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Abstract 

 
Abstract 

Background: Vitamin C and E as anti-oxidants have potential to improve 

vasospasm of coronary artery in patients with vasospastic angina (VA). 

Methods: We enrolled prospectively VA patients with definite coronary 

vasospasm confirmed by coronary angiography (CAG) and ergonovine (EG) 

provocation test in single center. They were randomized to receive either 

vitamin C (ascorbic acid, 2g/day) plus E (tocopherol, 800 unit/day) (VITA) 

or control with underlying guideline-directed medical therapy for 2 years. 

Primary endpoint was change of minimal lumen diameter (MLD) at spasm 

site by EG provocation test at 2-year. MLD absolute value, percent diameter 

stenosis (DS), and DS change at 2-year were also compared in 2 groups. 

Composite clinical endpoint of death, acute myocardial infarction (AMI), 

revascularization and cardiac arrest was compared.  

Results: Ninety six patients were diagnosed definite vasospasm defined as 

coronary narrowing ≥90% with concomitant chest pain or ECG change with 

EG provocation test. They were randomized to VITA (n=50) or control 

group (n=46). Baseline characteristics were similar in 2 groups. 85 and 86 

spasm site (excluding left main coronary) of each group was analyzed. 

Provoked MLD change at 2 year and provoked absolute MLD at 2-year did 

not differ in VITA and non-VITA group, 0.14 ± 0.51 vs. 0.16 ± 0.34 mm 

respectively (P=0.777), and 0.33 ± 0.48 vs. 0.30 ± 0.32 mm respectively 
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(p=0.699). The DS change and DS at 2-year during EG provocation were 

also similar in both groups, -5.64 ± 17.20% vs. -5.58 ±15.08 respectively 

(p=0.984) and 86.9 ± 14.4% and 86.8 ± 13.6% in DS (p=0.970), respectively. 

Neither death nor AMI occurred. There was no difference in composite 

clinical endpoint, 4.3% in VITA and 6.0% in control group with majority of 

revascularization.  

Conclusions: Vitamin C plus E did not influence on the spasm of coronary 

artery which is determined by provoked MLD and MLD change at 2year in 

patients with severe VA.  

 

Key words: vasospastic angina, vitamin C, vitamin E, angiography, 

ergonovine provocation 
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Chapter 1. Introduction 
 

1.1. Study Background 
 

Plausible mechanisms for coronary artery vasospasm in patient with 

vasospastic angina (VA) are hyperactive response of coronary vascular 

smooth muscle, vascular endothelial dysfunction, sympathetic overdrive and 

oxidative stress etc.
1-3

 Although impairment of endothelium-medicated 

vasodilation which could be derived from common cardiovascular risk 

factors and atherosclerosis could in part associated with vasoconstriction at 

the site of predisposed segments, it is unlikely to be responsible for 

vasospasm by itself.
4
 Rather, primary hyperreactivity of vascular smooth 

muscle cells has been suggested as playing a major role in VA development 

by consistent supporting evidences.
4,5

 Among the triggers of vascular 

smooth muscle hyperreactivity, increased reactive oxygen species were 

suggested as in part being responsible.
6
 Nonetheless for this, current 

mainstay of therapy for vasospasm is symptom management with calcium 

channel blockers and/or nitrate through coronary arterial smooth muscle 

relaxation causing vasodilaiton.
7-9

 Considering the oxidative stress can be a 

trigger and is associated with vascular smooth muscle hyper-reactivity, 

targeting therapy on oxidative stress can be an alternative and potential 

fundamental treatment strategy other than conventional vasodilators.  

 Vitamin C and E are representative antioxidants and have myriad of data 

in experimental and clinical studies in various areas of cardiovascular 
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disease prevention, cancer prevention/treatment, pre-eclampsia prevention, 

fatty liver treatment, and sepsis.
10-17

 The results were controversial and 

overall in failure including prevention cardiovascular events.  

However there has been no randomized clinical trial to assess the efficacy of 

vitamin C and/or E in reducing vasospasm in patients with variant angina 

patients despite of its potential of endothelial function improvement of the 

vessel which are affected by oxidative stress.
18

 If the study shows the 

positive results, antioxidant vitamin C and/or E could be another treatment 

modality for VA patients and can provide the insight of pathophysiology of 

vasospasm.  

 

1.2. Purpose of Research 
 

We performed prospective randomized open label clinical study-ANOVA 

(Effects of long term vitAmiN C plus E therapy on vasOspasm 

improvement and regression of atheroma in patients with VAriant angina) 

trial to evaluate the vitamin C plus E on the coronary spasm and natural 

course of VA patients with angiographic follow-up combined with EG 

provocation test.  
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Chapter 2. Body 
 

2.1. Methods  

Study design and population 

ANOVA (effects of long term vitAmiN C plus E therapy on vasOspasm 

improvement and regression of atheroma in patients with VAriant angina) 

trial is an investigator-initiated, prospected, randomized, open-label, single-

center trial performed at Seoul National University Hospital in South Korea. 

The study had two arms, (1) the normal control group and (2) the severe 

spasm group (Figure 1). The severe spasm group is randomized either into 

vitamin C+E treatment group (VITA) and control group. This study included 

only severe spasm group. After randomization, patients of vitamin group 

intake ascorbic acid 1g orally twice a day (2g/day) and tocopherol 400 IU 

orally twice a day (800 IU/day) for 2-years. Patients in control group do not 

intake study drugs. Patients in both groups received guideline directed 

medical therapy. Follow-up coronary angiography (CAG) and EG 

provocation test were performed 2 years after randomization.  

Patients aged 19 years or older who received CAG and EG provocation 

test by physician’s discretion with clinical suspicion of VA were eligible for 

this study. The exclusion criteria are as follows; (1) Patients with a 

significant fixed stenotic lesion in the main branch of the coronary artery 

after intracoronary nitroglycerin (NG) injection in CAG, (2) Patients who 

had continuously taken antioxidant vitamin complex within the past 3 
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months, (3) Female patients of childbearing age, (4) Patients whose survival 

is expected to be less than 1 year due to accompanying diseases, (5) Patients 

judged to be difficult to participate in this study due to other concomitant 

diseases.  

The trial protocol was approved by the institutional review board at Seoul 

National University (IRB No. 1410-022-616). All patients provided written 

informed consent at the time of enrolment and randomization. This study 

was performed under the standards specified in the International Council for 

Harmonization Guidelines for Good Clinical Practice and the principles of 

the Declaration of Helsinki. This trial was registered at ClinicalTrials.gov, 

with ClinicalTrials.gov Identifier NCT03228238 

 

Randomization 

Immediately after the initial CAG and EG provocation test, eligible patients 

who showed severe coronary spasm were randomized 1:1 to either a vitamin 

complex intake group or a control group with open label. Eligible patients 

were randomized by block randomization method by an independent 

research nurse who was not involved in the trial.  

 

Endpoints 

The primary endpoint was minimal lumen diameter (MLD) change of 

provoked spam site at 2-year (provoked spasm site MLD at 2year- provoked 

spasm site MLD at 0year) between VITA and control groups. Absolute 
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MLD at 2-year, % diameter stenosis (DS) at 2 year and change of DS from 

index provocation test (provoked spasm site DS at 2year- provoked spasm 

site DS at 0year) were also compared in both groups. Change of coronary 

spasm provoked artery and coronary segment were also compared in 2 

groups. Composite of clinical outcome of acute myocardial infarction, death, 

revascularization and cardia arrest was compared in VITA and control group 

at 2-year.  

 

Coronary spasm provocation test 

CAG was performed by routine manner and EG provocation test was 

performed following the Japanese Circulation Society guidelines.
19

 By 

automated quantitative coronary angiography analysis (QCA), MLD and DS 

was measured after the EG provocation test as well as at pre-EG 

provocation (initial) and after nitroglycerin (NTG) bolus administration at 

index (0-year) and 2-year. A positive EG provocation test was defined as 

luminal narrowing ≥70% and an ischemic electrocardiogram (ECG) change 

and/or angina chest pain. Severe stenosis was defined as stenosis ≥ 90% by 

EG provocation test along with ischemic change of ECG and/or combined 

angina of the patient. If the patient's symptoms, ECG change, and 

hemodynamic profiles were tolerable, the route of administration and the 

maximum dose of EG were carried out following the same methods of the 

index test in follow-up EG provocation test.  
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Quantitative coronary angiography 

QCA was performed at index test and at 2-year follow-up CAG at an 

independent core lab (Seoul National University Hospital Cardiovascular 

Clinical Research Center) by specialized technicians who were blinded to 

the allocation and purpose of the study. An offline computerized QCA 

system (CASS system; Pie Medical Instruments, Maastricht, the 

Netherlands) was used. Using the guiding catheter for magnification 

calibration, the minimal lumen diameters (MLD), percent diameter stenosis 

(DS), lesion length, and reference vessel diameters were measured from 

diastolic frames in a single, matched view showing the smallest MLD.  

We focused on each spastic coronary artery segment. The coronary 

segments were coded according to the recommendations of the American 

Heart Association (AHA).
20

 The most spastic segment was determined for 

each coronary artery during EG provocation. For more than 70% of spastic 

segments, QCA was performed at baseline, during EG provocation, and 

after intra coronary (IC) NTG administration. Matched spasm segment at 

index and at 2year provocation was compared for MLD and DS change 

calculation and if the spasm site moved or appeared or disappeared, the 

corresponding matched site was included in the analysis, for example, if 

proximal LAD segment spasm at index test moved to distal LAD segment, 

proximal segment at 2year was matched to original proximal LAD spasm 

and 2
nd

 year distal LAD segment (moved at 2year) was matched to distal 

segment at 0 year.    
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Sample size estimation 

The primary outcome is MLD change of spasm site at EG provocation test 

at 2-year as compared to that of index test. Because our study is concept 

proving trial, there was no previous study to refer for sample size estimation. 

Thus we adopt general concept of MLD change of ≥0.40mm as a reliable 

indicator of the presence or regression of coronary stenosis with QVA 

measurement.
21

 Thus we assumed the VITA group will have improved MLD 

by 0.4mm and no change in that of non-VITA group, and standard deviation 

(SD) of VITA group as 0.55mm (arbitrarily estimated), so the expected 

effect size/SD (E/S) was calculated as 0.73 (0.40/0.55 mm). Thus 43 

patients in each are needed to fulfill statistical power of 90% with type I 

error of 0.05 (2-sided). Assuming the lost to follow up rate as 15%, a total of 

100 subjects (50 in each arm) was required.  

 

Statistical analysis 

Categorical data were compared with the chi-square or Fisher exact test as 

required in 2-groups. Continuous data are presented as mean ± SD and 

compared using the Student's t-test or the Mann–Whitney test. All analyses 

were performed using SPSS software version 25.0 (IBM Corporation, 

Armonk, NY) and R, version 3.5.2 (R foundation for Statistical Computing). 
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2.3. Results 

Baseline characteristics and coronary arterial feature at 0- and 2-year  

A total of 209 patients received coronary angiography (CAG) and EG 

provocation test. Among them, patients with severe vasospasm (n=96) were 

randomized to either vitamin C+E group (VITA, n=46) or control (non-

VITA) group (n=50) (Figure 1). They all received follow-up CAG and EG 

provocation at 2-year. Clinical data was also collected. Baseline 

characteristic between VITA and non-VITA was similar (Table 1).  

Spasm was provoked at 173 locations at first test. Spasm provoked site was 

majorly on right coronary artery (RCA) and left anterior descending artery 

(LAD), 42% (63/173) and 34.7% (60/173) followed by left circumflex 

artery (LCx), 22% (38/173). LM involvement was 1% (2/173). Proportion 

of LCx is higher in VITA group (Supplementary table 1). 

MLD and DS at initial, EG provoked and after IC NTG in all spasm lesions 

(irrespective of coronary artery) were all comparable in VITA and non-VITA 

groups at 0- and 2-year. (Table 2)  

 

Provoked spasm site absolute MLD and DS value at 2year and change 

during 2year by vitamin use or not 

The MLD and DS after EG provocation were not different between VITA 

and non-VITA groups at 2 year in total coronary artery, 0.30 ± 0.32 mm vs. 

0.33 ± 0.48 mm in MLD (p=0.699) and 86.9 ± 14.4% and 86.8 ± 13.6% in 
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DS (p=0.970), respectively (Table 3, Figure 2). In VITA group, the MLD 

was similar from mean 0.19 ± 0.21mm to 0.33 ± 0.45 mm (P=0.137) and DS 

significantly improved by EG provocation after 2 years as compared to that 

of baseline, from 92.42 ± 8.39 % to 86.78 ± 14.93 % (P=0.015) respectively. 

In non-VITA group, the MLD and DS at EG provocation were also 

improved; MLD significantly increased from 0.17 ± 0.19 mm to 0.33 ± 0.33 

mm (p=0.001) and DS significantly reduced from 91.56 ± 9.16% to 85.97 ± 

14.09 % (p=0.003).   

The magnitude of change of MLD and DS by EG provocation from 

baseline to 2 years were not different in VITA and non-VITA groups, 0.14 ± 

0.51 vs. 0.16 ± 0.34 mm respectively (P=0.777) (table 3) in MLD and , -

5.64 ± 17.20% vs. -5.58 ±15.08 respectively in DS (p=0.984) (table 3).  

 

Change of spam severity for 2 years 

Difference of provoked spasm site MLD and DS change as compared to 

those before EG provocation and post NG during 2 years was not different 

in 2 groups; [Change between initial and provoked MLD at 2year] minus 

[Change between initial and provoked at 0 year] for comparison between 

pre provocation and provocation; [difference between post NG and 

provoked MLD at 2year] minus [that between post NG and provoked at 0 

year] for comparison between provocation and NTG administration. The 

ratio for those (2year data/0year data) was also similar (table 4).  
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Provoked spasm site MLD and DS at 2 year and their change as compared 

to those of 0year in individual coronary  

In individual coronary artery, provoked MLD at LAD significantly less 

increased in VITA group as compared to non-VITA group, 0.02±0.26 vs. 

0.21±0.35 mm (p=0.007) (table 5 [A]). The DS also decreased less in VITA 

group compared to control, -1.68±12.50 % and -8.76±13.19 % (p=0.021) 

respectively (table 5 [B]). The absolute value of provoked LAD MLD at 2-

year was significantly lower in VITA group than in control, 0.17±0.29 vs. 

0.39±0.29 (p=0.002). DS at 2-year was higher in VITA group than in control, 

91.35±11.55 % vs. 83.88±12.48 %. (p=0.007) (table 5).  

In RCA, provoked DS at 2-year was significantly lower in VITA group, 

84.21±13.23% vs. 90.53±10.82 % (p=0.045) respectively (table 5 [B]). DS 

at provoked spasm site on RCA at 2year, the MLD change and DS change in 

RCA at 2-year from baseline were not different between the groups.  

The MLD and DS at initial, during EG provocation test and after NG bolus 

administration were similar in both groups at 0-year and 2-year (Figure 3).  

 

Spasm artery and segment change and development and disappearance of 

spasm during 2-years  

During 2-year follow-up, spasm segment changed in 1/3 of spasm lesions. 

The segment change was more common in non-VITA group than in VITA 

group (Supplementary table 2, Supplementary table 3). More lesions of 

spasm disappeared in VITA group than in non-VITA but new spasm 
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developed with similar rate. (Supplementary table 2, Supplementary 

figure2).  

 

Clinical outcomes  

Total Death, acute myocardial infarction did not occur. One cardiac arrest 

occurred in control group and 4 revascularization (2 in VITA and 2 in 

control group) occurred. Composite clinical event of acute myocardial 

infarction, death, revascularization and cardiac arrest occurred similarly in 

both group, 4.3% (2/46) in VITA and 6.0% (3/50) in control group 

(P=1.000).  

 

2.4. Discussions 

We sought the effectiveness of long-term vitamin C plus E oral 

administration in the VA patients with repeated EG provocation test. The 

primary outcome of MLD change at 2-year confirmed by follow-up EG 

provocation test was similar in both groups. The DS change was also similar. 

The absolute value of MLD and DS at 2-year did not differ in both groups. 

In individual coronary analysis, in LAD, the MLD increment and DS 

decrement are more pronounced in control group, but, in RCA, DS were 

lower in vitamin users at 2-year. Overall MLD increased and DS decreased 

during 2-year irrespective of the vitamin use. Spasm segment changes 

commonly in 1/3 of all spasm lesions and more common in non-vitamin 
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users. Of note, disappearance of spasm was found in 1/5 lesions and more 

frequently found in VITA group. The clinical event occurs rarely and similar 

in both groups majorly driven by revascularization. Neither death nor MI 

was observed.  

Our study results indicate that the treatment of vitamin C+E had no effect 

on coronary vasospasm by showing no difference in MLD/DS change and 

absolute value of them at 2year. Overall finding of increase of MLD and 

decrease of DS may affect the null effect of vitamin use. The relatively 

limited study population and dose not enough to full exertion of efficacy of 

the vitamin may be an explanation of negative results. However the dose 

used in this study (vitamin C of 2g/d, vitamin E of 800IU/d) could be 

appropriate as compared to previous dose of 0.5g-1.0mg of vitamin C and 

400-800 IU of vitamin E oral formula for chronic use in large clinical 

trials.
11,14,22,23

 

The change of spasm segment was observed in 50% (if newly appeared and 

disappeared site included) which is well coincide with previous reports of 

46%.
24

 Interestingly, the change was more common in non-VITA group and 

disappearance rate was more frequently found in VITA-group. This result 

might be caused by chance but the vitamin treatment could have a role.   

Our study has value in its first randomization trial to test the efficacy of 

oral antioxidant vitamin C plus E in VA patients let alone to see the natural 

course of spastic coronary artery. Other study’s strengths are (1) its large 

scale as compared to previous ones, (2) performing repeated CAG and EG 
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provocation test in all patients, (3) oral formula of vitamin C and E used, 

and (4) long-term oral intake of vitamins and long-term follow-up for 2-

years.  

Vitamin C and E have been tested with large scale clinical trials for various 

diseases including cardiovascular disease.
14

 Despite of its theoretical benefit 

and evidences from observational studies with dietary form, prospective 

randomized trials with supplementation showed overall failure irrespective 

of its dose and target diseases.
11, 14, 23

  

Among various target disease for vitamin treatment, there has been no 

clinical trials evaluating the efficacy of vitamins on patients with VA despite 

this drug has been suggested as having potential to improve the vascular 

endothelial function, ameliorate the activity of vascular smooth muscle cell 

tone and reducing the reactive oxygen species.
25-27

 Hyper-reactivity of 

vascular smooth muscle cells has been suggested as main pathophysiologic 

mechanism for coronary vasospasm, but the cause of that feature was not 

fully elucidated.
4
 Some triggers like inflammation, reactive oxygen free 

radicals and sympathetic over-drive were suggested.
4
 The endothelial 

dysfunction was also regarded as one of the triggers of spasm, but not as 

major one causing vasospasm.
4
 Some small studies demonstrated the 

reduced plasma level of vitamin E and/or C in those with vascular 

endothelial dysfunction including variant angina patients.
28, 29

 Thus studies 

on the vasculature with vitamins were mainly focusing the endothelial 

dysfunction improvement assessed by the flow mediated vasodilation with 
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intravenous or arterial infusion of vitamins.
1, 18

 
26, 27

 Other small sized 

clinical trial to see the spasm by intracoronary administration of vitamin C 

showed the potential of that drug. However this study employed the 

methods of intracoronary bolus administration one time and the purpose was 

not to see chronic change of spasm by repeated EG provocation with long 

term intake of vitamin albeit of its difficulty in applying to clinical 

practice.
27

  

Our study objective is to seek the fundamental treatment modality of VA 

patients by changing the spastic nature of coronary vasculature by chronic 

supply of antioxidant. Although, we failed in proving the improvement of 

spasm with long term oral intake of vitamin C and E, our study has meaning 

in its proof of concept nature and provide the evidence of futility of these 

drug in vasospasm in VA patients. Also this study provided the failure of 

changing the innate nature vasculature of patients with VA.  

Some positive signals for future investigation was detected; more 

disappearance of spasm and no change of spasm segment in vitamin users 

were found. This finding and the meaning ought to be investigated further.     

 

2.5. Limitations  

Firstly, the dose of vitamin could be not enough to show the efficacy of 

antioxidant. The serum level on that could help estimate the adequacy of the 

dose. Secondly the sample size might be small to see the difference. Thirdly, 
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compliance data on the study drug did not presented.  

 

Chapter 3. Conlusions 

 

Vitamin C plus E treatment did not reduce coronary spasm assessed by 

MLD and DS change in patients with severe VA in 2-year follow-up EG 

provocation test. 
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Figure Legends 

Figure 1. Study flow 

Figure 2. Change of provoked site MLD during 2 years in VITA and non-

VITA groups. 

Figure 3. (A) MLD and (B) DS in initial, EG provocation and after NTG 

bolus administration in VITA vs. non-VITA groups at 2year 

*MLD, minimal lumen diameter; DS, diameter stenosis; Prov, EG-provocation; 

NTG, nitroglycerin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 ２１ 

Abstract 

  

배경: 비타민 C와 E는 항산화제로서, 이형협심증 환자의 관상동맥 연축

을 개선시킬 가능성이 있다. 

방법: 관상동맥 조영술과 에르고노빈 연축 검사를 통하여 진단된 확실한 

이형협심증환자를 단일 기관에서 모집하였다. 환자들은 비타민 C (아스

코빅산 2g/d)와 비타민 E(tocopherol 800unit/d) 의 복합제 복용군 (VITA) 

혹은 대조군 (non-VITA)으로 무작위 배정되었다. 양군은 모두 표준 치료

를 받았다. 일차 목표 변수는 2년후 관상동맥 조영술과 에르고노빈 연축 

검사를 통한 관상동맥 최소내강 직경 (minimal lumen diameter [MLD])으

로 하였다. 2년 추적 연축 검사시의 MLD 수치와 percent diameter 

stenosis (DS), DS 변화도 관찰하고 양군에서 비교하였다. 사망, 급성심근

경색증, 재관류화, 심정지의 복합 임상 사건도 양군에서 비교하였다. 

결과: 혈관 연축 검사에서 내경이 90%이상 협착이 오고 동시에 흉통이

나 심전도의 변화가 있는 96명의 확실한 이형협심증 환자를 모집하였다. 

그들은 VITA 군(50명) 혹은 대조군 (46명)으로 무작위 배정되었다. 기저 

특징은 양군에 유사하였다. 양군에서 각각 85개, 86개의 병변이 비교되었

다 (좌주간지제외). 2년후 연축 부위의, 2년간의 MLD 변화와 2년 MLD자

체는, 각각 0.14 ± 0.51 vs. 0.16 ± 0.34 mm (p=0.777) 와 0.33 ± 0.48 vs. 

0.30 ± 0.32 mm (p=0.699) 로서 양군에서 차이가 없었다. DS 의 변화와 

DS의 절대 수치도, -5.64±17.20 vs. -5.58±15.08% (p=0.984) 와 86.9 ± 

14.4% vs. 86.8 ± 13.6%로 양군에서 차이가 없었다. 임상 사건에서도 각

각 4.3% (2/46) (VITA) 와 6.0% (3/50) (대조군)로 차이가 없었다. 사망과 

심근경색증은 발생하지 않았고 주로 재관류화가 주된 사건이었다. 

결론: 비타민 C+E의 장기간 복합 요법은, 연축 부위 MLD와 MLD 변화

로 본 이형협심증환자의 관상동맥 연축 정도에 영향을 끼치지 못하였다. 

 

중심단어: 혈관 연축성 협심증, 비타민 C, 비타민 E, 관상동맥 조영술, 에

르고노빈 유발 검사   
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Tables 1. Baseline characteristics 

Variables Total (n=96) 
Vitamin C+E 

(n=46) 
NO-Vitamin (n=50) P-value 

Sex, n (%)  

Male 80(83.0) 38(82.6) 42(84.0) 0.855 

Female 16(16.7) 8(17.4) 8(16.0)  

Age (Mean, SD), n (%)     

≥ 65 years old, n (%) 43(44.8) 22(47.8) 21(42.0) 0.566 

< 65 years old, n (%) 53(55.2) 24(52.2) 29(58.0)  

BMI (Mean, SD) 25.16±2.87 24.82±3.01 25.47±2.73 0.274 

Disease history, n (%)     

HTN 53(55.2) 23(50.0) 30(60.0) 0.325 

DM 15(15.6) 6(13.0) 9(18.0) 0.504 

Dyslipidemia 79(82.3) 38(82.6) 41(82.0) 0.938 

Stroke 6(6.3) 1(2.2) 5(10.0) 0.206 

CKD  1(1.0) 0(0.0) 1(2.0) 1.0 

LVEF  59.68±5.95 58.23±6.97 60.62±5.08 0.118 

PCI history, n 13(13.5) 7(15.2) 6(12.0) 0.645 

CABG history, n 0(0.0) 0(0.0) 0(0.0) - 

Myocardial infarction history 0(0.0) 0(0.0) 0(0.0) - 

Heart failure history  0(0.0) 0(0.0) 0(0.0) - 



 

 ２ 

Hb 14.12±1.45 14.10±1.36 14.13±1.55 0.937 

WBC 6.79±1.91 6.49±1.30 7.06±2.32 0.141 

Platelet 224.62±57.05 215.69±60.85 232.84±52.60 0.142 

Fibrinogen 309.71±82.70 311.44±71.77 308.14±92.14 0.847 

Serum creatinine, mg/dL 0.97±0.22 0.98±0.20 0.97±0.25 0.878 

Potassium,   4.10±0.36 4.13±0.40 4.07±0.31 0.442 

Total cholesterol, (Mean, SD) 154.85±32.29 154.30±33.83 155.37±31.12 0.874 

TG (Mean, SD) 145.73±106.96 128.07±61.98 164.21±137.80 0.114 

HDL-C(Mean, SD) 44.98±10.62 43.78±9.71 46.13±11.41 0.287 

LDL-C (Mean, SD) 88.03±30.38 90.11±31.68 86.04±29.29 0.524 

Fasting glucose (Mean, SD) 120.03±34.68 121.00±33.40 119.02±36.34 0.791 

HbA1C 6.13±1.40 6.28±1.88 5.99±0.68 0.441 

CRP 1.64±10.71 0.62±1.54 2.52±14.58 0.413 

Medications, n (%)     

aspirin 56(58.3) 25(54.3) 31(62.0) 0.447 

clopidogrel 19(19.8) 9(19.6) 10(20.0) 0.957 

ARBs 13(13.5) 3(6.5) 10(20.0) 0.054 

ACEIs 2(2.1) 1(2.2) 1(2.0) 1.0 

Beta-blockers 2(2.1) 2(4.3) 0(0.0) 0.227 

CCBs 76(79.2) 33(71.7) 43(86.0) 0.086 

molsidormin 33(34.4) 17(37.0) 16(32.0) 0.609 



 

 ３ 

nicorandil 52(54.2) 31(67.4) 21(42.0) 0.013 

nitrate 73(76.0) 34(73.9) 39(78.0) 0.639 

trimetazidine 16(16.7) 10(21.7) 6(12.0) 0.201 

EG dose at 0yr IV, mcg 
569.57 ± 119.01 

(n=46) 

570.00±117.43 

(n=20) 

569.23±122.54 

(n=26) 

EG dose at 0yr 

EG dose at 2yr 

IC, mcg 
85.00 ± 22.58 (n=6) 90.0 (n=2) 82.50 ± 28.72 (n=4) 0.983 

IV, mcg 
544.19 ±109.77 

(n=43) 

522.22 ±100.33 

(n=18) 

560.00 ± 115.47 

(n=25) 

0.800 

EG dose at 2yr 
IC, mcg 84.00 ± 25.10 (n=5) 90.00 ± 30.00 (n=3) 75.00 ± 21.21 (n=2) 0.271 

     

 

*BMI, body mass-index; HTN, hypertension; DM, diabetes mellitus; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; PCI, percutaneous 

coronary intervention; CABG, coronary arterial bypass graft; Hb, hemoglobin; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-

density lipoprotein cholesterol; CRP, C-reactive protein; ARBs, angiotensin receptor blockers; ACEIs, angiotensin-converting enzyme inhibitors; CCBs, 

calcium channel blockers; EG, ergonovine 
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Table 2. All spasm lesion comparison between VITA and non-VITA groups  

All lesion VITA (n = 54) Non-VITA (n =47) p-value 

At initial     

initial RD, mm 2.41 ± 0.60 2.45 ± 0.43 0.751 

initial MLD, mm 1.40 ± 0.71 1.52 ± 0.44 0.412 

initial DS,% 43.46 ± 21.21 39.49 ± 19.67 0.402 

Prov-RD, mm 2.21 ± 0.49 2.07 ± 0.64 0.291 

Provo-MLD, mm 0.18 ± 0.19 0.15 ± 0.18 0.507 

Provo-DS, % 92.83 ± 7.76 91.66 ± 9.18 0.488 

NG-RD, mm 2.21 ± 0.049 2.07 ± 0.64 0.291 

NG-MLD, mm 2.59 ± 0.47 2.67 ± 0.47 0.445 

NG-DS, % 16.25 ± 13.47 13.07 ± 8.53 0.189 

At 2-Year Follow-

up  

   

initial RD, mm 2.26 ± 0.54 2.34 ± 0.42 0.496 

initial MLD, mm 1.29 ± 0.51 1.39 ± 0.46 0.374 

initial DS, % 42.62 ± 18.21 40.39 ± 16.65 0.583 

Provo-RD, mm 2.10 ± 0.49 2.09 ± 0.47 0.942 

Provo-MLD, mm 0.29 ± 0.41 0.36 ± 0.34 0.426 

Provo-DS, % 86.85 ± 14.42 84.17 ± 15.45 0.372 

NTG-RD, mm 2.60 ± 0.54 2.71± 0.56 0.398 

NTG-MLD, mm 2.09 ± 0.54 2.22 ± 0.52 0.283 

NTG-DS, % 19..54 ±11.85 18.03 ± 9.64 0.545 
**RD, reference vessel diameter; MLD, minimal lumen diameter; DS, diameter 

stenosis; Prov, EG-provocation; NTG, nitroglycerin 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 ２ 

Table 3. Provoked spasm site MLD/DS change (provoked MLD/DS at 

2year - provoked MLD/DS at 0year) and absolute MLD/DS value at 2year 

between VITA and non-VITA in all matched segment of coronary arteries 

(spasm newly appeared and disappeared included)  

 VITA (n = 96) Non-VITA (n = 

98) 

P value 

Provoked-MLD 

change (provoked 

MLD at 2yr- provoked 

MLD at 0yr) 

0.14 ± 0.51 0.16 ± 0.34 0.777 

Provoked-MLD at 2yr 0.30 ± 0.32 0.33 ± 0.48 0.699 
Provoked-DS change 

(%) (provoked DS at 

2yr- provoked DS at 

0yr) 

-5.64 ± 17.20 -5.58 ± 15.08 0.984 

Provoked-DS at 2 year 

(%) 
86.89 ± 14.38 86.81 ± 13.61 0.970 

* Mann-whitney U-test 

MLD, minimal lumen diameter; DS, diameter stenosis 
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Table 4. Provoked spasm site MLD/DS at 2year and provoked MLD change (provoked MLD/DS at 2year – provoked MLD/DS at 

0year) between VITA and non-VITA groups at matched segment of individual coronary arteries (spasm newly appeared and 

disappeared included)  

(A) MLD 
 VITA  Non-VITA  P -value* 

Prov. LAD MLD at 2yr 0.17 ± 0.29 (n= 19) 0.39 ± 0.29 (n =24) 0.002 

LAD MLD change  0.02 ± 0.26 (n=18) 0.21 ± 0.35 (n = 19) 0.007 

Prov. LCX MLD at 2yr 0.38 ± 0.62 (n= 14) 0.32 ± 0.42 (n =12) 0.781 

LCx MLD change 0.35 ± 0.77 (n=10) 0.22 ± 0.49 (n =10) 0.853 

Prov. RCA MLD at 2yr 0.41 ± 0.51 (n=25) 0.22 ± 0.28 (n = 31) 0.118 

RCA MLD change 0.14 ± 0.50 (n=20) 0.10 ± 0.27 (n=25) 0.766 

* Mann-whitney U-test 

(B) DS 
 VITA (+) Non-VITA  P -value* 

Prov. LAD DS at 2yr 91.35 ± 11.55 (n =26) 83.88 ± 12.48 (n=32) 0.007 

Prov. LAD DS change  -1.68 ± 12.50 (n=22) -8.76 ± 13.19 (n =25) 0.021 

Prov. LCX DS at 2yr 85.00 ± 18.16(n=20) 83.43 ± 20.10 (n=14) 0.986 

LCx DS change at 2 yr -10.76 ± 21.91(n=20) -8.83 ± 26.33 (n=14) 0.556 

Prov. RCA DS at 2yr 84.21 ± 13.23 (n =29) 90.53 ± 10.82 (n = 38) 0.045 

RCA DS change -5.64 ± 16.94 (n= 25) -2.2 ± 10.24 (n = 35) 0.279 

* Mann-whitney U-test 

LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery; MLD, minimal lumen diameter; DS, diameter 

stenosis; Prov, EG-provocation; NTG, nitroglycerin 
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Table 5. Spasm site MLD/DS difference (as compared to that of initial 

and post NTG) change and MLD difference ratio from 0year to 2year 

between VITA and non-VITA in (spasm newly appeared and 

disappeared included)  

 VITA (n = 96) Non-VITA (n = 

98) 

p 

value 

Difference    

2yr MLD delta (initial-

prov)-0yr MLD delta 

(initial-prov) 

-2.26 ± 1.08 -2.51 ± 0.77 0.185 

2yr MLD delta (NTG-

prov)-0yr MLD 

delta(NTG-prov) 

-0.30 ± 0.76 -0.34 ±0.54 0.461 

2y DS (prov-initial) delta – 

base DS (prov-initial)delta 

-4.48 ± 24.86 -8.76 ± 25.58 0.575 

 2y DS (prov-NTG) delta – 

base DS (prov-NTG )delta 

-6.49 ± 22.48 -11.28 ± 18.26 0.096 

Ratio    

2yr MLD delta (initial-prov) 

/0yr MLD delta (initial-

prov)  

0.97 ± 0.73 0.95 ± 0.96 0.793 

2yr MLD delta (NTG-prov)/ 

0yr MLD delta(NTG-prov) 

0.92 ± 0.37 0.85 ± 0.25 0.305 

§Mann-whitney U-test; MLD, minimal lumen diameter; NTG, nitroglycerin, prov, 

provocation  
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Figure 1.  
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Figure 2.  
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Figure 3.  
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Supplementary materials 

 

Supplementary Table 1.  

(A) Distribution of spasm lesion (no.) at 0 year 
 VITA (+) Non-VITA (-) P -value 

spasm at LAD, lesion 

no. (%) 

28 (60.9) 32 (64.0) 0.752 

spasm at LCx, lesion no. 

(%) 

23 (50.0) 15 (30.0) 0.045 

spasm at RCA, lesion 

no. (%) 

33 (71.7) 39 (78.0) 0.502 

spasm at LMCA, lesion 

no. (%) 

0 (0.0) 2 (4.0) 0.496 

Total no. % 84, 100% 88, 100%  

 

(B) Distribution of spasm lesion at 2 year (n)  
 VITA (+) Non-VITA P -value 

spasm at LAD, lesion 

no, (%) 

27(58.7) 32(64.0) 0.594 

spasm at LCx, lesion no, 

(%) 

19(41.3) 14(28.0) 0.170 

spasm at RCA, lesion 

no, (%) 

29(63.0) 38(76.0) 0.167 

spasm at LMCA, lesion 

no, (%) 

0 (0.0) 1 (2.0) 1.000 

Total no., % 75, 100% 85, 100%  

 

 

 

Supplementary Table 2.  Spasm segment change according to vitamin use or not  

(A) Excluding spasm appearance or disappearance  

0yr  2yr All (n = 137) VITA (n=65) Non-VITA(n=72) p-value 

Spasm segment 

site same 

101 (73.7) 54 (83.1) 47 (65.3) 0.018 

Spasm segment 

site change 

36 (26.3) 11 (16.9) 25 (34.7) - 

 

(B) Including spasm appearance or disappearance  

0yr  2yr All ( n= 194) VITA( n= 96) Non-VITA (n=98) p-value 

Spasm segment 

same 

101 (52.1) 54 (56.3) 47 (48.0) 0.072 

Spasm segment 

changed 

36 (18.6) 11 (11.5) 25 (25.5) - 

Spasm site 

disappear 

34 (17.5) 20 (20.8) 14 (14.3) - 

Newly detected 

spasm site 

23 (11.9) 11 (11.5) 12 (12.2)  
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Supplementary Table 3.  Spasm segment status during 2 years in individual coronary 

artery  

(A) LAD (Not changed 36, changed 11, disappeared 13, appeared 11) 

Spasm segment unchanged n 

pLAD  pLAD 11 

mLAD  mLAD 20 

dLAD  dLAD 2 

Diagonal  Diagonal 3 

Spasm segment changed  

pLAD  mLAD 5 

mLAD  pLAD 2 

mLAD Diagonal 2 

Diagonal  pLAD 1 

Septal  mLAD 1 

 

(B) LCx (Not changed 24, changed 5, disappeared 10, appeared 5) 

Spasm segment unchanged n 

pLCx  pLCx 10 

dLCx  dLCx 10 

OM  OM 4 

Spasm segment changed  

pLCx  OM 1 

dLCx  OM 3 

OM  dLCx 1 

 

(C) RCA (Not changed 41, changed 20, disappeared 11, appeared 7) 

Spasm segment unchanged n 

pRCA  pRCA 8 

mRCA  mRCA 20 

dRCA  dRCA 8 

PL  PL 3 

PDA  PDA 2 

pRCA  mRCA 5 

pRCA  dRCA 1 

pRCA  PL 1 

mRCA  pRCA 4 

mRCA  dRCA 2 

dRCA pRCA 1 

dRCA  mRCA 3 

PL  dRCA 1 

PL  PDA 1 

PDA  mRCA 1 
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Supplementary figure 1 (A) Spasm newly development and disappearance according to 

vitamin use, overall 

 
 

 

 

 

 

(B) Spasm newly development and disappearance according to vitamin use in LAD 
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(C) Spasm newly development and disappearance according to vitamin use in LCx   

 
 

 

 

 

 

(D) Spasm newly development and disappearance according to vitamin use in RCA  
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