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Objective: 

The aim of this meta-analysis was to compare the safety and efficacy of second-generation and first-

generation drug eluting stents (DES) for the treatment of left main coronary artery (LMCA) stenosis.

Methods: 

PubMed,  EmBase and Cochrane Library were searched to identify eligible studies  comparing the

safety  and  efficacy  of  second-generation  DES  and  first-generation  DES  for  the  treatment  of  LMCA

stenosis. Odds ratios (ORs) with 95% confidence intervals (CIs) were used to summary the estimates. 

Results: 

We identified 11 studies (1 was RCTs and 10 were observational  studies) involving 4345 LMCA

patients who treated with second-generation and first-generation DES. Second-generation DES had lower

risk of MACE (15.4% vs.18.5%; OR 0.69 (0.52, 0.91); P=0.009), stent thrombosis (1.1% vs.2.4%; OR 0.46

(0.28, 0.74); P＝0.001) , TVR (6.8% vs.13.4%; OR 0.48 (0.35, 0.66); P＜0.0001) , and MI (1.6% vs.3.5%;

OR 0.58 (0.35, 0.94); P=0.03) compared with first-generation DES. There were no differences in the risks

of all-cause mortality (6.8% vs.7.9%; OR 0.88 (0.68, 1.15); P=0.36), cardiac mortality (3.4% vs.4.5%; OR

0.73  (0.51,  1.03);  P=0.07),  and  TLR (8.7% vs.7.8%; OR 1.09 (0.86,  1.39);  P=0.48)  between second-

generation and first-generation DES.

Conclusions:

In LCMA patients, compared with first-generation DES, second-generation DES was associated with

lower risk of MACE, stent thrombosis, TVR, and MI. No differences were found with respect to all-cause

death, cardiac death, and TLR.
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What’s known

Studies have evaluated the safety and efficacy of between second-generation and first-generation DES in 
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LMCA stenosis patients and the results of these studies were inconsistent.

What’s new

Second-generation  DES  have  advantages  over  first-generation  DES  in  improving  clinical  safety  and

efficacy. However, to the best of our knowledge, it remains unclear whether second-generation DES are

more effective than first-generation DES in LMCA disease patients. In our analysis, we found that second-

generation  DES was  associated  with a  significant  reduction  in  the  risk of  MACE, ST,  TVR,  and  MI

compared with first-generation DES

Introduction

At  present,  coronary  artery  bypass  graft  (CABG)  is  considered  the  gold  standard  treatment  of

unprotected left  main coronary artery (ULMCA) stenosis. With the advent of the first-generation drug-

eluting stents (DES), some randomized controlled trials (RCTs) have showed that percutaneous coronary
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intervention (PCI) with first-generation DES had similar outcomes in left main coronary artery (LMCA)

stenosis  compared  to  CABG.  In  the  PRECOMBAT trial(1),  which  was  a  randomized  trial  comparing

bypass surgery versus angioplasty using sirolimus-eluting stent (SES) in patients with LMCA stenosis,

Park, et al. found that PCI with SES was noninferior to CABG with respect to the risk of major adverse

cardiac or cerebrovascular events (MACCE) at 1 year follow up. Moreover, a meta-analysis analysis of

randomized clinical trials showed that PCI with first-generation DES was associated with similar rates of

MACCE, death,  and  myocardial  infarction,  and  even  a  lower  risk of  stroke  at  1  year  compared  with

CABG(2). These results suggested that PCI with first-generation DES could be considered an acceptable

alternative to CABG in LMCA stenosis patients who are not at high risk.

Despite  these  results,  safety  issues  regarding  the  increased  late  and  very  late  stent  thrombosis

following the  first-generation DES implantation  have  caused  concern.  In  a  large  cohort  of  unselected

patients  undergoing PCI,  first-generation  DES was  associated  with  a  significantly higher  risk  of  stent

thrombosis compared with bare-metal stents (BMS) at 3 years(3). A collaborative network meta-analysis of

randomized  controlled  trials  indicated  that  compared  to  BMS,  paclitaxel-eluting  stents  (PES)  was

associated with a higher risk of late definite stent thrombosis(4). Additionally, a pooled patient-level meta-

analysis of randomized trials demonstrated that among acute ST-segment elevation myocardial infarction

(STEMI)  patients  undergoing  PCI,  the  incidence  of  very  late  reinfarction  and  stent  thrombosis  was

increased with SES and PES implantation(5). Therefore, second-generation DES was designed with the

goal of improving clinical  safety and efficacy. In the LEMAX Pilot study, Salvatella, et  al.  found that

unprotected left main stenting using EES is safe and effective in the midterm, with a 15.1% MACCE rate

and a  0.6% stent  thrombosis  rate  at  one  year(6).  Simard,  et  al.  found that  the treatment  of  left  main

coronary stenoses with zotarolimus-drug eluting stents had better clinical results with only a 7.5% in-stent

restenosis (ISR)/TLR rate and a 15% MACE rate at an average 12.4 months follow-up(7).

Based on the above evidence, second-generation DES have advantages over first-generation DES in

improving clinical safety and efficacy. However, to the best of our knowledge, it remains unclear whether

second-generation  DES  are  more  effective  than  first-generation  DES  in  LMCA disease  patients.  We

therefore performed a meta-analysis on the basis of the available data to compare the safety and efficacy of
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second-generation DES and first-generation DES for the treatment of LMCA stenosis.

Materials and methods

Search strategy

The Electronic database PubMed, EMBASE, and the Cochrane Library were searched for eligible

studies from their date of inception up to February 2019. The following terms were used: “drug eluting

stent”, “DES”, “everolimus”, “zotarolimus”, “biolimus”, “rapamycin”, “left main”. In addition, to retrieve

all the eligible studies, we manually screened all relevant publications and also scanned the reference lists

of included studies. The language and publication status of the research papers were restricted to English

and published paper, respectively.

Inclusion and Exclusion Criteria

Studies that met the following criteria were considered for inclusion in this meta-analysis: (1) studies

which enrolled LMCA stenosis patients undergoing PCI; (2) studies with comparisons between second-

generation DES and first-generation DES; (3) studies which had availability of clinical outcomes, including

major adverse cardiac events,  all-cause mortality, cardiac mortality, myocardial infarction, target  vessel

revascularization,  target  lesion  revascularization,  and  stent  thrombosis;  (4)  studies  which  were

observational trial or RCTs; (5) full-text article. The following ineligible studies were excluded from this

meta-analysis: (1) studies which included non- LMCA stenosis patients; (2) studies without control group;

(3) studies which have no available clinical outcomes; (4) duplicate publications; (5) conference abstract,

reviews, commentaries, meta-analysis, editorials, and letters.

Clinical Outcomes and Definitions

The primary efficacy endpoint was major adverse cardiac events (MACE), which was defined by each

study. Although the definition of MACE differed between studies, the MACE definition of each individual

study was accepted. The primary safety endpoint was stent thrombosis (definite, probable, or possible ST)

according to the definition criteria of the Academic Research Consortium (ARC). Secondary outcomes

were all-cause death, cardiac death, target vessel revascularization (TVR), target lesion revascularization

(TLR),  and  myocardial  infarction  (MI).  TVR/TLR  was  defined  as  any  percutaneous  or  surgical

revascularization procedure of the target vessel/ lesion.

Data Extraction
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Data was extracted independently by two investigators. The following data were abstracted from each

study: the first author’s surname, year of publication, country, ethnicities of the patients, type of study,

duration  of  follow-up,  MACE definition,  stent  type,  sample  size,  mean  age,  male,  diabetes  mellitus,

hypertension,  dyslipidemia,  previous  MI,  previous  PCI,  previous  CABG.  Any discrepancies  about  the

extracted  data were  resolved  by consensus or  a  third  author adjudication.  The quality  of  the included

studies was assessed using the Jadad scale for randomized controlled studies and Newcastle-Ottawa Quality

scale (NOS) for observational studies.

Statistical Analysis

Propensity score matching data was used for the meta-analysis unless they were unavailable. Odds

ratios (ORs) with 95% confidence intervals (CIs) were used to summary the estimates. The heterogeneity

between  studies  was  assessed  using  the  chi-square-based  Cochran  Q  test  and  I2 statistic,  which  was

considered significant when P < 0.10 in the Q test, or I2 > 50%. In this analysis, the fixed-effects model was

used to calculate the pooled ORs when  I2＜50%; otherwise, a random-effects model (DerSimonian and

Laird) was used. Subgroup analyses was performed to explore potential sources of heterogeneity according

to follow-up duration (≥2 years and＜2 years) and different ethnicity (Caucasian and Asian populations).

Sensitivity analysis was carried out by omitting each individual study in turn to evaluate the influence of

each study on the overall estimate. Finally, funnel plots was constructed to visually assess the potential

publication bias. All P values were two sided, and a p-value <0.05 was considered statistically significant.

All statistical analyses were performed by using RevMan statistical software (Review Manager 5.3, The

Cochrane Collaboration, Copenhagen, Denmark).

Results

Characteristics of the Included Studies

The flow diagram of the studies selection was presented in figure 1.  4345 articles  were retrieved

during the initial search process. After careful screening, 11 studies(8-18) comparing clinical outcomes of

first-generation versus second-generation DES in patients with LMCA entered the meta-analysis. In total,

our meta-analysis comprised a total of 5120 people. Out of these patients, 2588 were allocated to first-

generation DES and 2532 to second-generation DES. Baseline characteristics and procedural outcomes are

shown in Table 1-3. Of the 11 studies, only 1 study was RCTs and the others were observational study. 7
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out  of  11  studies  were  conducted  in  European  and  American  countries,  1  study  was  carried  out  in

Argentina, 2 were conducted in Korea, and the rest 1 study was performed in Italy and Japan. 4 studies had

reported  the  propensity  score  matching  data.  As  for  MACE, 6 studies  reported  specific  definitions of

MACE. Definition of MACE included studies was defined as the composite of all-cause death/cardiac

death, MI and TLR/TVR except for the Valenti trial (defined as cardiac death, MI, TVR, and stroke). In

addition, two studies reported the composite endpoint of all-cause death, MI, TLR and one study reported

the composite endpoint of cardiac death, MI, TLR, which all can be considered as MACE. Two studies

reported the composite endpoint of MACCE (defined as cardiac death, MI, TVR, and stroke/CVA). The

follow-up duration ranging from 250 days to 3 years. The mean age of included patients ranged from 62

years to 71 years.

Primary efficacy outcome (MACE)

All the 11 trials reported the incidence of MACE, the result showed that DES-2 was associated with a

significant reduction in the risk of MACE compared with DES-1 [15.4% vs.18.5%; OR 0.69 (0.52, 0.91);

P=0.009] with significant heterogeneity (I2 = 57%; P= 0.009) (Figure 2a).

Primary safety outcome (stent thrombosis)

10 trials reported the incidence of stent thrombosis. In general, the results showed that DES-2 was

associated with a lower risk of stent  thrombosis compared with DES-1[1.1% vs.2.4%; OR 0.46 (0.28,

0.74); P＝0.001]. There was no heterogeneity across the enrolled trials (I2 = 0%; P = 0.81) (Figure 2b).

Secondary outcomes

All-cause mortality/cardiac mortality

7 trials reported the incidence of all-cause mortality and 8 trials reported the incidence of cardiac

mortality, respectively. The results showed that there were no between-group differences in the risks of all-

cause mortality [6.8% vs.7.9%; OR 0.88 (0.68, 1.15);  P=0.36] and cardiac mortality [3.4% vs.4.5%; OR

0.73 (0.51, 1.03); P=0.07] (Figure 2c).

Repeat revascularization TLR/TVR

8 trials reported the incidence of TLR and 6 trials reported the incidence of TVR, respectively.  The

results showed that there was no statistical difference in the risks of TLR between the DES-2 and DES-1

[8.7% vs.7.8%; OR 1.09 (0.86, 1.39); P=0.48]. DES-2 can significantly reduce the risk of TVR compared
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with DES-1 [6.8% vs.13.4%; OR 0.48 (0.35, 0.66);  P＜0.0001] with no significant heterogeneity (I2 =

18%; P = 0.30) (Figure 2c).

Myocardial infarction

9  trials  reported  the  incidence  of  MI.  The  result  showed  that  the  DES-2  provide  a  significant

advantage over DES-1 in reducing the incidence of MI [1.6% vs.3.5%; OR 0.58 (0.35, 0.94); P=0.03] with

no significant heterogeneity (I2 = 28%; P = 0.19) (Figure 2c).

Heterogeneity Analysis

Significant  heterogeneity  was  noted  in  our  study  with  respect  to  the  endpoint  of  MACE.  Thus,

subgroup analysis  was conducted to  explore potential  sources  of  heterogeneity. The subgroup analysis

according to follow-up duration and ethnicity showed that heterogeneity was still significant in studies with

a follow-up duration of more than 2 years and in Caucasian populations; However, with no significance in

studies with a follow-up duration of less than 2 years and in Asian populations. 

Sensitivity Analysis

To assess the reliability of the results of the meta-analysis, sensitivity analysis was carried out. After

omitting each individual study in sequence, the results showed that it did not essentially affect the summary

OR, further indicating that these outcomes were stable and reliable

Publication bias

Funnel plots was constructed to visually evaluate whether publication bias affected the results of the

studies. The funnel plot suggested that no significant publication bias across the studies with respect to each

outcome (Figure 3).

Discussions

The main findings of this meta-analysis can be summarized as follows: (1) second-generation DES

was associated with a significant reduction in the risk of MACE, ST, TVR, and MI compared with first-

generation DES. (2) There were no between-group differences in the risks of all-cause mortality, cardiac

mortality, and TLR.

Previous a number of RCTs have been performed to compare the clinical outcomes of first-generation

DES versus second-generation DES. In the majority of these studies, second-generation DES provided an

improvement in safety and efficacy compare with first-generation DES. In the large-scale,  prospective,
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multicenter, randomized SPIRIT IV trial, Stone, et al. found that compared to PES, EES can significantly

reduce the risk of MI, stent thrombosis, TVR, TLR and MACE, without significant differences in all-cause

or cardiac mortality(19). Similarly, in the randomized COMPARE trial, Smits, et al. found that second-

generation EES still had a lower 2-year rate of MACE, MI, TVR, TLR and stent thrombosis compared with

PES even after discontinuation, at 12 months, of dual antiplatelet therapy(20). In the present meta-analysis,

the results indicated that second-generation DES was associated with a significant reduction in the risk of

MACE, ST, TVR, and MI in the LMCA stenosis. This was in agreement with previous trials. The potential

mechanism was that compared to first-generation DES with stainless-steel platforms, second-generation

DES  have  cobalt-chrome  or  platinum-chrome  platforms  with  thinner  strut  thickness  and  more

biocompatible polymer coatings, which helped improve the safety endpoints of stent thrombosis and the

efficacy outcome of MACE(21, 22).

In  line  with  previous  trials,  rates  of  all-cause  mortality  and  cardiac  mortality  in  LMCA stenosis

patients who treated with second-generation and first-generation DES did not differ significantly. In the

SORT OUT IV trial,  which was  a randomized  multicenter,  single-blind,  all-comer,  noninferiority  trial

comparing clinical outcomes of EES versus SES in coronary artery disease, results indicated that rates of

mortality and cardiac mortality did not differ significantly between the 2 stent groups at the 18-month

follow-up(23). A pooled analysis of 2-year outcomes from the SPIRIT II and III trials showed that there

were  no  significant  differences  in  the  risk  of  all-cause  mortality  and  cardiac  mortality  between  first-

generation and second-generation DES(24). However, in the randomized SPIRIT III trial with a follow-up

duration up to 5 years,  results indicated that EES resulted in lower rates of all-cause mortality(25). In

addition,  Fuku,  et  al.  found  that  treatment  with  second-generation  DES  was  associated  with  a  lower

incidence of  all-cause mortality  and cardiac  mortality  in  patients  with unprotected  LMCA lesions(26).

However, it is worth noting that the median follow-up duration of first-generation DES in this study was as

long as 1,685 days. Therefore, the length of follow-up time may be a potential confounding factor. RCTs

with longer follow-up duration are needed to further confirm these findings.

As  for  TLR,  the  impact  of  second-generation  DES  on  TLR  remains  controversial.  In  the

EXCELLENT trial,  which was a prospective,  randomized, open-label,  multicenter trial  comparing EES
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versus SES in patients undergoing PCI, Park, et al. found that rate of TLR was numerically lower in the

SES group but was not statistically significant(27). Additionally, results from the ESSENCE-DIABETES

trial showed that at 12 months, the incidence of ischemia-driven TLR was not statistically different between

EES and SES(28). Nevertheless, in the SPIRIT IV trial, Stone, et al. found that EES was superior to PES

with respect to the endpoint of TLR at 1 year follow up(19). In the current study, the TLR rate in LMCA

lesions patients undergoing PCI treated with DES-2 did not differ from that receiving first-generation DES.

The exact  mechanism remains unclear.  But,  of note,  8 out of  11 studies  included in the meta-analysis

reported  the  use  of  intravascular  ultrasound  (IVUS)  between  two  type  stents,  Previous  studies  have

demonstrated that IVUS can reduce the risk of restenosis and TLR, which partially explained the lower

TLR rate in our study(29, 30). Therefore, small sample size may decrease the statistical power to properly

evaluate the associations between the two type stents and the incidence of TLR. Larger-scale trials are

required to further confirm true effect of second-generation DES on the incidence of TLR in patients with

LMCA.

Finally, the significant heterogeneity was identified between studies with regard to the endpoint of

MACE. Therefore, we conducted subgroup analyses to explore the sources of the heterogeneity. The results

of the subgroup analysis indicated that the heterogeneity decreased significantly in studies with a follow-up

duration of less than 2 years and in Asian populations. Thus, ethnicity and the follow-up duration length

may have been sources of the heterogeneity. 

Limitations

There were several limitations of this meta-analysis. First, the meta-analysis included only 11 studies

involving 4345 patients and the small sample size may have decreased the statistical power to properly

evaluate the associations between first-generation and second-generation DES. Second, although this meta-

analysis  included  four  propensity  score  matching  studies,  we  could  not  assess  whether  all  baseline

characteristics were balanced among groups. Third, of the studies included in this meta-analysis, only one

was a randomized controlled trial, which greatly decreased the statistical power of the analysis. Four, the

latest study included in the meta-analysis may limits the follow-up duration for second-generation DESs.

Finally, the definition of MACE varied among the included studies. Despite the limitations, the present
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study is the first meta-analysis to systematically compare the safety and efficacy of first-generation and

second-generation DES on the outcomes in LMCA patient treated with PCI. Larger randomized controlled

trials are needed to confirm the findings.

Conclusion

In LCMA lesion patients, compared with first-generation DES, second-generation DES was associated

with lower risk of MACE, stent thrombosis, TVR, and MI. No differences were found with respect to all-

cause death, cardiac death, and TLR.
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Figure and Table Legends

Figure 1 Flow diagram of study selection.

Figure 2a Forest plots for major adverse cardiovascular events in left main stenosis patients with

first-generation versus second-generation drug-eluting stents.

Figure 2b Forest plots for stent thrombosis in left main stenosis patients with first-generation versus

second-generation drug-eluting stents.

Figure 2c Forest plots for secondary outcomes in left main stenosis patients with first-generation

versus second-generation drug-eluting stents.

Figure 3 Funnel plot assessing publication bias in the included studies.
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Table I-III Baseline clinical characteristics of patients included in studies.
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