elevation during spontaneous attacks has been reported to be
one of the significant correlates of major adverse cardiac
events in patients with coronary spastic angina.18 Patients
with spasm-induced ACS seem to have enhanced coronary
spasm activity, together with a high risk of life-threatening
complications, such as acute myocardial infarction and fatal
arrhythmias. Although treatment with oral b-blockers is
recommended to be initiated within the first 24 hours of
NSTE-ACS,6 the use of b-blockers without vasodilators might
aggravate coronary spasm. In contrast, calcium channel
blockers are highly effective in suppressing coronary
spasm.19 Therefore, the precise diagnosis of coronary spasm
and early appropriate pharmacological treatment are essential
in NSTE-ACS patients without culprit lesions.

We recently reported that ACh-induced diffuse severe
vasoconstriction was associated with better prognosis com-
pared with ACh-induced total or subtotal occlusion (ie, focal
spasm) in coronary spastic angina.20 It is possible that ACh-
induced focal spasm and diffuse severe vasoconstriction have
different features with respect to treatment and prognosis.
The present study was retrospective and the ACh provocation
test was not conducted in all patients of the spasm group.
Further investigation is needed to define differences in the
clinical features and prognosis of ACS patients according to
the subtypes of spasm induced by ACh.

In the present study, cardiovascular risk factors were less
frequently observed in patients with spasm-induced NSTE-
ACS. These results are consistent with previous studies of
Japanese patients with stable coronary artery disease and
vasospastic angina, which demonstrated lower frequencies
of hypertension, dyslipidemia, and diabetes mellitus in
patients with vasospastic angina.21 The CASPAR study
reported significant differences in some coronary risk
factors between patients with and without culprit lesions,
including age, sex, and diabetes mellitus, but not other
cardiovascular risk factors. Coronary spasm occurs in both
normal arteries and fixed atherosclerotic lesion of varying
levels of severity. It has also been reported that the
prevalence of organic stenosis in white patients with
coronary spasm is higher than that in Japanese patients.19

Several clinical studies using intravascular ultrasonography
and optical coherence tomography in an Asian population
reported that coronary artery segments involved in coronary
spasm are characterized by a smaller amount of plaque,
diffuse intimal thickening with less calcium and lipid
content, and negative remodeling.22–24 These data suggest
that coronary spasm is associated with coronary risk factors

and fixed coronary atherosclerotic lesion in the Western
population, whereas Japanese patients can develop coronary
spasm although they have fewer cardiovascular risk factors
and nonsignificant stenotic lesion. Coronary computed
tomography angiography is increasingly used to exclude
the presence of coronary artery disease instead of cardiac
catheterization.25,26 This may result in overlooking the
diagnosis of coronary spasm. Coronary spasm should be
considered even in ACS patients with less coronary risk
factors and nonobstructive coronary arteries, especially in a
Japanese population.

The present study has certain limitations. First, the ACh
provocation test was not performed in all patients in whom no
culprit lesion was identified. Because coronary spasm could
be associated with ACS in some of these patients, it is
possible that it might lead to the underestimation of the
overall prevalence of coronary spasm in NSTE-ACS. Second,
about half of patients of the spasm group were not confirmed
to have coronary spasm on coronary angiography. Third, the
present study could not evaluate the involvement of coronary
spasm in patients with culprit lesions. Coronary spasm also
plays a key role in the development of ACS in patients with
fixed atherosclerotic lesion. However, it is difficult to deter-
mine whether the coronary spasm induced ACS in patients
with obstructive coronary artery diseases. Stent implantation
for culprit lesion makes it impossible to evaluate coronary
spasm at local site. On the other hand, regional treatment of
coronary spasm at the stenotic site has been performed.
Therefore, we investigated coronary artery spasm in patients
without culprit lesions in the present study. Fourth, we did not
evaluate microvascular spasm. In the present study, we
adapted ACh-provoked epicardial coronary artery spasm as
the diagnostic criterion of spasm-induced NSTE-ACS. In
addition, lactate production in the coronary circulation and
quantitative coronary blood flow were not measured in all
patients during the ACh provocation test. Therefore, patients
with suspected microvascular spasm (provoked chest symp-
toms and ischemic ECG changes in response to intracoronary
ACh in the absence of epicardial coronary artery spasm) were
classified as ACh negative. Fifth, there was a lack of data from
cardiac magnetic resonance imaging and endomyocardial
biopsy samples. It was reported previously that myocarditis is
a frequent cause of troponin-positive acute chest pain in the
absence of significant coronary artery disease.27 However,
patients with suspected myocarditis (based on the findings of
ECG, echocardiography, blood tests, and symptoms) were
excluded in the present study. Sixth, the presence and
morphological characteristics of coronary atherosclerotic
plaque were not evaluated by using intravascular imaging,
such as intravascular ultrasonography and optical coherence
tomography or computed tomography coronary angiography.
Disruption of an angiographically insignificant atherosclerotic
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plaque with transient thrombosis formation probably explains
some cases of ACS without a culprit lesion on coronary
angiography.28

In conclusion, the present study showed the frequent
involvement of coronary spasm in the pathogenesis of NSTE-
ACS in Japanese patients, especially in patients with few
cardiovascular risk factors. Coronary spasm should be
considered even in patients with less coronary risk factors
and nonobstructive coronary arteries, and detection of
coronary spasm followed by treatment with calcium channel
blockers is probably important for secondary prevention in
patients with nonobstructive NSTE-ACS.

Disclosures
None.
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