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Abstract

Objective: Chest symptoms in patients with vasospastic angina (VSA) typically occur during rest. However, we
have occasionally experienced patients with VSA who have had chest symptoms even during exercise. However,
factors contributing to the chest symptoms during exercise in patients with VSA remain unclear. Therefore, we
investigated this relationship.

Methods: We investigated 101 patients with VSA (median age: 69 years, 51 males and 50 females). We
completed detailed chest symptom examinations at rest (n=85), during exercise (n=2), and both at rest and during
exercise (n=14). Patients were divided into the two groups: Group I consisted of patients with VSA whose chest
symptoms occurred only at rest (n=85, 84%) and Group II consisted of patients with VSA whose chest symptoms
occurred during exercise (n=16, 16%). On a coronary angiography, the presence of atherosclerosis (%
stenosis>25%), significant coronary stenosis (% stenosis>50%), and myocardial bridging (MB), defined as the
narrowing of the coronary artery during systole, were checked. Clinical parameters, including angiographic findings,
were assessed in the two groups.

Results: There were no significant differences in coronary risk factors between the two groups. The presence of
atherosclerosis (Group I: 58% vs. group II: 75%) and significant coronary stenosis (Group I: 10% vs. group II: 25%)
did not differ between-groups. The presence of MB was significantly higher in Group II (50%) than in Group I (12%,
p=0.0002). Logistic regression analysis showed that the presence of MB was associated with patients in Group II.

Conclusions: MB, rather than coronary atherosclerosis or significant coronary stenosis, may contribute to chest
symptoms during exercise in patients with VSA.

Keywords: Coronary spasm; Myocardial bridging; Exercise-induced
myocardial ischemia

Introduction
Vasospastic angina (VSA) is characterized by transient

vasoconstriction of the epicardial coronary arteries leading to
myocardial ischemia [1-3]. Chest symptoms in patients with VSA
typically occur at rest and from midnight to early morning. Many
reports also show chest symptoms during exercise [4-12]. These
reports identify clinical characteristics in patients with chest symptoms
during exercise such as the presence of severe of coronary stenosis or
impaired fibrinolysis [5-7,9,12], however, it is unclear if other
characteristics are present, or not.

The myocardial bridge (MB), which is characterized with the
systolic narrowing of epicardial coronary artery due to myocardial
compression during systole, is reportedly associated with abnormalities
of cardiovascular system, including exertional angina or acute
coronary syndrome [13,14]. The presence of MB is associated with
coronary spasms [15-19]. Thus, it is possible that MB may influence
chest symptoms during exercise in VSA patients. In the present study,
we focused on the presence of MB on coronary angiography (CAG)
and investigated the relationship between the presence of MB and
chest symptoms during exercise in VSA patients.

Patients and Methods
In this observational and retrospective study, 101 patients (51 males

and 50 females, median age, 69 years) with VSA, diagnosed on the
basis of the positive spasm provocation test (SPT) results were studied.
Because coronary spasm can occur in patients who underwent
percutaneous coronary intervention (PCI) and such patients without
obvious significant coronary stenosis with a positive SPT result were
included in the present study. Patients with moderate chronic kidney
disease (estimated glomerular filtration ratio<45 mL/min/1.73 m2) or
with severe coronary stenosis (% stenosis ≥ 75%) were excluded from
the study. The protocol was approved by the Ethics Committee of our
institution and written informed consent was obtained from all
patients.

The procedure of CAG and SPT at our institution was reported
previously [20,21]. All coronary vasodilators were discontinued at least
48 h before catheterization, with the exception of sublingual
nitroglycerin (NTG). We performed the diagnostic coronary
angiography using the percutaneous brachial approach and, thereafter,
performed the SPT.

A 5-Fr pacing catheter (Bipolar Balloon Catheter, Bebrawn,
Melsungen, Germany) was inserted into the right ventricle via the
interjugular vein or median cubital vein, and set to 50 beats/min. We
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continuously monitored the arterial pressure, heart rate, and ECG
readings and these results were recorded using a multichannel recorder
(Polygraph 1600; Nihon Electric Corporation, Tokyo, Japan).

After the diagnostic coronary angiography, incremental doses (30
and 50 µg) of acetylcholine (ACh) were infused into the right coronary
artery (RCA) for 20 s, with 3- min intervals between consecutive doses.
If coronary spasms were not induced by 50 µg of ACh doses, 80 µg of
ACh was infused into the RCA. When coronary spasms were provoked
or the infusion of maximum ACh dose was completed, a coronary
angiography was immediately performed. When coronary spasms were
provoked but spontaneously relieved, we did not administer an
intracoronary infusion of NTG into the RCA and moved to the SPT of
the left coronary artery (LCA). In such cases, we again performed
coronary angiograms after an NTG infusion into the RCA after the
SPT for the LCA was finished. When coronary spasms were prolonged
or were severe to cause unstable hemodynamics, 200 µg of NTG was
administered by an intracoronary injection to relieve coronary spasms.
Even after the intracoronary NTG injection into the RCA, we
performed a subsequent SPT for the LCA because we have experienced
many patients with positive spasm provocation under such condition.
When the RCA was small, or when we could not engage the catheter
into the RCA, we skipped the SPT for the RCA.

After the SPT for RCA was finished, incremental doses of 50 and
100 µg of ACh were infused into the LCA for 20 s, with 3-min intervals
between consecutive doses. When coronary spasms were not provoked
by 100 µg of ACh, 200 µg of ACh and/or 20, 40, and 60 µg of
ergometrine maleate (EM) was infused into the LCA. When coronary
spasms occurred or provocation tests using the maximum ACh dose
were finished, we immediately performed a coronary angiography.
After we administered NTG injections of 200 µg, we performed the
final coronary angiography for the LCA. Each coronary angiogram was
performed using an autoinjection device (ZoneMaster, Sheen Man,
Osaka, Japan) with contrast medium of 2.5 mL/s, up to a total volume
of 5 mL per injection.

During SPTs, if systolic blood pressure reduced<90 mmHg and/or a
continuation of ST segment elevations on ECG occurred, we increased
the speed of the intravenous volume injection, up to the maximum
speed and/or added another intracoronary NTG injections. Even after
such countermeasures, if unstable hemodynamics and ST segment
elevations on ECG continued, we infused small doses (2-10 µg) of
adrenaline intracoronarily or intravenously [22].

How to measure the coronary artery diameter on coronary
angiograms has been previously described [20,21]. First, we selected
the spastic segments, atherosclerotic segments and MB segments for
quantitative analysis. Two investigators (O.C and U. Y) blinded to the
clinical data, measured the luminal diameters of selected segments,
using an end-diastolic frame by a computer-assisted coronary
angiographic analysis system (CAAS II/QUANTCOR; Siemens, Berlin,
Germany). When the results reported by two investigators were
coincident, the results, especially the presence of MB, were adopted in
the present study. For the MB segments, the measurements were
performed both at end-diastolic and end-systolic frames.
Measurements at the selected segment were performed three times,
and the average value of three measurements was used for the analysis.
The changes in the diameter of coronary artery, in response to each
drug, were expressed as percentage changes from the baseline values.
Both intraobserver and interobserver variabilities of the measurement
shown here are excellent [22,23]. Lesions with more than 20% stenosis
and with more than 50% were defined as atherosclerotic lesions and

significant coronary stenosis, respectively. The myocardial bridging
was defined as more than 20% reduction in the coronary diameter
during the systole.

VSA was defined as ≥ 90% narrowing of the epicardial coronary
arteries on angiography, in response to ACh and/or EM, during the
SPT, presence of characteristic chest pain, and/or ST segment deviation
on ECG [24]. We defined a focal spasm as >90% discrete transient
vessel narrowing, localized in one coronary segment of major and
branch coronary arteries. We defined a diffuse spasm as 90% transient
diffuse vasoconstriction observed in more than two adjacent coronary
segments of the major coronary arteries and branches [25]. If the
patient had a focal spasm occurred in one vessel and a diffuse spasm
occurred in another vessel, we defined that this patient belongs to the
focal spasm group.

We also defined the presence of multivessel spasms as coronary
spasms that occur in more than and equal to two major coronary
arteries. The presence of multivessel spasm was not assessed as
following cases: 1) cases in which the SPT was not performed for the
RCA, because of inability to engage the catheter into the RCA ostium
or a small RCA, or 2) cases in which NTG was intracoronarily infused
to relieve coronary spasm and the following SPT was negative.

We defined the presence of variant angina (VA) as angina that was
documented with spontaneous ST elevation on ECG. On admission
before the SPT, we assessed chest symptoms, especially when chest
symptoms occurred, via a detailed interview with patients and their
family members. We estimated their chest symptoms at rest, rest and
exercise, and only exercise. Regarding we determined presence of chest
symptoms during exercise, when chest symptoms occurred with
reproducibility. According to the chest symptoms at rest and during
exercise, we divided the patients into the following 2 groups: Group I
(n=85) consisted of VSA patients, whose chest symptoms occurred
only at rest. Group II (n=16) consisted with VSA patients, whose chest
symptoms occurred during exercise: at rest and during exercise (n=14)
and only during exercise (n=2). Furthermore, we confirmed
administered medications from their medication notebook, both at
admission for CAG and SPT at one-year follow-up after discharge. At
follow-up, we also assessed the number of angina attacks, which was
the mean occurrence over the preceding 3 months.

Fasting blood samples were obtained on the day of the CAG. We
questioned to all patients about their smoking status and classified as a
current smoker, past smoker (who had stopped smoking for at least 1
month), or nonsmoker. The presence of hypertension was defined as a
systolic blood pressure of ≥ 140 mmHg, a diastolic blood pressure of ≥
90 mmHg, and/or the patient was on antihypertensive drugs. For the
blood chemical parameters, we measured the total cholesterol level,
triglycerides, high-density lipoprotein cholesterol, fasting blood sugar,
hemoglobin A1C, creatinine, C-reactive protein (CRP) and brain
natriuretic peptide (BNP). The estimated glomerular filtration rate
(mL/min/1.73 m2) was calculated using the standard formula [26] and
the presence of chronic kidney disease (CKD) was defined using
standard criteria [27]. We calculated low-density lipoprotein
cholesterol using the Friedewald equation [28]. We defined
dyslipidemia as low-density lipoprotein cholesterol of ≥ 120 mg/dL
and/or the patient was on medication for the condition. We defined
diabetes mellitus as fasting blood sugar levels of ≥ 126 mg/dL and
hemoglobin A1C ≥ 6.5%, and/or the patient was on medication. The
presence of metabolic syndrome (MtS) was also defined as per
standard criteria [29]. We also evaluated family history of coronary
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artery disease (CAD), left ventricular ejection fraction (LVEF) and left
ventricular wall motion abnormalities on echocardiography.

Statistical Analysis
All data are expressed as median (quartiles). The comparisons for

baseline characteristics of the two groups were performed using
Wilcoxon signed-rank test or χ2 analysis, as appropriate. The logistic
regression analysis, using factors with a p<0.2, was used to clarify
factors associated with the presence of chest symptoms during exercise.
A p value of <0.05 was considered statistically significant.

Results
There were 85 patients (84%) in Group I and 16 patients (16%) in

Group II (Table 1). In Group II, chest symptoms during exercise were
observed in the morning in 10 (63%) of 16 patients and symptoms
were at various times in the remaining 6 patients The patients’
characteristics, including conventional coronary risk factors, family
history of CAD, MtS, CKD, and VA did not differ between the two
groups. History of PCI was similar in the two groups (7% in the Group
I vs. 13% in the Group II), and the use of drug-eluting stents was not
different in the two groups (5% in Group I vs. 13% in Group II).

 Group I Group II p value

Numbers (%) 85 (84) 16 (16)  

Age (yrs) 69 (61-76) 70 (64-74) 0.7908

Male / Female 42 / 43 08-Aug 0.9656

Body mass index 24.3 (21.9-26.5) 24.4 (22.7-28.0) 0.3547

Coronary risk factor (%)    

Smoking (%) 21 (25) 2 (13) 0.2855

Current / Past 21 / 22 02-Apr 0.5135

Hypertension 55 (65) 11 (69) 0.7552

Dyslipidemia 49 (58) 11 (69) 0.4067

Diabetes mellitus 23 (27) 6 (38) 0.3971

Family history of CAD (%) 15 (18) 4 (25) 0.4899

Metabolic syndrome (%) 26 (31) 6 (38) 0.6068

Chronic kidney disease (%) 26 (31) 8 (50) 0.1317

Variant angina (%) 4 (5) 1 (6) 0.7939

Preivous PCI (%) 6 (7) 2 (13) 0.4691

Use of DES (%) 4 (5) 2 (13) 0.3319

Values are presented as numbers (%) or median (quartiles).

CAD: coronary artery disease; PCI: percutanous coronary intervention; DES: drug-eluting stent.

Table 1: Patient characteristics.

The results of blood chemical and echocardiographic parameters are
shown in Table 2. The lipid and diabetic parameters and BNP levels
were similar in the two groups, however the CRP level was significantly
higher in Group II, compared to Group I (p=0.0465), and eGFR tended

to be lower in Group II than in the Group I (p=0.0726). LVEF and the
presence of left ventricular wall motion abnormalities did not differ
between the two groups.

 Group I Group II p value

Blood chemical parameters    

Total cholesterol (mg/dL) 187 (163-209) 184 (155-205) 0.5895

Triglyceride (mg/dL) 126 (91-147) 120 (106-158) 0.622

HDL-cholesterol (mg/dL) 54 (46-67) 52 (44-62) 0.6285

LDL-cholesterol (mg/dL) 103 (85-129) 92 (81-124) 0.3844
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Fasting blood sugar (mg/dL) 98 (91-115) 106 (89-115) 0.2531

Hemoglobin A1C (%) 5.9 (5.6-6.5) 6.0 (5.7-6.7) 0.3101

C-reactive protein (mg/dL) 0.05 (0.02-0.11) 0.11 (0.03-0.54) 0.0465

eGFR (ml/min/1.73 m2) 69.6 (63.0-81.3) 63.2 (56.7-75.1) 0.0726

Brain natriuretic peptide (pg/mL) 22 (13-38) 22 (12-94) 0.6653

Echocardiographic parameters  

LVEF (%) 67 (62-72) 67 (64-71) 0.5955

LV wall motion abnormality (%)  7 (8)  1 (6) 0.7783

Values are presented as numbers (%) or median (quartiles).

HDL: high-density lipoprotein; LDL: low-density lipoprotein; eGFR: estimated.

Table 2: Blood chemical parameters and echocardiographic parameters.

Regarding the medications taken at admission for CAG and SPT
(Table 3), medications, besides anti-platelet drugs, did not differ
between the two groups, however, the frequency anti-platelet drug
administration tended to be higher in Group II (50%), compared to
Group I (27%, p=0.068).

On CAG (Table 4), the presence of atherosclerosis (58% in the
Group I, 75% in the Group II, p=0.2103) and significant coronary
stenosis (11% in the Group I, 25% in the Group II, p=0.1194) did not
differ between the two groups. Maximum coronary stenosis was
similar in the two groups. The presence of MB was significantly higher

in Group II (50%), compared to Group I (12%, p=0.0002). On SPT, the
types of diffuse/focal spasms did not differ between the two groups
(p=0.1423), nor was the presence of multivessel spasms (58% in the
Group I, n=73 vs. 75% in the Group II, n=12, p=0.5839). A
representative case is shown in Figure 1.

Logistic regression analysis using study variables (p<0.2)
demonstrated that the presence of MB (Odds ratio: 11.83, p=0.0006) as
well as elevated CRP (Odds ratio: 7.51, p=0.0061) and low eGFR (Odds
ratio: 3.91, p=0.0478) were significantly associated with chest
symptoms during exercise (Table 5).

 Group I Group II p value

Before admission    

Nitroglycerin (%) 28 (33) 4 (25) 0.2809

Calcium-channel blocker (%) 37 (44) 4 (25) 0.1662

ACI/ARB (%) 25 (29) 8 (50) 0.1164

Beta-blocker (%) 8 (9) 2 (13) 0.7544

Anti-platelet drug (%) 23 (27) 8 (50) 0.068

Statin (%) 30 (35) 9 (56) 0.1191

Anti-diabetic drugs (%) 12 (14) 2 (13) 0.8636

Anti-diabetic drugs (insulin, %) 1 (1) 1 (6) 0.1814

One year follow-up    

Numbers of coronary vasodilators (%) 1 (1-2) 1 (1-2) 0.5955

Calcium-channel blocker (%) 76 (89) 16 (100) 0.1726

Beta-blocker (%) 5 (6) 4 (25) 0.0138

Values are presented as numbers (%) or median (quartiles).

ACI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker. 

Table 3: Contents of medications taken before admission and at one-year follow-up.
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Figure 1: Coronary angiogram pictures in a representative case. The patient had chest symptoms at rest during the night and during exercise
early in the morning. Coronary angiography showed a severe vasospasm, provoked by intracoronary infusions of acetylcholine, indicated by
the arrows (A) and showed the presence of MB at spastic segment (B: diastole, C: systole), which was indicated by arrows.

 Group I Group II p value

Coronary angiography    

Atherosclerosis (%) 49 (58) 12 (75) 0.2103

Significant coronary stenosis (%) 9 (11) 4 (25) 0.1143

Maximum percent stenosis 23 (0-25) 24 (6-25) 0.2635

Myocardial bridging (%) 10 (12) 8 (50) 0.0002

Spasm provocation test    

Focal / diffuse spasm 38 / 47 4 / 12 0.1423

Multivessel spasm (%)

42 (58)

(n=73)

9 (75)

(n=12) 0.2524

Values are presented as numbers (%) or median (quartiles).

Table 4: Results of coronary angiography and spasm provocation test.

At follow-up, the numbers of angina attacks were higher in the
Group I than Group II (p=0.0135); 0 (0-1) in the Group I and 1 (0-2)
in the Group II. The number of coronary vasodilators taken did not
differ between the two groups. Group II took more beta blockers,
compared to Group I (25% vs. 6 % in the Group I, p=0.0138, Table 3).

Presence of chest symptoms during effort

Factor Odds ratio p value

Myocardial bridge 11.83 0.0006

Elevated CRP level 7.51 0.0061

Reduced eGFR 3.91 0.0478

Significant coronary stenosis 2.64 0.1043

Focal / diffuse spasm 2.17 0.141

CRP: C-reactive protein; eGFR: Estimated Glumerular Filtration ratio.

Table 5: Logistic regression analysis for chest symptoms during
exercise.

Discussion
In the present study, we focused on the presence of MB, which is

characterized by transient narrowing of epicardial coronary artery
during systole and is associated with cardiovascular system
abnormalities, as a possible contributor to chest symptoms during
exercise, in patients with VSA. We showed that MB was significantly
higher in VSA patients with chest symptoms during exercise.
Furthermore, we demonstrated MB was associated with chest
symptoms in VSA patients. These findings may provide information
regarding treatment in VSA patients with chest symptoms during
exercise.

It is accepted that attacks of coronary spasms typically occur during
periods of rest between night and early morning and are usually not
induced by daytime exercise [24]. Vasospastic angina is often induced
by even slight effort in the early morning, but is not typically induced
by even strenuous effort in the afternoon or later in the day. Thus, there
are VSA patients have chest symptoms during exercise; however, the
frequency of chest symptoms during exercise is unclear. Ishii et al. [30]
reported that 7.0-11.3% of VSA patients experienced chest symptoms
at rest and during exercise while 61.9-70.3% of VSA patients had chest
symptoms that occurred at rest. Takagi et al. [31] reported that chest
symptoms at rest (50%), at rest and during effort (41%), and during
effort alone (9%), in 1429 VSA patients. In the present study, we
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reported chest pain frequencies during rest (84%), during rest and
during exercise (14%), and only during exercise (2%). Our data were
drawn from patients’ and families’ personal assessments, and were not
based on the results of exercise ECG testing. The frequency of chest
symptoms during exercise varies according to personal activities such
as walking, or other means of commuting, in the morning, or
according to ECG testing during exercise.

There have been reportedly mechanisms responsible for chest
symptoms during exercise in VSA patients [1,4,7,8,32]. VSA attacks
have circadian variation [1], and early in the morning, the tone on
coronary artery is increased and any effort under such conditions may
contribute to the occurrence of attacks of exercise-induced coronary
spasms. In addition, hyperventilation and changes in autonomic
nerves can cause coronary spasms [1,32,33]. Hyperventilation during
exercise and/or autonomic nerve changes during recovery after
exercise may contribute to chest symptoms during exercise. The
concept of coexistent coronary spasms and organic coronary stenosis is
likely [12]. Organic coronary stenosis, or the occurrence of mild to
moderate coronary spasms with organic coronary stenosis, may
contribute to the development of exercise-induced attacks of coronary
spasms. Sakata et al. [12] reported that enhanced platelet activation
and coagulation were present in VSA patients with exercise-induced
ischemia, and they indicated that coagulation abnormalities and
atherosclerotic changes were associated with exercise-induced attacks
of coronary spasms. In the present study, the frequency of
atherosclerosis (% stenosis>20%), organic coronary stenosis (%
stenosis>50%) and the % stenosis did not differ between the two
groups, suggesting that the underlying angiographic coronary stenosis
might not be associated with chest symptoms during exercise.
However, we found MB related to chest symptoms in VSA patients.

The presence of MB, characterized by the transient narrowing of the
epicardial coronary artery, due to myocardial compression during
systole, is associated with cardiovascular system abnormalities
[13-19,34,35]. In the present study, MB was more frequently observed
in VSA patients with chest symptoms during exercise, and this finding
was confirmed using a logistic regression analysis. MB is one cause of
exertional angina due to dynamic coronary obstruction and the
presence of atherosclerotic lesions beneath MB [13,14,36]. In addition,
coronary spasms are likely to occur at MB segments, probably due to
vascular endothelial dysfunction [18]. Thus, coexistence of exertional
angina due to MB, and coronary spasms at MB segments, may
contribute to chest symptoms during exercise in VSA patients with
MB, although it is unclear if coronary spasms occur at MB segments
during exercise.

Elevated CRP and reduced eGFR contributed to chest symptoms
during exercise in VSA patients. It is unclear how these factors relate to
symptom occurrence, however it elevated CRP and reduced eGFR may
cause endothelial dysfunction [37,38], leading to changes in
intracoronary plaque composition, which is difficult to accurately
assess on CAG [39,40]. CRP increases atherosclerotic changes at MB
segments [41]. Thus, it is possible that these factors contribute to the
occurrence of exercise-induced myocardial ischemia in VSA patients.

The present study has the following clinical implications. As
Kodama et al. [16] have reported, the clinical management of patients
with MB and coronary spasms can be challenging. Use of NTG, which
is very effective at relieving coronary spasms, may exacerbate systolic
narrowing of MB segments [35]. On the other hand, use of beta
blockers, which reduce systolic narrowing in MB segments, may
worsen coronary spasms [4,9,42]. In the present study, at 1-year

follow-up, the frequency of coronary vasodilator use did not differ
between the two groups; however, the frequencies of chest symptoms
and beta-blocker use were significantly higher in VSA patients with
chest symptoms during exercise. Beta-blocker monotherapy should not
be administered in VSA patients to worsen attacks of coronary spasm
[24]; however, taking beta blockers, as well as coronary vasodilators
such as calcium-channel blockers, may potentially improve chest
symptoms during exercise in VSA patients, especially with MB. Waters
DD, et al. reported that VSA with exercise-induced coronary spasms
produce high-activity coronary spasms [8]. Consequently, VSA
patients with exercise-induced chest symptoms require careful
monitoring, especially when these drugs are administered.

There are several limitations to the present study. First, this study
was retrospectively performed, only at our institution. In addition, the
number of studied patients, especially in the Group II, was small. These
findings may contribute to the results of logistic regression analysis.
Second, in the present study, having chest symptoms during exercise
was judged based on self-assessments, not on the results of exercise
ECG tests. Several studies report that asymptomatic myocardial
ischemia was present in VSA patients [24], even in VSA patients with
exercise-induced chest symptoms [11]. In addition, in VSA patients
with significant coronary stenosis, who have chest symptoms during
exercise, PCI can be performed immediately, without performing the
SPT. Thus, it is possible that the present study underestimates the
frequency of these symptoms. Third, as we suggested above, we did not
confirm the presence of myocardial ischemia to perform exercise ECG
test or exercise stress myocardial perfusion imaging. Thus, chest
symptoms during exercise did not always coincide with the presence of
myocardial ischemia.

Conclusion
MB on CAG contributes to chest symptoms during exercise in VSA

patients. When such symptoms continue after administration of
coronary vasodilators, careful administration of beta blockers may be
helpful. Cardiologists should keep this consideration in mind.
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