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Background: Drug eluting stents (DES) are preferred over bare metal stents (BMS) for native coronary artery re-
vascularization unless contraindicated. However, the preferred stent choice for saphenous venous graft (SVG)
percutaneous coronary interventions (PCI) is unclear due to conflicting results.
Methods: PubMed, Clinical trials registry and the Cochrane Center Register of Controlled Trials were searched
through June 2018. Seven studies (n = 1639) comparing DES versus BMS in SVG-PCI were included. Endpoints
were major adverse cardiac events (MACE), cardiovascular mortality, all-cause mortality, myocardial infarction
(MI), target vessel revascularization (TVR), target lesion revascularization (TLR), in-stent thrombosis, binary
in-stent restenosis, and late lumen loss (LLL).
Results: Overall, during a mean follow up of 32.1months, there was no significant difference in the risk of MACE,
cardiovascularmortality, all-causemortality,MI, stent thrombosis, TVR and TLR betweenDES and BMS.However,
short-term follow up (mean 11 months) showed lower rate of MACE (OR 0.66 [0.51, 0.85]; p = 0.002), TVR
(OR 0.47 [0.23, 0.97]; p= 0.04) and binary in-stent restenosis (OR 0.14 [0.06, 0.37]; p b 0.0001) in DES as com-
pared with BMS. This benefit was lost on long-term follow up with a mean follow up 35.5 months.
Conclusion: In this meta-analysis of SVG-PCI, DES use was associated with similar MACE, cardiovascular mortal-
ity, all-cause mortality, MI, in-stent thrombosis, TVR and TLR compared with BMS during long-term follow up.
There was high incidence of MACE noted in both DES and BMS suggesting a need for exploring novel strategies
to treat SVG disease to improve clinical outcomes.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Percutaneous coronary intervention (PCI) is first line therapy for
obstructive saphenous vein graft (SVG) disease since repeat coronary ar-
tery bypass graft (CABG) carries a higher risk of complications. However,
PCI of SVG lesions carries a high risk of in-stent restenosis, peri-procedural
myocardial infarction (MI) and no-reflow [1,2]. SVG-PCI is independently
associated with higher procedural complications and in-hospital mortal-
29 N State of Franklin, Johnson
ity compared with native vessel PCI [3]. Moreover, the optimal treatment
using either drug eluting stent (DES) or bare metal stent (BMS) for SVG
lesions has not been established. There has been conflicting evidence re-
garding the efficacy and safety of DES compared with BMS based on the
number of observational and randomized controlled trials (RCTs). Three
previously conducted RCTs demonstrated reduction in target vessel
(TVR) and target lesion revascularization (TLR) with the use of DES [4–
6]. In contrast, two recent trials [7,8], including the one that used mostly
newer generation DES, showed no difference in outcomes between DES
and BMS. The differences in findings between the trials are possibly due
to different durations of follow up. Since SVG disease is progressive, the
importance of late outcomes following PCI has been clinically more im-
portant than the short-term outcomes. A meta-analysis reported lower
MACE, all-cause mortality and TLR with DES compared with BMS [9].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.carrev.2018.11.013&domain=pdf
https://doi.org/10.1016/j.carrev.2018.11.013
pault@etsu.edu
https://doi.org/10.1016/j.carrev.2018.11.013
http://www.sciencedirect.com/science/journal/15538389
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However, it predominantly included observational studies which can po-
tentially lead to selection bias and confounding. Furthermore, the results
of priormeta-analyses have been conflicting. Twometa-analyses demon-
strated a reduction in TVR ratewith DES [10,11], whereas themost recent
meta-analysis showed no difference in outcomes between DES and BMS
[12]. Considering the conflicting results, we performed a comprehensive
meta-analysis including a new RCT and long-term data of ISAR-CABG
[18], both published in 2018, comparing the efficacy and safety of DES ver-
sus BMS for SVG-PCI with the longest follow up. Additionally, we assessed
the short-term versus long-term outcomes as well as overall outcomes.

2. Methods

This meta-analysis was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statements for reporting systematic reviews [13]. National Library of
Medicine PubMed, Clinicaltrials.gov and the Cochrane Central Register
of Controlled Trials were searched through June 2018 to include studies
comparing DES with BMS in SVG-PCI. The key words used for searching
studies were “saphenous venous graft”, “percutaneous coronary inter-
vention”, “drug eluting stents”, “bare metal stents”, “randomized
controlled trials”, “SVG”, “PCI”, “DES” and “BMS”. In addition to com-
puterized search, we manually reviewed the reference lists and related
articles of all retrieved studies for completeness of the searching
process. Two independent authors (SB and HBP) reviewed all titles
from the search results, and articles were selected for final data extrac-
tion. The study selection process is outlined in Fig. 1. RCTs comparing
DESwith BMS in SVG-PCIwere included in thismeta-analysis. Endpoints
were major adverse cardiac events (MACE), target vessel failure (TVF),
cardiovascular mortality, all-cause mortality, myocardial infarction
(MI), TVR, TLR and late lumen loss (LLL). The definitions of primary
and secondary outcomes were summarized in Table 1. TVF was used
asMACE outcome for DIVA trial due to the similarity ofMACE definition
in other trials with the TVF in DIVA (primary outcome of DIVAwas TVF)
Ar�cles from Pubmed, 
Cochrane and 

Clinicaltrial.gov on search 
(n=78)

Abstract and �tle 
reviewed

Ar�cles excluded (n=5)
Duplicate=2

Meta-analysis=3

Does not meet inclusion 
criteria or 

randomiza�on
(n=66)

Ar�cles included (n=12)

7 RCTs considered for 
the study

Fig. 1. Study selection flow chart. Ta
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Table 2
Baseline patient characteristics of the individual trial.

DES vs BMS DIVA ADEPT BASKET-SAVAGE ISAR-CABG SOS (long-term follow up) DELAYED RRISC BASKET

Sample size 292/305 30/27 89/84 303/307 41/39 38/37 34/13
Age (years) mean 69/68 73/73 71/71 71/72 66/67 73/72 71/71
Male % 99/100 83/93 90/89 87/84 100/100 82/89 79/100
Hypertension % 95/97 67/56 91/89 71/73 93/95 58/57 88/83
Hyperlipidemia % 98/96 63/56 85/87 88/86 98/95 87/84 79/92
Diabetes Mellitus % 59/61 33/33 46/41 37/35 44/44 16/14 29/17
Smoker % 21/24 17/11 – 8/6 29/23 5/11 18/0
Previous MI % 56/50 50/44 66/60 56/55 56/59 45/41 59/46
BMI (mean) 31/30 – – 28/27 30/29 26/26 –
Stable angina % 40/34 47/41 51/55 62/60 29/33 40/49 65/31
ACS % 53/55 37/44 37/39 38/40 63/57 60/51 35/69
DAPT duration (months) 12/1 – – 6/6 6/1 At least 2 months/12 6/6
Graft age (years) 13.9/12.8 16.5/15.9 12/14 13.4/13.7 11/12 12.4/12.6 –
Target graft (%) – –

LAD 21/24 15/17 32/31 29 19/12
LCx/OM 41/41 45/50 35/36 38 32/53
RCA 38/35 40/33 33/33 34 49/35

MI: myocardial infarction; BMI: body mass index; ACS: acute coronary syndrome; DAPT: dual antiplatelet therapy; LAD: left anterior descending artery; LCx: left circumflex artery; OM:
obtuse marginal artery; RCA: right coronary artery.
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and the termMACEwasnot used in theDIVA trial. To be selected for this
meta-analysis, a study had to meet all the following inclusion criteria:
(1) study comparing outcomes of DES with BMS for SVG-PCI and
(2) study reporting either clinical or angiographic outcomes. After identi-
fying the relevant articles, data from the trials including authors, publica-
tion year, design, sample size, follow up duration, patient characteristics
and procedural outcomes were extracted. Two reviewers (SB and HBP)
independently extracted data and assessed outcomes. The inter-rater
agreement was 95%, and disagreements were resolved by consensus.

The Odds ratio (OR), and mean difference with the corresponding
95% confidence interval (CI) was calculated for each endpoint and a
p value of ≤0.05was considered statistically significant. RevMan 5.3 sta-
tistical softwarewas used for data analysis (The Cochrane Collaboration,
Copenhagen, Denmark). Heterogeneity of the studies was assessed for
each endpoint. Studies that were homogeneous for an endpoint were
analyzed by theMantel-Haenszel fixed effectmodel and heterogeneous
endpoints were analyzed by the random effect model. Publication bias
was assessed using the Funnel plot method shown in supplementary
file 1, without any evidence of publication bias. Outcomes at the longest
follow up were considered for the overall analysis. Studies with follow
up ≤12 months (except for SOS 2009 trial where 18 months data were
included) and N12months are considered as short and long-term follow
Table 3
Procedural characteristics and outcomes of the individual study.

DIVA ADEPT BASKET-SAV

Stent type Second generation (89%)
First generation (6%)

First generation First generat

DES type ZES, EES PES PES
BMS type – STENTYS

Self-expandable
Liberté

Stents used per patient
DES/BMS

1.3/1.4 – 1.7/1.5

Stent length in target
lesion per patient (mm)

DES/BMS

27/26.6 – 31/30

Embolic protection device %
DES/BMS

69/69 20/15 69/63

Procedural success %
DES/BMS

94/95 87/93 –

Angiographic follow up
DES/BMS

Not performed 6 months Not performe

DES: drug eluting stent; BMS: baremetal stent; PES: paclitaxel-eluting stent; BP-SES: biodegrad
stent; ZES: zotarolimus-eluting stent.
up, respectively, and a sensitivity analysis was performed using short
and long term follow up data separately.

3. Results

Seven RCTs involving 1639 patients met the inclusion criteria and
were analyzed [4–8,14,15]. Study details, baseline patient characteris-
tics, and procedural outcomes of each study are shown in Tables 1, 2
and 3 respectively. Overall, 337/827 (40.7%) patients in the DES group
and 346/812 (42.6%) in the BMS group experienced MACE. After a
mean follow up of 32.1 months, there was no significant difference
in the incidence of MACE (OR 0.85 [0.65, 1.12]; p= 0.25), cardiovascu-
lar mortality (OR 1.02 [0.77, 1.34]; p = 0.90), all-cause mortality (OR
1.09 [0.89, 1.32]; p = 0.40), MI (OR 0.81 [0.51, 1.31]; p = 0.39), stent
thrombosis (OR 1.13 [0.65, 1.96]; p = 0.67), TVR (OR 0.73 [0.48, 1.10];
p = 0.13) and TLR (OR 0.99 [0.57, 1.73], p = 0.97) between DES and
BMS groups (Fig. 2A–G). The short-term follow up (mean 11 months)
of 1592 patients showed lower rate of MACE (OR 0.66 [0.51, 0.85];
p = 0.002), TVR (OR 0.47 [0.23, 0.97]; p = 0.04) and binary in-stent
re-stenosis (OR 0.14 [0.06, 0.37]; p b 0.0001) in DES group as compared
with BMS (Fig. 3A–I). However, this benefit was lost at long-term follow
up (mean 35.5 months) [MACE (OR 0.71 [0.42, 1.19]; p = 0.19), TVR
AGE ISAR-CABG SOS
(long-term follow up)

DELAYED RRISC BASKET

ion First generation First generation First generation First generation

PES, SES, BP-SES PES SES PES, SES
Vision, Driver,
Yukon, 100 μm

Express2, 132 μm Bx Velocity,
140 μm

–

– – 1.58/1.46 2.1/2.4

– 28/29 36.9/33.4 41/46

b5 51/56 79/84 –

– 96 94/90 –

d 6–8 months, 72% 12 months, 80% 6 months, 96% Not performed

able polymer sirolimus-eluting stent; EES: everolimus-eluting stent; SES: sirolimus-eluting
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(OR 0.64 [0.36, 1.13]; p = 0.12)] among 1582 patients (Fig. 4A–G).
Additionally, there was no difference in cardiovascular mortality, all-
cause mortality, MI, in-stent thrombosis and TLR in both short-term
and long-term follow up (Figs. 3 and 4).

4. Discussion

This comprehensivemeta-analysis incorporating data from all seven
RCTs comparing DES with BMS in patients undergoing SVG-PCI, shows
DES in SVG-PCI is associated with a reduction inMACE, TVR, and binary
in-stent restenosis on short-term follow up with no significant differ-
ence in the occurrence of MACE, cardiovascular mortality, all-cause
mortality, MI, TVR, and TLR on long-term follow up. All the included
trials were multi-center, except for the RRISC [14] and BASKET [15]
trials which were single center studies. Except for the recent DIVA
A- Overall comparison of MACE

B- Overall comparison of cardiovascular mortality

C- Overall comparison of all-cause mortality

Fig. 2.Overall comparison ofMACE (2A), cardiovascular mortality (2B), all-cause mortality (2C)
and target lesion revascularization (2G) between DES and BMS. MACE: major adverse cardiac
trial [8] that used mainly second generation stents (everolimus-eluting
or zotarolimus-eluting stents), all the other trials used first generation
stents either sirolimus-eluting stents (SES) or paclitaxel-eluting stents
(PES) or self-expanding stents, which are not clinically available at pres-
ent in the United States. The duration of dual antiplatelet therapy
(DAPT) varied between 1–6 months and 2–12 months after BMS and
DES implantation, respectively. Some trials rarely used embolic protec-
tion devices [4,15], while other used them to a significant extent (80%)
[14].

The RRISC and SOS trials were the initially conducted RCTs
comparing DES with BMS for SVG-PCI showing reduction in TLR
at 6 and 18 months, respectively [16,17]. Both studies had angio-
graphic follow up and the significant reduction in LLL and binary
in-stent restenosis provided a biological mechanism to explain
the benefits of DES. Subsequent analysis of the same studies at
, myocardial infarction (2D), in-stent thrombosis (2E), target vessel revascularization (2F)
events; DES: drug eluting stents; BMS: bare metal stents.



D- Overall comparison of myocardial Infarc�on

E- Overall comparison of in-stent thrombosis

F- Overall comparison of target vessel revasculariza�on

G- Overall comparison of target lesion revasculariza�on

Fig. 2 (continued).
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longer term follow up provided conflicting results. The DELAYED
RRISC study which reported outcomes of the RRISC trial at
32 months, unexpectedly showed a higher all-cause mortality
with DES and loss of the previously noted benefit in reduction in
TLR [14]. On the other hand, long-term follow up of the SOS trial
showed sustained benefit of antirestenotic efficacy of DES at
35 months [5]. Subsequently, the much larger ISAR-CABG and
BASKET-SAVAGE trials demonstrated reduction in MACE and reste-
nosis with DES at 12 months and sustained at 3 years [4,6] without
increased mortality [6]. However, very recently published five year
follow up of ISAR-CABG trial revealed the loss of benefit of reduc-
tion in TLR with DES [18].



A- Short term follow up comparison of MACE

B- Short term follow up comparison of cardiovascular mortality

C- Short term follow up comparison of all-cause mortality

D- Short term follow up comparison of myocardial infarc�on

Fig. 3. Short term follow up comparison of MACE (3A), cardiovascular mortality (3B) all-cause mortality (3C), myocardial infarction (3D), in-stent thrombosis (3E), target vessel
revascularization (3F), target lesion revascularization (3G), binary in-stent restenosis (3H) and late lumen loss (3I) between DES and BMS. MACE: major adverse cardiac events; DES:
drug eluting stents; BMS: bare metal stents.
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E- Short term follow up comparison of in-stent thrombosis

F- Short term follow up comparison of target vessel revasculariza�on

G- Short term follow up comparison of target lesion revasculariza�on

H- Short term follow up comparison of binary in-stentrestenosis

I- Short term follow up comparison of late lumen loss

Fig. 3 (continued).
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A- Long term comparison of MACE

B- Long term comparison of cardiovascular mortality

C- Long term comparison of all-cause mortality

D- Long term comparison of myocardial infarc�on

Fig. 4. Long term comparison of MACE (4A), cardiovascular mortality (4B), all-cause mortality (4C), myocardial Infarction (4D), in-stent thrombosis (4E), target vessel revascularization
(4F) and target lesion revascularization (4G) between DES and BMS. MACE: major adverse cardiac events; DES: drug eluting stents; BMS: bare metal stents.
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E- Long term comparison of in-stent thrombosis

F- Long term comparison of target vessel revasculariza�on

G- Long term comparison of target lesion revasculariza�on

Fig. 4 (continued).
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The newly reported RCTs are ADEPT and DIVA. ADEPT was a small
RCT comparing a novel self-expanding PES with self-expanding BMS
(Stentys SA, Paris, France). The study was underpowered to test the
study hypothesis. DIVA is the only study to use second-generation DES.
DIVA was double-blind, did not have mandatory angiographic follow
up, and used mainly second-generation DES and did not show any dif-
ference in outcomes between DES and BMS during short- or long-
term follow up. There are several differences between the RCTs
which may account for the differences in outcomes with DES com-
pared with BMS. Some of these factors include differences in the per-
centage of diabetics (significantly higher in SOS and DIVA compared
with ISAR-CABG), type of BMS (thicker strut BMS in SOS and RRISC
compared with ISAR-CABG, which may account for higher ISR and
TLR rates in the BMS group in SOS compared with ISAR-CABG), and
importantly the type of DES (SES in RRISC compared with PES in
SOS, which may have resulted in eventual loss of efficacy during
long-term follow up in DELAYED RRISC). The early reduction in TLR
at 6 months seen in RRISC, SOS and ISAR-CABG but not in DIVA
may have been due to higher percentage of diabetes in DIVA, better
performance of BMS and lack of angiographic follow up in DIVA
(higher in-stent LLL with BMS may have triggered TLR when
angiographic follow up was performed). The TLR rates for DES were
high in DIVA (9% and 16% at 1 year and 2.7 years, respectively) com-
pared with ISAR-CABG (6.8% at 1 year) and SOS (5% at 18 months).
Conversely the TLR rate for BMS was lower in DIVA (8% at both
1 year and 2.7 years) compared with ISAR-CABG (13.1% at 1 year) and
SOS (28% at 18 months).

Due to these conflicting data, several meta-analyses have been con-
ducted. Older meta-analysis which included mainly observational
studies showed improved outcomes with DES, with reduction in TVR
and in some cases reduction in mortality and TLR [9,19]. The results of
this meta-analysis differ from a prior meta-analysis by Mosleh et al.
in 2015 [9] which showed a significant reduction in long-term MACE
and all-cause mortality with the use of DES compared with BMS. How-
ever, this benefit was driven by data from observational studies,
and was not found when only RCTs (4 RCTs) were included in the
analysis. There was no benefit in reduction in MI or long-term TLR
(36 months). Similar findings were noted in a meta-analysis of the
same four RCTs by Gao et al. with no long-term benefit in reduction of
MACE, MI or mortality [11]. A meta-analysis by Bavishi et al. which
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included BASKET-SAVAGE, but did not include longer follow-up data
of SOS trial showed a significant reduction in TVR at 18 months with
DES without significant difference in mortality, MI or MACE [10].
Another meta-analysis that included five RCTs including the latest
DIVA trial (excluded BASKET trial), showed no difference in outcomes
between DES and BMS (all-cause mortality, MACE, MI, cardiac mor-
tality and TVR) [12]. Our meta-analysis included all available data
from RCTs conducted to date comparing outcomes as overall and
stratified by short-term and long-term follow up between BMS and
DES in SVG-PCI. The results of this meta-analysis are different from
recently performed meta-analysis with respect to TVR [10,20], and
show no significant differences in MACE, mortality, MI, TVR, TLR,
or stent thrombosis. The lower TVR was seen in both these meta-
analysis [10,21] likely due to lack of long term follow up data as longer
followup data of SOS and 5-year data on ISAR-CABGwasnot included in
these analyses.

SVG represents a distinct environment of the venous conduitwhere it
is exposed to arterial pressure rather than inherent lower venous pres-
sure circulation togetherwith thrombosis, intimal hyperplasia and accel-
erated atherosclerosis leads to graft degeneration and failure [21]. An
analysis has shown up to 39% of SVG occluded as compared to 15% of in-
ternal mammary artery grafts at 10 year follow up [22]. An alternative
approach would be to perform PCI of native vessels including chronic
total occlusion (CTO) interventions over SVG intervention. This strategy
has shown lower incidence of short and long-term MACE in veteran af-
fairs populationwith native vessels PCI as compared to SVG intervention
[23]. Development of innovative approaches including retrograde CTO
intervention should be considered in complexes cases [24]. Further
RCTs are required to assess the outcomes of native vessel PCI vs SVG-PCI.

5. Study limitations

This meta-analysis has several limitations. As this is not a patient
level meta-analysis, the effects of age, gender, race, and ethnic back-
ground on outcomes could not be assessed. Due to inherent limitations
of meta-analysis the baseline characteristics between the two groups
could not be compared entirely. The individual studies have their
own limitations that also reflect on this analysis. Although there is a po-
tential for publication bias as is true for all meta-analyses, this analysis
shows that there is no publication bias for any outcome. Four out of
seven trials have sample size b100, thus, some of the outcomes may
not have enough power to draw a strong conclusion. Only one study
used second-generation DES. Studies have variable follow up duration
ranging from 6 to 60monthsmaking head to head comparison of dura-
tion difficult. Additionally, the duration of DAPT was widely variable.
There was heterogeneity noted in several outcomes and random effect
models were used to minimize this heterogeneity. The definition of
MACE was not similar across the studies.

6. Conclusion

Our meta-analysis shows that DES use is associated with similar in-
cidence of MACE, cardiovascular mortality, all-cause mortality, MI, in-
stent thrombosis, TVR and TLR compared with BMS during long-term
followup in SVG-PCI. RCTswith large sample sizes and long-term follow
up are needed to determine if superior outcomes can be achieved with
the newer generation DES. There was high incidence of MACE noted in
both DES and BMS suggesting a need for novel strategies to treat SVG
disease to improve clinical outcomes.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.carrev.2018.11.013.
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