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Background  The safety and efficacy of drug-eluting stents (DES) implantation in unprotected left main (LM) 
bifurcation lesions has yet to be determined. The aim of the present report was to evaluate the long-term outcome 
following implantation of DES in unprotected LM bifurcation lesions. 
Methods  We identified 70 consecutive patients treated with DES in unprotected LM bifurcation lesions from April 2003 
to January 2005. Of them, 42 patients were treated with sirolimus-eluting stent (SES) and 28 patients were treated with 
paclitaxel-eluting stent (PES). 
Results  Stents to the left anterior descending and to the circumflex were implanted in 62 patients. During 1-year 
follow-up, 3 (4.3%) patients died of cardiac causes. One of them had myocardial infarction and adjudicated as possibly 
due to stent thrombosis. Angiographic follow-up was available in 80% of patients. The per lesion restenosis rate was 
13.4% in the entire cohort, of which 10.7% occurred in lesions treated with SES and 16.1% in those treated with PES 
(P=0.58). All restenosis was focal and occurred in the lesions treated with a stent with stent size to post-procedural 
reference vessel diameter ratio <1.0 (17.6% vs 0, P=0.04). The per patient target lesion revascularization rate at 1 year 
was 17.1%. One year survival free from major adverse cardiac events was 77.1%.  
Conclusions  Treatment of LM bifurcation lesions using DES is a safe and feasible way with a low one-year mortality. 
The need for revascularization in 17% of patients demands for improvement. 
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everal studies of bare metal stents (BMS) have shown 
the safety and feasibility of percutaneous treatment 

for left main (LM) disease.1-3 Yet, the restenosis rate with 
BMS was as high as 19% to 31%,1,4-6 particularly when 
the distal bifurcation is involved. Recently, sirolimus- 
eluting stent (SES)(CypherTM, Cordis/Johnson & Johnson, 
Warren, NJ, USA) has remarkably decreased the 
restenosis rate in bifurcations with exclusion of LM 
lesions.7 The purpose of this study was to evaluate the 
long-term clinical and angiographic results following 
drug-eluting stents (DES) implantation, either SES or 
paclitaxel eluting stent (PES)(TaxusTM, Boston Scientific, 
Natick, MA, USA) in unprotected LM bifurcation lesions.   
 

METHODS 
 
Study population 
Demographic and procedural data regarding all patients 
undergoing angioplasty at our centers are prospectively 
entered into a dedicated database. All consecutive patients 
treated with DES, either SES or PES in unprotected LM 
bifurcation lesions between April 2003 and January 2005 
were identified. LM bifurcation was defined as distal LM 
disease (diameter stenosis ≥ 50%) with or involving the 
ostium of left anterior descending artery (LAD) and/or 
the ostium of left circumflex artery (LCX). The stenosis 
at the ostium of LAD or at the ostium of LCX in some 
cases occurred following pre-dilatation of the most 

diseased branch and the lesion was then treated as a 
bifurcational stenosis by intention to treat. Patients with 
acute myocardial infarction (AMI) were not included in 
the present report.  
 
Percutaneous treatment rather than surgery was 
considered in any of the following situations: (1) suitable 
anatomy and lesion characteristics for stenting with 
contraindication to surgery on the basis of comorbidity; 
(2) suitable anatomy and lesion characteristics for 
stenting and patient preference with the agreement of the 
referring physician for a percutaneous approach, both of 
them being aware of the procedural risks.2,5,8,9 European 
system for cardiac operative risk evaluation (EuroSCORE) 
was used in order to stratify the risk of death in cardiac 
surgical patients. The score is calculated as the sum of 
predefined numerical values assigned to clinical risk 
factors. A score value ≥ 6 was considered as high risk 
for surgery.10
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Procedures and post-intervention medications   
All procedures were performed with standard 
interventional techniques. One of the 5 stenting 
techniques was used: “Crush”, “V”, “T” or modified “T”, 
provisional “T” and occasionally “Culotte” stenting.11-15 
The selection of a specific strategy was at the operators’ 
discretion. The decision to use two stents was based on 
the presence of at least one of the following criteria: (1) 
lesions involving the ostium of both branches; (2) the 
angle between both branches was less than 45 degree and 
significant plaque shift could be expected; (3) either 
branch showed residual stenosis or a dissection following 
placement of a stent in one branch and balloon dilatation 
in the other. 
 
Kissing balloon post-dilatation was encouraged to 
achieve optimal stent placement. The use of intravascular 
ultrasound (IVUS) and debulking were left to the 
operators’ discretion. An intra-aortic balloon pump was 
used in selected patients with impaired systolic function.  
 
Anti-platelet therapy and peri-procedural anti-coagulation 
followed our standard protocol.7 Post-procedure creatine 
kinase (CK) was routinely measured in all patients 
following the index procedure. All patients were on 
maintenance aspirin therapy and thienopyridine was 
administered for at least 6 months following DES 
implantation.  
 
Clinical definition and follow-up 
Clinical follow-up was performed by telephone contact or 
office visit throughout the entire follow-up period. 
Angiographic follow-up was recommended between 6 
and 8 months post procedure unless clinically indicated 
earlier.  
 
All deaths were considered as cardiac unless otherwise 
documented. A non-Q-wave AMI was defined as 
elevation of CK levels >2 times the upper limit of the 
normal value with an elevated CK-MB level in the 
absence of pathological Q-waves. Target lesion 
revascularization (TLR) was defined as a repeat 
revascularization with a stenosis ≥ 50% in the treated 
lesions. Target vessel revascularization (TVR) was 
defined as repeat revascularization within the treated 
vessels. In order to identify a new procedure performed 
on the target vessel but in an area clearly far away from 
the target lesion (after the first septal perforator in the 
LAD and/or after the first obtuse marginal branch in 
LCX), we introduce the term “remote TVR”. Any remote 
TVR was not considered major adverse cardiac events 
(MACE). For the purposes of this study, MACE were 
defined as cardiac death, AMI and TLR. Cumulative 
MACE were considered as the cumulative occurrence of 
MACE in-hospital and during 1-year follow-up.  
 
Stent thrombosis was defined as an acute coronary 
syndrome with angiographic documentation of either 
vessel occlusion or thrombus within or adjacent to a 

previously successfully stented vessel or, in the absence 
of angiographic confirmation, either AMI in the 
distribution of the treated vessel or death not clearly 
attributable to other causes.16 According to the timing of 
the events, stent thrombosis was categorized into: 
intra-procedural, subacute (after the end of the procedure 
to 30 days) and late stent thrombosis (>30 days).  
 
Quantitative coronary angiographic (QCA) analysis 
Cineangiograms were analyzed with a validated edge 
detection system (CMS, version 5.2, MEDIS, Leiden, the 
Netherlands) at baseline, after the procedure and at 
follow-up. All angiographic data were obtained from the 
single “worst” in the least foreshortened view. The type 
of bifurcation lesions was categorized by Lefevre’s 
classification.17 Angiographic restenosis was defined as 
diameter stenosis ≥ 50% within a previously treated 
segment.  
 
Statistical analysis 
Continuous variables were presented as mean±standard 
deviation (SD) or median with interquartile ranges and 
compared using independent sample t test or the Mann- 
Whitney U test. Categorical variables were presented as 
frequencies (%) and compared with chi-square statistics 
or Fisher exact test. The influence of clinical, 
angiographic and procedural variables on restenosis was 
evaluated by univariate and stepwise Logistic regression 
analyses. All variables with a P value < 0.10 in the 
univariate analysis (bifurcation location, lesion length and 
stent size to post-procedural RVD ratio<1) were entered 
into the multivariate model to test for independent effects. 
The results were presented as adjusted odds ratios (OR) 
with 95% confident interval (CI). The rates of survival 
free of MACE and TLR were graphically represented 
with the Kaplan-Meier method. The influences of 
baseline variables on the 1 year TLR were evaluated with 
Cox proportional hazards regression analysis. Only those 
variables with a P value <0.10 in the univariate analysis 
(bifurcation location, lesion length and stent size to 
post-procedural RVD ratio <1) were entered into the 
multivariable model. The results are presented as adjusted 
hazard ratios (HR) with 95% CI. All tests were 2-tailed 
and P value <0.05 was considered statistically significant. 
Statistical analysis was performed with SPSS 11.5 (SPSS 
Inc., Chicago, IL, USA). 
  

RESULTS 
 
Baseline and procedural characteristics 
A total of 70 consecutive patients were enrolled in this 
study, of them, 42 patients were treated with SES (SES 
group) and 28 patients with PES (PES group). Thirty-two 
(45.7%) patients had other lesions treated in the index 
procedure. EuroSCORE ≥ 6 was present in 14 (20.0%) 
patients (Table 1). Baseline lesion and procedural 
characteristics are shown in Tables 2 and 3. The “Crush” 
and “V” stenting techniques were the most frequently 
used (70.0%).  
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Table 1. Baseline clinical characteristics 
 

Entire cohort (n=70) 
SES Group 

(n=42) 
PES Group 

(n =28) 
P value* 

Age (years) 63 ± 11 62 ± 12 65 ± 9 0.20 
Male (n (%)) 60 (85.7) 37 (88.1) 23 (82.1) 0.51 
Current or ex-smoker (n (%)) 37 (52.9) 23 (54.8) 14 (50.0) 0.81 
Hypercholesterolemia (n (%)) 49 (70.0) 29 (69.0) 20 (71.4) 1.0 
Hypertension (n (%)) 45 (64.3) 25 (59.5) 20 (71.4) 0.45 
Diabetes mellitus (n (%)) 18 (25.7) 11 (26.2) 7 (25.0) 1.0 
Prior MI (n (%)) 32 (45.7) 18 (42.9) 14 (50.0) 0.63 
Unstable angina (n (%)) 18 (25.7) 13 (31.0) 5 (17.9) 0.34 
LVEF (%) 50.8 ± 11.1 50.2 ± 9.6 51.8 ± 13.2 0.57 
EuroSCORE (n (%))    0.31 

EuroSCORE 1-2 19 (27.1) 13 (31.0) 6 (21.4)  
EuroSCORE 3-5 37 (52.9) 23 (54.8) 14 (50.0)  
EuroSCORE 6 plus 14 (20.0) 6 (14.3) 8 (28.6)  

Other lesions treated in the index procedure (n (%)) 32 (45.7) 21 (50.0) 11 (39.3) 0.47 
Glycoprotein IIb/IIIa inhibitors (n (%)) 23 (32.9) 16 (38.1) 7 (25.0) 0.31 

Values are presented as number (%) or mean±SD. *SES group vs PES group. LVEF: left ventricular ejection fraction; MI: myocardial infarction. 
 

Table 2. Baseline lesion characteristics  

 
Entire cohort 

(n= 70) 
SES Group 

(n=42) 
PES Group 

(n =28) 
P value* 

Total occlusion (n (%))     
LM-LAD 1 (1.4) 1 (2.4) 0 1.0 
LCX 6 (8.6) 4 (9.5) 2 (7.1) 1.0 

Restenotic lesions (n (%))     
LM-LAD 11 (15.7) 9 (21.4) 2 (7.1) 0.20 
LCX 10 (14.3) 9 (21.4) 1 (3.6) 0.20 

Guidance of IVUS (n (%))     
LM-LAD 16 (22.9) 9 (21.4) 7 (25.0) 0.78 
LCX 14 (20.0) 7 (16.7) 7 (25.0) 0.54 

Adjunctive Debulking (n (%))     
LM-LAD 5 (7.1) 3 (7.1) 2 (7.1) 1.0 
LCX 3 (4.3) 2 (4.8) 1 (3.6) 1.0 

Bifurcation type (n (%))    0.84 
Type 1 17 (24.3) 9 (21.4) 8 (28.6)  
Type 2 27 (38.6) 17 (40.5) 10 (35.7)  
Type 3 4 (5.7) 3 (7.1) 1 (3.6)  
Type 4 22 (31.4) 13 (31.0) 9 (32.1)  

Values are presented as number (%) or mean±SD. *SES group vs PES group. IVUS: intravascular ultrasound. LAD: left anterior descending artery. LCX: left 
circumflex artery. LM: left main. 

 
QCA analysis  
QCA analysis results are shown in Tables 4 and 5. 
Angiographic follow-up was available in 56 (80.0%) 
patients, of them 34 (81.0%) patients in SES group and 
22 (78.6%) in PES group at median period of 6.7 months 
after the index procedure (interquartile ranges: 5.4 to 8.7 
months). The per lesion restenosis rate was 13.4% 
(15/112) of which 11.8% (8/68) occurred in the SES 
group and 15.9% (7/44) in the PES group (P=0.73). There 
were no significant differences regarding late lumen loss 
and restenosis rates between LM-LAD and LCX (late 
lumen loss: (0.29±0.31) mm vs (0.30±0.35) mm, 
P=0.87; restenosis rate: 10.7% vs 16.1%, P=0.58). All 
cases of restenosis were focal (≤10 mm in length). Of 
these restenotic lesions, 3 located only in the LM-LAD, 6 
in LCX and 6 in both branches. Per patient restenosis rate 
was 21.4% (12/56) of which 20.6% (7/34) occurred in the 
SES group and 22.7% (5/22) in the PES group (P=1.0). 
By Logistic regression analysis, lesion length (OR: 1.13, 
95%CI 1.03 to 1.23, P=0.009) was identified as the 
predictive factor of restenosis.  

Clinical outcomes 
In-hospital results and clinical follow-up outcomes are 
shown in Table 5. One patient in the PES group suffered 
an intra-procedural stent thrombosis and developed 
non-Q-wave AMI. Clinical follow-up was available in all 
patients at a median period of 12.3 months after the index 
procedure (interquartile ranges: 7.0 to 17.3 months). 
Cardiac death occurred in 3 (4.3%) patients: the first 
patient (treated with SES) died of a Q-wave AMI 7 days 
after premature discontinuation of antiplatelet therapy 
because of acute pancreatitis (55 days after the index 
procedure and was adjudicated as late stent thrombosis), 
the second patient died of pulmonary edema (118 days 
after the procedure, this patient had severe aortic and 
mitral regurgitation), the third patient died of 
complications related to elective bypass surgery. One 
patient in PES group developed a non-Q-wave AMI 103 
days after the index procedure and was adjudicated as a 
late stent thrombosis.   
 
TLR was performed in 12 (17.1%) of patients (9 repeat 
percutaneous treatment and 3 bypass surgery). Four of them 
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Table 3. Procedural characteristics 
 Entire cohort 

(n= 70) 
SES Group 

(n=42) 
PES Group 

(n =28) 
P value* 

Treatment strategy (n (%))    0.001 
Crush stenting 34 (48.6) 17 (40.5) 17 (60.7)  
V stenting 15 (21.4) 9 (21.4) 6 (21.4)  
T and modified T stenting 8 (11.4) 8 (19.0) 0  
Provisional stenting 8 (11.4) 8 (19.0) 0  
Culotte stenting 5 (7.1) 0 5 (17.9)  

Mean stent length (mm)     
LM-LAD 23.4 ± 7.0 23.5 ± 7.7 23.1 ± 6.0 0.82 
LCX 22.4 ± 8.2 23.4 ± 8.7 21.0 ± 7.1 0.24 

Stent-to-artery ratio (baseline)     
LM-LAD 1.05 ± 0.21 1.06 ± 0.24 1.04 ± 0.17 0.81 
LCX 1.08 ± 0.19 1.06 ± 0.15 1.11 ± 0.23 0.29 

Stent-to-artery ratio (post-procedure)     
LM-LAD 0.92 ± 0.14 0.93 ± 0.14 0.91 ± 0.15 0.49 
LCX 0.93 ± 0.12 0.94 ± 0.11 0.93 ± 0.14 0.94 

Maximal inflation pressure (kPa)     
LM-LAD 1600.9 ± 334.4 1621.2 ± 304.0 1580.7 ± 364.8 0.63 
LCX 1590.8 ± 202.7 1611.1 ± 253.3 1550.3 ± 27306 0.36 

Maximum balloon diameter (mm)     
LM-LAD 3.38 ± 0.35 3.36 ± 0.38 3.41 ± 0.31 0.63 
LCX 3.11 ± 0.39 3.05 ± 0.41 3.16 ± 0.35 0.25 

Balloon-to-artery ratio (baseline)     
LM-LAD 1.07 ± 0.19 1.09 ± 0.22 1.06 ± 0.15 0.59 
LCX 1.09 ± 0.18 1.08 ± 0.16 1.11 ± 0.21 0.45 

Balloon-to-artery ratio (post-procedure)     
LM-LAD 0.95 ± 0.13 0.96 ± 0.12 0.92 ± 0.13 0.16 
LCX 0.95 ± 0.11 0.95 ± 0.10 0.95 ± 0.13 0.97 

Usage of IABP per patient (n (%)) 17 (24.3) 7 (16.7) 10 (35.7) 0.12 
Kissing balloon post-dilation (n (%)) 53 (75.7) 29 (69.0) 24 (85.7) 0.16 

Values are presented as number (%) or mean±SD. *SES group vs PES group. IABP: intra-aortic balloon pump. 

 
Table 4. Quantitative coronary angiography analysis for LM-LAD  

 
Entire cohort 

(n= 70) 
SES Group 

(n= 42) 
PES Group 

(n = 28) 
P value* 

Baseline     
RVD (mm) 3.23 ± 0.59 3.20 ± 0.65 3.27 ± 0.52 0.63 
MLD (mm) 1.25 ± 0.52 1.17 ± 0.54 1.36 ± 0.47 0.13 
Diameter stenosis (%) 61.4 ± 15.1 63.8 ± 14.7 57.9 ± 15.2 0.11 
Mean lesion length (mm) 9.1 ± 4.7 9.6 ± 5.0 8.5 ± 4.2 0.35 

Post procedure     
RVD (mm) 3.63 ± 0.53 3.54 ± 0.49 3.78 ± 0.55 0.06 
MLD (mm) 3.21 ± 0.52 3.13 ± 0.51 3.34 ± 0.52 0.09 
Diameter stenosis (%) 11.5 ±8.6 11.6 ± 7.8 11.3 ± 9.8 0.90 
Acute gain (mm) 1.96 ± 0.66 1.95 ± 0.70 1.98 ± 0.62 0.89 

Follow-up     
RVD (mm) 3.62 ± 0.55 3.61 ± 0.57 3.63 ± 0.53 0.90 
MLD (mm) 2.88 ± 0.84 2.80 ± 0.92 3.03 ± 0.70 0.37 
Diameter stenosis (%) 20.8 ± 20.4 23.6 ± 21.7 16.1 ± 17.6 0.23 
Mean lesion length (mm) 6.2 ± 4.9 5.4 ± 4.2 7.5 ± 5.7 0.13 
Late lumen loss (mm) 0.29 ± 0.31 0.26 ± 0.34 0.35 ± 0.27 0.72 
Restenosis (n (%)) 6/56 (10.7) 3/34 (8.8) 3/22 (13.6) 0.67 

Values are presented as number (%) or mean±SD. *SES group vs PES group. MLD: minimal lumen diameter. RVD: reference vessel diameter. 

 
had angina, 1 had objective evidence of ischemia while 
the other 4 asymptomatic patients were treated due to the 
severity of the restenotic lesions found. TVR was 
performed in 18 (25.7%) patients, 12 of them were due to 
TLR and the remaining 6 patients for distal lesions 
(remote TVR). The rate of survival-free from TLR at 
1-year was 82.9% and MACE-free survival rate was 
77.1% (Fig.). Lesion length was identified as a predictor 
of TLR (HR: 1.09, 95% CI 1.03 to 1.15, P=0.005) . 

DISCUSSION 
 
The main findings of this study are: (1) treatment of LM 
bifurcation using DES is safe and feasible; (2) all 
restenosis was focal and occurred in the lesions treated 
with a stent with stent size to post-procedural reference 
vessel diameter ratio <1.0; (3) contrary to prior 
experience with BMS, adverse events in the present study 
were mainly due to TLR, with a low incidence of cardiac 
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Table 5. Quantitative coronary angiography analysis for LCX  

 
Entire cohort 

(n= 70) 
SES Group 

(n= 42) 
PES Group 

(n = 28) 
P value* 

Baseline     
RVD (mm) 2.94 ± 0.58 2.88 ± 0.56 3.03 ± 0.61 0.29 
MLD (mm) 1.14 ± 0.65 1.18 ± 0.76 1.09 ± 0.44 0.56 
Diameter stenosis (%) 60.3 ± 22.1 58.0 ± 25.6 63.6 ± 15.1 0.30 
Mean lesion length (mm) 9.8 ± 5.9 10.5 ± 6.7 8.7 ± 4.4 0.19 

Post procedure     
RVD (mm) 3.23 ± 0.59 3.25 ± 0.57 3.49 ± 0.46 0.07 
MLD (mm) 2.89 ± 0.42 2.83 ± 0.47 2.99 ± 0.32 0.10 
Diameter stenosis (%) 12.7 ± 8.9 12.0 ± 9.1 13.8 ± 8.7 0.42 
Acute gain (mm) 1.75 ± 0.76 1.65 ± 0.89 1.91 ± 0.47 0.15 

Follow-up     
RVD (mm) 3.26 ± 0.53 3.25 ± 0.59 3.26 ± 0.42 0.99 
MLD (mm) 2.36 ± 0.82 2.26 ± 0.85 2.53 ± 0.77 0.30 
Diameter stenosis (%) 27.5 ± 23.9 30.8 ± 22.7 21.8 ± 25.8 0.24 
Mean lesion length (mm) 6.5 ± 4.3 5.8 ± 3.6 7.6 ± 5.1 0.19 
Late lumen loss (mm) 0.30 ± 0.35 0.23 ± 0.34 0.43 ± 0.37 0.41 
Restenosis (n (%)) 9/56 (16.1) 5/34 (14.7) 4/22 (18.2) 0.73 

Values are presented as number (%) or mean±SD. *SES group vs PES group. 
 

Table 6. Clinical outcomes  
 

Entire cohort (n=70) 
SES group 

(n=42) 
PES group 

(n =28) 
P value* 

In-hospital MACE (n (%)) 4 (5.7) 1 (2.4) 3 (10.7) 0.29 
Cardiac Death 0 0 0  
MI     

Q-wave MI 0 0 0  
Non-Q-wave MI 4 (5.7) 1 (2.4) 3 (10.7) 0.29 

TLR 0 0 0  
TVR 0 0 0  

Cumulative 1 year MACE (n (%)) 16 (22.9) 9 (21.4) 7 (25.0) 0.78 
Cardiac Death 3 (4.3) 2 (4.8) 1 (3.6) 1.0 
MI     

Q-wave MI 1 (1.4) 1 (2.4) 0 0.84 
Non-Q-wave MI 4 (5.7) 1 (2.4) 3 (10.7) 0.29 

TLR 12 (17.1) 7 (16.7) 5 (17.9) 1.0 
Remote TVR 6 (8.6) 3 (7.1) 3 (10.7) 0.68 
Any revascularization 18 (25.7) 10 (23.8) 8 (28.6) 0.78 

Stent thrombosis (n (%))     
Intra-procedural 1 (1.4) 0 1 (3.6) 0.84 
Subacute 0 0 0 - 
Late   2 (3.9) 1 (2.4) 1 (3.6) 0.66 

Values are presented as number (%) or mean±SD. *SES group vs PES group. MACE: major adverse cardiac events. TLR: target lesion revascularization. TVR: target 
vessel revascularization. 
 

 

 
Fig. Kaplan-Meier curve of survival-free from events during 
1 year follow-up. Solid line: Survival-free from of target 
lesions revascularization; Dash line: Survival-free from of 
major adverse cardiac events. 

death (4.3%); (4) the 21.4% restenosis rate per patient 
demands for further improvements. 
 
Comparison with historical controls 
Contrary to the previously published studies on BMS, 
adverse events during follow-up in the present study are 
mainly due to TLR, rather than AMI or death. In the era 
of BMS, the one-year mortality for unprotected LM 
stenting was approximately 2%-5% for good surgical 
candidates and 11%-21% for poor surgical candidates.1,8,9 
Recently, one study reported that one-year mortality was 
28% following unprotected LM stenting with BMS.2 In 
our study, one year mortality was 4.3%, of which 3.6% 
(2/56) and 7.1% (1/14) were found in patients with 
EuroSCORE <6 and ≥6 respectively. These favourable 
results concur with 3 recently published papers regarding 
SES implantation in LM (no cardiac death).18-20 LM 
restenosis following BMS implantation usually manifests 
itself as cardiac death rather than ischemic symptoms.2,5 
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It is possible that the reduction in mortality could be 
explained by a combination of less restenosis and perhaps 
a more “benign” pattern of restenosis. The restenosis rates 
between LM-LAD and LCX in present study were similar 
(10.7% vs 16.1%, P=0.58); this result differs from the 
SES randomized bifurcation study in which more 
restenosis occurred in the side branch.7 Large vessel size 
and more “Crush” stenting technique usage might, at least 
in part, contribute to this difference.7,11,21-23 It is worth 
noting that all restenotic lesions in our study were focal 
and almost all were amenable to percutaneous therapy. 
This hypothesis is intriguing, however, it is important to 
realise that there is no evidence to support a mortality 
benefit for DES currently.24 In this study, the small 
number of patients and only one-year follow-up should 
prevent us from drawing any premature conclusions 
regarding this issue. A randomized study with long-term 
follow-up is warranted. 
 
Contrary to the findings of Kim’s,25 when we compared 
LM bifurcation lesions treated with “Crush” technique 
versus other techniques, we did not find statistical 
significant differences in outcomes. The restenosis rate 
was 10.0% in the LAD and 23.3% in the LCX treated 
with “Crush” technique, 11.5% and 7.7% treated with 
other techniques, respectively. The small number does not 
allow any conclusions. Still we need to acknowledge that 
the lesions treated with “Crush” had a slightly higher risk 
profile (baseline RVD 3.16 mm vs 3.30 mm for LAD and 
2.89 mm vs 2.98 mm for LCX, with lesion length 11.2 
mm vs 8.5 mm in LCX. 
 
Despite the significant improvement in restenosis, it is 
important to realise that the rate of TLR in the present 
study remains a two digit number. The high angiographic 
follow-up rate may have contributed to the increased 
usage of revascularization; however it is understandable 
that many operators are reluctant to ignore a restenotic 
lesion in the LM in light of the historical data on its 
association with cardiac death. 
 
Predictors of restenosis and TLR 
Consistent with other studies, lesion length was identified 
as a predictor of restenosis and TLR.26,27 Recently, one 
study suggested that LM stenting using a 3.0 mm SES 
resulted in a relatively high TLR rate (18.7%).28 In our 
study, the restenosis rate in the lesions treated with ≤ 
3.0 mm stents (either SES or PES) was 20.0% (12/60) 
and 6.5% (3/46) in the ones treated with >3.0 mm stents 
(P=0.06), with the rate of TLR 29.4% (10/34) and 5.6% 
(2/36), respectively (P=0.01). It might be reasonable to 
postulate that an undersized stent might not achieve 
adequate or homogenous drug delivery in large vessels. 
Even if the numbers are small it is important to consider 
that when the size of the LM bifurcation is over 3 mm we 
can expect single digit restenosis rates. A higher usage of 
IVUS could have helped to determine the correct size of 
the LM and utilize and post-dilate stents to a more 
appropriate size. 

Limitations 
The limitations of present study are: (1) it is a 
retrospective study, the choice of stenting strategy was at 
the operators’ discretion and was non-randomized. The 
number of patients in each stenting technique is too small 
to prevent us from finding the most appropriate approach 
for treatment LM bifurcation; (2) not all patients 
underwent angiographic follow-up and only 20% of 
patients underwent angioplasty with IVUS guidance; (3) 
clinical follow-up was limited to 1 year. Despite these 
limitations, the efficacy of DES implantation in LM 
bifurcation lesions appears promising.  
 
Conclusions 
Treatment of LM bifurcation lesions using DES is safe 
and feasible with a low 1 year mortality. The need for 
revascularization in 17% of patients demands for 
improvement. 
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