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Abstract
Introduction: It remains unclear whether the clinical outcomes of patients
with acute myocardial infarction (AMI) receiving second- and first-generation drug-eluting stents (DES) are identical. The study aimed to investigate
the differences in clinical utility between the two generations of DES in
these specific subjects by a meta-analysis.
Material and methods: We systemically searched PubMed and EMBASE databases and the Cochrane Library up until January 2013. Randomized trials,
which compared clinical outcomes of second-generation DES (everolimus(EES) or zotarolimus-eluting stents (ZES)) with first-generation DES (sirolimus- or paclitaxel-eluting stents) in patients with AMI were included.
Results: Five trials with 1720 AMI subjects were included in the meta-analysis. Pooled analysis demonstrated a trend toward lower incidence of stent
thrombosis with the second-generation DES relative to the first-generation
one (risk ratio (RR), 0.53; 95% confidence intervals (CI): 0.25–1.13; p = 0.10).
However, the second-generation DES did not offer a significant advantage
over the first-generation DES in reducing the incidence of target lesion revascularization (TLR) (RR = 1.73; 95% CI: 0.83–3.64; p = 0.15), major adverse
cardiac events (MACEs) (RR = 0.97; p = 0.90), or all-cause death (RR = 1.00;
p = 1.0). In addition, in elderly patients the second-generation DES seemed
to reduce the occurrence of MACEs (RR = 0.65; p = 0.10) and stent thrombosis (RR = 0.40; p = 0.08), and the second-generation EES showed a potential
benefit in lowering the MACE rate (RR = 0.55; p = 0.06).
Conclusions: The second-generation DES appeared to lower the risk of stent
thrombosis in AMI patients. There might be a lower incidence of MACEs associated with the second-generation EES.
Key words: acute myocardial infarction, second-generation drug-eluting
stents, meta-analysis.

Introduction
A growing number of drug-eluting stents (DES) are used for treatment
of acute myocardial infarction (AMI) during primary percutaneous coronary intervention (PCI) [1, 2]. For these subjects with a highly thrombotic
environment, the introduction of DES has greatly alleviated the major
problem of in-stent restenosis in the bare-metal stent era [3]. Howev-
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er, the first-generation DES, such as sirolimus- or
paclitaxel-eluting stent (SES or PES), have raised
the concern for increased stent thrombosis [4, 5].
A pooled patient-level meta-analysis showed that
the first-generation DES (SES and PES) significantly increased the occurrence of stent thrombosis
compared with bare-metal stents in patients with
AMI [6]. Daemen et al. found that the incidence
of early stent thrombosis was similar for SES
(1.1%) and PES (1.3%), but late stent thrombosis was more frequent with PES (1.8%) than with
SES (1.4%) [5]. Late-acquired stent malapposition,
incomplete stent endothelialisation, fibrin deposition and persistent inflammation have been
suggested as responsible in the pathogenesis of
DES thrombosis [1, 7]. The SES-aspirate plasma
induced more significant vasoconstriction than
PES-aspirate. The favorable effect of PES was
possibly secondary to microtubular stabilization,
which could be beneficial in preventing a no-reflow phenomenon in patients undergoing stenting [8]. For working out the thrombotic problem,
newer antiproliferative drugs (e.g. everolimus) and
more biocompatible polymers have shown promise in reducing the rate of stent thrombosis in
patients in stable condition [9, 10]. A large-scale
comprehensive network meta-analysis found that
the second-generation everolimus-eluting stents
(EES) were associated with a reduced 2-year incidence of stent thrombosis in comparison with
bare-metal stents and first-generation DES in
patients with unrestricted coronary heart diseases [11]. However, it remains unclear whether the
clinical outcomes of the newer second-generation
DES and the first-generation DES are identical in
AMI settings with the higher possible thrombotic
coronary lesions.
We therefore performed a meta-analysis on the
basis of the available data from randomized controlled trials (RCTs) to investigate the clinical value
of second- versus first-generation DES in patients
with AMI.

limus-eluting stents (ZES)) versus first-generation
DES (SES or PES)) which were approved by the US
Food and Drug Administration; 3) enrollment of
AMI patients; 4) availability of clinical outcomes
of definite or probable stent thrombosis, target lesion revascularization (TLR), major adverse cardiac
events (MACEs), or all-cause mortality; 5) a mean
follow-up period no less than 6 months.

Material and methods

Results

Search strategy and selection criteria
We searched PubMed and EMBASE databases,
and the Cochrane Central Register of Controlled
Trials until January 2013 for eligible trials. The
reference list of relevant studies was additionally scanned. No language restriction was imposed.
The following search terms were used: “randomized trial”, “everolimus”, “zotarolimus”, “sirolimus”, “paclitaxel”, “drug-eluting stent”, “acute myocardial infarction”, “acute coronary syndrome”. To
be included, the citation had to meet the following
criteria: 1) random treatment allocation; 2) comparisons of second-generation DES (EES or zotaro-
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Study identification, quality assessment
and data management
Two investigators assessed trial eligibility independently. Data on participant and procedural
characteristics, follow-up duration, and the predefined clinical outcomes were extracted. Any disagreement was resolved through discussion. The
initially selected studies were evaluated for quality in accordance with a well-established, validated
scale developed by Jadad et al. [12]. The possible
range of scores was 0 (weakest) to 5 (strongest).

Statistical analysis
Review Manager 5.1 software (Cochrane Collaboration, Denmark) was used for meta-analysis. Risk ratio (RR) with 95% confidence interval
(CI) was used as summary statistics. The pooled
RR was calculated using the random effects Mantel-Haenszel model. The heterogeneity between
selected articles was tested using I2 statistics
(I2 values < 25% indicated low, 25–50% indicated moderate, and > 50% indicated high heterogeneity [13]). Subgroup analyses were performed
according to the type of the second-generation
DES, mean age, time from symptom to angioplasty, stent length, and stent size. Sensitivity
analyses were conducted by omitting each trial at
a time from the analysis to verify the robustness
of the overall results. We assessed the possibility
of publication bias by visual inspection of funnel
plot asymmetry. Statistical significance was set at
2-tailed p < 0.05 in the meta-analysis.

After systemically searching the electronic databases, we identified 5 RCTs comparing clinical
outcomes of the second- versus the first-generation DES in patients with AMI (Figure 1). In total,
our meta-analysis included data on 1720 patients
(Table I). Of the enrolled 5 RCTs [14–18], three
studies compared ZES versus the first-generation
DES (two for ZES vs. SES vs. PES [14, 18]; one for
ZES vs. SES [16]) and the remaining 2 targeted EES
versus SES [15, 17]. Four trials focused on patients
with ST-segment elevation AMI [14–16, 18], and
one study included 96% subjects with ST-segment
elevation AMI and 4% with non-ST-segment elevation AMI [17]. The mean age of enrolled par-
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Medications indicated aspirin, clopidogrel, b-blocker, angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, and statin. CAD – coronary artery disease, DAPT – dual antiplatelet therapy, EES – everolimuseluting stents, LAD – left anterior descending artery, LCX – left circumflex artery, NA – not available, PES – paclitaxel-eluting stents, RCA – right coronary artery, STEMI – ST-segment elevation myocardial infarction, TIMI –
thrombolysis in myocardial infarction, SES – sirolimus-eluting stents, VD – vessel disease, ZES – zotarolimus-eluting stent
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ticipants ranged from 59.7 years to 65.3 years.
The mean number of implanted stents per lesion
ranged from 1.15 to 1.35, mean length of stents
from 24.1 mm to 31.6 mm, and mean diameter
from 3.14 mm to 3.27 mm. No differences were
observed in medications at discharge in the individual trials. All of the enrolled patients received
dual antiplatelet therapy for at least 12 months or
to the end of the follow-up. In addition, each study
was graded with a score of 3 to 4 according to the
Jadad quality score.
Pooling analysis demonstrated that the second-generation DES presented a tendency towards reduced incidence of definite or probable
stent thrombosis compared with the first-generation DES (RR = 0.53; 95% CI: 0.25–1.13; p = 0.10;
Figure 2). There was no significant heterogeneity
across the enrolled trials (I2 = 0%; p = 0.63). Similarly, the second-generation EES showed a beneficial trend in subgroup analysis (RR = 0.41, p = 0.11;
Table II). However, ZES did not show a potential

Komer, 2011

ACS – acute coronary syndrome, RCT – randomized con
trolled trial
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Figure 1. Flowchart of selection of studies for inclusion in meta-analysis
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Table I. Baseline patient, lesion, and procedural characteristics of randomized controlled trials included in the meta-analysis
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Study or
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Weight
[%]

Risk ratio
M-H, random, 95% CI
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Figure 2. Forest plot of risk ratios of second- versus first-generation drug-eluting stents for stent thrombosis
CI – confidence intervals, DES – drug-eluting stents, M-H – Mantel-Haenszel

benefit (Table II). Moreover, subjects aged at
least 60 years or receiving primary PCI within 5 h
from pain to angioplasty seemed to achieve
a benefit in lowering the risk of stent thrombosis from the second-generation DES implantation
(RR = 0.40, p = 0.08; RR = 0.38, p = 0.08, respectively; Table II).
However, the second-generation DES did not
provide a significant advantage over the first-generation DES in lowering the incidence of TLR (RR =
1.73; 95% CI: 0.83–3.64; p = 0.15; I2 = 0%; Figure 3),
MACEs (RR = 0.97; 95% CI: 0.61–1.54; p = 0.90;
I2 = 41%; Figure 4), or all-cause death (RR = 1.00;
95% CI: 0.42–2.36; p = 1.0; I2 = 28%; Figure 5) in
AMI patients. However, the occurrence of TLR in
the second-generation DES appeared to be higher
than that in the first-generation DES in AMI patients aged less than 60 years old or the size of implanted stent more than 3.2 mm (both RR = 3.42;
p = 0.05; Table II). Nevertheless, the second-generation EES might be associated with reduced incidence of MACEs (RR = 0.55; p = 0.06; Table II). Due
to only 3 trials enrolled in the analysis on all-cause
death, we did not perform subgroup analyses on
this clinical outcome.
In addition, when the study by KOMER [14] was
omitted from the analysis on in-stent thrombosis,
the statistical difference of the overall result became significant (RR = 0.35, 95% CI: 0.13–0.93,
p = 0.04, I2 = 0%). Except for the process, exclusion
of any single trial from the analysis did not substantively alter other overall results of our analysis. There were no significant funnel plot asymmetries for all the predefined clinical outcomes,
which indicated no publication bias among the
enrolled trials in the present study.

Discussions
In the current study, we performed a meta-analysis of five RCTs in order to elucidate clinical outcomes associated with the second-generation DES and first-generation DES in patients
undergoing PCI for AMI. The main findings revealed that the second-generation DES appeared
to reduce the occurrence of definite or probable
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stent thrombosis in patients with AMI compared
with the first-generation DES. In addition, the use
of the second-generation EES seemed to result in
a lower occurrence of MACEs than the first-generation DES. Moreover, in elderly patients the
second-generation DES showed a trend toward
reduced incidence of MACEs and stent thrombosis in patients with AMI. In contrast, the younger patients receiving the second-generation DES
implantation might have a higher rate of TLR.
Furthermore, the second-generation DES might
provide a greater benefit in lowering the risk of
in-stent thrombosis when the time of primary PCI
was less than 5 h from pain to angioplasty.
There are concerns on the propensity for stent
thrombosis associated with DES implantation for
high-risk patients with ST segment elevation AMI
[19, 20]. The present study showed a potential
benefit of the second-generation DES in lowering
the risk of definite or probable stent thrombosis
during 7 to 18 months after stent implantation. In
the current meta-analysis, we reviewed and analyzed the overall incidence of adverse events (early
and late thrombosis). The risk of stent thrombosis
associated DES implantation was related to early
discontinuation of dual antiplatelet therapy [21].
However, in the enrolled trials, aspirin was recommended for life, and clopidogrel for a minimum
of 12 months or until the end of the follow-up.
It indicated that the profile of antiplatelet therapy had little influence on the incidence of stent
thrombosis. Although the influence of procedural
and patient characteristics cannot be excluded,
it has been suggested that the newer polymer
coatings used in second-generation DES, such
as the EES, may have anti-inflammatory properties and may be partly responsible for reduction
in early or late stent thrombosis. Of note, all the
enrolled trials except the KOMER study (reporting
18-month results) [14] provided no more than
12-month follow-up data. Thus, it was appropriate
to restrict the findings to a relatively short-term
follow-up. Recently, 2-year follow-up data of large
randomized allcomer trials including 20% to 30%
of AMI patients were presented. Very few addi-
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Table II. Subgroup analyses on stent thrombosis, target lesion revascularization, and major adverse cardiac events

tional stent thromboses were seen between 1 and
2 years in the EES stent arms [22, 23], as well as in
a subgroup analysis of AMI patients who were not
separately randomized [24]. Based on the currently available evidence, we did not still confirm the
clinical factor influencing the clinical outcome. In
the present study, the elderly patients or the subjects receiving primary PCI within 5 h from symptoms to angioplasty showed a tendency toward
a lower rate of stent thrombosis associated with
the second-generation DES. The AMI patients receiving primary PCI within 5 h might be characterized by higher risk of thrombotic coronary lesions.
On basis of the findings from subgroup analyses,
we presumed that there might be a more beneficial effect of the second-generation DES on lowering the risk of stent thrombosis in elderly patients
with a higher risk thrombotic coronary lesions.
Additionally, in terms of overall estimates, the
current study did not find significant differences
in prognostic outcomes, such as MACEs and allcause death, between the two generations of DES.
However, when the analysis was restricted to the
patients receiving the second-generation EES or
the subjects aged 60 years or above, episodes of
stent thrombosis to impact clinical hard endpoints
of MACEs, and there was a similar change tendency observed between the two outcomes. In the
PREMIER registry, the use of the first-generation
DES significantly increased the risk of mortality
within the first 6 months related to early discontinuation of antiplatelet therapy [25]. However,
two large studies, TYPHOON and STRATEGY, indicated that DES was able to be used safely in the
setting of primary PCI with an acceptable risk of
stent thrombosis [26, 27].
A previous meta-analysis showed that compared to bare-metal stents SES and PES significantly reduced the 2-year incidence of TLR in patients with ST-segment elevation AMI undergoing
primary PCI [28]. However, in the current study the
TLR rate in AMI patients undergoing second-generation DES implantation did not significantly differ
from that receiving first-generation DES. Of note,
among 4 trials enrolled in the analysis of the clinical endpoint, only the KOMER trial [14], comparing
clinical efficacy and safety of ZES versus SES and/
or PES in ACS patients, showed the superiority of
the first-generation DES. Furthermore, in terms of
patients with stable coronary disease undergoing
elective PCI, the ENDEAVOR III study [29], a prospective, randomized, single-blinded multicenter
trial, comparing ZES and SES, similarly showed
higher late lumen loss and binary restenosis associated with the use of ZES at 8-month follow-up.
Statistically, the inferiority of ZES was not shown in
the subgroup analysis of the present meta-analysis.
Nevertheless, ZES had a trend toward a higher TLR
rate in comparison with the first-generation DES.

Values
of p
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Study or
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[%]

Risk ratio
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Figure 3. Forest plot of risk ratios of second- versus first-generation drug-eluting stents for TLR
CI – confidence intervals, DES – drug-eluting stents, M-H – Mantel-Haenszel
Study or
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18.9
28.4
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1.36 (0.68, 2.72)
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65
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0.97 (0.61, 1.54)

KOMER 2011
SEZE 2012
XAMI 2012
ZEST AMI 2009

2nd-generation DES
Events
Total
14
8
18
12

203
60
403
108

1st-generation DES
Events
Total
20
9
18
18

397
60
221
220

Risk ratio
M-H, random, 95% CI

0.01
0.1
1
10
100
		
Favours 2nd-gen DES		Favours 1st-gen DES

Figure 4. Forest plot of risk ratios of second- versus first-generation drug-eluting stents for MACEs
CI – confidence intervals, DES – drug-eluting stents, M-H – Mantel-Haenszel

Study or
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Weight
[%]

Risk ratio
M-H, random, 95% CI

43.2
11.8
45.0

1.96 (0.701, 5.50)
0.50 (0.05, 5.37)
0.63 (0.23, 1.71)

Total (95% CI)		
666		
678
100.0
Total events
16		
16
Heterogeneity: τ2 = 0.17, χ2 = 2.78, df = 2 (p = 0.25); I2 = 28%
Test for overall effect: Z = 0.00 (p = 1.00)

1.00 (0.42, 2.36)

KOMER 2011
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XAMI 2012

2nd-generation DES
Events
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7
1
8

203
60
403

1st-generation DES
Events
Total
7
2
7

397
60
221

Risk ratio
M-H, random, 95% CI

0.01
0.1
1
10
100
		
Favours 2nd-gen DES		Favours 1st-gen DES

Figure 5. Forest plot of risk ratios of second- versus first-generation drug-eluting stents for all-cause death
CI – confidence intervals, DES – drug-eluting stents, M-H – Mantel-Haenszel

Causally, the non-significant effect of ZES might
mainly result from the limited number of study
participants. Thus, large-scale clinical studies are
required to further confirm the true effect of the
second-generation DES on the need for revascularization in patients with AMI. Nevertheless, the
use of the second-generation EES did not provide
a significant impact on this clinical outcome in AMI
settings. That is to say, among the second-generation DES, EES might be recommended with priority in these specific patients undergoing primary
PCI. In addition, in the younger patients or those
implanted stents of bigger size, the second-generation DES, probably referring to ZES, seemed likely to
increase the occurrence of TLR. However, the potential cause was not identified clearly based on the
currently available evidence.
Limitations of the meta-analysis deserve comments. The power of the subgroup analyses might
be restricted by the limited study number and
population size, and the conclusions drawn should
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be considered carefully. Moreover, inherent in any
review process of published studies is the possibility of publication bias. Our search was restricted to studies published in indexed journals. In this
meta-analysis, we did not search for unpublished
studies or for original data. However, we found no
evidence of substantial publication bias. No publication bias as well as the use of a random effects
model ensured the robustness of conclusions in
the meta-analysis. Moreover, the sensitivity analyses further confirmed the credibility of the majority of pooled estimates.
In conclusion, based on the available data from
RCTs, the present meta-analysis demonstrated
that the second-generation DES appeared to lower the risk of stent thrombosis in AMI patients
with a highly thrombotic environment compared
with the first-generation DES. However, no significant intergroup differences in TLR, MACEs, or
all-cause mortality were found. In addition, there
might be a lower incidence of MACEs associated
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with the second-generation EES. Moreover, in elderly patients the second-generation DES showed
a trend toward reduced incidence of MACEs and
stent thrombosis in patients with AMI. These observations suggested that the second-generation
DES, especially EES, might achieve a recommendation with priority in AMI patients.
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