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Abstract: Vasospastic angina (VSA) is characterized by a reversible spasm of the coronary arteries
and is more prevalent in Asians. Vasodilators, such as calcium channel blockers, are effective in
relieving coronary spasms and preventing clinical events. Therefore, the prognosis of VSA is generally
known to be better than for significant organic stenosis caused by atherosclerosis. However, coronary
vasospasm is sometimes associated with fatal complications such as sudden death, ventricular
arrhythmia, and myocardial infarction. Thus, it is very important to identify and actively treat
high-risk patients to prevent VSA complications. Here, we will review clinical factors associated with
long-term prognosis in patients with VSA.

Keywords: calcium channel blocker; coronary spasm; prognosis; prognostic factors; vasospas-
tic angina

1. Introduction

In 1959, Dr. Myron Prinzmental was the first to describe a new form of exercise-
independent angina, and named it a “variant form of angina pectoris”, which is now
more commonly referred to as vasospastic angina (VSA) [1]. VSA is characterized by
transient myocardial ischemia due to dynamic coronary artery spasm, resulting in the
clinical presentation of chest pain and electrocardiographic changes [2–4]). Coronary spasm
is relatively well relieved by vasodilators such as calcium channel blockers (CCBs). These
drugs effectively prevent the occurrence of clinical events associated with a coronary spasm,
and thus, VSA usually has a favorable long-term prognosis compared to atherosclerotic
coronary stenosis [4–6]. Therefore, vasodilators are the cornerstone of treatment for VSA [7].
However, despite the use of vasodilators, some patients with VSA develop serious cardiac
complications, such as sudden cardiac death, myocardial infarction, and ventricular ar-
rhythmias due to a severe coronary spasm [8–10]). Considering that the ultimate goal of
the treatment for VSA patients is to prevent the occurrence of such fatal complications, it is
very important to find the factors that determine the prognosis of VSA patients. Knowing
these prognostic factors will also lead to a better understanding and management of VSA.
However, there are limited data on the prognostic factors of VSA. As the prevalence of
VSA is low, and it mainly occurs in Asians, relatively few studies have been conducted,
especially in Japan [11]. However, it has been suggested that VSA incidence was also
higher in Westerners than ever considered [12]. In recent years, the awareness and interest
in VSA have gradually increased in both the East and the West, and several reports that
investigate the risk factors determining the long-term prognosis of VSA have been pub-
lished. However, because each study has different patient characteristics, the risk factors
associated with the long-term prognosis for VSA were various and sometimes conflicting.
Comprehensive assessment and summary of the risk factors for long-term clinical outcomes
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of VSA, including current evidence, will be of great help to many clinicians managing VSA
patients and researchers interested in VSA.

2. Prognosis of Patients with VSA

VSA prognosis is generally known to be not so bad if the patient is on medication
and does not smoke or drink. Waters et al. investigated 169 consecutive Canadian VSA
patients and demonstrated that their survival at 1, 2, and 3 years was 95%, 90%, and 87%,
and survival without myocardial infarction was 80%, 78%, and 75%, respectively [13]. In
a Japanese study with a long-term clinical follow-up of 245 VSA patients, the survival
rate at 1, 3, 5, and 10 years was 98%, 97%, 97%, and 93%, respectively, and survival
rate without myocardial infarction at 1, 3, 5, and 10 years was 86%, 85%, 83% and 81%,
respectively [5]. Bory et al. examined 277 VSA patients in France with a median follow-up
of 7.4 years and found that all-cause and cardiac mortality rates were 7.2% and 3.6%,
respectively [14]. Shimokawa et al., who investigated 1244 VSA Japanese patients, revealed
that the incidence of all-cause and cardiac mortality during 2.7 years of follow-up were
1.3% and 0.3%, respectively [15]. In Japan’s national registry data, the 5-year survival rate
of VSA patients was 94% for men and 93% for women [16]. More recently, a Korean study
including 2129 patients with coronary spasms demonstrated that the 2-year incidence of
cardiac death was 0.9% [17]. Collectively, although VSA prognosis varies according to
studies due to different patients’ characteristics and follow-up duration, the prognosis for
VSA is generally better compared to typical angina caused by fixed organic stenosis of the
epicardial coronary artery.

3. Factors Associated with Long-Term Prognosis of VSA
3.1. Age and Sex

Many studies have shown that older age is associated with poor clinical outcomes in
patients with VSA [18–20]. Older patients usually have more comorbidities and organic
stenosis [21]. Kim et al. indicated that, among various clinical factors, only old age was an
independent factor associated with rehospitalization for VSA in multivariable analysis [20].
It has been reported that young age (<50 years) was associated with better clinical outcomes
in female VSA patients but not in male VSA patients, which suggests the important role
of female sex hormones in cardiovascular protective effects [16]. However, unlike these
studies, in some studies, age was not related to the long-term prognosis in patients with
VSA [22,23]. Another study, rather, has reported that older age is associated with a better
prognosis of VSA [24]. Age may be less influential as a prognostic factor in patients with
VSA compared to patients with significant organic stenosis [25].

The VSA prognosis is expected to be worse in men than in women because men smoke
and drink more and have a higher prevalence of accompanying organic stenosis [16,22,26].
However, results from prior studies on this issue were different from our expectations.
Several recent studies have focused on sex differences, in which the long-term cardio-
vascular prognosis was similar between sexes in patients with VSA [16,22,26]. Although
not focused on sex differences, other studies that analyzed patients with VSA have also
consistently shown that sex is not associated with the long-term prognosis [5,18,23,27–29].
Pathophysiology on why the baseline clinical characteristics unfavorable to men are not
reflected in the long-term prognosis of VSA is unknown and requires further studies.

3.2. Obesity

In the nation-wide prospective registry of patients with VSA in Korea (VA-KOREA
registry), overweight or obesity was associated with a lower occurrence of clinical events
during a 1-year follow-up of VSA patients compared to patients with normal body weight,
and the authors suggested the existence of an “obesity paradox” in VSA [30]. Kim et al.
showed that obesity (body mass index ≥ 25 kg/m2) was associated with a better prog-
nosis in female VSA patients; however, this association was not observed in male VSA
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patients [31]. There are still insufficient data on the association between body mass index
and the long-term prognosis of patients with VSA.

3.3. Smoking and Alcohol

Smoking provokes coronary artery spasms [31,32]. Smoking is a well-known stressor
to vasculature by causing blood pressure elevation, abnormal lipid metabolism, insulin
resistance, oxidative stress, and endothelial cell dysfunction [33]. Choi et al. assessed
long-term clinical events in 1590 VSA patients according to their smoking status and
showed that major adverse cardiovascular event (MACE) incidence was not associated with
smoking. However, the same authors demonstrated that smokers with VSA experienced
a significantly higher incidence of recurrent angina compared to non-smokers with VSA
during the 3-year follow-up period [34]. Although not focused on smoking, several other
studies have shown that smoking is an independent factor in determining long-term
prognosis in patients with VSA [17,35–37]. In a 12-year follow-up study of 273 patients
with VSA in Spain, smoking was associated with a 2.4-fold increased mortality risk [36].
However, smoking was not associated with cardiac mortality or myocardial infarction in
the same study. In a Japanese study of 1429 VSA patients, smoking increased the incidence
of MACE by 1.4 times at a 32-month clinical follow-up [35]. Cho et al. demonstrated
that smoking was associated with higher rates of unfavorable cardiovascular outcomes,
especially in patients taking antiplatelet agents [38]. On the other hand, other studies have
shown that smoking was not associated with the long-term prognosis of patients with
VSA [5,22,26].

Alcohol is another well-known risk factor for coronary artery spasms [4,39–41]. Alco-
hol is known to induce an inflammatory response, increase free radical production, and
decrease nitric oxide production, leading to coronary spasm [39,41]. However, little is
known about the effects of alcohol on the prognosis of patients with VSA. In a recent
Korean study, although excessive alcohol consumption was a stronger risk factor for coro-
nary artery spasm, it was not associated with long-term clinical outcomes in patients with
VSA [41]. Other studies also have shown a lack of association between alcohol consumption
and long-term clinical outcome of VSA [29]. Additional clinical evidence is needed to
more clearly understand the association between alcohol and the long-term prognosis of
VSA patients.

The evidence for the role of smoking and alcohol as long-term prognostic factors
in patients with VSA is not strong. This is probably because intensive medical therapy
with vasodilators effectively reduces VSA attacks caused by smoking or alcohol drinking.
However, both smoking and alcohol clearly cause coronary spasms, so it should always
be emphasized to maintain strict drug intake along with smoking cessation and alcohol
abstinence in patients with VSA.

3.4. Traditional Risk Factors

Traditional cardiovascular risk factors, such as hypertension, diabetes mellitus, or
dyslipidemia, are major factors that exacerbate coronary atherosclerosis and develop
cardiovascular events [42,43]. However, these traditional risk factors do not appear to
significantly affect the long-term prognosis of patients with VSA. Some studies have shown
a significant association between traditional risk factors and the long-term prognosis
of VSA [14,18,29]. In a European study in which 277 VSA patients were followed for
89 months, the risk factors for major coronary events in these patients were hypertension
and the presence of coronary luminal irregularity [14]. In the study of Kim et al., only
hypertension was associated with the long-term prognosis of patients with VSA among
hypertension, diabetes, and dyslipidemia [18]. Han et al. performed 36 months of clinical
follow-up of 1786 VSA patients and demonstrated that hypertension and dyslipidemia
were associated with 3.3- and 5.1-fold higher MACE rates, respectively [29]. However,
a larger number of other studies have reported that these traditional cardiovascular risk
factors were not associated with VSA prognosis [22,23,35,37,44]. As there are no studies
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focused on traditional risk factors, and the results are different among studies, additional
studies are needed to confirm the role of traditional risk factors on the prognosis of patients
with VSA.

3.5. Clinical Presentation

The clinical manifestations of coronary artery spasms are diverse, including angina
pectoris, myocardial infarction, life-threatening arrhythmia, and cardiac arrest [3,4]. ST-
segment elevation during an attack was a significant predictor of survival [5,35,45]. Acute
coronary syndrome (ACS) presentation in VSA patients was associated with an increased
risk of MACE and recurrent myocardial infarction in comparison to those without ACS [46].

The long-term prognosis of patients with cardiac arrest caused by VSA was poorer
than that of patients with VSA who did not develop cardiac arrest [9,35]. Takagi et al.
showed that a survival rate free from MACE was significantly lower in VSA patients
with cardiac arrest than those without (72% vs. 92% at 5 years). Multivariate analysis
in the same study showed that the risk of developing MACE in patients with cardiac
arrest was 3.26 times that of patients without cardiac arrest [35]. In the same study, there
were two implantable cardioverter defibrillator (ICD) shock deaths and one cardiac death
among 35 VSA patients with aborted sudden cardiac death (ASCD) during a median
2.7-year follow-up. More recently, an observational study of 188 VSA patients with ASCD
and 1844 VSA patients without ASCD revealed that the incidence of cardiac death was
significantly higher in patients with ASCD than those without over a median follow-up of
7.5 years (hazard ratio (HR), 7.26; 95% CI, 4.21–12.5) [9]. These studies suggest that VSA
patients who had a history of cardiac arrest, even if they completely recovered from the
cardiac arrest, should be considered very-high-risk patients because they have high rates
of future cardiovascular events and mortality. However, another observational study of
18 VSA patients with ASCD reported favorable outcomes in these patients by showing no
fatal arrhythmia or cardiac arrest during a median follow-up of 2.8 years [47].

Since one of the important factors affecting VSA prognosis is the occurrence of ven-
tricular fibrillation, it has been suggested that ICD should be implanted for secondary
prevention [3,48]. Although several studies have reported that ICD therapy improved the
prognosis of patients with VSA who survived cardiac arrest, these are retrospective or
observational studies, and the number of enrolled patients is small [48–50]. Further well-
designed studies with larger sample sizes are needed to determine whether ICD therapy
improves the prognosis of patients with VSA and history of cardiac arrest. In Korea, RCT is
currently underway to determine whether ICD therapy is effective in improving the prog-
nosis of VSA patients manifesting as ASCD (ClinicalTrials.gov Identifier: NCT02845531).
The RCT is expected to close in 2023, and its results could provide important guidance
to clinicians.

3.6. Angiographic Findings

A substantial portion of VSA patients also have coronary artery stenosis caused by
atherosclerosis [17]. Coronary spasm more frequently occurs in a segment with coro-
nary atherosclerosis because of endothelial dysfunction and abnormal vasomotor func-
tion [27,51]. Therefore, combined organic stenosis is one of the important prognostic factors
for patients with VSA. Many studies have shown that the extent and severity of combined
atherosclerotic coronary artery disease (CAD) was one of the independent prognostic fac-
tors of cardiovascular outcome in VSA patients [5,13,17,22,24,37]. In a study that followed
169 VSA patients, survival for patients with multi-vessel disease was 81%, 76%, and 66%;
for patients with one-vessel disease, 97%, 92%, and 92%; and for patients without signifi-
cant stenosis, 98%, 98%, and 98% at 1, 2, and 3 years, respectively [13]. Kim et al. analyzed
1920 VSA patients and found that significant stenosis was an independent risk factor for
long-term prognosis (1-year MACE rate: 5.8% vs. 1.4%) [24]. In the sex-specific analysis
using the same database, combined organic stenosis was significantly associated with
long-term clinical outcomes in both male and female patients with VSA [22]. According
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to the results of a recent study of 175 Japanese patients with VSA, those with organic
stenosis with a fractional flow reserve of ≤0.80 showed a higher MACE rate compared to
those without organic stenosis during a median follow-up period of 656 days (37.6% vs.
3.6%) [37].

Shin et al. analyzed 2129 VSA patients from the VA-KOREA (Vasospastic Angina in
Korea) registry and demonstrated that 24-month incidences of cardiac death, arrhythmia,
and ACS were significantly higher in patients with positive test results in the intracoronary
ergonovine provocation test (>90% luminal narrowing) than those with intermediate re-
sults (50~90% luminal narrowing) [17]. In concordance with this finding, Sunagawa et al.
showed that patients with an intermediate coronary spasm in the ergonovine provocation
test had a similarly good prognosis compared to those with a negative provocation test [52].
Additionally, it has been reported that the occurrence of cardiovascular events was signifi-
cantly higher in VSA patients with a multi-vessel spasm during the ergonovine provocation
test than the single-vessel VSA and non-VSA group [28,29,35,53]. A current Japanese study
demonstrated that an acetylcholine-induced diffuse coronary spasm was associated with
a better prognosis than focal spasm [54]. Consistent with this finding, Kim et al. showed
that patients with a focal spasm induced by ergonovine had a significantly higher 2-year
incidence of cardiac events, including cardiac death, ACS, and arrhythmia, than in those
with a diffuse spasm [55]. Similar findings were also found in other studies [56,57]. It has
been reported that long-term prognosis was worse in VSA patients with a coronary spasm
that occurred at the site of organic stenosis compared to those with a coronary spasm
occurring at a site other than the site of a significant organic stenosis [5,22,58]. A coronary
artery spasm is common in the segment of myocardial bridging because it is frequently
accompanied by endothelial cell dysfunction [59–61]. A Korean study reported that com-
bined myocardial bridging in patients with VSA was associated with a higher incidence
of recurrent angina, but not with MACE compared to those with only myocardial bridg-
ing [61]. There are still very little research data on the effect of myocardial bridging on the
long-term prognosis of VSA patients.

The results of these studies suggest that a provocation test with invasive coronary
angiography is needed to identify the location and characteristics of coronary artery spasms.
Also, the use of anti-atherosclerotic medications, such as antiplatelet agents and statins,
should be actively considered for the treatment of not only coronary artery spasms but also
associated organic stenosis.

3.7. Medications

In a study that followed up 245 VSA patients for an average of 80 months, the use
of CCB was the most important factor in determining the long-term survival rate of
patients [5]. Another study found that CCB did not affect the prognosis of patients with
VSA with multi-vessel CAD but was a significant prognostic factor in patients without
multi-vessel CAD [13]. A recent Korean study showed that the type of CCB (first generation
(diltiazem and nifedipine) vs. second generation (amlodipine and benidipine) CCBs)
did not affect the long-term prognosis of VSA patients [62]. In addition, adherence to
medication is an important prognostic factor in VSA. If VSA patients do not take adequate
medications such as CCB, the prognosis is poor because VSA attacks are more severe and
frequent compared to those with good medication adherence [18,35,63].

Nitrates are widely used in patients with VSA as a drug to relieve coronary spasms,
but the effect of the long-term use of this drug on the prognosis of patients with VSA is
not well-known.

There has always been concern about the intolerance and potentially harmful effects
of the long-term use of nitrates on the cardiovascular system [64]. In this regard, several
studies have reported that the long-term use of nitrates was associated with a higher
incidence of cardiovascular events in patients with VSA [58,64–66]. However, most of these
studies are observational or retrospective rather than randomized studies. Therefore, well-
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designed studies are needed to clarify the prognosis of patients with VSA after long-term
use of nitrates.

Stain is widely used for CAD caused by atherosclerosis due to its anti-inflammatory,
anti-oxidant, endothelial-protective, and plaque-stabilizing actions, as well as cholesterol-
lowering effect [67,68]. Considering that coronary artery spasms often occur in lesions ac-
companied by atherosclerosis, it is inferred that statins with such strong anti-atherosclerotic
actions will have a clear beneficial effect even in VSA. Yasue et al. showed that adding a
statin to CCB significantly reduced the incidence of acetylcholine-induced coronary spasm
as compared with CCB-only therapy [69]. In a study of 1402 Japanese patients with VSA,
statin use was associated with a better 5-year, MACE-free survival rate [45]. However, in a
more recent study of 1713 Korean patients with VSA, the use of statins was not related to
the long-term prognosis of these patients [57]. Another Korean study also demonstrated
that statin therapy did not improve long-term clinical outcomes in VSA patients without
significant organic stenosis [70]. Consistent with these findings, in a study analyzing
4099 VSA patients admitted to the intensive care unit from the national health insurance
data, statin use was not associated with myocardial infarction or cardiac arrest events
during clinical follow-up for 3.8 years [71]. Considering the results of these studies, it is
still questionable whether statins have an additive effect on the long-term prognosis of
VSA patients in addition to the effects of CCB and nitrates.

Several studies have shown that aspirin could aggravate coronary artery spasms [72,73].
It has been suggested that decreased production of endothelial prostaglandin in the coro-
nary artery may be associated with coronary artery spasms [72]. Some studies have shown
the impact of aspirin on the long-term clinical outcome of VSA. A recent study performed
by Lim et al. investigated 777 Korean patients with VSA without significant coronary artery
stenosis and reported that patients taking low-dose aspirin were at higher risk of MACE,
mainly due to increased rehospitalization [74]. Another Korean study reported that the use
of dual antiplatelet therapy with aspirin and clopidogrel in patients with VSA and ACS
was associated with a poorer long-term clinical outcome than in those with aspirin alone or
in those who received no antiplatelet agents [75]. In that study, aspirin use alone was not
associated with a worse clinical outcome. A Japanese study performed by Ishii et al. also
demonstrated that there was no difference in MACE incidence between patients with and
without low-dose aspirin among VSA patients without significant organic stenosis [76].
Consistent with these findings, a recent meta-analysis of 3661 VSA patients in four stud-
ies found that aspirin use in patients without organic stenosis was not associated with
myocardial infarction or cardiac death at clinical follow-up for 1 to 5 years [77].

In summary, aspirin and statin use is not necessary to improve the long-term prognosis
of patients with VSA unless significant stenosis is combined.

3.8. C-Reactive Protein

C-reactive protein (CRP) is a marker of chronic inflammation and is associated with
the prognosis of various cardiovascular diseases. Several studies have reported that CRP
is elevated in patients with VSA and that CRP concentration is useful in VSA diagno-
sis [78–80]. Cho et al. showed that elevated CRP level was associated with the clinical
presentation of ACS in patients with VSA [46]. However, there are few studies on how CRP
affects the long-term prognosis of patients with VSA, and the results are still conflicting.
Hung et al. followed up 897 patients who underwent an ergonovine provocation test, and
found that high CRP levels were associated with more coronary events during 4 years of
clinical follow-up [23]. Care should be taken when interpreting the results of this study
because only 57% of patients had confirmed VSA, and other confounding variables affect-
ing prognosis were not corrected. Another study suggested sex-specific values of CRP by
showing that baseline CRP levels were an independent predictor of cardiovascular events
in male patients with VSA, but not in female patients with VSA [26]. Different from these
results, Park et al. found that although CRP had a diagnostic value for VSA, baseline CRP
levels were not associated with a 1-year clinical outcome in the patients who underwent
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acetylcholine provocation tests [78]. Further studies are needed on the prognostic value of
CRP in VSA patients.

3.9. Others

Low SES is associated with poor cardiovascular outcomes in patients with atheroscle-
rotic cardiovascular disease [81–83]. It has been suggested that individuals with low SES
have less access to health care and have a harder time maintaining a healthy lifestyle
compared to those with high SES [19]. However, data on whether SES can affect the prog-
nosis of patients with VSA have been scarcely reported. Recently, Kim et al. investigated
2476 VSA patients from the National Health Insurance Service—National Sample Cohort
and demonstrated that low household income was significantly associated with all-cause
(adjusted HR = 1.52 for highest vs. lowest SES) and cardiac (adjusted HR = 1.80 for highest
vs. lowest SES) mortality during a 5-year clinical follow-up even after controlling the effects
of potential confounders [18]. This study highlights the importance of the continuity of
monitoring and treatment for those with low SES among VSA patients.

A Japanese researcher recently presented a scoring system for predicting the long-term
prognosis of 1,429 Japanese patients with VSA [28]. In that study, the authors suggested
the following seven risk factors for VSA prognosis: history of out-of-hospital cardiac arrest,
smoking, angina at rest alone, organic stenosis, multi-vessel spasm, ST-segment elevation
during angina, and the use of beta-blocker. Patients with more of these risk factors had a
poorer prognosis for VSA: MACE (cardiac death, nonfatal myocardial infarction, unstable
angina, heart failure, and appropriate ICD shock) rates were 2.5%, 7.0%, and 13.0% in
patients with a low risk score (0–2), intermediate risk score (3–5), and high risk score (≥6),
respectively [28].

4. Conclusions

Factors associated with long-term prognosis of patients with VSA were summarized
in Table 1. Compared to CAD caused by atherosclerosis, data on the long-term prognosis of
VSA is limited. However, several studies have consistently shown that more serious clinical
presentations such as ST elevation, ACS and cardiac arrest, combined organic stenosis, defi-
nite spasms in provocation tests, focal spasms, multi-vessel spasms, and not using CCB are
independent risk factors associated with long-term clinical outcomes of patients with VSA.
Many of these variables that determine a patient’s long-term prognosis can be obtained
through invasive coronary angiography and provocation tests. Therefore, in order to select
high-risk patients and provide customized treatment, invasive angiography and provoca-
tion tests should be actively performed when VSA is suspected. In addition, continuing
anti-atherosclerotic treatments for accompanying organic stenosis and maintaining CCB
intake are important for improving the long-term prognosis of patients with VSA. Although
the effects of smoking and alcohol drinking on the long-term prognosis of patients with
VSA are controversial, it is clear that they cause coronary spasms and should be avoided.
Nitrates effectively relieve coronary spasms in acute settings; however, it should be kept in
mind that the long-term use of long-acting nitrates can adversely affect the prognosis of
VSA patients. Several clinical variables that are suggested as long-term prognostic factors
in some studies require further investigation to confirm their roles in VSA.

Table 1. Summary of factors associated with long-term prognosis of patients with VSA by evidence degree.

Strong Intermediate Low Not Related

* Serious clinical
manifestations
[5,9,35,45,46]

Age [18–20] Obesity [22,30] Sex [16,22,26]

Organic stenosis
[5,13,17,22,24,37] Smoking [34–36,38] Alcohol [29,41] Aspirin [74–77]

Definite spasm [17,52] Long-acting nitrate
(harmful) [55,64–66]

** Traditional risk factors
[14,18,29]
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Table 1. Cont.

Strong Intermediate Low Not Related

Multi-vessel spasm
[28,29,35,53] Myocardial bridging [61]

Focal spasm [54–57] Statin [45,57,69–71]
Calcium channel

blocker [5,13,18,35,63] C-reactive protein [23,26,78]

Socioeconomic status [18]

* Indicates ST elevation, acute coronary syndrome and sudden cardiac death, and ** indicates hypertension,
diabetes mellitus and dyslipidemia. VSA, vasospastic angina; ACS, acute coronary syndrome.
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