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Abstract
Objective: To explore the prognosis of stent implantation on variant angina (VA) with severe organic
stenosis.

Background: Vasospasm is the pathogenesis of VA. Most VA patients are effective on calcium channel
blockers (CCB) or nitrates, and the prognosis is generally good, but organic stenosis is a risk factor for
VA. 

Method: We collected 141 VA patients treated with CCB and (or) nitrates in the First A�liated Hospital of
Zhengzhou University from December 2010 to June 2019. VA patients with diameter stenosis ≥50% were
enrolled .They were divided into two groups according to the presence of stent implantation. The main
adverse cardiovascular events (MACE) were observed including cardiogenic death, non-fatal myocardial
infarction, readmission due to angina attack, coronary revascularization and heart failure.

Results: 69 cases were included: 33 cases received stent implantation and 36 cases received medical
treatment. The proportion of left anterior descending (LAD)(48% vs 44%,p=0.737 )which was the culprit
coronary artery was very high. Diameter stenosis (84.3%±6.5 %VS 59.9%±010.1% P<0.001)in stenting
group was higher than that in stent-free group. Following up for 24 ± 23 months, there was no signi�cant
difference in the incidence of MACE (9% VS 11%) including cardiac death (3% VS 2.8%), coronary
revascularization (0% VS 3%) and readmission due to angina (6% VS 5.6%), and effectiveness (88% VS
89%) between the two groups.

CONCLUSION: Although the two groups showed similar clinical outcomes, with anti-spastic and
antiplatelet medication, stent implantation was of bene�t to the prognosis of VA with severe organic
stenosis.

Background
Variant angina (VA), a concept �rst proposed by Prinzmetal in 1959, refers to angina at rest accompanied
by transient elevation of ST segment on electrocardiogram (ECG). Angina caused by coronary artery
spasm is currently called vasospastic angina (VSA)[1]. VA is characterized by complete occlusion of
lumen, transmural ischemia and clinical chest pain. Coronary spasm may occur in normal coronary
arteries, but often occurs in vessels with organic stenosis. Spasm may occur at the site of vascular
stenosis in 90% of VA patients with severe organic stenosis [2] Peter Ong et al. found that VA patients
without organic stenosis had better prognosis than those with organic stenosis[3]. Japanese Coronary
Spasm Association(JCSA) believed organic stenosis is a poor factor for VA [4] therefore, stent
implantation at the site of vascular stenosis can theoretically prevent future coronary artery spastic
occlusion and improve symptoms. Many recent studies and case reports on stent implantation in VA
refractory to medical treatment without organic stenosis showed higher incidence of stent deformity,
stent-edge spasm and symptom recurrence [5–8], but there are few studies on stent implantation for VSA
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with organic stenosis and there is no consensus on the prognosis of stent implantation on VSA with
severe organic stenosis. In this study, we compared the clinical outcomes in stenting group with stent-free
group to explore the prognosis of stent implantation on VA with severe organic stenosis.

Methods

2.1 patients
According to the diagnostic criteria: (1) chest pain at rest; (2) ST segment transiently elevates (>0.1mv)
during angina attack and recovers to baseline level after symptom relief which was con�rmed by 12 or 18
lead ECG and Holter monitoring;(3) no evidence of myocardial infarction, we collected all 141 consecutive
patients admitted to the First A�liated Hospital of Zhengzhou University from December 2010 to June
2019. We included all 69 consecutive VA patients with organic stenosis (Diameter stenosis ≥50%). We
excluded VA patients who caused spasm by catheter and had the history of stent implantation. 69 cases
were graded by JCSA risk score. Informed documents were acquired from all patients.

2.2 Coronary artery angiography (CAG) and stent implantation

CAG After the subcutaneous injection of lidocaine su�ciently, we inserted the sheath into a radial or
femoral artery by using the Seldinger technique. After 6000–10000 IU heparin and 200 ug nitroglycerin
were given, left and right coronary angiography was performed with 5-F multi-function catheter. At the
end of the angiography, 100–200 ug nitroglycerin was injected and subsequent coronary angiography
was performed again. The diagnosis was made independently by more than two cardiologists: Diameter
stenosis ≥50% or ≥70% was de�ned as signi�cant stenosis or severe organic stenosis in the left main
artery (LM), left anterior descending artery(LAD), left circum�ex artery(LCX), right coronary artery(RCA) or
its main branches. If with signi�cant coronary artery stenosis, stent implantation was performed with the
standard technique by the attending physician’s decision and patients’ agreement, the optimal stent was
placed in the stenotic coronary lesions.

2.3 Medical treatment and follow up
All VA patients were treated with CCB or (and) nitrates, patients after stent implantation were also treated
with dual anti-platelet aggregation drugs and lipid-lowering drugs for 12 months. After discharge, drugs
are adjusted according to the frequency of chest pain, despite increasing doses or the number of
antispasmodic drugs, patients complain of chest discomfort, they can be treated by stent implantation by
the physician. During the follow-up period, the information of chest pain, the use of antispasmodic drugs,
repeated coronary angiography and MACE was collected. The follow-up methods were by telephone or
questionnaire and the content was completed by professionals.

2.4 Statistical Analysis
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Continuous variables are expressed as mean ± standard deviation (SD) and categorical variables are
expressed as frequencies (percentages). SAS 9.4(SAS Inc., Raleigh, N.C, USA) software is used for
statistical analysis. A t-test was performed for continuous data between two independent samples and a
chi-square test was performed for the categorical data. Statistical signi�cance level was de�ned as a p-
value <0.05.

Results

3.1 Baseline characteristics
We collected consecutive 69 VA patients with organic stenosis whose basic characteristics were
summarized in Table 1. Diameter stenosis (84.3%±6.5 %VS 59.9%±10.1% P<0.001) in stent -implanting
group was higher than that in stent-free group. There was no signi�cant difference in age, gender,
cardiovascular risk factors, biochemical indicators, spastic vessels and hazard levels between the two
groups.

3.2 Clinical follow up

All VA patients were treated with CCB or (and) nitrates, patients after stent implantation were also treated
with dual anti-platelet aggregation drugs and lipid-lowering drugs for 12 months. After discharge, drugs
are adjusted according to the frequency of chest pain, Following up for 24 ± 23 months, there was no
signi�cant difference in the incidence of effectiveness (88% VS 89%,p = 0.896) and MACE (9% VS 11%, p
= 0.781) including cardiac death (3% VS 2.8%), coronary revascularization (0% VS 3%),and readmission
due to angina (6% VS 5.6%) between the two groups (Table 2). 14 cases were reexamined by coronary
angiography after one year. One case had 70% restenosis in stents, two cases had 30% restenosis in
stents and the other stents had good adherence and no obvious restenosis.

Discussion
Vasospasm is the pathogenesis of VA. Most VA patients are effective on CCB or nitrates, and the
prognosis is generally good, but organic stenosis is a risk factor for the prognosis of VA[9]. With the
maturity of stent implantation technology and improvement of mechanism, stent implantation has
become an important means of revascularization in patients with coronary heart disease. According to
the guidelines, stent implantation can be performed in VA patients with severe organic stenosis[10] In fact,
as an unstable angina pectoris, VA is special in risk factors, diagnosis, medical treatment and instrument
therapy. Our study found although the two groups showed similar clinical outcomes, with anti-spastic
and dual antiplatelet medication, stent implantation was of bene�t to the prognosis, improvement of
symptoms and quality of life of VA with severe organic stenosis.

Abnormal contraction of coronary artery in VA patients contributes to complete occlusion of blood
vessels and high shear stress. When high shear stress is higher than the threshold of damaging
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endothelial cells (>70dyne·cm–2) or acute denudation (about 400 dyne·cm–2), von Willebrand factor is
activated which makes platelets adhere and aggregate under high blood �ow, which accelerates plaque
formation [11] In turn, plaque induces coronary vasospasm, which Peter Ong believes is a response to
injured vascular endothelium. [3] Macalpin et al. found among 69 VA patients with severe coronary
stenosis, 62 (90%) cases had spasm at the stenotic site [2]. Stent implantation at the site of vascular
stenosis can theoretically prevent future coronary artery spastic occlusion and improve symptoms,
moreover, with the popularization and application of new generation drug-coated stents, there is no
signi�cant difference in the prognosis between VSA patients with severe organic stenosis and non-VSA
patients with severe organic stenosis, which reduced the incidence of adverse cardiovascular events
associated with endothelial dysfunction[12], therefore, we believe that stent implantation is a treatment for
VA. However, Ge Junbo et al. found that the rate of restenosis and symptoms recurrence after stent
implantation in VA patients with severe stenosis was high and the bene�t was not satisfying [13]. They
enrolled seven VA patients with severe stenosis, whose limitations were a relatively small number of
patients and the lack of control group observation. Yasuhiko Tanabe et al. found that in 45 VA patients
with severe stenosis, only one case experienced repeated chest pain during the follow-up period and the
others inhibited symptoms completely, but during repeated provocation tests, spasm may occur at other
sites different from the initial stenosis, so they thought the bene�ts of stent implantation for VA patients
with severe stenosis are limited [14].Last study has shown that the long-term prognosis of VSA with
organic stenosis is similar to that of medical therapy and stent implantation[15], whose vascular stenosis
(66.3%+9% VS 60.5%+10%, P < 0.001) in VSA patients in stenting group is moderate stenosis, but
vascular stenosis in stenting group in our study is sever stenosis. Vascular stenosis is an independent
risk factor for MACE in patients with coronary heart disease, there is no signi�cant difference in MACE
between the two groups, so we believe that stent implantation reduces the incidence of MACE in VA
patients with severe stenosis.

In our study, 7 cases of whom 5 cases take one kind of anti-spastic drugs, 1 case takes two kinds of anti-
spastic drugs and 1 case takes three kinds of anti-spastic drugs have MACE including 2 cases for cardiac
death,1 case for coronary revascularization and 4 cases for readmission due to angina during the follow-
up period, we hypothesize that one of reasons to MACE is incomplete medical treatment. In stenting
group, 14 cases were reexamined by coronary angiography after one year. One case had 70% restenosis
in stents, two cases had 30% restenosis in stents and the other stents had good adherence and no
obvious restenosis. The effective rate of CCB in VA patients in Japan was 92.5%[16] which is similar to
our stenting group (88%)and stent-free group(89%) Other literatures reported that aspirin, statins and
ACEi could prevent spasm and improve the prognosis of patients[17–19]. In addition, we included VA
patients,whose diagnostic criteria included resting angina and transient elevation of ST segment one ECG
without spasm provocation test, but could be diagnosed as VA with high speci�city [10, 20, 21], it has been
reported that provocation test is safe and effective for VA patients with no signi�cant stenosis[22],but
provocation test has more advantages than disadvantages for VA patients with severe stenosis[23], We
believe that provocation test may lead to unstable plaque shedding, which increases the incidence of
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MACE and affects the results of the trial. Most of the studies mentioned in this paper are diagnosed as
VSA by provocation test, but ST-segment depression is more common than elevation during coronary
spasm [24], so we don’t think the two situations should be studied together. JCSA believes that chest pain
at rest and ST-segment elevation may be indicative of severe MACE, so they listed angina at rest and
transient elevation of ST segment as two predictors in JCSA risk score system. According to the score
system, VA patients scored at least 3 points and were assessed as moderate-risk group or high-risk group
whose incidence of MACE was 7.0% or 13.0% [4, 25]. In our study, there was no signi�cant difference in the
distribution of moderate-risk groups (73% VS 75%, P = 0.830) and high-risk groups (27% VS 25%, P =
0.830), so we study the effect of stent implantation on the prognosis of VA patients with severe organic
stenosis.

Conclusions
In conclusion, although the two groups showed similar clinical outcomes, with anti-spastic and
antiplatelet medication, stent implantation was of bene�t to the prognosis, improvement of symptoms
and quality of life of VA with severe organic stenosis, which reduced the incidence of MACE.

Limitations(1) This study is a retrospective observation study with a relatively small number of patients,
moreover we cannot decide whether medical treatment or stent implantation at that time.(2) None of the
patients underwent coronary spasm provocation test, therefore, the selection of target vessels for stent
implantation was based on the severity of stenosis, the diagnose of spastic vessels was based on the
monitoring of 12 or 18 lead ECG and Holter.(3) Intravascular ultrasound and optical coherence
tomography are not used to evaluate the changes of vascular wall structure.

In conclusion, although the two groups showed similar clinical outcomes, with anti-spastic and
antiplatelet medication, stent implantation was of bene�t to the prognosis, improvement of symptoms
and quality of life of VA with severe organic stenosis, which reduced the incidence of MACE.

Limitations(1) This study is a retrospective observation study with a relatively small number of patients,
moreover we cannot decide whether medical treatment or stent implantation at that time.(2) None of the
patients underwent coronary spasm provocation test, therefore, the selection of target vessels for stent
implantation was based on the severity of stenosis, the diagnose of spastic vessels was based on the
monitoring of 12 or 18 lead ECG and Holter.(3) Intravascular ultrasound and optical coherence
tomography are not used to evaluate the changes of vascular wall structure.
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Tables
Table 1.

Comparison of basic characteristics between the two groups.
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  VA with coronary artery stenosis (n = 69)        p-Value

PCI (+) (n = 33)        PCI (−) (n = 36)

Age     53.6± 11.4     53.0±11.7 0.813

Male        31(94%) 30(83%) 0.534

Blood chemistry      

Total cholesterol(mmol/L) 3.37±0.91 3.75±0.86 0.078

TG(mmol/L) 1.29±0.55 1.48±0.78 0.239

HDL-C(mmol/L) 1.08±0.19 1.13±0.3 0.458

LDL-C(mmol/L) 2.12±0.72 2.17±0.67 0.792

Cardiovascular risk factors      

Hypertension 14(42%) 13(36%) 0.591

Diabetes mellitus 2(6.0%) 2(5.6%) 0.929

Current smoker 16(48%) 16(44%) 0.737

Dyslipidemia 4(12%) 4(11%) 0.896

Current drinker 13(39.3%) 14(38.9%) 0.966

liver disease 0(0%) 1(3%) 0.335

Nephropathy 4(12%) 6(17%) 0.592

Stroke 2(6%) 1(3%) 0.504

Heart failure(HF) 0(0%) 0(0%) 0.764

Arrhythmia 4(12%) 5(14%) 0.828

Type of spasm      

Single-vessel spasm 26(79%) 27(75%) 0.710

Multi-vessel spasm 7(21%) 9(25%) 0.710

Single vessel spasm      

LM 0(0%) 0(0%) 0.895

LAD 16(48%) 16(44%) 0.737

LCX 1(3%) 0(0%) 0.292

RCA 9(28%) 11(31%) 0.764

Preoperative stenosis 0.843±0.065 0.599±0.101 <0.001

Hazard Level      

High level 24(73%) 27(75%) 0.830

Middle level 9(27%) 9(25%) 0.830
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TG: triglyceride, HDL-C: high-density lipoprotein-cholesterol, LDL-C: low-density lipoprotein-cholesterol,

LM: left main coronary artery, LAD: left anterior descending coronary artery, LCX: left circumflex

coronary artery, RCA: right coronary artery.

 

Table 2

Comparison of the clinical outcomes between stenting group and stent-free group

  VA with stenosis (n = 69)        p-Value

PCI (+) (n = 33)    PCI (−) (n = 36)

MACE 3(9%)            4(11%) 0.781

Readmission due to angina 2(6.0%) 2(5.6%) 0.929

Cardiogenic death 1(3%)            1(2.8%) 0.950

Coronary revascularization 0(0%) 1(3%) 0.335

Outcome                  

Effectiveness 29(88%)             32(89%)         0.896    

Ineffectiveness 4(12%)              4(11%)         0.896
MACE: main adverse cardiovascular events
 


