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Abstract

Coronary artery spasm (CAS), an intense vasoconstriction of coronary arteries that causes total
or subtotal vessel occlusion, plays an important role in myocardial ischemic syndromes including
stable and unstable angina, acute myocardial infarction, and sudden cardiac death. Coronary an-
giography and provocative testing usually is required to establish a definitive diagnosis. While the
mechanisms underlying the development of CAS are still poorly understood, CAS appears to be a
multifactorial disease but is not associated with the traditional risk factors for coronary artery
disease. The diagnosis of CAS has important therapeutic implications, as calcium antagonists, not
B-blockers, are the cornerstone of medical treatment. The prognosis is generally considered
benign; however, recurrent episodes of angina are frequently observed. We provide a review of
the literature and summarize the current state of knowledge regarding the pathogenesis of CAS.
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Introduction

Myocardial ischemia is not necessarily preceded
by increased oxygen demand [1]. In 1959, remarks on
"A variant form of angina pectoris" by Dr. Myron
Prinzmetal (1908-1987) appeared as the first article [2]
distinguishing it as a separate entity from the classic
Heberden’s angina described in 1772 [3,4], a distinct
syndrome with pain provoked with increased cardiac
work and relieved by rest or the administration of
nitroglycerin. In Prinzmetal’s original report of 32
cases of variant angina, the pain associated with tran-
sient ST-segment elevation came on with the subject
at rest or during ordinary activity but was not brought
on by exercise. Of the 32 patients studied, 12 went on
to develop myocardial infarction [2]. Since postmor-
tem examination confirmed that coronary athero-
sclerosis was common to both forms of angina pec-
toris, spontaneous vascular hypertonus, or coronary

artery spasm (CAS) was proposed as the cause of
variant angina.

The emergence of coronary artery spasm

Prinzmetal et al. [2] did an experimental inter-
mittent occlusion of a large epicardial coronary artery
in 25 dogs and successfully reproduced the clinical
symptoms (e.g. pain) and electrocardiographic
presentations of various angina, including various
arrhythmias and ST-segment elevation in the corre-
sponding leads. Moreover, the area of ischemia
demonstrated systolic ballooning. These changes
disappeared when the tie was loosened and could be
reproduced repeatedly by tightening or loosening the
ligature, suggesting that hypertonus of a diseased
vessel is probably the cause of this syndrome. More
than a decade later after the introduction of coronary
angiography by Sones and Shirey in 1959 [5], several
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reports demonstrated angiographically that CAS was
indeed associated with variant angina [6-8].

With the advent of coronary angiography, it be-
came clear that CAS could occur in normal coronary
arteries, and was, therefore, referred to as “variant of
the variant” [7] or “coronary vasospastic angina” [9].
Recently, many investigators found that most cases of
CAS were associated with ST-segment depression
rather than ST-segment elevation [10,11]. Thus, the
term “variant angina” is usually reserved for angina
with transient ST-segment elevation.

Epidemiology

Epidemiologic data show wide differences in the
prevalence of CAS in different countries. For example,
the frequency of CAS appears to be greater in the
Japanese population than that in western populations
[12] and the diagnosis of variant angina among pa-
tients with angina referred to Japanese medical insti-
tutions is made in a high percentage, 40% [9]. In ad-
dition, the frequencies of multiple spasms (=2 spastic
coronary arteries) by provocative testing in Japanese
(24.3%) [13] and Taiwanese populations (19.3%) [14]
are markedly higher than those in Caucasians (7.5%)
[15]. In East Asia as well as Western countries, CAS is
more prevalent among men than women [9,14]. Most
patients with CAS are between 40 and 70 years of age,
and the prevalence tends to decrease after the age of
70 years [9,14]. Previous Asian studies of patients
without obstructive coronary artery disease have
shown that the prevalence of CAS is around 50% in
patients with angina and 57% in patients with acute
coronary syndrome [16,17]. Similar findings were
reported in a German study [18]. Of note, the diagno-
sis of CAS depends on coronary angiography and
provocation tests, which vary from laboratory to la-
boratory. Premedication with spasmolytic drugs such
as nitroglycerin or calcium antagonists, avoidance of
coronary constrictors, and daily or monthly variation
of disease activity may result in failure to diagnose
CAS. Therefore, while there is evidence for racial dif-
ferences in coronary constrictor response [12], the
prevalence of CAS in different populations remains to
be defined.

Clinical characteristics

Myocardial ischemic syndrome

There is great variability of symptoms. If CAS
lasts long enough, it can lead to angina and even
myocardial infarction [19]. However, brief episodes of
CAS that go unnoticed because they do not induce
any symptoms can result in silent myocardial ische-
mia, or cause life-threatening arrhythmias, resulting
in sudden death [20-22]. It has been reported that the

incidence of silent myocardial ischemia is more than 2
times higher than that of symptomatic ischemia [20].
Therefore, CAS-related ischemic heart diseases com-
prise a wide spectrum of myocardial ischemic syn-
dromes, including silent myocardial ischemia, stable
angina, unstable angina, acute myocardial infarction
and sudden death [19,20,22,23].

CAS occurs most often at rest, particularly from
midnight to early morning [2,19,20,22-26]. A previous
report using intravenous methergine provocation
tests showed that the frequency of CAS was 38%
when angina occurred only at rest, compared with
13.8% when angina at rest was associated with effort
angina [15]. Nonetheless, CAS can also be induced by
exercise, especially in the morning in some patients
[21], and can be associated with ST-segment depres-
sion in some patients presenting with stable effort
angina [10], suggesting that spastic arteries are ab-
normal as normal coronary arteries dilate in response
to exercise.

There are daily circadian variations in the inci-
dence of CAS [27]. While the causes of circadian vari-
ation of CAS remain to be elucidated, the complexity
of the local neural events that modulate the tone of the
coronary arteries [28], and the association of the oc-
currence of CAS in the early morning with rapid eye
movement [29], during which time there is a rapid
elevation of sympathetic activity, suggest that chang-
es in the activity of the autonomic nervous system
may be involved in the circadian variation of CAS.
Yasue at al. [26] compared the coronary arteriograms
quantitatively by measuring the diameter of the major
coronary artery in patients with variant angina and
found that in the early morning, the tone of the major
coronary artery was increased and its diameter was
smaller than normal. In contrast, in the afternoon, the
major coronary artery was usually dilated. This may
be one of the reasons that there is a circadian variation
in the exercise capacity of most patients with variant
angina.

Electrocardiographic changes

Electrocardiographic measurements may appear
normal at the beginning of CAS or when the CAS is
mild [27]. Total or subtotal spasm of a major coronary
artery results in ST-segment elevation in the leads
corresponding to the distribution of that coronary
artery. However, CAS may cause ST-segment depres-
sion, indicating less severe, subendocardial myocar-
dial ischemia than does ST-segment elevation. Of
note, CAS is more frequently associated with
ST-segment depression (Figure 1) rather than
ST-segment elevation (Figure 2) [10,11]. ST-segment
depression occurs when CAS of a major artery is less
severe, when a major artery receiving collaterals is
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completely occluded, or when a small artery is com-
pletely occluded [30]. This situation occurs in many
cases of unstable angina/non-ST-elevation myocar-
dial infarction. A previous study has shown that 45%
of patients with angina at rest and ST-segment de-
pression alone had CAS [15]. In addition to
ST-segment changes, a delay in the peak and an in-
crease in the height and width of R wave, a decrease
in magnitude of S wave, peak T wave and negative U
wave may also appear [27].

While the location of CAS is fixed over time in
some patients, CAS may fluctuate from one vessel to
another in others [31]. A previous study showed that
alternating ST-segment elevation and depression
could occur in the same patient or even in the same
lead within minutes or hours [23]. Furthermore, it has
been demonstrated that there is variability of electro-
cardiographic changes during repeated provocative
testing and recurrent spontaneous attacks [32,33].
Thus, the direction and extent of ST-segment eleva-
tion or depression may change over time. Occasion-
ally, pseudonormalization of a previously depressed
ST-segment may appear [27].

CAS is associated with various arrhythmias, in-
cluding sinus bradycardia, sinus arrest with or with-
out junctional escape beats, complete atrioventricular
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block, paroxysmal atrial fibrillation, ventricular
premature complex, ventricular tachycardia, ventric-
ular fibrillation (VF) and asystole [17,27,34-36].
CAS-associated life-threatening arrhythmias often
occur in patients with acute coronary syndrome [17].
Furthermore, CAS-related sudden death most fre-
quently results from bradyarrhythmias, rather than
from tachyarrhythmias [37,38].

While VF can often be terminated by cardiover-
sion [15], VF rarely terminates spontaneously [39] as
CAS-related spontaneous reversion of VF has been
reported to do [40]. Spontaneous termination of VF
has been documented in a 62-year-old woman fol-
lowing an acute postero-lateral myocardial infarction
[41], a 67-year-old woman with a syncopal episode
after awakening from sleep [42], and a 21-year-old
woman during exertion at night [43], although CAS
was not documented in those reports. In a study of VF
episodes in patients with implantable cardioverter
defibrillators [44], 43% were asymptomatic and 40%
were nonsustained episodes. If VF is <10 seconds in
duration then the incidence of syncope or pre-syncope
is 25%, compared with 62% if the arrhythmia is >10
seconds. Therefore, CAS should be considered in the
differential diagnosis of syncope.

Figure I. (A) Twelve-lead electrocardiogram in a 50-year-old male showing T-wave inversion in leads I, aVL, V2.¢. (B) Normal electrocardiogram after 6-month treatment with
diltiazem. (C) More than 90% spontaneous vasospasm in the proximal left anterior descending artery (arrows). (D) The vasospasm was relieved after intracoronary admin-
istration of 100-ug nitroglycerin (arrows). (Reproduced from Hung MY, Hsu KH, Hung MJ, Cheng CW, Kuo LT, Cherng W]. Interaction between cigarette smoking and
high-sensitivity C-reactive protein in the development of coronary vasospasm in patients without hemodynamically significant coronary artery disease. Am | Med Sci. 2009;
338(6): 440-446, with permission of the publisher. Copyright © Wolters Kluwer Health, 2009.)
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Figure 2. Twelve-lead electrocardiograms and coronary angiograms of variant angina. Chest pain attack (A) and post-sublingual nitroglycerin 0.6 mg (B) Twelve-lead elec-
trocardiograms of a 47-year-old male patient who had variant angina show transient ST-segment elevation in the Il, Ill, and aVF leads. Ten months later he underwent coronary
angiography because of recurrent chest pain. The coronary angiograms reveal intracoronary methylergonovine-induced diameter reduction >70% in the mid-portion of right
coronary artery (C, arrow), which was relieved after intracoronary nitroglycerin 200 ug administration (D).

Risk factors and precipitating factors

Risk factors

Smoking, age and high-sensitivity C-reactive
protein (hs-CRP) are significant risk factors for CAS
[45,46]. Risk factors often coexist and interact with one
another (Figure 3). It has been shown that while the
older subjects are more likely to develop CAS than
their younger analogs, smoking has a stronger effect
on CAS occurrence in the younger than in their older
counterparts [47]. Furthermore, those factors may be
gender-specific, as smoking and age seem to play a
more significant role in men [14,45]. While active
smokers constitute 45-75% of patients with CAS,
25-55% of patients do not smoke [45,48,49]. Moreover,
despite a similar frequency of cigarette smoking in
study populations, a prospective comparative study
of CAS between Japanese and Italian patients 7 to 10
days after myocardial infarction observed a marked
difference in CAS between these 2 groups, with 80%
of the Japanese and 37% of the Caucasian patients
showing inducible CAS [50]. Therefore, other factors
may affect CAS development.

While high hs-CRP level has recently been found
to be an important risk factor for CAS, its relationship
with CAS may differ between genders [45,51]. In pa-
tients with low hs-CRP levels, diabetes mellitus has
been shown to contribute to CAS development in men
but not in women [45]; however, in patients with high
hs-CRP levels, there are negative effects of diabetes
mellitus and hypertension on CAS development, es-
pecially in women [45]. It has been demonstrated that
female gender does not reduce the risk of developing
obstructive coronary artery disease in terms of diabe-
tes mellitus and hypertension [52,53], suggesting that
the pathogenesis of CAS may differ from that of ob-
structive coronary artery disease.

Precipitating factors

Precipitating factors may contribute to the onset
of CAS and act in the same patient to cause angina in
different conditions (Figure 3). CAS can be precipi-
tated by physical and/or mental stress [54], magne-
sium deficiency [55], alcohol consumption [56], the
cold pressor test, hyperventilation, the Valsalva ma-
neuver, remnant lipoproteins [57], and the admin-
istration of pharmacological agents such as cocaine
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Figure 3. Risk factors and precipitating factors for the development of coronary artery spasm (CAS). While risk
factors, which often coexist and interact with one another, increase a person's susceptibility to developing CAS,
precipitating factors may contribute to the onset of CAS and act in the same patient to cause angina in different
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conditions. The risk factors and precipitating factors are represented by rectangles and circles, respectively.

Sympathomimetics
(epinephrine, norepinephrine)

serotonin, both of which are
found to be associated with CAS
[69-61]. It is important to differ-
entiate CAS from Kounis syn-
drome because there is some
overlap between the 2 entities.
Kounis syndrome is characterized
by the concurrence of acute cor-
onary events with allergic or hy-
persensitivity reactions [62]. To
differentiate Kounis syndrome
from CAS, knowledge of indi-
vidual hypersensitivity is crucial.

Pathogenesis

The causes and the mecha-
nisms underlying the develop-
ment of CAS are still poorly de-
fined and are likely multifactorial
(Table 1). In the 1980s, the auto-
nomic nervous system was found

to play an important role in the
pathophysiology of CAS

[58], sympathomimetic agents (epinephrine, norepi-
nephrine, etc.), beta-blocking agents (propranolol,
etc.), parasympathomimetic agents (methacholine,
pilocarpine, etc.), and ergot alkaloids (ergonovine,
ergotamine, etc.), particularly in the morning when
spontaneous CAS is most likely to occur [26]. Acti-
vated platelets may trigger CAS by releasing vaso-
constrictor substances, including thromboxane and

[27,63,64]. In the 1990s, inflammation, endothelial
dysfunction, oxidative stress, respiratory alkalosis
and magnesium deficiency were identified as pre-
disposing factors [27]. In the late 1990s and early
2000s, genetic mutations were found to be associated
with CAS [27]. Nonetheless, coronary vascular
smooth muscle cell hyperreactivity seems to consti-
tute the substrate for CAS.

Table I. Proposed mechanisms of coronary artery spasm.

Etiology

Mechanism

Comments

Autonomic nervous
system

Inflammation
Endothelial dysfunc-

tion

Smooth muscle cell
hypercontractility

Oxidative stress

Genetics

Frequent attacks at night when vagal tone is high
Directly induced by catecholamines [60] or by stimuli (exercise, cold pressor test, cocaine,
amphetamines) [70,114].

Elevated peripheral white blood cell and monocyte counts, hs-CRP, interleukin-6, and
adhesion molecules [16,50].

Acetylcholine, ergonovine, serotonin, or histamine, all of which are endotheli-
um-dependent vasodilators, cause vasodilation by inducing nitric oxide release from the
normal endothelium. While in the presence of endothelial dysfunction, they can induce
CAS [27].

Rho-kinase activity is enhanced in coronary artery smooth muscle cells by inflammation
in a porcine model [88-90].

Spontaneous CAS has been developed in Karr mutant or SUR2 Kare knockout mice
[93,94]. Mice deficient in ain T-type calcium channel have reduced relaxation in response
to acetylcholine [95].

NO could be degraded by oxygen free radicals [96-99].

Oxygen-reactive species have a detrimental effect on the vessel wall, leading to inflam-
mation, endothelial damage [98] and vascular smooth muscle cell constriction [100].

In CAS, there are low plasma levels of vitamin E [101] and high plasma levels of thiore-
doxin [102].

Mutation or polymorphism of the endothelial NO synthase gene [82,105,106] , polymor-
phism of paraoxonase I gene [107], polymorphisms for adrenergic and serotoninergic
receptors [108,109], angiotensin-converting enzyme [110], and inflammatory cytokines
[111,112] have been reported.

In Japan, NADH/NADPH oxidase p22 phox gene is a susceptibility locus in men, while
stromelysin-1 and interleukin-6 genes are susceptibility loci in women [113].

Night attacks frequently occur during rapid eye movement
sleep, when a reduction in vagal activity is associated with
an increase in adrenergic activity [26,27].

Spontaneous attacks are often preceded by a reduction of
vagal activity [66], and followed by an increase in coronary
levels of catecholamines [67].

Inflammation is prevalent in CAS and atherosclerosis, it,
therefore, may not constitute by itself a major direct cause.
Endothelial dysfunction is not always present in CAS
[86,87].

Their relevance to CAS in humans remains to be eluci-
dated.

It has been reported that there is no endothelial NO defi-
ciency and dysfunction in patients with CAS [103].

Studies of genetic mutations or polymorphisms in the
pathogenesis of CAS have been inconsistent [104].

NO gene polymorphisms are found in only one-third of
the patients [27].

Family history is not a risk factor for CAS [114].

CAS, coronary artery spasm; hs-CRP, high-sensitivity C-reactive protein; NO, nitric oxide.
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Autonomic nervous system

It is known that the activity of the parasympa-
thetic nervous system is enhanced at rest and is sup-
pressed by physical activity [63]. The relationship
between the autonomic nervous system and CAS is
complex; however, both an increase in parasympa-
thetic and sympathetic tone appear to be able to in-
duce CAS. CAS often occurs during the night when
vagal tone is higher [65]. In addition, acetylcholine is
known to induce CAS [66], suggesting a role for vagal
activity as a trigger of CAS. However, it has been
shown that spontaneous ischemic episodes of CAS are
often preceded by a reduction, rather than by an in-
crease, of vagal activity [67], and followed by an in-
crease in coronary levels of catecholamines [68].
Studies have also shown that CAS at night more fre-
quently occurs during the rapid eye movement phas-
es of sleep, when a reduction in vagal activity is asso-
ciated with an increase in adrenergic activity [29,69],
suggesting that CAS is not necessarily induced by
vagal activity.

Although clinical studies have shown that CAS
can be induced by catecholamines [63] or other sym-
pathetic related stimuli [70,71], a-blockade has been
shown to be ineffective in controlling CAS symptoms
[68]. In Japanese patients with acute myocardial in-
farction, atenolol does not promote coronary vaso-
reactivity to ergonovine [72], which can be explained
by its selective B-1 adrenoceptor (chronotropic re-
sponse) blocker effect without intrinsic sympatho-
mimetic activity [73]. However, propranolol has been
reported to promote CAS [74] presumably because of
its non-selective B adrenoceptor blocking effect [75].
Thus, the effects of B-blockers on cardiovascular be-
havior may differ depending upon their individual
pharmacological modes of action.

Inflammation

Cigarette smoking, a major risk factor for CAS, is
associated with low-grade inflammation [76]. In 1978,
Lewis et al. [77] reported a patient who died of car-
diogenic shock due to variant angina and localized
pericarditis, suggesting for the first time a link be-
tween inflammation and CAS. In the mid 2000s,
chronic inflammation was shown to be associated
with CAS, as evidenced by elevated peripheral white
blood cell and monocyte counts, hs-CRP, interleu-
kin-6, and adhesion molecules [16,51]. Rho-kinase
activity in peripheral leukocyte independently pre-
dicts the presence and severity of CAS, and correlates
with plasma interleukin-6 level [78]. Shimokawa et al.
[79] developed a porcine model of CAS by applying
inflammatory cytokine interleukin-1f to the coronary
artery. Furthermore, infiltration of inflammatory cells
such as mast cells has been reported to be found at the

site, or in the adventitia or plaque of coronary arteries
in patients with CAS [80,81]. These findings suggest
that there is increased inflammation in patients with
CAS.

Endothelial dysfunction

Acetylcholine, ergonovine, serotonin, and his-
tamine cause endothelium-dependent vasodilation by
inducing nitric oxide (NO) release from the normal
endothelium, and in the presence of endothelial dys-
function, they can induce CAS [27]. Dysfunctional
endothelial NO synthase, and therefore deficient re-
lease of NO, have been shown to be strongly associ-
ated with CAS [82,83]. Previous reports using treat-
ments with vitamin E or statins to improve endothe-
lial function showed a decrease in symptoms of CAS
[84,85]. Furthermore, NO deficiency has been
demonstrated in the nonspastic coronary arteries as
well as in the peripheral arteries, suggesting that NO
deficiency may occur in the entire vascular system in
patients with CAS [86]. However, endothelial dys-
function is not always present in patients with CAS
[87,88]. Therefore, although endothelial cell dysfunc-
tion might favor the induction of CAS, other factors
may also be involved in the pathogenesis of CAS.

Smooth muscle cell hypercontractility

Vascular smooth muscle cell relaxation and con-
traction are regulated mainly through myosin light
chain dephosphorylation and phosphorylation, re-
spectively. Increased smooth muscle cell Rho-kinase
activity favors contraction by directly increasing sen-
sitization to Ca?* of myosin light chain and indirectly
augmentating myosin light chain phosphorylation
[89]. Shimokawa et al. showed that Rho-kinase activ-
ity is enhanced in coronary artery smooth muscle cell
after wrapping the coronary artery with interleu-
kin-1p beads in a porcine model of CAS[89-91]. They
also showed that a Rho-kinase inhibitor, hydroxy-
fasudil, was able to prevent CAS in both the porcine
model and in humans [92,93]. Other experimental
models of spontaneous CAS have been developed in
Karp mutant or SUR2 Katp knockout mice, suggesting
that loss of function of Karp channels causes smooth
muscle cell hypercontraction in the absence of ather-
osclerotic lesions [94,95]. Mice deficient in ain T-type
calcium channels demonstrate normal coronary artery
contraction, but reduced relaxation in response to
acetylcholine [96]. Together, these models show that
vascular smooth muscle cell hyperreactivity can cause
CAS through different pathways; however, their rel-
evance to CAS in humans remains to be elucidated.

Oxidative stress

Smoking suppresses acetylcholine-induced en-
dothelium-dependent relaxation, which is improved

http://www.medsci.org



Int. J. Med. Sci. 2014, Vol. ||

1167

by antioxidants, such as vitamin C [97-100], suggest-
ing NO could be degraded by oxygen free radicals.
Oxygen-reactive species have a detrimental effect on
the vessel wall, leading to inflammation, endothelial
damage [99] and the constrictor response of vascular
smooth muscle cells [101]. In CAS, a pathogenetic role
for oxidative stress has been suggested by the pres-
ence of low plasma levels of vitamin E [102] and high
plasma levels of thioredoxin [103]. However, while
oxidative stress may predispose patients to CAS, there
are debates over its effects on endothelial dysfunction
as it has been reported that there is no endothelial NO
deficiency or dysfunction in some patients with CAS
[104].

Genetics

Studies of genetic mutations or polymorphisms
in the pathogenesis of CAS have been inconsistent
[105]. Mutations or polymorphisms of the endothelial
NO synthase gene [82,106,107] and polymorphisms of
paraoxonase I gene [108] have been demonstrated to
be significantly associated with CAS. However, NO
gene polymorphisms are found in only one-third of
patients [27]. Polymorphisms in genes coding for
other proteins that have been described in CAS in-
clude adrenergic and serotoninergic receptors
[109,110], angiotensin-converting enzyme [111], and
inflammatory cytokines [112,113]. In a Japanese co-
hort study, the NADH/NADPH oxidase p22 phox
gene is a susceptibility locus in men, while strome-
lysin-1 and interleukin-6 genes are susceptibility loci
in women [114]. However, family history is not a risk
factor for CAS. Furthermore, CAS activity has fluctu-
ations, with circadian variations in the short term and
active and inactive phases in the long term [115].
Thus, gene-environment interactions may exist in the
development of CAS [114].

Diagnosis

A diagnosis of CAS cannot be directly estab-
lished based on symptoms [15], standard 12-lead
electrocardiography results [30], ambulatory moni-
toring of electrocardiography [27], or exercise testing
[116]. CAS may present with or without symptoms
[20], and can exhibit either normal electrocardio-
graphic findings at the beginning of an attack or when
the attack is mild [27], or ST-segment elevation or
depression during the attack [30]. With ambulatory
monitoring of electrocardiography, the attack may not
appear during the monitoring period [27]. If an exer-
cise test reveals the appearance of ST-segment eleva-
tion or depression of >0.1 mV in at least 2 contiguous
leads, or negative U waves which are not observed at
rest, the patient may have CAS [9]. However, exercise
testing results are usually negative in CAS [116].

Coronary angiography with provocative testing
is the only certain method of diagnosing CAS [117]. In
patients with ST-segment elevation during episodes
of chest pain and a normal coronary angiography,
provocative testing usually is not necessary for diag-
nosis of CAS [117]. Provoked CAS is defined as a re-
duction of >50% [117], >70% [118], >75% [119], or
>90% [9] in luminal diameter with accompanying
symptoms and/or ischemic ST-segment changes
compared with postintracoronary nitroglycerin.
Yasue et al. [27] suggested no limits on the reduction
in luminal diameter required to diagnose CAS since
myocardial ischemia must accompany the changes of
vessel size. Although there are different diagnostic
criteria in vessel diameter reduction, the angina
and/or ischemic electrocardiographic changes during
provocative testing are necessary to define the posi-
tive result.

Ergonovine and acetylcholine are the most
commonly used agents for provocative testing [117].
While 2 forms of ergonovine are used in the angio-
graphic laboratory, only methylergonovine is cur-
rently available in the United States [120]. Methyler-
gonovine and acetylcholine cause smooth muscle cell
contraction in the setting of endothelial dysfunction
[121-124]. In early studies using intravenous provoca-
tive testing, patients received very high doses of er-
gonovine, leading to severe angina and deaths, thus
causing the intravenous test to be abandoned
[120,125,126]. It was later demonstrated that intra-
coronary ergonovine may be safer than intravenous
administration to induce CAS [127]. To ensure a valid
provocative testing, vasodilators (calcium antagonists
and nitrates) must be withdrawn for >48 hours except
for sublingual nitroglycerin if necessary [9,45,117].
Moreover, the nitroglycerin solution must be well
prepared before starting provocative testing to abolish
documented CAS immediately through intracoronary
administration. Atropine also suppresses acetylcho-
line-induced CAS [63]. The intracoronary rather than
intravenous administration of methylergonovine is
preferable in hypertensive patients and affords the
opportunity to evaluate the left and right coronary
arteries separately with small dosing increments of 5
to 10 pg and a total dose not to exceed 50 pg [117]. The
effectiveness of intracoronary administration of ace-
tylcholine in doses of 10 to 100 pg is comparable to
methylergonovine [61,117,128]. While a false negative
test may be obtained when the disease activity is low,
a negative test cannot always exclude CAS [124]. Of
note, spontaneous CAS is diagnosed as the relief of
obstructive stenosis after intracoronary nitroglycerin
administration, emphasizing the importance of in-
tracoronary nitroglycerin administration before at-
tempted coronary intervention. Although other
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provocation tests have been proposed, such as hista-
mine, epinephrine, dopamine, dobutamine [27], the
cold pressor test [71], atrial pacing [7], and exercise
[129], the intracoronary administration of methyler-
gonovine is the most sensitive and specific method,
and remains safe for CAS diagnosis, as long as pro-
cedural safeguards are adhered to.

In patients with >1 episodes of CAS per day, the
hyperventilation provocative test is nearly as effective
as the methylergonovine provocative test [130]. It is,
however, less sensitive in patients with less frequent
attacks [117]. Furthermore, there is a danger of in-
ducing simultaneous multi-vessel CAS with this
method [27].

The complications of intracoronary provocative
testing include angina, various arrhythmias, hypo-
tension, dyspnea, flushing, nausea and vomiting
[27,131]. There have been no reports of provoca-
tion-related mortality or myocardial infarction after
the introduction of intracoronary provocative testing
[13,124]. Furthermore, systemic effects, such as hy-
pertension, are avoided [132]. Because ventricular
fibrillation is a possible complication following in-
tracoronary methylergonovine administration, its use
outside the cardiac catheterization laboratory is not
recommended. The absolute contraindications to
methylergonovine included pregnancy, severe hy-
pertension, severe left ventricular dysfunction, mod-
erate to severe aortic stenosis and high-grade left
main coronary artery disease [117].

Treatment

There is no specific cure. Any factor that may
precipitate CAS, especially smoking, must be avoid-
ed. For medical treatment, calcium antagonists play a
central role in the management of CAS. Of them,
long-acting calcium antagonists are suggested to be
given at night when attacks of CAS are frequent [27].
A high-dose long-acting calcium antagonist (e.g. ni-
fedipine 80 mg/day, amlodipine 20 mg/day, dilti-
azem 360 mg/day, or verapamil 480 mg/day) has
been suggested as the initial treatment and should be
individually titrated to a dose that achieves adequate
symptomatic response and avoid adverse effects
[133], such as reductions in blood pressure and heart
rate. The combination of 2 calcium antagonists (dihy-
dropyridine and non-dihydropyridine) may be re-
quired for more severe symptoms. Furthermore, is-
chemic ST-segment depression can be reversed by
treatment with calcium antagonists (Figure 1) [47].
Long-acting nitrates are effective in preventing a CAS
recurrent attack; however, nitrate tolerance may limit
their use as a first-line approach [27,134]. Nicorandil,
a nitrate and K-channel activator, also suppresses
CAS attacks [135]. Recent studies show that magne-

sium, antioxidants, rho-kinase inhibitor fasudil, and
fluvastatin [83] may have beneficial effects on CAS
[27]. P-blockers, especially those with nonselective
adrenoceptor blocking effects, may aggravate CAS
[73], and therefore, should be avoided.

Drug-refractory CAS, defined as CAS not re-
sponding to treatment with 2 calcium antagonists plus
a long-acting nitrate, is noted in approximately 20% of
patients with CAS [114,133]. For those patients, while
experience with percutaneous balloon angioplasty has
been disappointing [136] and coronary artery bypass
surgery has met with limited success [137], coronary
stenting may represent an alternative treatment.
Gaspardone et al. [138] reported that coronary stent-
ing was effective in controlling symptoms at 6-month
follow-up in 6 of 9 patients with drug-refractory CAS
(up to 960 mg diltiazem or 100 mg nifedipine and
nitrates). Other reports of coronary stenting in the
management of drug-refractory CAS, however, did
not use the combination and maximal doses of 2 cal-
cium antagonists as aggressive medical treatment
[139-141]. Although coronary stenting is thought to be
effective in suppressing CAS, the use of calcium an-
tagonists after stenting in previous reports indicates
that CAS may develop at locations different from the
previous stenting site. Collectively, these observations
suggest that coronary stenting in combination with
adequate medical treatment should be considered
only in CAS patients who have significant coronary
stenosis, accompanied with myocardial ischemia
[9,132,134,142]. Because information on late clinical
outcome after stenting is limited [138-141], it is un-
clear whether coronary stenting is useful to prevent
anginal attacks in drug-refractory CAS patients
without coronary stenosis [9,132,142]. Therefore, a
randomized controlled trial should be done before
coronary stenting can be recommended for
drug-refractory CAS [143]. Finally, as stented coro-
nary arteries show time-dependent loss of endotheli-
al-dependent and -independent vasomotor function
[144], CAS should be excluded before performing
coronary stenting [27,138,145].

The role implantable cardioverter defibrillators
play in the management of patients with
CAS-associated ventricular tachycardia or VF remains
unclear. The use of an implantable cardioverter de-
fibrillator with aggressive medical treatment has been
reported to be effective in CAS patients who are sur-
vivors of cardiac arrest [146], or have associated ven-
tricular fibrillation [147]. Further research is needed to
investigate this issue.

Prognosis

Long-term survival is usually good as long as
patients are on calcium antagonists and avoid smok-
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ing [148]. While the incidence of cardiac death among
patients with CAS ranges from 0 to 10%, depending
on the duration of follow-up [149,150], recurrent epi-
sodes of angina are frequently observed in 3.9 to
18.6% of patients [45,149, 151]. The prognosis of CAS
among Japanese patients is better than that among
western patients [148,152], which is probably due to
the fact that the percentages of patients having mul-
tivessel CAS or impaired left ventricular function, or
both, are smaller, and the percentage of patients re-
ceiving a calcium antagonist (diltiazem or nifedipine)
as the initial treatment is higher in Japanese patients
than in Western patients [148]. While age and left
ventricular ejection fraction have been identified as
predictors of adverse prognosis in CAS patients pre-
senting with acute coronary syndrome [151], the
highest hs-CRP tertile (>3 mg/L) predicts higher risk
of death, nonfatal myocardial infarction, and recur-
rent angina pectoris requiring repeat coronary angi-
ography in all CAS patients without obstructive cor-
onary artery disease [45]. The Japanese Coronary
Spasm Association risk score, a recently developed
scoring system for predicting adverse cardiac events
in CAS patients presenting with angina, consists of 7
predictive factors, including smoking, resting angina
alone, ST-segment elevation during angina, history of
our-of-hospital cardiac arrest, organic stenosis, mul-
tivessel spasm, and P-blocker use [48]. Of note, this
score has been suggested to be applied on the premise
that CAS patients receive adequate medical treatment
[48]. While the actual frequency of CAS attacks is dif-
ficult to assess because their occurrences tend to
fluctuate, and are not necessarily accompanied by
symptoms, treatments for CAS after diagnosis, which
may be silent and lethal, should not be discontinued
[153].

Conclusions

Current evidence suggests that CAS is a multi-
factorial disorder that cannot be explained by a single
factor alone. Furthermore, since wvascular smooth
muscle cell hyperreactivity is nonspecific, the poten-
tial triggers of CAS may cause angina attacks in the
same patient but under different conditions. There-
fore, identification of CAS is important in daily clini-
cal practice because of the differences in treatment
strategies between obstructive coronary artery disease
and CAS. To this end, adequate doses of intracoro-
nary nitroglycerin administration before coronary
interventions help differentiate spontaneous CAS
from obstructive coronary artery disease, thus mini-
mizing damage to vessels and preventing unneces-
sary procedures.

Abstinence from cigarette smoking and optimal
dosing and timing of calcium antagonists remain the

cornerstone of CAS therapy. Because recurrent epi-
sodes of angina are frequently observed in CAS, the
need for further studies is paramount to help better
define the molecular pathways responsible and de-
velop more effective treatments for CAS.
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