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Abstract

Objective: To investigate the efficacy of coronary stenting in
patients with variant angina refractory to medical treatment.
Subjects and Methods: Variant angina was diagnosed in 81
patients admitted to the Department of Cardiology between
January 2003 and June 2011. However, coronary stenting
was performed in 21 patients refractory to medical treat-
ment, but coronary angiography and intravascular ultra-
sound were performed in all patients, and acetylcholine pro-
vocative test was performed in 11 of the 21 patients refrac-
tory to medical treatment. Coronary angiography was
repeated after 9-12 months in the 21 patients with coronary
stents. Clinical follow-up time was 2.5 + 3.1 years (range 1-8).
Results: Of the 81 patients, coronary angiography and intra-
vascular ultrasound did not reveal significant stenosis in 13
(16.0%), but revealed 20-75% fixed stenosis in the remaining
68 (84.0%) patients. The acetylcholine provocative test was
positive in the 11 patients. Of the 21 patients with coronary

stents, the spasm site was located in theright coronary artery
in 16 (76.2%) and in the left anterior descending artery in the
remaining 5 (23.8%) patients. During the 1- to 8-year follow-
up period, 1 of the 21 patients with stents developed recur-
rent episodes of variant angina, 5 patients had occasional
chest pain, and the other 15 were asymptomatic. Coronary
angiography at 9-12 months after initial evaluation demon-
strated no stenosis in 3 patients, 20-40% in-stent mild inti-
mal hyperplasiain 15 patients, and 50-80% in-stent resteno-
sis in 3 patients. Coronary stenting was performed again in 2
patients. Conclusions: The present study showed that coro-
nary stenting for severe refractory coronary vasospasm was
effective and without serious complications. It can be an al-
ternative and viable option for some patients who are refrac-
tory to medical therapy and at a high risk of acute coronary
Syndrome recurrence. © 2013 S. Karger AG, Basel

Introduction

Variant angina is caused by spontaneous coronary ar-
tery spasm. The coronary arteries in variant angina gener-
ally demonstrate organic stenosis, although they may also
be angiographically normal. Emotional stress, heavy smok-
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ing, drug addiction, and in vivo inflammatory response
can lead to coronary artery spasm [1, 2]. The release of in-
flammatory mediators during allergic or hypersensitive
and anaphylactic or anaphylactoid insults has been impli-
cated in inducing coronary artery spasm [3]. Although cal-
cium channel antagonists and nitrates are effective for the
treatment of variant angina in most patients, 5-30% of pa-
tients are refractory to aggressive medical treatment [1, 4].
They may have episodes of recurrent chest pain together
with complete atrioventricular block, ventricular tachycar-
dia, ventricular fibrillation, acute myocardial infarction, or
even sudden death. Although there are individual studies
reporting the use of percutaneous transluminal coronary
angioplasty (PTCA) and stenting for the treatment of vari-
antangina [5-9], it is not well established or fully discussed
in the literature. In the present study, we observed the clin-
ical efficacy of coronary stenting in 21 patients with variant
angina refractory to medical treatment.

Subjects and Methods

Subjects

Eighty-one (81) patients (42 male and 39 female, mean age 52.4
+9.1 years, range 45-78) with a diagnosis of variant angina admit-
ted to the Department of Cardiology of our hospital between Jan-
uary 2003 and June 2011 were included in the study. Typical symp-
toms included chest pain at rest or sleep, relieved immediately with
administration of sublingual nitroglycerin. ST segment elevation
on electrocardiograms (ECGs) was greater than 0.1 mV during the
onset of chest pain and disappeared when the pain was resolved.
Follow-up troponin I and creatine kinase isoenzyme test showed
no significant evidence of myocardial necrosis. Patients with acute
myocarditis, acute pericarditis, acute myocardial infarction, ven-
tricular aneurysm, dilated cardiomyopathy, early repolarization
syndrome, acute pulmonary embolism, and brain-heart syndrome
were excluded. Of the 81 patients with variant angina, 21 patients
(13 male and 8 female, mean age 54.5 + 8.2 years, range 46-75)
were refractory to medical treatment.

Methods

Medical treatment included calcium channel antagonists (dil-
tiazem hydrochloride tablets at a dose of 90-240 mg/day or nife-
dipine tablets 30-60 mg/day), nitrates (isosorbide mononitrate
tablets at a dose of 40-120 mg/day), lipid-regulating agents
(pravastatin sodium at a dose of 20-40 mg/day or atorvastatin cal-
cium 20-40 mg/day), and antiplatelet drugs (aspirin enteric-coat-
ed tablets at a dose of 100 mg/day).

Multi-position coronary angiography (CAG) imaging was per-
formed in 81 patients using the GE INNOVA 2100 DSA. Intravas-
cular ultrasound (IVUS) was performed in all 81 patients using a
US imaging system (Jomed Co., USA). The catheter was inserted
into the distal segment of the coronary artery and slowly removed
at a rate of 2 mm/s. Parameters measured included maximal and
minimal cross-sectional area of vessels, maximal and minimal lu-
men diameter, plaque area, and characteristics of the plaque.
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Because coronary artery spasm was not observed using IVUS
in 11 of the 21 patients refractory to medical treatment, acetylcho-
line (Ach) provocative test was done to provoke fatal coronary
spasm. Ach was injected into the left coronary artery in 3 patients
and into the right coronary artery in 8 patients ata dose 0f 0.02-0.1
mg within 15 s, and its effect on the artery was observed for 3 min.
In this test, coronary artery spasm was defined as ‘transient, total,
or sub-total occlusion (>90% stenosis) of a coronary artery with
signs/symptoms of myocardial ischemia (anginal pain and isch-
emic ST changes)’ [10]. If the spasm was not relieved within 3 min,
nitroglycerin (0.2 mg) was injected into the coronary artery until
the spasm was relieved.

Using a guiding catheter, stent implantation was performed af-
ter placing a guidewire into the distal end of the coronary segment
where the spasm was observed. The drug-eluting stents placed
were 2.5-4.5 mm in diameter and 16-36 mm in length. The bal-
loon inflation pressure was 12-16 atm. Placement CAG showed
that the stents were well deployed without significant residual ste-
nosis. Dual antiplatelet therapy was indicated for at least 1 year
after stent implantation.

Synchronous 12-lead ECG (Nihon Kohden) was performed in
the 21 patients refractory to medical treatment when chest pain
occurred or abated. The heart rhythm, heart rate, leads with ST
elevation, and dynamic changes were recorded.

The name, age, gender, address, and telephone number of the
21 patients who underwent stent implantation were recorded.
Telephone follow-up was obtained in all 21 patients at 1, 3, and 6
months and 1 year after stent placement. They were advised to un-
dergo CAG after 9-12 months. Annual follow-up was carried out
yearly after the first year up to 8 years.

Results

Of the 81 patient included in the study, CAG revealed
no significant stenosis in 13 (16.0%) patients and 20-75%
fixed stenosis in the other 68 (84.0%) patients (fig. 1a).
Fifteen patients had triple-vessel lesions, 20 double-vessel
lesions, and 33 single-vessel lesions. The IVUS examina-
tion confirmed that the plaques were stable, fibrous, non-
calcified, and some eccentric. The IVUS also demonstrat-
ed slight enhancement. Intimal hyperplasia at both ends
of the lesion was not obvious. When the IVUS probe was
placed through the lesion, CAG showed severe coronary
artery spasm in 25 patients, 10 of whom were refractory to
medical treatment (fig. 1b). The patients felt chest pain at
the same time. ST segment elevation was documented on
ECG. The symptoms were alleviated by intracoronary in-
jection of nitroglycerin. The 11 patients who underwent
Ach provocative test developed episodes of chest pain.
CAG showed corresponding segmental vascular spasm in
10 patients and diffuse vascular spasm in 1 patient. ST seg-
ment elevation was present on ECG in 11 patients.

The 21 patients refractory to medical treatment pre-
sented with recurrent variant angina. ECG revealed ST
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segment elevation >0.1 mV in leads II, III, avF and (or)
V;_9, and (or) V3p_sg in 16 patients, of whom 2 had ven-
tricular fibrillation and 8 had complete atrioventricular
block at the same time. ST segment elevation in leads
V,_4 and (or) Vs_s, and (or) I, avL was >0.2 mV in the
other 5 patients, of whom 1 had ventricular fibrillation
and 1 ventricular tachycardia simultaneously. ECG, CAG,

The Efficacy of Coronary Stenting in
Patients with Variant Angina

IVUS, and Ach provocative test demonstrated that the
spasm site was located in the right coronary artery in 16
patients and in the left anterior descending artery in 5 pa-
tients. The right coronary artery spasm site was located in
the proximal segment in 4 patients, in the middle segment
in 9 patients, in the distal segment in 2 patients, and in the
diffuse segment in 1 patient, causing 0-75% stenosis. The
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left anterior descending artery spasm site was located in
the proximal segment in 2 patients and middle segment
in 3 patients, causing 0-75% stenosis. The stents (2.5-4.5
x 16-36 mm) were successfully placed over the full length
of the lesions in all 21 patients (fig. 1¢), of whom 7 devel-
oped recurrent spasms as the stents were advanced
through the stenotic segment.

During the 1- to 8-year follow-up period, 1 patient
developed recurrent episodes of variant angina. CAG re-
view showed no in-stent restenosis. Severe coronary
spasm occurred in the proximal and distal segment adja-
cent to the stents. Coronary stenting was performed to
relieve the chest pain. Five patients had occasional chest
pain, but the intensity and duration of the pain symp-
toms were significantly reduced. Fifteen patients were
asymptomatic. CAG at 9-12 months after treatment
showed that 3 patients were stenosis free, 20-40% in-
stent mild intimal hyperplasia was observed in 15 pa-
tients, and 50-80% in-stent restenosis in 3 patients. Cor-
onary stenting was preformed again in 1 patient due to
severe restenosis.

Discussion

The finding of 25.9% patients who were refractory to
pharmacologic treatment and who suffered recurrent
variant angina attacks in this study is within the range of
5-30% reported previously [1, 4].

Effective treatment of these patients included the use
of corticosteroids, particularly if the patient had an aller-
gic tendency, such as bronchial asthma or chronic thy-
roiditis [11]. In this study, because the patients with re-
fractory vasospasm did not clearly have an allergic ten-
dency, corticosteroids were not the treatment of choice.
Although pacemakers and implantable cardioverter de-
fibrillators are often recommended in some of the pa-
tients at high risk of malignant arrhythmias [12], no pa-
tient was implanted with such devises in this study be-
cause the devices are very expensive. Equally, coronary
artery bypass grafting was not used due to surgical trau-
ma, the risk of complications, and poor efficacy [6].
While coronary stenting for variant angina had been
used with unsatisfactory outcomes [4-9, 13-14], the use
of coronary stenting in this study was very encouraging:
the clinical symptoms were completely or significantly
relieved in the majority of patients. Only 1 patient (1/21)
developed recurrent episodes of variant angina and 3 pa-
tients (3/21) developed significant in-stent restenosis.
Compared with previous studies [4, 5, 7, 9], the clinical
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outcome of our consecutive series appeared to be much
better, mostly due to the correct identification of the
spasm sites before coronary stenting. Recurrent vaso-
spasm accompanied with chest pain and similar ischemic
manifestations were identified on ECG during IVUS ex-
amination in 10 patients, during provocative Ach test in
the remaining 11 patients, or when balloon and stent
were passed through the affected vessel segment in 7 pa-
tients. These findings confirmed the original spasm site.
However, in the other studies [4, 5, 7-9], the spasm sites
were identified based on ECG and CAG or Ach provoca-
tive test, which can not only provoke spasm at the site of
significant lesions, but also demonstrate stenosis in ves-
sels without significant lesions. This led to a reduced ac-
curacy of judgment, and hence the efficacy of coronary
stenting was relatively poor. Percutaneous coronary in-
tervention is not the preferred treatment for diffuse cor-
onary artery spasm [4, 10]. Similar results were obtained
in the present study. One patient with diffuse spasm of
the right coronary artery developed recurrent chest pain
after stent placement. Follow-up CAG demonstrated se-
vere coronary spasm just proximal and distal to the
stents. But it should be noted that drug-eluting stents can
induce diffuse coronary spasm after implantation in a
few cases. The etiology may be a response to the released
medications from the stents or delayed endothelializa-
tion after stent placement, leading to abnormal vasocon-
striction and vasomotion [15]. Two more stents were
then placed. All symptoms were resolved after the second
stenting. Percutaneous coronary intervention for diffuse
vasospasm should be performed only when there is no
better treatment option. Patients who underwent multi-
ple stent placements are at high risk of in-stent thrombo-
sis or restenosis.

Although all of the stents were successfully placed in
our series, it should be noted that the risk of vasospasm
during stenting is high. Intracoronary injection of nitro-
glycerin or verapamil is very useful in avoiding acute
myocardial infarction. Compared to the patients who
gradually stopped taking calcium channel antagonists
and nitrates after stent implantation in another study [9],
our 21 patients continued medical treatment, knowing
that it is effective in reducing the frequency and severity
of angina.

The limitations of this study include the small number
of patients, short follow-up period, and the retrospective
nature and its inherent selection bias. The criteria for de-
ciding who would undergo pharmacologic treatment or
coronary stenting was not standardized, and the decision
was left to the discretion of the operator.
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Conclusion

The present study showed that coronary stenting for
severe refractory coronary vasospasm was effective and
without serious complications. It can be an alternative and
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