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Introduction

Left main coronary artery  (LMCA) disease has been 
associated with poor prognoses when treated medically, 
especially during the period of bare‑metal stents  (BMS). 
LMCA is often accompanied by a series of complications 
such as in‑stent restenosis for the treatment of percutaneous 
coronary intervention  (PCI). Therefore, the current 
guidelines for coronary revascularization recommend 
coronary artery bypass grafting as the standard treatment for 
LMCA disease.[1‑3] However, drug‑eluting stents (DESs) and 
adjunctive pharmacological therapy have led to re‑evaluation 
of the potential use of PCI for the treatment of LMCA 

disease, and several studies have reported that this procedure 
was feasible and had favorable mid‑term outcomes.[4‑6] The 
development of DES, which is associated with significantly 
lower rates of restenosis and repeat revascularization, has 
made PCI in patients with LMCA disease more feasible.[7‑10] 
Based on the improved clinical outcomes after treatment, 
the American College of Cardiology/American Heart 
Association guidelines include a Class IIa recommendation 
for PCI for unprotected LMCA (ULMCA) disease.[2]

There is still uncertainty about the long‑term safety of 
DES implantation for the treatment of LMCA disease. In 
particular, late stent thrombosis (ST) has been reported to 
occur more frequently after DES implantation than after BMS 
implantation.[11‑14] The US Food and Drug Administration 
has warned that the risk of ST may outweigh the benefits 
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of DES implantation for off‑label use such as the treatment 
of ULMCA stenosis.[15] Mid‑term pilot studies found that 
DES implantation was safe and effective for the treatment of 
ULMCA stenosis, compared to BMS implantation; however, 
these studies had small sample sizes, were based at single 
centers, and had relatively short follow‑up periods.

Methods

Study population
This study included 1159 consecutive patients who underwent 
PCI for LMCA lesions at Shenyang Northern Hospital 
and Nanjing First Hospital between January 2003 and 
March 2009, of which 1020 underwent DES implantation, 
and 139 underwent BMS implantation. All the included 
patients had clinical symptoms and signs of myocardial 
ischemia and had an angiographically documented ULMCA 
lesion deemed suitable for stenting. The reasons for BMS 
implantation rather than DES implantation included lack 
of clinical evidence for the use of DES for the treatment 
of ULMCA disease, lack of a suitably sized DES, inability 
to afford long‑term dual antiplatelet therapy, and acute 
myocardial infarction  (MI) caused by ULMCA disease. 
Patients with cardiogenic shock, contraindications to aspirin 
or clopidogrel therapy, or planned upcoming noncardiac 
surgery were excluded. The local institutional ethics 
committees approved the use of patient data for this study.

Percutaneous coronary intervention procedure
A glycoprotein IIb/IIIa inhibitor was administered as 
needed during the PCI procedure based on the angiographic 
findings and operator judgment. Predilatation was routinely 
performed. The stent length and location were selected 
to provide coverage for the full length of each lesion, 
extending 1–2 mm proximal and distal to each lesion with 
a stent‑to‑vessel ratio of 1:1. For ostial LMCA lesions, 
stents were positioned to protrude into the aorta by 
1–2 mm. For LMCA bifurcation lesions, stent positioning 
was determined by the operator based on the lesion type. 
For distal LMCA lesions with involvement of either the 
left anterior descending or the left circumflex ostium, and 
for lesions involving a side branch of ≤2.5 mm diameter, 
provisional T‑stenting was performed. For true bifurcation 
lesions involving two major branches, two stent procedures 
such as T‑stenting, modified T‑stenting, kissing stenting, or 
crush stenting were performed as previously described. Most 
of the crush techniques were modified as follows: The side 
branch stent was placed with a small protrusion (1–2 mm) 
into the main vessel, or a balloon in the main vessel (0.5 mm 
undersized) was simultaneously dilated when the side branch 
stent was deployed. After stent implantation, high‑pressure 
dilatation was routinely performed, including final kissing 
balloon dilatation after distal LMCA bifurcation stenting. 
For patients with multiple lesions, treatment strategies were 
at the discretion of the operators.

Medication protocols
Loading doses of aspirin  (300  mg) and clopidogrel 

(300–600  mg) were administered before the procedure. 
Clopidogrel was continued at a maintenance dose of 
150  mg/d for 2–4  weeks after the procedure, followed 
by 75  mg/d for 3–6  months after BMS implantation 
or 12–24  months after DES implantation. Aspirin was 
continued at a dose of 300 mg/d for one month after the 
procedure and then 100 mg/d indefinitely.

Clinical outcomes and definitions
The primary clinical outcome was the rate of major adverse 
cardiac events  (MACEs) including cardiovascular  (CV) 
death, MI, and target lesion revascularization (TLR). The 
secondary clinical outcome was the rate of ST. All deaths 
were considered to be CV deaths unless another cause was 
clearly documented. MI was defined as an elevation of the 
creatine kinase‑MB level to more than 5 times the upper limit 
of normal coupled with typical chest pain lasting >30 min 
or new ischemic changes on the electrocardiogram. TLR 
was defined as repeat target‑lesion‑related intervention or 
bypass surgery. In‑stent restenosis was defined as a ≥50% 
diameter stenosis at the site of the stented lesion. All patients 
were followed‑up at 5 years via telephone call, clinic visit 
or rehospitalization.

Statistical analysis
Continuous variables were expressed as the mean ± standard 
deviation (SD) and compared between groups using the 
t‑test. Categorical data were expressed as percentages 
and compared between groups using the Chi‑square or 
Fisher’s exact tests. It was prospectively determined 
that missing observations would be imputed using the 
last‑observation‑carried‑forward method. The cumulative 
incidences of events were calculated using the Kaplan–Meier 
method. Estimated Kaplan–Meier survival curves were 
compared using the log‑rank test.

To reduce the impact of treatment selection bias and 
potentially confounding variables in an observational 
study, we performed rigorous adjustments for significant 
differences in characteristics of patients by use of the 
weighted Cox proportional‑hazards regression models using 
the inverse‑probability‑of‑treatment weighting (IPTW). With 
that technique, weights for patients receiving BMS were 
the inverse of  (one  –  propensity score), and weights for 
patients receiving DES were the inverse of the propensity 
score. The propensity scores were estimated by multiple 
logistic regression analysis. To create the propensity score, 
multiple imputation with Markov Chain Monte Carlo 
methods was used to fill out incomplete baseline variables 
with the assumption that data were missing at random. All 
prespecified covariates were included in the full unmatched 
models for treatment with DES versus BMS [Table 1]. The 
discrimination and calibration abilities of each propensity 
score model were assessed by means of the C statistic and 
the Hosmer‑Lemeshow statistic. After all the propensity 
score matches had been performed, the baseline variables 
were compared between the two groups. Continuous 
variables were compared using the paired t‑test or Wilcoxon 
signed‑rank test. The procedure yielded 129 well‑matched 
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pairs. The Kaplan–Meier method was used to plot the 
estimated incidences of MACE, CV death, TLR, and MI in 
these groups of patients. Differences between groups were 
analyzed using the log‑rank test.

Statistical analyses were performed using SPSS 19.0 
(SPSS Inc., Chicago, IL, USA) software. A two‑tailed P < 0.05 
was considered statistically significant. The authors had full 
access to all the data and took full responsibility for its integrity. 
All the authors have read and agree with the manuscript as written.

Results

Baseline characteristics
The 1136 patients, who met the inclusion criteria, represented 
98.0% of the 1159  patients originally enrolled in the 
registry and underwent stent implantation for the treatment 
of ULMCA disease in the absence of cardiogenic shock 
during the study period. The study population included 
1007 patients  (88.6%) who underwent DES implantation 
and 129 patients (11.4%) who underwent BMS implantation.

Table  1 shows the baseline characteristics, according to 
the type of stent used  (DES vs. BMS), before and after 
propensity score matching. Before matching, there were 
no significant differences in baseline characteristics 
between the two groups, except that patients in the DES 
group were older  (P  =  0.038), were more likely to have 
hyperlipidemia (P = 0.037), bifurcation lesions (P = 0.047), 
smaller vessels (P < 0.001), and longer lesions (P < 0.001) 
than patients in the BMS group. After propensity score 
matching, all the recorded baseline characteristics were 
similar between DES and BMS groups.

Clinical outcomes
Clinical outcome information was obtained for all patients 
at 5 years. As shown in Table 2, in the adjusted cohort of 
patients, the rate of MACE was significantly lower in the 
DES group than in the BMS group  (19.4% vs. 31.8%, 
P  =  0.022). The DES group also had significantly lower 
5‑year rates of CV death (7.0% vs. 14.7%, P = 0.045) and 
MI (5.4% vs. 12.4%, P = 0.049) than the BMS group. There 
were no significant differences in the rates of TLR (10.9% 
vs. 17.8%, P = 0.110) and ST (4.7% vs. 3.9%, P = 0.758). 
Kaplan–Meier analyses of the 5‑year survival free from 
MACE, CV death, TLR, and MI are shown in Figure  1. 
The rate of MACE‑free survival was significantly higher 
in the DES group than in the BMS group  (80.6% vs. 
68.2%, P = 0.023). The DES group also had significantly 
higher 5‑year survival‑free rates from CV death (93.0% vs. 
85.3%, P = 0.045), TLR (84.5% vs. 72.1%, P = 0.014), and 
MI (89.9% vs. 80.6%, P = 0.029) than the BMS group.

Cox multivariable regression models were used to correct 
for differences and independent predictors of CV death 
and MI between groups [Table 3]. After correcting for the 
independent predictors of adverse events, the adjusted hazard 
ratio (HR) for the risk of CV death after DES implantation 
relative to BMS implantation was 0.51  (95% confidence 
interval  [CI]: 0.30–0.86, P = 0.045) and the adjusted HR 
for the risk of MI after DES implantation relative to BMS 
implantation was 0.31 (95% CI: 0.09–1.03, P = 0.065).

When the IPTW adjustment was included as a covariate in 
the model, the adjusted HRs for the risk of CV death and 
MI were 0.41  (95% CI: 0.21–0.63, P  =  0.029) and 0.29 

Table 1: Clinical, angiographic, and procedural characteristics before and after propensity score matching

Variables Before matching After matching

BMS (n = 129) DES (n = 1007) P BMS (n = 129) DES (n = 129) P
Age, years 62.1 ± 11.6 64.4 ± 10.8 0.038 62.1 ± 11.6 63.74 ± 9.75 0.474
Male, n (%) 98 (76.0) 782 (77.7) 0.666 98 (76.0) 100 (77.5) 0.768
Hypertension, n (%) 73 (56.6) 620 (61.6) 0.275 73 (56.6) 84 (65.1) 0.161
Diabetes mellitus, n (%) 31 (24.0) 288 (28.6) 0.277 31 (24.0) 40 (31.0) 0.210
Smoking history, n (%) 52 (40.3) 429 (42.6) 0.620 52 (40.3) 63 (48.8) 0.168
Hyperlipidemia, n (%) 44 (31.1) 443 (44.6) 0.033 44 (31.1) 43 (33.3) 0.895
Renal dysfunction, n (%) 4 (3.1) 75 (7.5) 0.100 4 (3.1) 3 (2.3) 1.000
Family history of CHD, n (%) 14 (11.0) 79 (13.4) 0.241 14 (11.0) 16 (12.4) 0.698
UAP, n (%) 99 (76.7) 764 (75.9) 0.827 99 (76.7) 102 (79.1) 0.653
STEMI, n (%) 26 (20.2) 144 (14.3) 0.079 26 (20.2) 17 (13.2) 0.133
NSTEMI, n (%) 6 (4.7) 56 (5.6) 0.668 6 (4.7) 6 (4.7) 1.000
LVEF (%) 57.8 ± 12.0 56.5 ± 12.4 0.298 57.8 ± 12.0 56.4 ± 12.6 0.351
Lesion location, n (%)

Ostium and shaft 95 (73.6) 653 (64.8) 0.047 95 (73.6) 90 (69.8) 0.490
Bifurcation 34 (26.4) 354 (35.2) 34 (26.4) 39 (30.2)

Multivessel disease, n (%) 64 (49.6) 589 (58.5) 0.055 64 (49.6) 71 (55.0) 0.383
Multivessel treatment, n (%) 31 (24.0) 311 (30.9) 0.110 31 (24.0) 38 (29.5) 0.325
Reference vessel diameter, mm 3.9 ± 0.6 3.5 ± 0.4 <0.001 3.9 ± 0.6 3.8 ± 0.4 0.738
Lesion length, mm 18.1 ± 7.5 26.5 ± 11.4 <0.001 18.1 ± 7.5 20.5 ± 8.9 0.191
BMS: Bare‑metal stent; DES: Drug‑eluting stent; CHD: Coronary heart disease; NSTEMI: Non‑ST elevation myocardial infarction; 
STEMI: ST elevation myocardial infarction; LVEF: Left ventricular ejection fraction; UAP: Unstable angina pectoris.
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(95% CI: 0.08–0.92, P = 0.037), respectively [Table 3]. These 
results show a slight increase in statistical significance after 
adjustment by IPTW.

Discussion

The most important findings of the present study are: 
(1) The long‑term rate of TLR is similar after DES and 
BMS implantation but the rate of survival free from TLR 
was higher after DES implantation than BMS, and (2) even 
after several statistical adjustments for possible confounders, 
DES implantation was associated with lower risks of CV 
death and MI than BMS implantation.

Percutaneous coronary intervention is increasingly performed 
for the treatment of lesions previously considered to be 
contraindications, like ULMCA stenosis. DES implantation 
is used with increasing frequency because it is associated 
with lower rates of restenosis than BMS implantation when 
used for the treatment of standard coronary lesions, but 
superiority of DES over BMS implantation for the treatment 
of ULMCA lesions has not been clearly established.

Although DES implantation has been shown to be procedurally 
feasible for the treatment of ULMCA disease, there is limited 
information available regarding long‑term outcomes.[16‑22] Most 
previously reported studies had small sample sizes, no control 
groups, and short follow‑up periods. Longer‑term follow‑up 
and a control group of patients who undergo BMS implantation 
are required to fully assess the safety of DES implantation 
compared to BMS implantation because the relative rates of 
various complications may differ after one year.[23] This study 
may have the longest observation period to date among studies 
comparing outcomes after DES and BMS implantation for 
ULMCA stenosis in China. In our study group, 27% of patients 
had diabetes, 56% had multivessel coronary disease, and 32% 
had lesions at the LMCA bifurcation. This large registry of 
consecutive patients recruited at multiple centers may represent 
real‑world clinical practice. In our study, 2‑Stage adjustments 
using the multivariable Cox modeling with IPTW were 

Table 2: Clinical outcomes at 5  years for the adjusted 
data set, n (%)

Outcomes BMS (n = 129) DES (n = 129) P
MACE 41 (31.8) 25 (19.4) 0.022

MI 16 (12.4) 7 (5.4) 0.049
TLR 23 (17.8) 14 (10.9) 0.110
CV death 19 (14.7) 9 (7.0) 0.045

Stent thrombosis 5 (3.9) 6 (4.7) 0.758
MACE: Major adverse cardiac event; MI: Myocardial infarction; 
CV: Cardiovascular; TLR: Target‑lesion revascularization; BMS: Bare‑ 
metal stent; DES: Drug‑eluting stent.

Figure 1: Cumulative 5-year incidences of major adverse cardiovascular events (a); cardiovascular death (b); target lesion revascularization (c); 
and myocardial infarction (d) in patients who underwent drug-eluting stent implantation and bare-metal stent implantation.
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performed to overcome the limitations of the observational 
study. The IPTW method may avoid the possibility that the 
benefit of DES was overestimated as a result of the residual 
confounding variables related to the selection of lower‑risk 
population by propensity score matching.

This study found that DES implantation was safe for the 
treatment of ULMCA lesions and showed lower risks of 
CV death and MI compared to BMS implantation. Our 
results are consistent with those of large registry studies of 
patients undergoing off‑label DES implantation, which found 
that DES implantation was not associated with increased 
long‑term rates of CV death or MI in patients with complex 
coronary lesions, compared with BMS implantation.[24‑26] For 
example, a large registry study of 13,353 patients in Ontario 
found that the 3‑year mortality rate in a propensity‑matched 
population was significantly higher after BMS implantation 
than after DES implantation.[8] The comparable incidences 
of CV death and MI between use of the two stent types may 
be due, at least in part, to the offsetting risks of restenosis 
and ST. Because restenosis or repeat revascularization of 
the LMCA may result in death or MI,[25] the higher risk of 
restenosis after BMS implantation may counterbalance the 
potential risk of ST‑mortality after DES implantation.[26]

The results of some recent pooled analyses and a large 
registry study suggest that DES implantation may be 

associated with an increased risk of late mortality as a result 
of very late ST, compared with BMS implantation.[12,13,23,27] 
However, in the present study, the rate of ST at 5‑year 
follow‑up was comparable between the DES group and 
BMS group. The reason for the different result may be the 
possibility that very late ST has limited the use of DES 
implantation for the treatment of ULMCA lesions.

Two‑stage adjustments were performed using multivariable 
Cox modeling with propensity score matching to overcome 
the limitations associated with observational bias in our study. 
This method of statistical analysis may avoid the possibility 
that the benefit of DES implantation was overestimated as 
a result of the residual confounding related to the selection 
of a lower‑risk population by propensity score matching, 
which was used in recent analyses of registry studies.[28‑30] The 
multivariable Cox proportional‑hazards analysis indicated 
that DES versus BMS showed a trend in reducing CV death 
and MI while not reducing TLR, which is unexpected. 
However, some possible explanations may be considered. 
First of all, the two participating centers started to enroll 
patients when the use of DES was low in China. This scenario, 
in which BMS were the only stents available, could have 
common ground with the ascending phase of the learning 
curve for ULMCA PCI. Thus, in our experience, DES could 
have taken advantage of its enhanced and improved use on 
the plateau of the learning curve and from a general technical 
improvement in PCI stenting. In addition, patients treated 
with DES could have benefited from a closer angiographic 
follow‑up than those treated with BMS, suggesting the need 
for routine angiographic follow‑up after ULMCA treatment.

Finally, the most important limitation of the present study 
is the lack of random assignment to treatment groups. 
Evaluation of the impact of a specific treatment using a 
registry can lead to incorrect conclusions because of the 
influence of unassessed confounding variables such as 
comorbidities, terminal illness, socioeconomic status, and 
intravascular ultrasound guidance. In this study, the stent 
type used was not assigned randomly but was decided 
according to the individual patient characteristics, resulting 
in an unavoidable risk of bias regarding treatment selection 
and prognosis. To partly compensate for the baseline and 
angiographic differences between the patient groups, we 
performed extensive adjustments using both multivariate 
analysis and propensity scores, thereby reducing the 
likelihood of residual selection bias. However, it is 
impossible to know if these adjustments are appropriate or 
if the relevant characteristics have been correctly identified. 
Only randomization can provide an unbiased estimation of 
the effects of a treatment.

Patients, who underwent DES implantation at a later phase 
of the study, could have benefited from advances in PCI 
techniques and adjunctive medications. No statistical method 
can completely eliminate this limitation.

In conclusion, our findings show that DES implantation 
is safe and effective in the long‑term for the treatment of 

Table 3: Predictors of CV death and MI on the 
multivariable Cox proportional‑hazards analysis

Items Hazard ratio (95% CI) P
CV death

Diabetes 2.61 (1.27–5.61) 0.029
Male 0.74 (0.26–2.14) 0.580
Age 1.02 (0.98–1.06) 0.361
LVEF 0.94 (0.93–0.99) 0.017
Lesion length 0.98 (0.93–1.04) 0.502
Multivessel disease 0.93 (0.41–2.07) 0.654
Renal dysfunction 1.13 (0.72–3.06) 0.653
Reference vessel diameter 0.69 (0.48–1.27) 0.328
DES versus BMS 0.51 (0.30–0.86) 0.045

IPTW adjusted
DES versus BMS 0.41 (0.21–0.63) 0.029

MI
Diabetes 2.86 (1.08–7.56) 0.031
Male 1.86 (0.65–5.38) 0.259
Age 1.00 (0.92–1.08) 0.918
LVEF 0.96 (0.92–0.99) 0.033
Lesion length 0.96 (0.87–1.05) 0.367
Multivessel disease 0.92 (0.34–2.49) 0.864
Renal dysfunction 0.62 (0.19–2.70) 0.716
Reference vessel diameter 0.33 (0.12–0.88) 0.035
DES versus BMS 0.31 (0.09–1.03) 0.065

IPTW adjusted
DES versus BMS 0.29 (0.08–0.92) 0.037

CV: Cardiovascular; LVEF: Left ventricular ejection fraction; DES: Drug‑  
eluting stent; BMS: Bare‑metal stent; IPTW: Inverse‑probability‑ 
of‑treatment weighting; MI: Myocardial infarction; CI:  Confidence 
interval.
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ULMCA stenosis compared with BMS implantation. In 
combination with previously reported registry data, our 
findings indicate that PCI with DES is a promising treatment 
for ULMCA stenosis.
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