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Abstract

Objectives The aim of this study was to perform a meta-
analysis of randomized trials, evaluating the long-term
outcomes of sirolimus-eluting stents (SES) versus bare-
metal stents (BMS) in patients with ST-segment elevation
myocardial infarction (STEMI).

Background Despite short-term outcomes of patients
with STEMI undergoing primary percutaneous coronary
intervention indicate a benefit of SES in terms of reinter-
vention, several concerns remain on the long-term safety
and efficacy of SES.

Methods A systematic literature search of electronic
resources, through October 2011, was performed using
specific search terms. Included trials were randomized
studies comparing SES to BMS in STEMI patients, with a
follow-up >3 years.

Results Seven trials were included, with a total of 2,364
patients. At a median follow-up of 3 years, SES signifi-
cantly reduced the risk of target-vessel revascularization
when compared with BMS [odds ratio (OR), 0.44; 95 %
confidence interval (CI), 0.34-0.57; p < 0.0001], without
increasing the risk of mortality (OR 0.78; 95 % (I,
0.57-1.08; p = 0.14), reinfarction (OR 0.91; 95 % (I,
0.61-1.35, p = 0.64) and early to late stent thrombosis
(OR 0.77; 95 % CI, 0.49-1.20; p = 0.25). However after
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the first year, SES did not further reduce target-vessel
revascularization (OR 1.06; 95 % CI, 0.64—-1.74; p = 0.83)
and increased the risk of very late stent thrombosis (OR
2.81; 95 % CI, 1.33-5.92; p = 0.007).

Conclusions At long-term follow-up, SES compared to
BMS use in STEMI patients reduces the risk of target-
vessel revascularization, without increasing the risk of
death and reinfarction. However, the strong SES efficacy is
counterbalanced by a significant risk of very late stent
thrombosis.

Keywords Drug-eluting stent - Bare-metal stent -
Primary PCI - Acute myocardial infarction - Meta-analysis

Introduction

When feasible, primary percutaneous coronary intervention
(PCI) represents the preferred reperfusion strategy in
patients with ST-segment elevation myocardial infarction
(STEMI) because of its superiority in comparison with
thrombolytic regimens [1]. In this setting, several ran-
domized trials and meta-analyses demonstrated that sirol-
imus-eluting stent (SES) implantation, as compared to
bare-metal stent (BMS), is associated with a 1-year
reduction in the need for reintervention without increasing
the incidence of safety endpoints [2]. However, there are
conflicting data about the long-term effectiveness and
safety of drug-eluting stent (DES) implantation during
primary PCI. Particularly, several concerns have been
raised about a higher risk of late death and stent thrombosis
with DES use in STEMI patients [3, 4]. Meta-analysis has
the potential to increase power and summarize results from
different, but comparable, individual studies. Therefore,
the aim of the current study was to perform a meta-analysis
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of randomized trials evaluating the long-term clinical
outcomes of SES as compared to BMS in STEMI patients
undergoing primary PCI.

Methods
Search strategy and selection criteria

We searched Medline, EMBASE, the Cochrane Central
Register of Controlled Trials (CENTRAL), scientific ses-
sion abstracts in Circulation, Journal of the American
College of Cardiology, European Heart Journal and The
American Journal of Cardiology, and relevant websites
(http://www.acc.org, http://www.americanheart.org, http;//
www.europcronline.com, http://www.escardio.org, http://
www.clinicaltrialresults.org, http://www.tctmd.com and
http://www.theheart.org), starting from previous databases
on this field [2, 5-7]. The reference list of relevant studies
was additionally scanned. No language, publication date, or
publication status restrictions were imposed. The last
search was run on 4th October, 2011. The following search
terms were used: “randomized trial”, “myocardial infarc-
tion”, “ST-segment elevation”, “percutaneous coronary
intervention”, “angioplasty”, “primary angioplasty”,
“sirolimus-eluting stent”, “drug eluting stent”, “stent”,
“bare metal stent”. To be included, the citation had to meet
the following criteria: (1) random treatment allocation; (2)
a mean follow-up period >3 years; and (3) the use of SES
in the experimental arm. Exclusion criteria were: (1)
ongoing studies and (2) irretrievable data.

Data collection and assessment of risk of bias

Two investigators (R.P. and S.C.) independently assessed
reports for eligibility at title and/or at abstract level, with
divergences resolved with a third reviewer (F.P.); studies
that met inclusion criteria were selected for further analy-
sis. The risk of bias was evaluated by the same two
reviewer authors, in accordance with The Cochrane Col-
laboration methods [8] and considering the following
methodological items: adequacy of sequence generation,
adequacy of allocation concealment, blinding, incomplete
data outcome, selective outcome reporting, other potential
source of bias and sample size calculation. We did not use
a quality score, since this practice has been previously
discouraged [9].

Outcomes variables
The primary endpoint of this meta-analysis was target-

vessel revascularization (TVR) at the longest available
follow-up. Secondary endpoints were: all-cause death,
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reinfarction and stent thrombosis (ST). All clinical end-
points were evaluated according to protocol definitions,
while ST was evaluated according to Academic Research
Consortium (ARC) criteria [10] (Supplementary Data
Table 1). When not directly reported, very late ST was
derived by subtracting early and late ST rate from the
cumulative ST rate.

Statistical analysis

Statistical analysis was performed with RevMan software
(Review Manager. Version 5.0.24 Copenhagen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 2008)
and STATA 10 statistical software (STATA Corp, College
Station, Texas, USA). The k statistic was used to assess
agreement between reviewers for study selection. Odds
ratio (OR) and 95 % confidence intervals (95 % CI) were
used as summary statistics. The pooled OR was calculated
using the fixed effects Mantel-Hanzel model, while, in
case of significant heterogeneity across studies, the random
effects DerSimonian and Laird model was used instead. In
case of statistical significance, the number needed to treat
(NNT) or the number needed to harm (NNH) with relative
CI was provided. The Breslow-Day Chi-squared test was
calculated to test the statistical evidence of heterogeneity
across the studies (p < 0.1). In addition, we used the P
statistic, which describes the percentage variation across
studies that is due to heterogeneity rather than chance. As a
guide, I? values <25 % indicated low, 25-50 % indicated
moderate, and >50 % indicated high heterogeneity [11].
We assessed the possibility of small-study effects by visual
inspection of funnel plot asymmetry. Because graphical
evaluation can be subjective, we performed both Harbord
[12] and Peters tests [13], as formal statistical tests for
publication bias, using the metabias command. The Har-
bord test is a modified version of Egger test and has a type I
error close to the nominal level in the absence of between-
study heterogeneity. Differently, the Peter test is a minor
modification of Macaskill test and gives a more balanced
type I error rates in the tail probability areas as compared to
the Egger test.

The study was realized in compliance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement [14].

Results
Eligible studies
As shown in Fig. 1, we screened the title and/or the

abstract of 1,499 potentially eligible publications. Of these,
1,431 citations were excluded since they were not relevant
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Fig. 1 Flow diagram of trial
selection. STEMI, ST-segment

levation m rdial infarction
elevation myocardial infarctio: (n=1,352)

Records identified through database
searching (PubMed, EMBASE, CENTRAL)

Additional records identified through other
sources (Meeting abstracts, relevant websites)
(n=147)

1,431 citations excluded as
not relevant or duplicated

Records screened
(n=1,499)

\ 4

v

Excluded (n =61):

Studies assessed for Not STEMI patients included (n =20)

eligibility > Not sirolimus-eluting stent used (n =8)
(n=68) Not randomized trials (n =25)
l Follow-up <2 years (n=8)

7 randomized trials included in the meta-analysis

(n=2,364)

to this study or duplicated. Thus, 68 studies were assessed
for eligibility and 61 studies were discarded since inclusion
criteria were not met. Finally, 7 trials were included in the
meta-analysis, enrolling a total of 2,364 patients (1,187 or
50.2 % randomized to SES and 1,177 or 49.8 % random-
ized to BMS) [15-21]. The inter-observer agreement for
study selection was good, with a k value of 0.87. Main
characteristics of included studies were reported in
Table 1. The number of participants in the trials ranged
from 149 to 736. The duration of follow-up varied between
3 and 5 years [median 3 years, interquartile range 3—4.32].
Primary PCI was performed in all patients, with the
exception of 57 patients of one trial, who underwent rescue
PCI after failed thrombolysis [19]. A 300-600 mg loading
dose of clopidogrel was used in all studies. The risk of bias
among studies was reported in Table 2.

Clinical endpoints

TVR was needed in a total of 207 patients (12.99 %). As
reported in Fig. 2, SES use was associated with a sustained
reduction in TVR (8.59 vs. 17.42 %, SES versus BMS,
respectively; OR 0.44; 95 % CI, 0.34-0.57; p < 0.0001).
The NNT with a SES to prevent one TVR was 12 (95 %
CI, 10-15). No heterogeneity was found among trials
P =0%, Phet = 0.67). Visual inspection of funnel plot
did not reveal a skewed distribution for TVR, suggesting
the absence of small-study effects (Fig. 3). Moreover, both
Harbord (p = 0.86) and Peters tests (p = 0.71) were not
significant. Interestingly, there was no significant differ-
ence in the risk of TVR between SES and BMS after the
first year (OR 1.06; 95 % CI, 0.64-1.74; p = 0.83)
(Fig. 4).

As reported in Fig. 5, death was observed in a total of
166 patients (7.02 %) and there was no significant

difference between SES and BMS (6.23 vs. 7.82 %,
respectively; OR 0.78; 95 % CI, 0.57-1.08; p = 0.14). No
significant heterogeneity was present across trials
(P = 0 %, pre. = 0.81). Consistently, the risk of death did
not differ between SES and BMS after the first year (OR
1.05; 95 % CI, 0.66-1.69; p = 0.83).

As shown in Fig. 6, reinfarction was experienced by 108
patients (6.63 %) and there was no significant difference
between SES and BMS (6.36 vs. 6.91 %, respectively; OR
0.91; 95 % CI, 0.61-1.35, p = 0.64). No significant het-
erogeneity was found among studies (I =0 %,
Phet = 0.66). However, reinfarction rates tended to be
higher in the SES group after the first year, albeit this
difference was not significant (OR 1.44; 95 % CI,
0.75-2.75; p = 0.27) (Fig. 4).

ST occurred in a total of 115 patients (4.86 %). As
represented in Fig. 7 (Panel A), the risk of early to late ST
was not different between SES and BMS (2.95 vs. 3.82 %,
OR 0.77; 95 % CI, 0.49-1.20; p = 0.25) and no hetero-
geneity was found (I2 = 0 %, pnet = 0.88). Nevertheless,
very late ST, occurring after the first year, was significantly
increased with SES compared to BMS (OR 2.81; 95 % CI,
1.33-5.92; p =0.007), with NNH=75 (95 % (I,
28-403) (Fig. 7, panel B).

Discussion

In the current study, we performed a meta-analysis of seven
randomized trials to evaluate the long-term safety and
efficacy of SES compared with BMS in STEMI patients.
The main findings of this study can be summarized as
follows: first, the use of SES is associated with a strong
reduction in TVR at long-term follow-up as compared to
BMS. Second, this reduction is achieved at the expense of
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Table 2 Risk of bias assessment

Trial Name Adequate Allocation Blinding Incomplete data  Free of Free of other ~ Sample size
sequence concealment outcome selective sources of calculation
generation used addressed reporting bias

BASKET-AMI [15] Yes Yes No Yes Yes Yes No

MISSION [16] Unclear Unclear Yes (patients, Yes Yes Yes Yes

outcome
assessors)
MULTISTRATEGY  Yes Yes Yes (outcome Yes Yes Yes Yes
[17] ASSESSOrS)

PASEO [18] Yes Yes Yes (outcome Yes Yes Yes Yes

assessors)

SESAMI [19] Yes Yes No Yes Yes Yes Yes

STRATEGY [20] Yes Yes Yes (outcome Yes Yes Yes Yes

assessors)

TYPHOON [21] Yes Yes Yes (patients) Yes Yes Yes Yes

SES BMS Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
BASKET-AMI 9 75 11 74  52% 0.78 [0.30, 2.01] '
MISSION 14 158 24 152 11.9% 0.52[0.26, 1.05] bl
MULTISTRATEGY 23 369 50 367 25.1%  0.42[0.25,0.71] -
PASEO 5 90 19 90 9.6% 0.22[0.08, 0.62] "
SESAMI 13 157 25 156 12.3% 0.47 [0.23, 0.96] i
STRATEGY 9 87 23 88 10.9% 0.33[0.14, 0.75] ol
TYPHOON 29 251 53 250 251%  0.49[0.30, 0.79] -+
Total (95% ClI) 1187 1177 100.0% 0.44 [0.34, 0.57] ‘
Total events 102 205
Het ity: Chi2 = 4.05, df = 6 (P = 0.67); 2= 0% ; l l !
Te T:‘ogenel yu CffI t: zo—sédm g( 0 o%goi, > 0.01 01 ! 10100
est for overall effect: Z = 6.27 (P < 0.00001) SES better BMS better

Fig. 2 Odds ratio of target-vessel revascularization associated with
sirolimus-eluting stent (SES) versus bare-metal stent (BMS). The
squares and the horizontal lines indicate the OR and the 95 % CIs for
each trial included; the size of each square is proportional to the

SE(log[ORD
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Fig. 3 Funnel plot of all studies included in the meta-analysis. The
standard error (SE) of the In odds ratio (OR) was plotted against the
OR for target-vessel revascularization

statistical weight of a trial in the meta-analysis; diamond indicates the
effect estimate derived from meta-analysis, with the centre indicating
the point estimate and the left and the right ends the 95 % CI. M-H
Mantel-Henzel model

higher very late ST rates in patients treated with SES,
despite the cumulative risk of early to late ST is compa-
rable between SES and BMS. Third, the long-term risk of
death, as well as reinfarction, is similar between SES and
BMS.

SES was the first commercially available DES: its
introduction represented a “revolution” among revascu-
larization strategies for patients with coronary artery dis-
ease, due to the potent inhibition of neointima proliferation
and restenosis as compared to BMS. However, the long-
term efficacy of DES in reducing TVR has been chal-
lenged, especially in the setting of primary PCI. In fact, a
6-year follow-up analysis from the Rapamycin-Eluting
Stent Evaluated at Rotterdam Cardiology Hospital
(RESEARCH) and Taxus-Stent Evaluated at Rotterdam
Cardiology Hospital (T-SEARCH) registries showed that
DES usage was no longer superior to BMS in terms of TVR
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Fig. 4 Odds ratio for clinical E . Odds Ratio Odds Ratio
ndpoint 12 Pret ) 3
outcomes after the first year M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Target-vessel revascularization 12=0% P =0.51 1.06[0.64, 1.74] 0.83
Death lP=4% P=039 1.05][0.66,1.69] 0.83
Reinfarction 2=3% P=0.39 1.44[0.75,2.75] 0.27
Very late stent thrombosis P=0% P=096 2.81[1.33,5.92] 0.007 <
—t— —
001 01 1 10 100
SES better BMS better
Fig. 5 Odds ratio of death SES BMS Odds Ratio Odds Ratio
aSSO_Clated with sirolimus- Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
elu?rl‘g tSte?t(é?sts)) versus bare- BASKET-AMI 3 75 6 74 68% 0.47[0.11,1.96] —
metal sten MISSION 7 158 10 152 11.4%  0.66[0.24, 1.78] —
MULTISTRATEGY 26 369 27 367 295%  0.95[0.55, 1.67] -
PASEO 7 9 1190 11.9%  0.61[0.22, 1.64] —
SESAMI 5 157 8 156 9.1%  0.61[0.19, 1.90] —
STRATEGY 16 87 14 88 13.3%  1.19[0.54, 2.62] -
TYPHOON 10 251 16 250 18.0%  0.61[0.27, 1.36] —=r
Total (95% Cl) 1187 1177 100.0%  0.78 [0.57, 1.08] ¢
Total events 74 92
Het ity: Chi2 = 3.00, df =6 (P = 0.81); I2 = 09 l f y l
Te T;ogenel yucffI t-io—o;ig g(—oﬁts pEme 0.0t 01 ! 10 100
est for overall effect: Z=1.49 (F = 0.14) SES better BMS better
Fig. 6 Odds ratio of SES BMS Odds Ratio Odds Ratio
reinfarction associated with Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
S""}“?E‘“"““““f IStfmt((S]f&)s) BASKET-AMI 9 5 74 85% 1.88[0.60,5.91] T
versus bare-metal sten MISSION 12 158 17 152 30.7%  0.65[0.30, 1.42] —&
PASEO 8 12 90 21.0%  0.63[0.25, 1.63] —
SESAMI 4 157 4 156 7.5%  0.99[0.24, 4.04] —
STRATEGY 7 8 88 14.0%  0.88[0.30, 2.53] —a—
TYPHOON 12 251 10 250 18.3%  1.21[0.51,2.84]
Total (95% CI) 818 810 100.0%  0.91[0.61, 1.35]
Total events 52 56
Heterogeneity: Chiz = 3.25, df = 5 (P = 0.66); 12 = 0% -'OT ; o" ] ' 1‘-0 Too’
Test for overall effect: Z = 0.46 (P = 0.64) SES better BMS better

[22]. On the other hand, several larger registries demon-
strated the long-term efficacy of DES in patients under-
going primary PCI [23, 24]. Accordingly, in this meta-
analysis we found a 56 % reduction in the odds of TVR in
favour of SES, with only 12 patients needed to be treated
with a SES to prevent one TVR. Importantly, the magni-
tude of this reduction is similar to that observed in previous
1-year follow-up meta-analyses investigating the use of
SES versus BMS in STEMI patients [2, 25], suggesting that
the “catch-up phenomenon” may not be inherent in this
setting. Indeed, after the first year SES did not narrow its
anti-restenotic effect (Fig. 4).

@ Springer

Nevertheless, the reduction in TVR with SES was
counterbalanced by a higher risk of very late ST, although
the overall risk of ST did not differ between SES and BMS.
This finding is consistent with registries and meta-analysis
of randomized trials, reporting a slight but significant
increase in DES-related ST after the first year from PCI
[26-28]. At this regard, several pathophysiological mech-
anisms have been proposed to explain the higher incidence
of late ST observed with DES. In autopsy studies, a
delayed stent struts endothelialization, persistent fibrin
deposition and inflammation have been associated with
stent thrombosis [29]. Furthermore, stent underexpansion
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Fig. 7 Odds ratio of early to A SES BMS Odds Ratio Odds Ratio
late (a) and very late (b) stent Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
thrombosis associated with BASKET-AMI 3 75 2 74 44%  150[0.24,9.25] —
sirolimus-eluting stent (SES) MISSION 2 158 3 152 6.8%  0.64[0.10, 3.86] —
versus bare-metal stent (BMS) MULTISTRATEGY 14 369 17 367 37.1%  0.81[0.39, 1.67] &
PASEO 0 90 2 90 56% 0.20[0.01,413—————
SESAMI 7 157 6 156 13.0%  1.17[0.38, 3.55] —
STRATEGY 3 87 6 88 13.0%  0.49[0.12,2.02] —
TYPHOON 6 251 9 250 19.9%  0.66[0.23, 1.87] —a—
Total (95% Cl) 1187 1177 100.0% 0.7 [0.49, 1.20] ¢
Total events 35 45
W Chiz = —6(P=088): 2= 0° | ; 1 |
e 1235 8 0 -0 g
SES better BMS better
B SES BMS 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
BASKET-AMI 3 75 1 74 104% 3.04[0.31,29.93] B a—
MISSION 4 158 1 152 10.7% 3.92[0.43, 35.50] ——
MULTISTRATEGY 9 369 2 367 21.0% 4.56[0.98, 21.26] e
PASEO 190 0 90 53% 3.03[0.12, 75.46] —
SESAMI 1 157 1 156 10.7% 0.99[0.06, 16.03] e
STRATEGY 3 87 188 10.3% 3.11[0.32, 30.47] —
TYPHOON 5 3 250 31.6%  1.67[0.40, 7.08] —
Total (95% CI) 1187 1177 100.0%  2.81[1.33, 5.92] <o
Total events 26 9
Heterogeneity: Chi2 = 1.52, df = 6 (P = 0.96); I2= 0% 1 ? 1 1
Test fo? overZII effect: Z = é.71 (P (= 0.007) ! 0.01 0.1 ! 10100
SES better BMS better

and residual stenosis, which might be more frequent after
primary PCI, have been identified as predictors of SES
thrombosis [30]. However, the mechanisms underlying
DES and BMS very late ST may differ. Indeed, an intra-
vascular ultrasound study by Lee et al. [31] found that stent
malapposition plays a key role in DES-related very late ST,
whereas neoatherosclerosis with plaque rupture plays a key
role in BMS-related ST. Therefore, the risk of late acquired
stent malapposition, significantly higher after DES than
BMS implantation [32], may contribute to explain the
higher very late ST rates observed with SES. However, in
our study, the higher very late ST risk did not translate in
an increased mortality and reinfarction in SES patients,
although, after the first-year, there was a greater but not
significant risk for reinfarction (Fig. 7, Panel B).

The similar mortality rates among treatment arms
(Fig. 5) jars the findings from the GRACE (Global Reg-
istry of Acute Coronary Events) registry [3], reporting an
increased risk-adjusted late mortality in DES treated
patients. Conversely, we found almost identical risk for
death after 1 year between SES and BMS (Fig. 4), con-
sistent with other observational studies [33, 34].

As final remark, clinicians should carefully weigh the
benefit from SES implantation in terms of anti-restenotic
efficacy against the possible risk of ST, reserving SES use

in patients at higher risk for restenosis, such as those with
diabetes, small vessels or long lesions [35].

This meta-analysis presents some limitations. This is a
meta-analysis at the study level, and we could not properly
assess the role of confounding factors. Although we
acknowledge the superiority of patient-level based studies,
the reported analyses were based on published data only.
Second, some trials were underpowered to detect signifi-
cant differences between interventions in the main out-
comes; however, this reinforces the necessity of the present
study. Third, SES is a first-generation DES and the use of
second-generation DES is expected to improve clinical
outcomes [36]. In fact, a recent meta-analysis demon-
strated, across a broad spectrum of patients undergoing
PCI, a significant risk reduction of definite stent thrombosis
associated with everolimus-eluting stents as compared to
SES [37].

In conclusion, the results of the current study indicate that
at long-term follow-up SES implantation in STEMI patients
reduces the risk of TVR compared with BMS, without
increasing the risk of death and reinfarction. Nevertheless, the
use of SES during STEMI is associated with a higher risk of
very late ST when compared with BMS.
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