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The use of drug-eluting stents (DES) vs bare-metal stents (BMS) in saphenous vein graft (SVG)

lesions remains controversial. We conducted a meta-analysis of all randomized clinical trials

comparing the outcomes of DES with BMS in SVG percutaneous coronary interventions. A

search of PubMed, Embase, the Cochrane Register of Controlled Trials, and Clinicaltrials.gov

was performed for all randomized clinical trials. We evaluated the short- and long-term clinical

outcomes of the following: all-cause mortality, major adverse cardiovascular events (MACE),

definite/probable stent thrombosis, target lesion revascularization (TLR), and target-vessel

revascularization (TVR). From a total of 1582 patients in 6 randomized clinical trials, 797 had

DES and 785 had BMS. Patients with DES had lower short-term MACE, TLR, and TVR in com-

parison with BMS (odds ratio [OR]: 0.56, 95% confidence interval [CI]: 0.35–0.91, P = 0.02;

OR: 0.43, 95% CI: 0.19–0.99, P = 0.05; and OR: 0.45, 95% CI: 0.22–0.95, P = 0.04, respec-

tively). However, there were no different outcomes for all-cause mortality (P = 0.63) or stent

thrombosis (P = 0.21). With long-term follow-up, there were no significant reductions of MACE

(P = 0.20), TLR (P = 0.57), TVR (P = 0.07), all-cause mortality (P = 0.29), and stent thrombosis

(P = 0.76). The use of DES in SVG lesions was associated with lower short-term MACE, TLR,

and TVR in comparison with BMS. However, there were no significant differences with long-

term follow-up.
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1 | INTRODUCTION

Although saphenous vein grafts (SVGs) are commonly used for coro-

nary artery bypass graft (CABG) surgery, graft failure rates are esti-

mated to be 10% to 25% within 1 year and almost 50% at 10 years

after surgery.1–3 Therefore, secondary preventive measures after

CABG are paramount to improving the long-term clinical outcomes

after surgery.4 The management of SVG failure can include medical

treatment, repeat CABG, and percutaneous coronary intervention

(PCI).2,5 In comparison with SVG PCI, repeat CABG is the less pre-

ferred method for revascularization due to increased morbidity and

mortality.6–9

Analysis of the National Cardiovascular Data Registry (NCDR)

from 2004 to 2009 showed that SVG PCIs represent about 5.7% of

the total PCI volume.10 However, previous evidence has shown

higher incidence of short- and long-term major adverse cardiac

events (MACE) in patients who underwent bypass-graft PCI in com-

parison with native coronary PCI, including double the rate of in-

hospital mortality.11,12 In contrast, evidence of the clinical outcomes

of DES and BMS in SVG PCIs are conflicting and definite answers for

long-term safety are lacking.13

In a recent meta-analysis of 4 randomized clinical trials (RCTs)

and 36 observational studies, PCI with DES had lower rates of MACE,

all-cause mortality, and target-vessel revascularization (TVR) in
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comparison with BMS.14 Another meta-analysis of 5 RCTs showed a

significant reduction of TVR in patients who received first-generation

DES in comparison with BMS.15 The result of the Drug-Eluting Stents

vs. Bare Metal Stents in Saphenous Vein Graft Angioplasty (DIVA)

trial, which used a large percentage of second-generation DES in

comparison with BMS, was reported recently with both short- and

long-term clinical outcomes.16 Within this context, we conducted an

updated meta-analysis to compare the clinical outcomes of DES vs

BMS in SVG lesions in both short-term (≤12 months) and long-term

(>12 months) follow-up.

2 | METHODS

We conducted and reported our meta-analysis according to the Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analyses

Protocols (PRISMA-P) Statement 2015.17 We searched the databases

of PubMed, Embase, the Cochrane Collaboration Central Register of

Controlled Trials, Scopus, www.Clinicaltrials.gov, and conference pro-

ceedings of various international and national scientific meetings,

from inception to September 2017. In addition, all reference reports

on non-RCTs were searched manually to avoid missing additional eli-

gible RCTs. The keywords used for the systematic literature search

were “saphenous vein graft,” “percutaneous intervention,” “drug-

eluting stent,” “bare-metal stent,” “clinical trials,” and “randomized

controlled trials.” We used Boolean operators to search heading con-

nections. We included only RCTs and subgroup analyses from RCTs

focused on the PCIs of SVGs and comparing DES vs BMS, regardless

of the study language. We restricted our meta-analysis to RCTs, as

they carry less confounding biases in comparison with observational

studies. The quality of the included studies was assessed to minimize

biases. The comprehensive literature search was conducted by

2 authors independently (BK and MO) and all discrepancies were

resolved by a consensus. The following inclusion criteria were used:

(1) the study was an RCT, (2) the trial was randomized to DES vs

BMS for SVG PCI, (3) the duration of follow-up was ≥6 months, and

(4) the trial reported ≥1 of these clinical outcomes: all-cause mortal-

ity, MACEs, definite/probable stent thrombosis, target lesion revascu-

larization (TLR), and TVR (Figure 1).

Data extraction was carried out by 2 independent authors (BK,

MO) and discrepancies were resolved by a third author (AA). From

each RCT we extracted the study characteristics and baseline demo-

graphics (Tables 1 and 2). We used Jadad scoring to measure the qual-

ity of each RCT.18 We evaluated the following clinical outcomes in

both short- and long-term follow-up: all-cause mortality, MACE, defi-

nite/probable stent thrombosis, TLR, and TVR. We should note that

MACE has been defined as device- and/or patient-oriented composite

across the trials.19 We assumed that MACE was equivalent for device-

oriented composite in the DIVA trial. In long-term follow-up, we did

not include the Stenting of Saphenous Vein Grafts (SOS) trial's

extended post hoc analysis, as there were fewer patients included and

the analysis was restricted to those from the highest-enrolling site.20

We performed an aggregate data meta-analysis of clinical out-

comes (short- and long-term follow-up) for the 6 RCTs comparing

DES with BMS. We used RevMan, version 5.3 for Windows

(Cochrane Collaboration, Oxford, UK) for our meta-analysis. We cal-

culated the odds ratios (ORs) and 95% confidence intervals (CIs) to

summarize the effect size for each short- and long-term clinical out-

come. We used a P value cutoff of <0.05 as a significant statistical

result. Heterogeneity between studies was explored by Cochran's Q

statistic (P < 0.05) and I2 statistic. The effect measures were pooled

together using a random-effect model to account for between-study

variation. Short- and long-term clinical outcomes were assessed at

≤12 months and > 12 months, respectively.

3 | RESULTS

We identified 6 RCTs16,21–25 with a pooled sample of 1582 patients;

1456 (92%) were male. There were 797 patients in the DES group

FIGURE 1 PRISMA flow diagram.

Abbreviations: PRISMA, Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses
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and 785 in the BMS group. The mean age was 70.1 � 8.4 years. In

terms of short-term clinical outcomes, the median follow-up was

12 months. Our pooled sample showed a statistically significant

reduction in MACE (OR: 0.56, 95% CI: 0.35–0.91, P = 0.02), TLR (OR:

0.43; 95% CI: 0.19–0.99; P = 0.05), and TVR (OR: 0.45, 95% CI:

0.22–0.95, P = 0.04) with DES in comparison with BMS. However,

no statistically significant results were obtained from analyzing all-

cause mortality (OR: 1.14, 95% CI: 0.66–1.97, P = 0.63) and stent

thrombosis (OR: 0.53, 95% CI: 0.20–1.43, P = 0.21; Figure 2).

With longer follow-up (median 32.4 years), the reduction of

MACE, TLR, and TVR became statistically insignificant (OR: 0.58,

95% CI: 0.26–1.32, P = 0.20; OR: 0.66, 95% CI: 0.15–2.82, P = 0.57;

and OR: 0.48, 95% CI: 0.22–1.07, P = 0.07, respectively). Addition-

ally, other clinical outcomes remain statistically insignificant with

long-term follow-up: specifically, all-cause mortality (OR: 1.63, 95%

CI: 0.66–4.00, P = 0.29) and stent thrombosis (OR: 0.84, 95% CI:

0.28–2.55, P = 0.76; Figure 3).

4 | DISCUSSION

The result of our meta-analysis of 6 RCTs demonstrated a short-term

benefit of DES in comparison with BMS in MACE, TLR, and TVR. The

reduction in MACE could be explained by the reduction in both TLR

and TVR. However, the effect on MACE was ameliorated with longer

follow-up as the reduction of TLR and TVR became insignificant. In

our study, we have not included the very long post hoc analysis of

SOS,20 as it had only analyzed the highest enrolled patients from a

single center and hence had a lower total sample size from the origi-

nal study.

The mechanism underpinning venous graft occlusion are multifac-

torial and largely attributed to the accelerated progression of athero-

sclerotic disease in the adjacent stented segment, restenosis, and/or

stent thrombosis.2,26 Although DES have been shown to reduce in-

stent restenosis risks, they also have been associated with late stent

thrombosis.27 Although we noticed an insignificant lower trend for

stent thrombosis in short-term follow-up with DES (OR: 0.53, 95% CI:

0.20–1.43, P = 0.21), the trend became higher with longer follow-up

(OR: 0.84, 95% CI: 0.28–2.55, P = 0.76). The increasing trend could be

explained in part by the mechanism of late stent thrombosis with DES.

In a large study from the National Cardiovascular Data Registry

(CathPCI) of patients age ≥ 65 years (n = 49 325) who underwent

SVG stenting between 2005 and 2009, DES were associated with

lower all-cause mortality with no observed difference in MI or urgent

revascularization at 3 years.28 However, our pooled results showed

no clear benefit of DES over BMS with regard to all-cause mortality.

Therefore, large powered RCTs are warranted to detect these effects,

if they truly exist.

In comparison with first-generation DES, newer DES have shown

better safety and efficacy in native coronary arteries.29 The compari-

son outcome of first-generation vs second-generation DES in SVG

lesions has shown similar long-term outcomes.30 In a cohort study of

2471 patients comparing DES vs BMS in SVG PCI at all Veterans

Affairs hospitals, second-generation DES had lower mortality rates in

comparison with first-generation DES, but the difference was not

TABLE 1 Details of the included RCTs

Study
Country
(No. of Sites)

Year of
Publication

Total
Number of
Patients DES Type Primary Endpoint

Events
Rate, DES

Events
Rate, BMS P Value

RRISC Belgium 2006 75 First-generation
SES

6-mo angiographic
in-stent late
lumen loss

0.38 � 0.51 mm 0.79 � 0.66 mm 0.001

BASKET Switzerland 2009 47 First-generation
SES and PES

MACE (cardiac
death, nonfatal
MI, and non–
MI-related TVR)

21% 62% 0.007

SOS United
States (5)

2009 80 First-generation
PES

Binary angiographic
restenosis/lesion
at 12 mo

9% 51% 0.001

ISAR-CABG Germany (4) 2011 610 First-generation
SES and PES

Combined incidence
of death, MI, and
TLR at 12 mo

15% 22% 0.02

BASKET-
SAVAGE

Europe (3)* 2016 173 First-generation
PES

MACE (cardiac death,
nonfatal MI, and
TVR) at 12 mo

2.3% 17.9% <0.001

DIVA United
States (25)

2017 597 First and second
generation

TVF (composite of
cardiac death,
target-vessel MI,
and TVR) at 12 mo

17% 19% 0.67

Abbreviations, BASKET, Basel Stent Kosten Effektivitäts (Cost-Effectiveness) Trial; BASKET-SAVAGE, Basel Stent Kosten Effektivitäts Trial–Saphenous
Venous Graft Angioplasty Using Glycoprotein IIb/IIIa Receptor Inhibitors and Drug-Eluting Stents; BMS, bare-metal Stent; DES, drug-eluting stent; DIVA,
Drug-Eluting Stents vs Bare-Metal Stents in Saphenous Vein Graft Angioplasty Trial; ISAR-CABG, Is Drug-Eluting Stenting Associated With Improved
Results in Coronary Artery Bypass Grafts Trial; MACE, major adverse cardiac events; MI, myocardial infarction; PES, paclitaxel-eluting stent; RCT, ran-
domized clinical trial; RRISC, Reduction of Restenosis In Saphenous Vein Grafts With Cypher Sirolimus-Eluting Stent Trial; SES, sirolimus-eluting stent;
SOS, Stenting of Saphenous Vein Grafts Trial; TLR, target-lesion revascularization; TVF, target-vessel failure; TVR, target-vessel revascularization.

*Places include: Switzerland (2), Germany (2), and Denmark (2).
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statistically significant.31 In the current RCTs, different types of stents,

predominantly first generation, have been used across all trials, and only

the DIVA trial used second-generation DES in the majority of patients

(>89%). Whether second-generation DES are superior to first generation

DES in SVG PCIs remains unclear, and further large RCTs are warranted.

4.1 | Study limitations

In our study, we observed some limitations with the included RCTs.

First, different types of stents were used across trials, which could

lead to different results. Therefore, we suggest a larger study that

can detect the differences between the different types of DES.

FIGURE 2 Forest plot showing short-term clinical outcomes. Abbreviations: BASKET-SAVAGE, Basel Stent Kosten Effektivitäts (Cost-Effectiveness)

Trial–Saphenous Venous Graft Angioplasty Using Glycoprotein IIb/IIIa Receptor Inhibitors and Drug-Eluting Stents; BMS, bare-metal stent; CI,
confidence interval; DES, drug-eluting stent; df, degrees of freedom; DIVA, Drug-Eluting Stents vs. Bare Metal Stents In Saphenous Vein Graft
Angioplasty; ISAR-CABG, Is Drug-Eluting Stenting AssociatedWith improved Results in Coronary Artery Bypass Grafts?; M-H, Mantel–Haenszel;
RRISC, Reduction of Restenosis In Saphenous Vein Grafts With Cypher Sirolimus-Eluting Stent Trial; SOS, Stenting of Saphenous Vein Grafts
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Second, the lower-than-expected recruitment rate was common in

the previous trials. Third, the samples of patients enrolled in the pre-

vious trials were small in size (3 trials had ≤80 patients), with only

2 trials enrolling relatively larger number of patients (DIVA enrolled

599 and analyzed 597; Is Drug-Eluting Stenting Associated With

improved Results in Coronary Artery Bypass Grafts? [ISAR-CABG]

enrolled 610).24,32 Fourth, different trials reported variable embolic

protective device utilization (ISAR-CABG <5% and DIVA >65%).24,32

FIGURE 3 Forest plot showing long-term clinical outcomes. Abbreviations: BASKET, Basel Stent Kosten Effektivitäts (Cost-Effectiveness) Trial;

BASKET-SAVAGE, Basel Stent Kosten Effektivitäts Trial–Saphenous Venous Graft Angioplasty Using Glycoprotein IIb/IIIa Receptor Inhibitors
and Drug-Eluting Stents; BMS, bare-metal stent; CI, confidence interval; DELAYED RRISC, Death and Events at Long-Term Follow-Up Analysis:
Extended Duration of the Reduction of Restenosis In Saphenous Vein Grafts With Cypher Stent; DES, drug-eluting stent; df, degrees of
freedom; DIVA, Drug-Eluting Stents vs. Bare Metal Stents In Saphenous Vein Graft Angioplasty; ISAR-CABG, Is Drug-Eluting Stenting

Associated With improved Results in Coronary Artery Bypass Grafts?; M-H, Mantel–Haenszel; SOS, Stenting of Saphenous Vein Grafts
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These devices might have influenced the outcomes, as they provide

additional protection for periprocedural MACE. Fifth, some studies

performed routine angiographic follow-up rather than clinically driven

follow-up, which could increase the rate for detecting restenosis and

thus higher repeated revascularization. Finally, there were discrepan-

cies in MACE definition among the trials, which could have affected

the interpretation of our results. Trials have used device-oriented

composite (cardiac death, target-vessel MI, and TLR) and/or patient-

oriented composite (all-cause death, any MI, and any repeat revascu-

larization) definitions.19 In the future, a more agreed-upon definition

of clinical outcomes is strongly suggested.

The major strength of our study is that we have included only

RCTs, which, unlike observational studies, eliminates potential biases.

In addition, we analyzed both short- and long-term clinical outcomes

of all available RCTs. Such separation could form a valid basis for

future trials. One of the main limitations of our study is that some tri-

als have not reported short- and long-term clinical outcomes, which

could have led to different results. In addition, individual data were

not available in the included trials and, therefore, limited analysis was

performed. Although mortality was similar between both groups

despite the reduction of short-term MACE, TLR, and TVR in DES

group, it is possible that the longer duration of dual antiplatelet ther-

apy in the DES group might increase the bleeding episodes associated

with the increase of mortality. Additionally, the study is still under-

powered for significant clinical outcomes. Furthermore, we were not

able to generalize our results to all types of DES because only a few

studies have used second-generation DES, which might affect the

clinical outcomes of our results. Also, mostly males (~92%) were

involved in the included RCTs. Although sex differences are unlikely

to affect the clinical outcomes of these RCTs, generalization of the

results to females should be examined with caution.

5 | CONCLUSION

In our meta-analysis of patients with SVG lesions treated with PCI,

DES were associated with short-term lower MACE, TLR, and TVR in

comparison with BMS. Other clinical outcomes, including all-cause

mortality and stent thrombosis, were not significant between DES

and BMS.
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