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Abstract 
Current treatment strategies for multi-vessel coronary artery disease include either coronary ar-
tery bypass surgery or percutaneous coronary intervention with stenting. The present study eva-
luates the morbidity and mortality among coronary artery disease patients undergoing triple- 
vessel angioplasty. This prospective record based descriptive study was carried out in Medical 
College, Pariyaram, Kannur, Kerala; a tertiary care cardiac centre in South India. Fifty consecutive 
patients who underwent angioplasty of one or more lesions in each of the three major coronary 
arteries from May 2010 to July 2012 were included in the study. The study describes the clinical 
profile of the patients and a moderate term clinical follow-up to reassess the symptoms, functional 
status and left ventricular function by history, electrocardiogram, echocardiogram, and treadmill 
test. Mortality and morbidity were considered as end-points of the study. Event-free survival rate 
was 94% at a mean follow-up of 20 months. Overall 98% continued success was obtained with 
triple-vessel angioplasty. Triple-vessel angioplasty is a safe and effective therapy as an alternative 
to surgical revascularization in selected patients with triple-vessel coronary artery disease. 
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1. Introduction 
Coronary artery disease (CAD) is a major world-wide public health concern [1]. Coronary artery bypass surgery 
(CABG) had been the “gold standard” [2] for treatment of CAD since its inception in 1968 [3]. When percuta-
neous coronary intervention (PCI) was introduced in 1977 [4], the bare metal stents (BMS) were effective in 
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treatment of CAD, but suffered a major drawback of higher rates of restenosis. In 2003, drug-eluting stents were 
introduced for the purpose of minimizing restenosis [5]. Many randomized controlled trials have documented 
lower rates of clinical and angiographic restenosis, target-lesion revascularization, and major adverse cardiac 
events (MACE) with drug-eluting stents (DES) [6]-[12]. Until recent years, PCI was meant to be pertinent only 
for single-vessel disease, but the advancement in device technologies instigated its use in treatment of increa-
singly complex disease, such as multi-vessel disease (MVD) [13]. 

Triple-vessel CAD, characterized by the presence of ≥50% stenosis in each of the three major coronary arte-
ries i.e., the left anterior descending artery (LAD), the left circumflex artery (LCX) and the right coronary artery 
(RCA), is the one of the major causes of mortality in western countries. The optimal revascularization approach 
for patients with multi-vessel coronary disease remains a subject of debate [14]. The CABG has been considered 
as the conventional treatment for triple-vessel CAD [15]-[17]. In selected patients with triple-vessel disease, 
there is a high probability of achieving successful revascularisation of the ischemic myocardial segments by PCI 
[18] [19]. Due to some important intrinsic limitations including angiographic features related to the extent, loca-
tion, and nature of CAD, as well as geographic, demographic and clinical factors; choice of treatment modality 
shifts to PCI instead of CABG [20]. Certain patients are poor surgical candidates including those with distal 
vessel disease, with severe systemic illness, severe left ventricular dysfunction and previous bypass surgeries. 
Hence, many times the triple-vessel angioplasty is performed. 

Very less published data are at present available from various countries of Asia. With PCI becoming more 
accessible in these countries, it is being increasingly used in MVD. The outcomes in this genetically distinct 
population are worth studying. Thus, this study was performed to analyse the clinical outcomes following triple- 
vessel angioplasty. 

2. Material and Methods 
2.1. Study Design and Patient Population 
A total of fifty consecutive patients who underwent triple-vessel angioplasty in the Department of Cardiology, 
Medical College, Pariyaram, Kannur, Kerala from May 2010 to July 2012 were recruited for this prospective 
record based descriptive study. Patients with ≥50% stenosis in all the three major vessels (i.e., LAD, LCX, RCA) 
and with angiographically assessable lesions suitable for PCI were included in the study. The patients with un-
protected severe left main disease, multiple chronic total occlusions (CTO) and severe diffuse disease, wherein 
surgery was considered to offer a more complete revascularisation at a lower risk or if they refused to give writ-
ten informed consent for at least one year follow-up were excluded from the study. The study was approved by 
the institutional ethics committee. 

A proforma which included the patient’s history prior to revascularisation, the coronary risk factors, left ven-
tricular function (LVF), and severity of the lesions and details of the procedure was made from the hospital 
records. These patients were then invited for a follow-up to reassess their functional status and LVF by history, 
electrocardiogram, echocardiogram and treadmill test. Any case of mortality was considered to be due to cardiac 
cause and hence a procedural failure if there was no other obvious cause like accidents. Mortality and morbidity 
were considered as end-points of the study. 

2.2. Statistical Analysis 
Continuous variables were presented as mean ± standard deviation (SD) and categorical variables as counts and 
percentages. All data were analysed using the Statistical Package for Social Sciences (SPSS; Chicago, IL, USA) 
program, version 15. 

3. Results 
3.1. Baseline, Lesion & Procedural Characteristics 
A total of fifty patients underwent triple-vessel angioplasty, which is defined as angioplasty of at least one lesion 
in each of the three major coronary arteries. Out of 50 patients, there were 38 males and 12 females with a mean 
age of 56 years (range 34 to 76). Majority of patients had STEMI (42%). The most common risk factor was type 
2 diabetes mellitus (54%) followed by systemic hypertension (40%) and dyslipidemia (32%). Normal LVF (EF > 
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60%) was found in 70% of patients. Table 1 shows demographic characteristics of subjects. 
Triple-vessel angioplasty was performed in a single sitting in 26 (52%) cases and as a staged procedure in 24 

(48%) cases. All cases had flow limiting stenosis of the RCA and LCX. The LAD was involved in 98% of pa-
tients. Total 84% patients underwent PTCA with stenting to all the three major vessels but the rest 8 (16%) pa-
tients had PTCA with stenting in two vessels and POBA in one. The mean SYNTAX Score of these cases was 
16.9 (range 9 to 29). The average number of lesions per patient was 3.5 (range 3 - 5) (Table 2). The percentage 
of lesions successfully treated by angioplasty were 93.71%. The remaining lesions were in small calibre vessels 
(<1.5 mm) or not flow limiting and hence was not tackled. A drug eluting stent was put in 96.7% of instances in 
which a stent was used. Forty percent cases had at least one small stent (diameter < 2.5 mm) and 16% had at 
least one long stent (length > 40 mm) used. Baseline angiographic results are outlined in Table 3. 
 

Table 1. Baseline characteristics of patients.                                            

Characteristics Patients = 50 

Age (mean ± SD, yrs) 56 ± 10 

Male, n (%) 38 (76%) 

Cardiovascular risk 

Diabetes mellitus, n (%) 27 (54%) 

Hypertension, n (%) 20 (40%) 

Hypercholesterolemia, n (%) 16 (32%) 

Chronic kidney disease, n (%) 1 (2%) 

Smoking or tobacco use, n (%) 13 (26%) 

Family history of CAD, n (%) 12 (24%) 

Previous MI, n (%) 21 (24%) 

Cerebrovascular accident, n (%) 2 (4%) 

Pulmonary veno-occlusive disease, n (%) 1 (2%) 

Clinical presentation  

Stable angina, n (%) 18 (11.9%) 

Unstable angina, n (%) 44 (29.1%) 

ST-elevated myocardial infarction, n (%) 21 (42%) 

Non ST-elevated myocardial infarction, n (%) 10 (20%) 

Silent ischemia, n (%) 1 (2%) 

NYHA class 

Class II, n (%) 7 (14%) 

Class III, n (%) 15 (30%) 

Class IV, n (%) 28 (56%) 

LV systolic function 

Normal, n (%) 35 (70%) 

Borderline, n (%) 4 (8%) 

Mild dysfunction, n (%) 6 (12%) 

Moderate dysfunction, n (%) 5 (10%) 
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Table 2. Lesion characteristics.                                                       

Characteristics Patients = 50/lesions = 175 

Lesion location 

Left anterior descending, n (%) 49 (98%) 

Right coronary artery, n (%) 50 (100%) 

Left circumflex, n (%) 50 (100%) 

Left main, n (%) 1 (2%) 

Ramus intermedius, n (%) 4 (8%) 

Syntax score, (mean (range)) 16.9 (9 - 29) 

Total No. of stents N = 152 

Average stent length, (mean ± SD, mm) 25.26 ± 8.08 

Average stent diameter, (mean ± SD, mm) 2.99 ± 0.36 

 
Table 3. Baseline angiographic results of triple-vessel angioplasty.                           

No. of lesions No. of patients Total No. of lesions No. of angioplasties  
attempted successfully 

3 30 90 90 

4 15 60 53 

5 5 25 21 

Total 50 175 164 (93.71%) 

3.2. Clinical Outcomes 
The average time of follow-up was 20.4 months (range 10 to 34). Forty-seven (94%) patients had improved 
symptomatically or were event free. Table 4 shows clinical outcomes of the patients. Three patients (6%) had 
clinical recurrence, all of whom were male. The mean age of patients with clinical recurrence was 56 ± 8 years 
and their mean SYNTAX score was 11.67 ± 2.52. The mean time of recurrence was 15.33 (range 6 - 27) months. 
One patient was expired after 27 months of procedure. One patient developed an episode of acute worsening of 
heart failure six months post procedure requiring hospitalisation and improved with medical management. Third 
patient developed recurrent angina nine months post procedure. Two patients who survived following clinical 
recurrence were managed medically and are at present symptom free. Thus, there was a 98% continued success 
with triple-vessel angioplasty in our study. 

4. Discussion 
Triple-vessel CAD is one of the classical indications for a CABG. However an increasing number of such cases 
are now being tackled by multi-vessel angioplasty, a tendency which is ever on the rise as cardiologists are be-
coming more and more experienced in technique and availabilities of facilities have improved their confidence 
in dealing with tough lesions. 

Our study is a single centre outcome of fifty cases from South India who underwent triple-vessel angioplasty 
for symptomatic coronary artery disease. The mean age of patients was 56 years and male gender represented 76% 
of patients. A high proportion of diabetic patients (54%) and patients with prior MI (42%) were present in the 
study. The outcome of these patients was excellent with 94% of patients remaining event free after a mean fol-
low-up of 20 months. 

There are several studies that compared the outcomes of angioplasty with CABG in triple-vessel disease. In 
the initial studies like ARTS and SOS, the outcome suggested CABG to be superior with significantly less need 
for a repeat revascularisation [17] [21]. Due to significant reduction in restenosis rates, PCI is becoming  



A. S. Manzil et al. 
 

 
750 

Table 4. Clinical outcomes after successful triple-vessel angioplasty.                       

Variable N = 50 patients 

Mean follow-up (mean ± SD, months) 20.44 ± 7.19 

Event-free, improved, n (%) 47 (94.0%) 

Clinical recurrence, n (%) 3 (6.0%) 

Medical therapy, improved, n (%) 2 (4.0%) 

Death, n (%) 1 (2.0%) 

Continued success, n (%) 49 (98.0%) 

 
appraised as an acceptable alternative to surgery [22] [23]. Data from comparative studies like ARTS II [24] and 
ERACI III [25] suggest that DES-PCI was equivalent to CABG with infrequency of repeat revascularization 
when compared with BMS arm; however, the rate of repeat revascularization was reported to be higher when 
compared to CABG arm. The SYNTAX trial was one of the largest randomized trials which included more than 
70% of multi-vessel CAD patients with or without left main disease done in 1800 patients to compare PCI using 
paclitaxel coated eluting stent with CABG [26] [27]. In the MVD subset, after 5 years of follow-up, the rate of 
major adverse cardiovascular and cerebrovascular events (MACCE) through 5 years was comparable in the PCI 
and CABG groups when the SYNTAX score was 22 or lower (33.3% versus 26.8%, P = 0.21) but were signifi-
cantly high with PCI when the SYNTAX score was higher [28]. 

Although the five year results of the SYNTAX study suggest CABG as the preferable option in triple-vessel 
disease it accepts that for patients with less complex disease (low SYNTAX scores) PCI is an acceptable alter-
native [29]. The ACUITY Trial compared SYNTAX scores and the clinical outcomes in patients with single- 
vessel disease and MVD and stated that the number of diseased vessels was not a prevailing predictor, but the 
SYNTAX score was a powerful predictor of clinical events. For SYNTAX score ≥ 13 in SVD and MVD, 
MACE at 1-year follow-up was not significantly different (20.0% vs. 24.4%, P = 0.14) [30]. In present study 
mean SYNTAX score was 16.9, but the rate of event occurrence was only 6%. This suggests that PCI in 
triple-vessel CAD is equally beneficial as CABG, in less convoluted patients having moderate SYNTAX scores. 

Results of our study show that in the Asian population it is possible to achieve a good outcome following 
triple-vessel angioplasty with implementation of good procedural skills and technique that adds icing on cake for 
success of the study. A proper case selection is imperative so that more complex cases should have a less thre-
shold for CABG. 

5. Conclusion 
It appears that triple-vessel angioplasty is a safe and effective therapy that may represent a reasonable alternative 
to surgical revascularization in selected patients with triple-vessel CAD where procedural technique and skill 
play a crucial role. However, further studies are necessitated in the Asian population before a consensus is for-
mulated. 
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