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KEYWORDS Summary Coronary (artery) spasm plays an important role in the pathogenesis
Ca-channel blockers; of ischemic heart disease, including stable angina, unstable angina, myocardial
Coronary spasm; infarction, and sudden death. The prevalence of coronary spasm differs among
Endothelial dysfunction; populations, is higher in Japan and Korea than in the Western countries proba-
N ol bly due to genetic as well as environmental factors. Coronary spasm occurs most

often from midnight to early morning and is usually not induced by exercise in the
daytime. The attacks of coronary spasm are associated with either ST segment ele-
vation or depression, or negative U wave on ECG. Patients with multi-vessel coronary
spasm may suffer from lethal arrhythmia, including advanced AV block, ventricular
tachycardia or fibrillation, or even sudden death, and they are often resistant to con-
ventional medical therapy including Ca-channel blockers (CCBs). Endothelial nitric
oxide (NO) activity is reduced and markers of oxidative stress are elevated in patients
with coronary spasm. Thrombogenesis is enhanced and plasma levels of hsCRP and
P-selection are elevated in patients with coronary spasm. Thus, patients with coro-
nary spasm have endothelial dysfunction and are suffering from a low-grade chronic
inflammation. Polymorphisms of endothelial NO synthase, smoking, and low-grade
inflammation are the most important risk factors for coronary spasm. Coronary spasm
is a hyper-contraction of coronary smooth muscle triggered by an increase of intra-
cellular Ca?* in the presence of an increased Ca?* sensitivity. It has been shown that
RhoA/ROCK pathway is involved in Ca?* sensitivity and that the reduced endothe-
lial NO activity results in increased Ca?* sensitivity through enhanced RhoA/ROCK
pathway. Accordingly, it is possible that in addition to CCBs, RhoA/ROCK pathway
blockers may prove to be useful for the treatment of coronary spasm.
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‘*CORONARY SPASM—The hypothesis, once widely
accepted, that active constriction of the coronary
arteries is the chief mechanism of angina pectoris
is no longer valid.”’

Harrison and Reeves [7, p. 52].

Angina pectoris is caused by transient myocardial
ischemia due to an imbalance between myocar-
dial oxygen demand and supply [1,2]. Classical or
stable effort angina is characterized by (1) the
attack is induced by exertion and relieved by rest
or nitroglycerin administration, and (2) the attack
is associated with transient ST segment depres-
sion in the electrocardiogram [1—3]. This form of
angina has been well known for more than 200
years since its description by Heberden [4] and
its pathogenesis has been explained by increased
myocardial oxygen demand in the presence of fixed
organic stenosis of epicardial coronary arteries
[1—3]. This concept was based on the fact that
the majority of patients with angina were found
to have severe and extensive atherosclerotic nar-
rowing in their coronary arteries. Beta-adrenergic
blocking agents, which reduce myocardial oxygen
demand, have been widely used for the treat-
ment of angina. The efficacy of nitroglycerin has
been attributed chiefly to its venodilatatory effect,
which results in pooling of blood in the venous sys-
tem leading to decreased myocardial work rather

than to its direct effect on the coronary arteries
[5].

In 1959, Prinzmetal et al. [6] described a new
form of angina pectoris which differed sharply
from the classical angina and named it ‘‘variant
form of angina pectoris.”’ The characteristics of
this syndrome were: the attack associated with
ST segment elevation on ECG occurred at rest
and was not induced by exertion. However, this
syndrome drew little attention among the car-
diologists at that time probably because it was
usually not induced by exercise in the daytime
and the concept of increased myocardial oxygen
demand as a cause of angina pectoris prevailed
[1,7].

With the introduction of coronary angiography
by Sones and Shirey in 1959 [8] and its widespread
use, spasm of an epicardial coronary artery or
coronary spasm was documented angiographically
during the attack of variant angina at several insti-
tutions in the early 1970s [9—11]. Thus, coronary
spasm was established as the cause of variant
angina [10—12]. With the introduction of ambu-
latory ECG monitoring for myocardial ischemia
and its widespread use, many cases of variant
angina have been reported, particularly in Japan
[13,14].

It is now known that coronary spasm plays an
important role in the pathogenesis not only of
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variant angina but also of ischemic heart dis-
ease in general, including effort angina, unstable
angina, acute myocardial infarction and sudden
death [15—18], and thus the postulation of Har-
rison, cited above [7] is no longer valid. Thus,
variant angina is only one aspect of the wide spec-
trum of myocardial ischemic syndromes [15] caused
by coronary spasm. Angina caused by coronary
spasm is now usually called ‘coronary (vaso) spas-
tic angina’’ and the name *‘variant angina’’ is less
often used [18].

Coronary constriction and spasm

Coronary arteries are able to contract and relax via
various mechanisms. Thus, coronary constriction is
a normal phenomenon and not necessarily patho-
logical. Under certain disease conditions, however,
coronary constriction becomes more dominant than
in the healthy population and may contribute to
symptoms such as angina pectoris [19]. The degree
of coronary constriction may differ considerably in
different syndromes and different patients. Indeed,
in certain patients coronary constriction may be
only slightly increased and hence no symptoms may
occur at rest; however, the increased coronary tone
may significantly alter the threshold for angina
during exercise in these patients [20,21]. On the
other hand, coronary constriction may be so severe
that myocardial ischemia occurs even at rest in
some patients with angiographically normal coro-
nary arteries. Under such conditions, a near-total
or total occlusion, or severe diffuse constriction
of the coronary artery can be demonstrated. Some
authors have emphasized the difference between
increased constriction and total occlusion of a
coronary artery and have restricted the expres-
sion ‘‘coronary spasm’’ to the latter condition
[22]. However, increased constriction contributes
to a various spectrum of ischemic heart disease
and the same patients may have different degree
of coronary constriction at different times. Thus,
the difference between hyperconstriction and total
occlusion is gradual and the distinction between
coronary spasm and hyperconstriction is artificial
[19,23]. Indeed, hyperconstriction usually involves
the entire coronary artery, although the degree
of constriction may differ among segments of
the artery, resulting in total occlusion in some
cases.

We define coronary spasm as an abnormal con-
traction of an epicardial coronary artery resulting
in myocardial ischemia [14,18]. With this defini-
tion, there are no limits on the degree of lumen
diameter reduction required to diagnose coronary

spasm since ischemia must accompany the changes
of vessel size.

Prevalence of coronary spasm

There are not enough data on the prevalence of
coronary spasm both in the Eastern and Western
countries, probably because it is difficult to exam-
ine coronary spasm systematically at the each time
of coronary angiography. The prevalence rate may
also vary depending on the interest and eager-
ness on the part of the investigators. Bertrand and
co-workers reported in 1982 that coronary spasm
was provoked by ergonovine in 20% of patients
with recent myocardial infarction and in 15% of
patients who complained of chest pain in 1089 con-
secutive patients undergoing coronary angiography
[24]. Coronary spasm has become less frequent
in the Western countries recently. This is prob-
ably due to the facts that Ca-channel blockers
(CCBs), which are specifically effective in sup-
pressing coronary spasm, have been widely used
for chest pain and/or hypertension, and/or better
nitrate regimens have been developed and used.
Also, many cardiologists are now not much inter-
ested in coronary spasm and provocation tests for
it are less often performed [25]. Coronary spasm
is, however, still prevalent and provocation tests
for it are routinely performed at many institu-
tions in Japan [26] and perhaps in Korea [27].
The recent survey on the prevalence of coronary
spasm at multi-institutions in Japan showed that
coronary spasm was documented in 921 (40.9%)
of the 2251 consecutive patients with angina pec-
toris who underwent coronary angiography [26].
Thus, there seems to be a racial difference in
the prevalence of coronary spasm between the
Japanese and Caucasians. Indeed, a recent report
showed a major racial difference in coronary con-
strictor response between Japanese and Caucasians
[28]. However, the frequency has become less
frequent also in Japan probably because of the
prevalent use of CCBs for hypertension as well as
for ischemic heart disease and the decreased inci-
dence of smokers [29]. Increased medications of
aspirin, statins, ACE inhibitors, or angiotensin I
receptor blockers may also have contributed to
the reduction of coronary spasm [30]. It is also
possible that cardiologists now may be more inter-
ested in patients who are in need of percutaneous
coronary intervention (PCl) and do not want to be
bothered with coronary spasm. Many cardiologists
consider the provocation test for coronary spasm
too cumbersome and time-consuming for the busy
invasive-interventional laboratory and think that a
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Figure 1 Diurnal distribution of the ischemic episodes
in patients with variant angina. The attacks occur most
often from midnight to early morning. To be noted is that
the number of asymptomatic attacks was larger than that
of symptomatic attacks. (From Yasue and Kugiyama [18].)

trial of CCBs may be enough for the evaluation of
possible spasm [18].

Clinical manifestations

Circadian variation

Coronary spasm occurs usually at rest, particu-
larly from midnight to early morning [6,12—19]
(Fig. 1). Although Prinzmetal et al. [6] empha-
sized that variant angina is not induced by exercise,
coronary spasm can often be induced even by
mild exercise in the early morning [20,31]. How-
ever, it is usually not induced in the afternoon
even by strenuous exercise. Thus, there is a cir-
cadian variation in the exercise capacity in the
patients with coronary spasm [20]. It is now known
that the attacks of all forms of ischemic heart
disease including acute myocardial infarction and
sudden death occur most often in the early morn-
ing [13,17,18,32]. This may be related at least
partially to the fact that the tone of an epi-
cardial coronary artery is increased in the early
morning, whereas it is decreased in the afternoon
[20].

The causes of the circadian variation of coronary
spasm remain to be elucidated. Because coronary
spasm can be induced by intracoronary injection
of acetylcholine (ACh) [33], the neurotransmitter
of the parasympathetic nervous system, changes in
the activity of the autonomic nervous system may
be involved in the circadian variation of coronary
spasm [34]. Coronary spasm can also be induced
by stimulation of alpha-adrenergic receptors [10].
Circadian variations of the production of various
hormones including cortisol, vasopressin, mela-
tonin, growth hormone, and insulin or inflammatory
cytokines including TNF-alpha or IL-1, may also

be related to the circadian variation of coronary
spasm.

Symptoms and the ECG changes

The commonly associated manifestations of
myocardial ischemia due to coronary spasm are
chest pain and ST segment changes on the ECG.
Chest pain is similar in quality to that of stable
effort angina, but is often more severe and pro-
longed, accompanied by cold sweat, nausea or
vomiting, and sometimes by syncope. It should
be noted, however, that myocardial ischemia due
to coronary spasm often occurs without accom-
panying symptoms [18,34]. Indeed, the incidence
of silent myocardial ischemia caused by coronary
spasm is more than two times higher than that of
symptomatic ischemia (Fig. 1) [18].

The ECG changes that occur during the attack
of coronary spasm include ST segment elevation
and/or depression, peaking and/or increase in
amplitude of the T wave, a delay in the peak and
an increase in the height and width of the R wave
resulting in fusion of R wave with T wave, and a
decrease in magnitude or disappearance of the S
wave. The negative U wave may also appear at
the beginning or near the end of the attack, and
is often associated with ST segment changes in the
anterolateral leads. It may be the only ECG change
that occurs during a mild attack when spasm is
less severe and does not cause the total obstruc-
tion of a coronary artery. Total or subtotal occlusion
of a major coronary artery by spasm, results in ST
segment elevation in the leads that represent the
area of myocardium supplied by the artery. The
ST segment elevation is usually accompanied by
reciprocal ST segment depression in the opposite
leads. It is therefore important to record electro-
cardiograms in multiple leads. The magnitude of ST
segment elevation varies and corresponds roughly
to the degree of acute myocardial ischemia. As the
attack proceeds, the magnitude of ST segment ele-
vation increases and, in association with an increase
in magnitude and widening of the R wave in the
same lead, may form a ‘‘monophasic curve’’ at the
peak of the attack. This ‘‘monophasic curve’’ is
usually not seen during the attack of acute myocar-
dial infarction and is characteristic of a severe
attack of coronary spasm occluding the proximal
segment of a major coronary artery. The ST seg-
ment elevation appears in the leads corresponding
to the distribution of one major coronary artery.
The leads in which ST segment appears are usually
the same during each attack in the same patient,
indicating that spasm usually appears at the same
coronary artery in the same patient. However, it is
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Figure 2 The ECG changes during the attacks of multi-vessel coronary spasm. During the spontaneous attack, ST
segment elevation appeared in the chest leads (leads V,_5) and ST segment depression in the inferior leads (leads II,
Il, and aVF). During the attack induced by exercise, ST segment elevation appeared in both the anterior and inferior
leads (leads I, Ill, aVF, and V,_4). Ventricular tachycardia also appeared during the attack as shown at the bottom.

not rare that ST segment elevation occurs in the
anterior leads during one attack and in the inferior
leads in another in the same patients. There are
also patients in whom ST segment elevation occurs
simultaneously both in the anterior and inferior
leads (Fig. 2). These are patients with simultaneous
multi-vessel coronary spasm and the attacks often
result in ventricular tachycardia and/or fibrillation
(Fig. 2) [17,18,35]. There is not much difference in
the incidence of ST segment elevation between the
anterior leads and inferior leads. The ECG may be
unchanged at the beginning of an attack or when
the attack is mild. Occasionally, pseudonormaliza-
tion of a previously depressed ST segment may
appear.

Coronary spasm may also cause ST segment
depression instead of elevation in the leads that
represent the distribution area of the spasm artery.
The ST segment depression indicates less severe
(non-transmural or sub endocardial) myocardial
ischemia than does ST segment elevation, which
represents transmural myocardial ischemia. The ST
segment depression occurs: when (1) spasm of a
major artery is less severe (subtotal and/or diffuse;

(2) a major artery receiving collaterals is com-
pletely occluded; or (3) a small artery is completely
occluded [23]. The direction and extent of ST seg-
ment change may vary from one episode to another
and that ST segment elevation and depression can
occur in the same patient or even in the same lead
within minutes or hours [15].

Various forms of arrhythmia often appear dur-
ing attacks of coronary spasm associated with
ST segment elevation. These include ventricu-
lar arrhythmias such as ventricular premature
contractions or ventricular tachycardia, brad-
yarrhythmias, atrioventricular block, and supraven-
tricular arrhythmias. Ventricular fibrillation may
also appear rarely.

Ventricular arrhythmias appear more often when
ST segment elevation occurs in the anterior leads.
Bradyarrhythmias appear more frequently when ST
segment elevation occurs in the inferior leads.
The high-degrees of bradyarrhythmias are often
associated with hypotension, and sometimes with
syncope. Lethal arrhythmias such as ventricular
tachycardia, ventricular fibrillation and complete
AV block may appear particularly during an attack of



Coronary artery spasm

7

multi-vessel spasm (Fig. 2) [17,18,35,36]. Thereis a
good correlation between the incidence of arrhyth-
mia and the degree of ST segment elevation).

Coronary angiographic and hemodynamic
changes

Coronary spasm has been thought to occur at a site
of organic stenosis of a major coronary artery [6].
However, coronary spasm appears in angiographi-
cally normal arteries as well as those with organic
stenosis [18,36—38]. Of the 179 patients with coro-
nary spasm at our institution [18], 126 (70%) had
normal or near normal coronary arteries. Spasm
may be diffuse or diffuse plus focal [39] and may
even migrate from site to site. Spasm occurs not
only at one large coronary artery but also at two or
three large arteries separately or simultaneously in
the same patients. Multi-vessel spasm was demon-
strated in 93 (52%) of the patients (Fig. 3) and 77
(83%) of these patients had normal or near-normal
coronary arteries [18].

The patients with multi-vessel coronary spasm
have the following characteristics: (1) most of them

have angiographically normal coronary arteries; (2)
they are resistant to treatment and often require
larger amounts of CCBs to suppress the attacks,
which often recur on cessation of the drugs; (3)
they are more likely to have lethal arrhythmias such
as ventricular tachycardia or ventricular fibrillation
and are more likely to suffer from sudden death
[18].

There is no consistent increase in heart rate,
blood pressure or dP/dt before the onset of ST
segment elevation. The most typical and early
hemodynamic pattern observed in the initial phase
of coronary spasm is a reduction of positive and neg-
ative peak dP/dt and elevation of endo-diastolic
pressure of the left ventricle [15]. These hemo-
dynamic changes occur before the appearance of
ST segment elevation. Subjective symptoms always
follow ST segment and hemodynamic changes.
Myocardial ischemia alters not only the contractile
properties of the heart, but also impairs ventricular
relaxation. The combination of incomplete myocar-
dial relaxation and depressed contractility leads
to elevated ventricular filling pressure. Thus, the
appearance of wall motion abnormalities is the

Control

After- ACh 50 zg After Nitroglycerin

F.M 68M

Figure 3 Coronary angiograms in a patient with multi-vessel coronary spasm. Injection of acetylcholine (ACh) into
the left coronary artery (top left) and the right coronary artery (bottom left) induced spasm in each of the artery
separately. Please note that spasm appeared in all three major arteries (the left anterior descending artery, left
circumflex artery and right coronary artery). Spasm was reversed after intracoronary injection of isosorbide dinitrate
(ISDN, top right and bottom right). There was no significant organic stenosis in the arteries.
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most sensitive marker of myocardial ischemia and
this can easily be detected by echocardiograms
[27,40,41]. The appearance of wall motion abnor-
malities of the left ventricle during the attack has
also been demonstrated by ventriculography [11].

Precipitating factors

There are several factors which may precipitate
coronary spasm. These may be divided into phys-
iological factors and pharmacological agents.

Coronary spasm occurs most often at rest, par-
ticularly from midnight to early morning. However,
in the early morning, even mild exertion may
induce coronary spasm [18]. Physical and/or men-
tal stress, particularly the latter, for several weeks
or months may precipitate coronary spasm, par-
ticularly at rest [18,42]. Exposure to cold [43],
Valsalva maneuver and hyperventilation [40,44—46]
may also precipitate coronary spasm. Magnesium
deficiency is also associated with coronary spasm
[46,47]. Coronary spasm itself often induces coro-
nary spasm, thus making vicious circle [18].

Pharmacological agents include catecholamines
(epinephrine,  norepinephrine, isoproterenol,
dopamine, dobutamine) [10,48,49] parasympath-
omimetic agents (acetylcholine, methacholine,
pilocarpine) [33,34], anticholinesterase agents
(neostigmine, etc.) [50], ergonovine [27,51—53],
serotonin [54], histamine [55], beta-adrenergic
blocking agents [34,56], withdrawal from chronic
exposure to nitroglycerin [57], cocaine [58], smok-
ing [59,60], and alcohol [61,62]. Particularly to be
noted in the daily life is alcohol ingestion. Heavy
drinking after stressful situations often induces
coronary spasm, usually not immediately but after
several hours when blood levels of alcohol may
have disappeared.

These factors or agents may induce coronary
spasm singly. However, when several of these fac-
tors are combined, the possibility of occurrence of
coronary spasm is high [18].

Coronary spasm and coronary thrombosis

Coronary thrombosis is now known to be the
cause of acute coronary syndromes including
acute myocardial infarction, unstable angina and
ischemic sudden death [63—65]. Coronary spasm
may also be involved in the pathogenesis of acute
coronary syndromes [15—18]. Plasma levels of fib-
rinopeptide A, a marker of thrombin generation,
are increased after attacks of coronary spasm
[66,67] and there is a circadian variation in the lev-
els in parallel with that of the attacks of coronary
spasm (Fig. 4) [67]. Plasma levels of plasmino-
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Figure 4 Circadian variation of plasma levels of fibri-
bopeptide A in patients with variant angina and those
with stable exertional angina. Plasma levels of fib-
rinopeptide A are increased and show marked circadian
variation with a peak appearing from midnight to early
morning in patients with variant angina. In contrast, the
levels are not increased and do not show a circadian vari-
ation in patients with stable exertional angina. "p <0.05,
“p<0.01, difference of the levels between patients with
variant angina and those with stable effort angina at each
sampling time. (From Ogawa et al. [67].)

gen activator inhibitor 1 also show a circadian
variation in parallel with that of the attacks of coro-
nary spasm [68]. Platelets also are activated after
attacks of coronary spasm but not after those of sta-
ble effort angina [69]. These findings indicate that
coronary spasm can trigger coronary thrombosis
and may play an important role in the pathogene-
sis of acute coronary syndromes. Indeed, coronary
thrombosis has been demonstrated by angioscopy
in patients with variant angina [70].

Diagnosis of coronary spasm

The diagnosis of coronary spasm is not necessarily
easy. In contrast to stable effort angina, which is
reproducibly induced by exercise testing, coronary
spastic angina is usually not induced by exercise,
particularly in the afternoon and occurs usually at
rest, particularly from midnight to early morning
[18,20]. The attack is transient, often lasts only
a few seconds, and is unpredictable. Thus, ambu-
latory monitoring of ECG is extremely important
to detect the attack [13,18]. However, even with
ambulatory monitoring of ECG, the attack may not
appear during the monitoring periods, especially
when the attack is not frequent. Moreover, ECG
does not provide a direct evidence of coronary
spasm.

It is for these reasons that provocation tests for
coronary spasm have been developed. These afford
an opportunity to induce an episode of coronary
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spasm at a chosen time, when the patient is ade-
quately monitored in a laboratory well equipped for
appropriate documentation of this phenomenon.
Several provocative tests for coronary spasm have
been developed. Of these ACh and ergonovine tests
are most often used [24,27,33,36,51—53]. Coronary
arteries involved in spasm are super-sensitive to
ACh and ergonovine. Ergonovine is an ergot alkaloid
that stimulates both alpha-adrenergic and sero-
tonergic receptors and the intracoronary injection
of doses ranging from 10 to 80 g in total are
used at most institutions. However, spasm involv-
ing both the right and left coronary artery may
not be demonstrated with this route of administra-
tion, because nitroglycerin must be administered to
relieve spasm after its demonstration in the infused
artery and spasm cannot be provoked in the other
remaining artery.

The intracoronary injection of ACh in doses
of 10—100 ng is used for provocation of coronary
spasm [33,36]. Duration of the action of injected
ACh is very short and the induced spasm usually
disappears spontaneously within 2—3 min without
the need of nitrates administration. Thus, this
method allows provocation of spasm separately in
the left and right coronary arteries and is useful
to demonstrate multi-vessel spasm (Fig. 3) [36].
The intracoronary injection of ACh into the right
coronary artery often induces bradyarrhythmias,
particularly and insertion of a standby temporal
pacemaker is obligatory.

Coronary spasm can also be induced by hyperven-
tilation, which causes respiratory alkalosis [44—46].
The sensitivity of this test is 65% and the speci-
ficity is 100% [45]. It may thus be safely said that
coronary spasm exists when an ischemic attack is
induced by hyperventilation. However, there is a
danger of inducing simultaneous multi-vessel spasm
with this method of provocation. Histamine [55],
epinephrine [10], dopamine [48], dobutamine [49],
serotonin [54], exercise in the morning [20,31], and
the cold pressor test [43] can all induce coronary
spasm, but all of these tests is less sensitive than
ergonovine or ACh.

There are daily, monthly and yearly as well as
circadian variations in the attack of coronary spasm
[13,18] and the sensitivity of the tests depends on
the disease activity of the time. Thus, a false neg-
ative test may often be obtained in patients with
established coronary spasm when the disease activ-
ity is low.

Although the provocation tests for coronary
spasm by ACh or ergonovine are usually safe, a
number of complications may occur. These include
various arrhythmias, hypertension, hypotension,
abdominal cramps, nausea, vomiting, and other

non-specific complications. Rarely, serious compli-
cations such as ventricular fibrillation, myocardial
infarction, or even death may occur [17,35].
Therefore, the tests should be conducted only by
qualified physicians and in a setting where appropri-
ate resuscitation and other measures can promptly
be done.

Strictly speaking, the diagnosis of coronary
spasm must be made on the basis of coronary angio-
graphic findings during the attack. However, it is
not possible to perform coronary angiography dur-
ing the attack in every patient and there is no need
for this.

Angina pectoris that is relieved promptly by
sublingual administration of nitroglycerin may be
diagnosed as coronary spastic angina even without
angiographic evidence, if one of the following char-
acteristics is found.

These characteristics are:

1. The attack occurs at rest, particularly from mid-
night to early morning.

2. There is marked circadian variation of exercise
capacity, the attack easily induced by exercise
in the morning but not by even vigorous exercise
in the afternoon.

3. The attack is associated with ST segment eleva-
tion on the ECG.

4. The attack is induced by hyperventilation.

5. The attack is suppressed by CCBs, but not by
beta-blockers.

Risk factors for coronary spasm

Coronary spasm is mostly a disease of middle-
and old-aged men and post-menopausal women
[18,60]. The disease rarely occurs in the young men
and pre-menopausal women. Age, LDL-cholesterol,
hypertension, diabetes mellitus, and smoking are
all known to be a significant risk factor for stable
effort angina or coronary atherosclerosis [2,3,71].
On the other hand, age, smoking, high sensitivity
C-reactive protein (hsCRP), and remnant lipopro-
teins are a significant risk factor for coronary spasm
[59,60,72—76]. The incidence of cigarette smoking
is significantly higher among patients with coronary
spastic angina than among those with stable effort
angina [59,60]. These facts suggest that the patho-
genesis of coronary spasm may differ from that of
coronary atherosclerosis, which is closely related
to abnormalities of LDL-cholesterol metabolism.
Cigarette smoking is thus, a crucial risk factor for
coronary spasm and highlights the fact that the high
incidence of cigarette smoking may be one of the
factors for the high prevalence of coronary spasm
in the Japanese.
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In addition to cigarette smoking and other envi-
ronmental factors, genetic factors may also be
involved in the pathogenesis of coronary spasm as
will be described in the next section.

Pathogenesis of coronary spasm

The exact mechanisms by which coronary spasm
occurs remain to be elucidated.

The endothelial dysfunction and oxidative
stress

The vascular endothelium was once thought as a
simple passive barrier between circulating blood
and surrounding tissues. However, recent evidence
indicates that it is a multifunctional organ the
integrity of which is essential to normal vascular
physiology, and its dysfunction can be critical for
the pathogenesis of vascular disease [77].

ACh causes vasodilation by releasing nitric
oxide (NO) from the endothelium and in humans,
intracoronary infusion of ACh induces coronary
vasodilation in young healthy subjects, whereas
it causes vasoconstriction in patients with coro-
nary atherosclerosis [77—79]. Coronary arteries in
patients with coronary spastic angina are highly
sensitive to the vasoconstrictor effect of intra-
coronary injection of ACh, resulting in spasm
[33,36]. Intracoronary injection of ACh is thus
used as a provocative test for coronary spasm
[33,36]. Coronary spasm can also be induced by
ergonovine, serotonin, or histamine, all of which
are endothelium-dependent vasodilators by releas-
ing NO.

On the other hand, nitrates including nitroglyc-
erin, are endothelium-independent vasodilators
and cause vasodilation by being converted into NO
in vivo, which stimulates soluble guanylate cyclase,
resulting in increased cyclic GMP [79,80]. The coro-
nary arteries in patients with coronary spasm are
highly sensitive to the vasodilator effect of nitrates
[39,81]. It is thus possible that super-sensitivity of
spasm arteries to nitroglycerin is due to the defi-
ciency of endogenous NO activity in these arteries
[80—86].

NO is synthesized from L-arginine by way of
NO synthase (NOS) and NO synthesis is specifi-
cally blocked by L-monomethyl-arginine (L-NMMA)
[79,80]. The coronary artery diameter decreases in
response to intracoronary infusion of L-NMMA in the
control subjects, whereas it does not change signif-
icantly in patients with coronary spasm [84]. These
observations indicate that NO is released in the
basal state and is involved in the regulation of basal

vascular tone in normal humans and that NO activity
is deficient in the coronary artery in patients with
coronary spasm. There is a significant positive cor-
relation between the response to L-NMMA and that
to nitroglycerin, i.e. the smaller the response to
L-NMMA, the larger the response to nitroglycerin,
indicating that the super-sensitivity to nitroglyc-
erin is related to the deficiency of endogenous NO
activity in the coronary artery in patients with coro-
nary spasm [81,85]. NO-mediated flow dependent
dilation is also impaired in patients with coronary
spasm [86].

NO is also known to suppress the production
of endothelin 1 and angiotensin 1l which are
potent vasoconstrictors and proliferators of vas-
cular smooth muscle and deficiency of NO may
enhance the synthesis of these potent vasoconstric-
tors [87,88]. Indeed, there are intimal thickening
and hyperplasia in the coronary arteries involved in
spasm [89,90].

The deficiency of NO activity may be due to
either a decrease in production or an increase in
degradation of NO before it can produce its effect
on smooth muscle, or both.

Polymorphisms of eNOS gene

Endothelial NO is synthesized by endothelial NOS
(e-NOS) which is constitutively expressed in the
endothelium [79]. We have recently found the poly-
morphisms of Glu298Asp in the exon 7 and T~78(C
in the 5-flanking region of the e-NOS gene and
have shown that these polymorphisms are signif-
icantly associated with coronary spasm [91,92].
These findings strongly suggest that the e-NOS
gene polymorphisms compromise the endothelial
NO production and predispose the patients with
these alleles to coronary spasm. Further more,
not only coronary arteries but also the peripheral
arteries are deficient in NO activity in patients
with coronary spasm [93—95], suggesting that
deficiency of NO activity may occur not only
in the coronary arteries but also in the entire
vascular system in these patients. However, NO
polymorphisms are found in only one-third of the
patients and thus other genes or factors may
also be involved in the pathogenesis of coronary
spasm.

Oxidative stress

Oxygen free radicals degrade NO and cause vaso-
constriction [79,80]. Both basal and ACh-induced
endothelial dysfunction in coronary arteries are
improved by intracoronary injection of antioxidants
such as vitamin C or glutathione, in patients with
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coronary spasm [96—98]. Plasma levels of vita-
min E, another antioxidant, are low and those of
thioredoxin, a marker of oxygen species, are high
in patients with coronary spastic angina [99—101].
Coronary spasm rarely occurs in pre-menopausal
women except those who smoke [18] and estro-
gens have antioxidant activity and suppress the
attack in post-menopausal women with coronary
spastic angina [102]. Interestingly, there is a men-
strual cyclic variation of the attack in association
with changes of plasma levels of estrogen in pre-
menopausal women with coronary spastic angina
[103]. Coronary spasm is significantly associated
also with polymorphism of the gene for paraox-
onase |, which has an antioxidant effect [104] and
the plasma level of thioredoxin, a marker of oxida-
tive stress, is increased in patients with coronary
spasm [101]. Coronary spasm is more prevalent
among smokers than in non-smokers [59,60] and
endothelial function is impaired both in coronary
and brachial arteries and is improved by vitamin
C infusion in smokers [105,106]. Cigarette smoke
extract markedly suppresses the ACh induced
endothelium-dependent relaxation and the sup-
pression is prevented by antioxidants in isolated
arteries [107,108]. All of these findings indicate
that smoking degrades NO by way of oxygen rad-
icals.

Multiple regression analysis reveals that smoking
as well as e-NOS and paraoxonase | polymorphisms
is a highly significant risk factor for coronary spasm
[59,60,91,92,104]. Increased NO degradation by
oxygen radicals or both may play an important role
in the pathogenesis of coronary spasm.

However, there are still some controversies
regarding endothelial dysfunction in patients with
coronary spasm and some workers report that there
is no endothelial NO deficiency and dysfunction in
patients with coronary spasm [109].

Chronic low-grade Inflammation

Shimokawa and his coworkers [110] has developed
the swine mode of coronary spasm by chronically
applying IL-B to the coronary artery of the animal.
Adhesion-molecule such as P-selection is increased
in the coronary artery involved in spasm [111].
Plasma levels of hsCRP, a sensitive marker of inflam-
mation, are also increased in patients with coronary
spasm as compared with those of non-coronary
spasm patients [72,73]. Chronic smoking, a number
one risk factor for coronary spasm, is associated
with chronic low-grade inflammation [112]. These
findings indicate that chronic low-grade inflamma-
tion plays an important role in the pathogenesis of
coronary spasm.

Hypercontractility of coronary smooth
muscle

Contraction and relaxation of vascular smooth mus-
cle are regulated by myosin light chain (MLC) kinase
(MLCK) and myosin light chain phosphatase (MLCP)
through phosphorylation and dephosphorylation of
MLC [113]. The classical pathway through which
contracting stimuli induce MLC phosphorylation is
an increase of the free intracellular Ca2* concen-
tration. The complex of Ca2* and calmodulin then
activates MLCK, leading to increased MLC phospho-
rylation [114]. Coronary spasm may be regarded as
hyper-contraction of coronary smooth muscle trig-
gered by an increase of intracellular Ca* and CCBs,
which block the entry of Ca?* into cells, are highly
effective in suppressing coronary spasm [14,31,53].

It has recently shown that Ca?*-independent
regulation also occurs through the inhibition of
MLCP and that the level of MLC phosphoryla-
tion is determined by a balance between MLC
phosphorylation by MLCK and dephosphorylation
by MLCP [115—119]. Accumulating evidence indi-
cates that small GTPase RhoA and its downstream
effector, ROCK/Rho-kinase, inhibit MLCP, leading
to augmentation of MLC phosphorylation and Ca%*
sensitization in response to vasoconstrictor stim-
uli. Studies showed that RhoA/ROCK activity is
enhanced in the rat arteries with hypertension and
vasospasm [115—119].

Shimokawa and colleagues [110,119] have devel-
oped swine models of coronary spasm and have
shown that ROCK activity is enhanced in smooth
muscles of the coronary artery involved in spasm
in these animals. They also showed that spe-
cific inhibitors of ROCK relieved coronary spasm
in humans [120]. Statins, which block the RhoA/
ROCK pathway [121], also suppress coronary spasm
[122]. It is thus quite probable that enhanced
Ca’* sensitization via enhanced Rho/ROCK activ-
ity as well as increased intracellular CaZ* may play
a critical role in the genesis of coronary spasm.
The precise mechanisms by which the activity of
Rho/ROCK pathway is increased remain to be eluci-
dated. Recent studies show that cGMP-dependent
protein kinase inhibits RhoA-induced Ca?* sensiti-
zation of contraction in vascular smooth muscle
[123,124]. Decreased endothelial NO activity has
been shown to increase Rho/ROCK activity in the
coronary arteries [119,124—127].

These new findings thus, connect the activity of
RhoA/ROCK to endothelial NO and are in agreement
with the clinical observations that spasm arteries
are super-sensitive to both vasoconstrictor ago-
nists and nitrates [39,83]. Enhanced phospholipase
C activity may also be involved in coronary spasm



12

H. Yasue et al.

through enhanced contraction of vascular smooth
muscle cells [128,129].

Magnesium

Magnesium is said to be an endogenous calcium
antagonist, and infusion of magnesium suppresses
hyperventilation-induced attack in patients with
coronary spasm [46]. There is magnesium deficiency
in 45% of the patients with variant angina and
magnesium deficiency may be related to the gen-
esis of coronary spasm in some of the patients
[47,62].

Treatment

Acute attack

The attack of coronary spasm can usually be
promptly relieved by the sublingual administration
or oral spray of nitroglycerin or isosorbide dinitrate
(ISDN). In refractory spasm, intravenous or intra-
coronary injection of the drugs may be necessary.
Nitrates are converted in vivo to NO [79,80] and the
administration of nitrates may be regarded to be a
replacement therapy for deficiency of endogenous
endothelial NO in patients with coronary spasm.
Indeed, coronary arteries involved in spasm are
highly sensitive to nitrates [39,82,83].

Prevention of coronary spasm

Though the sublingual administration of nitro-
glycerin or ISDN rapidly relieves the attack, the
duration of actions of these drugs is short and
less than an hour. For the prevention of attack,
long-acting drugs are needed and CCBs are very
effective for this purpose. CCBs inhibit inflow
of Ca?* into the smooth muscle cell through
voltage-sensitive Ca2* channels, thereby causing
vasodilation [18]. The efficacy of these drugs
against the attack of coronary spasm is often
dramatic.

It is to be noted that timing of the administra-
tion of these drugs is important because the attacks
of coronary spasm usually occur from midnight to
early morning. These drugs should then be given
before going to bed in the night. Doses should also
be gradually increased in the individual patient,
paying due attention to the side effects. In patients
with multi-vessel coronary spasm, CCBs should not
be withdrawn even if the symptomatic attacks
occur rarely because silent myocardial ischemia
often occurs [18] and there is a danger of sud-
den death from lethal arrhythmias in these patients
[17,18,35].

Long-acting nitrates (oral or transdermal) are
also useful for preventing coronary spasm. How-
ever, the potency of nitrates is reduced by nitrate
tolerance [130—132]. In the clinical practice, inter-
mittent therapy with a nitrate-free window of at
least 8h has been recommended. Nicorandil, a
nitrate and K-channel activator, is also effective in
suppressing coronary spasm [133].

For refractory coronary spasm, larger doses
and combination of different classes of CCBs,
together with nitrates may be necessary. In addi-
tion, magnesium [46], statins [122], antioxidants
such as vitamin C and E, ACE-inhibitors, ARBs,
anti-inflammatory agents as aspirin, or estrogen in
post-menopausal women, may also have beneficial
effects on coronary spasm [94,96—100]. Because
contraction of vascular smooth muscle is under the
dual control of intracellular CaZ* and RhoA/ROCK
activity, inhibitors of RhoA/ ROCK pathway may
also prove useful for the treatment and prevention
of coronary spasm in the future [119—122]. There
are, however, some patients with coronary spasm
whose attacks are refractory to and cannot be
completely controlled even by these medications
[17,18].

General measures

Because patients with coronary spasm have
endothelial dysfunction [82,84], the elimination or
control of the factors which may impair endothelial
function or increase oxidative stress, particu-
larly smoking, is very important. Thus, elimination
or control of all the risk factors for coronary
atherosclerosis [2,71], is also necessary in the
case of coronary spasm. Drinking alcohol may
induce attacks of coronary spasm usually not
immediately but several hours after drinking in
susceptible patients [61]. Strenuous exercise in
the daytime may also induce the attacks in the
midnight or in the early morning [18]. Emotional
stress is a very important substratum for the
attacks and anger or fear may induce the attacks.
The attacks often disappear without any medica-
tions by hospitalization alone probably because the
patients are shielded from social stress. Magne-
sium, which is an endogenous calcium antagonist,
must be supplied in the patients deficient in this
element [46,47,62]. Drugs that may induce coro-
nary spasm must be avoided. Such drugs include
catecholamines, muscarinic agonists, ergot alka-
loids, prostaglandins, alcohol and propranolol. In
post-menopausal women with refractory coronary
spasm, estrogen replacement therapy may be use-
ful [102].
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Prognosis

The natural history of variant angina or coronary
spasm is generally characterized by periods of
recurrent attacks lasting for 3—6 months alter-
nating with the periods in which the patient is
asymptomatic. Long-term survival is usually good
so long as patients are on CCBs and avoid smoking
[134—137].

The predictors for prognosis are the num-
ber of coronary artery with significant organic
stenosis, medication of CCBs and multi-vessel
coronary spasm [135]. In many patients, the
attack tends to diminish with time after a few
months of recurrent attacks. There is still no
definite answer as to how long the adminis-
tration of CCBs should be continued. It is our
opinion that patients with multivessel patients
should be on CCBs indefinitely because these
patients often have lethal arrhythmias (ventricular
tachycardia, ventricular fibrillation, high-degree AV
block, or asystole) and are at high risk of sud-
den death [17,18,35,36], even though they may
be asymptomatic. They also require high doses
of CCBs to suppress the attacks. They should be
closely watched and followed by a knowledgeable
physician.

Clinical perspective

The incidence of coronary spasm seems to be
decreasing throughout the world, including Japan,
probably because of the wide use of medica-
tions such as CCBs, statins, ACE-inhibitors, ARBs,
and aspirin for cardiovascular disease [29]. The
decreasing of smoking habit also may have con-
tributed to the reduced incidence of coronary
spasm. Many cardiologists, particularly the young,
are now much interested in PCl and pay less atten-
tion to coronary spasm. Multi-detector computed
tomography scan are increasingly applied for evalu-
ation of coronary heart disease in place of coronary
angiography. Under these circumstances, it is pos-
sible that there will be less and less cardiologists
who are familiar with coronary spasm in the future.
Because there are not a few patients with coronary
spasm who are refractory to the conventional medi-
cations and who may suffer from lethal arrhythmias
or sudden death, and because PCl is not the right
answer to the problem of coronary spasm [138], it
is quite important for every clinician to be alert
to the presence of coronary spasm, which may
be silent and lethal. Coronary spasm is a hyper-
contraction of coronary smooth muscle triggered
by an increase of intracellular Ca2* in the pres-

ence of an increased CaZ* sensitivity. It has been
shown that RhoA/ROCK pathway is involved in Ca2*
sensitivity and that the reduced endothelial NO
activity results in increased CaZ* sensitivity through
enhanced RhoA/ROCK pathway. Accordingly, it is
possible that, RhoA/ROCK pathway blockers includ-
ing statins or fasudil may prove to be useful in
addition to CCBs for the treatment of coronary
spasm [119,121]. Further studies are required to
elucidate the pathogenesis of this intriguing dis-
ease of coronary artery and develop more effective,
disease-modifying, and long-lasting treatments for
it.

References

[1] Friedberg CK. Some comments and reflections on chang-
ing interests and new developments in angina pectoris.
Circulation 1972;46:1037—47.

[2] Gibbons RJ, Abrams J, Chatterjee K, Daley J, Deed-
wania PC, Douglas JS, et al. ACC/AHA 2002 guideline
update for the management of patients with chronic sta-
ble angina-summary article: a report of the American
College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Committee on the Manage-
ment of Patients with Chronic Stable Angina). Circulation
2003;107:149-58.

[3] Abrams J. Clinical practice. Chronic stable angina. N Engl
J Med 2005;352:2524—-33.

[4] Heberden W. Some account of disorder of the breast. Med
Trans R Coll Phys (Lond) 1772;2:59—67.

[5] Parker JO. Nitrate therapy in stable angina pectoris. N
Engl J Med 1987;316:1635—42.

[6] Prinzmetal M, Kennamer R, Merlis R, Wada T, Bor N. Angina
pectoris. 1. A variant form of angina pectoris. Am J Med
1959;27:375—-88.

[7] Harrison TR, Reeves TJ. Some etiologic and epidemiologic
considerations. In: Harrison TR, Reeves TJ, editors. Prin-
ciples and problems of ischemic heart disease. Chicago:
Year Book Publishers; 1968. p. 33—53.

[8] Sones FM, Shirey EK. Cine coronary arteriography. Mod
Concepts Cardiovasc Dis 1962;31:735—8.

[9] Oliva PB, Potts DE, Pluss RG. Coronary arterial spasm in
Prinzmetal angina. Documentation by coronary arteriog-
raphy. N Engl J Med 1973;288:745—51.

[10] Yasue H, Touyama M, Kato H, Tanaka S, Akiyama F.
Prinzmetal’s variant form of angina as a manifestation
of alpha-adrenergic receptor-mediated coronary artery
spasm: documentation by coronary arteriography. Am
Heart J 1976;91:148—55.

[11] Endo M, Hirosawa K, Kaneko N, Hase K, Inoue Y.
Prinzmetal’s variant angina. Coronary arteriogram and left
ventriculogram during angina attack induced by metha-
choline. N Engl J Med 1976;294:252—5.

[12] Hillis LD, Braunwald E. Coronary artery spasm. N Engl J
Med 1978;299:695—702.

[13] Araki H, Koiwaya Y, Nakagaki O, Nakamura M. Diurnal dis-
tribution of ST-segment elevation and related arrhythmias
in patients with variant angina: a study by ambulatory ECG
monitoring. Circulation 1983;67:995—1000.

[14] Yasue H, Omote S, Takizawa A, Nagao M. Coronary arterial
spasm in ischemic heart disease and its pathogenesis. A
review. Circ Res 1983;52(Suppl. 1):147-59.



14

H. Yasue et al.

[15] Maseri A, Severi S, Nes MD, L’Abbate A, Chierchia S,
Marzilli M, et al. ‘*Variant’’ angina: one aspect of a
continuous spectrum of vasospastic myocardial ischemia.
Pathogenetic mechanisms, estimated incidence and clin-
ical and coronary arteriographic findings in 138 patients.
Am J Cardiol 1978;42:1019—35.

[16] Maseri A, L’Abbate A, Baroldi G, Chierchia S, Marzilli
M, Ballestra AM, et al. Coronary vasospasm as a possi-
ble cause of myocardial infarction. A conclusion derived
from the study of ‘‘preinfarction’’ angina. N Engl J Med
1978;299:1271-7.

[17] Nakamura M, Takeshita A, Nose Y. Clinical characteristics
associated with myocardial infarction, arrhythmias, and
sudden death in patients with vasospastic angina. Circu-
lation 1987;75:1110—6.

[18] Yasue H, Kugiyama K. Coronary spasm: clinical features
and pathogenesis. Intern Med 1997;36:760—5.

[19] Lischer TF, Pepine CJ. Coronary spasm and atherothrom-
bosis. In: Fuster V, Ross R, Topol EJ, Nabel EG, editors.
Atherothrombosis and coronary artery disease. 2nd ed.
Philadelphia & New York: Lipincott-Raven; 2005. p.
599—621.

[20] Yasue H, Omote S, Takizawa A, Takizawa A, Nagao M,
Miwa K, et al. Circadian variation of exercise capac-
ity in patients with Prinzmetal’s variant angina: role
of exercise-induced coronary arterial spasm. Circulation
1979;59:938—48.

[21] Maseri A, Chierchia S, Kaski JC. Mixed angina pectoris. Am
J Cardiol 1985;56:30E—3E.

[22] Maseri A, Davies G, Hackett D, Kaski JC. Coronary artery
spasm and vasoconstriction. The case for a distinction.
Circulation 1990;81:1983—91.

[23] Yasue H, Omote S, Takizawa A, Masao N, Hyon H, Nishida
S, et al. Comparison of coronary arteriographic findings
during angina pectoris associated with ST elevation or
depression. Am J Cardiol 1981;47:539—46.

[24] Bertrand ME, LaBlanche JM, Tilmant PY, Thieuleux
FA, Delforge MR, Carre AG, et al. Frequency of pro-
voked coronary arterial spasm in 1089 consecutive
patients undergoing coronary arteriography. Circulation
1982;65:1299—306.

[25] Hamilton JK, Pepine CJ. A renaissance of provocative test-
ing for coronary spasm? J Am Col Cardiol 2000;35:1850—6.

[26] Yasue H, Sasayama S, Kikuchi K, Okumura K, Matsubara T,
Miwa K, et al. The study on the role of coronary spasm in
ischemic heart disease. In: Annual report of the research
on cardiovascular diseases. Osaka: National Cardiovascu-
lar Center; 2000. p. 96—7 (in Japanese).

[27] Song JK, Park SW, Kang DH, Hong MK, Kim JJ, et al. Safety
and clinical impact of ergonovine stress echocardiography
for the diagnosis of coronary vasospasm. J Am Col Cardiol
2000;35:1850—6.

[28] Pristipino C, Beltrame JF, Finocchiaro ML, Hattori R,
Fujita M, Mongiardo R, et al. Major racial differences
in coronary constrictor response between Japanese and
Caucasians with recent myocardial infarction. Circulation
2001;101:1102-8.

[29] Sueda S, Kohno H, Fukuda H, Uraoka T. Did the widespread
use of long-acting calcium antagonists decrease the occur-
rence of variant angina? Chest 2003;124:2074—8.

[30] Japanese beta-Blockers and Calcium Antagonists Myocar-
dial Infarction (JBCMI) Investigators. Comparison of the
effects of beta blockers and calcium antagonists on car-
diovascular events after acute myocardial infarction in
Japanese subjects. Am J Cardiol 2004;93:969—73.

[31] Yasue H, Omote S, Takizawa A, Nagao M, Miwa K,
Tanaka S. Exertional angina pectoris caused by coronary

arterial spasm: effects of various drugs. Am J Cardiol
1979;43:647—52.

[32] Muller JE, Stone PH, Turi ZG, Rutherford JD, Czeisler
CA, Parker C, et al. Circadian variation in the frequency
of onset of acute myocardial infarction. N Engl J Med
1985;313:1315-22.

[33] Yasue H, Horio Y, Nakamura N, Fujii H, Imoto N, Son-
oda R, et al. Induction of coronary artery spasm by
acetylcholine in patients with variant angina: possible
role of the parasympathetic nervous system in the patho-
genesis of coronary artery spasm. Circulation 1986;74:
955—63.

[34] Yasue H, Touyama M, Shimamoto M, Kato H, Tanaka S.
Role of autonomic nervous system in the pathogene-
sis of Prinzmetal’s variant form of angina. Circulation
1974;50:534—9.

[35] Myerburg RJ, Kessler KM, Mallon SM, Cox MM, DeMarchena
E, Interian Jr A, et al. Life-threatening ventricu-
lar arrhythmias in patients with silent myocardial
ischemia due to coronary artery spasm. N Engl J Med
1992;326:1451-5.

[36] Okumura K, Yasue H, Horio Y, Takaoka K, Matsuyama K,
Kugiyama K, et al. Multi-vessel coronary spasm in patients
with variant angina: a study with intracoronary injection
of acetylcholine. Circulation 1988;77:535—42.

[37] Onaka H, Hirota Y, Shimada S, Kita Y, Sakai Y, Kawakami Y,
et al. Clinical observation of spontaneous anginal attacks
and multi-vessel spasm in variant angina pectoris with
normal coronary arteries: evaluation by 24-h 12 lead elec-
trocardiography with computer analysis. J Am Coll Cardiol
1996;27:38—44.

[38] Selzer A, Langston M, Ruggeroli C, Cohn K. Clinical
syndrome of variant angina with normal coronary arte-
riogram. N Engl J Med 1976;295:1343—7.

[39] Okumura K, Yasue H, Matsuyama K, Ogawa H, Kugiyama
K, Ishizaka H, et al. Diffuse disorder of coronary artery
vasomotility in patients with coronary spastic angina.
Hyper-reactivity to the constrictor effects of acetyl-
choline and the dilator effects of nitroglycerin. J Am Coll
Cardiol 1996;27:45—52.

[40] Distante A, Rovai D, Picano E, Moscarelli E, Palombo
C, Morales MA, et al. Transient changes in left
ventricular mechanics during attacks of Prinzmetal’s
angina: an M-mode echocardiographic study. Am Heart J
1984;107:465—75.

[41] Fujii H, Yasue H, Okumura K, Matsuyama K, Morikami
Y, Miyagi H, et al. Hyperventilation-induced simultane-
ous multi-vessel coronary spasm in patients with variant
angina: an echocardiographic and arteriographic study. J
Am Coll Cardiol 1988;12:1184—92.

[42] Yeung AC, Vekshtein VI, Krantz DS, Vita JA, Ryan Jr TJ,
Ganz P, et al. The effect of atherosclerosis on the vaso-
motor response of coronary arteries to mental stress. N
Engl J Med 1991;325:1551—6.

[43] Raizner AE, Chahine RA, Ishimori T, Verani MS, Zacca N,
Jamal N, et al. Provocation of coronary artery spasm
by the cold pressor test. Hemodynamic, arteriographic
and quantitative angiographic observations. Circulation
1980;62:925—35.

[44] Yasue H, Nagao M, Omote S, Takizawa A, Miwa K, Tanaka S.
Coronary arterial spasm and Prinzmetal’s variant form of
angina induced by hyperventilation and Tris—buffer infu-
sion. Circulation 1978;58:56—62.

[45] Nakao K, Ohgushi M, Yoshimura M, Morooka K, Okumura
K, Ogawa H, et al. Hyperventilation as a specific test
for diagnosis of coronary artery spasm. Am J Cardiol
1997;80:545—9.



Coronary artery spasm

15

[46] MiyagiH, Yasue H, Okumura K, Ogawa H, Goto K, Oshima S.
Effect of magnesium on anginal attack induced by hyper-
ventilation in patients with variant angina. Circulation
1989;79:597—602.

[47] Goto K, Yasue H, Okumura K, Matsuyama K, Kugiyama
K, Miyagi H, et al. Magnesium deficiency detected by
intravenous loading test in variant angina pectoris. Am
J Cardiol 1990;65:709—12.

[48] Crea F, Chierchia S, Kaski JC, Davies GJ, Margonato
A, Miran DO, et al. Provocation of coronary spasm by
dopamine in patients with active variant angina pectoris.
Circulation 1986;74:262—9.

[49] Kawano H, Fujii H, Motoyama T, Kugiyama K, Ogawa
H, Yasue H. Myocardial ischemia due to coronary artery
spasm during dobutamine stress echocardiography. Am J
Cardiol 2000;85:26—30.

[50] Yamabe H, Yasue H, Okumura K, Ogawa H, Obata K,
Oshima S. Coronary spastic angina precipitated by the
administration of an anticholinesterase drug. Am Heart
J 1990;120:211-3.

[51] Schroeder JS, Bolen JL, Quint RA, Clark DA, Hayden
WG, Higgins CB, et al. Provocation of coronary spasm
with ergonovine maleate. New test with results in 57
patients undergoing coronary arteriography. Am J Cardiol
1977;40:487—91.

[52] Curry Jr RC, Pepine CJ, Sabom MB, Conti CR. Similarities
of ergonovine-induced and spontaneous attacks of variant
angina. Circulation 1979;59:307—12.

[53] Theroux P, Waters DD, Affaki GS, Crittin J, Bonan R, Miz-
gala HF. Provocative testing with ergonovine to evaluate
the efficacy of treatment with calcium antagonists in vari-
ant angina. Circulation 1979;60:504—10.

[54] McFadden EP, Clarke JG, Davies GJ, Kaski JC, Haider AW,
Maseri A. Effect of intracoronary serotonin on coronary
vessels in patients with stable angina and patients with
variant angina. N Engl J Med 1991;324:648—54.

[55] Matsuyama K, Yasue H, Okumura K, Matsuyama K, Ogawa
H, Morikami Y, et al. Effects of H1-receptor stimulation on
coronary arterial diameter and coronary hemodynamics in
humans. Circulation 1990;81:65—71.

[56] Kugiyama K, Yasue H, Horio Y, Morikami Y, Fujii H,
Koga Y, et al. Effects of propranolol and nifedipine on
exercise-induced attack in patients with variant angina:
assessment by exercise thallium-201 myocardial scintigra-
phy with quantitative rotational tomography. Circulation
1986;74:374—80.

[57] Lange RL, Reid MS, Tresch DD, Keelan MH, Bernhard VM,
Coolidge G. Nonatheromatous ischemic heart disease fol-
lowing withdrawal from chronic industrial nitroglycerin
exposure. Circulation 1972;46:666—78.

[58] Pitts WR, Lange RA, Cigarroa JE, Hillis LD. Cocaine-
induced myocardial ischemia and infarction: pathophysi-
ology, recognition, and management. Progr Cardiovasc Dis
1997;40:65—76.

[59] Sugiishi M, Takatsu F. Cigarette smoking is a major risk
factor for coronary spasm. Circulation 1993;87:76—9.

[60] Takaoka K, Yoshimura M, Ogawa H, Kugiyama K, Nakayama
M, Shimasaki Y, et al. Comparison of the risk factors for
coronary artery spasm with those for organic stenosis in
a Japanese population: role of cigarette smoking. Int J
Cardiol 2000;72:121—6.

[61] Takizawa A, Yasue H, Omote S, Nagao M, Hyon H, Nishida
S, et al. Variant angina induced by alcohol ingestion. Am
Heart J 1984;107:25—7.

[62] Miwa K, Igawa A, Miyagi Y, Fujita M. Importance of mag-
nesium deficiency in alcohol-induced variant angina. Am
J Cardiol 1994;73:813—6.

[63] FusterV, Badimon L, Badimon JJ, Chesebro JH. The patho-
genesis of coronary artery disease and the acute coronary
syndromes (1). N Engl J Med 1992;326:242—50.

[64] Theroux P, Fuster V. Acute coronary syndromes: unstable
angina and non-Q wave myocardial infarction. Circulation
1998;97:1195—206.

[65] Libby P. Current concepts of the pathogenesis of the acute
coronary syndromes. Circulation 2001;104:365—72.

[66] Oshima S, Yasue H, Ogawa H, Okumura K, Matsuyama K,
Fibrinopeptide. A is released into the coronary circulation
after coronary spasm. Circulation 1990;82:2222-5.

[67] Ogawa H, Yasue H, Oshima S, Okumura K, Matsuyama
K, Obata K. Circadian variation of plasma fibrinopep-
tide A level in patients with variant angina. Circulation
1989;80:1617—27.

[68] Masuda T, Yasue H, Ogawa H, Misumi |, Sakamoto T, Okubo
H, et al. Plasma plasminogen activator inhibitor activity
and tissue plasminogen activator levels in patients with
unstable angina and those with coronary spastic angina.
Am Heart J 1992;124:314—9.

[69] Miyamoto S, Ogawa H, Soejima H, Takazoe K, Sakamoto
T, Yoshimura M, et al. Formation of platelet aggregates
after attacks with coronary spastic angina pectoris. Am J
Cardiol 2000;85:494—7.

[70] Etsuda H, Mizuno K, Arakawa K, Satomura K, Shibuya T,
Isojima K. Angioscopy in variant angina: coronary artery
spasm and intimal injury. Lancet 1993;342:1322—4.

[71] Fraker Jr TD, Fihn SD, Gibbons RJ, Abrams J, Chatterjee
K, Daley J, et al. Chronic angina focused update of the
ACC/AHA 2002 Guidelines for the management of patients
with chronic stable angina: a report of the American
College of Cardiology/American Heart Association Task
Force on Practice Guidelines Writing Group to develop the
focused update of the 2002 Guidelines for the manage-
ment of patients with chronic stable angina. Circulation
2007;116:2762—72.

[72] Hung MJ, Cherng WJ, Yang NI, Cheng CW, Li LF. Relation
of high-sensitivity C-reactive protein level with coronary
vasospastic angina pectoris in patients without hemody-
namically significant coronary artery disease. Am J Cardiol
2005;96:1484—90.

[73] Itoh T, Mizuno Y, Harada E, Yoshimura M, Ogawa H, Yasue
H. Coronary spasm is associated with chronic low-grade
inflammation. Circ J 2007;71:1074—8.

[74] Kugiyama K, Doi H, Takazoe K, Kawano H, Soejima H,
Mizuno Y, et al. Remnant lipoprotein levels in fasting
serum predict coronary events in patients with coronary
artery disease. Circulation 1999;99:2858—60.

[75] Miwa K, Makita T, Ishii K, Okuda N, Taniguchi A. High rem-
nant lipoprotein levels in patients with variant angina. Clin
Cardiol 2004;27:338—42.

[76] Oi K, Shimokawa H, Hiroki J, Uwatoku T, Abe K, Matsumoto
Y, et al. Remnant lipoproteins from patients with sud-
den cardiac death enhance coronary vasospastic activity
through upregulation of Rho-kinase. Arterioscler Thromb
Vasc Biol 2004;24:918—22.

[77] Rubanyi GM. The role of endothelium in cardiovascu-
lar homeostasis and diseases. J Cardiovasc Pharmacol
1993;22:51—14.

[78] Furchgott RF, Zawadzki JV. The obligatory role of endothe-
lial cells in the relaxation of arterial smooth muscle by
acetylcholine. Nature 1980;288:373—6.

[79] Moncada S, Palmer RM, Higgs EA. Nitric oxide:physiology,
pathophysiology, and pharmacology. Pharmacol Rev
1991;43:109—42.

[80] Murad F. Nitric oxide and cyclic GMP in cell signaling and
drug development. N Engl J Med 2006;355:2003—11.



16

H. Yasue et al.

[81] Kugiyama K, Ohgushi M, Sugiyama S, Motoyama T, Kawano
H, Hirashima O, et al. Supersensitive dilator response to
nitroglycerin but not to atrial natriuretic peptide in spas-
tic coronary arteries in coronary spastic angina. Am J
Cardiol 1997;79:606—10.

[82] Ludmer PL, Selwyn AP, Shook TL, Wayne RR, Mudge GH,
Alexander RW, et al. Paradoxical vasoconstriction induced
by acetylcholine in atherosclerotic coronary arteries. N
Engl J Med 1986;315:1046—51.

[83] Yasue H, Matsuyama K, Matsuyama K, Okumura K,
Morikami Y, Ogawa H. Responses of angiographically nor-
mal human coronary arteries to intracoronary injection of
acetylcholine by age and segment. Possible role of early
coronary atherosclerosis. Circulation 1990;81:482—90.

[84] Kugiyama K, Yasue H, Okumura K, Ogawa H, Fujimoto K,
Nakao K, et al. Nitric oxide activity is deficient in spasm
arteries of patients with coronary spastic angina. Circula-
tion 1996;94:266—71.

[85] Moncada S, Rees DD, Schulz R, Palmer RM. Development
and mechanism of a specific supersensitivity to nitrova-
sodilators after inhibition of vascular nitric oxide synthesis
in vivo. Proc Natl Acad Sci U S A 1991;88:2166—70.

[86] Kugiyama K, Ohgushi M, Motoyama T, Sugiyama S, Ogawa
H, Yoshimura M, et al. Nitric oxide-mediated flow-
dependent dilation is impaired in coronary arteries in
patients with coronary spastic angina. J Am Coll Cardiol
1997;30:920—6.

[87] Boulanger C, Luscher TF. Release of endothelin from the
porcine aorta. Inhibition by endothelium-derived nitric
oxide. J Clin Invest 1990;85:587—90.

[88] Takemoto M, Egashira K, Usui M, Numaguchi K, Tomita
H, Tsutsui H, et al. Important role of tissue angiotensin-
converting enzyme activity in the pathogenesis of
coronary vascular and myocardial structural changes
induced by long-term blockade of nitric oxide synthesis
in rats. J Clin Invest 1997;99:278—87.

[89] Suzuki H, Kawai S, Aizawa T, Kato K, Sunayama S,
Okada R, et al. Histological evaluation of coronary plaque
in patients with variant angina: relationship between
vasospasm and neointimal hyperplasia in primary coronary
lesions. J Am Coll Cardiol 1999;33:198—205.

[90] Miyao Y, Kugiyama K, Kawano H, Motoyama T, Ogawa H,
Yoshimura M, et al. Diffuse intimal thickening of coronary
arteries in patients with coronary spastic angina. J Am Coll
Cardiol 2000;36:432—7.

[91] Yoshimura M, Yasue H, Nakayama M, Shimasaki Y, Sum-
ida H, Sugiyama S, et al. A missense Glu298Asp variant in
the endothelial nitric oxide synthase gene is associated
with coronary spasm in the Japanese. Human Genetics
1998;103:65—9.

[92] Nakayama M, Yasue H, Yoshimura M, Shimasaki Y,
Kugiyama K, Ogawa H, et al. T-78 — C mutation in
the 5’-flanking region of the endothelial nitric oxide syn-
thase gene is associated with coronary spasm. Circulation
1999;99:2864—70.

[93] Motoyama T, Kawano H, Kugiyama K, Okumura K, Ohgushi
M, Yoshimura M, et al. Flow-mediated, endothelium-
dependent dilatation of the brachial arteries is impaired
in patients with coronary spastic angina. Am Heart J
1997;133:263—7.

[94] Hamabe A, Takase B, Uehata A, Kurita A, Ohsuzu F, Tamai
S. Impaired endothelium-dependent vasodilation in the
brachial artery in variant angina pectoris and the effect
of intravenous administration of vitamin C. Am J Cardiol
2001;87:1154-9.

[95] Moriyama Y, Tsunoda R, Harada M, Miyao Y, Yoshimura M,
Kugiyama K, et al. Nitric oxide-mediated vasodilatation is

decreased in forearm resistance vessels in patients with
coronary spastic angina. Jpn Circ J 2001;65:81—6.

[96] Kugiyama K, Motoyama T, Hirashima O, Ohgushi M,
Soejima H, Misumi K, et al. Vitamin C attenuates abnor-
mal vasomotor reactivity in spasm coronary arteries in
patients with coronary spastic angina. J Am Coll Cardiol
1998;32:103—-9.

[97] Hirashima O, Kawano H, Motoyama T, Hirai N, Ohgushi
M, Kugiyama K, et al. Improvement of endothelial func-
tion and insulin sensitivity with vitamin C in patients with
coronary spastic angina: possible role of reactive oxygen
species. J Am Coll Cardiol 2000;35:1860—6.

[98] Kugiyama K, Miyao Y, Sakamoto T, Kawano H, Soe-
jima H, Miyamoto S, et al. Glutathione attenuates
coronary constriction to acetylcholine in patients with
coronary spastic angina. Am J Physiol Heart Circ Physiol
2001;280:H264—71.

[99] Miwa K, Miyagi Y, Igawa A, Nakagawa K, Inoue H. Vitamin
E deficiency in variant angina. Circulation 1996;94:14—8.

[100] Motoyama T, Kawano H, Kugiyama K, Hirashima O, Ohgushi
M, Tsunoda R, et al. Vitamin E administration improves
impairment of endothelium-dependent vasodilation in
patients with coronary spastic angina. J Am Coll Cardiol
1998;32:1672—9.

[101] Miyamoto S, Kawano H, Sakamoto T, Soejima H, Kajiwaral,
Hokamaki J, et al. Increased plasma levels of thioredoxin
in patients with coronary spastic angina. Antioxid Redox
Signal 2004;6:75—80.

[102] Kawano H, Motoyama T, Hirai N, Kugiyama K, Ogawa
H, Yasue H. Estradiol supplementation suppresses
hyperventilation-induced attacks in post-menopausal
women with variant angina. J Am Coll Cardiol
2001;37:735—40.

[103] Kawano H, Motoyama T, Ohgushi M, Kugiyama K, Ogawa H,
Yasue H. Menstrual cyclic variation of myocardial ischemia
in premenopausal women with variant angina. Ann Intern
Med 2001;135:977—81.

[104] Itoh T, Yasue H, Yoshimura M, Nakamura S, Nakayama M,
Shimasaki Y, et al. Paraoxonase gene GIn192Arg (Q192R)
polymorphism is associated with coronary artery spasm.
Hum Genet 2002;110:89—94.

[105] Kugiyama K, Yasue H, Ohgushi M, Motoyama T, Kawano
H, Inobe Y, et al. Deficiency in nitric oxide bioactivity in
epicardial coronary arteries of cigarette smokers. J Am
Coll Cardiol 1996;28:1161—7.

[106] Motoyama T, Kawano H, Kugiyama K, Hirashima O, Ohgushi
M, Yoshimura M, et al. Endothelium-dependent vasodila-
tion in the brachial artery is impaired in smokers: effect
of vitamin C. Am J Physiol 1997;273:H1644—50.

[107] Ohta Y, Kugiyama K, Sugiyama S, Ohgushi M, Matsumura T,
Doi H, et al. Impairment of endothelium-dependent relax-
ation of rabbit aortas by cigarette smoke extract: role of
free radicals and attenuation by captopril. Atherosclerosis
1997;131:195—-202.

[108] Sugiyama S, Kugiyama K, Ohgushi M, Matsumura T, Ota Y,
Doi H, et al. Supersensitivity of atherosclerotic artery to
constrictor effect of cigarette smoke extract. Cardiovasc
Res 1998;38:508—15.

[109] Egashira K, Katsuda Y, Mohri M, Kuga T, Tagawa T,
Shimokawa H, et al. Basal release of endothelium-derived
nitric oxide at site of spasm in patients with variant
angina. J Am Coll Cardiol 1996;27:1444—9.

[110] Shimokawa H. Cellular and molecular mechanisms of coro-
nary artery spasm—lessons form animal models. Jpn Circ
J 2000;64:1—12.

[111] Kaikita K, Ogawa H, Yasue H, Sakamoto T, Suefuji H,
Sumida H, et al. Soluble P-selectin is released into the



Coronary artery spasm

17

coronary circulation after coronary spasm. Circulation
1995;92:1726—30.

[112] Yasue H, Hirai N, Mizuno Y, Harada E, Itoh T, Yoshimura
M, et al. Low-grade inflammation, thrombogenicity, and
atherogenic lipid profile in cigarette smokers. Circ J
2006;70:8—13.

[113] Somlyo AP, Somlyo AV. Signal transduction and regulation
in smooth muscle. Nature 1994;372:231—6.

[114] Kimura K, Ito M, Amano M, Chihara K, Fukata Y, Naka-
fuku M, et al. Regulation of myosin phosphorylation by
Rho and Rho-associated kinase (Rho kinase). Science
1996;273:245—8.

[115] Narumiya S. The small GTPase Rho: Cellular functions and
signal transduction. J Biochem 1996;120:215—28.

[116] Somlyo AP, Somlyo AV. Ca?* sensitivity of smooth
muscle and nonmuscle myosin Il: Modulated by G pro-
teins, kinases, and myosin phosphatase. Physiol Rev
2003;83:1325—-58.

[117] Uehata M, Ishizaki T, Satoh H, Ono T, Kawahara T, Morishita
T, et al. Calcium sensitization of smooth muscle medi-
ated by a Rho-associated protein kinase in hypertension.
Nature 1997;389:990—4.

[118] Sato M, Tani E, Fujikawa H, Kaibuchi K. Involvement
of Rho-kinase-mediated phosphorylation of myosin light
chain in enhancement of cerebral vasospasm. Circ Res
2000;87:195—200.

[119] Shimokawa H, Takeshita A. Rho-kinase is an important
therapeutic target in cardiovascular medicine. Arte-
rioscler Thromb Vasc Biol 2005;25:1767—75.

[120] Masumoto A, Mohri M, Shimokawa H, Urakami L, Usui M,
Takeshita A. Suppression of coronary artery spasm by the
Rho-kinase inhibitor fasudil in patients with vasospastic
angina. Circulation 2002;105:1545—7.

[121] Rikitake Y, Liao JK. Rho GTPases, statins, and nitric oxide.
Circ Res 2005;97:1232—5.

[122] Mizuno Y, Yasue H, Harada E, Itoh T, Nakayama M,
Yoshimura M, et al. Effects of statins on coronary artery
spasm using quantitative coronary analysis. Circulation
2007;116(Suppl. 11):562.

[123] Sawada N, Itoh H, Yamashita J, Doi K, Inoue M, Masatsugu
K, et al. cGMP-dependent protein kinase phosphorylates
and inactivates RhoA. Biochem Biophys Res Commun
2000;280:798—805.

[124] Sauzeau V, Rolli-Derkinderen M, Marionneau C, Loirand G,
Pacaud P. RhoA expression is controlled by nitric oxide
through cGMP-dependent protein kinase activation. J Biol
Chem 2003;278:9472—80.

[125] Nohria A, Grunert ME, Rikitake Y, Noma K, Prsic A, Ganz P,
et al. Rho kinase inhibition improves endothelial function
in human subjects with coronary artery disease. Circ Res
2006;99:1426—32.

[126] Noma K, Oyama N, Liao JK. Physiological role of ROCKs
in the cardiovascular system. Am J Physiol Cell Physiol
2006;290:C661—8.

[127] Bissemaker E, Pistrosch F, Forster S, Herbrig K, Gross P,
Passauer J, et al. Rho kinase contributes to basal vascular
tone in humans: role of endothelium-derived nitric oxide.
Am J Physiol Heart Circ Physiol 2007;293:H541—7.

[128] Okumura K, Osanai T, Kosugi T, Hanada H, Ishizaka
H, Fukushi T, et al. Enhanced phospholipase C activity
in the cultured skin fibroblast obtained from patients
with coronary spastic angina: possible role for enhanced
vasoconstrictor response. J Am Coll Cardiol 2000;36:
1847-52.

[129] Nakano T, Osanai T, Tomita H, Sekimata M, Homma Y,
Okumura K. Enhanced activity of variant phospholipase C-
delta1 protein (R257H) detected in patients with coronary
artery spasm. Circulation 2002;105:2024—9.

[130] Hirai N, Kawano H, Yasue H, Shimomura H, Miyamoto S,
Soejima H, et al. Attenuation of nitrate tolerance and
oxidative stress by an angiotensin Il receptor blocker
in patients with coronary spastic angina. Circulation
2003;108:1446—50.

[131] Miinzel T, Daiber A, Miilsch A. Explaining the phenomenon
of nitrate tolerance. Circ Res 2005;97:618—28.

[132] Dejam A, Hunter CJ, Tremonti C, Pluta RM, Hon YY,
Grimes G, et al. Nitrite infusion in humans and nonhu-
man primates: endocrine effects, pharmacokinetics, and
tolerance formation. Circulation 2007;116:1821—31.

[133] Kaski JC. Management of vasospastic angina—role of nico-
randil. Cardiovasc Drugs Ther 1995;9(Suppl. 2):221-7.

[134] Waters DD, Miller D, Szlachcic J, Bouchard A, Méthé M,
Kreeft J, et al. Factors influencing the long-term prog-
nosis of treated patients with variant angina. Circulation
1983;68:258—65.

[135] Yasue H, Takizawa A, Nagao M, Nishida S, Horie M, Kubota
J, et al. Long-term prognosis for patients with vari-
ant angina and influential factors. Circulation 1988;78:
1-9.

[136] Shimokawa H, Nagasawa K, Irie T, Egashira S, Egashira K,
Sagara T, et al. Clinical characteristics and long-term prog-
nosis of patients with variant angina. A comparative study
between western and Japanese populations. Int J Cardiol
1988;18:331—49.

[137] Bory M, Pierron F, Panagides D, Bonnet JL, Yvorra S, Des-
fossez L. Coronary artery spasm in patients with normal
or near normal coronary arteries. Long-term follow of 277
patients. Eur Heart J 1996;17:1015-21.

[138] Tanabe Y, Itoh E, Suzuki K, lto M, Hosaka Y, Nakagawa |,
et al. Limited role of coronary angioplasty and stenting in
coronary spastic angina with organic stenosis. J Am Coll
Cardiol 2002;39:1120—6.

Available online at www.sciencedirect.com

ScienceDirect




	Coronary artery spasm-Clinical features, diagnosis, pathogenesis, and treatment
	Coronary constriction and spasm
	Prevalence of coronary spasm
	Clinical manifestations
	Circadian variation
	Symptoms and the ECG changes
	Coronary angiographic and hemodynamic changes
	Precipitating factors
	Coronary spasm and coronary thrombosis

	Diagnosis of coronary spasm
	Risk factors for coronary spasm
	Pathogenesis of coronary spasm
	The endothelial dysfunction and oxidative stress
	Polymorphisms of eNOS gene
	Oxidative stress
	Chronic low-grade Inflammation
	Hypercontractility of coronary smooth muscle
	Magnesium

	Treatment
	Acute attack
	Prevention of coronary spasm
	General measures

	Prognosis
	Clinical perspective
	References


