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Abstract: Although vasodilators are widely used in patients with vasospastic angina (VA), few studies
have compared the long-term prognostic effects of different types of vasodilators. We investigated
the long-term effects of vasodilators on clinical outcomes in VA patients according to the type of
vasodilator used. Study data were obtained from a prospective multicenter registry that included
patients who had symptoms suggestive of VA. Patients were classified into two groups according to
use of nitrates (1 = 239) or other vasodilators (n = 809) at discharge. The composite clinical events
rate, including acute coronary syndrome (ACS), cardiac death, new-onset arrhythmia (including
ventricular tachycardia and ventricular fibrillation), and atrioventricular block, was significantly
higher in the nitrates group (5.3% vs. 2.2%, p = 0.026) during one year of follow-up. Specifically, the
prevalence of ACS was significantly more frequent in the nitrates group (4.3% vs. 1.5%, p = 0.024).
After propensity score matching, the adverse effects of nitrates remained. In addition, the use of
nitrates at discharge was independently associated with a 2.69-fold increased risk of ACS in VA
patients. In conclusion, using nitrates as a vasodilator at discharge can increase the adverse clinical
outcomes in VA patients at one year of follow-up. Clinicians need to be aware of the prognostic value
and consider prescribing other vasodilators.
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1. Introduction

Vasospastic angina (VA) is a functional disorder caused by the focal or diffuse spasm
of the smooth muscle layer of the coronary arterial wall, resulting in a high grade of
obstruction and transient myocardial ischemia [1,2]. Overall, the long-term prognosis of
VA is known to be good [3]. However, once a serious heart condition occurs with VA,
it may lead to sudden cardiac death following myocardial infarction or fatal ventricular
arrhythmia [4,5]. Treatment with calcium channel blockers (CCBs) is recommended as
first-line therapy for patients with VA according to current guidelines, since CCBs are
highly effective for preventing coronary spasm [1]. Along with CCBs, nitrates or nicorandil
are often used as concomitant therapy for the prevention of coronary artery spasm (Class Ila
recommendation). Nitrates are metabolized to nitric oxide (NO), which activates NO-cyclic
guanosine-3’, -5-monophasphate (cGMP) signaling pathways within vascular smooth
muscle cells, resulting in vasodilation [1,6]. Nicorandil has the properties of nitrates and
also acts as a Katp channel agonist, which could result in vasodilation without intracellular
c¢GMP accumulation [7,8]. Additionally, the vasodilatory effects of other nitrate agents,
including molsidomine, involve the main mechanism of NO production and secretion [9].
While these vasodilators can improve vasospastic symptoms acutely, their effects on long-
term prognosis in VA patients have been controversial. Some studies suggested that long-
term nitrate therapy was neutral to clinical outcomes in patients with VA [10]. Meanwhile,
a Japanese multicenter registry [11] demonstrated that long-term nitrate therapy did not
improve the clinical prognosis (median follow-up duration 32 months) compared with
non-nitrate therapy in patients with VA. Korean data from single-center registry [12]
also demonstrated that long-term nitrate therapy worsened prognosis (median follow-up
duration 54.7 months). However, these prior research studies have limitations as they
included retrospective populations, which may make it unclear whether nitrate promotes
poor prognosis or serves as a surrogate marker for more serious heart disease. Indeed,
despite the widespread use of nitrates and other vasodilators in patients with VA, there
has been no study comparing the effects on long-term prognosis according to vasodilator
type. This study investigated the actual prescribing status of vasodilators in VA patients at
discharge and effects on prognosis according to the type of vasodilator used in a large-scale
nationwide prospective registry.

2. Materials and Methods
2.1. Study Population

Study data were obtained from a prospective nationwide Vasospastic Angina in Korea
registry (VA-Korea). The study design of VA-Korea has been published previously [3,13,14].
Between May 2010 and June 2015, 11 tertiary hospitals in Korea participated in this registry.
Patient’s inclusion criteria were: patients were 18 years of age or older, with suspected
symptoms of vasospastic angina, and those who underwent invasive coronary angiography
(CAG) with ergonovine (EG) provocation test, all of which were satisfied. The exclusion
criteria were: end-stage renal disease on continuous dialysis, known malignancy, inflam-
matory disease, or catheter-induced spasm at baseline. Of 2960 initially enrolled patients
with suspected VA (Figure 1), 1987 patients had intermediate or significant spasm after
intracoronary EG injection during CAG. Among them, only 1302 patients were prescribed
vasodilators when they were discharged: 254 patients were prescribed two or more types
of vasodilators as discharge medications and 1048 patients were prescribed one vasodilator.
We included the 1048 patients using a single vasodilator in the final analysis and classi-
fied the patients into two groups depending on the type of vasodilator used at discharge:
nitrates group and other vasodilators group. The other vasodilator group was defined
as patients who used nicorandil, molsidomine, or trimetazidine at discharge. This study
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protocol complied with the Declaration of Helsinki and was reviewed and approved by
the Institutional Review Board of Hallym University Sacred Heart Hospital (Approved No.
2010-1007). All patients provided written informed consent prior to study entry.

Initially enrolled patients with suspected VA
(1= 2960)

» | Patients with non-VA (n = 973)

4

Patients with significant vasospasm and intermediate
spasm (n = 1987)

Patients not using vasodilator
(n=675)

r

Patients using vasodilator (7=1302)

r

Patients using single vasodilator (n =1048)
Two types of vasodilators (n=224)
Three types of vasodilators (17 = 25)

Four types of vasodilators (1= 5)

Figure 1. Study population selection process.

2.2. Data Collection

The patient data were collected through the VA-Korea database via a web-based elec-
tronic data capture system containing an electronic case report form. The following patient
clinical and demographical characteristics were collected from this database: age, sex,
body mass index (BMI; kg/m?), blood pressure, cardiovascular risk factors, and previous
cardiovascular medications. Laboratory data related with cardiovascular disease were also
obtained. We also collected left ventricular ejection fraction from echocardiography data at
admission. In addition, we extracted information on the types of vasodilator prescribed at
discharge (nitrates, nicorandil, molsidomine, and trimetazidine).

2.3. Invasive CAG and EG Provocation Test

The baseline CAG and EG provocation tests were performed according to the Guide-
lines for Diagnosis and Treatment of Patients with VA of the Japanese Circulation Society [1].
The baseline CAG was performed by a well-trained interventional cardiologist; vasoactive
medications were discontinued at least 48 h before the procedure. Intracoronary EG was
injected in incremental doses of 20 (E1), 40 (E2), and 60 (E3) pug into the left coronary artery
(LCA) for the test of provocation [1,15]. Incremental doses of 10 (E1), 20 (E2), and 40 (E3)
ug were injected into the right coronary artery (RCA) when LCA did not induce coronary
spasm. When spasm was induced, 200 pg of nitroglycerine was injected. Chest pain, loca-
tion of spasm and electrocardiography (ECG) change were recorded during the provocation
test. ECG change was defined as ST segment depression (>1 mm) or elevation or T-wave
inversion in at least 2 consecutive leads [12]. We defined significant vasospasm as total or
luminal diameter narrowing by more than 90% of the coronary arteries accompanied by
ECG changes and/or chest pain after EG injection [1]. Intermediate spasm was defined
as 50% to 90% luminal diameter stenosis of the coronary arteries. All patients who had
spasms on the EG provocation test or spontaneous spasm were treated with medication
during follow-up according to the clinician’s discretion.
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2.4. Study Outcomes

The primary outcome was rate of composite clinical events for one year of follow-
up (median duration, 365 days; mean 345.0 &= 60.5 days). The composite clinical events
included acute coronary syndrome (ACS), cardiac death, new-onset arrhythmia including
ventricular fibrillation (VF) and ventricular tachycardia (VT), and atrioventricular (AV)
block. VT was defined as sustained VT resulting in hemodynamic instability, and AV
block was defined as a high-degree AV block resulting in hemodynamic instability. All-
cause death was also noted during the one-year follow-up. Occurrence of death and the
timing of death were confirmed through medical records review or telephone interviews.
In addition, readmission or emergency room visits due to angina was investigated for
one year after diagnosis with vasospastic angina. To investigate whether patients were
taking medication continuously, drug compliance was also assessed for one year after
diagnosis. Good compliance was defined as maintaining a vasodilator for one year without
any change and interruption, and poor compliance was as discontinuation of a vasodilator
within one year.

2.5. Statistical Analyses

All categorical data are presented as frequencies and percentages, and continuous
variables are expressed as means and standard deviations. For continuous variables,
the Shapiro-Wilk test was used for confirming the normal distribution of each dataset.
Pearson’s chi-squared test was used to compare categorical variables, the Student’s -test
was used to compare normal distributed continuous variables, and the Mann-Whitney
U-test was used to compared non-normal distributed continuous variables. In addition, we
also used propensity scores and 1:1 matching analysis to adjust the uneven distribution of
baseline characteristics between the nitrate group and other vasodilator groups. A multiple
logistic regression model was constructed to represent the propensity score, which was
the probability of the nitrates group. The adjusted variables were as follows: age, seXx,
history of coronary artery disease, hypertension, and diabetes, current smoking status,
alcohol drinking, and cardiovascular medications. The 174 patients in the nitrates group
were matched to 174 patients in the other vasodilators group. McNemar’s test was used to
compare categorical variables between matched patient groups, and a paired ¢-test was used
for continuous variables. Kaplan-Meier survival analysis and log-rank test were used to
compare the ACS-free survival rates and cumulative composite clinical events-free survival
rates between the nitrates group and the other vasodilators group. In addition, univariate
analysis and multivariate logistic regression analysis were performed to evaluate the risk
of ACS after adjustment for individual risk factors. Variables with predictive significance
(p < 0.05) of ACS in univariate analysis were included in the regression analysis. A p-value
less than 0.05 was considered statistically significant. All analyses were performed using
SPSS 21.0 software (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Baseline Characteristics

Among 1048 patients with VA using a single vasodilator at discharge who underwent
CAG and EG provocation test, there were 239 patients who were prescribed a nitrate at
discharge (nitrates group) and 809 patients who were prescribed another vasodilator (other
vasodilators group: 521 patients used nicorandil, 177 patients used molsidomine, and
111 patients used trimetazidine). Patients’ baseline characteristics according to vasodilator
type are shown in Table 1. Patients in the nitrates group were significantly older than
patients in the other vasodilators group, and significantly more patients in the nitrates
group reported alcohol drinking and current smoking than patients in the other vasodila-
tors group. Previous use of antiplatelet agents and statins was more frequent in the other
vasodilators group than in the nitrates group. Table 1 also shows the laboratory findings of
the two groups: there were no significant differences between the two groups. Likewise,
there were no significant differences in other histories or medications related to traditional



J. Clin. Med. 2022, 11, 3250

50f13

cardiovascular risk factors or diseases between the two groups. Supplementary Table S1
(Supplementary Materials online) shows the comparison of coronary angiographic char-
acteristics after EG provocation test between the two groups. There were no significant
differences in location of spasm between the two groups, but provocation-associated chest
pain was more frequent in the nitrates group than in the other vasodilators group. In
addition, there was no significant difference in multi-vessel involvement in which spam
occurred in two or more coronary arteries after EG provocation test: 23.1% in the nitrates
group and 26.7% in the other type of vasodilator group (p = 0.308).

Table 1. Baseline Characteristics.

. Other Types
All (n =1048) Nitrates of Vasod}illl;tor p Value
(n = 239)
(n =809)

Age, years 548 £11.2 52.6 +11.4 555+ 11.1 0.001

Male, 1 (%) 666 (63.5) 160 (66.9) 5056 (62.5) 0.214

BMI, kg/m? 247 £33 249 +£4.1 247 £3.1 0.450

SBP, mmHg 126.0 + 18.0 126.8 +18.7 1257 +£17.8 0.404

DBP, mmHg 772 +£12.2 78.3 £13.3 769 £ 11.8 0.118

Previous CAD, n (%) 108 (10.3) 19 (7.9) 89 (11.0) 0.171

Diabetes mellitus, 1 (%) 101 (9.6) 20 (8.4) 81 (10.0) 0.446

Hypertension, 1 (%) 386 (36.9) 98 (41.0) 288 (35.6) 0.131

Dyslipidemia, n (%) 183 (17.5) 46 (19.4) 137 (17.0) 0.382

Alcohol drinking, 1 (%) 455 (43.4) 137 (57.3) 318 (39.3) <0.001

Current smoking, n (%) 304 (29.5) 91 (38.1) 213 (26.9) 0.001
Laboratory finding

Hemoglobin, g/dL 139+19 139+1.38 139+19 0.945

Creatinine, mg/dL 0.8+0.2 0.8+0.2 0.8+0.2 0.294

Glucose, mg/dL 111.3 + 35.8 112.8 + 464 1109 + 32.1 0.565

hs-CRP, mg/dL 09 £538 1.1+7.0 0.8£5.3 0.453

Total cholesterol, mg/dL 173.6 + 35.6 175.3 + 35.2 173.0 + 35.7 0.406

LDL cholesterol, mg/dL 103.1 + 31.8 103.6 + 314 103.0 + 31.9 0.811

Triglyceride, mg/dL 145.7 £ 1054 151.5 +94.7 143.9 £+ 108.6 0.349

HDL cholesterol, mg/dL 46.3 +£12.7 422 4+11.9 46.7 +13.0 0.126

LV EE % 64.6 £ 6.6 65.1 £6.1 644+ 6.8 0.167

Previous cardiovascular medication

Antiplatelet, n (%) 222 (21.3) 37 (15.5) 186 (23.0) 0.042

Statin, 1 (%) 163 (15.6) 26 (10.9) 137 (16.9) 0.025

CCB, 1 (%) 191 (18.2) 40 (16.7) 151 (18.7) 0.166

Discharge medication
CCB, n (%) 959 (91.5) 220 (92.1) 739 (91.3) 0.732
Clinical diagnosis before ergonovine

Angina, 1 (%) 962 (92.1) 226 (94.6) 736 (91.4) 0.114

Myocardial infarction, n (%) 18 (1.7) 3(1.3) 15 (1.9) 0.777

Cardiac arrest, n (%) 11 (1.1) 6(2.5) 5(0.6) 0.022

Syncope, 1 (%) 11 (1.1) 4(1.7) 7 (0.9) 0.286

VT or VE n (%) 5(0.5) 1(0.4) 4(0.5) 1.000

AV block, n (%) 1(0.1) 0(0.0) 1(0.1) 1.000

AV, atrioventricular; BMI, body mass index; CAD, coronary artery disease; CCB, calcium channel blocker; DBP,
diastolic blood pressure; HDL, high-density lipoprotein; hs-CRP, high sensitive-C reactive protein; LDL, low-
density lipoprotein; LV EEF, left ventricular ejection fraction; SBP, systolic blood pressure; VF, ventricular fibrillation;
VT, ventricular tachycardia.

3.2. Clinical Outcomes according to Vasodilator Type

Among 1048 patients, 780 patients had one year of follow-up data, and the composite
clinical events of ACS, cardiac death, VT or VF, or AV block occurred in 23 patients. The
one-year composite clinical events rate was significantly higher in the nitrates group than in
the other vasodilators group (5.3% vs. 2.2%, p = 0.026) (Table 2). Specifically, the prevalence
of one-year ACS was significantly more frequent in the nitrates group than in the other
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vasodilators group (4.3% vs. 1.5%, p = 0.024). However, one-year all-cause death rates did
not differ significantly according to the vasodilator type. There was also no significant
difference between the two groups in terms of readmission or emergency room visits for
one year. Based on whether the VA patients received a nitrate or other vasodilators at
discharge, the cumulative composite clinical events rate and the cumulative ACS-free
survival rate were analyzed, and results are shown in Figure 2A,B. Patients in the nitrates
group had a significantly lower cumulative event-free survival rate than patients in the
other vasodilators group at the one-year follow-up (89.2% vs. 96.1%, log-rank p = 0.026)
(Figure 2A). Patients in the nitrates group also had a significantly lower cumulative ACS-
free survival rate (90.4% vs. 97.1%, log-rank p = 0.023) (Figure 2B) (Supplementary Table S2
showed the time to event of each individuals). Additionally, there was no significant
difference in the rate of the one-year composite clinical events among nicorandil group,
molsidomine group, and trimetazidine group (Supplementary Table S3). The prevalence of
one-year ACS showed also no significant difference among three groups.

Table 2. One-year clinical event rate of patients with VA according to types of vasodilators.

. Other Types of
All (n = 780) (l:ilirig;s) Vasodilator p Value
N (n =593)
Composite events 23 (2.9) 10 (5.3) 13 (2.2) 0.026
ACS 17 (2.2) 8 (4.3) 9 (1.5) 0.024
Cardiac death 1(0.1) 0(0.0) 1(0.1) 0.567
VT or VE 2(0.3) 1(0.5) 1(0.2) 0.422
AV block 3(04) 1(0.5) 2(0.3) 0.561
All-cause death 3(0.4) 1(0.5) 2(0.3) 0.561
Readmission or
emergency room visits 88 (11.3) 23 (12.3) 65 (11.0) 0.614

due to angina

ACS, acute coronary syndrome; AV, atrioventricular; VA, vasospastic angina; VE, ventricular fibrillation; VT,
ventricular tachycardia.

3.3. Clinical Outcomes in Propensity Score-Matched Population

After propensity score matching, 174 patients in the nitrates group were successfully
matched to an equal number of patients in the other vasodilators group. Baseline charac-
teristics were not significantly different between groups after propensity score matching
(Supplementary Table S4). The rate of one-year composite clinical events of the matched
population was significantly higher in the nitrates group (5.7% vs. 1.1%, p = 0.035) (Table 3).
In addition, the one-year ACS events rate of the matched population was significantly
higher in the nitrates group (4.6% vs. 0.6%, p = 0.037). Figure 3 shows the cumulative
composite clinical events rate and cumulative ACS-free survival rate between the matched
groups. Patients in the nitrates group had a significantly lower cumulative event-free sur-
vival rate than patients in the other vasodilators group (94.2% vs. 98.9%, log-rank p = 0.021)
(Figure 3A), as well as a lower cumulative ACS-free survival rate (95.4% vs. 99.4%, log-rank
p = 0.019) (Figure 3B).
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Figure 2. Kaplan—-Meier survival curves of the entire population. (A) Cumulative composite events-

free survival according to vasodilator. (B) Cumulative ACS-free survival according to vasodilator.
ACS, acute coronary syndrome.
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Table 3. One-year clinical event rate of patients with VA according to types of vasodilators after 1:1

propensity-matching.

. Other Types of
All (n = 348) (ljliri’;is) Vasodilator p Value
- (n=174)
Composite events 12 (3.4) 10 (5.7) 2 (1.1) 0.035
ACS 9 (2.6) 8 (4.6) 1(0.6) 0.037
Cardiac death 0 (0.0) 0 (0.0) 0(0.0) -
VT or VF 1(0.3) 1(0.6) 0(0.0) 1.000
AV block 2 (0.6) 1(0.6) 1(0.6) 1.000
All-cause death 2(0.6) 1 (0.6) 1(0.6) 1.000
Readmission or
emergency room visits 43 (12.4) 22 (12.6) 21 (12.1) 0.871

due to angina

ACS, acute coronary syndrome; AV, atrioventricular; VA, vasospastic angina; VE, ventricular fibrillation; VT,

ventricular tachycardia.
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Figure 3. Kaplan-Meier survival curves in propensity score-matched population. (A) Cumulative
composite events-free survival according to vasodilator. (B) Cumulative ACS-free survival according
to vasodilator. ACS, acute coronary syndrome.
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3.4. Effect of Nitrate Type on One-Year ACS Rate in VA Patients

According to univariate analysis (Table 4), the following factors were associated with
ACS events at one-year follow-up in VA patients: use of nitrates at discharge (odds ratio
(OR), 2.86; 95% confidence interval (CI), 1.104-7.420; p = 0.031) and age. After adjusting
for age, the Cox regression analysis showed that the use of nitrates at discharge was
independently associated with a 2.69-fold increased hazard for ACS in VA patients (OR,
2.69; 95% CI, 1.035-6.979; p = 0.042). However, the use of other vasodilators, including
nicorandil, molsidomine, and trimetazidine, at discharge was not an independent predictor
of ACS in VA patients.

Table 4. Predictors of ACS in patients with VA.

Univariate Multivariate

OR 950/0 CI p OR 950/0 CI p

Nitrate 2.86 1.104-7.420 0.031 2.69 1.035-6.979 0.042
Nicorandil 1.10 0.424-2.847 0.847 - - -
Molsidomine 0.04 0.000-11.521 0.263 - - -
Trimetazidine 0.04 0.000-41.670 0.368 - - -

Age 0.96 0.914-1.000 0.049 0.96 0.915-1.003 0.067
Previous CAD 1.06 0.242-4.641 0.938 - - -
Hypertension 0.85 0.315-2.307 0.754 - - -
Diabetes 1.43 0.328-6.276 0.632 - - -
Current smoking 1.51 0.665-3.406 0.327 - - -
Alcohol drinking 1.01 0.452-2.242 0.987 - - -
LDL-cholesterol 1.01 0.995-1.026 0.193 - - -
CCBat index 149 019811268 0697 - - -

admission

ACS = acute coronary syndrome; CAD = coronary artery disease; CCB = calcium-channel blocker; CI = confidence
interval; LDL = low-density lipoprotein; OR = odds ratio; VA = vasospastic angina.

3.5. Subgroup Analysis

A subgroup analysis of the one-year clinical events rate of patients with VA according
to drug compliance was performed. There were 776 patients with confirmed one-year drug
compliance: 55.9% of patients in the nitrates group maintained the nitrate for one year, and
65.6% of patients in the other vasodilators group maintained the vasodilator for one year.
Among patients with good drug compliance during one year, there were no significant
differences in composite clinical events rate or all-cause death rate between the two groups
(Supplementary Table S5). However, among patients with poor compliance, the one-year
ACS rate was significantly higher in the nitrates group than in the other vasodilators group
(7.3% vs. 2.0%, p = 0.036) (Supplementary Table S6).

4. Discussion

According to results from this nationwide prospective large-scale registry, the inci-
dence of one-year composite clinical events including ACS was significantly higher in
VA patients who used nitrates at discharge than in those who used other vasodilators at
discharge; the adverse effects of nitrates were consistent after propensity score matching.
Specifically, the use of nitrates at discharge was independently associated with a 2.69-fold
increased risk of ACS in patients with VA. The nitrates group had lower drug compliance
during one year of follow-up compared to the other vasodilators group, which affected
one-year clinical events rates. Indeed, in patients with poor compliance, the one-year ACS
rate in the group who used nitrates at discharge was significantly higher than in the group
who used other vasodilators at discharge.

Nitrates, nicorandil, and other types of vasodilators are widely used for relieving acute
angina symptoms in ischemic heart disease, including VA [16]. Long-acting nitrates are me-
tabolized to NO within vascular smooth muscle cells, resulting in dilation of the coronary
vasculature [1,6]. Nitrates including isosorbide dinitrate or isosorbide mononitrate ER have
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been proven to suppress acute angina symptoms and prevent recurrent attacks [17]. How-
ever, the frequent and continued use of nitrates can cause reduced vasodilatory effects due
to the development of nitrate tolerance, which is caused by multiple factors [18,19]. In ad-
dition, during periods of nitrate withdrawal or nitrate-free periods, “rebound angina” may
occur, in which the frequency of angina increases suddenly [16,20]. Increased sensitivity to
vasoconstriction has been known to be a possible mechanism to explain rebound angina,
while the vasodilating effect of NO decreases during the nitrate-free periods [20,21]. This
is consistent with our results that the nitrates group had an increased risk of ACS during
one year of follow-up, especially VA patients with poor drug compliance. On the contrary,
nicorandil, which has properties similar to those of nitrates and acts as a Karp channel
agonist, does not cause tolerance or rebound angina [16]. This is because nicorandil opens
up potassium channels in the plasma membrane with the hyperpolarization of plasma
smooth muscle cells, which can cause vascular relaxation without cGMP accumulation
in the cells [22]. The role of Karp channels is to inhibit the formation of cGMP, which is
associated with nitrate tolerance [22]. Another vasodilator, molsidomine, is a NO donor
and delivers NO directly to vascular smooth muscle cells, activating the soluble guanylate
cyclase, which synthesizes vasodilating cGMP from guanosine triphosphate [23,24]. This
may also be the reason for the lower levels of tolerance to molsidomine compared to other
nitrates. Since the mechanisms involved in vasodilation differ according to the type of
drug, rebound angina or drug tolerance can occur differently in patients with VA. In this
study, the composite clinical events rate including ACS was significantly higher in the
nitrates group than in the other vasodilators group during one year of follow-up, which was
maintained even after propensity score matching. Moreover, other vasodilators, including
nicorandil, molsido-mine, and trimetazidine, did not raise ACS risk. Although the exact
mechanism for different clinical outcomes according to type of vasodilator in VA patients
is unclear, it may be related to the different endothelium-dependent responsiveness of
vascular smooth muscle cell, which is an important pathogenesis of VA. To the best of our
knowledge, there have been no clinical or experimental studies of direct comparison of this
issue; a large-scale study will be needed in the future.

There was a small study that evaluated the long-term effects of nitrate treatment
on cardiac events including cardiac death and readmission for ACS in VA patients who
were treated with CCBs in a single Japanese center [25]. There were 48 patients who were
treated with nitrates, 38 who were treated with nicorandil, and 145 patients who did not
use vasodilators. The results showed that nitrates independently increased the risk of
cardiac events by 5.18 times during 70 months of follow-up, but nicorandil did not increase
the risk. In a recent multicenter study in Japan, Takahashi et al. [11] showed a long-term
effect of nitrate therapy on major adverse cardiac events (MACE), including non-fatal
myocardial infarction, cardiac death, heart failure, hospitalization due to unstable angina,
and appropriate implantable cardioverter defibrillator shocks in 1492 VA patients. When
they were followed for a median 32 months, the nitrates group did not have a signifi-
cantly decreased or increased risk of MACE compared with the group not using nitrates.
Even when nitrates and nicorandil were analyzed separately, neither of them affected
MACE. In another recent study in Korea, Kim et al. [26] revealed that nitrates increased
the risk of MACE, including cardiac death, myocardial infarction, any revascularization,
or readmission due to recurrent angina, by 1.32-fold compared with not using nitrates in
patients with VA during a median 55 months of follow-up. Specifically, patients treated
with nitrates had a significantly higher risk of MACE by 1.70-fold, but nicorandil did not
show any association with an increased risk of MACE. Although the clinical outcomes of
each previous study were different from the outcomes of our study, which was composite
clinical events including ACS, cardiac death, new-onset arrhythmia including VT and
VE and AV block, they showed that nicorandil had a neutral effect on adverse clinical
outcomes and nitrates had a neutral effect or a tendency to increase the risk of adverse
clinical outcomes. The most recent study using this VA-Korea registry [27] also showed that
the risk of ACS at 2 years was significantly increased in the nitrate group compared with
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the non-vasodilator group (HR 2.49, 95% CI 1.01-6.14, p = 0.047) and that was not increased
in the non-nitrate other type vasodilator group compared with the non-vasodilator group
(HR 0.92, 95% CI 0.39-2.13, p = 0.841). However, composite clinical outcome including
ACS, cardiac death, and new-onset arrhythmia at 2 years showed no significant differences
between the nitrate, non-nitrate other type vasodilator, or non-vasodilator groups. This is
not a direct comparison study of nitrate and non-nitrate other types of vasodilators. In this
regard, it is notable that our study directly compared nitrates to other vasodilators and also
presented and analyzed drug compliance.

The results of this study can be helpful in real-world practice. When VA patients are
prescribed nitrates at discharge, their drug compliance may be poor owing to the side
effects such as headache or dizziness. In the nitrates group, 55.9% maintained the drug
for one year, and in the other vasodilators group, 65.6% maintained the drug. Poor drug
compliance with nitrates will increase the occurrence of rebound angina and may also be
associated with an increased risk of adverse clinical events compared to other vasodilators.
Clinicians should be able to select a differentiated drug for each individual considering
the effect of drug compliance to vasodilators on the prognosis in VA patients. In addition,
vasospasm was confirmed by using EG in this study, but acetylcholine also can induce
spasm, and that effect is promptly dissolved by intracoronary nitroglycerin. Since this study
is about the vasodilator effect on clinical outcome in vasospastic patients, further studies
are needed, but it is carefully suggested that the results can be applied to vasospastic angina
patients who have been diagnosed with acetylcholine.

Several limitations of this study should be considered. First, this is a prospective
multicenter cohort study, and it may have inevitable bias that can affect the results unlike a
randomized controlled trial. However, to avoid bias as much as possible, propensity score
matching and multivariate logistic regression analysis were attempted. Second, regardless
of the type of vasodilator prescribed, just over half of the VA patients maintained the use
of a vasodilator for one year; this may have affected our results because patients may not
have had sufficient effectiveness of the nitrates or other vasodilators. Third, the patients
in this study included both intermediate spasm or significant spasm after EG provocation
test, and it was not a study targeting only definite vasospastic angina, but all patients with
vasospasm of 50% or more who needed vasodilator therapy under the judgment of the
clinician. However, even if the EG provocation test shows intermediate vasospasm results,
it does not mean that vasodilator is not used in real clinical practice. This study showed
the prescription patterns of vasodilator and its effects on prognosis according to the type of
vasodilator in all vasospastic angina patients who need vasodilator in real clinical settings.
Finally, subgroup analysis results were obtained from a much smaller sample size that was
analyzed according to drug compliance, and this may limit the interpretation of this results.

5. Conclusions

In conclusion, prescribing nitrates as a vasodilator at discharge in VA patients can
increase the adverse clinical outcomes including ACS during one year; poor compliance
with nitrates is also associated with adverse clinical outcomes. This is an emphatic real
clinical practice and prognosis for patients with symptoms suspected of VA who underwent
CAG and EG tests. Thus, in the management of VA patients, clinicians should choose a
vasodilator in consideration of a patient’s compliance, as well as the drug mechanism, and
they should consider prescribing vasodilators other than nitrates in order to achieve better
clinical outcomes. In addition to this study, landmark trials that can provide a guide for
prescribing vasodilators in VA patients will be needed in the future, and if these evidences
are accumulated, it will form the basis for the management of VA patients.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/jcm11123250/s1, Table S1: Coronary artery spasm and associated
characteristics after provocation test according to vasodilator; Table S2: Time to composite clinical
outcome in nitrate group and other types of vasodilator group; Table S3: One-year clinical event rate
of patients with VA according to types of vasodilator in other types of vasodilator; Table S4: Baseline
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characteristics after propensity matching; Table S5: One-year clinical event rate of patients with good
drug compliance; Table S6: One-year clinical event rate of patients with poor-compliance during
1 year.

Author Contributions: Conceptualization, H.-] K. and S.-H.J.; Data curation, M.-H.L., W.-W.S., H.-
LK., H-C.G. and D.-].C; Investigation, S.-H.J., W.-W.S,, T-H.Y., S.-H.H., B-K.L., K.-H.P. and S.H.B;
Methodology, H.-].K.; Software, H.-] K., S.-H.J. and M.-H.L.; Validation, K.Y.L., Y.A., S.-W.R. and
S.H.B.; Visualization, S.-H.]. and H.-] K.; Writing—original draft, H.-].K.; Writing—review and editing,
S.-H.J. and M.-H.L. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by grants from the Hallym University (HURF-2020-12) and the
Ministry of SMEs and Startups of Korea (no. S2722143).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Hallym University Sacred Heart
Hospital (Approved No. 2010-1007).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1. JCS]Joint Working Group. Guidelines for diagnosis and treatment of patients with vasospastic angina (Coronary Spastic Angina)
(JCS 2013). Circ. J. 2014, 78, 2779-2801. [CrossRef]

2. Yamagishi, M.; Tamaki, N.; Akasaka, T.; Ikeda, T.; Ueshima, K.; Uemura, S.; Otsuji, Y.; Kihara, Y.; Kimura, K.; Kimura, T.; et al. JCS
2018 Guideline on Diagnosis of Chronic Coronary Heart Diseases. Circ. . 2021, 85, 402-572. [CrossRef] [PubMed]

3. Shin, D.I; Baek, S.H.; Her, S.H.; Han, S.H.; Ahn, Y,; Park, KH.; Kim, D.S; Yang, T.H.; Choi, D.J.; Suh, ].W,; et al. The 24-Month
Prognosis of Patients With Positive or Intermediate Results in the Intracoronary Ergonovine Provocation Test. JACC Cardiovasc.
Interv. 2015, 8, 914-923. [CrossRef] [PubMed]

4. Matsue, Y.; Suzuki, M.; Nishizaki, M.; Hojo, R.; Hashimoto, Y.; Sakurada, H. Clinical implications of an implantable cardioverter-
defibrillator in patients with vasospastic angina and lethal ventricular arrhythmia. J. Am. Coll. Cardiol. 2012, 60, 908-913.
[CrossRef]

5. Ong, P; Athanasiadis, A.; Borgulya, G.; Voehringer, M.; Sechtem, U. 3-year follow-up of patients with coronary artery spasm
as cause of acute coronary syndrome: The CASPAR (coronary artery spasm in patients with acute coronary syndrome) study
follow-up. J. Am. Coll. Cardiol. 2011, 57, 147-152. [CrossRef]

6.  Parker, ].D,; Parker, ].O. Nitrate therapy for stable angina pectoris. N. Engl. J. Med. 1998, 338, 520-531. [CrossRef] [PubMed]

7. Aizawa, T.; Ogasawara, K.; Nakamura, F; Hirosaka, A.; Sakuma, T.; Nagashima, K.; Kato, K. Effect of nicorandil on coronary
spasm. Am. ]. Cardiol. 1989, 63, 75]-79]. [CrossRef]

8.  Krumenacker, M.; Roland, E. Clinical profile of nicorandil: An overview of its hemodynamic properties and therapeutic efficacy.
J. Cardiovasc. Pharmacol. 1992, 20 (Suppl. S3), S93-5102.

9.  Majid, PA,; DeFeyter, PJ.; Van der Wall, E.E.; Wardeh, R.; Roos, ].P. Molsidomine in the treatment of patients with angina pectoris.
N. Engl. ]. Med. 1980, 302, 1-6. [CrossRef]

10. Gori, T.; Parker, J.D. Nitrate-induced toxicity and preconditioning: A rationale for reconsidering the use of these drugs. J. Am.
Coll. Cardiol. 2008, 52, 251-254. [CrossRef]

11. Takahashi, J.; Nihei, T.; Takagi, Y.; Miyata, S.; Odaka, Y.; Tsunoda, R.; Seki, A.; Sumiyoshi, T.; Matsui, M.; Goto, T.; et al. Prognostic
impact of chronic nitrate therapy in patients with vasospastic angina: Multicentre registry study of the Japanese coronary spasm
association. Eur. Heart . 2015, 36, 228-237. [CrossRef]

12. Kim, D.W.; Her, S.H.; Ahn, Y.; Shin, D.I.; Han, S.H.; Kim, D.S.; Choi, D.J.; Kwon, H.M.; Gwon, H.C.; Jo, S.H.; et al. Clinical
outcome according to spasm type of single coronary artery provoked by intracoronary ergonovine tests in patients without
significant organic stenosis. Int. J. Cardiol. 2018, 252, 6-12. [CrossRef] [PubMed]

13. Lee, M.H.; Jo, S.H.; Kwon, S.; Park, BW.; Bang, D.W.; Hyon, M.S,; Baek, S.H.; Han, S.H.; Her, S.H.; Shin, D.I; et al. Impact of
Overweight/Obesity on Clinical Outcomes of Patient with Vasospastic Angina: From the Vasospastic Angina in Korea Registry.
Sci. Rep. 2020, 10, 4954. [CrossRef]

14. Cho, S.S.;Jo, S.-H.; Han, S.H,; Lee, K.Y.; Her, S.H.; Lee, M.H.; Seo, WW.; Kim, S.E.; Yang, T.H.; Park, K.H.; et al. Clopidogrel plus

Aspirin Use is Associated with Worse Long-Term Outcomes, but Aspirin Use Alone is Safe in Patients with Vasospastic Angina:
Results from the VA-Korea Registry, A Prospective Multi-Center Cohort. Sci. Rep. 2019, 9, 17783. [CrossRef] [PubMed]


http://doi.org/10.1253/circj.CJ-66-0098
http://doi.org/10.1253/circj.CJ-19-1131
http://www.ncbi.nlm.nih.gov/pubmed/33597320
http://doi.org/10.1016/j.jcin.2014.12.249
http://www.ncbi.nlm.nih.gov/pubmed/26003026
http://doi.org/10.1016/j.jacc.2012.03.070
http://doi.org/10.1016/j.jacc.2010.08.626
http://doi.org/10.1056/NEJM199802193380807
http://www.ncbi.nlm.nih.gov/pubmed/9468470
http://doi.org/10.1016/0002-9149(89)90210-5
http://doi.org/10.1056/NEJM198001033020101
http://doi.org/10.1016/j.jacc.2008.04.019
http://doi.org/10.1093/eurheartj/ehu313
http://doi.org/10.1016/j.ijcard.2017.08.052
http://www.ncbi.nlm.nih.gov/pubmed/29249438
http://doi.org/10.1038/s41598-020-61947-7
http://doi.org/10.1038/s41598-019-54390-w
http://www.ncbi.nlm.nih.gov/pubmed/31780809

J. Clin. Med. 2022, 11, 3250 13 0f 13

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Takagi, Y.; Yasuda, S.; Takahashi, J.; Tsunoda, R.; Ogata, Y.; Seki, A.; Sumiyoshi, T.; Matsui, M.; Goto, T.; Tanabe, Y.; et al. Clinical
implications of provocation tests for coronary artery spasm: Safety, arrhythmic complications, and prognostic impact: Multicentre
registry study of the Japanese Coronary Spasm Association. Eur. Heart J. 2013, 34, 258-267. [CrossRef] [PubMed]

Tarkin, J.M.; Kaski, ].C. Vasodilator Therapy: Nitrates and Nicorandil. Cardiovasc. Drugs Ther. 2016, 30, 367-378. [CrossRef]
Conti, C.R;; Hill, ].A.; Feldman, R.L.; Conti, ].B.; Pepine, C.J. Isosorbide dinitrate and nifedipine in variant angina pectoris. Am.
Heart J. 1985, 110, 251-256. [CrossRef]

Munzel, T.; Gori, T. Nitrate therapy and nitrate tolerance in patients with coronary artery disease. Curr. Opin. Pharmacol. 2013, 13,
251-259. [CrossRef]

Thadani, U. Challenges with nitrate therapy and nitrate tolerance: Prevalence, prevention, and clinical relevance. Am. ]. Cardiovasc.
Drugs 2014, 14, 287-301. [CrossRef]

Munzel, T.; Mollnau, H.; Hartmann, M.; Geiger, C.; Oelze, M.; Warnholtz, A.; Yehia, A.H.; Forstermann, U.; Meinertz, T. Effects of
a nitrate-free interval on tolerance, vasoconstrictor sensitivity and vascular superoxide production. J. Am. Coll. Cardiol. 2000, 36,
628-634. [CrossRef]

Munzel, T,; Kurz, S.; Heitzer, T.; Harrison, D.G. New insights into mechanisms underlying nitrate tolerance. Am. J. Cardiol. 1996,
77,24C=-30C. [CrossRef]

O'Rourke, S.T. KATP channel activation mediates nicorandil-induced relaxation of nitrate-tolerant coronary arteries. J. Cardiovasc.
Pharmacol. 1996, 27, 831-837. [CrossRef]

Rosenkranz, B.; Winkelmann, B.R.; Parnham, M.J. Clinical pharmacokinetics of molsidomine. Clin. Pharm. 1996, 30, 372-384.
[CrossRef] [PubMed]

Messin, R.; Opolski, G.; Fenyvesi, T.; Carreer-Bruhwyler, F.; Dubois, C.; Famaey, ].P; Geczy, J. Efficacy and safety of molsidomine
once-a-day in patients with stable angina pectoris. Int. J. Cardiol. 2005, 98, 79-89. [CrossRef]

Kosugi, M.; Nakagomi, A.; Shibui, T.; Kato, K.; Kusama, Y.; Atarashi, H.; Mizuno, K. Effect of long-term nitrate treatment on
cardiac events in patients with vasospastic angina. Circ. J. 2011, 75, 2196-2205. [CrossRef] [PubMed]

Kim, C.H; Park, T.K,; Cho, S.W.; Oh, M.S;; Lee, D.H.; Seong, C.S.; Gwag, H.B.; Lim, A.Y,; Yang, ].H.; Song, Y.B.; et al. Impact
of different nitrate therapies on long-term clinical outcomes of patients with vasospastic angina: A propensity score-matched
analysis. Int. J. Cardiol. 2018, 252, 1-5. [CrossRef] [PubMed]

Lim, Y,; Kim, M.C.; Ahn, Y.; Cho, K.H.; Sim, D.S.; Hong, Y.J.; Kim, ]. H.; Jeong, M.H.; Baek, S.H.; Her, S.H.; et al. Prognostic Impact
of Chronic Vasodilator Therapy in Patients With Vasospastic Angina. J. Am. Heart Assoc. 2022, 11, e023776. [CrossRef] [PubMed]


http://doi.org/10.1093/eurheartj/ehs199
http://www.ncbi.nlm.nih.gov/pubmed/22782943
http://doi.org/10.1007/s10557-016-6668-z
http://doi.org/10.1016/0002-8703(85)90495-8
http://doi.org/10.1016/j.coph.2012.12.008
http://doi.org/10.1007/s40256-014-0072-5
http://doi.org/10.1016/S0735-1097(00)00754-3
http://doi.org/10.1016/S0002-9149(96)00185-3
http://doi.org/10.1097/00005344-199606000-00010
http://doi.org/10.2165/00003088-199630050-00004
http://www.ncbi.nlm.nih.gov/pubmed/8743336
http://doi.org/10.1016/j.ijcard.2004.01.007
http://doi.org/10.1253/circj.CJ-11-0056
http://www.ncbi.nlm.nih.gov/pubmed/21670540
http://doi.org/10.1016/j.ijcard.2017.07.031
http://www.ncbi.nlm.nih.gov/pubmed/29249418
http://doi.org/10.1161/JAHA.121.023776
http://www.ncbi.nlm.nih.gov/pubmed/35347998

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collection 
	Invasive CAG and EG Provocation Test 
	Study Outcomes 
	Statistical Analyses 

	Results 
	Baseline Characteristics 
	Clinical Outcomes according to Vasodilator Type 
	Clinical Outcomes in Propensity Score-Matched Population 
	Effect of Nitrate Type on One-Year ACS Rate in VA Patients 
	Subgroup Analysis 

	Discussion 
	Conclusions 
	References

