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Prognostic Impacts of Comorbid Significant
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Spasm in Patients With Stable Coronary
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BACKGROUND: Stable coronary artery disease is caused by a variable combination of organic coronary stenosis and functional
coronary abnormalities, such as coronary artery spasm. Thus, we examined the clinical importance of comorbid significant
coronary stenosis and coronary spasm.
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METHODS AND RESULTS: We enrolled 236 consecutive patients with suspected angina who underwent acetylcholine
provocation testing for coronary spasm and fractional flow reserve (FFR) measurement. Among them, 175 patients
were diagnosed as having vasospastic angina (VSA), whereas the remaining 61 had no VSA (non-VSA group). The
patients with VSA were further divided into the following 3 groups based on angiography and FFR: no organic stenosis
(≤50% luminal stenosis; VSA-alone group, n=110), insignificant stenosis of FFR>0.80 (high-FFR group, n=36), and significant stenosis of FFR≤0.80 (low-FFR group, n=29). The incidence of major adverse cardiovascular events, including
cardiovascular death, nonfatal myocardial infarction, urgent percutaneous coronary intervention, and hospitalization
attributed to unstable angina was evaluated. All patients with VSA received calcium channel blockers, and 28 patients
(95%) in the low-FFR group underwent a planned percutaneous coronary intervention. During a median follow-up period of 656 days, although the incidence of major adverse cardiovascular events was low and comparable among nonVSA, VSA-alone, and high-FFR groups, the low-FFR group had an extremely poor prognosis (non-VSA group, 1.6%;
VSA-alone group, 3.6%; high-FFR group, 5.6%; low-FFR group, 27.6%) (P<0.001). Importantly, all 8 patients with major
adverse cardiovascular events in the low-FFR group were appropriately treated with percutaneous coronary intervention and calcium channel blockers.
CONCLUSIONS: These results indicate that patients with VSA with significant coronary stenosis represent a high-risk population
despite current guideline-recommended therapies, suggesting the importance of routine coronary functional testing in this
population.
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CLINICAL PERSPECTIVE
What Is New?

• There were no serious complications for acetylcholine provocation testing even in patients with
significant coronary stenosis of fractional flow
reserve ≤0.80.
• When appropriately treated with calcium channel blockers, the long-term prognosis of patients
with vasospastic angina (VSA) and insignificant
organic coronary stenosis of fractional flow reserve >0.80 was good and comparable with
patients with VSA without organic coronary stenosis or patients with non-VSA.
• Despite complete revascularization with percutaneous coronary intervention and optimal
medical therapies with calcium channel blockers, patients with VSA with significant coronary
stenosis had an extremely poor prognosis.

What Are the Clinical Implications?
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• Acetylcholine provocation testing for coronary
spasm can be safely performed even in patients
with significant coronary stenosis and suggest
the importance of routine coronary functional
testing in this population.
• Patients with VSA with significant organic coronary stenosis of fractional flow reserve ≤0.80
represent a high-risk population despite current
guideline-recommended therapies with fractional flow reserve–guided percutaneous coronary intervention and optimal medical therapies
with calcium channel blockers, suggesting the
importance of routine coronary functional testing in this population.

Nonstandard Abbreviations and Acronyms
CMD
DES
MACE
VSA

S

coronary microvascular dysfunction
drug-eluting stent
major adverse cardiac event
vasospastic angina

table coronary artery disease (CAD) is caused
by a variable combination of organic coronary
stenosis and functional coronary abnormalities,
such as coronary artery spasm and coronary microvascular dysfunction (CMD).1–6 To the surprise of the
world, the recent ISCHEMIA Trial (international study
of comparative health effectiveness with medical and
invasive approaches) demonstrated that as compared
with optimal medical therapy alone, additional coronary revascularization therapies, such as percutaneous coronary intervention (PCI) or coronary artery

bypass grafting, have no prognostic benefit in patients
with stable CAD and moderate to severe ischemia,7
making us hypothesize whether the presence of inherent coronary functional abnormalities may potentially
influence the outcome. This may be because coronary
artery spasm is considered to play important roles in
the pathogenesis of a wide range of ischemic heart
disease.6,8 Indeed, patients with vasospastic angina
(VSA) frequently have a various degree of organic coronary stenosis,9,10 and coronary spasm at angiographically significant coronary stenosis is an independent
adverse prognostic factor of patients with VSA.10
Fractional flow reserve (FFR) is an epicardial lesion-specific parameter for organic coronary stenosis
and is widely used for coronary revascularization.11
Thus, the current practice guidelines strongly recommend the use of FFR measurement for therapeutic strategy in patients with organic coronary
stenosis.12,13 However, FFR provides no information
on coronary functional abnormalities. Furthermore,
provocation testing for coronary spasm, which had
been demonstrated to be safe and useful for the diagnosis of VSA,14,15 is not usually performed in patients with obstructive CAD even in Japan. Thus, not
only the incidence and clinical importance of comorbid coronary functional abnormalities but also safety
of spasm provocation in this population remain unclear. In the present study, we thus examined the
importance of functional coronary abnormalities in
patients with stable CAD using FFR and acetylcholine provocation testing.

METHODS
The present study was conducted following the ethics principles in the Declaration of Helsinki and approved by the Ethics Committees of Tohoku University
(No. 2018-1-826). The data that support the findings of
this study are available from the corresponding author
upon reasonable request.

Study Subjects
In the present study, we retrospectively evaluated a
total of 299 consecutive patients with acetylcholine
provocation testing for coronary artery spasm for
rest angina and/or marked diurnal variation in symptom onset or exercise tolerance, regardless of the
presence or absence of organic coronary stenosis,
from November 2014 to July 2017. We defined organic coronary stenosis as luminal narrowing >50%
by coronary angiography. When coronary stenosis
remained angiographically in response to intracoronary nitrate administration after acetylcholine provocation testing, functional severity of the stenosis was
assessed by FFR measurement. After excluding 63

J Am Heart Assoc. 2021;10:e017831. DOI: 10.1161/JAHA.120.0178312

Hao et al

Coexistence of Coronary Spasm and Organic Stenosis

patients with proven cardiomyopathy, end-stage
renal disease on hemodialysis, in-stent restenotic lesions in a major coronary artery, history of PCI within
3 months, or incomplete acetylcholine provocation
testing or measurement of FFR or lost to follow-up,
we finally enrolled 236 consecutive patients in a retrospective manner (Figure 1). Among them, based
on the results of acetylcholine provocation testing,
175 patients (74%) were diagnosed as having VSA,
whereas patients without VSA were regarded as controls (non-VSA group, n=61). We further divided the
patients with VSA into the following 3 groups based
on angiographical findings and FFR values: patients
with VSA and no organic coronary stenosis (≤50% luminal stenosis on coronary angiography; VSA-alone
group, n=110), insignificant organic coronary stenosis (>50% luminal stenosis on coronary angiography
and high FFR>0.80; high-FFR group, n=36), and significant organic coronary stenosis (>50% luminal stenosis on coronary angiography and low-FFR ≤0.80;
low-FFR group, n=29) (Figure 1). After diagnosis, all
patients with VSA were treated with optical medical

therapy including calcium channel blockers (CCBs).
Furthermore, for those with significant organic coronary stenosis of FFR≤0.80, we performed planned
PCIs after the initiation of dual antiplatelet therapy
with aspirin and a P2Y12 receptor inhibitor (Figure 1).
Because patient information was collected anonymously, institutional review boards waived the need
for individual informed consent.

Acetylcholine Provocation Testing and
FFR Measurement
Acetylcholine provocation testing was performed
based on the Guidelines by the Japanese Circulation
Society.16 Briefly, acetylcholine was administered into
the coronary artery in a cumulative manner with continuous monitoring of arterial pressure and 12-lead
ECG and serial coronary angiograms at 1-minute
intervals. CCBs, long-acting nitrates, and nicorandil
were discontinued at least 48 hours before the provocation testing. We first performed acetylcholine
provocation testing for the left coronary artery in a

Patients with suspected angina who underwent cardiac catheterization
(n=544, November 2014-July 2017)
Patients who did not underwent
ACh-provocation (n=245)
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Cardiomyopathy (n=14)
Hemodialysis (n=12)
In stent restenosis (n=5)
PCI within 3 months (n=2)
Incomplete study (n=23)
Lost to follow-up (n=7)

Patients who underwent ACh-provocation testing (n=299)

Study population (n=236)

<ACh-positive>

Non-VSA

VSA

(n=61)

(n=175)

<No>

<ACh-negative>

Organic stenosis >50% on angiography

<Yes>

VSA with organic stenosis (n=65)
FFR ≤0.80

<No>

<Yes>

VSA-alone group

High-FFR group

Low-FFR group

Non-VSA group

VSA without
organic stenosis
(n=110)

VSA with organic stenosis
and high FFR (>0.80)
(n=36)

VSA with organic stenosis
and low FFR (≤0.80)
(n=29)

Non-VSA
(n=61)

Therapeutic strategies after diagnosis
Medication including CCBs

Medication including CCBs

Medication including CCBs
and
PCI for target lesion

PCI for target lesion
if patients have organic
stenosis with FFR ≤0.80

Figure 1. Study flow chart.
Patients were classified into 4 groups based on the result of acetylcholine provocation testing, presence or absence of organic
stenosis, and FFR value. CCBs indicates calcium channel blockers; FFR, fractional flow reserve; PCI, percutaneous coronary
intervention; and VSA, vasospastic angina.
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cumulative manner (20, 50, and 100 µg). If the test
for the left coronary artery was negative or acetylcholine-induced spasm in the left coronary artery resolved spontaneously, we then injected acetylcholine
into the right coronary artery in a cumulative manner
(20 and 50 µg). When coronary spasm was induced,
5 mg of isosorbide dinitrate was injected into the responsible coronary artery. The positive response for
coronary spasm was defined as the development of
>90% narrowing accompanied by chest pain and ischemic ECG changes.16
Measurements of FFR were performed as previously described.17 A catheter without side holes and
a pressure sensor–tipped guidewire (Certus Pressure
Wire, Abbott Laboratories, North Chicago, IL) were
used. After intracoronary administration of isosorbide
dinitrate (5 mg) following acetylcholine provocation
testing, the sensor was positioned at a site that was
as far as possible in the target vessel. Hyperemia was
induced by intravenous infusion of adenosine (140 μg/
kg/min) via a peripheral vein.

End Points and Follow-Up
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Primary end point was defined as major adverse cardiac event (MACE), including cardiovascular death,
nonfatal myocardial infarction (MI), urgent PCI, or hospitalization for unstable angina. Cardiovascular death
was defined as any death attributable to cardiac origin (eg, acute coronary syndrome, decompensated
heart failure, fatal arrhythmia), unwitnessed death, or
sudden death of unknown cause.11 MI was defined
as an increase in cardiac biomarkers with supporting evidence of acute myocardial ischemia such as
symptoms or ECG changes, but PCI-related MI was
excluded.18 Urgent PCI was defined as unscheduled
and performed as a result of exacerbation of angina
or myocardial ischemia.11 Secondary end point was
defined as a composite of cardiovascular death and
nonfatal MI. Long-term follow-up was performed using
a questionnaire that was sent to patients and primary
physicians in addition to the information available in the
medical records.

Statistical Analysis
Continuous variables were expressed as mean±SD
or median with interquartile range as appropriate
and were compared by the Welch t test. Categorical
variables were expressed as numeral with percentage and were compared by the Fisher exact test.
The standardized mean difference d for continuous
variables and the φ statistic for categorical variables
were calculated as measures of the effect size index.
A value of 0.3 to 0.5 of the effect size index would
be interpreted as “medium” size.19 Survival rate
from cardiac events was analyzed by Kaplan–Meier
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method with log-rank tests. Comparison between
groups was performed by Cox proportional hazard model and hazard ratio (HR) and 95% CI were
calculated. To examine the determinants of cardiac
events, we used univariable and multivariable Cox
proportional hazard models and calculated HR and
95% CI by using a stepwise variable selection procedure. When performing subgroup analysis, the interaction between VSA with low-FFR and predefined
clinical subgroups in their effects on cardiac event
was assessed by the Cox model with interaction
terms. A P value of <0.05 and a P value for interaction of <0.10 were considered to be statistically significant. All statistical analysis was performed using
IBM SPSS Statistics 26.0 (IBM, Armonk, NY) and R
software (version 3.0.3; R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS
Patient Characteristics
Baseline patient characteristics are summarized
in Table 1. Overall average age of patients was
63.1±12.0 years. When dividing them into 4 groups
according to coronary angiographic findings and
FFR values, the high-FFR group was characterized
by older age and the low-FFR group by higher prevalence of men. VSA-alone group had symptoms at
rest more frequently, whereas patients with VSA with
organic coronary stenosis (high-FFR and low-FFR
groups) had higher prevalences of diabetes mellitus,
dyslipidemia, and previous PCI as compared with
those of in the VSA-alone and non-VSA groups.
Laboratory data, such as serum levels of creatinine,
low-density lipoprotein cholesterol, troponin-T, and
B-type natriuretic peptide, and echocardiographic
left ventricular ejection fraction were comparable
among the 4 groups. Angiographic characteristics
including spasm types and sites were comparable
among VSA-alone, high-FFR, and low-FFR groups.
Organic coronary stenosis was mainly noted at the
left ascending artery, whereas multivessel organic
stenoses were more commonly noted in the lowFFR group. SYNTAX (synergy between PCI with
taxus and cardiac surgery) score was not so high
and comparable between the high-FFR and lowFFR groups. Coronary spasm at the site of organic
stenosis was documented in 72% of high-FFR and
83% of low-FFR patients. In the non-VSA group,
14 patients (23%) had organic coronary stenosis
(FFR>0.80 in 10 and FFR≤0.80 in 4). Importantly, no
serious complications related to acetylcholine provocation testing (eg, MI, sustained cardiogenic shock
or death) were noted in patients with VSA with organic coronary stenosis.

J Am Heart Assoc. 2021;10:e017831. DOI: 10.1161/JAHA.120.0178314

Hao et al

Coexistence of Coronary Spasm and Organic Stenosis

Table 1. Baseline and Angiographic Characteristics
Overall (n=236)

VSA Alone (n=110)

High FFR (n=36)

Low-FFR (n=29)

Non-VSA (n=61)

Age, y

63.1±12.0

Male

148 (62.7)

62.0±11.5

67.5±8.1

62.9±11.2

62.7±14.7

63 (57.3)

24 (66.7)

24 (82.8)

37 (60.7)

Hypertension
Diabetes mellitus

133 (56.4)

55 (50.0)

27 (75.0)

16 (55.2)

35 (57.4)

63 (26.7)

23 (20.9)

16 (44.4)

10 (34.5)

14 (23.0)

Dyslipidemia

103 (43.6)

43 (39.1)

18 (50.0)

19 (65.5)

23 (37.7)

Current smoking

70 (29.7)

32 (29.1)

8 (22.2)

12 (41.4)

18 (29.5)

Chronic kidney disease

15 (6.4)

8 (7.3)

1 (2.8)

3 (10.3)

3 (4.9)

Previous MI

19 (8.1)

8 (7.3)

6 (16.7)

3 (10.3)

2 (3.3)

Previous PCI

24 (10.2)

4 (3.6)

10 (27.8)

4 (13.8)

6 (9.8)

Atrial fibrillation

12.7 (30)

12 (10.9)

7 (19.4)

4 (13.8)

7 (11.5)

Clinical status of angina attack
Effort angina

72 (30.5)

27 (24.5)

15 (41.7)

11 (37.9)

19 (31.1)

Rest angina

153 (64.8)

83 (75.5)

21 (58.3)

16 (55.2)

33 (54.1)

22 (9.4)

12 (10.9)

5 (13.9)

2 (7.1)

3 (4.9)

Effort and rest angina
Laboratory data
Creatinine, mg/dL

0.79±0.20

0.78±0.20

0.81±0.18

0.86±0.19

0.76±0.21

LDL cholesterol, mg/dL

105.9±30.3

107.5±29.4

104.8±29.6

102.4±32.0

102.4±32.0

HDL cholesterol, mg/dL

55.8±18.8

57.3±19.8

54.7±13.1

51.0±17.4

56.1±20.4

Triglyceride, mg/dL

146.0±97.5

149.7±95.0

155.3±104.1

156.6±85.2

128.5±103.5

6.1±0.9

6.0±1.0

6.1±0.5

6.3±0.9

6.0±0.9

20.5 (9.6–43.9)

17.7 (7.9–32.2)

20.2 (13.4–57.0)

20.7 (10.3–70.5)

26.7 (11.3–44.4)

0.007 (0.005–0.011)

0.006 (0.004–0.009)

0.008 (0.005–0.011)

0.007 (0.005–0.021)

0.007 (0.004–0.013)

65.6±10.7

66.9±8.8

66.7±8.3

58.9±17.4

65.8±10.30

Organic stenosis

79 (33.1)

0 (0)

36 (100)

29 (100)

14 (23.0)

Organic stenosis of FFR≤0.80

33 (14.0)

0 (0)

0 (0)

29 (100)

4 (6.6)

0.80±0.10

…

0.87±0.05

0.69±0.07

0.84±0.08*

HbA1C, %
BNP, pg/mL
Troponin T ng/mL
LVEF, %
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Angiographical characteristics

FFR at organic stenosis
Spasm type
Diffuse spasm

124 (70.9)

83 (75.5)

23 (63.9)

18 (62.1)

…

Focal spasm

27 (15.4)

13 (11.8)

8 (22.2)

6 (20.7)

…

Mixed spasm

24 (13.7)

14 (12.7)

5 (13.9)

5 (17.2)

…

Spasm site
LAD

159 (90.9)

100 (90.9)

30 (83.3)

29 (100)

…

LCX

67 (38.3)

39 (35.5)

17 (47.2)

11 (37.9)

…

RCA

52 (29.7)

39 (35.5)

12 (33.3)

7 (24.1)

…

Multivessel

90 (51.4)

54 (49.1)

18 (50.0)

18 (62.1)

…

LAD

65 (82.3)

…

26 (72.2)

26 (89.7)

13 (92.9)*
2 (14.3)*

Organic stenotic site

LCX

18 (22.8)

…

7 (19.4)

9 (31.0)

RCA

8 (10.1)

…

5 (13.9)

2 (6.9)

1 (7.1)*

Multivessel

14 (17.7)

…

3 (8.3)

9 (31.0)

2 (14.3)*

Spasm at organic stenosis

50 (76.9)

…

26 (72.2)

24 (82.8)

…

SYNTAX score

6.3±5.4

…

4.5±4.6

9.6±5.8

4.1±3.2

Values are expressed as mean±SD, median with interquartile range, or number (percentage). Chronic kidney disease was defined as an estimated glomerular
filtration rate <60 mL/min per 1.73 m2. BNP indicates B-type natriuretic peptide; FFR, fractional flow reserve; HDL, high-density lipoprotein; LAD, left ascending
artery; LCX, left circumflex artery; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary
intervention; RCA, right coronary artery; SYNTAX, synergy between PCI with taxus and cardiac surgery; and VSA, vasospastic angina.
*Percentage of organic stenotic site, FFR value, and SYNTAX score are those in 14 patients with non-VSA and organic stenosis in the non-VSA group.
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Treatments After Diagnosis of VSA and
Long-term Prognosis
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Although all patients with VSA received CCBs after
the diagnosis, those in the low-FFR group more
frequently received angiotensin-converting enzyme inhibitors (ACEI), statins, and aspirin (Table 2).
β-blockers were more frequently used for patients
with VSA and organic coronary stenosis (high-FFR
and low-FFR groups) compared with those without
it (VSA-alone and non-VSA groups). At a median of
20 days after acetylcholine provocation testing, 28
patients (95%) in the low-FFR group successfully
underwent planned PCI with coronary stents (new
generation drug-eluting stent [DES] in 27, bare-metal
stent in 1 case), whereas no patient underwent PCI
in the VSA-alone or high-FFR groups. Among the
patients in the non-VSA group, 4 patients (7%) with
significant organic stenosis and FFR≤0.80 also underwent PCI. During a median follow-up period of
656 days, MACE occurred in 15 patients (cardiovascular death, 5; nonfatal MI, 1; urgent PCI, 3; unstable
angina, 6) (Table 3). The Kaplan–Meier survival curves
showed that the low-FFR group had worse event-free
survival rates from MACE compared with the other
3 groups (Figure 2A) and also a worse composite
of cardiovascular death and nonfatal MI compared
with the VSA-alone group (Figure 2B). Furthermore,
a breakdown of 8 MACEs developed in the low-FFR

group during the follow-up period was comparable (cardiovascular death, 2; nonfatal MI, 1; urgent
PCI, 3; unstable angina, 2) (Table 3). In contrast, in
the high-FFR and non-VSA groups, the incidences
of primary and secondary end points were comparable with those in the VSA-alone group (Figure 2A
and 2B). All 14 non-VSA patients with organic stenosis (FFR>0.80 in 10 and FFR≤0.80 in 4) had no
MACE during follow-up (Figure S1). Furthermore,
multivariable Cox regression analysis identified current smoking (adjusted HR, 3.25; 95% CI, 1.04–10.11)
and low-FFR group (patients with VSA with significant coronary stenosis of FFR≤0.80) (adjusted HR,
3.94; 95% CI, 1.14–13.59) as significant predictors
for MACE in this cohort (Table 4). When performing
the subgroup analysis stratified by age, sex, diabetes
mellitus, current smoking, previous MI, and left ventricular ejection fraction, low-FFR group was consistently correlated with the poor prognosis (Figure 3).
Table 5 compares the clinical profiles of the patients
in the low-FFR group according to the presence
or absence of subsequent development of MACE.
Importantly, all 8 patients with MACE in the low-FFR
group underwent successful complete revascularization by scheduled PCI for the target lesion and received CCBs for the prevention of coronary spasm
(Table 5), indicating that they represent a high-risk
population despite guideline-recommended conventional therapies. In contrast, in the low-FFR group, a

Table 2. Treatment After Acetylcholine Provocation Testing
VSA Alone (n=110)

High FFR (n=36)

Low-FFR (n=29)

Non-VSA (n=61)

CCB

110 (100)

ACEI

13 (11.8)

36 (100)

29 (100)

45 (73.8)

4 (11.1)

10 (34.5)

7 (11.5)

ARB

28 (25.5)

β-blocker

23 (20.9)

16 (44.4)

9 (31.0)

21 (34.4)

15 (41.7)

12 (41.4)

Statin

17 (27.9)

43 (33.9)

25 (69.4)

27 (93.1)

32 (52.5)

Nitrate

17 (15.5)

6 (16.7)

6 (20.7)

5 (8.2)

Medication

Nicorandil

17 (15.5)

8 (22.2)

3 (10.3)

2 (3.3)

Aspirin

19 (20.2)

25 (69.4)

29 (100)

21 (34.4)

9 (8.2)

5 (13.9)

5 (17.2)

4 (6.6)

0 (0)

0 (0)

28 (95.2)

4 (6.6)

DES

…

…

27 (93.1)

4 (6.6)

BMS

…

…

1 (3.6)

0 (0)

Multivessel lesion

…

…

4 (14.3)

1 (1.6)

Stent diameter (mm)

…

…

3.0±0.4

3.3±0.3

Stent length (mm)

…

…

31.6±13.9

24.8±7.0

Number of stents

…

…

1.2±0.4

1.0±0.0

…

…

20 (4–45)

6 (1–7)

Diuretics
PCI

Interval from acetylcholine provocation test
to PCI, days

Values are expressed as mean±SD, median with interquartile range, or number (percentage). ACEI indicates angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; BMS, bare-metal stent; CCB, calcium channel blocker; DES, drug-eluting stent; FFR, fractional flow reserve; PCI, percutaneous
coronary intervention; and VSA, vasospastic angina.
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Table 3. Incidence of Major Adverse Cardiac Events in Study Population
VSA Alone (n=110)

High FFR (n=36)

Low-FFR (n=29)

Non-VSA (n=61)

P Value

MACE

4 (3.6)

Cardiovascular death or nonfatal MI

1 (0.9)

2 (5.6)

8 (27.6)

1 (1.6)

<0.01

1 (2.8)

3 (10.3)

1 (1.6)

0.047

Cardiovascular death

1 (0.9)

1 (2.8)

2 (6.9)

1 (1.6)

0.15

0 (0)

0 (0)

1 (3.4)

0 (0)

0.13

Target vessel for PCI

0

0

1

0

Nontarget vessel for PCI

0

0

0

0

0 (0)

0 (0)

3 (10.3)

0 (0)

0

0

1

0

Nonfatal MI

Urgent PCI
Target vessel for PCI
Nontarget vessel for PCI
UAP

0

0

2

0

3 (2.7)

1 (2.8)

2 (6.9)

0 (0)

<0.01

0.20

Values are expressed as number (percentage). MACE was defined a composite of cardiovascular death, nonfatal MI, urgent PCI, or UAP. UAP was
defined hospitalization for unstable angina pectoris. FFR indicates fractional flow reserve; MACE, major adverse cardiac event; MI, myocardial infarction; PCI,
percutaneous coronary intervention; UAP, unstable angina pectoris; and VSA, vasospastic angina.

significant difference in the prescription rate of ACEIs
was noted between the patients with and those without MACE (0% versus 48%, P=0.02), whereas that of
other medications, including angiotensin II receptor

blockers, β-blockers, statins, nitrates, and nicorandil,
were comparable. Regarding PCI procedural characteristics, patients with MACE in the low-FFR group
tended to undergo multivessel PCI more frequently

MACE

A

(%)

(%)
100

Cumulative event free survival
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Cumulative event free survival

100
90
80
70
60
50

CVD / Non-fatal MI

B

Log-rank test: p<0.001
Low-FFR vs. VSA-alone, HR: 8.05; 95%CI: 2.42-26.76; p<0.01
Low-FFR vs. High-FFR, HR; 5.01; 95%CI: 1.06-23.59; p=0.04
Low-FFR vs. Non-VSA, HR: 17.48; 95%CI: 2.19-139.86; p<0.01

0

12

24

90
80
70
60
50

36

Log-rank test: p=0.037
Low-FFR vs. VSA-alone, HR: 11.72; 95%CI: 1.22-112.7; p=0.03
Low-FFR vs. High-FFR, HR: 3.75; 95%CI: 0.39-36.10; p=0.25
Low-FFR vs. Non-VSA, HR: 6.46; 95%CI: 0.67-62.11; p=0.10

0

Follow-up period (Months)
Number at risk
VSA alone 110
High-FFR 36
Low-FFR 29
Non-VSA 61

93
30
25
52

45
20
10
30

9
8
2
5

12

24

36

Follow-up period (Months)
Number at risk
VSA alone 110
High-FFR 36
Low-FFR 29
Non-VSA 61

95
31
27
52

45
20
12
30

9
8
2
5

VSA-alone group (VSA without organic stenosis) (n=110)
High-FFR group (VSA with organic stenosis and FFR>0.80) (n=36)
Low-FFR group (VSA with organic stenosis and FFR ≤0.80) (n=29)
Non-VSA group (Non-VSA) (n=61)

Figure 2. Cardiac event-free survival during follow-up.
The Kaplan–Meier survival curves showed that the low-FFR group had worse event-free survival rates from MACE compared with
other 3 groups (A) and also a worse composite of cardiovascular death and nonfatal MI compared with the VSA-alone group (B).
FFR indicates fractional flow reserve; HR, hazard ratio; MACE, major adverse cardiac event; MI, myocardial infarction; and VSA,
vasospastic angina.
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Table 4.

Coexistence of Coronary Spasm and Organic Stenosis

Factors Correlating with Major Adverse Cardiac Events During Follow-Up
Univariable Analysis

Multivariable Analysis

Unadjusted HR

95%CI

P Value

Age >75 y

0.47

0.06 to 3.55

0.46

Male

8.82

1.16 to 67.11

0.04

Hypertension

1.60

0.55 to 4.70

0.39

Diabetes mellitus

1.30

0.44 to 3.80

0.63

Dyslipidemia

1.88

0.67 to 5.29

0.23

Current smoking

5.01

1.71 to 14.67

<0.01

Chronic kidney disease

2.27

0.51 to 10.06

0.28

Atrial fibrillation

0.51

0.07 to 3.87

0.51

Previous MI

1.69

0.38 to 7.51

0.49

BNP >100 pg/mL

2.54

0.72 to 9.01

0.15

LVEF <50%

0.82

0.11 to 0.63

0.85

VSA

4.96

0.65 to 37.74

0.12

Multivessel spasm

2.53

0.90 to 7.11

0.08

Multivessel organic stenosis

12.03

4.27 to 33.90

<0.01

Spasm at organic stenosis

4.41

1.60 to 12.15

<0.01

Low-FFR group

8.53

3.09 to 23.6

<0.01

Adjusted HR

95%CI

P Value

3.25

1.04 to 10.11

0.04

3.40

0.91 to 12.74

0.07

3.94

1.14 to 13.59

0.03

BNP indicates B-type natriuretic peptide; CI, confidence interval; FFR, fractional flow reserve; HR, hazard ratio; LVEF, left ventricular ejection fraction; MI,
myocardial infarction; and VSA, vasospastic angina.
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compared with those without MACE (38% versus
5%, P=0.052), whereas stent diameter, stent length,
and number of stents were comparable between the
2 groups.

DISCUSSION
The major findings of the present study were as follows: (1) acetylcholine provocation testing for coronary artery spasm can be safely performed even in
patients with significant coronary stenosis; (2) under
appropriate treatment with CCBs, the prognosis of
patients with VSA with hemodynamically insignificant
coronary stenosis (FFR>0.80) was good and comparable with those without organic coronary stenosis or
non-VSA patients; and (3) despite complete revascularization with PCI and the use of CCBs, patients with
VSA with hemodynamically significant coronary stenosis (FFR≤0.80) had extremely worse prognosis. To the
best of our knowledge, this is the first study demonstrating the prognostic impacts of comorbid significant
coronary stenosis and coronary spasm in patients with
stable CAD and the importance of routine provocation
testing for the spasm in this population.

Importance of Functional Coronary
Abnormalities in Patients With Stable CAD
Stable CAD is caused by anatomical coronary abnormalities such as flow-limiting epicardial coronary
artery disease and functional coronary abnormalities

including coronary artery spasm and CMD.1–3,20 In a
nationwide large-scale registry of patients with suspected angina who underwent coronary angiography,
obstructive coronary stenosis was noted in only 38%,21
whereas a recent all-comer population study with
computed tomography coronary angiography showed
that its prevalence was relatively low (29.9% in males,
and 11.5% in females).2 Recent studies also reported
that among patients with angina without obstructive
CAD, functional coronary abnormalities including coronary artery spasm and CMD were frequently noted
(59%–89%).3–5,22 Furthermore, recent studies have
provided evidence that functional coronary abnormalities substantially overlap and may contribute to angina
even in patients with obstructive epicardial CAD.3,5,9,10
Dynamic changes in coronary vessel tone and propensity to vasoconstriction at the site of obstructive stenosis are important and may cause rest angina that
is frequently overlooked in patients with obstructive
CAD.6,8,23
Stable CAD is considered to be caused by a variable combination of anatomical and functional coronary abnormalities. Importantly, the recent ISCHEMIA
Trial demonstrated that additional coronary revascularization with PCI or coronary artery bypass grafting has no prognostic benefits in patients with stable
CAD and moderate to severe ischemia,7 indicating
the importance of coronary functional abnormalities in this population. In particular, coronary artery
spasm, which is frequently and equally noted in
both White and Asian patients with angina-like chest
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Low-FFR group

Other 3 groups

Overall

8/29 (27.6%)

Age>75 yrs.

Low-FFR group vs. other 3 groups
HR

95%CI

p-value

7/207 (3.3%)

8.53

3.09-23.6

<0.01

1/4 (25.0%)

0/26 (0%)

N/A

Age≤75 yrs.

7/25 (28.0%)

7/181 (3.9%)

7.56

2.65-21.59

<0.01

Male

8/24 (33.3%)

6/124 (4.8%)

7.24

2.51-20.90

<0.01

0/5 (0%)

1/83(1.2%)

N/A

Diabetes mellitus

4/10 (40.0%)

1/53 (1.9%)

37.78

3.99-357.42

<0.01

Non-diabetes mellitus

4/19 (21.1%)

6/154 (3.9%)

5.35

1.51-18.97

<0.01

Current smoking

6/12 (50.0%)

4/58 (6.9%)

8.19

2.31-29.09

<0.01

Non-smoking

2/17 (11.8%)

3/149 (2.0%)

5.80

0.97-34.76

0.05

Previous MI

1/3 (33.3%)

1/16 (6.3%)

5.16

0.32-82.59

0.25

Non-previous MI

7/26 (26.9%)

6/191 (3.1%)

9.01

3.05-27.08

<0.01

LVEF<50%

1/6 (16.7%)

0/14 (0%)

N/A

LVEF≥50

6/22 (27.3%)

7/187 (3.7%)

7.51

p for interaction

Incidence of MACEs

Female

N/A

N/A

N/A

N/A
0.23

0.74

0.72

N/A
2.52-22.37

N/A

<0.01
0.1

1

10

100

HR (95%CI)
Low-FFR group worse
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Figure 3. Subgroup analysis for MACE between low-FFR group vs other 3 groups.
The subgroup analysis for MACE stratified by age, sex, diabetes mellitus, current smoking, previous MI, and LVEF showed consistently
worse prognosis in the low-FFR group compared with other 3 groups except for subgroups with patients aged >75 years, women,
or LVEF<50%. FFR indicates fractional flow reserve; HR, hazard ratio; LVEF, left ventricular ejection fraction; MACE, major adverse
cardiac event; MI, myocardial infarction; and VSA, vasospastic angina.

pain,3,15,22 plays an important role in the pathogenesis
of a wide range of ischemic heart disease.6,8 Thus, a
significant epicardial stenosis may reflect more extensive vascular dysfunction where PCI alone may be
ineffective, as demonstrated in the ISCHEMIA Trial.7
However, provocation testing for coronary spasm
is not usually performed in patients with stable obstructive CAD even in Japan, and thus the incidence
and importance of comorbid functional coronary abnormalities among them remain to be elucidated. In
contrast, FFR measurement is widely performed to
assess the physiological significance of coronary organic stenosis and determine the therapeutic strategy in patients with stable CAD, as recommended
by the current practice guidelines.12,13 However, persistence or recurrence of angina after PCI is well
recognized and may affect about 20% to 40% of patients, even if FFR-guided PCI is performed.24 Ong et
al25 demonstrated that significant vasoconstriction of
epicardial coronary arteries at or distal to the PCI site
is a potential cause of recurrent angina. Thus, in the

present study, we examined the prognostic impacts
of coronary functional abnormalities from both coronary anatomy and functional aspects in patients with
stable CAD using a combination of FFR and acetylcholine provocation testing.
In the present study, we were able to demonstrate that patients with VSA with hemodynamically
significant organic stenosis (FFR≤0.80) had a very
poor prognosis with occurrence of MACE, despite
guideline-recommended therapies, whereas those
with hemodynamically insignificant organic coronary
stenosis (FFR>0.80) had a favorable prognosis with
medications including CCBs. Moreover, the multivariable regression analysis also confirmed the negative
prognostic impacts of comorbid VSA and hemodynamically significant organic coronary stenosis.
These results indicate the importance and usefulness of evaluation of coronary vasomotion abnormality using acetylcholine provocation testing to identify
the high-risk population that is resistant to the established treatment among patients with chest pain
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Table 5. Treatment and MACE
Low-FFR Group

Other 3 Groups

Patients
With MACE
(n=8)

Patients
Without
MACE (n=21)

Effect
Size

P Value

8 (100)

21 (100)

…

N/A

Patients With
MACE (n=7)

Patients
Without
MACE
(n=200)

Effect
Size

P Value

7 (100)

184 (96.3)

0.05

0.57

Medication
CCB
ACEI

0 (0)

10 (47.6)

0.45

0.02

1 (14.3)

23 (11.5)

0.02

0.58

ARB

4 (50.0)

5 (23.8)

0.25

0.18

3 (42.9)

62 (31.0)

0.05

0.38

β-blocker

2 (25.0)

10 (47.6)

0.21

0.25

2 (28.6)

53 (26.0)

0.01

0.60

Statin

7 (87.5)

20 (95.2)

0.14

0.48

3 (42.9)

97 (48.5)

0.02

0.54

Nitrate

3 (37.5)

3 (14.3)

0.26

0.19

0 (0)

28 (14.0)

0.07

0.36

Nicorandil

2 (25.0)

1 (4.8)

0.30

0.18

1 (14.3)

26 (13.0)

0.01

0.63

Aspirin

8 (100)

21 (100)

…

N/A

2 (28.6)

63 (31.5)

0.01

0.62

Diuretics

1 (12.5)

4 (19.0)

0.08

0.58

0 (0)

18 (9.0)

0.06

0.52

PCI

8 (100)

20 (95.2)

0.12

0.72

0 (0)

4 (2.0)

0.03

0.87

DES

7 (87.5)

20 (95.2)

0.14

0.48

…

4 (2.0)

…

BMS

1 (12.5)

0 (0)

0.31

0.28

…

0 (0)

…

Stent diameter (mm)

3.0±0.5

3.0±0.4

0.04

0.94

…

3.3±0.3

…

Stent length (mm)

35.9±17.6

29.9±12.3

0.43

0.40

…

24.8±7.0

…

Number of stents

1.5±0.5

1.2±0.4

0.79

0.12

…

1.0±0.0

LAD

8 (100)

17 (81.0)

0.25

0.55

…

4 (2.0)

…

LCX

3 (37.5)

3 (14.3)

0.26

0.30

…

0 (0)

…

RCA

0 (0)

1 (4.8)

0.12

0.72

…

1 (0.5)

…

Target lesion
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Multivessel
Interval from acetylcholine
provocation testing to PCI (days)
SYNTAX score
FFR

…

3 (37.5)

1 (4.8)

0.42

0.052

…

1 (0.5)

…

8 (1–27)

26 (7–49)

0.44

0.11

…

6 (1–7)

…

13.0±7.1

8.3±4.7

0.81

0.12

…

7.0±1.4

…

0.66±0.07

0.71±0.07

0.73

0.08

…

0.74±0.03

…

Values are expressed as mean±SD, median with interquartile range, or number (percentage).
PCI procedural data in other 3 groups are those in 4 patients who underwent PCI in the non-VSA group. ACEI indicates angiotensin-converting enzyme
inhibitor; ARB, angiotensin II receptor blocker; BMS, bare-metal stent; CCB, calcium channel blocker; DES, drug-eluting stent; FFR, fractional flow reserve;
LAD, left ascending artery; LCX, left circumflex artery; MACE, major adverse cardiac event; N/A, not applicable; PCI, percutaneous coronary intervention; and
RCA, right coronary artery; and SYNTAX, synergy between PCI with taxus and cardiac surgery.

and angiographic organic stenosis. Thus, it might be
considered to routinely perform acetylcholine provocation testing for coronary spasm even in patients
with stable CAD.

Therapeutic Approach for Patients With
Anatomical and Functional Coronary
Abnormalities

In the JCS（Japanese Circulation Society) guidelines,
PCI in combination with adequate coronary vasodilators for patients with VSA with severe organic coronary stenosis is recommended as class IIa.16 Thus,
we actively performed PCI for patients with coronary
spasm and significant organic stenosis of FFR≤0.80.
However, surprisingly, even after successful PCI and
optimal medications including CCBs, they had an

extremely high incidence of MACE after PCI during
the follow-up. Indeed, their composite event rate of
cardiovascular death, nonfatal MI, and urgent PCI
for 2 years after PCI was 27.6%, which was markedly higher than in patients treated with FFR-guided
PCI (8.1%) in the FAME-2 Trial (fractional flow reserve
versus angiography for multivessel evaluation).11 Such
poor prognosis of patients with VSA with low-FFR
(FFR≤0.80) may be caused by 2 mechanisms. First,
as shown in our recent study,26 high-risk patients with
VSA may have increased Rho-kinase activity, which
plays a key role in the pathogenesis of coronary spasm
and progression/instability of coronary plaques.8,27
We also have recently demonstrated that the combination of epicardial coronary spasm and CMD, both
of which are caused by Rho-kinase activation, is associated with worse prognosis compared with each
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mechanism alone.3 Thus, the present study suggests
that the accumulation of coronary anatomical and
functional instabilities attributable to enhanced Rhokinase activity, which is unresolved by coronary recanalization with stent implantation, could worsen the
prognosis of patients with stable CAD. Second, newly
implanted coronary stents could exacerbate coronary
functional disorders in patients with VSA with organic
coronary stenosis. As we have previously demonstrated, DES implantation could cause coronary
perivascular inflammation and enhance Rho-kinase
activity with resultant coronary hyperconstricting
responses.28 We also demonstrated that coronary
spasm is associated with inflammation of coronary
adventitia and perivascular adipose tissue through
Rho-kinase activation.29 Furthermore, it was reported
that even after successful PCI, DES itself could cause
CMD.30 Taken together, in patients with VSA, DES
implantation could further enhance inflammation and
Rho-kinase activity at the stented coronary artery, resulting in atherosclerotic plaque instability and coronary circulatory dysregulation, including increased
coronary microcirculatory resistance.
Importantly, in the non-VSA group, all 4 patients
who underwent PCI with DES had no MACE during
follow-up, suggesting the importance of inherent coronary functional abnormalities for long-term prognosis
after PCI with DES. Thus, we consider that unidentified coronary functional abnormalities may be involved
in the pathogenesis of stable CAD as suggested in
the ISCHEMIA Trial.7 Moreover, we previously demonstrated that long-acting nifedipine could ameliorate
coronary vasomotion abnormalities after DES implantation.31,32 Nevertheless, the present results indicate
that the therapeutic approach with a combination of
new generation DES and long-acting CCBs is not
sufficient to improve long-term prognosis of patients
with VSA with significant organic coronary stenosis
of FFR≤0.80. The present study also suggests that
ACEIs in addition to CCBs are beneficial for those
high-risk patients. It was previously reported that renin-angiotensin system inhibitors, including ACEIs
and angiotensin II receptor blockers, were associated
with improved long-term outcomes of patients with
VSA.33 Unlike angiotensin II receptor blockers, ACEIs
are known to enhance accumulation of bradykinin, exerting a number of cardiovascular protective effects,
inhibit Rho-kinase pathway, and improve CMD.34–37
Thus, it is conceivable that ACEIs are beneficial for the
treatment of patients with VSA with obstructive coronary stenosis undergoing PCI with DES.

Coexistence of Coronary Spasm and Organic Stenosis

nonrandomized, single-center, and retrospective
study with a relatively small sample size. Notably,
the number of non-VSA patients with organic coronary stenosis was too small to compare clinical outcomes with patients with VSA with organic coronary
stenosis. However, in the present study, because all
patients with VSA received long-acting CCBs and
almost all patients underwent the cutting-edge FFRguided PCI, we were able to precisely examine the
long-term prognosis of patients with VSA with organic
coronary stenosis treated with the guideline-recommended conventional therapies. Second, although
CMD is important in patients with stable CAD,38–40
we did not address this point in the present study.
CMD and obstructive CAD can coexist and contribute, perhaps synergistically, to the development
of myocardial ischemia.40 However, no reliable approach is currently available to precisely assess the
impact of downstream CMD on coronary microcirculation apart from epicardial organic stenosis. Thus,
this important issue remains to be examined in future
studies. Third, because the decision of performance
of acetylcholine provocation testing was left to the
discretion of individual experienced cardiologists in
our institution, the selection bias could be involved.
Fourth, in the present study, treatment strategies
with PCI and medical treatments, including the use
of ACEIs or β-blockers, was also individualized at the
discretion of each attending physician. Thus, there
might be a selection bias involved that could affect
the present results. Fifth, we have no data regarding the changes in medical therapy, adherence to
the therapy, or symptom and/or quality of life during
follow-up. Sixth and finally, the precise mechanisms
for the worse prognosis of patients with VSA with significant coronary stenosis even after successful PCI
and optimal medical therapy remain to be elucidated.
Further large-scale studies are needed to establish
an effective therapeutic approach for patients with
coronary spasm and obstructive CAD, including the
use of ACEIs in addition to CCBs and PCI.

CONCLUSIONS
In the present study, we were able to demonstrate that
provocation testing for coronary spasm can be safely
performed even in patients with significant coronary
stenosis and that patients with VSA with hemodynamically significant coronary stenosis represent a high-risk
population despite current guideline-recommended
therapies, suggesting the importance of routine coronary functional testing.

Study Limitations
Several limitations should be mentioned for the
present study. First, the present study was a
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Figure S1. Incidence of MACE and Hazard Ratio in the 4 Clinical Groups.
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Low-FFR group (VSA with organic stenosis and FFR≤0.80) had significantly worse prognosis as compared with VSA-alone group, and the
prognosis of High-FFR and Non-VSA groups was comparable with VSA-alone group.

In contrast, in Non-VSA group, irrespective of FFR

value (FFR>0.80 or ≤0.80), patients with organic stenosis had no MACE during follow-up. CI indicates confidence interval; FFR, fractional
flow reserve; HR, hazard ratio; MACE, major adverse cardiac event; and VSA, vasospastic angina.

